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Current HEP Detector R&D

Detector development is always an important topic in high energy physics
Technical demands are constantly increasing due to new challenges in particle 
physics 

higher occupancy, smaller feature size, larger trigger rates, radiation level, …..
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New HEP detector projects are 
planned for 

Detector upgrades during different 
LHC phases up to HL-LHC 
(ATLAS, CMS, ALICE, LHCb)
Detector R&D for a future linear 
collider (ILC and CLIC)
Belle II (construction phase 
starting)
PANDA and CBM @Fair
…..

CMS is deep underground in a huge 

cavern complex. The main cavern could 

hold the entire half-million population of 

Geneva (ok not comfortably, but all 

squeezed like sardines in a tin…).
Before digging, the ground around the shafts 

had to be frozen with liquid nitrogen to avoid 

flooding when the digger reached the water 

table, a layer of water 40m underground.

The shafts and caverns were dug by 

mechanical hammers and diggers 

working continuously for 4 years.

source: “CMS Particle Hunter”
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HEP Detector R&D

Many different new or advanced detector 
technologies are under investigation:
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radiation hard silicon sensors (x10 of LHC)
new pixel sensor technologies (planar, 3D 
sensors, diamond, CMOS)
new silicon strip technologies
silicon photomultipliers (SiPM)
micro-pattern gas detectors
heavy fibers, new scintillating crystals
new diamond devices for luminosity 
monitoring, 
use of quartz plates in calorimetry
high resolution calorimetry (EM and 
Hadronic; PFA, analog vs. digital ….)
optimal detector geometry
magnetic field configurations...

Extensive amount of studies of all this new 
technologies to qualify them 

3D	  sensors

verDcal	  integraDon
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HEP Detector Overview
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Tracker: Precise measurement 
of track and momentum of 
charged particles due to 
magnetic field. 

Calorimeter: Energy 
measurement of photons, 
electronics and hadrons 
through total absorption

Muon-Detectors: Identification 
and precise momentum 
measurement of muons outside 
of the magnet

Radiation hard 
(hadron collider)

Good energy 
resolution up 
to highest 
energies

Vertex: Innermost 
tracking detector

Transverse slice 
through CMS
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Tracker: silicon detectors: 
charge converted to analog 
(amplifier stage) and then to 
digital (on or off detector)

Calorimeter: ionisation -> 
light signals from crystals or 
scintillators converted into 
electrical signals (analog or 
digital)

Tracker: gas detectors: charge 
converted to digital (on detector 
or off detector)

HEP Detector Signal Types

Calorimeter: ionisation -> 
charge measurement -> 
electrical signal (analog or 
digital)

Muon-Detectors: charge in gas 
detected by wires -> electrical 
signal converted into digital 
signals
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Important Figures of Merit

Tracking Detector (Systems)
Signal-over-Noise ratio (before and after irradiation)
Detector resolution
Efficiency (depending on parameters as thresholds, 
voltages, ….)
Charge collection efficiency (before and after irradiation)

Calorimeter
Signal-over-noise ratio
Energy resolution
Single photon peak
Electron/hadron ratio

Other important aspects:
Running full system with a real trigger/conditions might 
be tricky
Combined test beams 
…. 
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  ECFA Detector Panel 5/11/12      David Ward 

Analogue (Fe + scintillator tile) HCAL – electron response 

!  Electromagnetic showers.  2011_JINST_6_P04003 
!  Important prerequisite for hadron showers – demonstrate that SiPM 

saturation corrections are under control. (greater energy density in 
e/m showers) 

!  Largely OK - ~2% non-linearity still at 50 GeV.  Resolution well 
modelled. 
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  ECFA Detector Panel 5/11/12      David Ward 

Si-W ECAL – pion shower shapes 
!  2010_JINST_5_P05007 
!  Mean radius  

!  Most models underestimate 
data; FTF models best 

!  Longitudinal shower profiles 
w.r.t. shower start 

!  sensitive to particle composition 
in shower 

!  All  models show deficiencies 
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Shower leakage correction (AHCAL) 

ECFA Detector Panel 5/11/12      David Ward 

Using detailed 
information about 
longitudinal shower 
development, we can 
alleviate non-linear 
response (negative 
tail) though not fully 
restore resolution 
 
CAN-029 

15 
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Planar Efficiency (Testbeam)

Upper plot before irradiation: Efficiency is 99.9 %.
Lower plot after irradiation with neutrons at 5 · 1015 neq /cm2. HV = 1000 V.
Efficiency is 97.9 %.
Main losses are in the bias grid. Smears out at higher ⌘.

Martin Kocian (SLAC) ATLAS IBL 20 September 2012 11 / 24

10A. Solano – TREDI2013

LABORATORY TEST: NOISE MEASUREMENT
Noise measurement from S-curve (room temperature)

ATLAS08  - W3 ATLAS09ATLAS08  - W8

Simulated 
capacitance for 
3Ds with different 
electrode 
configurations

Noise vs Vbias
Noise decreases as reverse bias increases as 
expected from CV behaviour
Noise increases with electrode number

• CMS 1

• CMS 2

• CMS 3

Typical noise for CMS planar 
sensors: 100 -150 e-
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Life is a Test Beam ...

Detectors for High Energy Physics need to go through a very extensive test beam 
program during R&D phase, conception and commissioning.
All physical properties have to be measured precisely at least at one beam line.
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Test	  Beams	  
R&D and Detector conception
Conceptual design, choice of detectors/
technologies  
Technical design, prototypes construction 
and testing
Detector construction
Calibrations
Commissioning
Data taking
Analysis, systematics studies

Test	  Beams	  

Test	  Beams	  

This presentation gives an overview of what kind of studies are 
performed to qualify new technologies and detectors.

Test	  Beams	  

Test	  Beams	  
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TesDng	  Tracking	  Detectors
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HEP Detector Overview

10

Tracker: Precise measurement 
of track and momentum of 
charged particles due to 
magnetic field. 

Calorimeter: Energy 
measurement of photons, 
electronics and hadrons 
through total absorption

Muon-Detectors: Identification 
and precise momentum 
measurement of muons outside 
of the magnet

Vertex: Innermost 
tracking detector

Transverse slice 
through CMS
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Silicon Detector Types
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Pixel detector: deposited charge sensed 
by small pixels on one side of sensor

many channels
relatively expensive 
more material (in case of hybrid pixels)
easy pattern recognition

Strip detector: deposited charge sensed 
by long narrow strips

fewer channels
less expensive 
less material
pattern recognition difficult!

Hybrid pixel detector

Double sided strip sensor

Ingrid-Maria Gregor | Introduction to the Terascale | February 25, 2013| Slide 18

Silicon Detector

Segmented p-n Diode with applied bias 
voltage

Particle creates charges.

Free carriers diffuse across junction, 
electrons neutralizing the holes.

Charges drift to contacts

Signal is read out.

n"type'Si

p"Typ'implant

n+"type'back'side + -

+   -
-   +

-   +
+   -

-   +
-   +

par5cle

ATLAS SCT Module

see talk from Nobu Unno

see talk from Cinzia DaVia



Ingrid-Maria Gregor -  Test Bench for HEP: Test Beam

Gas Detectors for Tracking

Passage of particles creates within the gas 
volume electron-ion pair
Electrons are accelerated in a strong 
electrics field -> amplification
The signal is proportional to the original 
deposited charge or is saturated (depending 
on the voltage) 
Many different types and sizes possible
Segmentation of sensitive volume into 
smaller volumes improves the spacial 
resolution.
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Signal 
     

M. Krammer: Detektoren, SS 05 Gasdetektoren 50

3.3 Vieldraht-Proportionalkammern
Segmentierte Kathoden

! In einer einfachen MWPC kann nur die Teilchenposition quer zu den Anoden-

drähten bestimmt werden. Will man eine zweidimensionale Ortsbestimmung,

so kann man dies durch Segmentierung der Kathode erreichen. Die Kathode

kann dann z.B. durch parallele Steifen, rechteckige Kathodenplättchen (“pads”)

oder als Lage von gespannten Drähten  ausgeführt sein.

! Neben dem Anodensignale mißt man nun auch die auf den darunterliegenden

Kathodensegmenten induzierten Signale. Je nach Ausführung der Kathode

kann durch Bestimmung des Ladungsschwerpunktes in dieser Dimension

Ortsauflösungen von ca. 50!µm erreichen.

MPWC mit 2-dim Ortsbestimung

Quelle: C. Grupen, Teilchendetektoren,

B.I. W issenschaftsverlag, 1993

+

+

-

+

-

+

+

+

+

+

+

next slides are more for silicon detectors but mostly 
also applicable for gas detectors 
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Charge collection CC: collected charge in a detector volume

important parameter which shows effects with radiation damage or other effects 

Tracker: Important Parameter (1)

P
ic

tu
re

: U
. C

. D
aV

ia

charge induced by particles from a radioactive source, by a 
laser or test beam particles
measurement of CC in comparison to optimal value versus 
different parameters (CC efficiency)

bias voltage
radiation level
….

✏ = 0.99

✏7 = 0.93
AMPTEK 225

SCINTILLATOR NaI 
+ PMT

DIODEBIAS 
HV

TRIGGER LINE

ADC
CONTROL 

UNIT

90Sr

single channel
charge sensitive preamplifier

+
shaping amplifier

diode

Charge Collection Efficiency measurements

β- 90Sr source + collimator

calibration circuit
1mV = 226.5 e-

•It is a low noise charge integrator with  - shaping factor = 2.4µsec
- ENC = (280+5.6C/pF)e-

•It is optimized for single channel detectors 

Florence CCE set-up
Measurements  in the range ±20 °C

calibration circuit charge sensitive 
amplifier

Silicon sensor

particle source
Example: with 90Sr source

P
ic

tu
re

: M
. B

ru
zz

i Can be measured with 
bench top setup in a 
laboratory



Detection efficiency: probability to detect a particle; typically 99.x% for one 
layer -> e.g. 7 layer system: 

✏ = 0.99

✏7 = 0.93

✏ = 0.98

✏7 = 0.87
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Signal/noise ratio: signal size for a certain input signal over the intrinsic noise of 
the detector

parameter for analog signals 
good understanding of electrical noise needed

noise measurements

noise simulations
signal induced by source or laser (or test beam particles)

optimal S/N is larger than 20 

Tracker: Important Parameter (2)

most probable peak! 

Can be measured with 
bench top setup in a 
laboratory
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Tracker: Important Parameter (3)

Simple case: all charge is collected by one strip
Traversing particle creates signal in hit strip
Flat distribution along strip pitch; no area is pronounced

è  Probability distribution for particle passage: 

The reconstructed point is always the 
middle of the strip:	  

15

An important figure of merit is the spatial resolution of 
a tracking detector
Depending on detector geometry and charge collection

Pitch (distance between channels)
Charge sharing between channels
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Tracker: Important Parameter (4)

Calculating the resolution orthogonal to the strip:

Resulting in a general term (also valid for wire chambers):

For a silicon strip detector with a strip pitch of 80 µm this results in 
a minimal resolution of ~23µm
In case of charge sharing between the strip (signal size decreasing 
with distance to hit position) 

resolution improved by additional information of adjacent 
channels

16

very important !

Needs to be measured 
in test beam ….

� =
d

1.5 · (S/N)



Detection efficiency: probability to detect a particle; typically 99.x% for one 
layer -> e.g. 7 layer system: 

✏ = 0.99

✏7 = 0.93

✏ = 0.98

✏7 = 0.87
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Detector efficiency   : probability to detect a transversing particle

Tracker: Important Parameter (2)

✏

✏track = (✏layer)
n

n = number of layer is tracking system

Cluster size : number of hit pixels/strips 
belonging to one track

usually given in unit of strips or pixels
depending on angle of incidence

✏track = (✏l1) · (✏l2) · (✏l3) · ... · ✏l12)

should be as close to 100% as possible
i.e. 12 layer silicon detector with 98% efficiency 
per layer -> overall tracking efficiency is only 
78%
needs to be measured in test beam 

Needs to be measured 
in test beam ….

Eda Yildirim |  ATLAS Group Meeting |  April 19, 2013  |  Page 5 

Silicon Microstrip Sensors 

ATLAS07 miniature test sensors 

SiO2 

p bulk 

n-implant 

aluminum 

Vd 
E 

B=0 

e h 

e h 
e h 

e h 
e h 

e h 

θi 
Cluster 

size 

t 



✏ = 0.99

✏7 = 0.93

✏ = 0.98

✏7 = 0.87
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Lorentz angle: increase of cluster size due to Lorentz drift in a magnetic field
Important parameter in particle physics as most tracking detectors operate in a 
magnetic field

Tracker: Important Parameter (2)

Needs to be measured in test 
beam AND magnetic field ….

tan ✓L = µHB = rHµdB

Eda Yildirim |  ATLAS Group Meeting |  April 19, 2013  |  Page 6 

Lorentz Angle 

>  Lorentz Angle needs to be 
taken into account in order to 
reconstruct track information 
correctly 

>  Lorentz angle estimated for 
ATLAS07 silicon microstrip 
sensor 

!  θL ~ 4.76 degrees 

Hall mobility Hall factor Drift mobility 

SiO2 

p bulk 

n-implant 

aluminum 

Vd 
E 

B 

e 

e 
e 

e 
e 

e 

θi 
Cluster 

size 

" t 

h 

h 
h 

h 
h 

h 

[2] 

Hall factorHall mobility Drift mobility

as cluster size, drift velocity and depletion 
voltage are depending on radiation damage 
this changes with the accumulated irradiation 
(fluence)

Eda Yildirim |  ATLAS Group Meeting |  April 19, 2013  |  Page 12 

Lorentz angle measurement on 
ATLAS  

SemiConductor Tracker (SCT) 

SiO
2  

n bulk 

p-im
plant 

alum
inum

 

V
d  

t 

E 

B
 "

 

minimum 
Cluster 

size 

Lorentz Angle Measurement 

e 
e 

e 
e 

θi = θL 
h 

h 
h 

h 
h θL e 

h 

Measurement in ATLAS after full installation
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Tracker Studies at Test Beam 

How to study a tracking device in a test beam?

Reference frame to define the particle tracks of the test beam very precisely is 
needed

usually in front of and behind the device under test (DUT)
reference system should have at least the same or better resolution

Two possibilities
a layer system of the detectors under test
an independent reference system
typically referred to as beam “telescope” 

19

reference planes reference planesDUT

test 
beam

Track of test beam 
particle is measured 
precisely with the 
reference system.
DUT results compared 
to result from 
telescope.
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Measuring some Figure of Merits

Detection efficiency:
require a track in the reference system (hit in all layers)
count how many of these are detected by the DUT detects

one has to be very careful that the reference system is 
synchronous to the DUT and has the same time window for 
detection

central clock and trigger distribution
if reference system is different one can add a further reference 
plate of the DUT type

20

if n<max: 
if (trackreference = 1): 

hitreference ++
if (hitDUT = 1)

hitDUT ++
efficiency = hitDUT/hitreference

Example: 3D pixels for HL-LHC
different irradiation levels and 
processes
vertical implants are clearly visible
effect will be smeared due to 
inclined tracks 
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Measuring some Figure of Merits

Spatial resolution
Measure particle track very precisely with 
reference system (telescope)
Extrapolate track to z position of device under 
test (expected track coordinate)  
Difference between expected track and 
measured hit coordinate -> residual 
distributions
Resolution per plane:  sigma of Gaussian Fit 

21
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Gaussian Fit
mµ0.007)± = (3.98totσ

Cern Test Beam - 120 GeV Pions - S/N = 8 

Difference between expected track and 
measured hit coordinate (residuals) for one 
MIMOSA plane in the EUDET telescope.

Multiple scattering term -> can be neglected at 
high energy beams
at lower energy the multiple scattering has to be 
taken into account in the track fit 

�2
meas = �2

DUT + �2
Tel + �2

MS
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DUT = �2

meas � �2
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k =
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�2
Tel = k · �ref.plane

geom. factor
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Calorimeter	  Tests
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HEP Detector Overview

23

Calorimeter: Energy 
measurement of photons, 
electronics and hadrons 
through total absorption

Good energy 
resolution up 
to highest 
energies

Transverse slice 
through CMS

Calorimeter: ionisation -> 
light signals from crystals or 
scintillators converted into 
electrical signals (analog or 
digital)



Ingrid-Maria Gregor -  Test Bench for HEP: Test Beam

Calorimeter IN A NUTSHELL

24

Energy measurement of photons, electrons and hadrons through 
total absorption

Particles release their energy in matter through production of new particles => 
shower
Number of particles in shower is proportional to the energy of the incidental 
particle

Two different types of calorimeters are commonly used

Homogeneous Calorimeter
The absorber material is active
The overall deposited energy is 
converted into a detector signal

Sampling Calorimeter
A layer structure of passive 
material and an active detector 
material
Only a fraction of the deposited 
energy is “registered” 

Read 
out

Absorber + Detector

long enough to absorb the cascade

Particle

long enough to absorb the cascade

Particle
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Calorimeter: Important Parameter (1)

The energy resolution of a calorimeter is parametrized:

25

�

E
=

a⇥
E
� b

E
� c

Stochastic term a
the resolution depends on the number of particles and the number of reactions, 
proportional of the energy 

Noise term b
Electronic noise, radioactivity, i.e. dependent of the energy

Constant term c
Energy independent term contributing to the resolution: due to inhomogenities with in 
the detector sensitivity etc.

Shower not contained in detector → fluctuation of leakage energy; 
longitudinal losses are worse than transverse leakage.
Statistical fluctuations in number of photoelectrons observed in 
detector.  
Sampling fluctuations if the counter is layered with inactive absorber.
….

Losses of Resolution:

Needs to be measured 
in test beam ….
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Calorimeter R&D for the LC: CALICE

26
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Figure 2. Reconstructed energy distributions for 10 GeV p� (a) and 80 GeV p� (b) without compensation
(black circles) and after local software compensation (LC), shown by the blue triangles, and after global
software compensation (GC), shown by the red squares. The curves show Gaussian fits to the distributions
in the range of ±2 standard deviations. Errors are statistical only.

The resulting reconstructed energy distributions are fit with a Gaussian in the interval of ±2
standard deviations around the mean value, providing good fits for all energies. The differences
compared to a fit over the full range are on the sub-percent level for the extracted mean and on
the one percent level for the standard deviation and depend on the beam energy. Fitting over the
full range reduces the fit quality for some energies in particular for the uncorrected data, leading to
the choice of ±2 standard deviations for best consistency between the different data points. In the
following, the mean and standard deviation of this Gaussian fit at a given beam energy are referred
to as the mean reconstructed energy Ereco and the resolution sreco, respectively.

Systematic uncertainties on the energy measurement in the AHCAL are discussed in detail in
[13]. For the reconstruction of hadrons, the main uncertainty is due to the MIP to GeV conversion
factor that is extracted from the electromagnetic calibration of the detector. The size of the uncer-
tainty was studied thoroughly for the present data set, and is determined to be 0.9% by varying the
calibration constants within the allowed limits. Other effects which contribute to the uncertainties
for electromagnetic showers, such as the saturation behaviour of the photon sensor, are found to be
negligible for hadrons even at the highest energies studied here.

Figure 2 shows the distribution of reconstructed energies for 10 GeV and 80 GeV pions, with
the uncorrected reconstructed energy shown by black data points. At all energies, the distributions
of the reconstructed energies follow a Gaussian distribution well, with typically more than 95%
of all events in the fit range of ±2 standard deviations. The software compensation methods also
included in the figure are described in Sections 3.1 (local software compensation) and 3.2 (global
software compensation).

Figure 3 shows the mean reconstructed energy versus beam energy, with the black points
giving the uncorrected reconstructed energy. The measured responses to positive and negative
pions agree well within the systematic uncertainties, which are shown by the green band. Relative

– 6 –

Reconstructed energy resolution for 10 and 80 GeV
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Figure 12. Detector response to pions with software compensation comparing data and simulations. For
both data and simulations compensation parameters derived from data are used. (a) Response with local
software compensation and (b) corresponding relative residuals to beam energy. (c) Response with global
software compensation and (d) corresponding relative residuals to beam energy.

ignoring differences in the normalisation originating from different energy sums. The distributions
show a slight overestimation of the fraction of high-density hits by the simulations. In addition,
uncertainties in the treatment of saturation effects of the photon sensor lead to an excess of cells
with very high energy content well beyond the range shown in the figure.

The effect of the application of the software compensation algorithms, with parameters ex-
tracted from data, on the reconstructed energy in simulations is shown in Figure 12. For both
compensation techniques, the underestimation of the detector response at low energy, in particular
by the QGSP_BERT physics list, remains present. At intermediate energies from 20 GeV up to
50 GeV, the application of software compensation results in an improved response linearity and
in a better agreement between data and simulations for both physics lists considered. At higher
energy, a significant overestimation of the reconstructed energy by simulations is seen with local
software compensation, while the global software compensation technique successfully corrects
the non-linearity of the simulations in that energy regime. This difference in behaviour is partially
due to uncertainties in the treatment of saturation effects in simulations, and potentially also re-
ceives a contribution from imperfect descriptions of the shower structure by the shower models
themselves. In the simulations, the number of cells with very high energy content is overestimated
and exhibits a longer tail than in data, as discussed above. This affects the correction factor of the
global software compensation by construction, resulting in a lower shower weight for simulations
compared to data at the same energy on average, bringing data and simulations into better agree-

– 18 –

Many studies need to be done with test beam to be 
ready for the production of a large scale detector
energy resolution and linearity of response 
Check that calibration is under control 
Understand what level of detail is required in 
simulation (e.g. noise, saturation, cross-talk, gaps) so 
that this knowledge can be transferred to full detector 
studies. 
Electrons (and muons) are particularly useful for this; 
well understood electromagnetic physics; dense 
showers. P

lo
ts

: 2
01

2 
JI

N
S

T 
7 

P
09

01
7



Ingrid-Maria Gregor -  Test Bench for HEP: Test Beam

Measuring the Energy Resolution

27

size11000 10 8 444444 16 29 8 203 1222 1473 10

Cherenkov Mc1 Sc3Sc2Sc1 DC1DC2DC3

z

z = 0

all values in mm

Mc2ECAL TCMTHCAL

position-33135
-2631

-2572
-2418

-2273
-847

-699 -29 1588 2327 4007 4808

veto

Figure 1. Top view of the CALICE test beam apparatus in the CERN SPS H6 beam line including calorime-
ters, trigger components (scintillator triggers SC1, SC2, and SC3; large area muon trigger counters Mc1,
which was installed only during calibration runs, and Mc2; and the beam halo veto), and the tracking drift
chambers DC1, DC2, and DC3. The beam enters from the left. Dimensions are in millimetres. Figure is not
to scale. Positions are given at detector centre.

models (for one example of such studies see [6]) and to test particle flow algorithms, as demon-
strated in [7]. The high granularity also offers the possibility for advanced energy reconstruction
methods, the subject of this paper.

We present a study of the hadronic energy resolution of the CALICE analogue scintillator-
steel hadronic calorimeter (AHCAL) [8] using data taken at the CERN SPS in 2007 with positive
and negative pion beams in the energy range from 10 to 80 GeV. Two software compensation
techniques, which weight energy depositions based on information about the local energy den-
sity within the shower obtained from the highly granular readout, are discussed in detail. Both
techniques achieve an improvement of the hadronic energy resolution by approximately 20% for
single hadrons in the energy range from 10 to 80 GeV, with a reduction of the stochastic term from
⇠ 58%/

p
E/GeV to ⇠ 45%/

p
E/GeV.

In Section 2 we briefly describe the test beam setup, discuss the event selection and describe the
energy reconstruction, calibration and the determination of the energy resolution in the AHCAL.
The software compensation techniques are presented in Section 3, and Section 4 summarises the
results obtained from data and compares them to simulations.

2. Energy reconstruction in the AHCAL

2.1 Test beam setup

The complete CALICE setup in the H6 beam line at the CERN SPS for the 2007 beam pe-
riod, illustrated in Figure 1, consisted of a silicon-tungsten electromagnetic sampling calorimeter
(ECAL) [9], the AHCAL, and a scintillator-steel tail catcher and muon tracker (TCMT) [10]. The
test beam setup was also equipped with various trigger and beam monitoring devices.

The ECAL [9] has a total depth of 24 radiation lengths (approximately 1 nuclear interaction
length lI) and consists of 30 active silicon layers arranged in three longitudinal sections with dif-
ferent absorber thicknesses. In this study, the ECAL was used for event selection and early shower

– 2 –

Sc1 Sc2
Sc4 Sc3

Muon Trigger

Drift Chambers
Cherenkov

Detector

Scintillators

ECAL HCAL TCMT

Beam

Main issue: the prototype has to be large 
enough to contain the energy
Hadron Calorimeter downstream of ECAL: 
electrons and photons do not reach the 
HCAL
Special studies without the ECAL to test 
HCAL with electrons
Tail Catcher behind HCAL to measure 
shower leakage, important for energy 
measurements

ECAL & HCAL can be rotated
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Comparison of detailed test 
beam studies with 
simulations: improvement of 
existing shower models
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ZEUS Calorimeter at CERN SPS

The ZEUS calorimeter was a uranium scintillator sandwich 
calorimeter
Intrinsic Uranium radioactivity allowed “easy” calibration 
during running
Operation characteristics were determined in test beams at 
CERN (prototype detector and all production modules)

Electrons:

Hadrons:

29

1989
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Full	  System	  Tests
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ATLAS Combined Test Beam

31

Segment of full ATLAS 
detector was extensively 

tested at CERN in 2006-2008 
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ATLAS Combined Test Beam 

Several important objectives in the test:
Calibrate the calorimeters at a wide range of energies.
Finalize the trigger studies with the level 1 Muon and Calorimeter,
Study commissioning aspects and get experience with the readout,
Study the detector performance of an ATLAS barrel slice,
Gain experience with the latest offline reconstruction and simulation tools,
Gain experience with the latest Trigger and data acquisition (DAQ) programs.

32

ATLAS Inner Detector Results from the 2004 Combined Test Beam Data
W. LIEBIGa, T. CORNELISSENa — ATLAS COLLABORATION

aNIKHEF, Amsterdam

1 The 2004 Combined Test Beam
Layout of ATLAS sub-detectors in CERN SPS beam
to resemble the barrel slice (η = 0) of ATLAS

3 months of data-taking
with controlled beams:

• e±/π± at 1...250 GeV

• µ±, π±, p up to 350 GeV

• γ at ∼ 20...100 GeV

• Inner Detector (ID)
collected
22 M “good” events

ID set-up:
• 6 Pixel + 8 Si-

strip modules

• in a magnet
(Bmax = 1.4T )

• sector (1/16) of
Transition Radi-
ation Tracker

The test beam has been a considerable effort parallel
to the ATLAS construction. The motivations are:

• Hardware and software integration test

• Performance of sub-systems and entire ID

• Tuning of Geant4 simulation and digitisation

• First grip on combined performance
ID–Calo–Muon for e, µ, hadrons and photons

Inner Detector offline reconstruction software:

! Major integration test for the offline software !

! Many components did not exist and had to be written

! successfully used a new, modular framework for that

! Very similar software will be used in ATLAS

2 Data Quality and Alignment
All corrections for bad channels, calibration & alignment vary between
different time intervals or runs. To handle this efficiently, a conditions
database is used to store / retrieve the associated numbers.

2.1 Dead and Noisy Channels
! The hitmaps show noisy channels (here for SCT, green)

which are masked offline (red histogram) at the level of
clusterisation and drift circle formation.

! This is performed for all three ID technologies. The map
of channels from the DB is also used in MC digitisation.

! Further calibration studies are going on, covering e.g. the
measured vs. simulated cluster width and the high-level
signal probability providing e±-identification in the TRT.
They complete results from earlier stand-alone testbeams.

2.2 Silicon Alignment
A simple alignment algorithm (tracks vs. residuals) has been
used to provide the initial alignment. It uses straight line
tracks (runs with B = 0) and keeps the position along the
beam line (x-axis) fixed.

The resolution achieved on real data after alignment is 16 µm
for Pixel and 22 µm for SCT. It is reproduced by simulation
(17 and 23 µm). The alignment strategies foreseen for ATLAS
were also exercised on test-beam data:

! The momentum re-
construction yields
similar results using
all the different align-
ment algorithms.

! Systematic shifts of
several microns can
be seen in some pixel
modules.

! This is a very impor-
tant test since ATLAS
will finally need to
understand the align-
ment to better than
1 µm.

2.3 TRT Calibration and Alignment

• Fit to r–t relation pro-
vides wire positions and
calibration (t0, vdrift)

• t0 vs track depth (right) :
need individual t0 con-
stants, large variations
for different straws

• very uniform vdrift

• TRT internal alignment
yields residuals with
σ = 131 µm (data, right)

• = intrinsic resolution (MC)
⊕ wire placement ∼ 30µm

3 Particle Reconstruction

3.1 Momentum Measurement

• Good agreement on momentum resolution from
Pixel+SCT in data and simulation, especially at high
energy

• Full measurement in-
cluding TRT improves
resolution but simula-
tion and data disagree
at several energies (The
TRT is outside of the
field)

• Alignment still under re-
vision

p (GeV)
10 210

p/
p 

(%
)

∆

0

2

4

6

8

10

Data

MC

3.2 Material in the Inner Detector
probed using offset between Silicon and TRT track segments
parameterised as function of energy: √

RES2 +
(

MS
Energy

)2

Results:
pion RES MS
data 0.251(4) 2.04(3)
sim. 0.215(5) 2.21(2)

elec. RES MS
data 0.257 (5) 2.46(2)
sim. 0.230 (6) 2.61(2)

• Resolution (RES) subject to misalignment and systematics

• Mult. scattering term (MS) for pions in data / sim agrees
to ! 10 %. ATLAS aims at understanding material to 1 %

3.3 Particle Identification with the TRT
The transition radiation from electron tracks in the TRT produces
TR-hits which are used to distinguish electrons from pions.
• This pion rejection

curve is obtained
from an algorithm
using the fraction
of TR-hits on the
TRT track

• The good data-
sim. agreement
at low E (2 GeV)
is an important
achievement

• Studies ongoing with different energies and field on/off

• fine-tune TR-hit threshold in the simulation

• studies underway to improve particle separation using
time-over-threshold information

4 Measurements with Calorimeters
and Muon Chambers

• Match electron track φ
(vertical) to LAr
calorimeter cluster φ
(horizontal)

• contains several
matching corrections

• important for analysing
photon runs and
reconstructing γ → e+e−

in the ID

Combined track fit ID-Muon:

• tracking works over
distance of 60m

• benefits from common
tracking data model

• material implemented,
alignment not yet
implemented

Number of hits on track
40 60 80 100 120

N
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5 Towards ATLAS Data-Taking
! ATLAS has learnt a lot from the hardware & software

integration work and data quality analysis at the CTB

! Combined performance studied well before real ATLAS

! The CTB becomes a well-understood environment
to develop and test new algorithms

! In the future the CTB data with single particle events will
be available to help understanding performance issues
from the real ATLAS detector.

Beam Energy (GeV)
0 50 100 150 200 250

/E E
σ

0
0.005

0.01
0.015

0.02
0.025

0.03
0.035

0.04
0.045

0.05
 %GeV× 0.15)±Data  Stoch. Term   (9.93 
 %GeV× 0.08)±MC    Stoch. Term (10.63 

Example: Energy resolution of LAr Calorimeter 
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Belle II VXD Combined test beam

33

cm
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Example for another rather complex test beam in preparation
Full test beam before installation of the detector in Japan
System test in magnetic field (PCMAG, 1T, DESY test beam facility)
Planning started about half a year ago, the beam period is assigned for 
January 2014 

4	  SVD	  single	  modules

2	  PXD	  half	  ladders

Design	  sDll	  evolving

Small sector of the Belle II Vertex 
Detector (VXD=PXD+SVD)
PXD=Pixel Detector (i.e. DEPFET)
SVD=Silicon Vertex Detector (i.e. 
DSSD)
Final DAQ, Slow Control and High 
Level Trigger
Alignment, tracking and ROI (Region 
of Interest) generation
CO2 cooling
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Integration into the PCMAG

34

Technical drawing of 
system installation in test 

beam magnet

electrons
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Integration into the PCMAG

35

Two stage data taking:
1.- Run with telescope: low trigger rate and momentum definition
2.- Standalone run: high data rate (>1 kHz) VXD

6 telescope planes
Trigger: PM + FE-I4
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How	  to	  do	  a	  test	  beam	  ?
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How to Plan a Test Beam Study (1)
What do you want to measure ?

Is really test beam needed ? Use all alternative tests (sources, laser, …)

What kind of particles are useful ?
A lot of studies do not require highest energy
Lower energy machine also give great possibilities for studies

Apply for test beam time early one (sometimes a year in advance)!

37

Test your system very carefully before moving it 
to a test beam hall

Recommendable: run the system in the lab at least 
twice as long as it has to run during the test beam 
campaign.
Often groups end up debugging their electronics, 
DAQ or software instead of taking data (waste of 
valuable beam time!)
You can only solve problems if you know your 
setup really well
Expect the unexpected !
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How to Plan a Test Beam Study (2)

Prepare, prepare, prepare ….
Visit test beam facility before ! 
Make sure one person is in charge (too many bosses 
can make a big mess) !
Make lists of the needed hardware and packing lists
Bring all tools along which you might need

Most important: cable binders and tape 
Bring spare parts !
Bring enough people to help, but not too many ...
Ship your equipment well in advance 
Make a detailed list of the needed measurements and 
put priorities

There is always one measurement one can not 
finish ...

Coffee and candy helps that people stay put 

38
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Where	  to	  do	  a	  test	  beam	  ?
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Test Beams in The World

40

    
  

DESY

CERN PSI
  Fermilab

  

  

  

  Protvino

SLAC KEK

Beijing
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Beam lines with beam of energies higher than 100 MeV/c

Christoph Rembser

Laboratory Number of beam lines Particles Energy range Diagnostics etc. Availability Information, contacts & comments

p (prim.) 24 GeV/c Threshold Cherencov, scintillators, 
CERN / PS 4 MWPCs, delay wire chambers,

(CH) e, h, µ (sec.) 0.6 - 12 GeV/c scintillators, magnet, movable platform
9 months per year, contact beam time request and scheduling:

continous except winter shutdown Sps.Coordinator@cern.ch
Duty cycle depends on http://spsschedule.web.cern.ch/SPSschedule/pindex.html

p (prim.) 400 GeV/c  delay wire chambers, PS / SPS / LHC operation contact beam lines:
e, h, µ (sec.) 10 - <400 GeV/c filament scanners, mode and is typical sba-physicists@cern.ch

CERN / SPS 4 e, h (tert.) 10 - 200 GeV/c XEMC calorimeters, * PS ~1-3% http://sba.web.cern.ch/sba/
(CH) Pb ions (prim) Threshold & CEDAR, * SPS: 20-40%

other ion species 20 - 400 GeV/c hodoscopes,
(out of fragmented proton equivalent magnet, movable platform

primary Pb ions) (z=1)

DESY e+, e- (sec.) 1 - 6 GeV/c Trigger systems 10 months per year, contact: Testbeam-Coor@desy.de
(D) 3 e- (prim., 6.3 GeV/c  and beam telescopes, 2014: presumably 8 - 10 months http:// testbeam.desy.de

planned for 201X) magnet (~1T) Duty cycle ~ 50%

FERMILAB/FTBF p (prim.) 120 GeV/c 24 hrs/day contact: FTBF_Co@fnal.gov
(US) 2 e, h, µ (sec.) 1-66 GeV/c Cherencov, TOF, pb-glass calorimeters, 10% duty cycle http://www-ppd.fnal.gov/FTBF/ 

 h (tert.) 200-500 MeV MWPC, Si Tracker, see website for more

FERMILAB/MTA 1.00                                  H- ions 400 MeV SEM for T. b. d. contact: Aria Soha (aria@fnal.gov)
(US) Flux of 1*1012/minute beam flux measurement Erik Ramberg@fnal.gov

IHEP Bejing e (prim.) 1.1 - 2.5 GeV/c MWPC, TOF Availability: 3 mouths per year,
(CN) 2 e (sec.) 100 - 300 MeV/c Cherencov, duty cycle depends on BEPCII contact: Hu Tao (hut@ihep.ac.cn)

p, π (sec.) 0.4 - 1.2 GeV/c CAMAC system, platform  operation mode

IHEP Protvino p (prim), 70 GeV/c Cherenkov,
(RU) 5 p, K, π, µ, e (sec.) 1-45 GeV/c TOF, MWPC two months per year contact: Alexandre Zaitsev (alexandre.zaitsev@cern.ch)

C-12 (prim) 6-300 GeV/c

KEK / JPARC 1  p,π,K,e(sec.) <1GeV/c Cherenkov, TOF contact: Masaharu Ieiri (masaharu.ieiri@kek.jp)
(JP) http://j-parc.jp/researcher/Hadron/en/index.html

Fuji beam line in KEKB main ring unavailable
KEK / Tsukuba  until Super KEKB will resume operation (~2015)

(JP) http://www.kek.jp/ja/Facility/IPNS/K11BeamLine/

50-450 MeV/c, rate <109 sec-1

PSI / 20nsec structure beam time allocated by programme committee
piE1, piM1, etc. 2-4 π+-, µ+-, e+-, p continuous beam 6-8 months per year  (twice per year)

(CH) at very high rate contact: Peter Kettle (peter.kettle@psi.ch)

PSI / PIF 5 - 230 MeV/c 11 months per year, contact: Wojtek Hajdas (wojtek.hajdas@psi.ch)
(CH 1 p max. current 2 - 5 nA, rate <109 sec-1, mostly during weekends

typ. flux 108 cm-2 sec-1for wide beam,
energy, beam spot and flux selectable by user

SLAC 1 e (prim.) 2.5 - 15 GeV/c Starting July 2012, contact: Carsten Hast (hast@slac.stanford.edu)
(US) e (sec.) 1 - 14 GeV/c 9 months per year, https://slacportal.slac.stanford.edu/sites/ard_public/tfd/

50% duty cycle

SPRING-8, photons (tagged) 1.5 - 3.0 GeV/c contact: Takashi Nakano (nakano@rcnp.osaka-u.ac.jp)
Compton Facility 1 e+, e- (conversions) 0.4 - 3.0 GeV/c >60 days per year http://www.spring8.or.jp/en/

(JP)

CR, 29 June 2013

Test beams* in the world, status June 2013

*Beam lines with beams of energies higher than 100 MeV/c
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Beam lines with beam of energies higher than 100 MeV/c

Christoph Rembser

Laboratory Number of beam lines Particles Energy range Diagnostics etc. Availability Information, contacts & comments

p (prim.) 24 GeV/c Threshold Cherencov, scintillators, 
CERN / PS 4 MWPCs, delay wire chambers,

(CH) e, h, µ (sec.) 0.6 - 12 GeV/c scintillators, magnet, movable platform
9 months per year, contact beam time request and scheduling:

continous except winter shutdown Sps.Coordinator@cern.ch
Duty cycle depends on http://spsschedule.web.cern.ch/SPSschedule/pindex.html

p (prim.) 400 GeV/c  delay wire chambers, PS / SPS / LHC operation contact beam lines:
e, h, µ (sec.) 10 - <400 GeV/c filament scanners, mode and is typical sba-physicists@cern.ch

CERN / SPS 4 e, h (tert.) 10 - 200 GeV/c XEMC calorimeters, * PS ~1-3% http://sba.web.cern.ch/sba/
(CH) Pb ions (prim) Threshold & CEDAR, * SPS: 20-40%

other ion species 20 - 400 GeV/c hodoscopes,
(out of fragmented proton equivalent magnet, movable platform

primary Pb ions) (z=1)

DESY e+, e- (sec.) 1 - 6 GeV/c Trigger systems 10 months per year, contact: Testbeam-Coor@desy.de
(D) 3 e- (prim., 6.3 GeV/c  and beam telescopes, 2014: presumably 8 - 10 months http:// testbeam.desy.de

planned for 201X) magnet (~1T) Duty cycle ~ 50%

FERMILAB/FTBF p (prim.) 120 GeV/c 24 hrs/day contact: FTBF_Co@fnal.gov
(US) 2 e, h, µ (sec.) 1-66 GeV/c Cherencov, TOF, pb-glass calorimeters, 10% duty cycle http://www-ppd.fnal.gov/FTBF/ 

 h (tert.) 200-500 MeV MWPC, Si Tracker, see website for more

FERMILAB/MTA 1.00                                  H- ions 400 MeV SEM for T. b. d. contact: Aria Soha (aria@fnal.gov)
(US) Flux of 1*1012/minute beam flux measurement Erik Ramberg@fnal.gov

IHEP Bejing e (prim.) 1.1 - 2.5 GeV/c MWPC, TOF Availability: 3 mouths per year,
(CN) 2 e (sec.) 100 - 300 MeV/c Cherencov, duty cycle depends on BEPCII contact: Hu Tao (hut@ihep.ac.cn)

p, π (sec.) 0.4 - 1.2 GeV/c CAMAC system, platform  operation mode

IHEP Protvino p (prim), 70 GeV/c Cherenkov,
(RU) 5 p, K, π, µ, e (sec.) 1-45 GeV/c TOF, MWPC two months per year contact: Alexandre Zaitsev (alexandre.zaitsev@cern.ch)

C-12 (prim) 6-300 GeV/c

KEK / JPARC 1  p,π,K,e(sec.) <1GeV/c Cherenkov, TOF contact: Masaharu Ieiri (masaharu.ieiri@kek.jp)
(JP) http://j-parc.jp/researcher/Hadron/en/index.html

Fuji beam line in KEKB main ring unavailable
KEK / Tsukuba  until Super KEKB will resume operation (~2015)

(JP) http://www.kek.jp/ja/Facility/IPNS/K11BeamLine/

50-450 MeV/c, rate <109 sec-1

PSI / 20nsec structure beam time allocated by programme committee
piE1, piM1, etc. 2-4 π+-, µ+-, e+-, p continuous beam 6-8 months per year  (twice per year)

(CH) at very high rate contact: Peter Kettle (peter.kettle@psi.ch)

PSI / PIF 5 - 230 MeV/c 11 months per year, contact: Wojtek Hajdas (wojtek.hajdas@psi.ch)
(CH 1 p max. current 2 - 5 nA, rate <109 sec-1, mostly during weekends

typ. flux 108 cm-2 sec-1for wide beam,
energy, beam spot and flux selectable by user

SLAC 1 e (prim.) 2.5 - 15 GeV/c Starting July 2012, contact: Carsten Hast (hast@slac.stanford.edu)
(US) e (sec.) 1 - 14 GeV/c 9 months per year, https://slacportal.slac.stanford.edu/sites/ard_public/tfd/

50% duty cycle

SPRING-8, photons (tagged) 1.5 - 3.0 GeV/c contact: Takashi Nakano (nakano@rcnp.osaka-u.ac.jp)
Compton Facility 1 e+, e- (conversions) 0.4 - 3.0 GeV/c >60 days per year http://www.spring8.or.jp/en/

(JP)

CR, 29 June 2013

Test beams* in the world, status June 2013

*Beam lines with beams of energies higher than 100 MeV/c

Laboratory Number of beam lines Particles Energy range Diagnostics etc. Availability Information, contacts & comments

p (prim.) 24 GeV/c Threshold Cherencov, scintillators, 
CERN / PS 4 MWPCs, delay wire chambers,

(CH) e, h, µ (sec.) 0.6 - 12 GeV/c scintillators, magnet, movable platform
9 months per year, contact beam time request and scheduling:

continous except winter shutdown Sps.Coordinator@cern.ch
Duty cycle depends on http://spsschedule.web.cern.ch/SPSschedule/pindex.html

p (prim.) 400 GeV/c  delay wire chambers, PS / SPS / LHC operation contact beam lines:
e, h, µ (sec.) 10 - <400 GeV/c filament scanners, mode and is typical sba-physicists@cern.ch

CERN / SPS 4 e, h (tert.) 10 - 200 GeV/c XEMC calorimeters, * PS ~1-3% http://sba.web.cern.ch/sba/
(CH) Pb ions (prim) Threshold & CEDAR, * SPS: 20-40%

other ion species 20 - 400 GeV/c hodoscopes,
(out of fragmented proton equivalent magnet, movable platform

primary Pb ions) (z=1)

DESY e+, e- (sec.) 1 - 6 GeV/c Trigger systems 10 months per year, contact: Testbeam-Coor@desy.de
(D) 3 e- (prim., 6.3 GeV/c  and beam telescopes, 2014: presumably 8 - 10 months http:// testbeam.desy.de

planned for 201X) magnet (~1T) Duty cycle ~ 50%

FERMILAB/FTBF p (prim.) 120 GeV/c 24 hrs/day contact: FTBF_Co@fnal.gov
(US) 2 e, h, µ (sec.) 1-66 GeV/c Cherencov, TOF, pb-glass calorimeters, 10% duty cycle http://www-ppd.fnal.gov/FTBF/ 

 h (tert.) 200-500 MeV MWPC, Si Tracker, see website for more

FERMILAB/MTA 1.00                                  H- ions 400 MeV SEM for T. b. d. contact: Aria Soha (aria@fnal.gov)
(US) Flux of 1*1012/minute beam flux measurement Erik Ramberg@fnal.gov

IHEP Bejing e (prim.) 1.1 - 2.5 GeV/c MWPC, TOF Availability: 3 mouths per year,
(CN) 2 e (sec.) 100 - 300 MeV/c Cherencov, duty cycle depends on BEPCII contact: Hu Tao (hut@ihep.ac.cn)

p, π (sec.) 0.4 - 1.2 GeV/c CAMAC system, platform  operation mode

IHEP Protvino p (prim), 70 GeV/c Cherenkov,
(RU) 5 p, K, π, µ, e (sec.) 1-45 GeV/c TOF, MWPC two months per year contact: Alexandre Zaitsev (alexandre.zaitsev@cern.ch)

C-12 (prim) 6-300 GeV/c

KEK / JPARC 1  p,π,K,e(sec.) <1GeV/c Cherenkov, TOF contact: Masaharu Ieiri (masaharu.ieiri@kek.jp)
(JP) http://j-parc.jp/researcher/Hadron/en/index.html

Fuji beam line in KEKB main ring unavailable
KEK / Tsukuba  until Super KEKB will resume operation (~2015)

(JP) http://www.kek.jp/ja/Facility/IPNS/K11BeamLine/

50-450 MeV/c, rate <109 sec-1

PSI / 20nsec structure beam time allocated by programme committee
piE1, piM1, etc. 2-4 π+-, µ+-, e+-, p continuous beam 6-8 months per year  (twice per year)

(CH) at very high rate contact: Peter Kettle (peter.kettle@psi.ch)

PSI / PIF 5 - 230 MeV/c 11 months per year, contact: Wojtek Hajdas (wojtek.hajdas@psi.ch)
(CH 1 p max. current 2 - 5 nA, rate <109 sec-1, mostly during weekends

typ. flux 108 cm-2 sec-1for wide beam,
energy, beam spot and flux selectable by user

SLAC 1 e (prim.) 2.5 - 15 GeV/c Starting July 2012, contact: Carsten Hast (hast@slac.stanford.edu)
(US) e (sec.) 1 - 14 GeV/c 9 months per year, https://slacportal.slac.stanford.edu/sites/ard_public/tfd/

50% duty cycle

SPRING-8, photons (tagged) 1.5 - 3.0 GeV/c contact: Takashi Nakano (nakano@rcnp.osaka-u.ac.jp)
Compton Facility 1 e+, e- (conversions) 0.4 - 3.0 GeV/c >60 days per year http://www.spring8.or.jp/en/

(JP)

CR, 29 June 2013

Test beams* in the world, status June 2013

*Beam lines with beams of energies higher than 100 MeV/c

A few more details on the main 
European facilities on the next slides
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CERN	  Test	  Beam	  Facility
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Beam Facilities at CERN
North Area
SPS Test Beams

East Area
PS Test Beams
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East Area Test Beams: PS

45
13 Mai 2009E. Gschwendtner, CERN

4

PS East Area
5 beam lines 
total length 300m
300 scientists / year performing experiments and tests

5 beam lines
total length 300m
300 scientists / year 
performing experiments and 
tests

13 Mai 2009E. Gschwendtner, CERN

5

The East Experimental Areas at the PS

Momentum range
Secondary beam: 1GeV/c – 15 GeV/c

Particle type and intensity
electrons, hadrons, muons 
max. 1-2*106 particles per spill; typically 
103 - 104 used

Spill structure from PS
400ms spill length
typically 1 spill every 33.6 s, more on 
request



Ingrid-Maria Gregor -  Test Bench for HEP: Test Beam

North Area Test Beams: SPS

Momentum range
H2, H4, H8: 10–400GeV/c (secondary 
beam)
primary proton beam at 400(450)GeV/c
H6: 5–205GeV/c

Particle type
electrons, hadrons, muons (secondary 
target -> tertiary beam)

Particle intensity
max. 2*108 particles per spill
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13 Mai 2009E. Gschwendtner, CERN

8The North Experimental Areas at the SPS
• The SPS proton beam (400/450 GeV/c) slowly extracted to North Area
• Directed towards the three North Area primary targets T2, T4 and T6

• From the primary targets:
– T2 Æ H2 and H4 beam lines
– T4 Æ H6 and H8 beam lines

and P42/K12 beam line (NA62)
– T6 Æ M2 beam line (NA58/COMPASS)

NA62 

COMPASS SPS beam

North Area 
Test Beam Facilities 

CERN

CERN
North Area

Due to the ongoing shutdown of the accelerator 
chain at CERN PS and SPS test beams are only 

available late 2014/ beginning of 2015.
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The	  DESY	  Electron	  Test	  Beam	  	  
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DESY II

Synchrotron for electrons and positrons
Since 1987 used as pre-accelerator for

DORIS (until 2012)
PETRA
HERA (until 2007)

For PETRA 3
single bunches with 1*109 positrons at 6.0 GeV 
every minute (Top-Up mode)

Test beam runs in PETRA 3 mode with extraction 
on the falling slope

extraction at 6 GeV
reduced beam current during Top-Up (10%)

Top-Up mode allows 24/7 running of DESY II
test beam usage possible at any time

48

EUTelescope workshop 26.3.2013D. Pitzl (DESY): test beam and telescope 8

Beam history

• 4.4 GeV with 8E9:

‣ 650 Hz peak trigger rate

‣ intensity drop every 60 s 

for 12 s: filling PETRA

• Event time from TLU time 

stamp: 384 MHz counter

Example:
4.4 GeV with 8E9:
650 Hz peak trigger rate
intensity drop every 60 s for 12 s: filling PETRA
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Test Beam at DESYII

For test beam no extraction is used
Inserting a carbon fibre in the circulating 
electron/positron beam -> Bremsstrahlung.  
Bremsstrahlung photons are converted to 
electron/positron pairs with a metal plate. 
Beam is spread out into a horizontal fan 
with a dipole magnet. Collimator cuts out 
final beam.
No beam optics, very simple to use
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With this concept DESYII provides three test beam lines with 1-5 GeV/c electrons.

Test beam was developed during HERA detector preparation and used by all HERA 
experiments
Recent years -> newly increase in usage due to LC and HL-LHC detector R&D

DESY II:
revolution frequency: 1 MHz, 
RF frequency: 500 MHz 
bunch length: ~30 ps. 
average radius: 46.6 m
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Facilities for Test Beam User 

All three test beam lines have 
Interlock systems
Magnet control to select momentum
Patch panels with pre-installed cables
Gas warning systems
Fast internet connection (DHCP)
Trigger scintillators

The user can ask for:
Translation stages
Premixed gases
Superconducting Magnet (1T)
Beam Telescopes: 

Pixel Beam Telescope

The users typically bring:
Data Acquisition incl. computers
Trigger scintillators

50
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Beam Telescope Requirements

Generally applicable:
DUTs: from small pixel sensors to larger detectors
Movement of device under test (DUT) to scan larger 
surface
Large range of conditions: cooling, positioning, (B-Field)
Easy to use: well defined/described interface
Very high precision: <3 µm precision even at smaller 
energies (DESY)
Mobile ! … plan when we started out with the 

EUDET telescope in 2006 ….. 

What is a beam telescope? 
A tool to define the exact track of a particle in a test beam very precisely.
Used for detailed studies of newly developed detectors.
Pointing resolution should be better than the expected intrinsic resolution of the 
device under test (DUT).
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Telescope Ingredients

ü Sensors (Mimosa26)
ü Readout System
ü EUDAQ 
ü Trigger Logic Unit
ü Mechanics

AUX
board

DUT 

e-

Sensor Boxes

Mechanics to position 

the sensors

Trigger Logic Unit 

EUDAQ PC

Secondary PC

Readout

VME CPU
GBit ETH

USB

ETH

LVDS

Trigger Scintillators

or NI express 

Important
Use of DAQ software and analysis software which is also general applicable and easy 
to use
EUDAQ -> highly modular multi threaded software to implement existing DAQ “easily” 
EUTelescope -> Generic Pixel Telescope Data Analysis Software based on ILCSoft
developed for our telescope but much more versatile 
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Telescopes !!

More successful than anticipated 
Already 5 telescope copies built and are 
planning #6 
EUDET

the original !

ANEMONE
copy for Bonn (ELSA test beam)

ACONITE
copy for ATLAS collab. currently in TB22

DATURA
copy for DESY currently in TB21

CALADIUM 
copy for Carlton, recently commissioned in Canada

DURANTA
copy for DESY
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ANEMONE ACONITE DATURA CALADIUM DURANTA

Pixel telescope allows high precision 
measurements also at low momentum 
test beam (<5 um)
Relative easy use for many user 
groups
Exact same system can be found at 
different test beam facilities
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Education !!

Nowadays education of young scientists in all aspects of particle physics is more 
difficult

Preparatory phases for detectors are getting longer; only a few aspects can be 
studied
Data taking periods are longer -> generations of students never see the real detector
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Setup for Lorentz angle measurements:  
telescope installed in 1T magnet. 

Test beam studies allow education in many 
aspects

Experimental preparation
Trigger
Data Acquisition
Data taking (shifts, on-call)
Reconstruction, alignment, tracking
….

If you ever get the chance to be part of a test beam campaign 
-> don’t run away ! You will learn a lot in an intensive but effective way !!
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Summary

Test beam facilities are available 
around the world

PS/SPS at CERN are currently shut 
down -> back in 2015 
Only European facility in 2013/14 is 
the DESY electron beam

Being part of a test beam campaign 
is a lot of work, but very exciting 

Testing a new detector system for high energy physics is most likely involving 
test beam studies
Tracking detectors: efficiency, spatial resolution are important parameters to be 
measured with a reference telescope 
Calorimeters test beam involve more than one test beam facility  

55



Ingrid-Maria Gregor -  Test Bench for HEP: Test Beam 56

Many thanks for 
your attention! 


