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W [adronic Models in GEANT4 ‘

[1 GEANT4 Versions Used:
0 4.7.1.p02
[1 4.8.1_p02 (released 10-November-2006)
[0 4.8.2_p02 (released 23-February-2007)
[1 4.8.3_p01 (released 17-August-2007)
[1 4.9.0_p01 (released 28-August-2007)

[1 Physics Models used:

0 LHEP
Collection of low and high energy parametrized models (descendant of
GHEISHA)

[ QGSP
Mostly theory based model: quark gluon string model

[ QGSP_BERT
QGSP + Bertini Intra-nuclear Cascade Model

O FTFP
Similar to QGSP, but uses diffractive string excitation
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W CMS H2 Beam Line

o VLE setup

from SPS

\

S
wobbling : i Ha SCI_V-LE :
L VLE tag 51-54
' : against
I E punchthrough ?P:am
= i rigger
= counters
| N
400 GeVic | 10GeV/c<p<400GeVic |  2-9GeV/ctertiary [ywire Chambers (WC A,B.C):
i H P "
primary protons secondary hadrons/electrons

single hit to reject
interaction in beam line

hadrons/electrons

Available beam tunes:

: P-ID:
pions 2-300 GeV Cerenkov counter (CK2) - electron
muons 80/150 GeV Cerenkov counter (CK3) - pion / kaon / proton
electrons 9-100 GeV Scintillators (V3, V6, VM) — muon tagging
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W Detector Setup in H2

ECAL: PbWO, Crystals

14%x14 cm?

‘\L' .

Real Super Module
HCAL: Sampling Calorimeter
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¥ Fhergy Measurement (1)
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e o
W [nergy Measurement (11)
G4 Predicts too much energy deposit in ECAL for low energy 7's

Birk's law does not help

For a5 GeV m—: 54% of energy deposit due to e™ /e~ ;
13% due to mesons:
17% due to baryons;
14% due to ions
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W  Fnergy Measurement (I11)
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Also the energy spectrum looks very different at low and high energies
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W Fnergy Measurement (1V)
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W Fnergy Measurement (V)
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LEP model shown for 7~

1. the original model

2. with Coulomb barrier added

3. with Coulomb barrier added and nuclear de-excitation code removed
= no solution yet
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Energy Measurement (V1)

(CIMIEY

Temporary fix = suppress slow heavy particles
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LHEP vs QGSP in Energy Measurement ()
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LHEP vs QGSP in Energy Measurement (11)

eh eh?2
(MC) ECAL.vs.HB2 /30 GeV pim QGSP/ Eniries 100000 (MC) ECAL.vs.HB2 /30 GeV pim QGSP/ ¢ yts Entries 100000 o h o h 2
. . . F—— mean x 7.488 ECALint: ANY v1_cut: vINONE Xtal: 7x7 [ Mean x 7.488
S‘fﬁag’_‘;i’;’“:ﬂ“’sle-_‘:;'s"oz"‘g:“lg_ e vy smsrly | simidig:sim noise: aTBOS culs: csTBOS |- oy am D (MC) ECAL.vs.HB2 /30 GeV pim LHEP/ Eniies 100000 (MC) ECAL.vs.HB2 /30 GeV pim LHEP! ¢y Eniies 100000
. ) . RMSx 8089 aMsx Bo6e ECALint: ANY v1_cut: VINONE Xtal: 7x7 [~ [Mesnx o760 py ECALint: ANY v1_cut: vINONE Xtal: 7x7 [—fwemnx  e7as
e . — b sim/dig: sim noise: nTBO4 cuts: cutsTBO4 | Meany 1868 sim/dig: sim noise: nTBO4 cuts: cutsTB04 [+ Meany 1868
i il RMS x 752 RMS x 752
f)%m’f{l o :%m’g o py_oml Rusy  w0:2 P
OO ool o of o[ oP G40f- .. o=l
wogaseissos s esos B D ofosd 2
ool o ool o
10 30 negral 999e:04 ntegra s osseros 5
5 10
15
o 20 5
5 10
o
10
-10
5 5
15 O it s T R oo (Il O e R e 10
30 40 30 40 = i i i b
ECAL (GeV) ECAL (GeV) 1000 10 20 30 4 30 40
ECAL (GeV) ECAL (GeV)
[(MC) ECAL+HB2 /30 GeV pim QGSP/| [ Esum | (MC) ECAL+HB2/30 GeV pim QGSP/ +cutd [ Esum2
enuien 100000 [R— ] Esum [MC) ECAL+HB2 /30 GeV pim LHEP/ +cuts] [ ESum2
e 218 20 ervies 100000 [ESp—
6000 [ 600!
H, 600 " wo 5| 6000 " P,
Undertow 0 wton 0 s ren s e
rton 500 nderton 50001 —
4000 400
el 16405 [——
H 400 4000
3000 300 H H, H 1\
J H. 300 3000
2000 200 JJ LL JJ LL
JJ 200 2000
1000 100 JJ ]’H JJ ]'H
H\ 100 1000
i
0 20 20 60 E R 60 8 o H \u o )H L\#
GeV Gev 0 20 ) 60 80 ] 20 20 60 80
GeV GeV
‘ Run 30598:ECAL vs HCAL 3x3(3x4) towers (no mu) ‘ | EHbana |
Entries 3485
; Mean x  6.009
2501 Meany 15.18
o r R RMSx  5.641
?(' r RMSy 10.62
040 o 2 o0
T T 0[3483 0
L o o o
30—
20—
10f [ hi ffect | Isibl | t high
o ' 50 GeV or abo
R energies € r above

10 15 20 25 30
ECAL [GeV]

September 14, 2007 Testing Geant4 with H2 Test Beam (page 13) S. Banerjee

G4 Workshop, Hebden Bridge Fermilab



o G
M Transverse Shower Profile
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[1 Effect of shower leakage is being investigated
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agreement with data)
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Seems seeing backward scattered particles
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W Summary =

[] Transverse shower profile prediction is in fairly good agreement with
data - only concern is the energy dependence

[1 Longitudinal shower profile prediction from Bertini model agrees
better with data - seems to see backward protons (in agreement
with data)

[1 Sees excess of energies in G4 models below 10 GeV

[1 Small difference can be explained by Birk's law and Cerenkov lights in
crystals. But observed difference is too large

[1 Too much protons below 10 GeV in G4 model, more in Bertini model
[1 m-production rate not smooth around 10-20 GeV in G4

[1 Tuning can be done in two ways:

[1 Ignore slow protons and ions in calorimeter simulation - (get smooth
curve over the energy region 1-300 GeV)

[J Fix physics model(s) in GEANT4
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