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MC-wor kshop

Calor imet er  simulat ion: 
Gf lash & PHA t uning

Char les Cur r at  - LBNL

"  The Gf lash package: pr inciples & int er f acing
"  Tuning pr ocedur e on dat a & r esult s in PHA
"  Conclusions

}
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MC-wor kshopFast  simulat ion of  t he shower s

Find/ use f ast  modelling of  t he shower s inst ead in calor imet er s simulat ion:

*  Gf lash: developed by H1 coll., 1990s

}  EM+HAD shower s, longit udinal
+ lat er al pr of iles

}  Geant 3-based of f line det ailed simulat ion ... }

CPU t ime incr ease wit h E
  *  GEANT ... linear  wit h E
  *  Gf lash ..... as log(E)  

t op pair s @ 2 TeV

@ 1032 cm-2 s-1 ?!?!



4/ 25/ 02 Ch. Cur r at  -  LBNL - 3 -

MC-wor kshopThe Gf lash package

"  Single ef f ect ive medium ¢ f ract ion E
vs 

of  deposit ed ener gy visible in act ive medium

dE
vs —r = E

dp
•mŒ

k

•k
•m

c
k

f
k —r dV

}  par amet ers wit h energy dependence of  t he f or m a+b* ln E

r esponse t o MI P r esponse r elat ive t o MI P r el. f r act ion e ver sus had

k=e,had

int e
r ac

t io
n le

ng
t h

"  EM shower  longit udinal pr of iles: gamma dist r ibut ion

"  Lat er al pr of ile: Ansat z ... f or  bot h EM and HAD shower s

f z = xÑB 1 eB x

ÆÑ
, x= Òz X0

f r =
2r R0

2

r 2A R0
2 2

~ calor imet er  

independent

}  par amet er  R
0
=R

0
(E shower , dept h) }  no azimut hal dependence
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MC-wor kshop

â dp

Edp

= a

Einc

Edp= Œ
l

Nspots l EEspot

Cor r elat ions & sampling f luct uat ions

"  Assuming energy r esolut ion t o be simulat ed is

"  Cor r elat ion bet ween a, b t aken int o account

int egrat io
n st

ep l

Ñi

Òi

= ÜÑ

ÜÒ

A CE rand1
rand2

C=
â Ñ 0

0 â Ò

E
áA áB

áA BáB

wit h

cor r elat ion: obt ained 
f r om GEANT/ dat a 

pr of iles (~ indep. of  E)

Poissonian ->
sampling f luct uat ions

"  Dist r ibut e E spot s accor ding t o lat er al pr of ile

"  Go f r om deposit ed E t o visible E:  sampling f ract ions      •m ,
•k

•m

Espot= a2E
Edep

Einc
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MC-wor kshopGf lash: HAD shower s

3 mean values f
k
, a, b and 3 f luct uat ions s

f  
, s

a
 , s

b 
per  class (component )

f
k,

Ñ
k,

Ò
k,
â

f k

,â
Ñk

,â
Òk

3} x
i,
â

i i= 1,9
f

k
= f

k
c

j

cor relat ion mat r ix

r andom numbers

—x= —ÜA C—z —â á —â T= CCT

}  Dist inct ion bet ween pur ely hadr onic &  p0 component s

 HAD shower  longit udinal pr of iles: 3 gamma dist r ibut ions H, F, L

dE
dp

= f
dp

E
inc

c
h
H x dxA c

f
F y dyA c

l
L z dz

p0 
f r act ion pr oduced in 

1st  inelast ic int er act ion

p0 
f r act ion pr oduced in 

f ur t her  devel. of  shower

pur ely hadr onic
f r act ion

}  3 classes of  event s:
H /  H+F /  H+F+L
... wit h r elat ive pr ob.
of  occur ence 
(deduced f r om GEANT)

}  par amet ers wit h
ener gy dependence
of  t he f or m a+b* ln E
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MC-wor kshopI nt er f ace wit h Geant

"  Har dcoded in Gf lash:
*  cor r elat ion in long. pr of iles

*  r elat ive pr ob. of  p0 f r act ions 

... deduced f r om Geant

"  Geant  unt il 1st  inelast ic int er .:
int r oduce & t r ack "pseudo-shower "
par t icle wit h same 4-vec as inc. par t .

"  Geant  t r acking r out ines used t o
pr ovide geomet r y & mat er ial inf os

(X
0
, l

0
, A, Z, R

M
) t o Gf lash

Geant : Tr acking pr imar y
+ secondary t r acks using
geomet r y inf or mat ion

Geant : E loss/ st ep calculat ed 
+ gener at ed secondar y par t . 
passed t o user  r out ine GUSTEP

Gf lash: or iginal par t icle 
init iat ing inel. int . r eplaced
by "pseudo-shower " par t icle

Gf lash: gener at ion of
long. + lat er al E pr of ile

inelast ic 
int er act ion
in calos ?

Gf lash: ò vol. boundar y:
gen. E spot s accor ding t o
lat er al dist . + sampling f luct .

Map spot s t o r ead-out
channels of  t he calos

Hit s banks & digit izat ion

NO

YES
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MC-wor kshopTuning Gf lash wit h dat a

¢ Use calos t est  beam dat a: e,p ... r anging 8 < E < 250 GeV

1. Adj ust  MI P peak

2. Set  E scale: r esponse r elat ive t o MI P

3.  Adj ust  E dependence: 

}  linear it y, r esolut ion

dE
vs —r = E

dp
•mŒ

k

•k
•m

c
k

f
k —r dV

f
k
= f

k
aA bElog E

¢ Tune Gf lash

Result s ... }
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MC-wor kshopPlug calor imet er
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MC-wor kshopPlug calor imet er : r esponse t o MI Ps

dE
vs —r = E

dp
•mŒ

k

•k
•m

c
k

f
k —r dV

0 0.2 0.4 0.6 0.8 1 1.2
0

20

40

60

80

100

120

140

160

180

200

MIP peak (PEM)

pPlug TB, 8 GeV  

Gflash: mean 0.437054

data   : mean 0.445013

0 0.2 0.4 0.6 0.8 1 1.2
0

20

40

60

80

100

120

140

MIP peak (PEM)

pPlug TB, 27 GeV  

Gflash: mean 0.446005

data   : mean 0.458090



4/ 25/ 02 Ch. Cur r at  -  LBNL - 10 -

MC-wor kshopResponse r elat ive t o MI Ps ...

dE
vs —r = E

dp
•mŒ

k

•k
•m

c
k

f
k —r dV
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MC-wor kshopAdj ust ing t he ener gy dependence

}  par amet ers wit h
ener gy dependence
of  t he f or m a+b* ln E
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MC-wor kshopEner gy dependence: linear it y
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MC-wor kshopElect r ons
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MC-wor kshopEner gy dependence: E r esolut ion
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MC-wor kshopOut comes & conclusions

 Par amet er ized EM & HAD shower s using Gf lash ...

over  t he f ull "4p" CDF calor imet r y

over  t he r ange 8 < E < 250 GeV

 Keeping r obust ness ...

GEANT det ailed geomet r y & mat er ial inf os
no r unaway of  t he par amet er izat ion: t uning by int er polat ion

 Gaining ef f iciency ...

~O(100) gain in CPU t ime f or  simulat ion

 Next  st eps: ext ensive t uning at  low E /  j et s ... going on
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MC-wor kshopThe Gf lash package

"  Spat ial dist r ibut ion of  deposit ed ener gy E
dp

 f or  a shower

"  Energy f r act ion of  deposit ed ener gy E
vs
 visible in t he act ive medium

dE
dp —r =

E
dp

2à
f z dz f r dr

lat eral

longit udinal

}  par amet ers wit h
ener gy dependence
of  t he f or m a+b* ln E

r esponse t o MI P r esponse r elat ive t o MI P r el. f r act ion e ver sus had

k=e,had

... n
ext  s

lid
e ...int e

r ac
t io

n le
ng

t h

dE
vs —r = E

dp
•mŒ

k

•k
•m

c
k

f
k —r dV
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MC-wor kshopGf lash: EM shower s

f r =
2r R0

2

r 2A R0
2 2

R0 E,z = R1A R2B R3log E Ez n

â R0

2 E,z = S1A S2B S3log E Ez 2E R0
2

t o get  incr easingly slower
shower  spread wit h dept h

"  not e: no azimut hal dependence
"  f r ee par amet er  R

0
=R

0
(E shower , dept h)

"  Par amet er izat ion of  t he f luct uat ions: log-nor mal R
0

int e
r ac

t io
n le

ng
t h

n=2 ... EM shower
n=1 ... HAD shower

"  EM shower  longit udinal pr of iles: gamma dist r ibut ion

"  Lat er al pr of ile: Ansat z ... f or  bot h EM and HAD shower s

f t = xÑB1 eB x

ÆÑ
, x= Òt X0

~ calor imet er  
independent


