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INTRODUCTION

Test beams, have and continue to be used extensively by CMS:
(with standard SPS FT beam & with LHC-type beam structure)

– Detector conceptual design phase.
– Prototyping and large systems tests.
– Performance checks, calibration and quality control of detector 

components from the series production.

In order to study the detector stability and to evaluate
improvements, limited test beam activity will be required after
start of physics.

Although not the primary reason for test beams, they
nonetheless provide invaluable experience, especially to the
younger physicists, in designing, setting-up, commissioning and 
analysing data from numerous complex test beam activities.
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THE CMS DETECTOR
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TRACKER TESTS WITH
LHC-TYPE BEAMS - AIMS

•An LHCC Milestone for the CMS Tracker requested a test of the
complete R/O electronics chain in an LHC-like environment
with the 25 ns structured beam.

Such beams used
in 2000, 2001 &
this year
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TRACKER TESTS WITH
LHC-TYPE BEAMS

Measurements with Beam Telescope
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TRACKER TESTS WITH
LHC-TYPE BEAMS - RESULTS

• The overall 
integration of 
components 
(hardware and 
software & 
including TTC) 
was successful

• Synchronization 
of the system 
(together with 
machine) was 
achieved.

Cluster 
Reconstruction
Efficiency  vs. 
Latency 

X5 120 GeV π

Tracker design
figure of `1001’
bunch scheme
met
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TRACKER PERFORMANCE - TOB

Signal-to-Noise

PSI 300 MeV π
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TRACKER HIP EFFECT -
EXAMPLE OF UNFORESEEN EVENTS

HIP event produced by nuclear interactions
of a particle crossing the Si
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TRACKER HIP EFFECT

Effects studied at SPS X5 (25 ns 
beam) and PSI π beam (300 MeV).

Tracker design found to be robust
against  loss of a hit from HIP effect

Baseline recovery for HIP

Hit inefficiency due to saturation
of chip from HIP in same BX and
while recovering from previous BXs.

Recovery in ~10 BX

1 ‰
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CMS TRACKER FUTURE PLANS:
2003 & 2004

•Modules (+ system aspects) are being produced at a
rate which makes them available for testing in beam.

•Tracker modules (TIB, TOB, TEC) to be chosen on a
sampling basis from the series production with final
components

•APV25, hybrids, analog optical links for data,
digital optical links for controls, FECs, CCU 25, PLL
and corresponding control software

•LHC-type beams with 25 ns may also be used.
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ELECTROMAGNETIC CALORIMETER
(ECAL)
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ECAL ELECTRONICS
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ECAL 2002 TEST BEAM M0´
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ECAL 2002 TEST BEAM OBJECTIVES
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ECAL 2002 TEST BEAM
COOLING SYSTEM
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ECAL 2002 TEST BEAM
LASER MONITORING
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ECAL 2002 TEST BEAM
LASER MONITORING



Emmanuel Tsesmelis
EST-LEA

LHCC Open Session
21 May 2003

ECAL TEST BEAM
ENERGY RESOLUTION

SPS H4 Electrons
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ECAL PRECALIBRATION
SOURCE VS. BEAM
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ECAL CALIBRATION PROCEDURE
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ECAL SCHEDULE
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ECAL TEST BEAM CONCLUSIONS

ECAL Precalibration in testbeam ≤ 2006
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HADRON CALORIMETRY –
HCAL BARREL & END-CAP

HB & HE Sampling Calorimeters Brass (passive) & scintillator (active)

HE-1 assembled & installed
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HADRON CALORIMETRY –
HCAL OUTER & HADRONIC FORWARD

HF: Quartz fibers embedded
in steel
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HADRON CALORIMETRY –
2002 TEST BEAM

Small scale experiment to demonstrate that HCAL 
works: 49 ECAL crystals, 144 HB channels, 16 HO 
channels.

Over 
100 Million

Events!

µ-:  225 GeV

e-:  20,30,50,100 GeV

π-:  20,30,50,100,      
300 GeV
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HADRON CALORIMETRY –
2002 TEST BEAM

electron
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HADRON CALORIMETRY –
2002 TEST BEAM

ηη
low



Emmanuel Tsesmelis
EST-LEA

LHCC Open Session
21 May 2003

HADRON CALORIMETRY –
2002 TEST BEAM
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HADRON CALORIMETRY –
2002 TEST BEAM
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HADRON CALORIMETRY –
2002 TEST BEAM SOURCE VS. BEAM

1/[ ]
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HADRON CALORIMETRY –
2002 TEST BEAM
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HADRON CALORIMETRY –
CMS-TYPE X-DAQ



Emmanuel Tsesmelis
EST-LEA

LHCC Open Session
21 May 2003

HADRON CALORIMETRY –
2002 TEST BEAM

Goals for the 2002 test beam -

•Operation of 144 channels at 33.79 MHz

•Absolute calibration using beam/source

•Determination of pulse shape

•Measurement of hadron attenuation

•Determination of Layer-0 weighting

•Measurement of muon signal (HO) for RPC trigger

•Control of HV, front end, and moving source

have been met!
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HADRON CALORIMETRY

Aims for 2003 HCAL Beam Tests

" Repeat TB02 tests with final components

" Local synchronisation in all channels (25 ns beam)

" HB-HE boundary (53o gap)

µ Calibration of several HF production modules

µ Remote monitoring & analysis

µ Test of CMS-type X-DAQ 
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LOW ENERGY BEAMS

Data collected so far for HCAL & ECAL go down to 20 GeV

•Request extension to 2-3 GeV in 2004 & 2006 to expose existing HCAL 
& ECAL modules to complete calibration of CMS calorimeters (π, e & µ)

Physics motivation

Distribution
of y ≡
log(1/z)

Limit (blue) of jet
fragment’s z 
imposed by
20 GeV beam
energy vs. ET(jet) 

+ Unreliability of MCs of hadronic jets at low energy

Gluon jets



Emmanuel Tsesmelis
EST-LEA

LHCC Open Session
21 May 2003

MUON SYSTEM
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BARREL RPC AGEING TESTS IN GIF

c.f. RE need 
0.1 – 1 C/cm2
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BARREL RPC AGEING TESTS IN GIF

0.04

0.006

0.025
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BARREL RPC AGEING TESTS IN GIF

Cosmic trigger with source OFF
Test efficiency with X5 µ beam during 2003 SPS run
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MUON SYSTEM QUALITY CONTROL @ GIF

During production QC with cosmic muons.
Subsample of chambers studied in testbeam.

Performance of individual chambers known at start-up.

Efficiency of single drift cell Single hit resolution
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TIMING & SYNCHRONISATION OF CSC HITS
LHC-TYPE BEAM (MAY-JUNE 2003)
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CSC ANODE TIME RESOLUTION
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BXN ID USING ALCT
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FINE ADJUSTMENT OF CSC
CLOCK PHASE
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RPC TESTS WITH LHC-TYPE BEAM 
(MAY-JUNE 2003)

4 chambers 
from series 
production
will be tested
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DT TESTS WITH LHC-TYPE BEAM 
(MAY-JUNE 2003)

First tests in beam of 
read-out & trigger 
electronics on fully-
equipped DT chamber

Aims:

• Read-out chain – from 
TDCs to storage, 
monitor, online data 
analysis

• Trigger chain and 
response Move to CMS-type x-DAQ 

FE Electronics
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FUTURE USE OF THE GIF

CMS expects continued use of GIF (source & particle beams) 

– Beyond the intended closure of the West Area secondary 
lines in 2004

– Experiment will be significantly inconvenienced if solution 
is not found for GIF’s replacement

Aims:
– Certification on a sampling basis muon detectors from the 

series production.
– Continuation of muon detector ageing tests (in particular 

the RE chambers).
– ECAL crystal response to an electron beam (X5) before 

and after irradiation.
– Establish use of UV laser to excite ECAL crystal scintillation 

as means to follow any change in crystal production 
parameters (if not already understood by 2004)
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2003 CMS SCHEDULE

ECAL: 3 weeks of electron beam at H4 during heavy-ion run
in Sept./Oct.

PS East Hall: one-shot tests on Si modules

CMS 
Main 
Users
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CMS TEST BEAM PROJECTIONS

[Weeks]
With respect
to CMS Master
Schedule V33 ECAL 2005

Commissioning of SMs
without beam in H4

Technical services requested
to remain on

RPC ageing tests in the GIF
to continue up to LHC
start-up (even in 2005)
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CONCLUSIONS & OUTLOOK

•Test beams have been shown to be vital in all phases of the 
development of the CMS detector.

•Test beam activities prior to 2007 required to carry-out 
performance checks and QC of detector & DAQ components from 
the series production and to calibrate the calorimeters.

•Beyond 2006:Sub-detector modules available to check stability;
CMS improvements and upgrades

•Availability of testbeam facilities also required to tackle 
unforeseen problems.

•Additional requests:
•Further SPS running with the 25 ns bunch structure
•Low energy beams at H2 for calorimeter calibration
•Continuation of GIF
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