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Abstract 
 

 
This report contains the proceedings of the LHC Workshop on Experimental Conditions and Beam-
Induced Detector Backgrounds held at CERN from 3 to 5 April 2008. The meeting was organized 
as a joint LHC machine and experiments workshop. The main aims were to review the experience 
gained at the Tevatron, HERA, and RHIC in these matters; to see what beam conditions can be 
expected for the LHC, and what actions can be taken on the machine side; and to see what data 
exchange is required between the LHC and the experiments in order to allow the machine to 
efficiently optimize the backgrounds and experimental conditions. The workshop was organized in 
three open sessions and followed by a closed summary session to agree on the main conclusions of 
the workshop and to specify the issues to be followed up. Whilst it was clear that not all speakers 
would be able to provide written versions of their presentations, the decision was made to produce 
formal proceedings, and all written contributions that were received are contained in these 
proceedings.  These proceedings also include the summaries of the session discussions, the 
summaries of the sessions, and the conclusions from the executive session.  All presentations are 
available from the workshop web page. 
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Workshop Summary  
H. Burkhardt and M.Ferro-Luzzi, CERN, Geneva, Switzerland 

 
INTRODUCTION 

The subject of this joint machine–experiments workshop 
was to prepare for making good experimental conditions 
and in particular for being able to keep any machine-
induced background at tolerable levels. The LHC is a 
unique machine with its massive use of cryogenic 
magnets and unprecedented stored beam energy. Taking 
this new machine under control, including establishing 
optimal conditions for physics, will require much 
expertise and the ability to solve problems as they 
emerge. The aim of this workshop was to help in 
anticipating issues related to beam conditions and to 
elaborate a framework to attack such problems. 

The workshop was divided into three half-day 
sessions. The first session was a review of the experience 
from other laboratories, namely from the Tevatron, RHIC, 
and HERA machines and experiments. The second 
session focused on general considerations and 
expectations for the LHC, including simulation studies for 
the generation of background particles and their transport 
to the experimental areas, and their main effects on the 
experiments. The foreseen infrastructure for beam 
interlocks and for exchanging data between the machine 
and the experiments was introduced. The third session 
was devoted to the strategy of the experiments for 
monitoring background, disentangling the various types, 
and exchanging background-related information with the 
machine. The workshop finished with a closed summary 
session with participation of the organizers, speakers, and 
representatives from LHC machine operations and 
experiments. 

The format of these workshop proceedings is as 
follows. The outcome of the closed session is summarized 
below. A summary of each session and of the discussions 
is presented in separate contributions at the end of each 
session. In addition, individual contributions to the 
workshop by the speakers have been collected. For 
contributions where written versions were not received, 
the first slide of the presentation is shown. All 
presentations a re available from the workshop website 
[1]. 
 

SUMMARY OF DECISIONS 
 

We summarize here the main points that 
emerged from the discussion in the closed session and 
that need to be followed up. 

For future work, a clear need and a request 
emerged for rationalization of machine-induced 
background studies. The various contributors must agree 

first on a set of configurations and a systematic strategy. 
This implies 

1. Definition of a few benchmark running 
scenarios, i.e., optics, bunch filling patterns, 
intensities, crossing schemes and ramped energy; 

2. Definition of collimator settings for each running 
scenario; 

3. IP-generated protons: 
a. Generation and transport of scattered 

protons from IPs to first restriction, 
b. Shower generation by those protons and 

transport of particles; 
4. Production of vacuum profiles for the relevant 

sections based on best knowledge. Here, the only 
missing input identified is possible pressure 
bumps due to elements that warm up because of 
beam losses, for example. Future knowledge 
based on actual measurements with beams 
should be included at a later stage; 

5. Production of collimator-induced halo particles, 
including quartic halo; 

6. Production of distant beam-gas particles and 
transport to the experimental interface plane; 

7. Simulation of backgrounds within the 
experiments. 

 
Special requests specific to forward detectors should 

be expressed by the interested experiments. Effort from 
the machine side will be invested in the specific interests 
of each experiment in proportion to their needs, while 
taking into account the general physics priorities. Many 
LHC simulation results shown in this workshop were 
fostered by the Machine-Induced Background Working 
Group (MIBWG) organized by TSLEA, which has 
offered an excellent forum for background-related issues 
since February 2005 [2]. A natural evolution of this 
working group would be to include more players from the 
experiments and the LHC machine, to address the 
questions raised in this workshop, and to prepare for the 
first LHC collisions. This working group should be 
prepared to interpret background data as measured by the 
machine diagnostics and detectors in the experiments, 
perfect understanding of the data with the help of 
simulation tools, compare results between experiments, 
adjust definitions of the beam conditions signals, suggest 
improvements, etc., as soon as first protons circulate in 
the LHC. The actors of the MIBWG are strongly 
encouraged to continue their work in this new domain. It 
is also desirable that each experiment maintains (or 
strengthens) a small group of people to continuously 
address beam-induced background issues. It was also 
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pointed out that an increased participation from the 
machine side would be very beneficial. 

It was agreed that a few figure-of-merit signals 
(2 to 4) would be provided by each experiment for the 
operators to tune the beam conditions in an efficient way. 
The meaning of the signals should be clearly defined and 
the sensitivity to types of backgrounds (e.g., beam 1 or 
beam 2, if applicable) clearly stated. The experiments and 
machine people should agree on a common scale 
definition for these signals, with a universal meaning. The 
implementation of this scale and the algorithmic of the 
signals involved should be discussed among the 
experiments to ensure that a similar interpretation is 
indeed implemented by each experiment. For instance, 
will the signals be approximately linear with the current-
normalized rates? Or is a logarithmic scale more 
appropriate? 

In addition to these few figure-of-merit signals, 
each experiment will provide a (possibly interactive) 
summary page about the status of their experiment that 
machine operators will use when discussions specific to 
that experiment are going on in the CERN Control Centre 
(CCC). This should also be discussed among the 
experiments in order to promote a minimum coherence 
among the experiments. For instance, it was suggested to 
include a pictorial view of the experiment around which 
the measured signals are displayed. 

It was agreed that, in order not to create 
unnecessary background in the experiments (especially 
ALICE), the tertiary collimators should be put as far out 
as possible, such that the triplet magnets remain in the 

their shadow. This depends on the beam configuration 
(energy, optics, ß*). 

It was agreed that the collimation group would 
provide AT-VAC with a list of elements that are expected 
to warm up significantly due to beam losses (which can 
change the local vacuum conditions due to outgassing). 
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Beam Induced Backgrounds: CDF Experience

R.J. Tesarek, Fermilab, Batavia, IL 60510

Abstract
We summarize the experiences of the Collider Detec-

tor at Fermilab (CDF) experiment in the presence of back-
grounds originating from the counter circulating beams in
the Fermilab Tevatron. These backgrounds are measured
and their sources identified. Finally, we outline the strate-
gies employed to reduce the effects of these backgrounds
on the experiment.

EFFECTS OF ACCELERATOR
BACKGROUNDS AT CDF

Since the beginning of the Tevatron run II, CDF has
experienced a number of operational issues related to ac-
celerator induced backgrounds. Among these issues are:
chronic radiation damage to detectors, which we define as
damage induced by long term exposure to radiation, single
event effects (SEE) in electronics and signals in detectors
which mimic expected physics signatures. Each of these is-
sues will be addressed in turn in the following paragraphs.
Chronic radiation damage, particularly to the innermost

silicon detectors is expected at CDF. While the damage
mechanisms are well known, the lifetime of detectors typi-
cally can only be estimated from either from simulations
with large uncertainties (typically 50% to 100% uncer-
tainty) or from projections of measured damage profiles.
In these lifetime estimate, one of the largest uncertainties
involves details of the radiation environment near the de-
tectors. Measurements of the observed radiation damage to
the CDF silicon detector have been reported elsewhere [1]
and are beyond the scope of this paper. However, the ob-
served radiation damage is as expected from projections
based on radiation field measurements summarized in the
following sections [2].
In addition to chronic radiation damage, sensitive elec-

tronics may exhibit a change of state (bit flip, transistor
state change, etc.) due to the passage of a single particle.
These phenomena, collectively, are known as single event
effects (SEE) in the literature. How these processes affect
the operation of a complex detector range from reasonably
benign such as single bit errors in the data, through an-
noying occurrences where electronics in the readout chain
freezes and needs to be reset, to catastrophic where the
electronics fails completely and must be replaced. As part
of the run II upgrades, much of the CDF detector infras-
tructure and readout electronics is now located on the de-
tector. Figure 1 shows a photograph of the face of the CDF
detector showing locations of sensitive electronics.

6U VME9U VME
HV supplies

LV supplies

Figure 1: Photograph of the CDF detector. Some of the
electronics found to be sensitive to radiation are indicated.
For reference, protons are incident into the page.

Since 2001, CDF has observed multiple types of SEE
in sensitive electronics. Single event burnout (SEB), a
catastrophic failure of a power MOSFET was observed
in high power (5kW) low voltage, switching power sup-
plies during commissioning phase of the experiment. Sub-
sequently, single event upsets (SEU) and single event
latch-up (SEL) were observed in commercial high voltage,
switching power supplies and in custom detector readout
electronics.
Typical SEB rates in these power supplies were ap-

proximately three failures per week. Epidemiology of the
failures indicated more on the incoming proton side with
nearly all failures occurring in locations where the power
supply had an uninterrupted (line-of-site) view of the final
focus quadrupole triplet. The SEU and SEL events are in
regions where the electronics have a line-of-site view of the
final focus magnets or near the beam line, in regions where
radiation is expected to be more intense. Additional details
regarding the above SEE may be found in references [3, 4].
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Figure 2: Missing transverse energy (MET)φ distributions for events with at least 25 GeV of MET by detector region.
Distributions are shown for the forward calorimeters on the incoming proton (upper left) and incoming antiproton (lower
left) and central calorimeter (upper right). The direction φ = 0 corresponds to the plane of the accelerator pointing
radially outward from the center of the accelerator, the z axis is defined by the proton direction. In the lower right is an
event display showing energy deposits in the electromagnetic calorimeters (pink or light color) and hadronic calorimeters
(blue or dark color) as a function of η = − log (tan θ

2 ) and φ for a beam halo muon.

In addition to the operational issues outlined in the above
paragraphs, beam related particles are observed to produce
signals in the CDF calorimeters which mimic certain kinds
of physics signals requiring energy imbalance in the detec-
tor (missing transverse energy or MET). Because MET is
“missing” or unbalanced energy, the energy deposited in
the calorimeter is opposite the direction of MET. Figure 2
shows the φ distribution of the MET for triggers with MET
larger than 25 GeV in the two forward calorimeters and the
central calorimeters. Peaks in the MET distributions occur
at multiples of π/2 in the calorimeters.

The sources of the peaking background in the MET φ
distributions are different for the central and forward (plug)
calorimeters. In the central calorimeters, the source was
tracked down to beam particles outside the core of the beam
hitting an aperture restriction, the CDF Roman pots, ap-
proximately 60 m upstream (on the incoming proton side)
and producingmuons. The relative size of the peaks at π/2
and 3π/2 between the two forward calorimeters is approx-
imately the same ratio as the incoming proton and antipro-
ton beam currents (losses). The peaks are consistent with
beam losses hitting the far forward (miniplug) calorime-

ters. The resulting secondaries then pass through a 5 cm
crack in the shielding surrounding the miniplug calorime-
ters and shower in the plug calorimeters. Detailed informa-
tion about these backgrounds is found in ref [5, 6].

BEAM LOSSES AND HALO
All the effects outlined above have been traced to par-

ticles lost from one or both beams. Identifying sources
of those losses and the subsequent radiation requires de-
tailed knowledge of both the accelerator and the experi-
ment. While a detailed discussion of the Tevatron and CDF
are beyond scope of this paper, Relevant components or
geometry are discussed when appropriate. Table 1 summa-
rizes some of the basic accelerator parameters for the Teva-
tron collider which are relevant for subsequent discussions.

Accelerator performance and quantifying the beam
losses mentioned earlier is accomplished by making mea-
surements near the CDF detector. Luminosity is measured
at CDF using a gaseous Cherenkov counter system located
on the CDF detector. Measurements of beam losses and
beam halo are made using sets gated scintillation counters
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"DC beam"

sµ21 2.6 sµ

Figure 3: Distribution of beam losses as a function of time during a revolution. The left figure expands the vertical and
horizontal scales to view the abort gap. The comb-like structures is due to the accelerator RF.

Table 1: Summary of Tevatron accelerator parameters.
Parameter Value Units

interaction regions 2
beam energy 980 GeV
# bunches1 36
bunch length 1-2 ns
bunch spacing 396 ns
abort gap2 2.6 µs
protons/bunch 30 × 1010 particles
pbars/bunch 8 × 1010 particles
luminosity 2.8 × 1032 cm−2s−1

RF frequency 53 MHz

13 trains of 12 bunches
23 abort gaps

to provide some discrimination between protons and an-
tiprotons. Details of the luminosity, beam loss and beam
halo systems may be found elsewhere [7, 8, 9]. For the loss
and halo measurements, discriminated counter signals are
in coincidence with the time beam particles pass the plane
of the counter on their way into CDF. Beam losses are mea-
sured using coincidences with a bunch signal and measured
within a few centimeters of the beam. Halo is measured
using the same technique, but with larger counters approx-
imately a half meter from the beam. All these monitors
provide real time feedback on beam conditions at CDF to
the accelerator control room. While the beam loss and halo
counters typically measure rates integrated over one sec-
ond, because the counter signals are extremely fast, one
may use these devices to understand beam structure. An
example of such a measurement is shown in Figure 3. The
same Figure also shows losses measured in the abort gaps
and between bunches: “DC beam” or un-captured beam.”

BACKGROUND RADIATION

To understand radiation effects in various CDF instru-
ments, a number of measurements were made of the spa-
tial distribution of ionizing radiation and low energy neu-
trons using thermoluminescent dosimeters(TLDs). Details
of the individualmeasurements taken inside the CDF track-
ing volume are reported elsewhere [10, 11, 12, 13, 14].
Similar measurements were made external to the CDF de-
tector in the collision hall [15].
In the CDF tracking volume measurements were made

under differing beam conditions. The left side of Figure 4
shows the ionizing radiation measurements for three peri-
ods under differing beam conditions. In the Figure, pro-
tons are incident from the left and antiprotons are incident
from the right. Assuming that the measurements represent
a linear superpositon of contributions from beam losses
and proton-antiproton collisions, we can separate out the
effects from the two sources. The right side of Figure 4
shows the spatial distribution of ionizing radiation in the
CDF tracking volume due to collisions and proton losses.
From these data the radiation dose inside the CDF tracking
volumemay be estimated for any combination of integrated
luminosity and integrated proton losses and is publically
available [16].
Multiple measurements of the radiation field external to

the CDF detector do not include periods which were dom-
inated by beam losses. Consequently, a separation of com-
ponents from losses and collisions was not made. How-
ever, measurements were made for different configurations
of the collision hall. Results of these measurements are
presented later in this paper.
In addition to TLD measurements, a series of experi-

ments using telescopes of scintillation counters were also
performed to isolate sources of charged particles. Details
of those measurements are described elsewhere [17, 18].
From the counter experiments, we learn that the final focus
triplet forms a line source of charged particles. These parti-
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!1

12.3 pbarn
!1

167 pbarn !1

20% collisions

82% collisions

91% collisions

Collisions

0.06 pbarn

Losses

Figure 4: Ionizing radiation field in the CDF tracking volume. The left figures represent separate measurements using ther-
mal luminescent dosimeters for three exposure periods. The right plots show the radiation field maps for collisions(upper
right) and losses (lower right) based on the measurements. In all plots, protons are incident from the left, antiprotons from
the right.

cles originating from beam protons and antiprotons hitting
the walls of the vacuum pipe inside the quadrupole mag-
nets.

BACKGROUND REDUCTION
The previous sections summarize the effects of accelera-

tor induced backgrounds at CDF. The effects of these back-
grounds are addressed in a collaborative effort between
CDF and accelerator personnel. This effort has resulted
in a number of steps taken to minimize the imact of beam
induced backgrounds including:

• Reduction of beam losses at CDF by improving the
beam quality in the Tevatron.

• Installation of additional shielding at CDF to reduce
backgrounds.

• Modification of operating conditions to eliminate
catastrophic failures.

• Modification of operational procedures to reduce the
amount of down time for resetting electronics.

• Development of analysis selection criteria to remove
beam background events.

The following paragraphs will briefly describe each of the
steps noted above.
Reduction in beam losses near CDF represent the sin-

gle largest improvement to accelerator backgrounds. Early
studies found that vacuum in warm sections of the Teva-
tron was higher than expected [19, 20, 21]. Improvements
to the vacuum quality,commissioning of a multiple stage
collimation system [22] and routine re-alignment of mag-
nets have all contributed to a reduction of beam losses at
CDF [23]. Typical proton losses in 2004 were 2–15 kHz.
By 2008, proton losses have been reduced to the range of
0.05–15 kHz3. An improvement of nearly two orders of
magnitude.
In addition to reducing particles lost from the accelera-

tor, additional shielding was added surrounding part of the
final focus quadrupole magnets. The effectiveness of this
shielding was subsequently evaluated using TLDs as de-
scribed previously. Figure 5 shows the ratio of radiation
dose rates before/after installation of the shielding on the
incoming proton side of the CDF collision hall. The re-
duction near sensitive electronics is observed to be approx-
imatley 25%, consistent with reduction of solid angle sub-

3Loss rates for a typical store start out at the higher value, but quickly
reduce to a steady state value near the lower value after approximately 2
hours.
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Figure 5: Ratio of ionizing radiation dose rates before/after
installation of shielding surrounding the incoming proton
focusing quadrupole magnets. Protons are incident from
the left. The red spots indicate locations of TLDs used in
the measurements. Sensitive electronics are located in the
“central corners” of the collision hall. near z = ±700 cm.

tented by the quadrupole magnets at the electronics. De-
tails of the shielding and evaluation may be found in refer-
ences [15, 18].
The catestrophic SEB events observed earlier have been

eliminated by changing the operating point of the sen-
sitive MOSFET. However, despite the overall reduction
in beam losses, SEU and SEL events continue to occur
in CDF. These effects were responsible for 16% of the
non-accelerator related downtime for CDF. Operating ef-
ficiency was improved by modifying recovery procedures
from these faults. Additional details of the effects and re-
covery procedures are given in references [3, 4].
Physics backgrounds were reduced by as much as 40%

in some triggers by the reducing beam losses by approx-
imately a factor of 10. However, analysis selection using
calorimeter timing and event topology has further reduced
these backgrounds to negligible levels and has resulted in
several physics results [24, 25].

SUMMARY
The Tevatron beam has been shown to be an impor-

tant source of backgrounds for CDF. Particles escaping the
beam contribute to degradation in detector performance
due to radiation damage, compromise detector reliability
from SEE and contribute to backgrounds to physics pro-
cesses. Many sources of these backgrounds have been
identified. Improved the quality of the Tevatron beam, ad-
died shielding around background sources, improved oper-
ational procedures and event selection have all contributed
to reduction of the above effects.. Close collaboration be-
tween experiment and accelerator physicists was instru-
mental in this effort.
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HERA: Sources & Cures of Background - Machine Perspective  

B.J. Holzer, DESY, Hamburg, Germany.

Abstract 
This report gives an overview about the background 

sources, measurements and optimisation procedures in the 
HERA storage ring. After a short introduction into the 
basic parameters of the machine, the tools are presented 
that were used to guarantee the beam quality and 
minimise the particle losses during luminosity runs. 
Different typical background problems are presented, 
including their signature and their influence on the data 
taking of the high energy physics detectors.  

THE HERA STORAGE RING 
The HERA machine [1] was a double ring collider for 

the collision of protons and electrons/positrons at DESY 
(Deutsches Elektronen Synchrotron) in Hamburg. The 
920 GeV protons and the 27.5 GeV leptons were 
accelerated and stored in two independent rings and 
brought into collision at the two interaction points “South 
& North” where the high energy detectors ZEUS and H1 
were installed.  

 

 
Figure 1: The HERA storage ring in Hamburg 

According to the nature of the two particle beams in 
HERA the background characteristics were twofold: 
Synchrotron light and electromagnetic showers on one 
side, and hadronic showers related to the proton beam on 
the other. While the synchrotron light related topics are 
covered in a dedicated contribution to this workshop [2] 
the purpose of this document is to concentrate on the 
details of the HERA proton beam and the related hadronic 
backgrounds. Detailed analysis of the HERA background 
situation and its improvement over the past years, as seen 
by the experiments, can be found in [3,4].  

In HERA typical beam intensities for the protons of 
Ip=100mA and for the electrons of Ie=45mA have been 
achieved, distributed in routine luminosity runs over 180 
bunches.  

 
Figure 2: 180 bunches form the HERA standard bunch 
train for luminosity runs 

 
The resulting single proton bunch population 

Np=7*1010 therefore differs not much from the foreseen 
design value for the LHC (1*1011). Figure 2 shows the 
180 bunches of a standard HERA fill during luminosity 
operation (upper part for the protons, lower for the lepton 
beam). As can be deduced from the plot, the intensity 
distribution of the bunches was constant within 
approximately 10%. The main parameters of the HERA 
machine are listed in the table below [5]. 

  
 

         The two beams, 
differing by the nature 
of the particles in 
emittance and coupling, 
were matched in a 
dedicated way to obtain 
the same beam size at 
the interaction points. 
The beta-function and 
the tune shift parameter 
∆ν refer to the IP North 
or South.   

 

Table 1: HERA optical parameters 

Machine Aperture: 
For luminosity operation an overall aperture in the 
proton machine of at least 12 sigma of a transverse 
Gaussian beam distribution has been considered as 
sufficient. In other words the beta function has been 
matched in any part of the storage ring according to that 
requirement. In the super conducting sections of the 
machine beam losses are much more critical than in the 
straight sections where conventional magnets are 
installed. Therefore an aperture of at least 20 σ was 
guaranteed in the sc. arc. However, unlike to the LHC 
definition, no additional safety margins has been added 
for dispersion trajectories and orbit distortions. The 
luminosity optics of HERA proton ring is plotted in the 
figure 3.  

  protons electrons 

 βx 
 βy 

 2.45m 
 0.18m 

0.6  m 
0.26m 

 εx 
 εy 

5.1 nm 
   " 

21nm 
3.5nm 

 σx 
 σy 

112 µm 
  30 µm 

112µm 
 30 µm 

 ∆νx 
 ∆νy 

1.1*10 -3 
3.1*10 -4 

3.0*10 -2 
4.9*10 -2 
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 Figure 3: Beta function of the HERA proton ring 
 

According to the mini beta insertions, the highest values 
of the beta function occur close to the interaction points 
South and North, where the detectors of the collider 
experiments are located.  At these locations (i.e. inside 
the mini beta quadrupoles) the free aperture is limited to 
12 sigma and - with the exception of the collimators that 
are put at approximately 7...8 sigma - these regions 
defined the smallest aperture in the ring. This situation is 
again reflected in the two plots below: The 12 sigma 
beam profile for standard luminosity operation is plotted 
in the cold section of the arc and compared to the free 
aperture that is obtained inside the horizontal mini beta 
quadrupole.  To enlarge the free space for the beam a 
special shape of the vacuum chamber has been chosen. 
The figures show 12 σ of a 920 GeV proton beam inside 
the cold section (left) and inside the shamrock type 
vacuum chamber of the warm mini beta quadrupole 
magnets.   

 
 
 
 
 
 
 

 

Figure 4: Beam size and aperture in the cold section (left) 
and in the conventional mini beta quadrupole lens  (right). 
The aperture limitation by design corresponds to 12 σ.  

Communication between experiments and machine: 
In each big collaboration there is a fundamental problem 
of how to define and establish the communication flow.  
 

 
Figure 5: Some members of the ZEUS collaboration 

 
At HERA four high energy detectors had been installed 
and the number of collaborators easily exceeded 400 per 
experiment. Very soon therefore it turned out that a well 
defined information structure and communication flow 
was needed to avoid misunderstandings and guarantee 
that the relevant running parameters are known by those 
to whom they concern. We defined one contact person per 
experiment and in addition a spokes person that 
coordinated the wishes and needs of the four different 
experiments among each other. The basic running 
conditions were discussed in a weekly meeting. For 
special problems e.g. commissioning of new detector 
parts or background tuning a number of experts from the 
experiment was joining the machine studies in the control 
room and it turned out to be a very efficient procedure. 
Direct communication with the experts from the detector 
and the ability to run specific detector signals in the 
control room to tune the storage ring turned out to be an 
ideal solution.  
 

BEAM QUALITY  
 
Proton Injection 
It can be considered as a part of the special character of 
the super conducting HERA ring, that its basic parameters 
- at low fields - were neither very stable nor reproducible 
[6]. Instead, they depended on the history of the magnets, 
i.e. the time and niveau of the preceding run and the way 
the magnets had been cycled before. Due to eddy / 
persistent currents [7] the magnetic field at injection was 
differing from run to run and drifting at the injection 
plateau. Accordingly a high quality beam in HERA could 
only be obtained if these fields and the corresponding 
beam parameters had been measured and corrected 
properly.  
Fig. 6 shows an example of an injection of a pilot bunch 
train that was routinely used to set up the machine before 
a complete luminosity fill had been injected. The figure 
on the left part shows the longitudinal injection 
oscillations that had typically been observed at the first 
injection after a magnet cycle.  Dipole field mismatches 
of up to 1 Gauß had been obtained in extreme situations; 
typical values were measured to be around +/- 0.5 Gauß.  
Fitting these longitudinal oscillations and compensating 
the injection field accordingly led to the situation shown 
in the right part of the figure, where essentially no further 
oscillations are observed.  

 
Figure 6: Longitudinal beam oscillations at injection;  
before and after correction 
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In a similar way the 10 bunch pilot train was used to 
measure and optimise the injection energy and phase, the 
tunes, the coupling and the transverse injection oscil-
lations, the latter with respect to the closed orbit. The key 
issue of this procedure was to obtain and sustain routinely 
a high quality beam, i.e. a transverse beam emittance that 
corresponded to the design values of 20 π mm mrad 
(normalised and referring to 2 sigma).  
Therefore the emittance in both transverse planes had 
been measured and checked before the start of each 
acceleration ramp. A typical example is shown in the next 
figure: The emittance of all 180 bunches is plotted after 
injection. Values between 15 and 20 π mm mrad were 
considered as acceptable and the fluctuation between 
bunches was usually small.   

Figure 7: Beam emittance of the 180 HERA proton 
bunches, measured after injection to check the beam 
quality before starting the ramp 

 
Proton Ramp: 
Problems affecting the beam quality during the 
acceleration were rare but possible. It turned out that 
uncompensated coupling of the two transverse planes,  
orbit distortions and lifetime problems due to aperture or 
even tune steering had no or only negligible influence on 
the beam quality. However quite opposite to that 
chromaticity changes could severely affect the beam 
quality. Namely the snapback effect in HERA [8], if not 
compensated accurately, could lead to small or even 
slightly negative chromaticities and the head tail 
instability could spoil the beam quality on the first steps 
of the ramp. For the operators it was visible as a short but 
strong excitation of the beam in the tune spectrum. A 
beam quality check at the end of the ramp therefore was 
indispensable. Fig 8 shows such a measurement at 920 
GeV after a head tail instability occurred at the lower part 
of the ramp. Some bunches in the 180 bunch train show 
an emittance blow up of nearly a factor of two. 
Consequently such beams could not been brought into 
collision and had to be aborted.   

Figure 8: An event that could happen from time to time:  
A strong beam excitation on the ramp spoiled the bunch 
quality: some bunches have nearly doubled their 
transverse emittance; better throw them away.   

Luminosity Run: 
Once collisions had been established and the ideal 
machine parameters could be set up, smooth machine 
running was obtained in general. Similar to the situation 
at injection however, drifts in tune, coupling, orbit and 
chromaticity have been observed and had to be 
compensated.  This was usually not a big problem; 
however a general trend of decaying specific luminosity 
due to a slow increase of the beam emittance could not 
be counteracted. After a luminosity run of typically 12 
hours duration the emittance increased up to values of  
25 ... 30 π mm mrad (fig.9) - limiting in the end the 
length of a luminosity run. 

 
Figure 9: Beam emittance of the 180 bunches after a long 
luminosity run: still smooth but quite larger than in the 
beginning of the run (see Fig. 7)  
 

BACKGROUND TUNING 
Machine: 
In the end this is the topic of the workshop. Once the 
beams had been brought into collision the main task for 
the operations group was to optimise the machine 
parameters, keep them stable and establish reasonable 
background levels at the high energy detectors. In 
principle three parameters had been used for that purpose: 
The beam lifetime, the loss rates at the collimators and 
signals from different parts of the high energy detectors.  
In practise it turned out that the HERA lifetime 
measurement was to slow and not precise enough to be 
used for fine tuning of the machine.  

 
 
Figure 10: Beam lifetime measurement: Used mainly for 
“long term” measurements. For fast and efficient back-
ground tuning the significance was limited.  
 
At least it was not trivial to disentangle the fluctuations of 
the lifetime measurement from real tuning effects, as the 
indicated lifetime oscillated between 50 and 150 hours 
(fig. 10). A much better tool for background tuning was 
the beam loss monitor (BLM) system [9,10]. Originally 
installed to detect local beam losses and in case of 
problems dump the proton beam to prevent the machine 
from quenching, the BLM’s also had been installed at the 
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collimator system [11]. And these turned out to be an 
ideal tool for machine tuning. The BLM diodes measured 
the beam losses with a period of 5ms and for the display 
in the control room these values were averaged over one 
second. Figure 11 shows the BLM signals for each 
collimator stations: They were used to define the 
collimator positions with respect to the beam and the 
relative positions of main and secondary collimators with 
respect to each other. 

Figure 11: HERA proton collimators: left positions, right 
loss rates measured at the corresponding collimator jaws. 
 
For machine optimisation and background tuning the sum 
signal of these single BLMs turned out to be the ideal 
tool, and in the following figures (Fig 12 a,b,c) I have 
plotted  the sum signal of theses devices, as used by the 
operators for three different situations: 

a)  
 
 
                        b) 
 

 
                                  c) 
                                                                          

Figure 12: A standard tool for background and machine 
tuning: the sum of the collimator loss rates displayed as a 
function of time. The three plots correspond to three 
different machine situations (see text). 

 
a) The beginning of a luminosity run: All parameters had 
been optimised, the collimators were closed and the data 
taking of the experiments started. The loss rates as seen in 
the plot are low and even more important they are 
smooth.  
b) Typical situation towards the end of a luminosity run: 
The background rates increased, mainly due to the larger 
beam emittance. Corresponding to that the lifetime is 
reduced and from time to time spikes occur. The general 
beam situation however is still acceptable and data taking 
was possible.  
c)  The third example shows in contradiction to the 
smooth behaviour during a routine luminosity run, a 
problematic situation: The diffusion rate of the beam is 
much larger than the previous examples and the beam loss 

rates increase dramatically over several minutes (note the 
logarithmic scale). At the right part of the plot even a 
sharp increase of the BLM rates is detected, indicating a 
sudden change of a beam or machine parameter, such as 
orbit or tune jumps. Clearly in such a situation data taking 
by the particle detectors was nor possible and, if after a 
short while the situation could not be improved, the beam 
had to be aborted by the operators or by the 
machine/experiment  protection system.  
A less dramatic example that demonstrates the way of 
how the HERA proton beam was tuned is given in the 
next figure 13: It shows a routine procedure 
(compensation of the coupling and fine tuning of the 
chromaticity) during a luminosity run and the 
corresponding reduction of the beam loss rates as 
measured by the BLM’s.   
 
 
 
 
 
 

 

 

 
 

 
 
 

Figure 13: Tune spectrum during fine tuning of the 
chromaticity and coupling in a luminosity run: The 
resulting beam loss reduction is displayed in Fig 14. 
 

 
Figure 14: Reduction of the beam loss rates after 
optimisation of coupling and chromaticy during a 
luminosity run. 
 
During luminosity runs these fine tuning procedures were 
repeated several times to keep the beam parameters at 
optimum values at any time. 
 
Experiment signals 
In addition to the global background level, indicated by 
the beam loss monitor diodes, a successful data taking of 
the particle detectors required also local beam steering in 
the straight sections of the machine. Therefore in HERA 
further background signals were taking into account to get 
the optimum machine setting and data taking efficiency 
for the detectors. For this purpose a large number of 
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signals from the high energy detectors could be displayed 
in the control room. 
 In the end, for background tuning at the collider 
experiments H1 and ZEUS, the drift chamber currents 
turned out to be the most significant devices. Figure 15 
shows a typical example from a HERA luminosity run. 
Out of 9 detector chambers in the experiment H1 we 
could choose the most appropriate one to tune the 
machine and get the lowest possible background situation. 
Background tuning included in this case also the 
optimisation of the vertex position and the crossing angle 
of the two beams.   

  
Figure 15: Drift chamber currents from the H1 detector 
during a HERA luminosity run. The currents were used to 
perform the fine (and best) background tuning of the 
machine. 

PROBLEMS AND SURPRISES 
Sources of Background: 
It has already been mentioned that in general once the 
beams had been prepared carefully, no major background 
problems occurred. Put in a bit sloppy words: If the 
proton beam quality is good just leave the beam alone.  
With the exception of a slow increase of beam emittance 
there was no major source of backgrounds. However 
among the years a number of technical problems occurred 
that either increased the diffusion rate on the particles or 
caused spikes in the otherwise smooth back ground level. 
Examples for typical problems that could cause quite 
some trouble for the operations crew were: power supply 
(chopper-) frequencies running on or close to the tune 
frequency could spoile in a short time the beam 
emittance, broken power supply electronics leading to 
ringing or jumping magnet currents, broken filter circuits 
(that are used to damp jitter), broken (or even burned) 
magnet coils, bad connections between the rf preamplifier 
and the main driver tube (causing noise in the rf system) 
and driving a large dc contribution in the bunch train, 
faulty power supply electronics etc. Figure 16 shows just 
one example out of many.  

 
Figure 16: Survey and control of power supply currents.  

The example shows the fluctuating current of a mini beta 
quadrupole as a function of time.  
Due to a broken trim potentiometer in the power supply 
electronics sudden jumps in the magnet current are 
observed and according to that, strong spikes in the 
background.  

Unfortunately background spikes of that magnitude could 
not be filtered out by the HERA collimator system. 
Severe background problems in all experiments therefore 
led to unacceptable dead-times or even endangered 
detector components. To overcome the problem a system 
had been installed to survey the actual magnet current 
produced by any power supply in the machine [12, 13]. 
The data were running through a circular buffer and could 
be stored and analysed at any moment.  

The data of any power supply could be plotted and 
analysed according to the magnitude of the current 
fluctuations or alternatively according to the rms of the 
current entries, to localise the problematic device. 

 
Figure 17: Spikes observed in the proton background due 
to unstable power supply currents. 

 
In quite a similar way noise of the rf system could lead to 
problematic running conditions: Faulty connections or 
broken electronic parts in a tuner loop could eventually 
lead to a strong increase of the dc contribution in the 
beam. There is not much to say about that: The problem 
had to be detected and repaired.   
Just for completeness I would like to present the ideal 
case (which is in the end our goal): The magnet current 
generated by a well behaving power supply, as a function 
of time (fig. 18). 
 

 
 

Figure 18: The ideal case: stable and smooth behaviour of 
the magnet current - to be compared to Fig. 16 where a 
problematic situation is displayed. 
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Beam sensitivity: 
By far the most surprising fact was the sensitivity of the 
proton beam while in collision.  Small diffusion rates and 
good background situation only could be obtained in 
HERA if the main machine parameters, namely tune, the 
coupling and the chromaticity had been set to their 
optimum values and kept constant during the complete 
luminosity run within a narrow tolerance window.  
Optimum values in this context means values that had 
been established empirically during the machine running 
including the background data from the four experiments.  
The sensitivity to even small changes in the tune for 
example was remarkable: The optimum value for the 
transverse working point was Qx = 0.292, Qy = 0.297.  
These values are located close to the coupling resonance 
in a small triangle and it turned out that the free space 
available for machine tuning was as small as 95 Hz (fig 
19).  Crossing the resonance lines (of 13th order in the 
figure) could easily increase the beam background by 
more than an order of magnitude. Even more: to get the 
real optimum tuning, the trim quadrupoles used for tune 
control had been changed in bit wise manner, 
corresponding to a tune variation of ∆Q ≈ 0.00004. 

 
Figure 19: HERA tune in the working diagram 

 

CONCLUSIONS 
Helmuts Questions 

• Are / were machine backgrounds and issue ?        
The answer is clearly yes. Background problems 
were always an issue and it took for each of the high 
energy detectors quite a while (e.g. weeks to find the 
ideal setting for the vertex, the  crossing angle, the up 
stream and downstream orbit and the collimators.   
• Which types of background were most severe?        
DC current contributions of the proton beam and 
hadronic spikes due to (even small) technical 
problems caused the main trouble.  
• How has the problem been solved?  
Practically in all cases the ideal solution was to detect 
and localise the origin of the problem and repair or 
exchange the technical device responsible for it. A 
big step forward was to survey and control power 
supply currents, including the use of transient 
recorders to detect fast and irregular fluctuations of 
the magnet currents. These recorders were an ideal 

tool to analyse and localise broken hardware. No 
solution has been found to avoid external distortions - 
or “cultural noise” as it is sometimes called.  In this 
sense weekend shifts and mainly night shifts were the 
ideal conditions to achieve good beam backgrounds.  
• The main sources of halo were mostly noise or 

ripple due to technical problems. 
• Is scraping useful ?      
It had been tried several times in HERA to overcome 
background problems by scraping. Especially in the 
presence of spikes the idea was to take away the halo 
population and retain luminosity conditions after- 
wards. In some cases it worked; the better choice 
however in our case was to localise the problem and 
fix the technical component that was creating the 
trouble. And scraping could even in HERA easily 
damage the collimator jaws ... and did! 

All in all tuning the background in HERA was a tedious, 
time consuming, never ending story. I may even say that 
it was also an art of its own as in the end you had to know 
and take into account the complete machine. And so it 
was fun for those who liked the beast.  
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Background at HERA: Perspective of the Experiments

C. Niebuhr, DESY, Hamburg, Germany∗

Abstract

Machine induced background of various kinds has
played an important role in the four experiments at theep

collider HERA which has been in operation from 1992 to
2007 at DESY in Hamburg. The largest impact on the op-
eration was seen during the initial phase of HERA II after
the HERA luminosity upgrade in 2000-2001 when back-
grounds were found to be intolerably high in the colliding
beam experiments H1 and ZEUS and machine currents had
to be limited for some time in order to avoid damage to
the sensitive detector components. In this article the main
sources of this background and the measures taken to mit-
igate them are described. More specific background issues
like those related to the operation of Roman pot devices or
the wire target of the HERA-b experiment are not discussed
here. The background related HERA machine aspects are
desribed elsewhere in these proceedings [1].

INTRODUCTION

The most sensitive components of the colliding beam ex-
periments H1 and ZEUS are the tracking devices. They
consist of silicon strip detectors with their associated read-
out electronics which are mounted close to the beam pipe
and of conventional gas detectors. Already before the lu-
minosity upgrade of HERA (1992-2000, HERA I) some
radiation damage was observed in the H1 silicon detector
after periods of machine studies [2] and in the gas detec-
tors which are only operated during luminosity runs [3].
While over the years the readout electronics for the ver-
tex detectors was replaced with more radiation tolerant ver-
sions the basic operational parameters of the gas detectors
could not be altered. As a consequence rather stringent
background limits had to be respected for safe operation
of both detector systems. Bad background conditions af-
ter the luminosity upgrade unexpectedly enforced to set
limits on the maximum beam currents for several months
in order to avoid damage. Many experiments and simu-
lations very carried out to study the different background
sources in detail and to devise counter measures. Exter-
nal expertise from other laboratories was involved within
the framework of an international workshop and two exter-
nal reviews between July 2002 and January 2003. The re-
sults of the studies are documented in several reports [4, 5]
and most of the measures were implemented in a shutdown
in the year 2003. Although several different background
mechanisms contributed to the problem the interaction of
the proton beam with residual rest gas atoms in the vac-
uum system was identified as the major source of back-

∗niebuhr@mail.desy.de

Figure 1: Schematic view of the H1 interaction region after
the luminosity upgrade. Note the different scales inx and
z. The shaded boxes indicate the position of the detector
elements close to the beam pipe. Starting from absorber 4
at a distance of 11 m from the IP the common beam pipe
splits into three separate beam pipes for electrons, protons
and for the synchrotron radiation fan.

ground. This type of background is particularly severe at
the ep collider HERA because of the unique combination
of vacuum degradation in the beam pipe close to the ex-
periments caused by photo desorption resulting from the
intense synchrotron radiation and the large hadronic cross
section for the interaction of protons with the released rest
gas atoms.

HERA LUMINOSITY UPGRADE

In the year 2000 HERA regularly surpassed its design
luminosity ofL = 1.5×1031 cm−2s−1 at the beginning of
a luminosity fill and a major upgrade of the machine was
needed to substantially increase luminosity for the exper-
iments further. In order to reach a reduction of the beam
cross sections in the transverse plane by roughly a factor
of 3 a more compact design of the magnet lattice for bend-
ing and focussing of the two beams close to the interac-
tion points was required [6]. As a result the interactions
regions of the colliding beam experiments H1 and ZEUS
were completely rebuilt in the years 2000-2001. One of
the challenges of the new machine layout was the han-
dling of the intense synchrotron radiation generated by the
newly designed superconducting separation magnets inside
the detectors (GO and GG in Fig. 1). A total synchrotron
radiation power of 15-20 kW with critical energy in the
range 100-150 keV had to be transported through the ex-
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periments. At a distance of 11 m from the IP a septum
absorber (absorber 4) is installed which separates the elec-
tron1 and proton vacuum systems and which has to absorb
a power of 4-6 kW. The major part of the radiation is ab-
sorbed further downstream at a distance of 25 m from the
IP. In order to leave space for the synchrotron radiation fan
the shape of the beam pipe inside the experiments is el-
liptical. Integrated tungsten collimators (C4, C5 in Fig. 1)
shield the inner detector elements and the beam pipe from
radiation which is backscattered from the absorbers.

BACKGROUND SOURCES

The following types of background mechanisms were
observed in the experiments: (i) synchrotron radiation, (ii)
electron-gas, (iii) proton-gas and (iv) proton beam-halo
losses. Under normal conditions the last type of back-
ground (iv) did not represent a major problem for the ex-
periments. Exceptions were periods when malfunctioning
machine components like faulty magnet power supplies or
noisy RF-systems caused background spikes or led to a to
buildup of coasting beam. The contribution of the sources
(i)-(iii) to the total current observed in the central track de-
tector (CTD) can be parametrized as follows:

ICTD = I0 + α
SR

Ie + αeI
2

e + (αpIe + αp0
) · Ip (1)

This parameterization reflects the fact that the direct and
backscattered synchrotron radiation, which is proportional
to the electron beam current not only directly contributes to
the chamber current∝ Ie, but in addition causes a dynamic
pressure increase on top of the base pressurep0 around the
experiments by photo desorption.

Figure 2: Pressure in the H1 interaction region as deduced
from the observed rate in the luminosity system as a func-
tion of the electron beam current. The 2002 data are com-
pared to parameterizations obtained at HERA I.

1HERA was operated with electrons or positrons. For simplicity the
term electrons is used for both particle types throughout this text.

Figure 3: Evolution of the sum of the different contribu-
tions to the chamber current in the H1 central tracker from
2002-2004. The data are extrapolated to the design beam
currents using the parameterization given in Eq. 1. The
limit for safe operation of the chamber at 200µA is indi-
cated.

In Fig. 2 the pressure in the H1 interaction region as de-
termined from the rate of electron-gas events in the H1
luminosity system is shown as a function of the electron
beam current. The observed dynamic pressure increase has
contributions from outgassing due to higher order mode
(HOM) heating at injection energy (12 GeV) and of photo
desorption due to synchrotron radiation. Comparing the
dynamic pressure increase in the early period of 2002 with
the situation before the luminosity upgrade shows that the
conditions in HERA II were worse by about a factor of 5.

Off-momentum electrons resulting from upstream
electron-gas interactions are deflected into the detector by
the bending magnets inside the experiments leading to a
term∝ I2

e in Eq. 1. Similarly proton interactions with the
rest gas inside and proton upstream of the detectors result
in secondary scatters at aperture limitations in the vicin-
ity of the sensitive detector components (e.g. synchrotron
radiation masks) and thus to a contribution∝ IeIp. The
coefficientsα

SR
, αe, αp andαp0

have been determined us-
ing special runs and were used to extrapolate the expected
chamber currents to the design currents of the machine of
Ie = 50 mA andIp = 100 mA. Fig. 3 shows the devel-
opment of the sum of the three background contributions
to the chamber current in the central drift chamber of H1.
All components are seen to go down with time. Since the
coefficients for electron gas and synchrotron background
could only be determined in dedicated runs the correspond-
ing background contribution exhibit a rather coarse time
dependence in the plot. The structures visible in the pro-
ton gas contribution however result from various vacuum
incidents followed by reconditioning of the vacuum (see
below). In spring 2004 the machine currents for the first
time were no longer limited by background in the chamber.
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A very similar improvement of the chamber current with
time was seen in the ZEUS central tracker. Fig. 4 shows
the chamber current as a function of the electron beam cur-
rent for various runs in the period from October 2003 to
July 2004.

Figure 4: Dependence of the chamber current in the ZEUS
CTD as a function of the electron beam current for different
runs from October 2003 to July 2004. For comparison the
data have been scaled toIp = 100 mA using the parame-
terization given in Eq. 1. Around March 2004 the chamber
currents for the first time did not limit the machine currents.

Synchrotron Radiation Background

The design of the new interaction region was made such
that synchrotron radiation should only reach the beam pipe
inside the experiments after at least two scatters and there-
fore should not lead to a significant background contri-
bution in the detectors. However, first attempts to switch
on the electron machine at HERA II immediately showed
that this was not the case. By a combination of detailed
Monte Carlo simulations and dedicated measurements it
was found that initial misalignment of beam elements be-
yond the tolerances of0.3 mm, oversight of an additional
source of synchrotron radiation at a distance of -90 m far
electron upstream of the IP and wrongly designed internal
synchrotron radiation masks inside one of the experiments
could explain the observed problems.

To disentangle the different background contributions
dedicated electron-only runs with isolated bunches were
taken. Observing the dependence of the chamber current
as a function of the electron beam current allowed the sep-
aration of synchrotron radiation contribution (∝ Ie) from
electron gas contribution (∝ I2

e ). By measuring the leading
edge of the drift time distribution of hits from the isolated
bunch in the drift chambers (see Fig. 5) the absorber 4 at
11 m was confirmed as the main source of backscattered

radiation. By installation of an additional movable colli-
mator 65 m electron upstream of the experiments and af-
ter a redesign of the internal synchrotron masks in ZEUS
which was implemented during the 2003 shutdown to avoid
sneak-through of back scattered photons the synchrotron
radiation background was brought to an acceptable level
for both experiments.

Figure 5: Drift time distribution of hits from an isolated
electron bunch in the ZEUS CTD before and after the mod-
ification of the synchrotron radiation masks. The delayed
component which is compatible with backscattering from
the synchrotron radiation absorbers was successfully sup-
pressed after the shutdown in 2003.

To improve the overall alignment of the machine the
method of beam based alignment [7] was found to be very
useful especially for the superconducting combined func-
tion magnets GO and GG inside the experiments. Further-
more time-dependent orbit fluctuations, partially arising
from magnet movements due to changing magnetic forces,
were reduced using an automatic orbit stabilizer [8]. De-
spite these efforts some residual misalignment of the ma-
chine elements and the experimental beam pipe in the H1
interaction region could not be fully resolved. Possibly as a
consequence two major vacuum incidents occurred in 2004
and 2006 when the common stainless beam pipe around
6 − 8 m proton upstream was hit by direct synchrotron ra-
diation for several minutes, probably during electron in-
jection or during a period of dedicated HOM-heating at
12 GeV (see below). The large temperatures following
from the incident radiation led to gas outburst which then
resulted in huge background from proton-gas interactions.
Moreover the beam pipe was locally deformed by several
millimeters which further restricted the available aperture
also for luminosity operation thus constraining the avail-
able parameter space for the machine considerably. As a
consequence this section of the beam pipe had to be re-
placed. In the subsequent period machine currents had to
be limited again until the original vacuum conditions were
restored. In order to prevent further damage a multitude of
temperature sensors mounted on beam pipe and absorbers
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and vacuum pressure monitors were added as input to the
electron beam-dump trigger system which otherwise was
based on several independent radiation monitor systems.

Electron Gas Background

Off-momentum electrons which have lost part of their
energy by Bremsstrahlung in an interaction with the resid-
ual gas atoms upstream of the experiment are deflected by
the superconducting dipoles and quadrupoles and hit the
beam pipe inside the detectors. This kind of background
events can be distinguished from proton-gas events by the
lower track multiplicity and the non-uniform spatial distri-
bution of the showers the off-momentum electrons produce
in the detectors. According to detailed simulations the sen-
sitivity of the experiments to this type of background ex-
tended beyond−60 m electron upstream. In contrast to the
rest of the straight section of the machine a 5 m long sec-
tion of beam pipe inside one of the focusing quadrupoles
(GA) for the proton beam originally was not equipped with
NEG pumps because of limited space in the transverse di-
rection and therefore was suspected to produce a pressure
bump within the sensitive region. By piecewise modifi-
cation of the iron yoke of this magnet it was possible to
connect this section of the beam pipe to ion getter pumps
during the shutdown 2003. After this modification and due
to further vacuum conditioning the contribution of electron
gas background was brought to an acceptable level.

Proton Gas Background

As explained in the previous sections the proton-gas
background was the dominant contribution to the back-
ground problem for H1 and ZEUS after the initial prob-
lems with the synchrotron radiation had been solved. It
became clear that the dynamic pressure increase had to be
drastically reduced in order to be able to stand design ma-
chine currents. A particular challenge was to disentangle

Figure 6: Pressure profile simulations for the inner inter-
action region at H1, for different outgassing and pumping
scenarios in comparison with observed pressure readings.

the impact of higher order mode (HOM) losses, which are

strongest during electron injection at 12 GeV, of photo des-
orption due to direct or reflected synchrotron radiation and
of the vicinity of the cold inner surfaces (T∼55K) of the
superconducting magnets on the proton-gas background.
In order to gain a better understanding of the vacuum be-
havior around the IPs and its contribution to the detector
background many experiments and simulations were car-
ried out. This included the simulation of the vacuum profile
under different boundary conditions (an example is shown
in Fig. 6), operating the superconducting magnets at ele-
vated temperatures, trying to thermally bake out the in-
teraction region by operating the electron ring for about
a week at injection energy (HOM heating), the creation
of artificial pressure bumps by heating individual pumps
and comparing with simulation (see Fig. 7), laboratory ex-
periments with NEG-pumps, Titanium sublimation pumps
(TSP) and installation of a dedicated residual gas analyzer
to monitor the gas decomposition close to the IP.

Figure 7: Comparison of observed and simulated increase
of chamber current in the H1 central track detector normal-
ized to the proton current and to the magnitude of the pres-
sure bump after TSP heating as a function of the distance
to the pump.

It turned out that the most critical area concerning bad
vacuum was the region 2-11 m proton upstream. As a result
of these studies [4, 5] the following modifications to the
vacuum system [9] and to the region of the experimental
beam pipes were introduced in the shutdown 2003:

• doubling the pumping speed of the ion getter pumps
between 3.6 and 11 m

• improving conductance of pumping ports by increas-
ing width of pumping slits

• reducing the thickness of over-designed synchrotron
radiation mask C5B by a factor of 4 in order to re-
duce the interaction probability for secondaries from
proton-gas events
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• reducing HOM losses in the interaction region at in-
jection energy by tapering the C5B synchrotron mask
and by improving its cooling

• installing a new integrated ion getter pump inside the
H1 experiment at 1.5 m from the IP

Fig. 8 shows the long term evolution of the proton gas back-
ground contribution in the H1 interaction region as derived
from the normalized track trigger rate. The normalization

Figure 8: Long term history of normalized track trigger rate
in H1, which is proportional to the proton gas background
contribution to the chamber current.

is chosen such, that at values of 1 the chamber current due
to proton background at design beam currents is roughly
equal to the limit of 200µA. The long-term trend of vac-
uum improvement has a time constant of approximately
600 days. As can be seen this overall trend was repeatedly
interrupted by vacuum leaks which in most cases occurred
in the region close to absorber 4. This region turned out to
be the weak point in the design of the area around the IP
after the luminosity upgrade where three vacuum flanges
share a very crowded space. Slight misalignments of ma-
chine components in this constrained area in combination
with the large heat load of absorber 4 caused large mechani-
cal and thermal stresses on the flanges. In several occasions
one of the flanges opened at H1 or ZEUS due to the fast
temperature change which followed an electron beam loss
at high intensity. The average time constant for restoring
the previous vacuum conditions after such incidents was
observed to be in the range20 − 30 days.

After many tests the most effective strategy for long term
improvements of the vacuum was found to be a combina-
tion of vacuum conditioning during luminosity operation
interleaved with regularly warming up of the superconduct-
ing magnets in order to release the gas which had accumu-
lated on the cold surfaces and subsequent activation of Ti-
and NEG pumps.

SUMMARY

Machine induced background severely affected the start-
up after the luminosity upgrade of HERA. Until spring of
2004 machine currents had to be limited in order to pre-
vent damage to sensitive detector components thus reduc-
ing the available luminosity for the experiments. Several
background mechanisms were identified to contribute to
the overall problem but a background component specific
to theep collider HERA and resulting from dynamic pres-
sure increase due to synchrotron radiation in combination
with the large hadronic cross section for the interaction of
protons with the rest gas upstream of the experiments was
found to be the dominating source. In a very fruitful collab-
oration between experiments and the machine group very
detailed experiments and simulations were carried out to
study possible counter measures. Besides the effect of sev-
eral such improvements that were implemented in the area
around the IPs in the shutdown 2003 the conditioning of
the vacuum system by regular luminosity operation in com-
bination with regular warming up of the superconducting
magnets and subsequent pump activation was found to be
most effective for long-term improvements.
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Session 1 Discussion Summary 
R. Alemany-Fernández, CERN, Geneva, Switzerland 

 
 

Mike Lamont chaired this session devoted to review the 
experience from TEVATRON, HERA and RHIC, both 
from machine perspective and detectors point of view, in 
order to get an idea about what we could expect and 
optimise from the machine side and from the LHC 
experiments side. The session consisted of five talks and a 
series of discussions after each one. The main points 
raised during the discussions are collected in this 
document.  
 

TEVATRON SOURCES AND CURES OF 
BACKGROUND – MACHINE AND 

EXPERIMENTS PERSPECTIVE 
(SPEAKER: R. TESAREK) 

Abort Gap: DC beams in the abort gap are observed since 
Run II. There was some discussion about the nature of 
this abort gap beam. R. Tesarek explained that this beam 
was originated from RF noise. The beam was diffusing to 
neighbouring RF buckets. Elena Chapochnikova said that 
there are two types of beam in the Tevatron abort gap: 

1. uncaptured, which moves along the abort gap 
staying longer between buckets due to small 
velocity at this place; 

2. captured, most probably created in the main 
injector (MR), injected into Tevatron and then 
captured at the beginning of  the acceleration. 
This beam doesn't move with time. 

Another remark was made about the origin of 
uncaptured beam during the coast. Elena said that 
publications (e.g. V. Lebedev EPAC’03) exist which 
show from comparison of simulations with measurements 
that Intra Beam Scattering (IBS) is the main source for 
this beam loss. However, the speaker said that he doesn’t 
fully agree with this explanation. 
Is uneven bunch intensity distribution within a bunch 
train a source of background? (Answer from J. Annala) 
The uneven bunch intensities can be a source of high 
background for the opposite beam. Unequal bunches were 
common in the Tevatron back when the Protons were 
much stronger than the Pbars.  Although nowadays the 
Proton beam sees very strong effects from the Pbar beam 
since the Pbars are more intense and can have very small 
emittances, Tevatron gets a fairly even intensity 
distribution in the Pbar bunches and, therefore, there are 
no Proton background problems anymore 
What are the Lifetimes during Collider Run II?: Below 
there is the answer from J. Annala: 
 
 

If we go back several years (2004), when Tevatron top 
Luminosity was 100x1030 we had particle and luminosity 
lifetimes at the beginning of the stores in the range of:  

 Real (hours) Optimum* (hours) 
Protons 30-200 200 
Pbars 15-30 40 
Luminosity 6-15 30 

(*every particle ends up in a collision, i.e. no particle loss 
and no emittance growth) 
These lifetimes depended not only on how well we had 
everything tuned up to reduce backgrounds, but also on 
the initial luminosity.  We could have a large variation in 
the number of Pbars available, so the initial luminosity 
could vary a lot as well.   
If we look at our best store recently (initial luminosity of 
315x1030) we had lifetimes of: 

 Real (hours) Optimum* (hours) 
Protons 15 70 
Pbars 15 23 
Luminosity 4 17 

(*every particle ends up in a collision, i.e.  no particle loss 
and no emittance growth) 
At the present time, our Pbar lifetime is very close to the 
optimum (luminous) lifetime because we have very small 
emittances.  Also, the backgrounds are now very close to 
where they were in 2004, although the instrumentation 
ages.  We actually lose more Protons now that in 2004, 
but we do a better job of keeping the background down.  
We do this with better placement of collimators, careful 
tuning, and positioning the beam within the aperture 
better. 
Background rejection: during the discussion R. Tesarek 
made clear that the track reconstruction in the Tevatron 
experiments is very demanding and, therefore, the physics 
background rejection is very efficient. The experiments 
have also put in place a three dimensional track 
reconstruction technique to improve off-line background 
rejection. At the on-line level, Tevatron is able to reduce 
the amount of triggered backgrounds by reducing the 
diffused halo of particles surrounding the core of the 
beam.  This reduction came about by: 

• improving the vacuum; 
• commissioning collimators and routinely using 

them to scrape the halo surrounding the beam 
core away. 

According to R. Tesarek these two improvements were 
mostly responsible for the 40% reduction in trigger rates 
that he reports in his talk, but he does not completely rule 
out that: 

• magnet unrolls (quadrupole unrolls) 
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• Tevatron dipole coil shimming to reduce skew 
quadrupole component of the field 

helped to reduce horizontal/vertical  coupling of the beam 
and allowed for better understanding of orbits. 

HERA SOURCES AND CURES OF 
BACKGROUND – MACHINE 

PERSPECTIVE                              
(SPEAKER: B. HOLZER) 

Collimators: B. Holzer clarified that the ratio 
secondary/primary collimator positions had to be 
calibrated from time to time. 
What was the orbit stability at HERA? ½ mm in the arcs; 
at HERA there was not a feedback system to help with the 
orbit correction. At the experiments the correction was 
local. Global corrections were considered too dangerous. 
Tune: at HERA the tune optimization was done at the 
level of single bits at the power supply controller, because 
the available phase space was very small, just 600 Hz. 
The optimal tune was placed within a very small triangle. 
This triggered the question if HERA operators ever tried 
to jump into a bigger triangle. B. Holzer answered that 
yes but that was not successful. 
How did experiments protect against background? the 
experiments were protected by the BLM system; high 
losses dumped the beam. The experiments themselves did 
not have a direct input into the beam dump system. 
Is uneven bunch intensity distribution within a bunch 
train a source of background? B. Holzer answered that 
strong differences in the bunch intensity can indeed make 
problems with background as it will not be easy to find a 
place in the tune working diagram that is good for every 
bunch. Therefore one should always try to fill all bunches 
equally. At HERA they always checked the equal density 
distribution over the bunches for every fill and before the 
ramp.  
Chromaticity measurement during luminosity runs: B. 
Holzer explained that chromaticity measurements were 
done shifting the momentum with the RF system and 
observing the tune change.  Nevertheless, looking at the 
tune working diagram one can see there is basically just 
enough space in the working diagram to survive. Any 
tune change will, therefore, cause a lot of lifetime 
breakdowns, background events and drift chamber trips in 
the detectors. So he advised not to modify the tune during 
luminosity runs. 
 
 

HERA SOURCES AND CURES OF 
BACKGROUND – EXPERIMENTS 

PERSPECTIVE                              
(SPEAKER: C. NIEBUHR) 

 
Vacuum quality inside the detectors: The beam pipe at the 
insertion regions of the HERA machine is quite complex 
since it has to accommodate three different beam types: 
electrons, protons and photons (see slide 9). This 
triggered the question how one can guarantee a good 
vacuum inside the detectors given the complex topology 
of the beam pipe. C. Niebuhr answered that there is a 
pump inside the detector, but on the other hand, the 
vacuum quality in this region was never an issue. What 
was an issue is the vacuum quality in the regions before 
and after the detectors. Many efforts were conducted to 
solve the problems in those regions. R. Tesarek 
commented that in Tevatron the warm sections were a 
source of pressure problems and as a consequence the 
beam was scattered and after ten revolutions, on average, 
went into the detector. 

BACKGROUND IN RHIC            
(SPEAKER: W. FISCHER) 

 
Does background quench the inner triplets?: W. Fischer 
answered that at the beginning it happened from time to 
time. To cure this they installed shielding and now it 
happens very rarely.  

EXPECTED SOURCES OF 
BACKGROUND IN LHC OPERATION 

(SPEAKER: M. LAMONT) 
What is the cleaning efficiency of the momentum 
collimators at the start of the ramp?: R. Assman did not 
provide with a concrete  number for the cleaning 
efficiency but replied that we believe that the system will 
be able to cope with the expected loss rates. 
Is there background cross-talk between experiments?:  
according to simulations background cross-talk between 
CMS and ATLAS may exist. B. Holzer added that in 
HERA they also had this problem. 

 
 

 
 

LHC WORKSHOP ON EXPERIMENTAL CONDITIONS AND BEAM-INDUCED DETECTOR BACKGROUNDS

22



SESSION 1 SUMMARY 

M. Lamont, CERN, Geneva, Switzerland 

 
Abstract 

A summary is given of the first session of the workshop 
on experimental conditions and machine induced 
background held at CERN in April 2008. The first session 
concentrated mainly on experience from other machines. 

TEVATRON - MACHINE 
Abort Gap 

The abort gap systematically fills every shot. Why this 
is is still not clear: RF noise is a possible candidate 
(although it is noted with the use of Tetrodes rather than 
klystrons (LHC) things might be expected to be quieter). 
The contents of abort gap is seen as an important machine 
health indicator. 

Cleaning the abort gap is possible. It is monitored using 
synchtron light by the accelerator team. The loss rate 
from the abort gap is also monitored by CDF. Beam in the 
abort gap makes the experiments very nervous because 
they get hit by some of the contents on an abort. Note that 
it is the small amplitude kick on the rising edge of the 
abort kickers that pushes beam into experiments. 

Some debate between machine and CDF about the 
usefulness of measuring losses from abort gap rather than 
the contents. 

Halo 
• Each experiment has different problems. CDF 

don't worry about halo so much any more after 
addition of extra shielding. D0 still suffer. 

• Prompt losses from halo – here assume protons 
lost upstream of experiments causing showers. 

• Use of nearby (tertiary in LHC parlance) 
collimators is not obvious. Pushing them in 
produces background. Presumably they bite into 
the tertiary halo and generate showers. Balance 
between protection and cleanliness to be 
anticipated. 

Halo character 
Not totally clear what is populating halo. Beam is 

breathing: magnet vibrations, quad movements, insertion 
quad movements with temperature variations "breathing 
the beam against the collimators". 

Anything slow, such as beam-beam, can be mopped up 
with collimators. 

Spikes look common. Fast diagnostics (60 Hz fast time 
plots) are crucial. The spikes are not fully understood. 

Orbit 
Originally there were definite orbit control 

shortcomings at Tevatron. Clear that properly optimized 

orbit (position and angle) though the detector is 
important. Things like: 

• Big angle through D0 - eating aperture. Beam 
not centred in detector. Ideally centre beam with 
zero angle. 

• D0 (and CDF have subsided). Important to track 
this. 

• Importance of detector-accelerator alignment 
noted. 

• Importance of Quad alignment noted. 

Beam loss 
Experiments worry about radiation field in tracking 

volume, in collision hall. Concerns include radiation 
damage to silicon, and effect of radiation field on 
electronics. Note that the experiments didn't properly vet 
for radiation hardness. Typical SEU effects: lock-up 
necessitating power cycles. 

Worries include: 
• Losses during the injection cycle. 
• Losses during squeeze. Because of helix 

manipulations, beam separation drops to three 
sigma - beam-beam causes beam blow-up, 
multi-turn effect and beam losses in IR (D0 at 
the moment).  

• NB: collimators are not in during ramp and 
squeeze. Aperture limit is separators either 
side of IP. 

• Sudden beam loss incidents over a very short 
time span - leading to silicon damage. Such 
events include: pre-fires, messy aborts (NB 
Tevatron aborts on quenches not losses). 

Vacuum 
Vacuum is definitely an issue. Locally bad vacuum 

clearly can cause problems. E.g. F sector graphite and 
halo induced heating. 

TEVATRON - EXPERIMENTS 
Instrumentation 

Clear that experiments have done well to 
 
   1. Protect themselves; 
   2. Provide additional diagnostics. 
 
    CDF have fast scintillators in front of triplets, which 

give data on the abort gap, the halo and proton losses. 
These have proved very useful. They answer important 
questions: What particles? Where are they coming from? 

Also: 
• Dedicated BLMs feeding to abort channel 
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• Diamond BCMs using new BLM electronics 
feeding abort loop (1 legitimate dump since 
installation). 

Other measures include appropriate interlocks (if roman 
pots not where they should be - switch off silicon). 

Other monitoring introduced includes seismometers, 
these have picked up on quad vibrations due to traffic. 

Monitoring 
Experiments feed machine with a lot of data including: 

transverse beam position, real-time calculation of shape 
of luminous region - including hourglass. 

CDF pulls in a lot of stuff: BLMs, RF (klystrons, 
modulators), abort gap, vacuum, and separators. Take an 
active participation in accelerator monitoring. Try to 
avoid knock-on in sudden MP events. 

Culture 
It is very important to build up relationship between 

machine and experiments. Foster cross-domain problem 
solving. (Note existence of fixed target culture at 
Fermilab before the Tevatron.) 

CDF specific 
• Shielding, the canonical example: muons - hard 

brem - into EM calorimeter – 30 to 80% of 
triggers. Low angle elastic scattering from gas - 
bad vacuum - adjacent roman pots acting as 
collimators. Gap in shielding. 

• Scattering from collimators 
• Cleaning up vacuum had a huge effect. 
 

 Improved control of accelerator beam parameters 
(coupling etc.) has had a big effect. (Backgrounds are an 
order of magnitude lower - although not sure why). 

• St. Catherine's day massacre: sagging bellows 
plus bad orbit - showering into ff hadron cal - 
glowed like the sun - lots of dead electronics. 

• A few years into the run a collimator was added 
before the low betas on the proton (higher 
intensity) side of CDF. It was beefed up a year 
later. This definitely helped in cases of kicker 
pre-fires or messy aborts, though Rick thinks 
there were still some damaging incidents after it 
was put in. 

HERA - MACHINE 
 

• Advice for good beam conditions in physics - 
leave the beam alone.  

• Beam quality at injection is very important – 
some beam emittance growth during the ramp. 

• Display beam loss sum signal. 
• Spikiness again an issue. 
• Orbit at the experiments important for BG – tune 

on angle/position and global beam parameters. 
• Currents of all experiment’s sub-detectors 

available on request 

• The exquisite sensitivity of the beam and thus 
beam conditions to the tune was noted. 

• Orbit bumps used to minimize non-linear offsets. 

HERA - EXPERIMENTS 
 
In general, the BG at HERA was dominated by 

synchrotron radiation from leptons, particularly after the 
IR upgrades. Of relevance to the LHC: 

• Importance of possible out-gassing, gas hit by 
protons – secondary showers etc. Related is 
HOM losses and local heating. 

• Importance of dynamic vacuum increase and 
vacuum conditioning and scrubbing runs. 

• Single beam calibration runs.  
• Got a handle of beam gas composition by 

looking at multiplicity of beam-gas events. 
• High sensitivity to vacuum conditions 2 -12 m 

from the IP. 
• Careful beam steering and beam based 

alignment.  
• Monitoring emphasised as being very important. 

 
See Carsten’s conclusions. 

RHIC 
 

• Collimators used for BG and abort gap cleaning. 
Setting of collimator done empirically. Reload 
settings and the re-optimise to take account of 
drifts in orbit. 

• H & V BLMs on triplet – directionality 
• Time structure of losses from scintillators.  
• IR steering useful. 
• IR quad vibrations clearly visible – nice plots. 
• Collision contamination of BLM signals. 
• BG signals include in separation scans. 
• Electron cloud leads to dynamic pressure rise – 

serious enough to prevent data taking and to 
limit bunch intensity. 

LHC – BG SOURCES 
Main sources of background enumerated. Briefly 

Beam Gas 
 

 

Tertiary collimators 
• Tungsten, 1 meter long, on incoming beam,  
• Stops protons dead, 
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• Resulting cascades – additional sources of decay 
into muons in downstream drift  (see V. 
Talanov), 

• Nominal setting: 8.4 sigma in 1 & 5 fully 
squeezed, crossing angle on. Further out 2 & 
8. Going to have to watch these very carefully. 

 

 
 

Other issues 
 
Other issues related to experiments’ background 

conditions include: 
• Satellite bunches 
• Pressure bumps 
• Roman pots 
• Optics dependency 
• Commissioning and evolution (increasing 

intensity, crossing angles, squeeze etc.) 
• Optimization 
• Ions 
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ESTIMATES OF RESIDUAL GAS DENSITY IN THE LHC 

A. Rossi, CERN, Geneva, Switzerland.

Abstract 
A short review on estimates of residual gas density in 

the LHC is presented. Results, presented for stable 
beam, are strongly dependent assumptions surface 
properties and beam operating configuration (beam 
current, energy, etc.) and represent only a ‘snapshot’ in 
time for the machine. Constant particle losses are not 
included at present and constitute a future study. 

INTRODUCTION 
Beam-gas interactions along the experimental 

insertion regions (i.e. between two arcs) have been 
indentified as one of the main sources of background 
noise to the experiments in the LHC [1], [2] during 
physics runs.  

In the LHC the main gas species are expected to be 
hydrogen (largely dominant in the cold arcs), methane, 
carbon monoxide and dioxide. The presence of water 
should be negligible, given that room temperature 
sections are conditioned (baking and NEG activation), 
and that the water will have an extremely low vapour 
pressure in the cold sections.  

In this paper estimates of residual gas density in the 
LHC are presented. Depending on the specific period 
of operation, the residual gas density varies with gas 
sources – mainly ion, electron and photon-induced gas 
desorption – which depend on the surface properties 
and on the operating configuration. On the one hand 
beam vacuum chamber preparation i.e. ex-situ 
cleaning, in-situ baking (or activation in the case of 
NEG surfaces), and particle bombardment, influence 
the gas induced desorption yields. On the other hand 
the beam current and energy will determine the total 
ionisation rate, the photon (synchrotron radiation) 
energy spectrum and flux to the wall, and, the electron 
flux and energy to the wall. 

This paper details some of these dependences and 
present estimates made for stable proton beam 
(negligible beam losses) in the ATLAS interaction 
region, for initial beam operations and including 
thermal outgassing of the tertiary collimators before 
the Inner Triplets. The expected density in the arcs and 
during ion operations is also discussed. 

It should be noted that if regular beam losses are 
expected during physics operation, their effect should 
be studied and added to the present calculations. 
Moreover, any other operating configuration should be 
analysed case by case, depending on the history of the 
machine at that moment in time. 

 

VACUUM CALCULATIONS 
The gas sources included in the simulations code 

(VASCO [3]) are thermal outgassing and dynamic 
effects, i.e. beam induced desorption phenomena: ion, 
electron and photon induced molecular desorption. In 
the case considered, the vacuum is “stable” (no 
pressure run away is expected due to the very high 
distributed pumping and low desorption), and electron 
cloud build up is neglected. 

The results are presented in form of gas density per 
gas species and hydrogen equivalent gas density, i.e. 
weighted by the nuclear scattering cross sections as 
follows: 
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Variation of input parameters with surface 
conditions and beam operations configuration 

As highlighted before, the parameters determining 
the residual gas density strongly depends on surface 
conditions and beam operations. Both thermal 
outgassing and induced desorption yields may vary by 
several order of magnitudes depending on surface 
conditions, i.e. whether the surfaces was in situ 
baked/activated or if it has been bombarded by 
particles. Particle flux to the wall, and their incident 
energy, change with machine operating configuration 
(mainly beam intensity and energy) and history. Some 
examples, amongst many others, are given in the 
following (see talk transparencies for more data) 
• NEG properties as a function of activation/venting 

cycle (aging), and of amount of gas pumped [4]. 
• Evolution of photon induced gas desorption with 

accumulated dose - total number of photon 
impinging on the surface [5]. 

• Evolution of electron induced gas desorption with 
accumulated dose - total number of electron 
impinging on the surface [6]. 

• Dependence of photon induced gas desorption 
with photon critical energy [7]. 

LHC WORKSHOP ON EXPERIMENTAL CONDITIONS AND BEAM-INDUCED DETECTOR BACKGROUNDS

26



• Dependence of electron induced gas desorption 
with electron incidence energy [8]. 

 

 

Figure 1: Residual gas density for the main gas species in the ATLAS interaction region as a function of distance from 
the interaction point for beginning of LHC operations. The region being symmetric, only the right hand side is shown. 

On the right hand side of the plot, a vertical scale for pressure (mbar) is given for 293K (room temperature). The values 
given in blue print are the pressure reading at the specified location at the beginning of April 2008. 

Conversion factors: 1.E11 molec/m3 ∼ 4.5.E-12 mbar at 293K; ~ 2.7 E-14 mbar at 2K 
 

 

Machine layout and assumptions 
The layout considered [9] includes cold magnets 

(working at 1.9K or 4.5K) and room temperature sections. 
The cold magnets are equipped with a beam screen 
(cooled at 5 to 20K), which intercepts synchrotron 
radiation, thereby reducing heat load on the cold bore, and 
pumps gas thus avoiding ion induced pressure instability 
and guaranteeing a low background pressure. The beam 
screen distributed pumping works both via cryo-sorption 
on its own surface and via perforated holes onto the cold 
bore surface. In the calculations, cryo-sorption on the 
beam screen is neglected. The room temperature sections 
are, for most of their length, coated with Non Evaporable 
Getter. NEG coating is employed to prevent electron 
multipacting, given the low secondary electron yield after 
activation at a temperature between 160 and 200ºC for 2 
hours, and to ensure low desorption and the gas pumping 
necessary for ion induced desorption stability and low 
background pressure. All room temperature sections are 

being baked-activated. In the calculations presented, NEG 
pumping is assumed to be 1/10 of a “freshly” activated 
NEG, i.e. of a NEG surfaced activated for the first time 
and never exposed to air. 

RESULTS 

Insertion regions 
Residual gas density estimates presented so far [9, 10], 
are for stable beam, i.e. assuming no particle losses. 
Furthermore, they do not include the effect of collimators, 
introduced in the experimental interaction regions only at 
a later stage. Thermal outgassing has been fully 
characterised for each collimator installed in the machine 
[11]. After baking, it is dominated (by 90% or more) by 
hydrogen. Dynamic effects have been measured in the 
SPS with an unbaked graphite collimator In that case, as it 
was presented during the workshop [12], the pressure at 
the collimator varied from about 1. to 5.E-09 mbar, with 
hydrogen being the main gas. In the case of the 
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experimental regions, the TCTH and TCTVA tertiary 
collimators, installed to protect the Inner Triplets from 
quenching, are made out of tungsten and are baked. The 
experience accumulated in the HERA operation show no 
effect due to proton losses on tungsten collimator, when 
the base pressure is in the order of 1.E-8 mbar [13]. A 
similar behaviour is expected in the LHC experimental 
interaction regions. The residual gas density for the 
ATLAS insertion region is plotted in  

Figure 1, for the beginning of LHC operations, including 
collimator outgassing. In 2008, the proton beam will be 
composed by 43 bunches of few E10 proton per bunch at 
5 TeV. With respect to earlier scenarios (Figure 2 for the 
CMS interaction region, 44 bunches, 1.5.E11 p/b at 7 
TeV, as calculated in [9]), the photon flux is reduced by 
about a factor of 50. In the first case (as shown in  

Figure 1), dynamic effects can be neglected, and the 
major contribution to density will be given by thermal 
outgassing. 
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Figure 2: Residual gas density for the main gas species in the CMS interaction region as a function of distance from the 

interaction point for beginning of LHC operations. 44 bunches – 1.5.E11 proton/bunch at 7 TeV 

 
The results presented in Figure 2, show the effect of 

beam operating configuration, in this case increasing 
synchrotron radiation, which cause the gas density to 
increase. The results, though, did not include the effect of 
the tertiary collimators, which should be comparable, as 
discussed before, to the contribution given by thermal 
outgassing, as calculated in  

Figure 1.  

Arcs 
The gas density in the arcs can be estimated assuming, 

as for the cold magnets in the experimental insertion 
regions, the beam screen pumping only via holes (very 
conservative). In this case, for the same beam parameters, 
the photon critical energy will be about 3 times as in the 
experimental insertion regions, and the photon (and 
photoelectrons) flux about 10 times as much. The induced 
gas desorption yields for photon and photo-electron can 

be taken about the same values for similar history. With 
these hypotheses, the density expected in the arcs will be 
≤ 20 times the one estimated in the cold sections of the 
insertion regions. The value given for the LHC design of 
1.E15 hydrogen molecules/m3 (corresponding to 100h 
beam lifetime) will nevertheless be the upper limit for 
background calculations. 

Ion operations 
Estimates for ion operations were presented in [14] and 

are expected to be in all operating configuration very 
close to the density calculated for thermal outgassing 
only. In this case in fact, gas sources other than thermal 
outgassing can originate only from beam losses, given the 
fact that  
• Residual gas ionisation can be neglected and at ion 

estimated energy ~ 2eV no gas desorption is 
expected; 
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• Synchrotron radiation desorption can be neglected at 
critical energy ~ 2.8eV; 

• No photoelectron or electron multipacting is 
expected due to low beam current and long bunch 
spacing. 

In the case of ion beam losses, desorption yields are 
expected to be in the range of ~ 1.E5 molecules/ion [15] 
for each gas species considered (H2, CH4, CO and CO2). 
Assuming beam screen holes pumping only (as done 
before), the continuous ion loss rate leading to the 
maximum density for 100h beam lifetime would be about 
2.E6 ions/turn, which in reality corresponds to a beam 
lifetime < 2s. Furthermore, even in the case of localised 
losses as high as quench limit (estimated to 200x100 
beam lifetime if lost over one second), pressure recovery 
would take < 1s. In conclusion, vacuum not expected to 
be limiting factor to beam lifetime for ion operations. 

DISCUSSION AND CONCLUSIONS 
Estimates of residual gas density for LHC operations 

were presented, given emphasis to their dependence on 
beam operating configuration and surface conditioning 
(i.e. machine history), and to how they represent only a 
‘snapshot’ in time. Contribution of collimator outgassing 
in the insertion regions of ATLAS and CMS was 
calculated. Similar values are to be evaluated for the other 
experimental insertion regions, even if values are not 
expected to be very different. 

The estimates where carried out for stable beam, 
assuming no continuous losses. If this assumption is to be 
reviewed, the effect of such losses should be analysed and 
added to present values. 

 
Further comments: 
• The vacuum group will be working close to the 

operation to learn how to use information on beam 
lifetime to renormalise the pressure estimates.  

• In the event of a He leak in the arcs, it is expected to 
have a magnet quench before any effect of pressure 
can be seen [16]. BLM will be likely to give some 
useful information, and one should learn if beam 
lifetime can give an early warning on leaks in 
general. 

• Possible cause of accident in the vacuum system 
would be fast temperature gradients opening leaks 
(in LEP, with beam at 80GeV due to synchrotron 
radiation hitting aperture restrictions), or damage 
caused by loss of beam. 

• HOM are not expected, at present, to give 
temperature rise in the experimental regions, 
according to estimates (L. Vos) made at time of 
design and to measure introduced to prevent it : Cu 
coating, conical transition, RF contact, RF screen for 
pumps. This matter under investigation. 

• Residual gas density can be computed case by case, 
working in close collaboration with operations, to 
establish machine history, and to study machine 
behaviour with particle losses. 
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SIMULATION OF MACHINE BACKGROUNDS

V. Talanov∗

Institute for High Energy Physics, Protvino, Russia and TS/LEA Group, CERN

Abstract

The results of the numerical simulations of the machine
background in the low luminosity experimental insertion
regions IR2 and IR8 of the LHC are reviewed. The back-
ground sources considered include the beam-gas losses in
the long straight sections, elastic scattering in the LHC cold
sectors and the halo losses at the tertiary collimators. The
scheme of the background shielding is also presented and
the shielding efficiency for the collimation background is
estimated as well.

INTRODUCTION

One of the possible definitions of the machine back-
ground describes it as the products of the secondary cas-
cades, initiated by proton losses upstream and downstream
of the beam interaction points (IPs), that reach the zones
of the experiments from the machine tunnel [1]. Concern-
ing the LHC Project, the first comprehensive review of this
subject was done in the Workshop on LHC Backgrounds
at CERN in 1996 [2]. There was introduced a concept of
the background “scoring plane” (see Fig. 1) as a fictitious
boundary between the machine and the experiment, where
the simulated background tracks are recorded for the fur-
ther analysis in the experimental detectors. Splitting the
background calculations into two stages appeared to be ab-

∗Vadim.Talanov@ihep.ru, Vadim.Talanov@cern.ch

Figure 1: An illustration to the concept of the background
“scoring plane” for the background analysis at the bound-
ary between machine and experiment.

Figure 2: Installation of a part of the the ATLAS shielding
in the UX15 cavern (a photo from the CERN Multimedia
and Outreach Collection).

solutely critical for the background analysis, taking into
account the unprecedented complexity of the Monte-Carlo
calculations in both LHC and LHC experiments.

One of the purposes of the present review is an attempt to
demonstrate a dramatic progress, achieved in understand-
ing of this phenomenon during the past decade.

Because the machine background depends on the rate of
the proton losses, this component of the secondary radi-
ation in the experimental zones becomes visible with the
very first bunch of the particles in the machine. Due to the
same reason, the background rate scales with the intensity
of the beam and not with the luminosity at the particular
interaction point (apart from the component that is deter-

Figure 3: The frame of the blockhouse for the CMS for-
ward shielding at the IHEP workshop (a photo from the
IHEP Photo Gallery).
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mined by the collision rate in the neighboring IPs). In de-
tail, the background formation depends on practically ev-
ery machine parameter — optics, apertures, filling scheme,
residual gas density in the vacuum chamber, cleaning effi-
ciency etc. — and their combination.

One of the passive measures to protect the experiments
from the machine background is the installation of the
background shielding at the entrance of the machine tun-
nel into the experimental zone. Due to the high luminosity
in the IPs the LHC experiments at IP1 and IP5 were pro-
tected by such shielding from the machine background “by
default” (see Fig. 2 and 3) while the shielding at IP2 and
IP8 was missing and its configuration was proposed as a
result of the presented background analysis.

BACKGROUND SOURCES

For a particular interaction point, the sources and origins
of the machine induced background can be grouped as fol-
lowing (see Fig. 4):

Figure 4: A part of the LHC scheme with the LHCb exper-
iment at IP8 between the betatron cleaning insertion at IP7
and the ATLAS experiment at IP1 (the labels are explained
in the text).

1. Beam-gas interactions in the Long Straight Sections
(LSSs) that define a background component that
strongly depends on the residual gas composition and
density, and on the configuration of the limiting aper-
tures in the LSS. An important feature is that the re-
sulting products have a direct line of sight into the IP.

2. Elastic scattering of the beam particles on the residual
gas in the cold sectors of the machine, which, depend-
ing on the scattering angle, may result in a proton loss
at the next aperture limitation and thus strongly de-
pends on the optics in the LSS.

3. Tertiary halo (also called “tails from collimation”) that
is comprised of the out-scattered protons not absorbed
in the cleaning insertions and hence depends on the

configuration of the collimation for a particular sce-
nario of the machine operation. What is important is
that the formation of the tertiary halo is different for
LHC Beams 1 and 2 and for each IP a clear asymmetry
of the tertiary losses is predicted.

4. Collisions in the neighboring IPs that can give a prod-
uct lost in the next LSS upstream or downstream. This
is the only background source that directly depends on
the luminosity at some IP and so most probably can be
considered relevant only for the case of the IP1 influ-
ence on the background at IP2 and IP8.

These background sources are evaluated below for the
insertion regions IR2 and IR8, basing on the best available
background estimates.

BEAM-GAS LOSSES IN THE LSSS

Simulation of the secondary cascades in the model of the
LSS assuming the uniform distribution of the residual gas
pressure gives the profile of the particle flux at the scoring
plane depending on the layout of the insertion (see Fig. 5).
As it was found, the dependence of the background flux
from the beam-gas losses in the LSS on the machine op-
tics was rather weak in the studied range of the β∗ values
at IP8 [3]. The absolute values for the background flux are
obtained by the introduction of the residual gas density pro-
file [4] for some period of the machine operation (see Fig.
6). The resulting distributions allow to study the formation
of the background on the length of the LSS and to identify
the background origins, as shown in Fig. 7.

In the nominal machine operation, the average H2 equiv-
alent density of 6.5×1012 mol/m3 in the LSS results in the
background muon flux of ∼ 106 particles/s at the entrance
to the IP2 experimental zone [5]. Apart from the fact that at
the machine start-up period the predicted residual gas den-
sity can be factor 20 higher [4], one of the reasons to care

Figure 5: Number of the background muons at the IP7 side
of IP8 as a function of the primary loss distance to the in-
teraction point, given per unit of the linear density of the
beam-gas loss rate in LSS8.
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Figure 6: Density profiles for the different components of
the residual gas in LSS8 (courtesy of A.Rossi).

Figure 7: Number of the background muons as a function
of the primary (top) and last (bottom) hadron-nucleus in-
teraction distance to IP2, for three different scenarios of
the machine operation.

Figure 8: Hadron flux density f(s) as a function of the
distance to IP5, for three cases of the beam-gas losses in
LSS5R considered.

about the beam-gas losses in the LSSs was studied in [6],
considering the possible use of the radiation monitors as a
vacuum diagnostic. It was taken as an input that a pressure
bump 10. . .100 higher than the average gas density can ex-
ist locally for more than 100 hours due to the high NEG
pumping capacity. The results of the calculations showed
that in this case a few meter bump can produce the rate of
the background compared to the whole LSS (see Fig. 8)
and this increase in the background will most probably be
the only way to detect the abnormal gas pressure.

SCATTERING IN THE COLD ARCS

Depending on the resulting angle the elastic scattering on
the residual gas components may contribute to the primary
beam halo, giving a proton that will be lost at the next aper-
ture limitation, even before reaching the cleaning insertion.
In the experimental insertion IR8, the losses in the low-β
region between D1 dipole and Q1 quadrupole were found
to be the most critical [7] (see Fig. 9). The sum of the
background rates from the beam-gas losses in LSS8 and
from the elastic scattering in the cold arcs, estimated us-
ing a very approximative value of 5×1014 mol/m3 for H2

equivalent gas density in the cryogenic vacuum chamber,
is given in Table 1 for IR8, for several background com-
ponents and different operation scenarios. As can be seen,
the background rates at IP8 may vary from few MHz to few
dozens of MHz, depending on the LHC Ring number and
assumed vacuum conditions.

These estimates have been obtained without tertiary col-
limators (TCTs) that are by design a new aperture limita-
tion in the LSSs. An attempt to evaluate the effect of the
TCTs on the protons elastically scattered in the LHC cold
sectors has been already done for the TCTs in IR1 at the
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Figure 9: Loss density near the D1–Q1 low-beta section of
LSS8L, for the beam-gas scattering in the section 78 (solid
histogram) and the betatron cleaning inefficiency (dashed)
(courtesy of I.Bayshev).

Type Particles per bunch
of (a) β

∗ = 1 m, I = 0.3 In (b) β
∗ = 10 m, I = In

particle Ring 1 Ring 2
at -1 m from IP8 at 19.9 m from IP8

Year 2 Year 2 Year 3 Year 2 Year 2 Year 3
Beginning +10 days +90 days Beginning +10 days +90 days

(a) (a) (b) (a) (a) (b)
muons 1.07 0.015 0.008 1.42 0.026 0.030
neutrons 3.43 0.065 0.059 5.09 0.185 0.423
p +π + K 7.68 0.133 0.104 8.54 0.194 0.304
Total 12.18 0.213 0.171 15.05 0.405 0.756

Table 1: Rates of the background components at the IP8,
[particles/bunch] for the LHC Ring 1 and 2, two options of
β∗ in the IR8 and three cases of the residual gas pressure at
different stages of the machine operation.

13.5 σ distance from the beam [8]. It was found that up to
90 % of the halo protons that were previously lost on the
apertures in IR1 are now intercepted by the TCTs, but the
resulting flux of the background muons at the cavern en-
trance in this case is ∼ 4 times higher than from the beam-
gas losses in the LSS itself (see Fig. 10).

BACKGROUND SHIELDING

Heavy shielding that protects the experiments at IP1 and
IP5 from the secondary radiation from the collimator in
front of the Q1 quadrupole also suppresses the machine
background at the tunnel entrance into the experimental
zones. Due to the low luminosity, initially there was no

Figure 10: Charged hadron and muon flux density
[particles/cm2/s] at the UX15 entrance due to the beam-gas
losses in LSS1L (blue) and sectors 78-81 (red).

Figure 11: Top view of the UX85 cavern with the layout
of the machine elements and the proposed locations of the
background shielding (left) and layout of the shielding at
the IR7 side of IR8 (right).

Figure 12: Machine background shielding in IR8, as in-
stalled at the IR1 side around the Q1 quadrupole (courtesy
of D.Lacarrère).

such shielding at IP2 and IP8 until its position and configu-
ration was proposed (see Fig. 11) basing on the background
calculations and various mechanical constraints [9].

Full configuration of the shielding on both sides of IR8
includes 120 cm of concrete and 80 cm of iron, divided into
blindage and chicane (an additional 80 cm concrete wall is
installed at the IR7 side). Already installed (see Fig. 12) in
IR8 ”staged” configuration of the shielding has the reduced
number of iron blocks. The effect of the shielding has been
estimated for the background from the beam-gas losses in
LSS8 and it was found that the full shielding reduces the
charged hadron flux by a factor of 1.6–1.9 (and by a factor
of ∼ 50 above the radius of 25 cm) and muon flux by a
factor of 2.4–2.6, for the IR1 and IR7 sides of LSS8.

COLLIMATION BACKGROUND

Machine background from the tertiary losses in the LSS
has been estimated for the case of the losses at two ter-
tiary collimators installed in LSS8L (see Fig. 13). The
distribution of the losses along the LHC Beam 1 has been
calculated by the Collimation Project (see Fig. 14) for the
full collimation and ideal machine, nominal settings of all
collimators (TCTs in the IR8 at 8.3σ), nominal beam pa-
rameters and optics with the β∗ of 10 m at IP8.
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Figure 13: Positions of vertical and horizontal TCT colli-
mator in LSS8L.

Figure 14: Loss distribution around the LHC Ring 1 for the
primary losses at the betatron cleaning in IR7.

The cleaning inefficiency for the TCT(V,H) at the IR7
side of IR8 was estimated equal to (0.84, 0.22)×10−3 for
the vertical halo and (0.003, 0.3)×10−3 for the horizontal
one. To get the absolute values of the background particle
fluxes, the value of 2.8×109 protons/s for the losses on the
primary collimators in IR7 was used that corresponds to the
30 h beam lifetime [10]. Under these conditions, the back-
ground from the losses at the TCTV is dominating, result-
ing in the flux of 5.7×106 charged hadrons/s and 1.8×106

muons/s at 1 m from the IP8 at the IR7 side [11]. These
numbers are of the same order as the estimates for the back-
ground flux from both types of the beam-gas losses. The
radial distribution of the collimation background is abso-
lutely different — the particles from the beam-gas losses
are the main contribution to the background around the
beam line, while the collimation background clearly domi-
nates at the large radii (see Fig. 15).

The efficiency of the staged shielding configuration was
evaluated also for the collimation background in LSS8.
Figure 16 gives the transverse distributions of the back-
ground flux within the tunnel entrance at the IR7 side of
IP8, for the vertical halo losses at the TCTV. The full
shielding at the IR7 side removes completely the charged
hadron background and ∼ 2/3 of the background muons
[11]. The efficiency of the staged shielding is less: ∼ 14 %
of the charged hadrons and 45 % of muons are still visible
after the shielding, mainly distributed in the areas where
the iron shield is not installed.

Figure 15: Particle flux density, [particles/cm2/s] at 1
m from IP8, calculated for the losses at the TCTV/H,
compared to the background from the beam-gas losses in
LSS8L.
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Figure 16: Particle flux density for charged hadrons (top)
and muons (bottom), without (left) and with staged shield-
ing (right).

BACKGROUND AT BRAN MONITORS

The issue of the machine background in IR2/8 is also
extremely important for the operation of the collision rate
monitors (BRANs) [12]. BRANs are installed in LSS2/8 in
front of the D2 dipole, in the same region as the horizontal
collimator TCTH. Contrary to the insertion regions IR1 and
IR5, the detectors at this location are not shielded from the
background from the tertiary collimator since there is no
TAN absorber in the low luminosity insertions. In the case
of the tertiary halo losses at the TCTH the BRANs in IR2/8
fall inside a peak of both charged and neutral background
particle flux (see Fig. 17).

To estimate the background at the BRANs, the same set
of the maps of the tertiary losses were used as in the eval-
uation of the background shielding in LSS8 (see Fig. 18).
An example of the calculated background flux map at the
BRAN is given in Fig. 19, compared to the distribution of
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Figure 17: BRAN monitor position in the LSS8 (left) and
the maps of charged and neutral components of the colli-
mation background (right).

Figure 18: Vertical (left) and horizontal (right) tertiary halo
losses at the TCTH in IR8.

the particles from the p-p collisions at the IP [13]. As can
be seen, for the neutron flux density the estimated values
are of the order of magnitude and equal to few 10−2 par-
ticles per primary event. For few 106 protons/s lost at the
TCTH and 16 MHz event rate at IP8 this gives ∼ 10:1 sig-
nal to background ratio at the BRAN, for the neutron flux
at the nominal machine operation.

However, if the rate of the losses at the TCTH will in-
crease due to some abnormal spike of the halo, this ratio
may change to the opposite one. The same is true for the
BRAN operation at IP2 where the collisions are foreseen
at the luminosity much lower than at IP8. Examining the
loss distributions in Fig. 18, it may be proposed to put
the collimators in IR2/8 in a more ”relaxed” position since
opening the TCT jaws just twice comparing to the assumed

Figure 19: Neutron flux density per 1 p-p event in the IP
(left) and per 1 proton lost at the TCTH (right).

settings would allow to decrease significantly the rate of
the tertiary losses and the rates of the produced collimation
background in the low luminosity insertions.

CONCLUSION AND OUTLOOK

Beam-gas losses in LSS2/8 and elastic scattering in the
cold sectors of the machine between IP2/8 and the clos-
est cleaning insertion in total result in the background flux
at the entrance into the experimental zones of few 106

muons/s (hadron flux in a general case is an order of mag-
nitude larger). For both sources of the beam-gas losses, a
fresh set of the residual gas density estimates exist and the
numbers above should be updated with these new estimates
and the realistic model of the installed shielding in IR2/8.

Tertiary losses at the collimators in the experimental in-
sertions, calculated for the nominal operation, add another
few 106 muons/s to the background flux. The efficiency
of the installed staged shielding for this background source
is 86 % for charged hadrons and 55 % for muons, for the
maximum of the tertiary losses at the IR7 side of IR8.

As it was shown, the rate of the collimation background
(including the contribution from the primary halo losses at
the TCTs due to the elastic beam-gas scattering) depends
on the optimal settings of the collimators during nominal
operation and start-up, and may be critical not only for
the experiments at IP2 and IP8, but also for the luminos-
ity measurement with the BRAN monitors.
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MACHINE-INDUCED BACKGROUNDS: 
THEIR ORIGIN AND LOADS ON ATLAS/CMS* 

N.V. Mokhov#, FNAL, Batavia, IL 60510, U.S.A. 
T. Weiler, CERN, Geneva, Switzerland

Abstract 
A detailed analysis of machine-induced backgrounds 

(MIB) in the LHC collider detectors is performed with 
focus on origin and rates for three sources: tertiary beam 
halo, beam-gas interactions and kicker prefire. Particle 
fluxes originating from these operational and accidental 
beam losses are carefully calculated with the MARS15 
code and presented at the entrance to the ATLAS and 
CMS experimental halls. It is shown that background 
rates in detector subsystems strongly depend on the origin 
of MIB, particle energy and type. Using this source term, 
instantaneous and integrated loads on the detectors and 
impact on the detector performance can be derived. 

INTRODUCTION 
The overall detector performance at the LHC is 

strongly dependent on the background particle rates in 
detector components. Particles originating from the 
interaction point (IP) are thought to be the major source 
(>99%) of background and radiation damage in the 
ATLAS and CMS detectors at nominal parameters and 
with a well tuned machine. Beam loss in the IP vicinity is 
the second source of background, but minor at nominal 
conditions [1, 2]. Particle fluxes generated by such beam 
interactions are called machine-induced backgrounds 
(MIB). As shown in [2], the relative importance of this 
component can be comparable to the first one at early 
operation of the LHC because MIB is mostly related to 
beam intensity and not luminosity, and tuning of the LHC 
will require substantial time and efforts. These facts are 
confirmed by the Tevatron experience. 

Even in good operational conditions in an accelerator, 
some particles leave the beam core – due to various 
reasons [3] - producing a beam halo. Particle fluxes, 
generated in showers developed at halo interactions with 
limiting apertures, are responsible for MIB rates and 
radiation loads in accelerator and detector components. A 
multi-stage collimation system reduces these rates at 
critical locations by orders of magnitude; e.g., a factor of 
103 at the Tevatron [3]. In addition to these slow losses, 
there is a probability of fast single-pass losses, caused, 
e.g., by an abort kicker prefire, when a certain number of 
bunches can make it through an unprotected section of the 
ring and be lost in front of the detector. Impact on the 
machine and collider detectors can be quite severe [4]. 
Tertiary collimators - as the last line of defense for slow 
and fast beam losses in the IP vicinity - are mandatory in 
the LHC, as proven at the Tevatron. 

In this paper, a description of three terms of MIB is 
given. The proton losses on the IP1 and IP5 tertiary 
collimators are calculated using a collimation version of 
SixTrack [5]. Beam-gas interaction modeling as well as   
comprehensive simulation of hadronic and 
electromagnetic showers induced in the LHC components 
are performed with the 2008 version of the MARS15 code 
[6]. All essential details of the machine, interface, 
detectors and conventional constructions in ±550-m 
regions of IP1 and IP5 are taken into account: 3-D 
geometry, materials, magnetic fields, tunnel and rock 
outside (up to 12-m radially).  Note that the code and 
approach were successfully benchmarked over 15 years at 
the Tevatron and DØ and CDF collider detectors. Particle 
fluxes above 20 MeV at the interface scoring plane at 
z=22.6m from the IP are calculated for further tracking in 
the ATLAS and CMS detectors. Representative 
distributions are shown, with respective source term files 
available to the detector collaborations. 
 

MIB SOURCES IN IP1 AND IP5 
1. Collimation Tails (“tertiary beam halo”) 

The first term of MIB for the experiments are protons 
escaping the betatron and momentum cleaning insertions 
(IP7 and IP3, respectively) and being intercepted by the 
tertiary collimators TCT. This term, related to the 
inefficiency of the main collimation system, is called 
“tails from collimators” or “tertiary beam halo”. The 
TCTs are situated between the neutral beam absorber 
(TAN) and D2 separation dipole at about 148m on each 
side of IP1 and IP5. It is noted that most of protons 
coming from IP3 and IP7 would be lost in the triplet 
(closer to the experiment) if they were not intercepted by 
the TCTs. Assuming an ideal machine (no alignment and 
magnet errors) at 7 TeV and the high-luminosity 
insertions (IP1 and IP5) squeezed to β* = 0.55m, we only 
take into account the contribution from the betatron 
cleaning in IP7 at the rate of 8.3×109 p/s for a 10-hr beam 
lifetime and nominal intensity. The collimators were set 
to the nominal settings, in this case 8.3σ for the tertiary 
collimators, to fully protect the triplet magnets. The 
resulting loss rates on the TCTs are 2.61×106 p/s and 
4.28×106 p/s for Beam-2 approaching IP5 and Beam-1 
approaching IP1, respectively. Corresponding loss rates 
on the other sides of these insertions are about 10% of 
those. 95% of muons illuminating ATLAS and CMS in a 
radius of 3m are generated at 50<z<148m from the IP. 
Note that the above rates are ~45 times higher for the 
transient 0.22-hr beam lifetime. Contributions from the 
momentum cleaning are thought to be substantially lower. 
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2. Beam-Gas Interactions 
Beam-gas interactions [7, 8] comprise the second term 

of MIB. Products of beam-gas interactions in straight 
sections and arcs upstream of the experiments and not 
intercepted by the collimation system have a good chance 
to be lost on limiting apertures in front of the collider 
detectors. As described in [7, 8], the main process of 
beam-gas interaction, multiple Coulomb scattering, 
results in slow diffusion of protons from the beam core 
causing emittance growth. These particles increase their 
betatron amplitudes gradually during many turns and are 
intercepted by the main collimators before they reach 
other limiting apertures. Similar behaviour takes place for 
small-angle elastic nuclear scattering. In inelastic nuclear 
interactions, leading nucleons and other secondaries are 
generated at angles large enough for them to be lost 
within tens or hundreds of meters of the LHC lattice after 
such interactions. 

The rate of beam-gas interactions is proportional to the 
beam intensity and residual gas pressure in the beam pipe. 
Longitudinally it follows the pressure maps of [9]. The 
points of beam interactions with residual gas nuclei can 
be sampled from these maps for the given operational 
conditions [10], using corresponding lattice functions. At 
the nominal beam current, the expected rates of inelastic 
nuclear interactions (m-1 s-1) in IP1 and IP5 are about 10 
in the UX detector region, 400 in the inner triplet and cold 
segments of the matching section, 20-30 in the warm 
sections in-between, and 8×103 in the arcs [11]. Detailed 
studies since the first papers on MIB in LHC [1, 2] have 
shown that inelastic and large-angle elastic nuclear 
interactions in the 550-m regions upstream of IP1 and IP5 
are mostly responsible for the beam-gas component of 
MIB Fig. 1). The total number of elastic and inelastic 
nuclear interactions in these regions for each of the beams 
coming to IP1 and IP5 is 3.07×106 p/s which is used for 
normalization in this paper. Despite a high gas pressure – 
and beam-gas interaction rate – in the arcs, most muons 
coming to ATLAS and CMS are generated in ±400-m 
regions around IP1 and IP5. The others are 
absorbed/scattered in the magnets and rock (especially 
that tangent to the orbit). 

  
 
Figure 1: Muon flux isocontours in the orbit plane at 
22<z<550m upstream IP1 and IP5. 

 
At certain conditions, an additional contribution can 

come from medium-angle elastic scattering [8]. Such a 
process can result in a substantial increase of the betatron 
amplitude and, if not intercepted by the main collimators, 
the scattered protons can be lost in the vicinity of the 
experimental insertions. This single-pass process, taking 
place between the cleaning insertions and 550-m regions 
around IP1 and IP5, can give some rise to the “scraping” 
rate on the TCTs adding to MIB. 

3. Kicker Prefire 
The third term of MIB is generated by remnants of a 

mis-steered beam uncaptured in the IP6 beam dump 
system. These irregular fast losses are caused by machine 
failures, such as irregular dumps. As was first shown in 
[4], the impact on the machine and collider detectors – 
without a multi-component protection system in IP6 [12] 
- can be disastrous. The worst design case is a dump 
kicker module prefire. If such an event is detected, the 
remaining 14 modules will be fired within 700ns to dump 
the beam [13]. Since the dump kicker modules need a 
certain time to reach their nominal strength (~3µs), a 
certain number of bunches will be deflected before they 
are extracted at the end of one turn.  

The scenario considers a kicker prefire, assuming a π/2 
phase advance between the pre-firing kicker magnet and 
the TCT tertiary horizontal collimator in front of IP5 
(worst case). This results in maximum deflection of the 
beam at the location of the TCT [14]. Furthermore it is 
assumed that the dump protection is misaligned so that 
protons with a betatron amplitude between 8.3σ (nominal 
setting of the collimator at 7TeV and β* = 0.55m in IP5) 
and 10σ will hit the TCTs.  

Our calculations have shown that some protons of 8 
mis-steered bunches of Beam 2, separated by 25 ns and 
each of 1.15×1011 protons, can hit the IP5’s TCT. The 
total amount of protons deposited on the TCT is of the 
order of 2 to 2.5 full bunches. Particles with a deflection 
below 5.08σ (µrad) pass through IP5 and may hit the IP7 
collimators or are extracted after one turn, while those  
with a deflection above 10.28σ (µrad) are all assumed to 
be absorbed by the IP6 dump system (Fig. 2).  

 
Figure 2: Angular kick for 13 bunches at prefire of the 
MKD.OR6.B2 beam dump kicker module. 
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BEAM 2 MIB ON CMS 
In this section, side-by-side comparison is given for 

various distributions of particles crossing the z=22.6m 
plane and approaching the IP5 with Beam 2 towards 
CMS, i.e., counter-clockwise. MARS15 results for 
hadrons, muons, photons and electrons above 20 MeV are 
presented for the nominal conditions and are normalized 
to cm-2 s-1 for the tertiary halo and beam-gas cases, and to 
cm-2 per accident for kicker prefire. The distributions 
cover laterally the entire detector: inner tracker, forward 
and barrel calorimeters, and muon chambers. 

 
Figure 3: Particle energy spectra at z=22.6 m from IP5 

in the 1.7 < r < 100cm region for beam-gas. 
 

 

Figure 4: Same as in Fig. 3, for tertiary halo. 
Figs. 3 and 4 show particle energy spectra at 

1.7<r<100cm for beam-gas and tertiary halo, respectively. 
The spectra are not very different for the two sources, but 
muons up to 5 TeV are present for beam-gas while there 
are no muons above 0.6 TeV induced by beam losses on 
the TCT collimators (much shorter decay path in the later 
case). At energies below 1 GeV, particles other than 
muon dominate. Radial distributions are shown in Figs. 5 
and 6. The distributions are not that different for the two 
sources at r < 3 m, but at larger radii they are pretty flat 
for beam-gas and drop rapidly (except neutrons) for 
tertiary halo. 

 
Figure 5: Radial distributions of particle fluxes (E>20 

MeV) at z=22.6 m from IP5 for beam-gas. 
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Figure 6: Same as in Fig. 5, for tertiary halo. 
Muon energy spectra in four radial regions are shown 

in Figs. 7 and 8 for beam-gas and tertiary halo, 
respectively. As noted above, spectra for beam-gas 
outside of the beam pipe are much harder compared to 
those for tertiary halo and kicker prefire (as will be shown 
later). There are almost no charged particles at r>6m for 
the latter two sources. The peak muon flux at the ATLAS 
and CMS detectors for beam-gas and tertiary halo is about 
1 cm-2s-1. 

 
Figure 7: Muon energy spectra at z=22.6 m from IP5 in 

4 radial regions for beam-gas. 
 

 
Figure 8: Same as in Fig. 7, for tertiary halo. 
The difference between the two sources is further 

illustrated in Figs. 9 and 10. Beam-gas interactions – 
contributing to muon fluxes on ATLAS and CMS – take 
place up to 500m upstream of the IP1 and IP5, 
respectively, which results in the presence of very 
energetic muons through the entire detector cross-section. 

 
Figure 9: Radial distributions of muon fluxes above 5 

cut-off energies at z=22.6 m from IP5 for beam-gas. 
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Figure 10: Same as in Fig. 9, for tertiary halo. 
Muon fluxes, resulting from beam-gas interactions, 

exhibit rather strong vertical/horizontal and left/right 
asymmetry (see Fig. 1), certainly at distances greater than 
2 meters from the beam axis, as shown in Fig. 11. This is 
also true for other particles – photons and electrons first 
of all – accompanying the muons. Contrary, particle flux 
distributions at the detectors (outside the beam pipe) from 
tertiary halo and kicker prefire are pretty symmetric 
around the beam axis at IP1 and IP5. This is because of 
the point-like nature of the source (TCT) and just a 
straight section between that source and the detector. 

 

 Figure 11: Horizontal distributions of muon fluxes in 3 
vertical slices at z=22.6 m from IP5 for beam-gas. 

SUM RULES FOR MIB IN ATLAS/CMS 
The previous section gives detailed information on 

beam-gas and tertiary halo contributions to the MIB in 
CMS for the counter-clockwise Beam 2. The MARS15 
results presented can be used with a good – from a 
practical standpoint – accuracy for estimation of the total 
MIB loads on ATLAS and CMS. The sum rules are 
especially accurate for the energetic muon component. 

Let’s define the beam-gas results presented above as 
BG, and tertiary halo results for the betatron cleaning of 
Beam 2 in IP5 as BH. Proton losses for the betatron 
cleaning have been calculated with SixTrack and their 
rate on the IP1 and IP5 tertiary collimators gives us 
corresponding weighting factors for the total loss. Thus, 
the total MIB stationary load on ATLAS is estimated as 
(BG+0.12 BH) on the right side (Beam 1) and 
(BG+1.64BH) on the left side (Beam 2). For CMS, the 
corresponding rules are (BG+BH) on the right side (Beam 
2) and (BG+0.085BH) on the left side (Beam 1), which 
gives about 3 muons/cm2/s for the maximum total muon 
flux at the detector center. 

KICKER PREFIRE 
This section gives results for the third component of 

MIB, generated by remnants of a mis-steered beam 
uncaptured in the IP6 beam dump system. As with the 
first two sources, particle fluxes above 20 MeV are 
calculated with MARS15 at the interface plane z=22.6 m 
for the counter-clockwise Beam 2 approaching CMS. It 
was found in our calculations that mainly protons from 
bunch 4 through 9 hit the TCT to the load on CMS in the 
case considered (Figs. 12 and 13).  
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 Figure 12: Radial distributions of muon fluxes above 1 

GeV at z=22.6 m from IP5 for a kicker prefire event: total 
and for bunches 2 through 9. 

 

 
Figure 13: Bunch distribution for particle load on CMS 
(E> 1 GeV, r < 100 cm). 

Fig. 14 shows energy spectra of particles approaching 
the CMS detector in the first meter radially outside the 
TAS aperture of 1.7 cm. General features of the spectra 
are similar to those with two other sources. It is 
interesting to note the presence of rather energetic tails for 
hadrons and muons more energetic than for tertiary halo 
because of more grazing-angle events on the TCTs. 

 
Figure 14: Particle energy spectra at z=22.6 m from IP5 

in the 1.7 < r < 100cm region for kicker prefire. 
 

 
 

Figure 15: Radial distributions of particle fluxes (E>20 
MeV) at z=22.6 m from IP5 for kicker prefire. 

Radial distributions of particle fluxes above 20 MeV 
and muon fluxes for 5 cut-off energies from 1 GeV to 1 
TeV are shown in Figs. 15 and 16, respectively. Again, 
they are not that different from the tertiary halo case. 
Temporal considerations though are quite different: a 
continuous steady state for the beam-gas and tertiary halo 
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cases, and a very short 125-150 ns pulse for the case of 
kicker prefire. As a result, the integral loads from a kicker 
prefire event are very small compared to all other sources, 
while large instantaneous ionization over all the detector 
volume can cause irreversible damage by creating 
breakdown in some components [4]. Estimated peak dose 
and MIP flux for the innermost CMS pixel are about 0.02 
Gy and 108 cm-2 per such an event. Note that the loads 
induced by a kicker prefire are much lower for Beam 1 at 
CMS and for both beams on ATLAS compared to those 
considered here for Beam 2. 

 
Figure 16: Radial distributions of muon fluxes above 5 

cut-off energies at z=22.6 m from IP5 for kicker prefire. 
 

CONCLUSIONS 
Detailed MARS15 calculations of machine-induced 

backgrounds have been performed for the current models 
of the LHC high-luminosity insertions, gas pressure, 
steady state and fast beam losses in the vicinity of 
IP1/IP5. Results presented are consistent with our earlier 
results of the mid-90s. Tertiary collimators protect critical 
detector components at beam accidents, and reduce steady 
state machine backgrounds at small radii. The sum rules 
for calculation of total MIB loads have been derived for 
the ATLAS and CMS detectors. The files of particles at 
the interface plane z=22.6m are available to the detector 

community; several groups have already started 
corresponding detector modeling. 

Thanks to A. Rossi and M. Huhtinen for crucial input 
to a gas pressure model and S. Striganov for help with 
enhancement of the analysis tools. 
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EFFECTS OF MACHINE INDUCED BACKGROUND ON EXPERIMENTS

M. Huhtinen, CERN, Geneva, Switzerland

Abstract
This paper discusses the possible effects which back-

ground from the LHC machine (MIB) could have on the
four main experiments: ALICE, ATLAS, CMS and LHCb.
The possible effects are discussed and the needs of fur-
ther simulation work are indicated. Some unclear issues
in the input assumptions to these simulations, as well as
other open issues are emphasized. In conclusion, the high-
luminosity LHC experiments appear to be quite insensitive
to MIB even if it were considerably above presently pre-
dicted levels. ALICE and LHCb will be more sensitive,
but even for them MIB appears to be an issue only if rates
exceed available estimates by an order of magnitude.

INTRODUCTION
By Machine Induced Background (MIB) in the LHC ex-

periments, we refer to particle fluxes caused by interactions
of the LHC beam protons, except beam-beam collisions at
the IP of the experiment itself.

Broadly MIB can be divided to come from 2 sources,
although these are not totally independent:

1. beam-gas interactions and

2. proton halo1 lost at limiting apertures.

The rate of beam-gas interactions depends on the beam
intensity and the residual pressure in the vacuum system2.

The loss rate of proton halo has a more complicated
dependence on beam intensity, efficiency of IR3 and IR7
cleaning insertions and machine optics. But it also has
contributions from the luminosity in the experiments and
beam-gas rate around the ring.

These sources – more or less distributed around the ring
– give rise to hadronic and electromagnetic cascades, but
also to formation of high-energy (up to the TeV-range)
muons. The latter can penetrate large distances in the sur-
rounding soil and reach the experiments even if their source
is far upstream. No shielding in the experimental areas can
suppress such muons. Their rate can only be reduced by
local absorbers that limit the decay-path for high-energy
pions and kaons.

The main purpose of this paper is to review what we
know about MIB today, what we do not know and what

1Unless otherwise specified, in this paper the term ‘proton halo’ will
be used for any off-beam protons of 7 TeV. This is a wider definition than
used by the machine, where halo is always a multi-turn, slowly evolving
component.

2This statement applies mainly to muon background. Especially elas-
tic and diffractive protons from beam-gas events will be influenced also by
the optics and collimator settings - and thus might fall into item 2 above.

adverse effects MIB could have on the performance and
lifetime of the experiments.

BEAM-GAS INTERACTIONS
For simulation-technical reasons the beam-gas contribu-

tion to MIB is often divided into two contributions: events
within the UX-areas and events elsewhere in the machine.
While the first part can be handled entirely by the simula-
tion software of the collaborations, the second needs spe-
cific machine simulations, where the lattice and optics of
the LHC are properly reproduced. These simulations then
must be interfaced by a suitable way with the detector soft-
ware. As proposed in Ref, [1], this is best done by defining
a virtual plane at the UX/machine boundary, where detec-
tor specific simulation software takes over. Distributions
on such a plane, shown in this talk, are based on sim-
ulation results [2] obtained with the MARS15 simulation
package [3].

Beam-gas in UX-areas
According to the most recent LHC pressure maps [4] the

NEG-coating of the warm experimental chambers will pro-
vide an extremely good vacuum. As shown in Fig. 1 we
expect about 10 interactions per meter per second at nomi-
nal beam current.

During possible single-beam operation at LHC-startup
beam-gas events taking place in the region of the IP might
be useful for initial alignment. However, the -spectrum
of the secondaries is so soft, that only a few useful tracks
per hour can be expected in the tracker acceptance for

.

Beam-gas in LHC-machine
In the Long Straight Section (LSS), adjacent to the in-

teraction points, the residual pressure and hence, the beam-
gas interaction rate, varies according to the temperature,
being higher in the cold sections, as shown in Fig. 2. In
the arc it is assumed that synchrotron radiation increases
the pressure to 20 times that of the cold LSS section [5].
Beam-gas interaction points are sampled from the resid-
ual pressure map and events are generated with a suitable
generator, e.g. DPMJET-III [6]. The produced secondaries
then have to be transported through the soil, tunnel or ma-
chine optics until they arrive at the interface plane defined
at 23 m from the experimental IP.

The residual pressure variations are reflected in Fig. 3,
where for high-energy muons observed at the interface
plane, the coordinates of the initial proton-gas scattering
are shown, weighted by the observed muon weight. The
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Figure 1: Beam-gas interaction density in the CMS experi-
mental beam-pipe.

10
-2

10
-1

1

10

10 2

10 3

10 4

0 50 100 150 200 250 300
z(m)

Be
am

-g
as

 in
te

ra
ct

io
n 

ra
te

 (m
-1

s-1
)

2808 bunches, LHC conditioned
156 bunches, LHC unconditioned
43 bunches, LHC unconditioned

Figure 2: Beam-gas interaction density in LSS and LHC
arc.

figure illustrates that the muon flux entering the cavern has
non-negligible large-distance contributions from the arc.
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Figure 3: Coordinates of intial proton-gas collisions
for E 100 GeV muons observed at the z=23 m interface
plane [2].

INTERACTIONS OF PROTON HALO

With its intense high-energy proton beams the LHC re-
quires an extremely efficient cleaning system in order to
prevent quenches of the superconducting magnets. This
will be provided by two separate cleaning insertions: be-
tatron cleaning at IR7 and momentum cleaning at IR3. The
efficiency in the nominal machine has to be 99.9%. In
order to protect the inner triplets of the experimental in-
sertions additional tertiary collimators (TCT) have been in-
troduced. These are set such that they remove the tertiary
proton halo3 that would otherwise impinge on the triplet.
The main role of the TCT, however, is to protect the triplet
in case of accidental beam losses.

Sitting at 150 m from the IP the TCT is an important
source of MIB for the experiments. Ideally – from the point
of view of the experiments – it should intercept only pro-
tons that would otherwise be lost on the triplet. If the pres-
ence of the TCT increases losses in the LSS significantly
with respect to the unprotected triplet, it will have adverse
consequences on the experimental conditions. In available
simulations [2] all halo-losses take place on the TCT. Thus
a plot similar to Fig. 3 just shows a single sharp peak at the
TCT location.

It is predicted [7] that in the nominal machine with a 20 h
beam-lifetime about protons per second are lost on
the ‘worst side’ TCT4.

3Primary and secondary halo will be intercepted in IR7.
4The losses on the TCT are highly asymmetric depending on the loca-

tion with respect to the cleaning insertions.
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Figure 4: Relative importance of beam-gas scattering to
muon background with different energy cuts. The comple-
ment to unity comes from proton-halo losses on the TCT.

However, there have been studies [8] predicting that sec-
ondaries from elastic beam-gas scattering in the LHC can
impinge on the TCT before reaching the IR7 collimators.
The rates have been estimated to be about one order of
magnitude higher than the losses of normal halo, i.e. in
the p/s range.

While the muons from beam-gas events, being emitted
tangentially from the arc, reach to large radii with an asym-
metric distribution those from the halo-interactions on the
TCT stay closer to the beam line and are rather symmetri-
cally distributed in azimuth. The relative importance of the
two components as a function of radius and muon energy is
shown in Fig. 4. It can be seen that close to the beam-line
the halo-losses dominate by about an order of magnitude.
The radial region of this dominance, however, decreases
with increasing muon energy.

CUMULATIVE RADIATION LOAD
The high-luminosity detectors, ATLAS and CMS, have

been designed to operate in the hostile radiation environ-
ment created by the pp-interactions at LHC. In order to
achieve this, the experiments are heavily shielded and radi-
ation hardness of detector technologies has been a central
design criterion. In particular, it should be pointed out, that
in both high-luminosity experiments the whole beam-line
between the detecor and the end-wall of the cavern is her-
metically enclosed in massive shielding which also seals
the tunnel entry.

The TAS, initially introduced to protect the triplet from

collision products, also serves the purpose to stop MIB
close to the beamline and to provide a last defense against
accidental beam losses. In fact there is no viable way to
steer a 7 TeV beam past the TAS such that it could hit the
experimental vacuum chamber.

This does not apply to the two low-luminosity experi-
ments. These do not have a TAS and also the forward
shielding of both ALICE and LHCb is significantly thinner
and less hermetic than of the high-luminosity experiments.

In CMS the attenuation provided by the shielding, to-
gether with the large distance, cause that the radiation
load on the inner pixel detector, due to one proton lost on
the TCT, is about 5 orders of magnitude lower than that
from one pp-collision at the IP. Assuming that each of the
high-luminosity experiments would integrate 500 fb in
10 years ( pp-interactions), there would be some

protons lost on the TCT over the same time. Thus
the radiation load of 10 years worth of TCT losses would
be equivalent to roughly 10 s of normal high-luminosity op-
eration. Similar arguments show that the losses from beam
gas in the machine and the UX are of the same order of
magnitude. Thus MIB is totally negligible for cumulative
damage in the high-luminosity experiments.

LHCb is also designed for high radiation doses and de-
spite weaker shielding around the beamline, MIB is not ex-
pected to be an issue for cumulative radiation damage.

ALICE, however, will take data only at very low lumi-
nosities, not exceeding cm s in pp-mode. To-
gether with weak forward shielding this implies that MIB
contributes a significant fraction of the total radiation ex-
posure.

It should be remarked, however, that hot spots, either
spatially (MIB focused by quadrupole fields) or in time
(accidents of significant spikes in background) could lead
to local damage or instantaneous single failures that might
accumulate over time to reach levels that compromise de-
tector performance.

EFFECTS OF MIB ON TRIGGER

ATLAS and CMS
The total predicted rate of MIB muons – radial distribu-

tions are shown in Fig. 5 – entering the experimental cav-
erns is comparable to the L1 trigger rate of the order of
100 kHz. However, both high-luminosity experiments re-
quire already at L1 that a triggered muon points to the IP.
Even if this pointing is done with fairly wide tolerances,
it still reduces the geometric acceptance for MIN-muons
dramatically. Therefore the rate is negligible compared to
the L1 bandwidth. Random hits by the MIB might in the-
ory lead to accidental IP-pointing, but at full luminosity
the rate of such hits will be dominated by the pp-created
neutron background in the UX areas [1], which is well un-
derstood.

At the High Level Trigger (HLT) level information from
the Tracker is included in the muon reconstruction, ensur-
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Figure 5: Radial distribution of muons at the z=23 m inter-
face plane. Beam-gas and proton-halo losses (on TCT) are
included [2].

ing that all triggered muons originate form the IP.
A high-energy ( 100 GeV) muon traversing

calorimeter material can undergo a radiative energy loss,
which results in local deposition of a significant fraction of
the muon energy. Such losses might lead to fake missing

(MET) triggers. The rate of such events can be roughly
estimated to be of the order of 1 Hz, which is many orders
of magnitude below the L1 bandwidth. However, it is not
clear to what extent HLT is able to filter out such events,
especially if they happen to overlap with a real event at the
IP. Given about 2 orders of magnitude with respect to the
HLT bandwidth this is unlikely to become a problem, but it
should not be completely ignored as a potential issue.

In both cases, however, timing might help to reduce the
rate. Most often the fake MIB-induced trigger will lie out-
side the expected time window for a particular detector. For
instance the possible fake-MET triggers are likely to be in-
time only in the downstream endcap calorimeters.

LHCb

In the L0 trigger of LHCb MIB overlapping with a
Minimum Bias event can occupy few percent of the band-
width [9]. This value is based on losses at the TCT at the

-level. This trigger rate can be reduced by shielding in
the tunnel close to the VELO detector. At present part of
this shielding has been staged.

ALICE
The ALICE triggers have very small rejection rates, of

the order of 1000 and are based on event characteristics
(high multiplicity) that are not expected to be sensitive to
MIB. In addition the L0 interaction trigger will efficienctly
discriminate beam-background.

BACKGROUND TO PHYSICS

SUSY searches
SUSY events will typically be characterized by jet ac-

tivity associated with missing (MET). As discussed in
the context of the trigger, an energetic muon has a small
chance to deposit a very large energy in a calorimeter. If
such a fake energy deposition happens to overlap with a
hard QCD event at the IP, it can resemble a SUSY event
with large MET. Although such an overlap will be very
rare, the rate might still be comparable to the rate of real
SUSY events. Offline handles probably can be devised to
recognize such cases, but depending on the rate, it is a po-
tentially significant pollution of the data sample.

Luminosity measurement
Several techniques have been studied and implemented

by the collaborations to perform the luminosity measure-
ment. Except for TOTEM, which is specially designed for
this purpose, most luminosity monitors do not have point-
ing capability and therefore will not be able to tell if a track
originates from the IP-region. For all such systems the ac-
curacy of the luminosity determination will be influenced
by the uncertainty in the MIB-contribution to the measure-
ment.

In particular, collisions of satellite bunches with the
nominal bunch might be an issue in this respect. Such
collisions will not happen at nominal crossing angle, but
in early running, with head-on collisions, satellite bunches
could collide at 37.5 cm from the IP with normal bunches.
The relative luminosity would correspond to the relative
population of the satellite bunch. Thus, if the latter is too
high, it could introduce a bias in the early luminosity deter-
mination.

Forward physics
Forward physics studies looking at rapidity gaps can ob-

viously suffer from MIB filling the gap. Without tracking
and IP-pointing capability these effects are irrecoverable.
In addition MIB is likely to influence the studies of for-
ward energy flow, but exclusive MIB simulation samples
are needed to quantify these effects.

EARLY OPERATION
When LHC starts up the experiments will use the ini-

tial low luminosity to explore the behaviour of their trig-
gers. Therefore, the trigger thresholds will be much lower
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at start-up than at the nominal LHC. This will make them
significantly more sensitive to background, including MIB.

While the LHC, from the point of view of not quench-
ing magnets, could operate with less efficient cleaning at
low beam intensity, it should be remembered that this could
compromise the early trigger studies of the experiments by
introducing an excess background trigger rate.

It should be emphasized that essentially all simulations
so far have considered only the nominal machine. At lower
luminosity the relative importance of MIB – even for same
cleaning efficiency and vacuum quality – will be higher
alone by the fact that MIB is mostly related to beam in-
tensity and not luminosity.

DETECTOR ALIGNMENT
All experiments recognize that MIB-muons could be

useful for alignment of the detectors. In particular, ener-
getic muons, being parallel to the beam-line, could be a
useful means to inter-align the endcap detectors on each
side of the detector. However, a prerequisite of using MIB
for this purpose is a capability to trigger on it. Studies in
this direction with existing hardware are in progress in both
ATLAS and CMS.

Should the LHC start up with a prolonged period of sin-
gle beam, then MIB (and cosmic muons) will be the only
means to align the detectors. MIB will arrive at the IP in
time with the bunches and thus will be a suitable reference
to time-in detectors and triggers. Despite these possibil-
ities to use MIB beneficially, it is clear that the experi-
ments would prefer to get background-free collisions from
the start on.

MEASURING THE BACKGROUND
In order to control its effects, even if small, the experi-

ments need to measure the MIB.
Ideally this should be done in conditions as similar as

possible to the normal collider operation. Especially at
higher luminosities it is possible that due to the absence
of beam-beam effects a measurement performed during
single-beam operation would not be representative.

ALICE and LHCb will always have some periods of
non-colliding beam since the abort and injection gaps in
the LHC beams meet only at the two high-luminosity in-
sertions. The latter, therefore, will never see single beam in
normal operation.

One proposal to accomplish the MIB measurements is to
have some non-colliding bunches in the beam structure. In
order to ensure that only MIB gets measured, enough time
must be allowed for products of the last pp-collisions to
disappear and detectors to terminate signal collection. The
exact times for this still need to be specified, but are likely
to be of the order of a few hundred ns. If bunches would be
removed from a bunch following an injection gap 5, the de-

5The abort gap is used for detector timing and its length should not be
modified.

tector would be ’clean’ already when the next bunch-train
arrives and the non-colliding time could be halved, thus
saving some luminosity.

Such special conditions will not be required in every fill,
but only from time to time to monitor the conditions and
initially to establish the first background measurement.

Obviously it is up to the LHC experts to decide what is
technically the best possibility to provide the most repre-
sentative non-colliding conditions with a minimal price in
luminosity for physics.

SIMULATION NEEDS
The first complete studies of MIB in the experiments

date back to 1996 [1]. Since then further studies have been
performed by various groups for all experiments. Unfor-
tunately the present picture is rather confusing, probably
mostly due to different assumptions used in the simulations
over the years, but also because most simulations have con-
sidered only one source of MIB at a time. Thus, no up-to-
date, complete and commonly agreed simulations are avail-
able at the moment.

By now a fairly consistent picture of the loss sources
is available from the vacuum and collimation groups. It
would be highly desirable to repeat the MIB simulations for
all experiments using consistent and agreed input. How-
ever, past experience has shown that these MIB simula-
tions are very complex and sensitive to small variations.
Therefore independent simulations by more than one group
would be appreciated in order to be able to cross-check the
results and to estimate uncertainties.

A special issue is that up to now all MIB estimates have
been based on biased Monte Carlo6. The biasing has been
mandatory in order to obtain even close to sufficient statis-
tics in reasonable CPU time. The biasing, however, re-
sults in a spread of statistical weights of the particles ar-
riving at the interface plane. While this makes their use
in non-biased MC codes (e.g. Geant4) difficult, even more
problematic is that a biased simulation is intrinsically inca-
pable of reproducing any correlations. The latter would be
needed to reliably study the effects on trigger and physics.
It is probably not possible to do all forthcoming simula-
tions in non-biased mode, but some smaller non-weighted
sample files would be useful in order to get an idea of the
correlations.

OPEN ISSUES & QUESTIONS
While the contributions from inelastic beam-gas scat-

tering and from proton-halo losses on the TCT appear to
be rather well understood, there remain several issues that
need further clarification or call for detailed simulation
studies:

6Biasing in this context does not mean that the results would be biased.
The biasing applies only to the statistics, i.e. the particle population is
artificially increased in regions of phase space that are of interest - and
correspondingly reduced elsewhere.

LHC WORKSHOP ON EXPERIMENTAL CONDITIONS AND BEAM-INDUCED DETECTOR BACKGROUNDS

48



The effect of elastic scattering in the arcs appears con-
tradictory. Can the scattered protons be lost on the
TCT before they are intercepted by the cleaning inser-
tions. If so, what would be the rate? A related specific
issue is, if diffractive or elastic protons from ATLAS –
operating at 4 orders of magnitude higher luminosity
than neighboring ALICE – might have an influence on
the latter.

It has been predicted [7] that the losses on the TCT
can momentarily increase by about 2 orders of mag-
nitude. It remains to be clarified what the origin of
these spikes is, how often they occur and under which
conditions.

While no mechanism has been identified that could
steer 7 TeV protons past the TAS on the ATLAS/CMS
experiments, it has been pointed out that for protons
with energies 5 TeV it is possible to impinge on
the experimental beam pipe. The rate of these should
be quantified since their effect might be significant
with respect to other background.

The present pressure maps do not include the TCT or
other elements with potentially increased outgasing
due to the radiation-load [10]. In these the pressure
could be significantly higher than elsewhere. This
calls for some quantification.

The issue of total losses on the TCT, e.g. item 1 above,
appears to be of crucial importance and at the moment the
the spread of values is an order of magnitude. A consistent
(e.g. wrt beam-lifetimes) and commonly agreed number
should be worked out urgently.

In general, it would be important to agree on a consis-
tent set of assumptions to be used as input values for all
forthcoming MIB-simulations.

SUMMARY
Both high-luminosity experiments, ATLAS and CMS,

are designed for such high radiation loads that MIB – at
predicted levels – appears totally negligible in this respect.
The same is true, albeit to a slightly lesser extent, for LHCb.
ALICE, however, is designed for much lower radiation ex-
posure and is not as heavily shielded. If MIB increases
above presently predicted levels, its first adverse conse-
quence most likely will be excess radiation damage in AL-
ICE.

Concerning effects on the trigger, the only potential is-
sue identified so far in ATLAS/CMS is the possibility of
fake missing due to radiative losses of very energetic
muons. However, present estimates do not indicate that
this would reach rates that could come close to constituting
a real problem. In LHCb MIB, overlapping with a MinBias
event, can fill a non-negligible fraction of the L0 bandwidth
according to present estimates (order of protons lost on
TCT per second). A significant increase of this loss rate
might severely compromise LHCb trigger efficiency.

It should be noted that the experiments will start data-
taking with triggers wide open, i.e. with very low thresh-
olds. Thus they will be initially much more sensitive to
background effects. In view of this, it is desirable that MIB
is minimized as much as reasonably possible already from
the beginning of LHC operation, even if machine protec-
tion considerations would not yet impose full cleaning effi-
ciency.

All experiments will utilize MIB to some degree for their
detector alignment. It will certainly be a useful tool to
inter-align endcap detectors. Should LHC start up with a
prolonged period of single beam, MIB can be used to time
in trigger and detectors already prior to collisions.
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Wrong settings at injection 

EXPERIMENT PROTECTION FROM BEAM FAILURES 
AND EXPERIMENT-MACHINE SIGNAL EXCHANGE  

bstract 
This paper briefly reviews the LHC experiment’s 

protection from beam failures and the signal 

AM FAILURE SCENARIOS DIRECTL
HE EXP
AREAS 

The LHC protection from beam failures is described in 
several papers [1,2]. A dedicated workshop has been 
organized in June 2007 in order to address in detail 
scenarios which could involve directly the experimental 
areas

]. 
Unlike HERA, TEVATRON and RHIC, the LHC 

cannot be operated without collimators (except at 
injection with low intensity). In fact, the protons lost 
along the ring must be intercepted with very high 
efficiency before they can quench a superconducting 
magnet. This is done via the collimation system which 
defines the aperture limitation in the LHC. Collimators 
are located mainly in the cleaning insertions (IR3, IR7). A 
few additional collimators are located in the dump 
insertion (IR6) and in the experimental insertions. This 
has an important impact on the Machine Protection since, 
for most of the multi-turn failures, the beam will hit the 
collimator first. Hence, for most of the multi-turn failures, 
the experiments are protected by the collimators mainly 
located in the LHC beam cleaning insertions. However, a 
few scenarios (both multi-turn and single-turn) potentially 
dangerous for the exper
listed in the following.  

Failures at injection and
 

This failure is due to the wrong setting of one or more 
magnets located in the experimental insertion (in 
particular, the orbit correctors and the D1/D2 separation 
dipoles). This failure concerns all experimental insertions. 
A dedicated study for ATLAS [4] has shown that, 
depending on the type of error, the injected beam may 
hit/scrape the TAS and shower into the experimental 
regions, or directly impact the beam pipe. ALICE and 
LHCb are more exposed due to the fact that no TAS is 
foreseen in IP2 and IP8 and to the fact that these IPs have 
the added complication of a dipole magnet (associated 
with corrector magnets). Protection from these kinds of 
failures relies on the software interlock of the magnet 
settings, on the “probe beam flag” which will interlock 

the maximum beam intensity which can be injected into 
n empty LHC and the “pilot beam” procedure which 

ch (5·109 protons) 
a
foresees the injection of a pilot bun
prior to the normal batch injection if the LHC is empty. 
 
Error failures at injection (IR2 & IR8) 
This failure is due to the wrong setting of the transfer line 
magnets or of the injection septum, a fast trip of the 
power supplies, failure of the SPS extraction kicker 
during extraction, etc. Protection from these failures is 
based on the response to magnet current surveillance and 
fast current change monitors and on passive protection 
from absorbers and collimators. In particular, the injection 
kicker failures in the LHC ring are caught by dedicated 
moveable absorbers like the TDI and the TCLI. These 
failures affect directly either IR2 (beam1) or  IR8 

eam2). However, the injection failure can in principle 
ine depending on the phase 

(b
affect the whole mach
advances and the absorber/collimator settings.  
 
Error at extraction (IR6) 
This failure is related to the loss of synchronisation with 
the abort gap, an over-populated abort gap, the pre-firing 
of one of the 15 kicker modules or a failure in the energy 
tracking system. It is difficult to quantify the frequency of 
the pre-fire failure but it looks like once per year is 
possible. The downstream magnets and the adjacent 
Insertion Regions (IR5 and IR7) should be protected by 
dedicated passive absorbers (movable TCDQ and TCS, 
fixed TCDS and TCDQM). However, in case of problems 
during extraction coupled with TCDQ settings and/or 
orbit/optics errors, some beam loss may occur at the 
tertiary collimators (TCT) or triplets in IR5. The loss is 
difficult to quantify but a detailed analysis is ongoing 
(existing studies were done without taking into account 
the TCT/TCDQ, since introduced at a later stage). The 
abort gap (re)population is monitored via a dedicated 
instrument which could be connected to the interlock 
system (under discussion). This failure directly affects 
only IR5/CMS. However, there is the possibility that the 
mis-kicked beam passes through IR5 and IR3 and hits IR2 
and/or IR1. In fact, the momentum cleaning collimators 
have a rather large aperture compared to the ones in the 
betatron cleaning insertion (aperture ~ 15 sigma in IR3 
compared to ~ 6 sigma in IR7) and, therefore, the 
protection due to IR3 is less effective compared to IR7. 
This probability is expected to be low and it should be 
hecked by simulation looking at the mis-kicked beam 

phase advance. The protection from this failure relies on 
the correct positioning of the above absorbers. 

c
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Failures during circulating beam 
This concerns magnet failures including operational 

mistakes. It is usually slow and detected first in the 
aperture restrictions of the machine. The potential danger 
for the experiments (in particular the near-beam detectors 
like Roman Pots and VELO) is due to uncontrolled closed 
bumps since they could affect only the experimental 
areas. However, they build up slowly (BLM should 
trigger a beam dump early enough), they are extremely 
difficult to create at 7 TeV (less difficult at 450 GeV) and 
only critical if combined with a fast failure of one of the 
insertion elements. Therefore, the probability of this 
failure is considered very low.  Protection from these 
failures relies on the tertiary collimators, on the fast 
current change monitors, on the Beam Loss Monitors 
(BLM) and on the experiment Beam Condition Monitors 
(BCM). If particularly dangerous bump scenarios will be 
identified 

cks on the settings of the magnets ma
saged. 

NICATION CHA
BETWEEN THE EXPERIMENTS AND 

THE MACHINE 
The communication bet

experiments relies on the five communic
hich are described below. 

Timing, Trigger and Control (TTC) 
The overall TTC system architecture [5] provides for 

the distribution of synchronous timing, level-1 trigger, 
and broadcast and individually-addressed control signals, 
to electronics controllers with the appropriate phase 
relative to the LHC bunch structure, taking account of the 
different delays due to particle time-of-flight and signal 
propagation. Within each trigger distribution zone, the 
signals can be broadcast from a single laser source to 
several hundred destinations over a passive network 
composed of a hierarchy of optical tree couplers. For 
what concerns the machine interface, it transmits the LHC 
fast timing signals from the RF generators, i.e. the 40.08 
M z bunch clock frequency H
revolution frequency. In the experiments, this syst
used by the Trigger Community.  

 
Machine Beam Synchronous Timing (BST) 

It is developed using the TTC technology to provide the 
LHC beam instrumentation with the 40.08 MHz bunch 
clock frequency, the 11.246 kHz revolution frequency and 
an encoded message that can be updated on every LHC 
turn and that is mainly used by the LHC Beam 
Instrumentation Group to trigger and correlate 
acquisitions [6]. The message also contains the current 
machine status and values of various beam parameters. 

The message is sent to the experiments [7]
provide the TTC with the “Machin
to define the type of clock deliver

aranteed). Some experiments use it also to get the GPS 
absolute time and the beam parameters. 

Beam Interlock System (BIS) 
The Beam Interlock System (BIS) of the LHC provides 

a hardware link from a user system to the LHC Beam 
Dumping System, to the LHC Injection Interlock System 
and to the SPS Extraction Interlock System [2]. The LHC 
BIS is split into a system for beam1 and a system for 
beam2 and carries the two independent BEAM_PERMIT 
signals, one for each beam. The BEAM_PERMIT is a 
logical signal that is transmitted over hardware links and 
that can be either TR

d, with circulating beam, beam operation continues) or 
FALSE (i.e. injection is blocked and, if a beam is 
circulating, the beam will be dumped by the Beam 
Dumping System). 

The individual user systems must provide 
USER_PERMIT signals for beam1 and/or beam2 that are 
collected by the BIS through the Beam Interlock 
Controller (BIC) modules. The USER_PERMIT is a 
logical signal that is transmitted over a hardware link and 
that can be either TRUE (i.e. the user is ready and beam 
operation is allowed according to the user) or FALSE (i.e. 
beam operation is not allowed according to the user).  To 
obtain permission for beam operation, i.e. 
BEAM_PERMIT=TRUE, all the connected 
USER_PERMIT signals must be TRUE. This condition is 
somewhat relaxed for the maskable user signals, where 
the USER_PERMIT signal may be masked only if the 
beam intensity is safe, i.e. below the machine damage 
threshold. The delay between reception of an interlock 
(USER_PERMIT to 

st proton is extracted on the dump block varies between 
100 and 270 μs depending on the location of the USER 
and the precise timing with respect to the beam abort gap 
position in the ring.  

The BIS for the experiments is described in [8]. Special 
attention is paid to the interlocking of the movable 
devices since they are supposed to be positioned between 
10-70 σ from the beam axis. There

 these devices may lead to significant damage to both 
the devices themselves and the machine. In general, the 
movable devices are authorized to leave their garage 
position only during collisions. 

It should be noted that the experiments will use the 
actual BIS only to dump the beam. In order to inhibit 
injection, they have asked to get an independent system 
which would not dump the beam at the same time. In fact, 
the injection inhibit will be based on the state of the 
detectors and it will not depend on the data from the 
experiment’s protection system. New hardware has been 
developed 

rect link via optical fibers to the Injection BICs in SR2 
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and SR8. The new hardware will be used by the 
experiments to inhibit injection without dumping the 
beam [9]. 
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experiments aiming 
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op
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 tables 
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ents and 
. Part of 

eration status (mode) of the 
anged via this system. It should be noted 
 is highly flexible and data and signals to 

be
evelops. The data 

F
agreed between the machine and the 
at improving the communication 

eration [8]. This should ensure a more efficient and 
safer beam operation. The 
sent through the DIP system. 

 

General Machine Time (GMT) 
This system synchronizes all CERN accelerators [10].  

In particular, it distributes: 
• The UTC time of the day. 
• The LHC telegram: it represents a snap shot of 

the machine state and it is updated each second. 
Among the various parameters, it sends out the 
Safe Beam Parameters which are essential for 
building the interlock signals. 

• LHC Machine events: an event is sent punctually 
when something happens that affects the machine 
state. Some are asynchronous that come from 
external processes, e.g. post-mortems, while 
others are produced from timing

Safe Beam Parameters are also sent as ev
supplied to the experiments via hardware
the telegram information relevant to the 
experiments (like the beam modes, the machine 
modes etc) are also distributed via DIP.  

. 

CERN Data Interchange Protocol (DIP) 
This system allows relatively small amounts of soft 

real-time data to be exchanged between very loosely 
coupled heterogeneous systems [11]. All signals regarding 
the quality of beam collisions, data from beam 
instrumentation, and the op
LHC are exch
that this system

 exchanged may be added as the experience with the 
experiments and accelerator operation d
already agreed between the machine and the experiments 
can be found in [12,13,14].  

What else? 
The transmission of additional relevant parameters is 

actually being discussed. In particular: 
• The actual value of the SPS Probe Beam Flag   

[15] (default 10  protons, maximum value 1011 
protons). The experiments have requested the 
information to be provided as a Safe Beam 
Parameter even though it would be acceptable to 
get it via DIP for the start-up run in 2008. 

10

• The background levels: the experiments should 
send to the machine two complementary 

e background levels whenever it is 
necessary. The information should be independent 
from data t f about 1 Hz. 

ed in order 
to protect the experiments from beam failures and to 
optimize the data ore, the physics 

 
 

lead

he 
. Bordry et 

ort 521 
[2] 

MS Document 567256 

normalized signals to help the operators in 
reducing th

aking and sent at a rate o
• Information about the collimator settings, the 

filling scheme and the beam life-time is under 
discussion. 

CONCLUSIONS 
A number of communication channels between the 

machine and the experiments have been defin

 taking and, theref
results. The commissioning of these channels is presently
ongoing. Experience in the operation of the LHC may

 to an optimization of the present scheme. 

REFERENCES 
[1] “Machine protection for the LHC: architecture of t

beam and powering interlock systems”, F
al., LHC Project Rep

“The beam interlock system for the LHC”, B. Puccio 
et al., CERN ED

[3] “Joint LHC-experiments meeting on experiments 
protection from beam failures”, http://ts-
dep.web.cern.ch/ts-
dep/groups/lea/int/workshops/workshop_protection_j
une_2007.htm   
Accidental beam losses durin
Interaction region IR1". Bocian

[4] “ g Injection in the in the 
 D., January 30, 2004, 

[5] 
Note 335  

“TTC Web Site”: http://ttc.web.cern.ch/TTC/ 
[6] “The BST Home Page”, http://ab-dep-bdi-

em.web.cern.ch/ab-dep-bdi-
em/index.php?n=Lhc.BST 

“The interface and structure of the Mac[7] hine Beam 
r the LHC 

8899 
acina et 

cument 653932 
E Meeting”, 

Synchronous Timing message fo
experiments”, R Jones, CERN EDMS Document 
63

[8] “LHC experiments Beam Interlocking”, D. M
al., CERN EDMS Do

[9] “40th and 41st LEAD
http://indico.cern.ch/categoryDisplay.py?categId=59
2 

[10] http://ab-dep-co-ht.web.cern.ch/ab-dep-co-
ht/timing/index.htm 
 “DIP Web Site”: [11]

lcomhttp://itcofe.web.cern.ch/itcofe/Services/DIP/we
e.html 
 “Data and signals to be excha[12] nged between the LHC 

[13] ange 
systems implementation”, D. Swoboda, CERN 
EDMS Document 772011 

[14] https://twiki.cern.ch/twiki/bin/view/Leade/WebHome

machine and experiments”, E. Tsesmelis, CERN 
EDMS Document 701510 
 “LHC Machine and experiment data exch

 

LHC WORKSHOP ON EXPERIMENTAL CONDITIONS AND BEAM-INDUCED DETECTOR BACKGROUNDS

53

http://ab-dep-bdi-em.web.cern.ch/ab-dep-bdi-em/index.php?n=Lhc.BST
http://ab-dep-bdi-em.web.cern.ch/ab-dep-bdi-em/index.php?n=Lhc.BST
http://ab-dep-bdi-em.web.cern.ch/ab-dep-bdi-em/index.php?n=Lhc.BST
http://itcofe.web.cern.ch/itcofe/Services/DIP/welcome.html
http://itcofe.web.cern.ch/itcofe/Services/DIP/welcome.html


 

 

[15] “85th LTC Meeting”, Hhttps://ab-div.web.cern.ch/ab-
div/Meetings/ltc/2007/ltc_2007-18.html 

 
  

 

LHC WORKSHOP ON EXPERIMENTAL CONDITIONS AND BEAM-INDUCED DETECTOR BACKGROUNDS

54



Session 2 Discussion Summary

S. Redaelli, CERN, Geneva, Switzerland

INTRODUCTION

The second session of the workshop addressed the pre-
diction of known background sources at the LHC, the avail-
able knobs to optimize the machine-induced background
and the experiment protection.

ESTIMATES OF RESIDUAL GAS
PRESSURE IN THE LHC (A. ROSSI)

M. Huhtinen expressed concerns about the vacuum mea-
surements shown for SPS collimator tests with beam that
took place in 2004. Should we expect the same levels
for the Tertiary collimators (TCT’s) close to the detectors?
S .Redaelli replied that this is not the case because the mate-
rials are different (Carbon instead of Tungsten). Tungsten
collimators have not yet been tested with beam.R. Ass-
mann warned that the out-gassing will manly take place
at the collimators in the dedicated cleaning regions, which
are exposed to large losses. The TCT’s close to the exper-
iments act as triplet protection and are not supposed to get
high beam loads during standard operation.M. Huhtinen
stressed that we then urgently need vacuum estimates for
the TCT’s with realistic loss rates.

H. Burkhardt commented that it will be important to
monitor the vacuum levels at the machine start-up to feed
this experience back into the simulations. In particular, it
will be useful to determine basic scaling laws of the vac-
uum level against basic beam parameters in order to be pre-
pared for the following commissioning stages.

W. Kozanechi asked about the estimates shown of colli-
mator flange heating and corresponding out-gassing. The
presented value of about10−9 bar would be too large even
for the vacuum of the cleaning insertions.R. Assmann
replied what was shown by A. Rossi is not the typical case
during beam operation but refers to a worst case scenario
used as a criterion for the system design. The out-gassing
in this case will not be steady but will last at most for 10
seconds. This was considered by AT-VAC to be acceptable.

M. Ferro-Luzzi asked if vacuum leaks can be detected
with beam loss monitors (BLM’s). In particular, if we en-
counter a beam-gas background problem due to a possible
Helium leak in a cold section, could the BLM’s give infor-
mation for localizing the leak and with what longitudinal
accuracy? This is not clear because with the present system
the spacing between the monitors might not be optimized
to detect leaks.H. Burkhardt suggested that we could en-
visage dedicated beam time to address this issue, for ex-
ample by creating on purpose controlled vacuum bumps.

W. Kozanechi also liked this idea and stated this should be
followed up.

SIMULATION OF MACHINE
BACKGROUND (V. TALANOV)

A. Morsch commented that the tertiary collimators are
not needed in IP2 with un-squeezed optics because the
triplet aperture is not critical. He is strongly against the
possibility of closing them and using the IP2 as a cleaning
insertion. This topics was addresses in detail in R. Ass-
mann’s talk, where it was clarified that the TCT in IP2
are only supposed to be used for the early commissioning
phase with reducedβ∗.

A. Morsch also stated that IP2 has been treated less well
than other interaction regions as far as detailed loss studies
are concerned. He expressed the request that, as an out-
come of this workshop, the inputs for background studies
shall be provided for the relevant machine configurations.

MACHINE-RELATED BACKGROUNDS:
THEIR ORIGIN AND LOADS ON

ATLAS/CMS (N. MOKHOV)

W. Kozanechi expressed concerns about the plot in
page 10 of N. Mokhov’s slides, where muon fluxes up to
1011 are quoted. Indeed, after the meeting N. Mokhov clar-
ified that there was a typo in the vertical scale of the plot:
given number have to be reduced by a factor106. The slides
on the workshop web site have been updated accordingly.

M. Huhtinen commented that the sharp reduction of
muons that occurs at about 500 meters from the IP (see
slide 8 of N. Mokhov’s talk) is actually an artifact of the
simulations because the model does not includes the arc
further downstream. N. Mokhov agreed however com-
mented that the sources of muons in the machine regions
that are not modelled do not contribute significantly to the
background and therefore they can be safely neglected.

W. Kozanechi asked if the output of N. Mokhov’s simu-
lations can be used as an input both for ATLAS and CMS
background studies. Nikolai replied that this is indeed the
case.

EFFECTS OF BACKGROUNDS ON
EXPERIMENTS (M. HUHTINEN)

K. Eggert asked if the diffractive protons that leave the
interaction point are expected to be a source of background
for the other experiments. For example, this can clearly
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become an issue for ALICE that could collect the ATLAS
physics debris in beam 1 direction.

Responding to a question brought up by M. Huhtinen
about the statistical weight and data biasing in the back-
ground simulations,N. Mokhov stated that a new version
theMARS code is being prepared which will address these
issues.

A. Morsch pointed out that the statement about ALICE,
that beam-gas rates are predicted to contribute 10% of the
absorbed dose, was based on conservative assumptions. In
the light of the actual pressure achieved, this could be an
order of magnitude less.

COLLIMATION (R. ASSMANN)

M. Lamont asked about the settings of the beam dump
collimators (TCDQ elements). There is only a margin of
half betatron sigma between the settings of the TCDQ and
of the secondary collimators in the betatron cleaning in-
sertions. Clearly this is difficult to control operationally.
R. Assmann replied that this is a known concern. The scale
for collimator settings is set by the aperture of the machine.
The presented settings were agreed with the injection and
beam dump teams and we cannot easily relax them if we
want to protect the machine aperture while ensuring the re-
quired cleaning performance.

M. Lamont also asked what is the damage limit for the
tertiary collimators. R. Assmann replied that one nominal
bunch at 7 TeV can potentially destroy them.

H. Burkhardt suggested that with reduced beam emit-
tance we could relax the collimator settings. On the other
hand, R. Assmann warned that beam with smaller emit-
tance will also be more dangerous because the energy den-
sity will be larger.

J. Spalding asked some details about the working as-
sumptions for the asynchronous beam dump failure sce-
narios. R. Assmann clarified that the TCT’s will be set
such that the triplets are always in the TCT shadow. More
detailes about the simulation assumptions were provide to
J. Spalding after the workshop.

EXPERIMENT PROTECTION
(D. MACINA)

A. MacPherson asked if the protection of the level 2 trig-
ger relies only on data communication with DIP and if this
is considered to be safe enough. D. Macina replied that of
the experiment protection interlocks, only (and temporar-
ily) the threshold value of the SPS Probe Beam Flag is
transmitted by DIP. The rest is via the BIS or GMT. There-
fore, what relies on DIP is not the full detector protection
but rather the protection against scenarios that are not con-
sidered as catastrophic. An example is the switching off of
high voltages, which is recommended in case of injection
failure but is not expected to put in danger the detector in
case of failure of DIP signals.
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SESSION 2 SUMMARY

H. Burkhardt, CERN, Geneva, Switzerland

LHC CONDITIONS : WHAT CAN BE
EXPECTED AND OPTIMIZED

Vacuum

A. Rossi presented the expected vacuum condi-
tions. All warm LHC sections will be backed out.
Vacuum conditions are generally expected to be
good and the resulting beam gas backgrounds of
no major concern to the experiments under nominal
conditions.

The vacuum model predicts the static pressure
distributions and the dynamic pressure rise in the
presence of beams resulting in desorption by syn-
chrotron radiation or induced by ion or electron
cloud effects. Uncertainties were considered and the
estimates given generally represent the upper limits.
The effects of local heating by beam loss on aperture
restrictions (collimators) is currently not included in
the vacuum model.

It will be important to verify, check and bench-
mark the vacuum predictions by observations with
beam. It will also be important to help to diagnose
and regularly follow up on observations in opera-
tion which could indicate potential vacuum prob-
lems, like locally increased beam loss rates or de-
tector backgrounds.

Background simulations

Even if much has been done on simulations for
the LHC [1], it already became clear during the
preparation of this workshop, that the LHC exper-
iments require further work and clarification on this
subject. A good fraction of the second session of
this workshop was therefore scheduled for presenta-
tions and discussions on simulations of backgrounds
and their effects on experiments.

In principle, signatures and effects of machine
induced backgrounds are well predictable. Opera-
tion of the TEVATRON with measurements of back-
grounds in the CDF and D0 detectors constitute over
15 years of experience and allowed for benchmark-
ing and calibration of background simulations.

Quantitative background predictions crucially de-
pend on the knowledge of the input parameters to
the models. Ideally a complete set of input parame-
ters would include

• a realistic description of the physical aperture

• an accurate machine-lattice description with
magnet imperfections, misalignment, noise
and ripple and beam-beam effects

• the actual values of adjustable optics parame-
ters like tune and chromaticity

• rf voltage and phase stability
• knowledge of the vacuum conditions for beam-

gas background predictions.

A complete simulation would also require a full
description of the beams with bunch intensities and
profiles with halo in all dimensions. Beam profiles
and in particular the halo are generally not a pri-
ory known and the evolution with time will be very
sensitive to tuning of the machine and maybe rather
different from fill to fill.

Practical simulations rely on simplifying assump-
tions. LHC simulations for collimation and back-
ground generally assume the nominal machine with
no or few imperfections and do not actually model
the beam but rather use loss rates as input parameter.
Cross talk between experiments due to pp-scattering
close to the machine acceptance were not included
until very recently : a first estimate of losses around
the ring originating in pp collisions in IR5 was pre-
sented by R. Assmann at this workshop.

The high luminosity experiments ATLAS and
CMS have been designed to be able to cope with
very high collision rates. Machine induced back-
grounds are normally expected to add little in energy
and extra tracks to the signals from collisions.

Machine induced backgrounds mostly scale lin-
early with beam intensity, while the luminosity
scales with the sum of the square of the bunch in-
tensities. Signal to background ratios are expected
to be worse in earlier LHC operation. In addition,
the triggers for the experiments will be less selec-
tive and the LHC machine less well known and
corrected. Machine induced backgrounds may be
rather important for all experiments in the earlier
operation of the LHC and in high luminosity oper-
ation for the lower luminosity experiments ALICE
and LHCb.

Collimation

The LHC has a three stage collimation system.
Collimation systems in most machines are designed
to minimize backgrounds to the experiments. The
LHC system was designed for high collimation effi-
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ciency, or essentially to minimize beam losses in the
cold parts of the machine. The LHC has no collima-
tors dedicated to background control and reduction
to the experiments.

Tertiary collimators are installed around all ex-
periments, to shadow the triplet magnets and reduce
tertiary halo losses on the triplet magnets. They re-
duce the loss of halo particles in the detector re-
gion and are at the same time source of secondary
particles and in particular secondary muons reach-
ing the detectors. The LHC collimation system
is rather tightly constraint. To minimize beam in-
duced quenches and exclude damage, a hierarchy
between primary, secondary and tertiary collimators
will have to be respected with safety margins on tol-
erances, orbit and optics errors. This will leave little
freedom for safe tuning of tertiary collimators under
nominal conditions. More margin will be available
for less squeezed beams, i.e.β∗ & 2 m rather than
the nominal 0.55 m.

Secondary collimators should remain in the
shadow of the primaries, and tertiary collimators in
the shadow of the secondary collimators.

Scraping into the halo using primary collimators
is expected to be useful for diagnostics purposes
in machine studies to allow to distinguish between
halo and other sources of background. Optional
scraping before the ramp or squeeze could be useful
to anticipate later uncontrolled losses. It is at present
not clear if halo scraping will also be needed or
helpful in regular physics operation in the LHC. The
functionality to be able to perform automatic scrap-
ing with primary collimators will be implemented
such that scraping can be tested and applied if re-
quired.

The collimators for the betatron cleaning are lo-
cated in a single straight section (IR 7). Depending
on the distance and phase advances from the colli-
mators to the experiments, the induced backgrounds
for the experiments from beam 1 and beam 2 can be
rather different.

The same collimation system will also be used
for heavy ion operation in the LHC. Beam intensi-
ties will be much reduced compared to proton op-
eration. Cross sections instead will be much larger
and loss distributions quite different from proton op-
eration. The optimisation of the running conditions
for heavy ion operation in the LHC will require ex-
tra time and efforts.

Experiments protection

Session 2 ended with a review about protection
of experiments in case of failures and exchange of
signals. These subjects are followed up in working
groups [2, 3]. Protection in case of beam failures

were also the subject of a previous dedicated work-
shop [4]. The experiments all have fast beam condi-
tion monitors and can quickly dump the beam. The
infrastructure for the signal exchange between the
machine and experiments is set up and will soon be
tested. Some details of the contents and meaning
of the data will still have to be worked out and will
require follow up during the commissioning. This
includes the definition of a small number of normal-
ized figure of merit background numbers from each
experiment.
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BACKGROUND ISSUES FOR CMS 
J Spalding, Fermilab, IL 60510, U.S.A,  

Representing two CMS working groups: the Machine Interface Group and Trigger Simulation Group.

Abstract 
This paper discusses the issues anticipated for radiation 

background and accidental beam loss for the CMS 
experiment at LHC. It includes a brief description of the 
extensive set of dedicated detectors for monitoring beam 
conditions and initiating corrective action. The 
information from these detectors will be available in the 
LHC control room to assist in optimizing LHC 
performance and beam conditions at CMS. 

The CMS detector, including the subsystems discussed 
in this paper is described in Ref [1]. 
 

INTRODUCTION 
The primary goal for CMS in initial data-taking will be 

to commission the sub-detectors and triggers, and to 
understand and optimize detector performance. The first 
steps will be to commission the safety systems and 
procedures that will protect the experiment, and in 
particular the pixel and silicon tracking system, from 
damage due to radiation and beam accidents, and to 
develop monitoring tools for beam conditions.  

It is likely that beam background issues will become a 
concern in early physics running when backgrounds may 
be high relative to luminosity, and CMS operates with 
initial triggers that are “open” and more susceptible to 
background effects. In general, steady state backgrounds 
are not expected to be a serious problem once LHC is 
operating well. However, anomalous or “spiky” beam 
losses that can arise from a variety of sources, may well 
be a long-term concern both for operation of the detector 
and for data quality. 

CMS places a high emphasis on beam conditions 
monitoring. This monitoring is important for safe and 
efficient operation of the detector, and to ensure high 
data-quality. Both the LHC machine state and the rates of 
machine backgrounds will be incorporated into the CMS 
interlocks and detector control system (DCS) state 
machine. The primary goal will be to avoid having the 
tracker bias voltage and muon chamber high voltage ON 
when there is a heightened potential for unsafe beam 
conditions. When conditions become worrisome, or when 
the LHC state is such that high losses are expected, DCS 
will set CMS into STANDBY, with these high-voltages 
set low. Protection from a rapid deterioration of 
conditions will be provided by the Beam Condition 
Monitor (BCM) which provides an input to the LHC abort 
system, and of course all sub-detectors are protected at 
some level by interlocks on over current. The second role 
for this monitoring is to warn when conditions may 

adversely affect triggers or data quality, and to provide 
information to assist in tracking and correcting such 
effects. Corrective action may involve configuration 
changes for both the detector and the accelerator. 

CMS will provide the data from a series of beam 
condition detectors to the LHC control room to facilitate 
optimization of beam conditions at IP5.  

BACKGROUND ISSUES  
Issues associated with high beam backgrounds can be 
considered in the following three categories. 

1. Tracker safety 
Protection from multi-turn accidents with circulating 

beam is provided by the BCM input to the abort.  
However, no protection can be provided for very fast 
accidents, occurring within a single turn. These can occur 
due to incorrect setting of magnets during beam injection, 
or when an abort kicker fires at the wrong time relative to 
the beam, or at the right time but when beam is present in 
the abort gap.  

Fast beam accidents can produce an extremely high 
flux of charged particles in the CMS pixel and silicon 
trackers, which have the potential to cause permanent 
damage to the front-end electronics. The inner pixel 
layers will experience a charged particle flux of  order 108 
cm-2 s -1 from collisions at 1034 cm-2 s-1, whereas fast beam 
accidents can result in a fluence of around 108 cm-2 on a 
time scale of order 100 nsec [2]. The resulting flood of 
charge in the detector can effectively short the bias 
voltage across the front-end electronics.  Beam tests have 
exposed a small number of detector elements to accident 
conditions in excess of the expected fluence, without 
causing permanent damage [3]. Nevertheless, the 
situation can be different with an extensive exposure of 
the full detector and it is prudent to assume that a fast 
accident presents a serious risk [4]. 

The limiting aperture for such fast accidents is typically 
in the low-beta quads near the experiment interaction 
point. The mitigation of risk is provided by (a) monitoring 
conditions to ensure that CMS is in STANDBY when the 
risk is deemed to be high, and (b) positioning collimators 
to shadow the low-beta quads. In this regard, CMS is 
dependent on the use of beam flags to indicate the state of 
the accelerator, on software monitoring of magnet settings 
at injection and critically on the alignment of the TCDQ, 
TCS and TCT collimators. Recent simulation results 
show that the collimator shadowing can be very effective 
in protecting CMS, but does require precise positioning 
[2].  

. 
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Figure 1: The CMS detector showing positions of the dedicated sub-detectors for 
monitoring beam conditions. The position of HF used for luminosity determination is 
shown and the extensive coverage of muon chambers, between the iron (shown in red). 

2. Efficient Operation and Long Term Health of 
the Detector 

The second category of issue covers high wire chamber 
currents and single-event effects in front-end electronics, 
and long-term health of the detectors. In general these are 
not expected to be an issue for CMS unless loss 
conditions are truly anomalous – but there can always be 
surprises.  Typically protection is provided by current 
interlocks which trip the power supplies, causing 
operational difficulties and inefficiency in the short-term, 
and by monitoring conditions and re-tuning or making 
procedural adjustments if conditions persist. 

CMS is designed for years of operation at a luminosity 
of 1034 cm-2 s-1. Sustained periods of high radiation from 
machine backgrounds will age the detector prematurely. 
The dose will be monitored on an on-going basis to 
ensure that the dose due to backgrounds is small (less 
than 10% or so) compared to that from collisions. If the 
background fraction is high for a sustained period CMS 
will request that machine conditions be adjusted. 

CMS has an extensive array of muon chambers, with 
drift tubes, resistive pad chambers and cathode strip 
chambers. In general current draw in these chambers is 
not expected to be an issue for nominal steady-state 
running. The expected values for operational current 
limits correspond to a halo flux of about 2 KHz cm-2s-1 
(~1000x the simulated steady state at a luminosity of 1034 

cm-2 s-1 [5]). Similarly, the calorimeters are not expected 
to have problems with muon halo up to 102–103 cm-2 s-1. 
At higher flux, muon interactions in the photo-multipliers 
will produce noticeable trigger contamination.   

During injection and ramp, when losses are expected to 
be high, those sub-detectors which are sensitive to beam 
conditions (certainly the tracker and muon chambers) will 
be in STANDBY. For silicon detectors this state has the 
bias voltage OFF, and for wire chambers the high-voltage 
is reduced by ~200 volts, resulting in the chamber gain 
being down from nominal by a factor of 1000.  The 
transition from STANDBY to ON, after stable beam is 
established, will take a few minutes.  

Single event effects in the front-end electronics can be 
very disruptive to operations, but the rate should not be a 
problem unless conditions are abnormal. CMS electronics 
which will be exposed to radiation has been tested to 
ensure that the rate of single-events is acceptable  - see for 
example Ref [6] for the silicon tracker amplifier chips. 
However, there may be surprises [7]. RADMON detectors 
[8] are located in strategic locations to monitor the 
radiation fields near sensitive electronics.  

3. Backgrounds in Triggers and Luminosity 
Measurement 

The third category of concern is background 
contamination of the triggers and data, typically from the 
interaction of halo muons in the detector. In general the 
signature of background halo interactions can be easily 
recognized and removed offline. Two areas are of 
particular concern. 

The interaction of halo muons in electromagnetic and 
hadron calorimeters can contaminate low level physics 
triggers, in particular those based on missing energy. It 
may also be a problem for rapidity-gap triggers for 
forward physics. This contamination is however quite 
easy to identify and remove offline or in higher level 
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triggering, since it has particular directional signature and 
contribution of electromagnetic or hadronic energy 
depending on the location of the halo interaction.  

The determination of luminosity in the forward 
hadronic calorimeter (HF) uses an algorithm that counts 
zero-occupancy in calorimeter towers [9]. The location of 
HF is indicated in Figure 1. The measurement is linear for 
luminosities between 1028 and 1034 cm-2s-1, but may be 
susceptible to background contamination if the beam halo 
is higher than expected. Simulations of these effects are 
underway and will be compared to initial data.  A full 
simulation requires event-by-event Monte Carlo 
generation to account for all correlations, which is 
extremely CPU intensive [5]. Once both the luminosity 
calculation and the LHC are commissioned, dedicated 
special fills with specific bunches missing will allow a 
more detailed understanding of background effects, and 
allow the development of correction algorithms. The 
luminosity determination will be cross-calibrated with 
Van der Meer scans in the LHC, and with the W and Z 
cross-sections. The accuracy is expected to be of the order 
of 10% for early physics running. 

The missing-bunch running will similarly allow 
detailed studies of halo-induced background in the 
triggers. The bunch structure for these special fills will be 
discussed between LHC and all experiments. A bunch-
gap of three empty bunches in the middle of a bunch 
train, not adjacent to the abort gap will allow a 
measurement of background-only effects under conditions 
very similar to normal running.  

Background effects will be studied and corrected in 
time periods that can be less than the duration of an LHC 
fill, so fill-by-fill variations will be taken into account. 
Variation in intensity and loss conditions bunch-by-bunch 
will be much harder to study and correct. But variations 
of order 30% or so between bunches would not present a 
problem.   

MEASUREMENT OF BEAM 
CONDITIONS AT CMS 

The CMS detector includes an extensive set of 
instrumentation dedicated to monitoring beam conditions.  
This instrumentation will provide information at the IR 
for optimizing the accelerator, including bunch-by-bunch 
loss and halo measurements, and precision beam spot 
information.  

 
BRM Detectors 

The Beam Radiation Monitoring project in CMS 
provides a series of detectors dedicated to monitoring 
beam conditions [10]. These include (1) the Beam 
Condition Monitor (BCM) diamond detectors BCM1 and 
BCM2, which measure radiation rates close to the beam 
pipe near the IP, (2) the Beam Scintillation Counters 
(BSC) which are mounted in the HF region and measure 
beam halo, and (3) The Button Beam Pickup (BPTX), 
which provide information on bunch timing and intensity. 
The location of these detectors is indicated in Figure 1. 

These detectors are always “live” when beam is in LHC, 
and operate independent of the CMS control and data-
acquisition systems.   

The data from these detectors will be provided to the 
LHC control room using the Data Interchange Protocol 
(DIP), along with summary parameters which will 
provide the figure-of-merit for background conditions at 
the IP. These “pseudo-devices” will include a relative 
measure of the halo associated with each beam, and a 
general background level, corrected for luminosity. More 
detailed information will be available with slower 
accumulation of per-bunch values, radial/phi 
segmentation in halo rates, and pseudo-devices measuring 
loss spikiness.  
The BCM detectors are read via standard LHC BLM 
electronics. The BCM2 diamonds have been cross 
calibrated to a standard LHC BLM in test beams [10]. 
BCM1 readout will be calibrated relative to BCM2 in 
situ, and together they will provide continuity of the loss 
measurements through the IP with the BLMs on the low β 
quadrupoles on either side.  The response of the diamond 
sensors is linear over six orders of magnitude, with 
sensitivity to ~ 104 MIPs cm-2 s-1, corresponding to a 
luminosity of about 1030 cm-2 s-1. 
 
HF-Luminosity 

The luminosity measurement is necessary to interpret 
background information at the IP. The information will be 
sent to the LHC control room via DIP, on a timescale of 
~minutes initially and finally ~seconds.  The data will 
include an absolute measure of luminosity averaged over 
all bunches, and relative luminosity per crossing.  The 
intent is to have the luminosity data available 
immediately after ramping, when LHC is in adjust state. 

 
Location and Shape of the Luminous Region  

The position and shape of the luminous region (“beam-
spot”) will be determined on-line using the tracking 
detector [12]. This information will be available in real-
time only after stable beam has been established for 
several minutes, and of course only after the detector, the 
alignment, and the reconstruction algorithms are fully 
commissioned (probably by mid-2009). The information 
will be updated every few minutes and can be sent to the 
LHC control room via DIP. 

A simulation of this analysis is illustrated in Figure 2. 
The algorithm determines the impact parameter for tracks 
with pT>2 GeV and reconstructs the beam spot. Using the 
notation defined in Ref [12], the impact parameter is 
defined by  

d0 = x0·sin ϕ 0 + dx/dz·sin ϕ 0·zp − y0·cos ϕ 0 − dy/dz·cos ϕ 0·zp 

where d0 is the signed impact parameter distance between 
helix and origin at minimum approach, ϕ0 is the 
azimuthal angle in the x-y plane at minimum approach,  
and zp is the z position 

In this example the transverse beam position is offset 
relative to the tracker by 300 µm in x and 600 µm in y, 
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producing the characteristic sine wave in Figure 2.a. The 
two-dimensional shape of the luminous region is shown 
in Figure 2.b.  

Several thousand tracks can be used to determine the 
transverse position to a few µm and the z-position to a 
few 10’s of µm every few minutes.  With a few hours of 
data-taking, several million tracks can be used to 
determine the β* and emittance. 
 

 
Figure 2.a: The impact parameter versus φ for tracks with 

pT>2 GeV.  

 
Figure 2.b: The luminous region in the transverse plane 
for the same tracks. 
 

The z-distribution of the luminous region will provide a 
measure of near satellite crossings, which are separated in 
time by only 2.5 or 5 nsec. These satellites will have the 
effect of stretching the luminous region and may have 
different trigger acceptance due to their position and 
timing. 

SUMMARY 
The CMS detector has been designed to operate in the 

high radiation environment at the LHC at full LHC design 
luminosity, and under nominal background conditions. 
However, loss spikes will cause problems for detector 
operation and contamination of triggers, and beam 
accidents pose a danger to the detector. 

Hardware protection is in place to limit the risk from 
high currents and high radiation dose. However this 
cannot act fast enough to protect the pixel and silicon 
tracking detectors from fast beam accidents. Beam tests 
and simulations indicate that there is a safety margin in 
such cases, nevertheless CMS relies on the collimation 
system in the LHC to limit exposure to such accidents. 

In general, corrections for trigger contamination can be 
accomplished offline once background signatures are well 
understood and algorithms developed. This will require 
further simulation studies and comparison to data taken 
under special conditions with specific bunches missing in 
the bunch train. These special fills will be important. A 
specific program should be agreed once CMS and LHC 
are commissioned and after a first analysis of conditions 
is in hand.  

CMS places a high emphasis on monitoring beam and 
background conditions for equipment protection and data 
correction, and to assist in optimizing LHC performance 
at IP5. Measurement of losses, beam halo and precision 
measurement of the luminous region will be sent to the 
LHC control room. 
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What ALICE Requires and Provides for Background Optimisation

A. di Mauro and A. Morsch
CERN, Geneva, Switzerland

Abstract

This paper briefly discusses the ALICE machine back-
ground concerns and the background monitoring system.

ALICE RUNNING STRATEGY

ALICE (A Large Ion Collider Experiment) [1] is a gen-
eral purpose detector designed to address the physics of
strongly interacting matter and the quark-gluon plasma in
nucleus-nucleus collisions at the LHC. It will allow a com-
prehensive study of particles produced in Pb–Pb collisions,
up to the highest multiplicities anticipated at the LHC. The
physics program also includes collisions with lighter ions
as well as dedicated proton-nucleus runs. Regular data tak-
ing during pp runs will provide reference data for the heavy
ion program and address a number of specific pp topics.

The pp runs will be in parallel with the other experiments
but at a reduced luminosity in IP2. In order to keep the
pile-up in the Time Projection Chamber (TPC) and Silicon
Drift Detectors (SDD) at an acceptable level, the luminos-
ity during pp runs has to be limited to 3 × 1030 cm−2s−1,
corresponding to an interaction rate of 200 kHz. At this
rate we record on average 20 overlapping events. The op-
timal detector operation and physics performance with the
TPC, i.e. no pile-up, is at 1029 cm−2s−1.

IMPACT OF MACHINE BACKGROUND

General considerations

Due to the running at reduced luminosity ALICE has the
most unfavorable interaction rate over background rate ra-
tio (at least a factor of 103 less than the high luminosity
experiments). Machine background effects are alleviated
by the fact that ALICE has been designed to perform track-
ing for up to 1000 times the pp multiplicity and the trigger
reduction factors are relatively small (typically 103). So far
the expected effects of the background are mainly of cumu-
lative nature, such as radiation damage (integral dose and
neutron fluences). Also the increase of the data volume has
obvious negative consequences in terms of data storage and
offline computing requirements.

To simulate these effects ALICE has so far considered
beam gas events in the experimental region IP ±20 m and
beam-halo from beam-gas scattering outside the experi-
mental regions. Input for the quartiary background caused
by tertiary collimators (TCT) close to the experimental re-
gion is not yet available for IP2. In case the collimators are
at the nominal settings this contribution could well be the
dominant source of machine background. However, since
at full beam intensity ALICE will run at high β∗ (10 m),

the inner triplet will not limit the aperture of the machine.
ALICE requires that for stable beams the TCTs will be put
at a position at which they protect the inner triplets against
accidental losses but do not produce extra losses for stable
beams.

Dose in central detectors

The radiation environment in the experimental cavern
has been simulated for the planned running scenario of the
ALICE experiment (Table 1) [2]. Running with p-p, low
and high mass ion–ion collisions over a ten year period has
been assumed. Beam-beam and beam-gas interactions have
been considered as potential radiation sources. The high-
est doses, up to 2.8 kGy, are expected at the location of
the inner tracking system (ITS) (Table 2). The contribution
from beam halo [3] amounts to ≈ 20% of the total dose.
The contribution from beam-gas collisions within the ex-
perimental region has been calculated assuming a very con-
servative residual gas pressure of 2 × 1013 molecules/m3.
Only under these conditions a sizeable contribution of
about 10% of the total dose is expected.

Charged particle rates on RPCs

Among the ALICE detectors, the muon trigger system
is one of the most sensitive to the machine induced back-
ground. As a matter of fact, the Resistive Plate Chambers
(RPC) rate capability (50 − 100 Hz/cm2) might be satu-
rated by a too high background level, which might also
have an impact on the detector lifetime. The fluxes of
secondary charged particles through muon trigger system
originating from machine induced background has been
simulated [4]. The trigger background consists mainly of
electrons from hadronic showers resulting in a hot spot of
≈ 60 Hz/cm2 located at x = 1.5 m and |y| < 1.5 m.

BACKGROUND MONITORING

For machine background monitoring during injection
ALICE will use the beam condition monitor (BCM) and
the V0 forward scintillator detectors at safe photomultiplier
settings. Due to the different acceptance of the two detec-
tors an OR of the two signals will be used. With circulat-
ing stable beams a combination of signals from BCM, V0,
SPD, TPC and forward muon spectrometer will be used to
obtain a normalized machine background signal.

Beam condition monitors

The purpose of the Beam Condition Monitor (BCM) is
to detect adverse beam conditions within the ALICE exper-

LHC WORKSHOP ON EXPERIMENTAL CONDITIONS AND BEAM-INDUCED DETECTOR BACKGROUNDS

65



Table 1: Operation scenario for a ten-year run period, where 〈L〉 is mean luminosity, and σinel is the inelastic cross section.
One year of pp run corresponds to 107 s and one year of heavy-ion run corresponds to 106 s.

pp Ar–Ar Ar–Ar Pb–Pb dPb

〈L〉 ( cm−2s−1) 3× 1030 3 × 1027 1029 1027 8 × 1028

σinel (mb) 70 3000 3000 8000 2600
Rate (s−1) 2 × 105 9 × 103 3 × 105 8 × 103 2 × 105

Runtime (s) 108 1.0 × 106 2.0× 106 5 × 106 2 × 106

Events 2× 1013 9 × 109 6 × 1011 4 × 1010 4 × 1011

Particles per event 100 2400 2400 14 200 500
Ntot 2.1 × 1015 2.2× 1013 1.4 × 1015 5.7× 1014 2 × 1014

Table 2: Doses in inner tracking system

Detector Dose [Gy] Dose [Gy] Dose [Gy] Dose [Gy]
IP Collisions Beam-Gas Halo Total

SPD1 2000 250 500 2750
SPD2 510 48 120 680
SDD1 190 12 45 250
SDD2 100 2.4 13 120
SSD1 40 1.2 7 50
SSD2 26 0.6 2.5 30

imental region. It provides active protection, in particular
of the ITS, against multi-turn beam failures. The detector
is based on pCVD diamond sensors (1cm2

× 500 µm) and
its design is a copy of the LHCb BCM [5].

BCM sensors have been installed at three different lo-
cation, 4 sensors z = 15.5 m (BCMA2), 4 sensors at
z = 4.5 m (BCMA1) and 8 sensors at z = −19 m behind
the small angle absorber. These loactions have been chosen
since no other space is available on the muon spectrometer
side. The advantage of the location is that the expected
signals due to pp collisions and due to background events
(beam-gas collisions in the experimental region, machine
induced background) are of comparable intensity. Closer
to the IP pp collisions are dominating.

V0 Detector

The V0 detector consists of two arrays of 64 scintillator
tiles read out via fibers. V0A is located 340 cm from the IP
on the side opposite to the muon spectrometer and the V0C
is fixed at the face of the fron absorber, 90 cm from the ver-
tex. The covered pseudo-rapidity ranges are 2.8 < η < 5.1
(V0A) and −3.7 < η < −1.7 (V0C). The detector is used
as a minimum bias trigger and for rejection of beam-gas
background. A large background trigger rate is is expected
in the muon spectrometer trigger chambers. The absence of
a Minimum Bias Trigger (MB) from V0C alone, will be a
good signal to reject a large part of thes false muon triggers

[6].

SUMMARY

ALICE will participate in standard pp runs at reduced
luminosity (3 × 1030 cm−2s−1). Quartiary halo from the
TCTs is a concern since it might represent the largest
background source. At full intensity ALICE will run at
β∗ = 10 m. ALICE requires that for stable beams the
TCTs will be put at a position at which it protects the inner
triplet against accidental losses but does not produce ex-
tra losses for stable beams. Special beam condtion detec-
tors and ALICE forward detectors are used for background
monitoring.
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Session 3 Discussion Summary 
A. Macpherson, CERN, Geneva, Switzerland 

 

INTRODUCTION 
The third session of the workshop addressed the issue 

of what the experiments require and provide for 
optimization of known background sources at the LHC, 
and the discussion generated by the presentations is 
summarised herein. 

ATLAS (W. KOZANECKI) 
The speaker was asked to discuss the role of LUCID in 
the ATLAS background monitoring. It was explained that 
LUCID was a conical Cerenkov Counter detector placed 
around the beam pipe close to the interaction point. Its 
primary function is to provide online luminosity 
measurements, but in addition the time resolution of 
LUCID could provide information on out of time hits, and 
so could potentially be used to identify background. It 
was stated that in principle LUCID could provide such 
information. However, it was stressed that the sensitivity 
of LUCID as a background monitor has not yet been 
studied. 
 

R. Tesarek asked if there were any BLM monitors in 
direct line of sight with the IP.  It was stated that the all 
the ATLAS BLMs are mounted on the endplate of the 
inner detector, and so are not in line of sight with the IP. 
It was further mentioned that the signal expected from 
these BLMs is to be predominantly proportional to 
luminosity/ collision products, but M. Mikuz commented 
that these devices had been added to ATLAS primarily 
for the purpose of protection. 
 

P.  Grafstrom also commented that a re-evaluation of 
the simulation of scattering of primary particles off the 
TCT is needed, as the present level of detail is insufficient 
for a realistic detector level response to backgrounds. 
Further, this simulation should also include the response 
of the endcap muon chambers. 
 

The issue of when to turn on the various ATLAS 
monitors that could provide background information was 
also mentioned, but was left as an open issue that is to be 
followed up. In particular P. Grafstrom commented that 
the danger levels for the various sub-detectors and 
monitors needs to be defined and calibrated before a turn-
on policy can be specified. However it should be noted 
that the ATLAS BCM monitors are implemented for the 
purpose of experiment protection, and are to always on 
when there is the possibility of beam in the machine. 

 

CMS (J. SPALDING) 
O. Bruning asked about the details of the “St 

Catherine’s Day Massacre event in CDF, and it was 
explained that this was an incident where Tevatron beam 
grazed the CDF beam pipe when exiting CDF. J. Spalding 
and R. Tesarek pointed out that this was an exceptional 
situation, and was related to a beam pipe misalignment 
due to fault installation. This mis-alignments situation 
resulted in a steady state source of SEU events until it was 
identified and corrected. 
 

O. Bruning also asked about the expected performance 
of the CMS beam spot measurements reported by J. 
Spalding. It was explained that bunch by bunch 
monitoring measurements are to be to maintained as 
running sums. For beam spot measurements, the expected 
time scale is of order of a few minutes, and should give a 
transverse position resolution to O(~ few μm) and a z-
position resolution to O(~few 10’s μm). For precision 
measurements of β* and emittance, it is expected to take 
several hours for reasonable values to be obtained, as 
several million tracks are needed for the measurement. 
 

Regarding the Beam Scintillator Counters (BSC) M. 
Ferro-Luzzi asked about the hit occupancies and readout, 
and it was stated that the readout is by standard TDC with 
a hit rate of ~1 Hz/cm2. K. Eggert questioned this for the 
BSC tiles installed in the forward region close to the 
beampipe, as the density of tracks in the TOTEM region 
is expected to be large.  

 ALICE (A. MORSCH ON BEHALF OF T. 
NAYAK AND A. DI MAURO) 

It was noted by the speaker that ALICE has the most 
unfavourable Luminosity/Background ratio (at least factor 
of 1000 less than high luminosity experiments) and that 
the ALICE has been designed to perform tracking for 
1000 times the pp multiplicity. This prompted A Rossi to 
ask if the forward detectors of ALICE could be used to 
reject beam gas events.   
 

It was stated that this is to be done at the trigger level as 
such events can be identified as out of time events. H 
Burkhardt commented that for pp collisions and with 
background problems from beam gas the effectiveness of 
such an approach would be diminished at higher 
luminosities. K. Eggert further commented that in order 
for a beam-gas rejection method to be established, you 
would need good minimum bias runs at low luminosities. 
K. Eggert also stated that this was the reason behind the 
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request by ALICE and TOTEM for special low 
luminosity runs. 
 

In regard to the question of assessing the beam gas 
background contribution R. Assmann noted that single 
beam running is planned, and that this may be useful to 
ALICE 
 

The speaker was also asked if ALICE  (and LHCb) 
could receive very high luminosities by accident. The 
answer is believed to be yes, and the speaker explained 
that BCM units are to be used, in part, to protect ALICE 
against such accidents 

LHCb (G. CORTI) 
As it was noted that the BCM is based on 16 1cm2 

diamond sensors (8 on each side of IP), R. Tesarek asked 
if LHCb was planning to have large area monitors (eg  
scintillators ala BSC) to measure beam losses. The 
speaker replied that at this stage no such monitors were 
foreseen. R Tesarek also commented that for CDF the 
change in the signal to background ratio for changing 
conditions is of order 0.005, and is rather insensitive due 
to the slowness of controls system implementation.  He 
pointed out that it would be to LHCb’s benefit if there 
radiation monitoring could be done so that such 
insensitivity could be avoided. 
 

In relation to the effect of beam gas on trigger 
efficiency, the speaker pointed out that previous studies 
indicated that if the vacuum pressure increases by a factor 
of 10 above the target value (ie to a pressure of 107 
millibar), the trigger efficiency loss rises to ~10%, due to 
beam gas events. The speaker was then asked to give an 
estimate on the maximum allowed pressure in the VELO, 
and she stated that this could be ~1000 times the nominal 
ie the maximum pressure allowed is of order 10-6 millibar. 
This raised the issue of what should be done to set and 
monitor acceptable operational limits on the vacuum 
pressure. This was left as an open issue. 
 

In regard to the RADMON monitors deployed around 
LHCb the speaker was asked to comment on what they 
would measure and on their availability. It was then noted 
that the RADMON monitors installed around LHCb were 
standard RAMON monitors, and so could provide total 
dose measurements as well as dose rate, flux, flux rate, 
and SEU rates, and that these monitors were already 
installed. 

FORWARD DETECTORS (M. DEILE) 
After a review of the various forward detector systems, 

B. Holzer asked if it was foreseen to have an alarm 
system that can react on a fast timescale, especially for 
the forward detectors that involve or are near movable 
devices. The speaker replied that in the case of the Roman 
Pots, BLMs are mounted next to them, so that the 
protection mechanism of the BLMs, which is integrated 

into the Beam Interlock system, should give sufficient 
protection. In addition, there is an interlock based on the 
Roman Pot position as determined by contact switches.  
 

For the forward detectors it was also indicated that if 
rates in either the detectors themselves, or the 
neighbouring BLMs were too high, the detectors would 
simply be turned off. However this raised a question from 
K. Eggert, as to whether the various forward detectors 
discussed here can survive if hit directly either by the 
beam or by significant beam halo. This question was left 
as an open issue, as the answer is not clear and cannot be 
generalized to all the forward detectors discussed in the 
presentation. 
 

In regard to LHCf, the speaker was asked why a double 
arm cut on the extreme forward p-p production is foreseen 
to be applied as a means to reduce the effect from beam-
gas background contributions: The physics motivation of 
such a cut was questioned, but was not clarified. 
 

The speaker was also asked why the presentation did 
not include RP220 and the ZDC experiments, and it was 
stated that the focus of the presentation was on the 
forward detectors foreseen for the early running but that 
given the information received, some experiments were 
not covered. 
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SESSION 3 SUMMARY

M. Ferro-Luzzi, CERN, Geneva, Switzerland

WHAT DO THE EXPERIMENTS
REQUIRE AND PROVIDE FOR

OPTIMIZATION

In this session the experiments (ALICE, ATLAS, CMS
and LHCb) presented their strategy for monitoring back-
ground, disentangling the various types (when applicable)
and exchanging background-related information with the
machine. The last presentation was dedicated to Roman
Pots (TOTEM, ALFA), LHCf and FP420.

It appeared that experiments have so far focused their
attention to beam losses on severe failure scenari and pro-
tection of the experiment. Beam-induced background has
(naturally) been given less priority. In this respect, the
preparation for and realisation of this workshop have fa-
vored the creation (or consolidation) in each collaboration
of a group of physicists to work on these issues. Under-
standing backgrounds at start-up should benefit from this
increased momentum.

It was generally agreed that background is rarely dis-
astrous, but can often be quite a nuisance and difficult to
tackle. The example of an excess at high values of missing
transverse energy (ET ) observed in CDF was given to il-
lustrate that these background-contaminated data were not
lost and could be cleaned up offline, with extra work. Slow-
varying backgrounds are generally thought to be less prob-
lematic than sudden bursts (“spikes”).

Given the different running conditions and detector con-
figurations, the experiments will have different sensitivi-
ties to background rates. For example, ATLAS and CMS
have been designed for high luminosity (1034 cm−2s−1)
and therefore one expects no substantial contribution to the
integrated dose by steady state beam-induced background.
ALICE and LHCb will run at lower luminosity and with-
out TAS/TAN absorbers around the experiment. Thus, they
are potentially more exposed to degraded beam conditions.
ALICE in particular will normally run at 1029 cm−2s−1

(and generally at < 3×1030 cm−2s−1) and, being designed
for such luminosity, is likely to be (of the four large experi-
ments) the most sensitive to beam-induced background. In
fact, for ALICE, nominal backgrounds are expected to con-
tribute a few percent to the total dose.

Furthermore, it was pointed out that, because of the
lower luminosity and the fact that the machine will be less
well understood, beam-induced background are likely to be
a bigger issue during the initial runs.

It was also reminded that all electronics of the experi-
ments around the detectors have been carefully designed or
chosen such as to be compatible with the expected particle
flux at nominal luminosity. Therefore single event effects
are not expected be an issue.

Some of the experiments may have the capability to dis-
tinguish, by timing, the backgrounds induced by the two
beams. For example, ATLAS will use time correlations
within the Beam Conditions Monitor, Minimum Bias Trig-
ger Scintillators halo trigger and Forward Muon trigger to
disentangle backgrounds from the two beams. The first two
should always be on, the third only when beams are stable.
Several other detectors (Forward Muon Chambers, Transi-
tion Radiation Tracker, Pixel and Semiconductor Tracker,
Luminosity Cerenkov Integrating Detector) will be used to
monitor occupancies per bunch crossing. However, these
detectors are mostly off when beams ar not declared stable
(except LUCID).

A number of signals to be exchanged beteween the ex-
periments and the CERN control room (CCC) were pro-
posed and discussed. In particular, it was proposed to add
the following to the list of parameters transmitted by the
CCC via DIP:

1. the beam life times,

2. BRAN rates and luminosity,

3. the extrapolated positions and angles at the IP,

4. vacuum pressure readings in the vicinity of the exper-
iments,

5. the positions of collimators and beam losses.

The questions addressed to the experiments concerning
special beam conditions were partially answered. Negative
effects due to bunch-to-bunch luminosity variations, lumi-
nosity and background variations during a fill, and fill-to-
fill variations are difficult to quantify and will require first
real data to be properly assessed. ATLAS mentioned that
20% bunch-to-bunch luminosity variations may be tolera-
ble, though this would need further studies.

Concerning vacuum in the IR, it seems that actual or ex-
pected vacuum conditions give large margins (more than
one order of magnitude) to what could cause a nuisance
to the experiments. The effect of the tertiary collimator
vacuum and other elements that may cause local pressure
bumps (such as elements that warm up due to beam losses)
was not yet included in simulations and needs to be looked
at.

The effect of satellite bunches is also difficult to quantify.
Interestingly, it was pointed out by ATLAS and LHCb that
the experiments may be able to actually measure the rela-
tive charge in some satellite bunches (at ±2.5 ns from the
main bunch) by reconstructing collisions at IP±37.5 cm.
This may prove useful for understanding the machine. It
was also said that such displaced collisions may be useful
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for alignment (in particular, to constrain so-called ‘weak
modes’) and a small amount of beam time with such colli-
sions might be requested by the experiments.

Locally non-colliding bunches may also prove useful for
understanding backgrounds from each beam and might be
requested by the experiments in special fills. Though, it is
not clear to what extent such bunches will be representative
of the other bunches.

In general, it is thought that several signals will be com-
bined by the experiments to create a few (2 to 4?) ‘back-
ground figure of merit values’ (sometimes termed BKG1,
BKG2, ...). The details of this combination are yet to be
worked out and may well need to evolve with time, es-
pecially during the first run. The experiments might start
with simple one-to-one relations between BKG values and
the normalised rates measured by selected background-
monitoring detectors.

ALICE expressed worries about quartic halo background
which may be the largest source for them. They request
that the tertiary collimators be not put more inward than
required by protection of the triplet magnets. It was also
pointed out that background conditions between experi-
ments should be compared with care, as for example the
impact of a given absolute background rate may be much
worse for a low-luminosity experiment as it is for a high-
luminosity experiment.

All experiments have dedicated detectors to monitor lu-
minosity and backgrounds, such as the Beam Conditions
Monitor (BCM). The primary role of the BCM is to pro-
tect the experiment against beam-induced damage. They
are therefore designed for detecting abnormally large back-
ground rates that could lead to destruction of equipment.
Such rates are generally orders of magnitude higher than
the rates of backgrounds which may already affect data
quality. Therefore, the sensitivity of the BCM may not be
optimal for monitoring ordinary backgrounds.

In general the subtraction of the luminosity signal from
background-monitoring signals appeared not to be thor-
oughly addressed.

For forward detectors, current simulation results indicate
that halo from distant beam-gas scattering is expected to be
the dominant background source at low luminosity (around
1029 cm−2s−1), while background from secondary inter-
actions due to IP collisions may become dominant as one
approaches high luminosity (∼ 1033 cm−2s−1).

Concerning simulation studies, several signs were given
indicating that future work should be coordinated such as
to promote a more coherent approach among machine and
experiments.
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