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TB04 Setup

Calorimetric systems in CMS

Superconducting Solenoid

Silicon Tracker

Very-forward Pixel Detector

Calorimeter

Hadronic
Calorimeter
Electromagnetic

Calorimeter Muon

Compact Muon Solenoid
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HCAL = Hadronic Calorimeter

ECAL = Electromagnetic Calorimeter
HB = HCAL Barrel

HE = HCAL EndCap

HO = HCAL Outer
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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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TB04 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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dout of the two HB wedges
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dout - for longitudinal shower profile studies

Layer—wise rea
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TB04 Setup

The H2 beam line instrumentation

WC A,B,C

GeV/ c

VLE setup

CK2

V3,V6

from SPS

wobbling i H4

AN

400 GeV/c

primary protons secondary

hadrons/electrons

10 GeV/c < p < 400 GeV/c

\

o
SCI_VLE -
VLE tag S1-S4
against
punchthrough :Egam
S rigger
counters

2-9 GeVictertiay | wire Chambers (WC A,B,C):

hadrons/electrons

single hit to reject
interaction in beam line

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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TB04 Setup Geant4 simulation

All simulations in this study done with: G4.6.2_p02
and physics lists: LHEP-3.7,QGSP-2.8,0GSC-2.9,FTFP-2.8 (Pack.-2.5)

%Trigger counters

Wire Chambers

Also: Comparison with G4.7.1
at the end of this talk.

*Detailed HCAL geometry
with HB1&HB2 read-out
schema.

*ECAL — PbWO,, crystals, Al box

and Al block behind ECAL. =
*Beam line - trigger =
. THCAL Endca
counters and wire chambers & H_(_:"_ E P
% =—/1
i — J-
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Understanding TB04 data

Beam contamination

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

TestBeam data

. . HB1ECAL
HB1:ECAL 9GeV pi beam Entries 56317
;‘ [ Mean x 2.147
] 20— Meany 4.382
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G4.6.2_p2 MC with noise

HCAL (GeV)

(MC) ECAL.vs.HB2 /9 GeV pim LHEP/
ECALint: MIP v1_cut: viECAL Xtal: 7x7

[| Mean x 24

sim/dig: sim noise: nTB04 cuts: cutsTB04

e_h

Entries 100000

Mean y 4.235
RMS x 2135
RMS y 3.878
0| 370 0
1| 99611 1
0 17 0
Integral 9.961e+04

- electron contamination in pion beam

- interactions in beamline
- muons from pion decay
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ECAL (GeV)

G4.6.2_p2 MC w/o noise

(MC) ECAL.vs.HB2 /9 GeV pim LHEP/
ECALint: ANY v1_cut: vINONE Xtal: 7x7
sim/dig: sim noise: nNONE cuts: cutsNONE
e h 103

Entries 100000

Mean x 2411
Mean y 4.158
RMS x 2119
RMSy 3.639
oos || 4 10°

o 0 0
Integral 9.905e+04

HCAL (GeV)
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ECAL (GeV)
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Understanding TB04 data

Beamline interactions

e h e h 2
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TBO0O4 results

TB2004 - data sets

Data
e Very Low Energies (VLE)
— 2,3,5,7,9 GeV mainly 7 beam
— with/without ECAL
— HB1/HB2
— Full particle identification
e Medium Energies (MED)
— 10,15,20 GeV e*, 7* beam
— with/without ECAL
— HB1/HB2
— Partial particle identification
e High Energies (HIGH)
— 30,50,100,150,300 GeV
et, 7+ beam
— with/without ECAL
— HB1/HB2

HQW <[an -2 200

Simulation

e \ery Low Energies (VLE)
— 2,3,5,7,9 GeV e, 7T, p, K* beam
— with/without ECAL
— HB2

e Medium Energies (MED)
— 10,15,20 GeV e*, 7T, p, K* beam
— with/without ECAL
— HB2

e High Energies (HIGH)
— 30,50,100,150,300 GeV e*, n*, p,

K=* beam

— with/without ECAL
— HB2
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TBO0O4 results

pion response

. energy spectra
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TBO0O4 results

pion response: linearity

Comparison of TB04 data and G4.6.2_p2: Linearity of Response

beam
—

'iJ 0.95

0.85
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0.7

0.65

ECAL + HCAL

. cTBDaa
7w G4LHEP
%—e—n'G4QGSP_.

Beam

10°
momentum [GeV]

The combined system is simulated cor-
rectly by both physics lists. The slight non-
linearity around 7GeV is still to be under-

stood.
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0.9
0.85
0.8
0.75

QGSP

0.95E.

HCAL alone, MIP in LO, no HO

. —— 1 G4 QGSP

10 107
Beam Momentum [GeV]

predicts more signal (=less leak-

age) at highest energies, most likely due
to the shorter showers.
(see next)
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TBO04 results 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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TBO04 results pion response: longitudinal shower profiles (2)

- G4 LHEP
g o1l 3 ~ G4 QGSP
g | '
= - TB Data
9 0.08- : : —
i shower
i : means
0.06 —
_ e 7.99
i |&7.51
0.04- |--7.94
0.02-
_ L1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | |
0 2 4 6 8 10 12 14 16 18
Layer
300 GeV pions, leaving MIP in ECAL and LO.
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G4.6.2_p2 simulation

Data seems to agree bet-
ter with LHEP list.

QGSP predicts shorter
showers, better contained
In the calorimeter.
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Simulation with newer versions of G4 Shower Profiles

Longitudinal Shower Profiles —o— LHEP G462 pim 300
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Plans Combined ECAL+HCAL Test Beam 2006

Combined ECAL+HCAL Test Beam 2006 is already under way.
Improvements over TB2004 include:

e real production ECAL module

e better beam particle ID
— Time-Of-Flight system for paticle ID at low beam momenta
— (functioning) Cherenkov counters

— Muon veto wall

e Beam cleaning (from beamline interactions) hopefully we’ll get much cleaner beam, especially at
low momenta, therefore no need for calorimeter-based cuts!

e use the Test-beam simulation for validation of newer releases of G4 and OSCAR producer inside
CMSSW.
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Combined ECAL+HCAL Test Beam 2006(2)

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

ECAL vs HCAL Energy in 3x3 towers

EHbana_mu

14-_ ...... ......... T ......... ......... ......... ........

o SR SO NN SUPR S NN S

N : ; . . all events

Entries 313
Mean x 1.523
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A o o .b
. X% of e

Job - §..,...'.*."f'..;.:..p.b.sitrb.ns..tagge.d.bj..CK.?;

© | “#%: 'S4 multiple hit tags

[ o iadS. Beam Halo.tags....i........
- : %5 - muon veto and wall
P oy Jprotons tagged by. TOFE

-1 0 1 2 3 4 5
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ECAL vs HCAL Energy in 3x3 towers

EHbana_tot

1A

Entries 8749
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D s o
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- : ..::' * : : : : Entries 3298
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- e 5 RMS x 0.9794
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R - clean pi+ events
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Conclusions

e CMS ECAL+HCAL response measured in TB2004 agrees quite well with the pre-
dictions of Geant4.

e Parametrized physics list (LHEP) shows better agreement with data.

e Model-based QGSP list predicts shorter showers than we measured.

e Improvement of systematic uncertainties at low energies in TestBeam 2006 will
allow for better comparison with MonteCarlo simulation.
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