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e Hadron Calorimetry: Measuring the energy of a hadron

e CMS detector and its calorimetric systems

e [estBeam Measurements

e MonteCarlo Simulation and comparison to TestBeam
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Calorimeters Function and types

Function of Calorimeters:
e Measure the energy of a hadron (in most cases - jets of hadrons)
e Provide hermeticity, so that missing energy can be measured
Depending on their function and application, calorimeters can be of various kinds:
e Homogenious vs. Sampling (structure)
e Solid vs. Liquid (medium)
e Scintillating vs. Cherenkov (signal)

e Compensating vs. Non-compensating (performance)
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Subdetectors

CMS
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HCAL Sampling structure
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TestBeam Setup

Calorimetric systems in CMS
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HCAL = Hadronic Calorimeter

ECAL = Electromagnetic Calorimeter
HB = HCAL Barrel

HE = HCAL EndCap

HO = HCAL Outer

if: 1
a5 ha
*a
i 7 /g
A1 1655
4 | st
[ o7
| 3007
|| T [ 2008

Calorimetric systems present on the
Testbeam 2004 table.

Pivot point corresponds to interaction
point in CMS. ECAL is a matrix of 7x7
prototype crystals.

HCAL Barrel modules are production
wedges readout with real front-end
electronics.
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TestBeam Setup Experimental table

MC Visualization

Beam from SPS.

Moving table allows beam to be sent into arbitrary eta/phi tower of HCAL.
ECAL crystals always stay in the beam.
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TestBeam Setup

Tower-wise vs. Layer-wise readout of the two HB wedges
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HB1: tower—wise readout — normal, as in CMS
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HB2: Layer—wise readout — for longitudinal shower profile studies
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TestBeam Setup

The H2 beam line instrumentation

WC A,B,C
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single hit to reject
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Available beam tunes:
pions 2-300 GeV
muons 80/150 GeV
electrons 9-100 GeV

P-ID:
Cerenkov counter (CK2) - electron
Cerenkov counter (CK3) - pion / kaon / proton
Scintillators (V3, V6, VM) — muon tagging
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TestBeam Setup

Cleaning

the beam

Example of beam clean-up possible in TB2006
Run#29665: 5GeV pi+

ECAL vs HCAL Energy in 3x3 towers
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ECAL vs HCAL Energy in 3x3 towers
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TestBeam Setup Geant4 simulation

All simulations done with Geant4 toolkit

%Trigger counters

v

Wire Chambers \
£ |
g

*Detailed HCAL geometry
with HB1&HB2 read-out =
schema. 'E_
*ECAL — PbWO, crystals, Al box
and Al block behind ECAL. =
*Beam line - trigger ‘%
counters and wire chambers ,—HE:AL Endcap

—
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Understanding TestBeam data Beam contamination

HCAL signal vs. ECAL signal - the "banana” plot

TestBeam data G4.6.2_p2 MC with noise G4.6.2_p2 MC w/o noise

HB1:ECAL 9GeV pi beam EI:tﬁ:sEcsgl;7 (MC) FCAL.VS.HBZ /9 GeV pim LHEP/ e h (MC) ECAL.vs.HB2 /9 GeV pim LHEP/
__ y E.CAL.Int: MlP v‘!_cut: v1ECAL Xtal: 7x7 | Entries 100000 ECALint: ANY v1_cut: vi NONE Xtal: 7x7
=~ ean x  2.147 ~ sim/dig: sim noise: nTB04 cuts: cutsTB04 || Mean x 2.4 ~ ; sim/dig: sim noise: nNONE cuts: cutsNONE
8 20 Meany 4.382 (7 F DM Mean y 4235 [} 3
280 RMS x  2.249 S _f AMSx 2435 e e h 10
- RMSy 3.789 a 16 AMS y 2878 | Entries 100000
1] L < C . < Mean x 2411
I (&) 14 0| 370 0 (&)
L T F Py e p T Mean y 4.158
15— = RMS x 2.119
0 12 B 0 17 0 RMSy 3.639
L F Integral 9.961e+04 0| 950 0 2
B 10 099049 1 10
- C 0 0 0
1 0 [ 8 O Integral 9.905e+04
- 6l
5 ar 10
i 2r
o or
Loy e L 20 ) i [ PRI R R 1
-2 0 2 4 6 8 10 0 2 4 8 10 0 2 4 6 8 10
Ecal [GeV] ECAL (GeV) ECAL (GeV)

- electron contamination in pion beam
- Interactions in beamline
- muons from pion decay
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Understanding TestBeam data

Beamline interactions

Caloimeter-based
are necessary to clean up
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TestBeam results

pion response

. energy spectra
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TestBeam results pion response: linearity

Comparison of TB06 data and Geant4 Linearity of Response

TestBeam 2006 Geant4 Simulation

G4:9.2.b01 Response (MCideal calib.: ele50)
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Simulation with Different versions of Geant4 Shower Profiles
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MonteCarlo Comparisons

pion response: longitudinal shower profiles

MC:Longitudinal Shower Profile - Pi-

MC:Longitudinal Shower Profile - Pi-
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Early simulations with G4.6.2_p2 showed that the parametrized physics list (LHEP) predicts different

shower profiles than the theory-based lists (QGSP, QGSC, FTFP) at high energies. So we were curious

what the test-beam data will look like.
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Summary

Calorimeters play a crucial role in detecting hadrons

They can be of various kinds, depending on their application

Their MonteCarlo simulation is very expensive in terms of CPU power

CMS calorimeters have been studied in TestBeams in great detail before installing

them in the experiment
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