hower simulation at LHC,
at tﬁe eﬁ [e of GEANIA.

J.P. Wellisch
CERN/PH

J.P. Wellisch,
CERN/PH
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o

§ Part I Introduction’™
MSeMEIated use cases) - LCG.
o AralyZgersigewWers andl thelrr development in matter.
m Brie VIEW! off iadronic models in geant4

m Part 2@ Hadronicishowers:in bulk matter.

m Selected topics on hadronic shower simulation:
= [heory driven modeling of inelastic reactions.

= Part 3: ghad — hew: good is it really?

J.P. Wellisch,
CERN/PH
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ch '

Fa

N PIVSICS PrOCESSEstnvelved:
JHiect

s Compte ering

n Pair p@,uctlon (™)

n lonizatien (%)

= Annililation

m Bremsstrahlungl (*)

m Multiple coulomb scattering

CEIOIIyetic showers

m For more detail, please see the complete lecture
notes by Michel Maire (LAPP) on the geant4 WWW
;e wanSite, or the geant4 physics reference manual.

CERN/PH




L éot@ .

I%ectron R the material is acquiring
CHE ENEeray.0i"a gamma completely,
While M In the medium is taking

the'mementum balance:

}A%G_A

m [he electron acquires a kinetic energy that
equals the gamma energy minus the
binding energy of the electron in the atom.

J.P. Wellisch,
CERN/PH




0 S

8 CHOSSESEction for each shell can be
hﬂ r| zedras (E.Briggs, R.Lighthill,
Sand eratory, SAND-87-0070)

R 45 -a(E,)
o=r,aZ°T(E, ")

m Here f is a non-trivial function, and the
exponent a lies between 1 and 4.

J.P. Wellisch,
CERN/PH




| ga'mW@ wooe 50 ke'V.

eant4 Usesithe same functional form as

the Kshell:
fek.s)_za/,sﬂ FZe, e=E,/Mmd)

o With
F(Z, e [ Z ¥ Py [ £+ Po + Ppc Z + P €+ P Z° +

EEE b D £° + Py 27 P 2ot Py Z 5+

3
Prok €

m Similar formulas are used for L1 and L2 shells.

m The accuracy is 25% near the absorption
edges, and 10% elsewhere.

J.P. Wellisch,
CERN/PH




5 mW% BP0 50, Ke'V.

a fermularproposed by Biggs is
used, Where the parameters were fitted

to e)@rlmental data separately for

J.P. Wellisch,

CERN/PH

each energy interval defined by a pair
of adjacent absorption edges:

O(ME)) = Z CE,
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%;W@ offusi

Otal Cross-section exhibits edges where
Neeminia ERergy reaches the absorption
edgesithenndividual shells.

m Afterﬂ)to-effect, characteristic X-ray or
Auger electron emission occurs.

= In geant4, the electron is parallel to the
incident gamma. Note that in the real world
the electroni is emitted in forward direction for
high energy gammas, and perpendicular to
the gamma direction for low gamma
energies.

J.P. Wellisch,
CERN/PH




| CoﬁtpWe% -

ompton efifiect Is scattering of
guasic §electrons and the kinematics

IS thelsel iee 2-particle scattering.

m Assumingrtne electron unbound, in the
Breit frame we can write:

K

k’'=
1+ k(1-cos8) /(mc?)

J.P. Wellisch,
CERN/PH




. cﬁnWy‘specfmm

ergy Spectiting, assuming unbound
e Ecrons s diven by the Klein-Nishima

form%

do_nae s ELH+k L1 RN

dk’ mkzg £ kme BE D@

= And hence the total cross-section per atom is
given by:

k 2 S8 *+0k?+8k +20U
'= 27T 2’; 2 n(2K+1)+K 49K 38K 22[1 K=k/m.
’ 2K 4K" +4K"+K° ]

J.P. Wellisch,
CERN/PH
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Cr&sW PR U geants

4 uses the geant3 parameterlzatlon
log(1+ 2K) AVAE VA & (Z)K
K 1+ak +bk?* +ck?

o(Z,K)=

= With P(2)=2(d +ez+ fz?)

= [he parameters were fitted on 511 data points
for Z between 1 and 100 and k between 10 keV
and 100 GeV.

m The accuracy is estimated to be 10% below 20
keV, and better than 6% for higher energies.

J.P. Wellisch,
CERN/PH




5

f v 10 MeV in 10 em Aluminium: Compton scattering
|| v o, 8 4 ave | | won . 8 d
1cm 1om

J.P. Wellisch,

CERN/PH
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%e@nyon‘eﬁfect
g
f@SS-SECLIONI PEer atom Is Z times
e Gr ection per electron.

#| [nVerse Gompton scattering exists and

as DEERISeen in experiments.

m For k=0, we find the classical Thomson
CroSsS-Ssection.

J.P. Wellisch,
CERN/PH




[IFproduction isithe creation of an electron
INPRIETFeM a'gamma in the presence
O a NUCIels;

y - ee

m It can be described by the Bethe-Heitler
cross-section, which will be corrected for
various effects.

J.P. Wellisch,
CERN/PH




vifl I coTTection.s

A
do(z,h R @0 @0 2,01- 5, ) -F L
i @%ﬂ I -9 D)

u Giveﬂ’\e Cross-section for producing an
electron’of energy €LEy in a material
with nuclear charge Z.

D, @, F, and & leave us to wonder
where they come from.

J.P. Wellisch,
CERN/PH




- gz*@ o Tiplet correction

Mma does netonly: fieel the charge of the
[ ZEJ NI one vertex, hence proportional to
Z>7), It alsersees the charge of the atomic electrons.
0 Since-t@cross-section, and not the amplitudes sum

(Incoherent)), this gives' a correction that is
proportional to the number of electrons, Z.

In(1440/ Z*®)
In(183/Z2"°) - f.(2)

s(£)=

J.P. Wellisch,
CERN/PH




iSHfior thel fact that the formula is calculated
aves (should be Coulomb waves,
PlyS.REV: 61,1954, Phys.Rev.97,p542ff,1955).

= Two -ﬁ!@ion are wused for low and high energies
respectively:
s Below 50 ' MeV: F(Z2)=8/3In(2)
s Above 50 MeV: F(Z2)=8/3In(Z2)+f(Z)

m With

= ZD 1 2 2iD
f.(Z) = (az) Evoae %ci (az?) C

J.P. Wellisch,
CERN/PH




7 tﬁmeg GOy eCtions
&

ding on'the, gamma energy, the coulomb field
LS Ganl De more or less screened by the
electroniclo

= A scre@ng Variable Is defined to describe the impact

parameter o the gamma:

_ 136 m/E,

ANE) =21 £(1-¢€)

m [t is worth noting that this keeps also the screening
corrections fully symmetric in e.

J.P. Wellisch,
CERN/PH




l‘ii?preening iinctions are then
definedias,
-

®, =20.209-1.9305 - 0.08602,5 <1
®, = 20.867 —3.2420 +0.6250%, 5 < 1
®, =P, =21.12-4.184In(J +0.952),5 >1

J.P. Wellisch,
CERN/PH




fiﬁa[% __—
-%n and! positroniand assumed to be
coplan IGANtAE Incident gamma.
= The poleirangle isisampled from Urbans

densityfitnetion, which is an approximation to
Tsai’s distribution function:

9a°
9+d

[ue‘au +due™ ] u=6E,/m

DuD[O,oo[: HOE

J.P. Wellisch,
CERN/PH
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- a%eWr‘gmcfm ton
‘ .
-_%;{gduction IS a cressed channel of
, sraniting
Pair proc%@r as a threshold of 2m(1+m/M)
Abov.e@w VeV gamma energy, it is the dominant

processin allmaterials.

Recoill electrons associated with the correction & are
not explicitly simulated in geant4
The formalism is symmetric with respect to, ¢ - 1-¢
hence any sampling algorithm can be restricted to
the interval e0|mc?/E,,05)

m While not explicitly discussed here, the pair
production suppression due to LPM effect is also

J.P. Wellisch, included
CERN/PH




%sic IGRIZatien mechanism is the
k@ eharged particle, p, with an
atomic electron,

p+atom — p+atom” +e

# In each individual collision, the transferred
energy Is small, but the total number of
collisions is very large.

m The definition of average energy loss per
(macroscopic) unit path length imposes itself,
also for practical reasons.

J.P. Wellisch,
CERN/PH




eergloss and explicit

Nz . L)1
( ﬁaw@;ticﬂr

OWEr, modeling as average energy loss
late only for knock-out electron

eneﬁt are reasonably small.

u O nIghreneray transfers, the approximation
cannot bermade. These electrons need to be
explicitly' generated as delta rays.

J.P. Wellisch,
CERN/PH




I i0SS anc[ delta cross-

-~

ads to the concept of reduced energy loss.

tneeress-section for producing an
electronpwitiisenergy. I by an incident particle with
energy Emin e material with atom density density p,
the reduced energy. loss is

dEI’ (E’TCUt) —
dX atoms

= While the cross-section for ejecting a *hard” delta ray
IS

™ dg(Z,E,T)

[] TdT

0

Tmax
0ZET,)= | da(il,TE,T) a7

TCUt

J.P. Wellisch,
CERN/PH




ﬂ'ergWy‘Qeaﬂy particles
&

-%uncated energysless formula (truncated Bethe-

0| = mCZ,BZ ' high
:_a = 277.°me’n '° =-n % E
e, ™ EZ

- W|th . the classmal electron radius, mc°the mass of
the electron, Ny the electron density in the material, Z,
the charge of the incident particle, Tiig, =min(T,,, T,x)
/the mean ionization potential, o the density effect
function, and C_ the shell correction function, with

NIWe 4 2me’(y° =1)
= = 78" T =
Ny = ZPaoms = 2= = A e =37 TN+ (/M2

J.P. Wellisch,
CERN/PH
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iz Jizpiiiok

s Many approximation e I'are available, the simplest
REN=10eV+Z,

ul [nrgeantdpwertse the ICRU recommended values.

 ICRU 37 (1984)

~Barkas & Berger 1964

J.P. Wellisch,
CERN/PH
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' W@orm/‘tion

%nsity effect correction would be better
nlzlngle plarization function. It corrects for

a re’,c‘lgi)o ["the energy loss (at high

ENeragIes), due to polarization of the medium.

[For detalls) see
M.R. Sternheimer et al, Phys. Rev. B, 3681 (1971).

J.P. Wellisch,
CERN/PH




el correceigns
» »
lﬁ IS the; shell correction term.

Unaer A" conditions, the probability

off cellisIoRS withrinner shells is much

reducedi s term takes this into
account.

m Geant4 uses the semi-empirical formula
of Barkas:

C.(l,8y) =

a(l) , b(1) , (1)
By (BN* By

J.P. Wellisch,
CERN/PH




eselow) orbital electron

-~

sNICRUFREPOrE 49Fdisclsses low energy
O[S Intdetall.
s Beth nbﬁ IS no longer applicable, and other
i

-

formelis eed to be used.

m Ex. erson and Zielger for 0.01<(3<0.05
(Stoppingpower and ranges in all elements,
Pergamon Press, 1977)

s Ex. Lindhard, Scharff, Schiott for <0.01
(Kgl.Danske Videnskab.Selskab,Mat.-Fys.Medd.,
33 V14, 1963)

m In the geant4 standard package, a simple

functional form is used to parameterize the
e waiisn, €Nergy loss for very small particle energies

CERN/PH
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‘ ek - —
‘ .
l%ding on thelamount of material
CONIS) there can be large fluctuations in

the conunueus energy loss

| [lheselcani be strongly: asymmetric, leading to
a LLandaurdistribution.

= The large fluctuations are due to a small
number of collisions with relatively large
energy transfer.

J.P. Wellisch,
CERN/PH




of events

1

Aumber

J.P. Wellisch,
CERN/PH
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eEneos (thin gas layer)
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y

Mdel Huctuations, geant4 uses a
Very sifhﬁ*e particle-atom interactions

MOdEls

m \We useronly two energy levels per atom

m \We consider an excitation of the energy
levels, and! the ionization with energy loss
distribution function (g) proportional to

1/ E?

J.P. Wellisch,
CERN/PH




10SCOPIE cross-section, then, in a path on
e RlmBERof collisions for each type of
sN(Eexcitation, ionization) follows a Poisson

#: SEHDULIONS
Lm - (n)=ZAx

= The eg@y I0SS 1Nl a thickness is the the sum over all

collisions

| Thigh
— MX=2.E +2 E + [Eg(E)dE
<dX> )1E1 2 -II. g( )

AV

m And the introduction of fluctuations becomes

straightforward.

J.P. Wellisch,
CERN/PH
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-

penetration

RLUN HA
WORAL EVENT A

B d

WORL

RUN NR
EWENT NR

of e” (16 MeV) and proton (105 MeV) in 10 cm of water.

i aa

1em

1em

Po

'--"-:-"'-

=

J.P. Wellisch,
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pratan 105 MeV in water: Bragg peak

p 125 MeV

g 18 MaV

20 i L ¥] 50 [ 4] i Ba =14
Edap along X ke in)

J.P. Wellisch,
CERN/PH
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W@wn"’

|fferenC|aI Cross-section can be

WI’IttEIﬁ%
da’ﬂ 2z__5,-/;2 4

dT B°T F]

m And' the integration gives us for the
total, cut dependent cross-sections

277222 =T,
O-(Z, E,Tcut) = %Ti % ﬁ maX 2E2
cut maX Ut

J.P. Wellisch,
CERN/PH
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A

200 MeV electrons, protons, alphas in 1 em of Aluminium

f WO RUM MHFA 1
l o EVENT HNR .+
0.1em

J.P. Wdllisch,
CERN/PH




identi‘c%)a cles.
u WergetrMolleror Bhabha scattering, and can use
the Berger'and Seltzer energy loss formulas.

m For more details see

m H. Messel, D.F.Crawford, Pergamon Press, Oxford 1970
m S.M.Seltzer, M.J.Berger, Int. J. of App. Rad. 35,665,1984

J.P. Wellisch,
CERN/PH




/ - Ao spzcial; CHes grinihilation

e™ 30 MeV in 10 cm Aluminium. Annihilation in fly (left), at rest (right).

RN NA 1 WORL AUH HA 1

WORL 130
- B L L N Lrha | N -

fcm 1om

J.P.
CERN/PH
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. A

-@oss-section ofithe process €'€ — 2y
Can' De dﬁgibed by Heitler’s cross-section

formu
0(Z,E) =20 +4y+1|n6/+ V2 1) L

y+1 Y -1
= And the differential cross-section can be
written as

dO'(Z,E)_ZT[ 1% I ]
de y-leg (y+1) 6(y+1)2[D

J.P. Wellisch,
CERN/PH




-

l% charged pariticle is decelerated in the
eUlIombNield el an atom, and emits part of

Its enw form) 6f a gamma.

n Notes:

m Above arfiew 10 MeV, this is the dominant energy
loss mechanism for electrons and positrons

m For heavier particles (ex. pions) it becomes
significant only above a few 100 GeV.

m [t is very closely related to pair production

J.P. Wellisch,
CERN/PH
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»
lﬁiﬁritical enenay. Is defined as the

energWhich energy. loss by
IOnizaen and bremsstrahlung are

eqgual:

J.P. Wellisch,
CERN/PH
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H
Copper
X, =1286 g em 2
E.=19.63 MeV

Eossi:
Tonization per X
=¢lectron energy

Brems =1onization -

J.P. Wellisch,

CERN/PH
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oo e Beilhie Heitler cross-
—-—

RINGI CrorrECHonS

anltingl on atomic electrons
| Correction uor the: Born approximation

u| Matterpoelakization (dielectric suppression)

8 |.andau Pomerantchuk Migdal effect
| s

m See the discussion of pair production, or S.M.
Seltzer, M.J. Berger, NIM B12, 95 (1985) , Atomic
Data and Nuclear Data Tables 35, p345ff, (1986)

J.P. Wellisch,
CERN/PH




L]

pansicle erengies, the cross-section

2 (.5 500 Reo,Mod.Phys.46,p815,1974)

Here oS the

K

= (1-y) +y? %ﬁzZ(Lrad - £(2))+ 2L rad]m

" kB

fine structure constant, k the

bhoton energy (y=k/E), r the classical

electron radius, f a Coulomb correction

function, and

J.P. Wellisch,
CERN/PH

L_.(Z) =In(184.15/ Z"?),
L’ (Z) =In(1194/ Z2*"%)

i ZD 1 2 2i|:|
f.(Z) = (az) ey aohd ;ﬂq (azZ?) C




m Which,"given the integration of Tsai’'s formula

= 599
0)% 0 dk

m Results in

>:<I_ = 4are2nat [ZZ(Lrad - f (Z))+ ZL,rad]
J.P. Wellisch, .
CERN/PH




. ., _
( fgwﬂt@m o7 t-medium effects:
r

[GRNENgtrel the gamma

emsstrahlung) the longitudinal momentum
onl the nucleus to the electron can be
very'smaliEer E>m and E>k, we have

_ k(me®)® _ K

qlong >

2E(E-K) 22

m Hence Heisenberg's uncertainty principle implies
that the coherence length of emission (formation

length) is substantial : 2hC)?

\Y

K
m If anything happens during this length, the

pwalicn | EMISSION IS disrupted.

CERN/PH




>
[ W e take place

ELOM can), during creation,
[ the electrons in the
matergal (@IEIECtHC suppression

MEechanism).

m [he electron can, during the creation of
the photon, interact (multiple scatter)
with the atoms in the material (LPM
effect).

J.P. Wellisch,
CERN/PH




ié[ZWpyess’tﬁn

M e shiewn, that in medium the
o) atib%eength IS shortened by this

effectto  Zhoyk

P~

f k* +(yhow,)
m \Where the additional term is related to
the dielectricity of the medium by

5(k):1‘(hwp/k)2 and nw, = 4m,rimc?/a

J.P. Wellisch,
CERN/PH




Q)té[eWpyess’tvn

ke the effiect intoe account in the cross-

,‘Me‘vjvrlte -

- @_S()%k

Tsai

m With
f k) K

f,(k) K2 +(hw,)’

m It is worth noting, that for small k, this
corrections becomes k*/(yaw,)’ WhICh cancels
the infra-red divergence in the Bethe Heitler
JP. Wellisch, formu|a

CERN/PH

Sy (k) =




SS101 mecﬁanwm
‘gn953 555,785 Phiys. Rev. 103(1956)p181 11f)

& doEes) It matter?

m We cC UEe, that the effect mattezrs when the

f ()
ag%u 0 multiple scatteringé. =" X, becomes

© able or greater than a typical emission angle
( Byere =ME’/E ) of the photon.

m Frome,..<6.. We can show that the effect is relevant
for pheton energies below the characteristic energy
of the effect where k/E<E/E

= We obtain

LPM

2
E., =2 M x ~7.7Tev/cm) (X,
J.P. Wellisch, 4” re
CERN/PH




_ k(me®)® _ K

Yoo SO E_K) 2)7

-%er scattering Increases the longitudinal momentum
siieriiom the nucleus to the electron, to read

k (mc?)?
i f(k
‘:Ilong 2y 2% 2NCE, py, A )E

m Since the uncertainty principle reads 9. =7¢/ I, we can
calculate the formation length if KE qy <<E’

2ncy” |KE
f (k)= LPM
m(K) " w/ =

= And obtain the suppression function

_fal(k) _ | _K/E
J.P. Wellisch, SJDM (k) " fv(k) P \/ E/ ELPI\/I

CERN/PH




e- 10 Gev in Pb. Bremsstrahlung: gamma spectrum

no L PM

with L PM

=1 o 1 2

4
leg1O(E(Mea V)|

energy distribution of photons at z=zplot

J.P. Wellisch,

CERN/PH



( gﬁt'l;Wpyesﬁﬁn

@orth ReLIRG that both LLPM and
die ecwechanisms operate on the

SameNduiantity. e correction hence do

Aot facuekize. Instead we have

S
+—+—
Sd SLPM

J.P. Wellisch,
CERN/PH




dQ Ruth

Yl et terinyg

dIrged particlerpasses through matter, it
I .anglerelastic Coulomb scattering.

m The ec‘:ﬁ\u ve effiect of these will result in a

def:

FES
m Ift

nrand displacement of the particle with
pDeCt to) thiefotherwise expected path.

ne number of individual collision is large, the

angular distribution is Gaussian. Otherwise, it is quite
similar to Rutherford scattering.

m Moliere theory reproduces this distribution quite well.

J.P. Wellisch,
CERN/PH
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%arameterization that can be used for
tHeNGalssian part Is

‘P( )dQ = ~Exp > HIQ
27165 20

a Where

g ==l /'_Ewossln%%
WO | X, X

m This comes from a fit to the Moliere
distributions, and is good better than 10% for

0.001<I/ X, <100

J.P. Wellisch,
CERN/PH




10 cm of Aluminium. Field 5 tesla.
top: 10 e~ (300 MeV): energy loss fluctuations only (no muls)

bottom: 10 e™ (300 MeV): multiple scattering only (no eloss fluct)

RUM HR 1
A EVENT HNR 8 —
1em

J.P. Wellisch,
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thgrmg’in geant4

almodel propoesed by L.Urban,
based Gh*ewis theory.

-

J.P. Wellisch,
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eRpTenLs studied in the

’}, . W%C@"vaﬁcfation project

ﬁg&6 HCAL
u CMSHI996T combined

% CMS'2000, HCAL
m ATLASHHILE standalone
m ATLAS end-cap hadronic

m Many thanks to F. Gianotti, for
permission to use this material here

J.P. Wellisch,
CERN/PH




\Valicdation of G4 gleeldelalle
- ol \/<’Ir<* ISSSRVIPA TLAS Tilecal

ShDifa, S Constantinescu

I Pions and protons: TB data, Geant3 and
-~ Geant4

(-J

- NP
4

\J eXa,

* Geant4.5.2 (FADS/Goofy):
QGSP 2.7: theory driven modeling
LHEP 3.6: LEP and HEP parameterized

models

« Geant3: G-Calor

- 2002 and 2003 test beam data



(1 is normalized to e response for each energy and rapidity)

‘ + Ey.ort 50(e), 100(1), 180(1r) GeV
+ n: 0.25, 0.35, 0.45, 0.55, 0.65

?

(1 is normalized to e response for each energy and rapidity)

bt 2. 3 blakd 9-GeV (m)
- n: 0.25,0.35, 0.45,0.55, 0.65

QGSP-2.7 and LHEP 3.6
E,...: 50, 80, 100, 180 GeV
- n: 0.25, 0.35, 0.45, 0.55, 0.65

J.P. Wellisch,
CERN/PH



pion resolution
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pion resolution
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pion resolution
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o/<E> (ratio)
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pion resolution
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o/<E> (ratio)
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pion resolution

12
* — LHEP 3.6

s ¥ ® — TB DATA

+

4 L ]
8= | B

I
1

:

6 b

J.P. Wellisch,
CERN/PH

o/<E> (ratio)
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dependence of the e/ ratio
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| alidation using CM S
‘* HCAL Test Beam

V. Danid Elvira

‘.. L CG validation meeting

| Dvscovering the Nature of Nature ||

J.P. Wellisch,
CERN/PH




ANT4-OSCAR

o successive Hcal test beam

02,03,04)

Use OSCAR 2 4 5(G4.5.2), LHEP-3.6, QGSP-2.7
" (Hcal TB02 has been released as an OSCAR2 example)

J.P. Wellisch,
CERN/PH




."-‘- da

’. -
‘ — 40
S
Eﬂm 35 :_ o OSCAR245-GEANT452 (TB02)
o [ QGSP-2.7 :
30— + OSCAR245-GEANT452 (TB02) E GE/E(%) stat bkgnd Ca“b
25 . THO% Dats 30. 21.76 012 3.00 02
: oy 11532 o 50. 17.40 0.10 0.60 0.2
201~ E'™ E ' 100. 1295 0.07 040 0.3

300. 855 0.05 000 0.3

10

Includes Electronic Noise

_ Syst. Errors 100% correlated

uu_l L1 |5|u| L1 I.”;ul [l I-“'sul [ Izll_ml [ Izglsul [ |3l|]u| In. Ener‘gy, uncor‘r‘ela"'ed.

Pion Beam Energy (GeV) Wlﬂ’\ each OThZI" (added N
quadrature)

Excellent agreement in resolution

J.P. Wellisch,
CERN/PH



1.05

LHEP normalized up by 1.05
— QGSP normalized up by 1.03

. E oJ/E sa bkgnd cdib
: 20. 0.8640 0.0015 0.0800 0.008
30. 0.8790 0.0010 0.0320 0.008

Energy Response

0.95- 5

O——dn

- 50. 0.9240 0.0010 0.0050 0.008
0.9} Includes Electronic Noise . 0.9604 0.0007 0.0003 0.008
. 0.9823 0.0004 0.0003 0.008

! OSCAR245-GEANT452
085 4 ¢ LHEP-3.6 3
OSCAR245-GEANT152 Syst. Errors 100% correlated
°  QGsP-27 in Energy, uncorrelated
“e with each other (added in
i o TBO2Data quadrature)
075 I5||JI . I1||J|JI - I15||JI . IzllmI N I2éuI N I3|IJ|JI

Pion Beam Energy (GeV)

JP. Wellisch, Excellent agreement in linearity
CERN/PH
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& Use GEANT 4.5.2.p02 with the Test Beam description given as one of

February 2004 MCAL 96 Tost Boam

Simulation

the advance examples

E—_r"l'r ¥ kS _a.-_:
I
|

1
| — -
;‘F.

e ——
e

1 The absorber layers are made of a special type of Brass (not Copper)
of substantial lower density (interaction length)

1 All Monte Carlo event samples are regenerated with the new setup
definition and using the physics list of version PACK 2.3:

* LHEP version 3.6
¢ QGSP version 2.7
o QGSC version 2

% FTFP version 2.7
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= =
o~ HCal alone data
‘ 100 GeV 7 sample has been used to obtain the energy scale factor
it S s 7 (GeV) RMS (GeV)
e Data 024+0.1 9.4+0.1
———=-  QGSPF b i :
LHEP 9.840.1 10.3+0.1
QGSP 0.2+0.1 9.5+0.1
Gheisha 10.24+0.1 11.0+0.1
- heisha
2 * U
1H;— O QGEP
i.8F
£ ’% ;
| o
| 3 st
4 ut | Thy Mﬁg
I}IE— I
o F1 1 - '“lm" e 160 150 '}'2:?::-””;-'”';o””ﬁu'“'1||ul"l1'.:01"'1;n
Total Energy |GeV) Total Energy (GeY)
Geant4 models (particularly QGSP) provide good description of energy
resolution
Felrwary 2004 5 D-.IIM'I_H

i Simwlati BN/ TIFF

J.H
CERN/PH
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Energy deposit in Layer 15 Longitudinal Shower Profile

For longitudinal shower profile, data lie between predictions from LHEP
and QGSP

Felwuary 2004

§ wad
Ll simulatior Vakdation Mesting

5. Damirjo:
CRN, TIFR

J.P. Well
CERN/PH




Longitudinal shower profile:
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o Difference between data and Monte Carlo reduces at higher energies
o Parametrised models are in better agreement

HCAL 86 Test Beam 5. Banorjes
ERN,/TIFR

J.P. Wellisch,
CERN/PH




“Physics vahdation of LHC simulations™ meeting February 04, 2004

Pion Simulations
for the ATLAS HEC Testbeam

A. Kiryunin, D. Salihagié, P. Strizenec
presented by P. Schacht

¢ No new results since December 2003 meeting
(hitp://agenda.cern.ch/age?a036494)
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“Physics validation of LHC simulations™ meeting : : February 04, 2004

e HEC stand-alone testbeam

e Geant4

- Version 5.0p01

~ Hadronic physics lists for calorimetry
+ LHEP 3.3
* QGSP 2.3

- 20 pm range cut

e Geant3

- Version 3.21
— G-CALOR (hadronic shower code)
- 100 keV transport cuts and 1 MeV process cuts

L
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“Physics validation of LHC simulations”

meeting

Pion energy resolution

February 04, 2004
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“Physics validation of LHC simulations” meeting

Fraction of energy in HEC layers
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“Physacs validation of LHC simulations™ meeting
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The END?
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SHhe GHAD WWWW: pages.

B9 ko1 dd SEBINEE i . Cla/ W/ GHAD/HomePage/

. Thy%“ysics ist pages.
NI EIIsEeENcerven)~hpw/GHAD/LCGPage

- 4
m [The geant4 physics reference manual.

m Qtoes//ceantdiweb. cern.ch/geant4/G4UsersDocum
ents/Overviewyhtml/index. html

m References given throughout these lectures.

m Slides available from the CERN main page, and
the corresponding entries in the agenda system.

J.P. Wellisch,
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The END.




