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MC Truth and detector MC Truth and detector 
s i m ul ati on p rog ram s  s i m ul ati on p rog ram s  

W here are w e?  W here are w e?  

Andrea D el l ’ Ac q u a – C E R N  E P / S F T
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What is MC Truth?What is MC Truth?

� A single term to condense several concepts, 
req u irements, f u nctionality

� Input to the detector simulation programs

� S napshot of  interesting interactions during ev ent 
processing

� A  link  b etw een detector response ( “ H its” ,  
“ D igits” )  and the original particles in the ev ent

� While bits&pieces exist in the 
d etecto r  sim u la tio n pr o g r a m s ( e. g .  
G ea nt)  this f u nctio na lity  is no t f u lly  
a v a ila ble a ny w her e 
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Input to the detector simulationInput to the detector simulation

� The generator output (e.g. H epM C )  c ontai ns  
al l  i nf orm ati on need ed  f or anal y z i ng a phy s i c s  
ev ent

� … s ti l l ,  d etec tor s i m ul ati on program s  w ant to 
m od i f y  i t…

� Particles are eliminated (quarks, strings, stable particles 
o utside th e detecto r acceptance… )

� V ertices are mo dif ied (primary / seco ndary  v ertices can be 
mo v ed)  

� V ertices are merged

� D ecay ed particles are “ resurrected”  

� E v ents are merged (“ pile- up” )
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Input to detector simulation (2)Input to detector simulation (2)

� The original event is translated into 
“ another”  event that D S  c an sw allow

� HepMC: : G en P a r t i c l e→→→→ G 4 P r i m a r y P a r t i c l e→→→→ G 4 T r a c k

� I n the p roc ess,  it is q u ite hard to m aintain 
a link  to the original event,  w hic h allow s 
b ac k w ards- navigation

� N eed f or an interm ediate event 
rep resentation ( this is w hat the detec tor 
w ill see)

� N o t  a  c o n n ec t ed  t r ee,  c a n  w e s t i l l  u s e HepMC?
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Event processing Event processing 
� Detector simulation programs often used as 

“ b lack  b ox es”  
� You input a physics event, out comes the detector response

� N eed to gain some deeper insigh t,  to “ sav e”  
interesting ph y sics processes th at may  occur 
at track ing time

� P articl e decays
� H ard b rems
� T rack s entering / l eaving  a certain reg ion of  the detector

� ( clash ing req uirements b etw een DS  and 
generators as far as long- liv ed particles are 
concerned)
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Event processing (2)Event processing (2)

� Need for an intermediate format to store 
ev ent information 

� Particles, vertices, processes which generated them

� K eep relationship with the parent particles

� G4Track→ H e p M C : : Ge n P art i cl e ?

� M ostl y  u ser- defined information/ strateg y
� W e do want to save hard b rems in a track ing device, 

most certainly  not in a calorimeter

� D ef ine “ thresholds”  to decide what to save, how, when…
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Detector response and Detector response and 
g enerated ev ents g enerated ev ents 

� It must be possible to associate hits 
( sn apshots of  a phy sical in ter action  in  the 
d etector )  an d  the par ticle w hich pr od uced  
them

� For consistency checks

� T o v erif y the correctness of  a  reconstru ction a l g orithm

� T his can  easily  be r ealiz ed  f or  “ pr imar y ”  
par ticles,  how  about secon d ar ies?

� Fool -p roof  im p l em enta tion req u ires sa v ing  the w hol e 
sim u l a ted  ev ent – O u t of  q u estion…

� N eed  to im p l em ent stra teg y f or p rim a ry-second a ries 
a ssocia tion tha t ca n b e u sed  f rom  the hits v iew p oint



14-Jul-03 ADA - CERN EP/SFT 8

Detector response and Detector response and 
g enerated ev ents ( 2 )g enerated ev ents ( 2 )

� The actual detector response is simulated out 
of  hits 

� Hits are merged into “digits”

� T h e p artic l e-h its assoc iation ( 1 →→→→ 1 )  is transl ated into a 
p artic l e-digit assoc iation ( M any →→→→ 1 )

� E v ents are merg ed into one b unch crossing  at 
this lev el

� R el ationsh ip s mu st b e c onserv ed/ reb u il t w h en th e “tru th ” is 
re-sh u f f l ed 

� D o b arc odes stil l  w ork  w h en ev ents are merged?  O r mu st 
th ey  b e re-arranged too?
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Geant4 and MC truthGeant4 and MC truth

� No real interface to MC generators to start 
w ith

� Kinematics provided by G4PrimaryParticles/Vertices
� O nly recently an interf ace to H epM C  h as been provided

� T h e HepMC: : G en P a r t i c l e→→→→ G 4 P r i m a r y P a r t i c l e→→→→ G 4 T r a c k
ch ain m ak es b ack w ard s nav igation h ard ly  p ossib le

� H its see G4T rack s
� H ard to navig ate f rom T rack s to primary particles
� N o link  f rom primary particles to H epM C
� Persistency I S  a problem h ere!

� S tack ing seq u ence in G 4  m ak es it h ard  to 
foresee w h eth er a track  m u st b e stored  or not

� Need  for a h om e- grow n solu tion!
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DS programs for LHC DS programs for LHC 
an d  M C t ru t han d  M C t ru t h

� All LHC collaborations are coming up with 
their implementation of  a M C truth pack age

� T his ranges f rom stop-gap solutions to 
complete re-implementations of  the particle 
stack  

� D if f erent lev els of  satisf action
� The G4 users seem to be the most frustrated

� T here is certainly  room f or common 
solutions
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LCG LCG –– Co m m o n  d e t e c t o r  Co m m o n  d e t e c t o r  

s i m u l a t i o n  i n f r a s t r u c t u r es i m u l a t i o n  i n f r a s t r u c t u r e
� Common project set in place to provide unified 

simulation infrastructure th at th e L H C ex periment 
can use

� Common definition of M C truth  is th e first item in 
th e list of th ing s to do

� G oing  th roug h  th e req uirements/ desig n ph ase
� Find a common base in terms of required functionality

� T o be imp lemented in S E A L / P O O L

� M ax imiz e code re- use ( w h y re- inv enting  th e w h eel if th ere is a 
w h eel already)

� U tiliz e ex isting  comp onents ( e. g .  H ep M C )  if th ese fit in th e p icture

� A im at first implementation b y  th e end ‘ 0 3


