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• Goals and plans
• E x am ple s of  w or k  done  so f ar  and f i r st  r e su lt s 
• E x am ple s of  on- g oi ng  w or k

The Simulation physics- v alid ation sub - pr oj ect
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Physics Validation :  asse ss ade q u acy of  the  S im u lation p hysics and e nv ir onm e nt
f or  L H C  p hysics
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• P h y s i c s  o f  s h o w e r  p a c k a g e s ( G 4 ,  F L U K A )  :  t h i s  i s  t h e  m a i n  g o a l .
• A d e q u a c y  a n d  u s a b i l i t y  o f   s i m u l a t i o n  e n v i r o n m e n t :

e . g .  C P U ,  m e m o r y ,  i n t e r a c t i v i t y ,  a s  w e l l  a s  g e n e r a t o r s ,  M C T r u t h ,  …  

• C o m p a r i s o n s  w i t h  L H C  d e t e c t o r  t e s t - b e a m  d a t a
• S i m u l a t i o n s  o f  c o m p l e t e  L H C  d e t e c t o r s  
• “ S i m p l e  b e n c h m a r k s ”  :  t h i n  t a r g e t s ,  s i m p l e  g e o m e t r i e s

What do we need to validate ?

V alidation will b e b as ed m ainly  on 

N o t e  :  
• a  l o t  o f  w o r k  a l r e a d y  d o n e  i n  t h e  e x p e r i m e n t s  a n d  b y   G 4  a n d  F L U K A  t e a m s
• a  l o t  o f  w o r k   w i l l  s t i l l   b e  d o n e  b y  t h e  e x p e r i m e n t s a n d  b y  t h e  e x p e r t s
• a i m  o f  t h e  L H C - w i d e  L C G  p r o j e c t :   
- - g e t  p e o p l e  w o r k  t o g e t h e r  o n  i s s u e s  o f  c o m m o n  i n t e r e s t  � s y n e r g y
- - s t u d y  c o h e r e n c e  o f  r e s u l t s  a c r o s s  e x p e r i m e n t s  a n d  s u b - d e t e c t o r  t e c h n o l o g i e s  
- - h e l p  a  g i v e n  e x p e r i m e n t  a l s o  i n  a r e a s  w h e r e  i t  c a n n o t  c o m m i t  e f f o r t  i n  t h i s  m o m e n t  
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• W P 1  – I m p a c t  o n  L H C  p h y s i c s ( L H C  p h y s i c s  r e q u i r e m e n t s ,  i m p a c t  o f  s i m u l a t i o n  
i n a d e q u a c y  o n  L H C  p h y s i c s  ,  e t c . )   

• W P 2  – I n p u t  f r o m  t h e  L H C  t e s t  b e a m s ( a v a i l a b l e  d a t a ,  d e d i c a t e d  t e s t  b e a m s  ? )
• W P 3  – G e o m e t r y  f o r  p h y s i c s  v a l i d a t i o n ( t e s t - b e a m  a n d  L H C - l i k e   g e o m e t r y  o f  

e x p e r i m e n t s  i n  G 4 / F l u k a  a n d  m a y b e  G 3 )
• W P 4  – E M  p h y s i c s  v a l i d a t i o n ( c o m p a r i s o n s  w i t h  t e s t - b e a m  d a t a ,  s i m p l e  

b e n c h m a r k s ,   d e f i n e  o p t i m i z e d / r e c o m m e n d e d  p h y s i c s  l i s t s )
• W P 5  – H a d r o n i c  p h y s i c s  v a l i d a t i o n ( c o m p a r i s o n s  w i t h  t e s t - b e a m  d a t a ,  s i m p l e  

b e n c h m a r k s ,   d e f i n e  o p t i m i z e d / r e c o m m e n d e d  p h y s i c s  l i s t s )
– W P 5 a  – C a l o r i m e t r y
– W P 5 b  – T r a c k i n g
– W P 5 c  – B a c k g r o u n d  r a d i a t i o n

• W P 6  – S p e c i a l  n e e d s ( e . g .  t r a n s i t i o n  r a d i a t i o n ,  s p e c i a l  f r a m e w o r k  f u n c t i o n a l i t y )
• W P 7  – P h y s i c s  v a l i d a t i o n  f r o m  o u t s i d e  L H C ( c o l l e c t  m o s t  r e l e v a n t  r e s u l t s )
• W P 8  – V a l i d a t i o n  o f  t h e  s i m u l a t i o n  e n v i r o n m e n t ( i n f r a s t r u c t u r e ,  M C t r u t h ,  e t c . )  
• W P 9  – E d i t o r i a l ,  o r g a n i z a t i o n a l ( W E B  p a g e ,  p r e p a r e  b e n c h m a r k  s u i t e ,  w r i t e  

r e p o r t s )

More details : break- dow n  of  th e ac tiv ity  …  
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What do we mean by “ validation” ?

Physics-v a l id a t io n  p r o j e ct

S u p p o se  t ha t  e . g .  f o r  e / π :  
∆ ( G 4 -t e st -b e a m  d a t a ) ~ 1 0 %  

L H C  p hysics sim u l a t io n

D o e s t his m e e t  L H C  p hysics 
r e q u ir e m e n t s ( e . g .  f o r  co m p o sit e n e ss)  ?  

C he ck  w it h ( f a st  ? )  sim u l a t io n s t ha t
t his is g o o d  e n o u g h

I f  n o t  :  

N e e d s in p u t / he l p  f r o m  t he  
e x p e r im e n t  p hysics g r o u p s

D o m in a n t  l im it a t io n s a n d  syst e m a t ic u n ce r t a in t ie s in  L H C  p hysics st u d ie s ( b o t h f o r  
se a r che s a n d  p r e cisio n  m e a su r e m e n t s)  sho u l d  n o t  co m e  f r o m  im p e r f e ct  sim u l a t io n  
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• “ C e r t i f i c a t i o n ”  t h a t  s i m u l a t i o n  p a c k a g e s  a n d  f r a m e w o r k / e n v i r o n m e n t  o k  f o r  L H C  p h y s i c s
• U n d e r s t a n d i n g  o f  w e a k n e s s e s  a n d  s t r e n g t h s  o f   G 4 / F L U K A  ( c o m p l e m e n t a r i t y ? )   
• U n c e r t a i n t i e s  a n d  i n a d e q u a c i e s   o f   G 4 / F L U K A
� c o n t r i b u t i o n  t o  s y s t e m a t i c  e r r o r s  o f  m e a s u r e m e n t s  w h e n  d a t a  w i l l b e  a v a i l a b l e

• R e c o m m e n d e d  o p t i m i z e d  p h y s i c s  l i s t s ,  b a l a n c i n g  t e c h n i c a l  p e r f o r m a n c e  a g a i n s t  p h y s i c s
• S i m u l a t i o n  b e n c h m a r k  s u i t e  w i t h  r e l e v a n t  p l o t s  a n d  t e s t s  f o r  a u t o m a t i c  
( o r  s e m i - a u t o m a t i c )  v a l i d a t i o n  o f  f u t u r e  r e l e a s e s

• F i n a l  r e p o r t ( s )   s u m m a r i z i n g   t h e  w o r k
• … . .   

W h a t  w i l l  b e  t h e  o u t p u t  o f  t h e  p r o j e c t  ?  

High-l e v e l  ( s o m e w ha t  a m b it io u s  … )  m il e s t o n e s

• f i r s t  c y c l e  o f  E M  p h y s i c s  v a l i d a t i o n  b y  S u m m e r  2 0 0 3
• f i r s t  c y c l e  o f  H A D  p h y s i c s  v a l i d a t i o n  b y  e n d  2 0 0 3
• f u r t h e r  i t e r a t i o n s  i n  2 0 0 4  :  a d d i t i o n a l  e x p e r i m e n t  t e s t - b e a m s  ( e . g .  A T L A S  
c o m b i n e d  t e s t - b e a m ) ;   f r a m e w o r k  a n d  i n f r a s t r u c t u r e  v a l i d a t i o n ;  e t c .

• w r i t e  f i n a l  r e p o r t ( s )  e n d  2 0 0 4  ?  
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People

• T h e  s u c c e s s  o f  t h e  p r o j e c t  d e p e n d s  o n  :
- - t h e  a c t i v e  p a r t i c i p a t i o n  o f  t h e  e x p e r i m e n t s
- - t h e  h e l p  a n d  f a s t  f e e d b a c k  o f   G 4 / F L U K A  p h y s i c s  e x p e r t s
- - s t r o n g  i n t e r a c t i o n s  a n d  c o m m o n  w o r k  w i t h  o t h e r  S i m u l a t i o n  s u b - p r o j e c t s

• M o s t  m a n p o w e r  w i t h i n  t h e  e x p e r i m e n t s : e . g .  c o m p a r i s o n s  s i m u l a t i o n / t e s t - b e a m  d a t a

• I n  a d d i t i o n ,  f r o m  L C G / E P - S F T  ( a s  o f  t o d a y ) :  
- - J . B e r i n g e r   i s  w o r k i n g  o n  “ s i m p l e  b e n c h m a r k s ”
- - A . R i b o n i s  w o r k i n g  o n h a d r o n i c i n t e r a c t i o n s  i n  t h e  A T L A S  p i x e l  d e t e c t o r
- - G .  D a q u i n o w i l l  s t u d y / v a l i d a t e  t h e  G 4  r a d i a t i o n  b a c k g r o u n d  s i m u l a t i o n  i n  L H C b
- - M .  G a l l a s  w i l l  w o r k  e i t h e r  o n  C M S  o r  o n  A T L A S  G 4  t e s t - b e a m  s i m u l a t i o n s

O r g a n i z a t i on  

• W E B  p a g e  ( c r e a t e d  a n d  m a i n t a i n e d  b y  J .  B e r i n g e r )  :
h t t p : / / l c g a p p . c e r n . c h / p r o j e c t / s i m u / v a l i d a t i o n

• M e e t i n g s  :  u s u a l l y  t h e  f i r s t  W e d n e s d a y  o f  t h e  m o n t h ,  a t  1 4 : 0 0 - 1 6 : 0 0 ,  R o o m  3 2 - 1 - A 2 4
• I n  a d d i t i o n :   “ s i m p l e  b e n c h m a r k s ”  m e e t i n g s  ( J . B e r i n g e r ,  F . G . ,  G 4 / F L U K A  e x p e r t s )
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Examples of  work  done  so  far:

� Physics validation studies made by experiments revisited

� Prog ress w ith G 4  hadronic physics :  
- - pion show er prof iles in the A T L A S  H E C  calorimeter
- - hadronic interactions in the A T L A S  pixel detector

� F irst results f rom simple benchmark s

� S tart to collect inf ormation/ plots/ results on W E B  pag e

T hree Physics validation meeting s and three “ S imple benchmark s”  meeting s so f ar
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EM  physics ~ ok.  I n  pr og r e ss:
-- st u d y “ su b t l e ”  v a r ia b l e s l ike  l a t e r a l  show e r  sha pe s,  t a il s.
-- t e st  cohe r e n ce  a cr oss v a r iou s su b -d e t e ct or  t e chn ol og ie s

A T A S  T R T

300 GeV µµµµ

G4 G3 
Data

� Physics validation studies made so far by experiments : examples

θc σθθc (m r a d ) σθ

245.4    4.8

243 .7     3 .0

247 .1     5.0

246 .8    3 .1

Filter D263

250 .0     5.4

248.7     4.0
4 c m  

246 .8    5.8

245.0     3 .9
8 c m  

N o  f ilterThickness

DATA
G 4

L H C b    R I C H   C h e r e n k o v  a n g l e

e- 1 0 0  G eV  i n

C M S  H C A L
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HAD physics (more difficult) : very good progress, but requires more w ork

CMS ECAL prototype +HCAL

~  1 0 0 %  / √E

G4

data

P ion  E-

AT LAS T i l ec a l  e/ π ra ti o 

Da ta  : e/ h =  1 . 3 0  ±0 . 1

AL I C E studies of 
T I AR A fa cility

data
G4

4 3  MeV  n eu tron s
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NEW

� Progress with G4 ha d ron ic p hy sic s

I m p r o v e d  p i o n s h o w e r  p r o f i l e  i n  t h e  A T L A S  h a d r o n i c  e n d -c a p  c a l o r i m e t e r  a f t e r  f i x i n g
1 0 %   m i s m a t c h  i n  p i o n  c r o s s -s e c t i o n  ( H . P . -We l l i s c h )

O L D
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� Progress with G4 ha d ron ic p hy sic s

Hadronic int e ract ions  in 
A T L A S  p ix e l s  w it h  m os t
re ce nt  G 4  p h y s ics  l is t s  

( A . R ib on)
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� First results from simple benchmarks   (J.B e r i n g e r w i t h  I .G o n z a l e z )

• S i m u l a t i o n  o f   (c o m p l e x )   p a r t i c l e  i n t e r a c t i o n s  i n  H E P  d e t e c t o r s b a s e d  o n  c o r r e c t  
d e s c r i p t i o n  o f   i n d i v i d u a l  m i c r o s c o p i c  i n t e r a c t i o n s b e t w e e n  i n c i d e n t  p a r t i c l e s  a n d  
d e t e c t o r  s u b - a t o m i c  p a r t i c l e s . 

• T h e s e  c a n n o t  b e  s t u d i e d  i n  s i m p l e / e a s y  w a y   w i t h  L H C  d e t e c t o r  s i m u l a t i o n s ,

w h e r e  m u l t i p l e - i n t e r a c t i o n s / s h o w e r s / c a s c a d e s  o c c u r . I n  a d d i t i o n ,  t h i s

c o m p l e x  p h e n o m e n o l o g y  m a y  a v e r a g e  o u t  p r o b l e m s  a t  t h e  m i c r o s c o p i c  l e v e l . 

• S t u d y  i n  p a r a l l e l s i m p l e  b e n c h m a r k  l a y o u t s  b a s e d  o n  t h i n  t a r g e t s  a n d   c o m p a r e  G 4 ,  
F L U K A  a n d  e x p e r i m e n t a l  d a t a  f o r  s i n g l e  i n c i d e n t  p a r t i c l e s  o f  v a r i o u s  e n e r g i e s .

• B e n c h m a r k s  c h o s e n  i f  e x p e r i m e n t a l  d a t a  a v a i l a b l e  a n d  i f  r e l e v a n t t o  L H C

• S h o u l d  r e p e a t  t h e s e  s t u d i e s  w i t h  e a c h  n e w  r e l e a s e  o f  s i m u l a t i o n  p a c k a g e s

� p r e p a r e  a  (s e m i - )  a u t o m a t i c  t e s t  s u i t e  
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Chosen benchmarks to get started:
-- ex amp l es of  ( p ,  x n)  dou bl e di f f erenti al  cross-secti ons
-- p i on absorp ti on bel ow  1  G eV  ( i mp ortant f or e/ π,   p i on E-resol u ti on,  etc. )
-- rap i di ty  p l ots i n H / A r/ X e at 2 0 0  G eV  ( bu bbl e chambers data)
-- others i n the f u tu re  …  ?

S tatu s:
-- sof tw are i nf rastru ctu re i n p l ace
-- f i rst resu l ts on  ( p , x n)  cross-secti ons  and comp ari sons w i th L os A l amos data

L os A l amos ex p eri mental  set-u p

• I nci dent p  energi es: 1 1 3 ,  2 5 6 ,  5 9 7 ,  8 0 0  M eV

• T hi n ( ~  3  mm)  targets  ( A l ,  F e,  P b,  . . . )

� � ≤ 1  i nteracti on p er i nci dent p roton

• N eu tron detectors at 5  angl es
• R e f e r e n c e s :

N u c l  S c i E n g  1 0 2  ( 1 9 8 9 )  3 1 0

N u c l  S c i E n g  1 1 0  ( 1 9 9 2 )  2 8 9

N u c l  S c i E n g  1 1 2  ( 1 9 9 2 )  7 8

N u c l  S c i E n g  1 1 5  ( 1 9 9 3 )  1
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Preliminary
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http://lcgapp.cern.ch/project/simu/validation

H ave a look  at : 

� Start to collect information/plots/results on WEB page
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Examples of  on- g oi ng  w or k :  

• M ost  r ec ent  G 4  h ad r oni c  ph y si c s li st s w h i c h  d esc r i b e w ell A T L A S  H EC  and
T i lec al d at a w i ll b e t est ed  b y  L H C b  and  C M S .

• D oc u ment at i on of h ad r oni c  ph y si c s li st s for  L H C  b ei ng  pr epar ed b y  H . - P .  W elli sc h
( r ead y  b y  J u ly  3 0 th meet i ng  ? ) .  

•A ll exper i ment s ar e t ak i ng  t est - b eam d at a w i t h  many  su b - d et ec t or s t h i s S u mmer
� expec t   new  ext ensi v e r ou nd  of c ompar i son r esu lt s i n A u t u mn

• T w o F L U K A  ac t i v i t i es st ar t i ng :
- - u pd at e A T L A S T i lec al t est - b eam si mu lat i on
- - si mu lat e h ad r oni c i nt er ac t i ons i n A T L A S  pi xel t est - b eam set - u p

• 1 - d ay  meet i ng  i n N ov emb er  or  D ec emb er  t o d i sc u ss v ali d at i on i t em b y  i t em
( e. g .  elec t r on ener g y  r esolu t i on, h ad r oni c sh ow er  pr ofi le)    ac r oss exper i ment s
� c omplet e fi r st  c y c le of ph y si c s v ali d at i on


