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Abstract

The input from the experiments for the operation of the
LHC in 2018 will be discussed. The expectations of the
experiments for the pp run are presented together with the
constraints for effective physics data-taking (e.g. pile-up,
peak luminosity, beam parameters, constraints from
forward physics experiments). Requests for possible
special runs will be discussed. The expectations for the
foreseen heavy ion run will be presented.

2018 DRAFT SCHEDULE

Figure 1 shows the draft schedule of the LHC for 2018.
Some specific features of the schedule are pointed out in
the following.
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Figure 1: LHC draft schedule for 2018. This schedule
is a draft which still needs to be approved. See text for
remarks.

The start date of the commissioning activities with
beam depends on the progress the CMS collaboration will
be able to make with the investigations and resolution of
their problems with the Pixel detector. In January when
CMS will have investigated some faulty Pixel modules it
is expected that the date for the commissioning period can
be defined more precisely.

The “Recommissioning with beam” period at the start
of April is followed by a very short commissioning phase

which will be interleaved with scrubbing and intensity
ramp-up runs. Such a scheme was first adopted in 2017
and turned out to be an efficient way to bring the machine
into “physics production mode”.

The lengths of the Technical Stops TS1 and TS2 are
being discussed with the experiments and might be
reduced for the benefit of more days with proton physics.

The marker for the VAM run is to be understood as a
place-holder. Experiments wish to have an early VdM
scan but the scheduling depends on the experiments being
fully commissioned.

The marker for the Special Physics run in October also
has to be understood as a place-holder. Currently it is not
clear if one or two special runs will be requested and how
much time in total needs to be allocated for these
requests.

Finally it should be noted that the week labelled
“Powering Tests / Magnet Training” (week 49) is still
under discussion. If it will be decided to drop these tests
the block from MD4 to the end of the heavy ion run will
be shifted one week later, and one extra week of proton
physics will be added to the schedule.

THE PROTON PHYSICS PERIOD

Filling scheme and running mode

In 2017 it has been demonstrated that the LHC is able
to deliver peak luminosities which are higher than what
can be efficiently exploited by the high Iuminosity
experiments ATLAS and CMS. Both experiments are
continuously optimising their trigger and data acquisition
systems to maximise the integrated luminosity taken.
However, it is obvious experiments prefer running
scenarios which are optimised for the lowest possible
pile-up for a given integrated luminosity. This is why
ATLAS and CMS prefer to run with the BCMS scheme in
2018. This scheme allows to fill the machine with 2544
bunches colliding in IP 1 & 5, while reaching high
integrated luminosities. Alternative schemes like the 8b4e
scheme (successfully used in 2017 to overcome problems
in the cell 16L2) or BCS beams are potentially able to
deliver similar integrated luminosities but with significant
higher average pile-up.

To continue to do background studies, ATLAS requests
to have non-overlapping 12b trains at the beginning of the
filling scheme. As a general policy the non-overlap of
these trains will be kept as long as it does not imply a
significant reduction of the number of collisions in any of
the experiments.

When considering options for various running
scenarios, it should be kept in mind that for LHCb which
is levelled to a constant pile-up of ~1.1, the integrated
luminosity is directly proportional to the number of
collisions in IP8 and the time in Stable Beams.



Pile-up considerations

The distribution of the pile-up over the colliding
bunches at the beginning of a run, when its mean value is
highest, is an important parameter for the configuration of
the trigger systems, since non-linear effects might lead to
high trigger rates caused by the tails of this pile-up
distribution. A typical distribution for fill in 2017 as seen
by the CMS collaboration is shown in Figure 2. ATLAS
and CMS do not expect problems due to this effect if the
distribution and its width remain similar to those in 2017
(~10%).
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Figure 2: The pile-up distribution across colliding
bunches at the start of Fill 6323 as measured by CMS.

For the physics analysis it is important that experiments
are able to distinguish the primary vertices in z. Hence the
resolution of the tracking devices in z constrains the
maximal tolerable pile-up density. Figure 2 shows the
distribution of the average pile-up and the pile-up density
in ATLAS over a range of fills with luminosity levelling
at the beginning of the fills. ATLAS and CMS found that
the pile-up densities encountered in 2017 have been
acceptable. Since the pile-up densities in 2018 are
expected to stay similar to the one observed in 2017, no
problems are expected.

LHCDb changes the polarity of the experiments dipole
field regularly during the run to reduce systematic effects
in their physics analysis. This implies different crossing
angles at the IP for the two different configurations. Since
the experiment is levelled to a fixed average pile-up, the
pile-up density in the configuration with the larger
crossing angle (polarity called “DOWN?”) is significantly
higher than the opposite configuration and can reach
values which start to compromise the physics analysis if
the bunch length decreases below 0.9 ns. Since the bunch
length decreases during long fills they request a
longitudinal blow-up once the average bunch length
reaches this threshold in periods where the experiments
runs with dipole polarity “DOWN”.
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Figure 3: The pile-up density distribution as a
function of the average pile-up for fills 6176 to 6371 as
measured by ATLAS. In this period the experiment
was levelled to a peak luminosity of 1.5 x 10* cm?s™ at
the beginning of the fills. This caused the peak visible
at 57 interactions per bunch crossings.

Luminosity Levelling

It is possible that in 2018 the peak luminosity of the
LHC will be higher than what is considered optimal for
the physics performance of ATLAS or CMS. Hence both
experiments might request levelling to lower luminosities
at the beginning of the fill. ATLAS and CMS will not
necessarily ask to be levelled to the same luminosity. It is
also possible that only one experiment will ask for
levelling. Experiments have not yet fixed the
luminosity/pile-up combinations which they consider for
levelling but it is expected that the maximal average pile-
up will be similar to the value chosen in 2017 (u ~ 60
which corresponds to an instantaneous luminosity of
~2.15 x 10**cm™s™ in the 25ns BCMS scheme with 2556
bunches).

In 2017 the integrated luminosity has been optimised
by lowering the crossing angle during the physics fill in
some discrete steps keeping the dynamic aperture
approximately constant. To further optimise the integrated
luminosity and to avoid loss spikes during the transitions
it is preferred to reduce the crossing angle quasi
continuously (in many small steps). A dedicated test in
2017 did not reveal any problems so that experiments
agree to the introduction of continuous crossing angle
levelling during 2018.

It has been mentioned already that the bunch length
needs to be levelled in order not to decrease below 0.9 ns
when LHCb runs with the dipole polarity “DOWN?”.

Machine experts also discussed the possibility to
introduce B* levelling in 2018. Two scenarios were
discussed with the experiments. Scenario A foresees a
few (e.g. 4) steps of B* at the start of a fill with constant
crossing angle. Scenario B also would foresee a fixed set
of B* steps at the start of the fill but at each step also the
crossing angle would be changed to further optimise the



luminosity and to keep the
approximately constant.

The forward physics experiments CTPPS and AFP
would need calibration data for each of the * steps. Data
analysis would be complicated due to the combination of
different sets of data taken at different B*. In CTPPS for
Scenario B the relevant optical functions for particles
propagating from the IP to the Roman Pots would change
which would further complicate the interpretation of the
data. It would have to be investigated if a single position
of the pots for the various B* settings can be found, which
results in an acceptable acceptance or if the pots would
have to be moved when * is changed.

As mentioned above, ATLAS and CMS might want to
level at different luminosities at the start of the fill and
this is understood to be not yet possible with 3* levelling
alone.

In conclusion experiments would prefer luminosity
levelling by separation but they would not oppose to (*
levelling if this is considered absolutely necessary by the
machine in view of preparing for HL-LHC.

Recently also a scenario where initially separation
levelling would be used and later in the run some B*
levelling steps to B* values lower than the initial 30cm
would be performed. This scenario would lead to an
increased integrated luminosity per fill and would hence
be interesting for experiments. It leaves the flexibility of
separation levelling at the beginning of the fill in place
and could be dropped in case of problems. If feasible this
option would be prefered by the experiments. (However
the complications for the forward physics experiments
will be present also in this scheme and calibration data
would have to be taken for the various B* steps).

Dynamic Aperture

Forward physics

During the proton physics runs the Roman Pots of
CTPPS and AFP will be regularly inserted as was the case
in 2017.

It is expected that the acceptance of the pots in 2018
will be similar to the one in 2017 and hence the physics
performance should stay similar.

In CTPPS the Roman Pots are located in the crossing
plane. Therefore a change of the crossing angle at IP5 is
changing the dispersion generated by the separation
dipoles and hence the acceptance of the experiment. This
is why CTPPS needs to take calibration data before the
physics run at the minimal, the maximal and a crossing
angle in the mid range. CTPPS is able to interpolate the
acceptance for intermediate crossing angles.

Luminosity measurements

To perform precise luminosity measurements
experiments request at least one VdM scan. In case of
problems they might request to repeat the scan later in the
year. To reduce the systematic effects when analysing the
VdM scans and extrapolating the obtained calibration into
the physics data taking regime at high pile-up, a set of
additional special fills will be requested. Directly after the
first VdM scan ATLAS requests a fill with a high number

of individual bunches colliding in IP1/5 with the highest
possible brightness. Data will be taken at different
separations corresponding to different pile-up values
which allows to study systematic effects when
transferring the luminosity calibration obtained in the
VdM scan to the high pile-up physics regime in the
various luminosity detectors. Individual bunches are used
in this fill to exclude effects from trains. The high number
of bunches is necessary to acquire the necessary statistics
in a tolerable amount of time.

After this fill ATLAS and CMS are interested in a fill
with the highest possible number of trains during which
they would perform a pile-up scan (called “p-scan”) by
taking data with various separations. pile-up dependent
effects with trains can be studied in this fill. The filling
scheme will also contain 2 INDIVs used for comparison.

During proton physics CMS will continue to perform so
called “emittance scans” which help to monitor the
stability of the luminosity measurements over time. Since
in general CMS request the scans at the start and the end
of a fill a large data set with varying pile-up will be
acquired, allowing to study pile-up dependent effects.
ATLAS also intends to introduce these emittance scans in
their data taking programme. The frequency of their scans
is still being discussed.

Special running conditions

In order to improve some dedicated physics
measurements like the W mass measurements or the
investigation of two particle correlations in high
multiplicity events at low pr (so-called “ridge” effect),
ATLAS and CMS may request dedicated runs with
separated beams to lower the pile-up of p ~ 1. Depending
on the physics the separation will vary for these runs.
Some of these studies will be performed during intensity
ramp-up fills with an intermediate number of colliding
bunches. It is possible that both experiments request to
separate the beams at the same time. In 2017 this did not
cause problems for the beam stability.

CMS and ATLAS are both interested to have a fill with
the highest possible pile-up early in the year. An intensity
ramp-up fill with a reduced number of bunches would be
an ideal candidate for such a fill where the bunch
intensities are maximised in order to maximise the pile-
up. Such a fill helps the experiments to prepare for
situations of high pile-up which might occur later in the
year when the machine will be more and more optimised.

The LHCD collaboration will continue their fixed target
physics programme with gas injection close to the VELO
region as in 2017 (SMOG). These runs have been proven
to be transparent for the accelerator and the other
experiments. In addition to the interesting physics
programme the SMOG data is a valuable tool to
determine the ghost charge during the VdM scans which
is an important input to the VdM analysis of all
experiments.

Luminosity goals

Traditionally the management of the LHC formulates a
goal for the delivered luminosity for the high luminosity
experiments ATLAS and CMS. The LHCb collaboration



would also like to have such a goal defined for their
experiment. This goal should be defined by the LHC
management and be achievable under reasonably good
running conditions and hence match the goals defined for
ATLAS and CMS. It has to be understood that LHCb as a
levelled experiment can only profit from the number of
colliding bunches or the time in stable beams in order to
increase the yearly integrated luminosity, however an
increase in peak luminosity does not translate into any
benefit. Therefore the possibilities to react to possible
problems during the year are limited for reaching any
LHCD luminosity goal.

SPECIAL RUNS

In 2018 at least one and possibly two special runs will
be requested.

“90m — like” run at high pile-up

To search for glue-balls and to perform searches for
interactions with a low missing mass (which could
indicate new physics, e.g. SUSY particles) the TOTEM
and CMS collaborations are requesting a run at
B* ~90 m at possibly high pile-up of u ~ O(1). The best
machine configuration for this run still needs to be
worked out and some test periods will need to be
scheduled to prepare this run. The request is limited to a
total of one week including the setup-time. The
collaborations hope to acquire 13 pb™! in 5 days of data
taking. To be able to take data with a pile-up of ~1 the
TOTEM collaboration first needs to commission
successfully new timing detectors. ATLAS will also take
data with the ALFA detector during this run. The running
configuration for ALFA still needs to be defined.

Low Energy High 3* run

In 2017 it was attempted to work out a machine
configuration to perform measurements at injection
energy with a high 3*. Such a measurement will probe the
interference region of the strong interaction with the
coulomb interaction. Measuring at low energy allows to
compare the results with ppbar measurements performed
at the Tevatron and might allow to compare with various
models for the evolution of the so called rho-parameter
with energy. While many aspects of such a configuration
were successfully tested, it was not possible to find a
configuration with sufficiently low background conditions
which would allow for a precision physics measurement.
The data of the various tests performed during 2017 is
currently being analysed by the ATLAS/ALFA and
TOTEM collaborations. Depending on this analysis the
collaborations will request or not request a continuation of
this programme and if the parameters of the run (e.g. the
beam energy) will be changed to improve the background
conditions.

HEAVY ION RUN

The 2018 data taking period will be completed with a 4
week heavy ion run providing Pb Pb collisions to the four
LHC experiments ALICE, ATLAS, CMS and LHCb.
ATLAS has requested to insert the AFP Roman Pots
during this run. Experiments agreed on the centre of mass
energy of 6.37 ZTeV which allows a straight forward
combination of this data with data samples previously
taken (proton reference runs, p-Pb data and more Pb-Pb
data taken in 2015).

Before the run a technical stop is necessary, so that
Zero Degree Calorimeters can be installed in ATLAS and
CMS. CMS might also install the CASTOR detector.

The luminosity in the ALICE experiment will be
levelled to a value defined by the maximal readout
frequency of the TPC. This value has been 1x10”cm?s™! in
the 2015 run. ALICE will perform tests during proton
data taking early in 2018 in order to investigate if the
readout rate can be increased to reach a levelled
luminosity of 1.3x107cm?s™.

ATLAS CMS and LHCb do not have any data taking
limitations and request to take data with beams head-on.

ATLAS, CMS and LHCb are requesting a VdM scan
during the heavy ion run.

Expectations for the heavy ion run

ALICE is hoping to integrate a delivered luminosity of
Inb™!. To achieve this, they assume a configuration can be
found where ALICE is running always at their levelled
luminosity in possibly long runs. However it is clear that
this will probably not be possible with simultaneous data
taking of the three other experiments.

CMS, ATLAS and LHCb would like to integrate as
much luminosity as possible during this run. Short runs
would be ideal for them since due to the strong burn-off,
the beam intensity and therefore the instantaneous
luminosities in these experiments decreases fast.

LHCDb requests a larger number of collisions and a
stronger squeeze than in 2015.

From these competing expectations it is clear that some
sharing of the luminosity among the experiments will
have to be implemented. The running configuration
should be optimised to maximise the integrated
luminosity in ALICE without penalising significantly the
luminosities in ATLAS CMS and LHCb so that the
overall efficiency of this run (e.g. measured in total
integrated luminosity delivered to all experiments) stays
high.
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