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

J.P. Wellisch
CERN/PH
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Pelre L4 fgereseltiecleip)

R ENElateaitise cases - |.CG.
n AnalVZnesshowers and their development in matter.
= Bri%/erview eff hiadronic models in geant4

m Part 2; Fadrenic showers in bulk matter.

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

m Part 3: ghad — hew: good Is It really?
m Part 4: Modeling electromagnetic showers.
m Examples of electromagnetic showers.
m Selected topics on electromagnetic shower physics.

J.P. Wellisch,
CERN/PH
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l@gmple: Grififin’s, Exciton model
= PhysiRey.liett. 17, 9 (1966)

-

J.P. Wellisch,
CERN/PH
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- Coptriditions gz tdidh

COHIIONLILES yﬁe‘n‘éutmn spectrum

Double differential cross section™ Phipx)n at 160.3 MeV 24.0 degrees

=
(=]
(4]

E T [HHI’I] T IHHHI T [HH]I{. I 11[1[1[[ anrn] T T

(mb/MeV/rad)

da
degT
o

—
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J.P. Wellisch, T (MeV)
CERN/PH
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‘ Wc jtpa‘lﬁu[ model

model, the pre-compound
gltjels 'iviewed as falling apart onto

tWo

m A'systemi el excitons that carry the
excitation energy and the momentum of
the excited system

m A nucleus, that itself is otherwise
undisturbed (Bogolubov’s transformation
diagonal, excitons as quasi-particles)

J.P. Wellisch,
CERN/PH
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|t|aI stateyol pre-equilibrium

decay @@lsts of

s A 740f: thie, pre-compound nucleus,

The number pf excitons (n)
ne number of holes (h)
ne number of charged excitons (c)

m |he momentum and mass of the exciton
system

J.P. Wellisch,
CERN/PH
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g
n"ﬁﬁﬁzstem 5 allewed te evolve, and
collisionspbetiween excitons (An=0,-2), as well

as colli'i'o of excitons with nucleons (An=2)

are"pltintercompetition with particle or
fragment emission.

m [he pre-compound transitions and emissions
are iterated, until the residual system
corresponds to an equilibrated nucleus.

J.P. Wellisch,
CERN/PH




' r r%aﬁi{ﬁies

saNhe prebability’ off changing the exciton

Py ARNIS defined by the matrix

elementieliithne allowed transitions, and
thedensity. of accessible final states

=22 (M) (nV)

J.P. Wellisch,
CERN/PH
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l@ther calculation, assumptions have to
19E ad@%)ut the level densities.

ul [if wegsstme an eguidistant scheme of
single particle levels with level density g = 0.595aA
where gis'the level density parameter, we
can derive the density of states for n
excitons as a function of the excitation

energy as 2 g(gu)n-l
AU)= pihi(n—1)!

J.P. Wellisch,
CERN/PH




-_%{the densities of ther accessible final states can
- aas\(Nucl Phays.A205, 545 (1973))

|. gU - F(p+Lh+)f (U -F(p+Lh+1 0"
:OAn+2(n k] [D gU |:(p h) [D

IOAn O(n U) ——

59 [gU ';(p )][p(p+1)+4ph+h(h+1)]

1
Pan=—(MU) = : gph(n-2)

m With
F(p,h)=(p*+h*+p-h)/4-h/2

J.P. Wellisch,
CERN/PH




-%Tate the matix element, we assume that the
paility fior 2 excitons is the scattering
prebpanilit @ucleon -nucleon scattering

‘ _<o(vv>
a)An +2(n U) V

scat.

m Where we' can estimate

Ve = gn(ZrC + %ﬂf

= with A being the De Broglie wave length,
corresponding to a relative velocity <v>=,/2T,/m

m Here m is the nucleon mass, andr, =0.6fm,

J.P. Wellisch,
CERN/PH
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-é»ssuming the the averaging of velocity and
eetion iactorizes, and taking the cross-

Section
0(v) =05*% |0, (v)+0,,(v)|Pauli(T. /T,)

m We haverall'informartion to calculate the
transition probabilities.

<ov>n+10 gU-F(p.h) O p(p-1)+4ph+h(h-1
- QU -F(p.h) 0" p(p-1)+4ph+h(h-1)

GU —F(p+Lh+1)[ gU - F(p,h)

<ov>0 gu-F(p,h) O ph(n+D(n-2)

Whn-—r (NU) =
A 2( ) Vscat. [EgU—F(p+l,h+1)[D (gU—F(p,h))z

J.P. Wellisch,
CERN/PH




J abifities

nt4 these are similar to the
Emiss| obab|I|t|es of the Weisskopf
evap@mtion model.

m \We calctiate the probability to emit a
nucleon in the energy interval [T T +dT]

+ Dy R, (p.h) 2 ~(E) -

WN (n,U :T) = O-N,inverse(T) ( n-2h3 (U)

J.P. Wellisch,
CERN/PH
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tlfy ragment preduction, we need to
as if) G the nucleons in the nucleus
CONde 0 fragments with a certain
proka w Vi We write for the probability to
find a firagment with nucleon contents N in
the nucleusi as

Vo ONR VG V)™ = NG (N /A

J.P. Wellisch,
CERN/PH




lﬁﬁmlssmn prebabilities are identical

In stru o the nucleon emission
probaglltles except for the
condensation probability and a level
density factor for the fragment

B 0. ()

o(N,0, T +Q)
W (nU T) VN g(T) JN,invase(T) T°h® RN(p’ ) pn(U)

J.P. Wellisch,
CERN/PH
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l@tlstlcal eguilibritm, the transition

proba 5 (w) for creating (An=+2) or
desl:r@lng (An=-2) excitons are equal.

® Hencertherequilibrium number of
excitons can be found from

C‘*‘+2(nequ.’U ) = a—Z(nequ.’U )
mTo be
=,/ 29U

J.P. Wellisch,
CERN/PH
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90 Y opsstering of f Bismuth

| Differential Cross Section: *Bi(p,x)n at 90.0 MeV | Double differential cross section: **Bi{pxin at 90.0 MeV

(mbiMeV frad)
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) W%omﬁ’on models.

l%ﬁlgaf-Ewing evaporation
u EUrinateisigeneralized evaporation model
» Fissiont

m Photon eévaporation
m Fermi-breakup
= Multifragmentation

J.P. Wellisch,
CERN/PH
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%on evaporation

= Trea@@gited nuclear system in

eguiliBrium

m EVaperation produces most of the neutrons
IN a hadronic shower

m [t defines to a large extent the isotope that
IS left after the reaction, and may activate
the detector material

J.P. Wellisch,
CERN/PH




Oy model

%opf’s treatment Is based on the
principleseli detailed balance
" p(I)Pi—»f :p(f)Pfﬁi
m Since tneiprebability'P, ., is proportional to
the cross-section of the inverse reactions, we
can write the probability of a nucleus with

excitation energy U to emit a particle j with
kinetic energy T in its ground state as

P (T)dT s (ZSj +1)m0_ IOf (Emax _T)
P Wellisch, (71h)? £ oU)

CERN/PH

TdT




»
7 4 -
”»
%eral We, tiake Dostrovsky's cross-
thernverse reactions

o, (T)= ,Rzaa+ H

n With
a=076+22A7"3

B =(212A%°-0.05)/a

m For neutrons, and use Shapiro’s tabulation
(PhysRev 90, 171 (1953)) for a and
B=-‘coulomb barrier’ for charged particles

J.P. Wellisch,
CERN/PH
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-ﬁéﬁc&llomb parrier calculated from electrostatics is
applicable, but needs correction for various
effects, mple for tunneling through the barrier.
= To ke eprobability distributions in an integrable

fiorm), a tebulatied coefficient (also from Shapiro) can
be used

ZZ.€°
R,

m For the contact radius, please see A.S.Iljinov, et. al
Intermediate Energy Nuclear Physics, CRC press, 1994

V; =k

J.P. Wellisch,
CERN/PH




-Mplest and widely: used level densities are
rthiese eiVWersskopfi, based on a completely
degener imi gas.

Cp(E) O exp(z\/a(E — 5))

m We use thiswith a level density parameter of
, 0 ]
a(E, A Z)=a(A)+ 2 (- exp(- )

= With parameters taken from Ilijof at al (NPA 543, 517
(1992)), and nuclear shell corrections from Truran,
Cameron, and Hilf.

J.P. Wellisch,
CERN/PH
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| -faWr@opﬁ‘l@ticatec{. ’,
A
lma’s genenal evaporation model
B, 251(2000)

. wpi‘t%ra eters, from Matuse, et al
( Rev.C26,2338)

m Basedlenrthe Fermi gas model, the level density
functions can be written as

W €Ja(E-0) __ o

p(E) =12 @ (-0 T
ie(E—EO)/T E < E
| | '

J.P. Wellisch,
CERN/PH




%EX =U,+d, U, =15-/M,-25

u the nuclear temperature
-

T

i - \/i—lw

U X

X

m and

E, = E, ~T{log(T) ~log(a/4) - (5/4)log(U ) +2,/aU, )

J.P. Wellisch,
CERN/PH




IOf (Emax _5)
pU)

ade

thishinterthe formula for the emission
o)fojo)z|e S5PWe det the width for fragment emission

, U {Il(t'tx) +(5 _V)lo(t)}, g -V, <E
= () +H1,(s, s )e + &

E = J
’ 12 0E

max __
£ -V, 2E,

- Eﬁﬂw)('o(tx)“z(s,sx)es)%

here E=(ET I 1 =E,/T,s=2 /a(™ -V, - J,),s, =2/a(E, - J).

lo(t) =€ (¢ -1)
Il(t’tX) 3 e_EO/TT[(t _tX +1)etx _t _1]1
1,(5,S,) = VB{(s¥? +1.5592 +3.755 %) - (572 +1.55,%% +3.755,"'%)}

1,(s,S,) = %{25‘1’2 +4s™% +13.55? +60.0s "'* + 325.1255°'* -
[(s2 —s%)s™¥% +(1.58° +0.55%)s. 7% +(3.758° +0.2557)s, /% +

JP. Wellisch, (12.875s” +0.625s;)s,*'* +(59.06255° + 0.9375s;)s™'? +(324.85° + 3.2855)5;13’2]}
CERN/PH
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ClidS tp: terMg(28) are considered,
IRCIUdifGithelr guasi-stable excited
statespitihaliFlives

T,,/In(2) >nIT

J.P. Wellisch,
CERN/PH
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I@VE looked at inelastic hadron nuclear
ieactionsfandisome of the modeling

possipjlitiesirealized in geant4.

u Inraoing sowe covered about 20% of the
geant4 hadronic models (8 of 37 packages).

= For the remaining majority, please refer to
the physics reference manual.

J.P. Wellisch,
CERN/PH
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Irying to answer the
duestion:

How good is it really?




Sections:
N Inél@/e Cross-sections

m [hin tar@et comparisons

m Verification of model components
m Code comparisons (least effective)
s Complete application tests

= Robustness.

m [ give a few examples of each in the following
slides.

J.P. Wellisch,
CERN/PH
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OO O CIO5S-SCCHOT:
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J.P. Wellisch,
CERN/PH
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WHEAOID CI0ss-seetions: dots: data, open

Ulyodits parametrization

n+ inelostic cross—sections for warious targets
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:’J, u[tzp[u:ttzes, QGS model
cf_‘ t‘!sdre ’,,,fL, re%} -

pp — X, 200 GeVic
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diseriowetons apd gl
HAIEEI0105 1 qUaTk glworn string model

JD(N)/DYRaP
&

-y
L]

{E/a)+D35SIG/D2P ME/GEVre2

e
5
£
=
oy
bt

S

T'

EKIN(LAB),GEY

100 Ge'V pi+ on Gold 400GeV protons on Lithium

JP. Wellisch, 1.P.Wellisch
CERN/PH
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— Binary Cascade

do/dEdQ [mb /MeV/ar], @ = 7.5°

g o
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TNsCHn e INewErons from

VBRI PR 22, p1184)

. 107

90 degrees

— Binary Cascade

150 degrees

do/dEdD Imb/MeV/srl, & = 30°
da/dEdil [rby/MeV/srl, @ = 90°
de/dEAD [mb/Mev/srl, © = 150

60 degrees 120 degrees

__ Binary Cascade

do/dEdD b /Mev/sr, @ = 60°
G/ AEAR [mb/Mev/sr, © = 120°

Neutron production
At 30, 60, 90, 120
And 150 degrees

H L] J.P.Wellisch
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Uy R L priodction cross-

'OW SELLIy by binary casacde

g

JP. Wellisch, 1.P.Wellisch
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condersion electrons in
IISISRADIL ST

RADLIST (BNL) Geant4

Eadhaton  Energy(keV) Intensity (100dks) Energy (keV) Intensity (100dks)

LEEK 71.301 T100 (6.0 7.301 7055 (1.88)
12.8%% 1000 (070

=L 13567 740 (06) 13.562 595 (054)
13.687 0.35 (013

14,315 0.85 (0.21)
14.405 045 (019
114.54% 1.83 (014} 114 5949 1.9 (0.51)
120457 2.0 (0.33)
121.215 0.1% (0.020)
121 968 0.03 (0.003)
129361 1.30 (016} 129 362 1.25 (023
134,910 0.25 (0.11)
14413 9.16 (0.13) 14413 10035 (0.71)
122061 8360 (0.17) 122.061 8600 (2.07)
136474 1065 (0.08) 136474 1005 (U.71)
632410 0.15 (0.01) 632 030 0.15 (0.09)

J.P. Wellisch,
CERN/PH




dE/dz [MeV/cm|

Energy deposition - Peak
25 . T ' | v | ' ; ' | y Incident
1 Particle: proton
Energy: 200MeV
Histories (G4 1000000
| Water cylinder target
| Length: 30.0cm
20 1 Radius: 10.0cm
1 Segmentation: 0.1cm
4 Colors
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Nuclear interactions with Geantd versus

experiment (G4 5.2 results by Soukup; et al.)
Frecompound
G4.5.0

— Precompound
G4.5.2

— Binary Cascade
G4.5.2

x  Experiment

Phantom and experimental results from H.Paganetti, B.Gottschalk, Medical physics

Vol. 30, No.7, 2003
JP. Wellisch,
CERN/PH




Si=beam sample result, @ 3
(@ courtesy ol thel ATILAS and CMS detector groups) ‘ !\
E

ECAL + HCAL

MC simulation at eto=0.25, and test beam 180 L
160 9 ® Test Beam Data
o GCeontd rised [ —— G4 Simulation
eontd porametrizse i -~ Gheisha
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Neutron spectra - Backward
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Neutron spectra after 7.4cm aluminum
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Incident
Particle: proton
Energies: From 1956 SPE
Histories (G4): 5000000

Beam radius: 20.0cm
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