G4 validation with test beam data from
LHC calorimetry (ATLAS and CMS)

P. Strizenec (IEPSAS Kosice)
for ATLAS and CMS G4 validation groups
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+ Based on:

L 4

L 4

L 4

ATLAS Barrel TB 2002, 2004 (for details see: T. Carli, G4 review 16.4.2007;
T. Carli, ATLAS simulation optimization 31.8.2007)

ATLAS HEC TB (details in: A. Kiryunin & P. Strizenec, LCG physics validation
25.7.2007, some new results here)

CMS H2 TB 2004, 2006 (details in S. Kunori et al., LCG physics validation
9.5.2007; S. Piperov, LCG physics validation 20.6.2007)

CMS H4 TB 2006 (details in F. Cossuti et al., LCG physics validation 9.5.2007)

thanks S. Banerjee for CMS summary material

¢+ Qutline:

L 4

L 4

short description of TB setups

em physics results (only short examples)

+ hadronic physics results

L 4

conclusions & open questions
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Detectors:
CMS ATLAS

Superconducting Solenoid

Silicon Tracker A Toroidal LHC Apparatus

Pixel Detector

Very-forward
Calorimeter

Muon spectrometer

LAr calorimeters (EMC, HC)
Transition Radiation Tracker

........

Silicon Pixel detector

Hadronic
Calorimeter
Hectromagnetic

Calorimeter ?

Compact Muon Solenoid

Muon

+both are multi-purpose detectors, built on
the LHC collider (proton-proton 7+7 TeV)
+primarily for detection of products of
proton-proton collisions (ions possible)
+searches for finalization of Standard Model,
or physics beyond it
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+ Detectors:
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CMS
+ ECAL.:

¥ PbWO4 crystals (7x7 in 2004 and
supermodule in 2006)

+ HCAL.:

¥ Brass/Scintillating tiles with wavelength
shifter (production modules with fina
readout electronics). Special readout for
longitudinal shower profile studies.

¥ Forward region: Iron/quartz fibers
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

Extended tile |

1
\

+ LAr calos:

# EM barrel (Pb accordeon) |N|<1.475
% EM Endcap (Pb Spanish fan) 1.4<|n|<3.2
% HAD Endcap (Cu) 1.5<|n|<3.2

# Forward (Cu, W) 3.2<|n|<4.9
+ Had. barrel:

# Scintillating tile / Fe

G4 workshop



G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)
+ 'TB setups:
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+ beam instrumentation properly described

# usually pointing (beam direction like in final detector (not in the ATLAS
endcap)

HB1: tower—wise readout — normal, as in CMVS
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HB2: Layer—wise readout — for longitudinal shower profile studies
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B. Heltsley, ECAL Test Beam Mtg Feb 15, 2007
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Electron results (response and resolution) : Loms
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Electron results (lateral profiles) :
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+good description, also for asymmetry
+problems in tails at large energy,
be a detector effect — xtalk?), might be a
problem for particle ID in Atlas

#MC uncertainty shown, but not visible
P. Strizenec, Hebden Bridge 13/09/07
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+G4.8.2 closer to data

#no dependence of the data-simulation offset on the
energy
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

np»r-»

+ Electron conclusions:

+ good description of response and resolution of TB data with
G4.8.2 for most of the tested setups

+ SF agrees better with a first principle calculations now

+ only for ATLAS HEC (Cu parallel plates) resolution is too
optimistic

+ the lateral profiles still shows some discrepancy (in all
energies the same for CMS, but only for large energies in
ATLAS LAr)

+ the CPU penalty introduced with the new MS is partially
recovering, for instance for ATLAS HEC simulations,

+ time ratio G4.8.2pl1 / G4.8.1.p2 = 0.91
+ the preliminary time ratio G4.9.0 / G4.8.1p2 = 0.84
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Muon results:

ATLAS Tile Barrel, catastrophic energy losses also
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ATLAS Tile Barrel, Data/MC agree in peak region
within 15%, data a bit wider, but this could be an 0
instrumental effects. (dist. shifted to agree in peak)
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)
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m 1.25 -
LIJO — —e— 20 GeV
\E 1.2 —=— 50 GeV
& - —— 100 GeV sat 350 GeV pion
w 1.15 = {, 3 —v— 150 GeV contamination in beam,
_ no precision
1.1 350 GeV comparisons
- = * | ®#no clear trend in
1.05 — i i ’ 5 . energy dependence
1 - L 2 4 | %in average MC slightly
— } higher
0.95
0.9 | | | |

| | | |
PreSn;p str’bs i 0/ Bac‘k “4r, 9~Su:; Ceyy 8¢ Ce/y o Ceyy Tin e-su,n
+ Muon conclusions:

+ G4 describe the measured signal with 2% precision, with
uncertainty ~ 1.5% - good quality of G4 (and also of
understanding a detector)

+ consistency between electron / muon energy deposits (em

shower / ionization)
P. Strizenec, Hebden Bridge 13/09/07 G4 wo rkshop 9



G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
L
2 ¢ Hadronic results (energy distributions):
Lon
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HF - quartz fibre calorimeter, sensitive to pi0O in

: HF response calibrated with 100 GeV electrons,
hadronic shower

G4.8.2p2 used, LHEP still better agree with data

HF response calibrated with 100 GeV electrons,
G4.8.1p2 used, LHEP agree better with data
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
% * Hadronic results (energy distributions): G4.7
S .
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QGSP_BERT gives reasonable description
but starts and ends too early

Tile A Tile BC Here positive beam !

From 2002 H8 analysis:
~50% pion / ~50% protons
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Hadronic results (response):

np»r-p»
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

ne»r-p

* Hadronic results (response):  ATLAS Tile projective

mean in layers
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+ Hadronic results (e/pi ratio):

np»r-p»

pi/e TB HB2 vs G4 LHEP (no Birks law)

- ECAL+HB1 3x11

O Pions- ECAL+HB2

Pions- ECAL+HB2 3x11 G4 LHEP no Birks

Pions- G4 w/ like TB calos cuts & G noise

10 10°
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E [GeV]

G4.6.2

LHEP - good agreement with data,
except for p<10GeV.
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)
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N G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A

. T

N L
E 2 *+ Hadronic results (e/pi ratio):

ATLAS HEC
= 1.5 = of 5 1.5 g
@ — e Q - X
1.45 :_i * Exp 1.45 :_l ® QGpSP
= = o QGSP-BERT
1.4 = I ¥ 580 1.4 E‘ O QGSP-BIC
135 F® A 81 1.35 g
1.3 o f ¥ GF 13 F $
= ¥y Lt
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2F s 3R g g| G2EenoDa §44
= % = oP ol O
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#G481: pion response well described by QGSP, Bertini too  #Adding cascade models response is increased
high (resolution to good) , o by ~5% (effect can be partially recovered by
+#Shower shape too short in QGSP, good with Bertini introducing Birks law - next slide)

- D 3 3 X
:E;ﬁgvéﬁy change 8.1->8.2 7 Only elastic scattering +Resolution becomes smaller and does not

#To be understood agree with data
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
L . .
A Birks law ATLAS LAr/Tile
LAr recombination depends Q A o SR —o— RlLAT oy T8 o)
on particle energy loss =
Q, 1+kdE/dx = )| I an
ATLAS HEC £ i
"?‘3 1.5 5 e ﬁ 1.05F - e RYLAn)
145 E | m
1.4 b -
135 Ee® g —o— Ry(LAr)
13 | +, ﬁ
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11 E Efprairlv-- law 9 No energy dependence
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In G482 signal becomes larger and resolution
ller, not yet understood (only ch in elasti :
:g?ct:;ng()), yet understood {only change In elastic LAr Barrel: effect few percent, shifts MC

Shower shapes similar in G481 and G482 towards data

QGSP_G481=QGSP G482+Birks (recover response, and
partially resolution)

For QGSP BERT therefore still discrepancy to data, no
consistent picture
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
L
A+ Hadronic results (had/e ratio): CMS TB 2006 G4.8.1
. pim h/e (QGSP TBlike)
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example from TB2006 - suppressing slow and heavy particles helps to get better
profile for had/e ratio.. Possible reason, see next page
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Hadronic results (had/e ratio): CMS TB 2006

ner-p»

Multiplicity of Secondary Particles at First Interaction Point

QGSP QGSP-BERT

Multiplicities of secondary particles at V1 Multiplicities of secondary particles at V1 (QGSP_BERT)
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too much neutrons/protons/ions ? pion production not smooth at 10-20 GeV ?
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N\ G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
s L
2 + Hadronic results (longitudinal profiles):
ATLAS HEC CMS
Layers: 1.5/2.9/3.0/2.8 interaction length
o 14§ 14 ¢ P -
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QGSPv. 2.8, 3.0, 3.2, 3.3 Egeay [GeV] QGSP - shorter shower profile.

G4.9.0 should contain new quasi-elastic, and therefore

have longer shower (seen in ATLAS Barrel). But not

for copper calorimeter - study by A. Ribon
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
L . . . .
2 + Hadronic results (longitudinal profiles):
= 1-85 pion ATLA.S Tj.].e § 1-85 pion
S 1.6 QGSP O 20 Gev o 1-6f LHEP O 20 GeV
= 1.45— 4 50 GeVv = 1_45_ A 50 GeV
2 Without Bertini |22 12f Enerdy dependent s loy
—_— £ —i— :*:
- Without Bertini_::225 e er ety B
0.8 == o8 ‘E"++"+'
o6 TS : F Rt
ety o =Sl
o2 TP ++
I - S | I ST R of A B | |
% [7\,] 5 10 15 20 25
@ 1.8F s 1.8 : x [A]
S 16f QGSPBERT o Ben o 1.6~ QGSPBERT O 2oGev
= 1af A 50 GeV = 1.4 A 50 GeV
E A 100 GeV C A 100 GeV
12— . . o —
e=-__With Bertini = 180 Gov S = 180 Gov
| i = = i """"""""""""""""
W = N = ##H 4
ot 3 %# G47 |
o4F ~ -25% i—+-+- | G483
0-2;—
o= - T R 15 26" 25
Energy independent x [A] x [A]

+QGSP predicts too short showers, LHEP describes shower profile at high energies quite well.

+G4.8.3 introduced new quasi-elastic scattering, seems to help here (but not with proton - see
next pages)
*Nuclear cascade model make shower longer and better describe the data
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
L
2 ¢ Hadronic results (proton longitudinal profiles):
ATLAS Tile
G47
a 1.8 g 18
a C proton 3 proton
o 1.6 QGSP A 50 GeV O 1.6 QGSPBERT A 50GeV
= 1_45_ A 100 GeV = 14 A 100 GeV
- m 180 GeV m 180 GeV
1.2PF 1.2 e
1:_* ____________________________________________________ B
0.8 el 0.8 *
8 —— . :l:
n n - i_":-i-
0.6 0.6
= e
0.4 0.4
: + %
0.2 O 0.2
-I [ [ [ I [ [ [ [ I [ [ [ [ I [ [ [ [ I [ [ [ L I [ [ 1 [ | [ [ [ [ [ 1 1 1 [ 1 1 1 1 1 1 [ [ 1 1
0 5 10 15 20 25 0 ; 16 15 50 55
X [A] X [A]

+QGSP and Bertini similar behaviour like for pions - predicts too short showers, nuclear
cascade improve a situation slightly
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
L
2 + Hadronic results (longitudinal profiles):
_ ATLAS Tile
Pion
@ 18[ q 1.8[
s C pion © " proton
§ 1.6F QGSPBERT O 20 GeV S 1.6 QGSPBERT A 50GeV
1.4 4 50 GeV = 1.4F A 100 GeV
- A 100 GeV : m 180 GeV
12 m 180 GeV 1-2;
1: """" i ﬁfﬁ# __________________________ 1_+:!:EE """""""" i S—
0.8 0.8F 1ﬂf 4+ T
O 3-5% 0.6F +
0.4f | G483 0.4F ++
0.2¢ 0.23—
0 5 10 15 20 25
x [A] x [A]

+Introducing new quasi-elastic scattering, seems to help much less for protons ?
+*Energy dependency for protons ?
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
L
= * Hadronic results (longitudinal profiles):
ATLAS Tile
First glance to G49: (only 1k events available)
s 18 s 1.8
124 roton C roton
S tsf QGSC 2 socev|| S 1ef FTFP 2 50 e
1.4 A 100 GeV = 1_4'_ A 100 GeV
m 180 GeV : + m 180 GeV
1.2 1.2F
B 1#44##1 —————————————————————————————
0.8F 0.sF +—+— _+_ ‘!’
06 0-65— -+-
0.4 : 0.4f T
0.2~ , 02|
0:""|""i""|'"'I""I" :----I----I----I....I....I..
5 10 15 20 25 0 5 10 15 20 25
x [A] x [A]
G49 ~ G483 (to be confirmed with more Fritjof model very good
statistics) _ o . at large energy, still bad at 50 GeV
Some interesting new physics list appearing. - would like to discuss with G4 experts
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Hadronic results (lateral profiles): ATLAS LAr/Tile ca7
] =]
190 E=100 GeV <10
0.06 . .
QGSP Good description, QGSP_BERT
0.05 if pion/proton mix
0.04 Pion MC in beam is considered - Pion MC
g proton Mc | @and Bertini nucleon Proton MC
cascade model is
2otz assumed
0.01
1 0.'3 =20 <L S0 =
0 Second moment of cluster radius
1 o 70
o 70 . ATLAS Tile s T o _ooon
3 F m | g Data ufo 60— proton S A LHEP
wi- 6o = A LHEP 5 - m | ™ QcsP
—~ B W QGSP £ B
E 50:_ = A LHEPBERT QGPS and LHEPUJIS 50:— - é;‘;ESZE:;T;r
- . a (BOeSPBERTE predict too o ™
sol-m 4 - narrow showers. -, . A
- .. A
wof o g . The description  sof . O
"o R = pi ons much improves of ° 2
20r- 4 with the Bertini -
0t 7 - o s e
Ebeam [GeV] Ebeam [GeV]
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
k i i
& * Hadronic results (energy resolution):  ~pms G4.7.0
Long 30GeV pi- Long 100GeV pi- 150GeV pi-
0.16— C B
u 14; e TB04-D atai L As -+ TB04-Datz N T804 Date]
" —LHEP-36 3 —HHEP-L m: —LHEP-36
C 0.1 +H 08—
0.1 - = —QGSP-2.7 L —QGSP-2.7
m; —QGSP-2.7 08f- s
8- - —QG$C-29 - —QBSC-2.9
N —QGSC-2.9 0.06- . .
0.06_— - 0.04}—
L 0.04 FTFP-2.8 - FTFP-2.8
0.04 FTFP-2.8 - -
- 0.02[ 0.02—
0.02F C i
C ] i
e R 0 10 ) R R ’ e e
Beam Energy [GeV] Beam Energy [GeV] 0 50 10 15 200 Bes r:i:ergy [610\?]
+Resolution better described with LHEP
+others too much pi0
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
L
A + Hadronic results (energy resolution):
ATLAS Tile
@ 1.5C @ 15[
-'t-ul B picn A1) [
Q2 - & HEP Q2 L pion
a 1.4 _—G47 W ccsP Ej 1.4 G48 | felety
= 1.3 :_ :E—t'zzppilzlzﬂﬁj; = E K QESPBERT)
~E | | 1.3F
C ® -
1.2F U Y |
‘A & 1.2
1.1 ' [
:  { 18
1 B & * | - i
o9 - w
- ¥
o.s— 1 1 1 09 ] [ [
20 50 100 180 20 50 100 180
Epeam [GEV] E,__ [GeV]

Resolution better described with Bertini in G47 and G483
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N\ A G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)
N . . o A @B
A + Hadronic results (energy resolution): E,.. VE, )
g,_, 74 . g 7.5 :
> - 7 F
@ 72 - m F
fﬁ 70 :_ """""""""""""""""""""""""""""""""""""" ‘_/:':) 65 ;_ O
- e ATLASHEC cf o ° o
68 |- B T e e e T e e P e e e
gy s 5.5 F o o
66 - Q 5 E
64 F a5 F
62 6 s
60 :_ Samp“ng term 3.5 E_ Constant term
58 : | | | | 3k ' ' ' '
70 8.0 82 9.0 70 80 82 90
GEANT4 version GEANT4 version

Physics lists used: QGSP v. 2.8, 3.0, 3.2, 3.3

G4.9.0 results are preliminary, but clean recover of sampling term seen
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ATLAS LAr Barrel

G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

+ Hadronic results (time structure):

time {E _bef birks * (time <= 116)} i

Entries 2112287

T T | T T T I T T T | T T T | T T T | Mean 15-67

10° :_ RMS _4.186
10°E E
10°E , =
= long tail S
e not shown .
10 E
[ T R T A T T TR N R TR TR BT ]

' T
20 40 60 80 100 120
[ns]

+A lot of hits are out of time, but most of
them have low energy

+It was treated differently so far — Tile
used proper time structure LAr/Tile CTB
not, LAr Endcap also not

+Does G4 predict the correct time ?

ATLAS LAr Endcap

_ [Cluster R<0.4 energy
500—
~ |No time structure
- Mean: 147.29
400|—| Sigma: 16.97
: Proper time structure
300[—| Mean: 150.14
B Sigma: 15.25
200 .
— 200 GeV pi-
- e.m. scale
100—
0 =il = 1 1 L | | l 1 ‘ 1 11 | 1 L 1 ‘ 1 1 | | L 1 1 1 |
0 20 40 60 80 100 120 140 160 180 200

[GeV]

+LAr Endcap TB - difference is =2% on
scale and =1.3% on resolution, both on e.m.
scale

+[.Ar/Tile Barrel effect =1% on scale
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N G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

np»r-p»

*+ Hadronic results, conclusions:
+*not so clear picture
s*response and resolution:
+ LHEP - O.K. for CMS, in ATLAS only for HEC resolution

+ QGSP - O.K. for response and resolution ATLAS HEC, but problems
if adding Bertini

+ QGSP BERT - O.K. for ATLAS Tile, linearity excellent, only
absolute energy too high =2%

+*shower profile:
+ QGSP - starts and ends too early for all tested setups

+ LHEP - O.K. for CMS and ATLAS Tile (some problems in energy
behaviour), for ATLAS HEC at small energies rather close to QGSP,
whereas at high energies it predicts a later start of the shower

+ LHEP below 10GeV problem in CMS (energy excess), too much
slow protons/ions ?
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(’(“\ G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

np»r-p»

+ Hadronic results, conclusions:
+shower profile (cont):
+Bertini model - widens shower longitudinally and laterally:

+ for ATLAS setups better agreement with data (from 8.3 good
agreement for ATLAS Tile)

+ improves the situation (for both pions and protons), new quasi-
elastic scattering improves for pion, but not for proton ?

+ but HEC problems in response and resolution

+CPU time is an issue starting from 8.1

+first hints from 9.0 shows some improvements for CPU performance,
to be tested in more details

+Fritjof model looks good in 9.0 ATLAS Tile (small statistics so far
available), to be studied further for other setups

+how well the time structure of energy deposits is modelled ?
(Important for pile-up studies and proper digitization simulation)
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

np»r-p»

BACKUP SLIDES
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CMS H2 beam line

G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

VLE setup

O
£% A80 GeV/c
from SPS \
wobbling Ha SCI VLE
| VLE tag S1-54
’ against
N Q‘_»J punchthrough Seam
g i trigger
: counters
i N
400 GeV/c  10GeV/c<p<400GeVic |  2:9GeVictertiary [Wire Chambers (WC A,B.C):
i i E bk %
primary protons secondary | hadrons/electrons single hit to reject
hadrons/electrons g : . A
interaction in beam line
Available beam tunes: —

pions 2-300 GeV
muons 80/150 GeV
electrons 9-100 GeV

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

P. Strizenec, Hebden Bridge 13/09/07

G4 workshop
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

HF Test Beam Setup

One wedge and beam line
elements.

5 mm x 5 mm fiber
segmentation

spitt i L s B e
--SLSLSL..
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

np»r-p»

CMS H2 beam line, cleaning of data

e h e h 2
(MC) ECAL.vs.HB2 /9 GeV pim LHEP/ Entries 100000 5 (MC) ECAL.vs.HB2 /9 GeV plm LHEP/ . ,i5 Entrles 100000 .
ECALInt: ANY v1_cut: vINONE Xtal: 7x7 .. |Meanx 24 ECALint: ANY v1_cut: vINONE Xtal: 7x7 I Meanx 24 ( : 1 t
sim/dig: sim noise: nTB04 cuts: cutsTB04 i [Meany 4.234 sim/dig: sim noise: nTB04 cuts: cutsTB04 : |Meany 4.234 * a_ Orll I le er
;. |rRMs x 2138 P ;. |RmMs x 2.138 o

SRR B § ] S O based cuts

=12 R imy ! A are necessary

B - to clean up
R the beam
T T - o interacted
ey » particles.
N o These
introduce

]

....................

{(MC) ECAL+HB2 / 9 GeV pim LHEP/| Esum [(MC) ECAL+HB2 / 9 GeV pim LHEP/ +cuts | Esum2 -
6000[ e 6000[-....; o SYStemath
s - TR I 1 errors, but
5000 mdrtow 5000 narton
g T are the only
4000 . 4000[ .
T LI T A R : way to enable
30000 ..o b 30000 b .
comparison
ST T T S T R with TB data.
10000 ot o 1000 bl
0 |3i0| 0': '3io'
GeV GeV
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)
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data — simulation,

difference in the containment vs eta:

no evident trend is visible
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

The CMS ECAL H4 testbeam simulation
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
A
s ATLAS HEC
Electron resolution Electron signal in one cell
> 23 - = 29
S 225 F o _ A R
< 22F txp. Emes  AE beam...............] 5 28F
£ 2iiuiateintolietetnlutulolututuboiutolututeiuletolutaei bttt = A N Y B
5 215 F 3 o755 D
- A4 -
g 21t o ® 27 E
= : O :
E 205 F 26.5 F
o C C
20 | * 26
K e 5
19.5 3 25.5 3
19 E I I I I I I 25 bl vl el
50 5.2 6.2 7.0 8.0 8.1 10 10 10

GEANT4 version GEANT4 range cut [um]

Performance of em physics in ATLAS:
1) larger visible energy, larger sampling fraction in agreement with first principle calculations
2) better description of resolution:
3) Consistency between electron and muon energy deposits (em shower/ionization)
4) no change in shower shapes observed so far
5) CPU increase 50-100%.
ATLAS Lar Barrel: good description of energy response, resolution
longitudinal and radial profile using G4.8
ATLAS HEC: G4.8 improves over G4.7, resolution a bit too good in MC
FCAL: sampling fractions and resolution in better agreement using G4.8
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

ATLAS HEC G481

14
13F + QGSP BERT
o o & -
5 2 F 0 QGSP-BIC Resolution
TEbgth en g b G g ME
: C Rk Ib TR -oeoeee 1 1 TL0 L U S
09 F — 75
08 F "% C e
- T SRR
Bl MEL B S o B A
TR R R IR — S ————————
(8 < 6r 4
N 5
H: 60 |
bogertoa] T -.?.h..l-.a-. N - A ©
' . y: § i e -
A 4 55
o 04 F " A LHEP* o
8; - .LaYer? || 08' | .LaYer‘.l L 50 FO QGSP* _
0 50 100 150 200 0 50 100 150 200 : Sampling term
Egeyy 1G6V] 45 ' ' '

STND BERT BIC

Adding nuclear cascade models gives good Physics list
description of data.
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1N, dn/d E
h

G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

LAr/Tile Barrel CTB 2004: Pion Layer Energies

-0.2 0 0.20.40.60.8 1 1.21.41.61.8
E= 9 GeV

1/GeV
Lay ( o J
o] .

2
[

1N, dn/d E
n

2

o

0.2
0.1
o

0 1 2
1st cluster

3 - 4
E,, ., (GeV)

P. Strizenec, Hebden Bridge 13/09/07

g 1-_"|I I I L I- .] Data
= | 1— G4-LEP
% +—— G4-Bertini
L 4
T
= o o o
s ] ...also in TileCal layer same conclusion:
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Need to push
applicability limit down
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

A
T
Y ATLAS HEC: Timing Performance
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G4 validation with test beam data from LHC calorimetry (ATLAS and CMS)

ATLAS HEC: Timing Performance

LHEP based physics lists
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QGSP based physics lists
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