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Physics @ CMS  (pp collisions at 14 T e V )

Event rate

On tape

Level-1

• Higgs physics
• S U S Y  o r  o t he r  n e w  physics
• P r e cisio n  m e a su r e m e n t s
• B - physics
• Q C D  &  d if f r a ct io n  
• He a v y io n  physics
• …

E.g pp→ H → Z Z →µµµµ
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Organization

CMS Physics TDR: Start May ’03 until end ’05  (T0- 1 . 5 years)
G enerato rs p resently p art o f  Sim ulatio n Pro j ect
F uture: p art o f  a p heno m eno lo g y g ro up  

New for 
PHYS-TDR
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Monte-Carlo generator
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CMS Si m u l a t i o n a n d R e c o n s t r u c t i o n :  C+ +
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CMS Data Challenge DC04

50 M events
1  m o nth  @
l o w  l u m i no si ty

G ener a ti o n 
( &  si m u l a ti o n)
sta r ti ng  no w
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Generators 

• M o n t e  C a r l o  G e n e r a t o r s  e s s e n t i a l  f o r

– S i m u l a t i o n  o f  p h y s i c s  s i g n a l s

– D e t e r m i n a t i o n  o f  b a c k g r o u n d s

– C a l c u l a t i o n  o f  a c c e p t a n c e s  a n d  e f f i c i e n c i e s

– D e t e r m i n a t i o n  o f  ( s o m e )  s y s t e m a t i c  e r r o r s
• H i g g s , W - Z + n j e t s , W W - Z Z + n j e t s , W b b , Z b b , H b b , A b b , t t + n j e t s , t t b b , W γ , Z γ…

( w i l l  n o t  r e p e a t  a r g u m e n t s / i s s u e s  j u s t  m a d e  b y  A T L A S )

• P r e s e n t l y  u s e d  f o r  b e n c h m a r k s  f o r  d e t e c t o r  e v a l u a t i o n  o r  

d e s i g n  ( e . g .  f o r w a r d  r e g i o n ) ,  t r i g g e r  a n d  a n a l y s i s  s t r a t e g i e s .  

Q C D  i m p o r t a n t  ( e . g .  f a c t o r  1 0 0 0  s u p p r e s s i o n  n e e d e d  f o r  τ t r i g g e r s )

T h e  Q C D
e f f e c t :  1 - 4  j e t
t h r e s h o l d s
( P Y T H I A  b a s e d )  
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Generators in Experiments
• N o  o n e  g e n e r a t o r  a d e q u a t e l y  r e p r o d u c e s  t h e  p h y s i c s  f o r  t h e  
c o m p l e t e  p r o g r a m

– U s e  p a r t o n s h o w e r  M C ’ s ,  M a t r i x  E l e m e n t  M C ’ s ,  C r o s s  s e c t i o n  
c a l c u l a t o r s  i n  C M S

• E s s e n t i a l  t h a t  e x p e r i m e n t a l i s t s  u n d e r s t a n d  w h i c h  t e c h n i q u e s  a r e  
a p p l i c a b l e  t o  w h i c h  k i n e m a t i c  r e g i m e s

⇒ L e s  H o u c h e s ’ 0 3  i n i t i a t i v e  t o  p r o d u c e  o v e r v i e w  o f    

u s e d / a v a i l a b l e  g e n e r a t o r s .

⇒ T h i s  W o r k s h o p

• U n i f o r m  i n t e r f a c e  n e c e s s a r y  ( G e n e r a t o r s  → E x p e r i m e n t a l  
s o f t w a r e )

• G e n e r a t o r  t o o l s  s h o u l d  b e  a c c e s s i b l e  t o  w h o l e  c o l l a b o r a t i o n  a n d  
e a s y  t o  u s e .

• H o w e v e r  i n  p r a c t i c e  a d v a n c e d  c a s e s  a r e  b e t t e r  h a n d l e d  b y  
e x p e r t s ,  p r o v i d i n g  g e n e r a t e d  f i l e s

⇒ A n  e v e n t  d a t a  b a s e



8 

Generator Handling in CMS

• C M K I N  p a c k a g e  – w r a p s  a r o u n d  t h e  g e n e r a t o r s

– A l l o w s  e v e n t  p r e - s e l e c t i o n

– P r o d u c e d  n - t u p l e  ( H E P E V T  c o m m o n )

– A d d  a d d i t i o n a l  i n f o r m a t i o n  ( P t - h a t  e t c . )

– C M S  p r o d u c t i o n  s t o r e s  u s e d  v e r s i o n  a n d  a l l  p a r a m e t e r s  
i n  M y S Q L  d a t a  b a s e  ( f u l l y  r e p r o d u c i b l e  a t  a n y  t i m e )

• E v e n t  a c c e s s  i n  C + +

– I m p l e m e n t  e x a c t  c o p y  o f  H E P E V T

– C l a s s  R a w H e p E v e n t ( )  → R a w H e p E v e n t P a r t i c l e ( ) …  e t c .

– I m p l e m e n t e d  i n  1 9 9 9 / u s e d  t o  d a t e

• F u t u r e :  p l a n s  f o r  c h a n g e  ( w h e n  D C 0 4  w e l l  o n  t h e  w a y )

– U s e  H e p M C  e v e n t  c o n t a i n e r .  I s  t h i s  t h e  H E P  c h o i c e ?

– P O O L  f o r  p e r s i s t e n c y …
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A propos C++

( Experiment code in C++
V ery  f ew  g enera tors  in C++
P rog res s  not a s  f a s t in e. g .  conv erting  P Y T H I A / H ER W I G  into 
C++ a s  perh a ps  orig ina l l y  pl a nned (q u ite u nders ta nda b l y
C++ a l s o not immedia tel y  a ccepted in experiments )

⇒ H a v e to s ee on th is  w ork s h op w h ere w e a re

B u t
G enera tors  a re rea s ona b l y  w el l  f a ctoriz ed in pres ent 
experimenta l  s of tw a re.  I mporta nt if  th ere ca n b e a  common
s ta b l e ev ent record,  e. g .  H epM C – a nd perh a ps  da ta  ta b l es  
(H epP D T ? )

M ore importa nt to h a v e f u nctiona l  ev ent g enera tors  th a n 
g enera tors  in C++

M a y  h a v e to l iv e w ith  F ortra n g enera tors  ev en a t da ta  ta k ing )
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Event generator information in CMS
S. Sl a b o s p i t s k y  a n d  A D R

URL= h t t p : / / c m s d o c / c e r n . c h / c m s / g e n e r a t o r s /

• I n t e r f a c e  w i t h  C M S  s i m u l a t i o n  s o f t w a r e

• M i n i - d o c u m e n t a t i o n  o n  h o w  

t o  u s e  p r o g r a m  @ L H C  i n  C M S

• I n s t a l l / c h e c k  n e w  r e l e a s e s  

( c o n t a c t  f o r  e a c h  

m a i n  g e n e r a t o r )

• E x a m p l e  j o b s

• F u t u r e :

I n t e g r a t i o n  w i t h  L C G

g e n e r a t o r  i n i t i a t i v e

( G E N S E R )
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Generators in use in CMS

Workhorses
P Y T H I A  ( 6 . 2 )  a n d  H E R WI G  ,  H I J I N G  f or H I
( I S A J E T  f ra g m en t a t i on  p a rt  n ot  u sed  a n y m ore )

F u rt her b ei n g  u sed
C om p H ep ,  H D E C A Y ,  I S A S U G R A ,  I S A S U S Y ,  
I S A WI G , T A U O L A ,  P H O T O S ,  T op R eX ,  H a rd D i f ,  
S I M U B ,  A l p G en , P O M WI G ,  P H O J E T ,  M a d G ra p hI I ,
M a d C u p ,  G R @ P P A

N ex t :
M C @ N L O ,  A M E G I C + + ,  E V T G E N ,  S O F T S U S Y ,  M C F M ,  
S P H E N O ,  S U S P E C T ,  P R O S P I N O ,  A D D ,  B l a c k H ol es,  
D i f f ra c t i v e H i g g s,  C a sc a d e, l ow - x , …
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Heavy Ions

CMS has also a Heavy Ion Program

• Mont e Carlo’  s u sed :    (see also talk of I. L okh ti n )

– PY T HIA  f or t he hard  p rob es

– HIJ IN G  f or t he u nd erlyi ng event

– HY B R ID  ( home-mad e)  elli p t i c  energy f low

• T yp i c al overlay PY T HIA  event  on

HIJ IN G  event

• R i c e d at ab ase c ont ai ns 1 0 0 0  Pb Pb  c olli si ons

• V ali d at i on:  R HIC d at a

• W i sh:  generat or w i t h c orrec t  d esc ri p t i on of  Q CD  p rod u c t i on,  
nu c lear geomet ry,  shad ow i ng,  j et  q u enc hi ng,  ani sot rop i c  f low  et c .
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Generator Validation

• No systematic validation or
general tools developed

• Count on LCG generator project 
& CERN generator workshop

• Some studies ongoing e.g on
comparison between generators
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MC event data base

L. D u d k o ,  A  S h e r s t n e v  ( ← d e t a i l s )

Motivation:

E x p e r ts /au th or s  p r e p ar e  MC  f il e s .  

E x p e r im e ntal  c ol l ab or ator s  w ant to u s e  ( c or r e c t)  f il e s

C MS : P E V L I B  e x am p l e  of  a MC  d ata b as e  ( b as e d  on m od e l  
u s e d  at F N A L : F N A L  MC D B )  
/af s /c e r n/c h /c m s /p h y s ic s /P E V L I B  w ith  d ir e c tor y  s tr u c tu r e .

U s e d  b y  s om e  p h y s ic s  g r ou p s  in C MS  al r e ad y .           

E x p e c t inc r e as e  as  P h y s ic s -T D R  p r og r e s s e s   
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PDF’s

Transition from PDFLIB to LHAPDF (now taken care of by Durham)
Drell- Y a n  p ro d u c t i o n

D.  B o u ri lk o v

Priv ate C M S  interface to PY THIA ex ists

LHAPDF the new accep ted  stand ard ?
W il l  al l  g enerators ad ap t it?

PDF knowl ed g e crucial  for LHC :    HE R A-II→ errors of a few %  at l arg e scal es
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NLO

• M a n y  c r o s s  s e c t i o n s  n o w  c a l c u l a t e d  t o  N L O

• L e s  H o u c h e s 0 3  m e s s a g e :  “ e f f e c t s  c a n  b e  s i g n i f i c a n t  s o  e x p e r i m e n t s   
b e t t e r  s t a r t  t h i n k i n g  i n  N L O ”

• K  f a c t o r s ?  N o t  a l w a y s  s u f f i c i e n t / c a n  b e  h u g e  i n  s o m e  p h a s e  s p a c e p a r t s

• R e w e i g h t i n g  M o n t e  C a r l o ?  S e l e c t  k e y  w e i g h t i n g  v a r i a b l e s  

( e . g .  M .  D i t t m a r e t  a l . )  

• C o m p l e t e  N L O  M o n t e  C a r l o ?   I d e a l  b u t  b a l a n c e  o f  e f f o r t  a n d  g a i n

p t
h i g g s

E g .  p t
h i g g s

s p e c t r u m
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NLO Contributions

• H a v e  t o  g o  b e y o n d  e . g  P Y T H I A

N L O  i m p o r t a n t  f o r  m a n y  s t u d i e s ,  n o t  j u s t  t h e  H i g g s

W h a t  i s  e x a c t l y  a v a i l a b l e  i n  M C ’ s /  p l a n n e d  d e v e l o p m e n t s ?
C a n  o n e  i m p r o v e  i n  e . g .  P Y T H I A ?
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Matrix elements

Example: s pi n  c o r r elat i o n s  b et w een  lept o n s  i n  pp → t t →l+l- νν b b

S. Sl a b o s p i t s k y

C M S : u s e T o pR ex
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ME+PS Matching

Important topic:
S imu l ate  b oth  s tru ctu re  of  j e ts  and  
many  h ig h  P t j e ts

C K K W  ( C atani-K rau s s -K u h n-W e b b e r)
pre s cription/ now  b e ing  impl e me nte d  
in H E R W IG  

T h e  w ay  to g o?

Q : if  L H C  at s tartu p s e e s  a nu mb e r 
of  8 , 9 , 1 0  j e ts  e v e nts ,  h ow  w e l l  d o 
w e  th e  pre d iction…
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Backgrounds to New Physics

• L H C  c a n  d i s c o v e r  S U S Y  

a l r e a d y   w i t h  O ( 1 )  f b -1 ,  

i e .  i n  t h e  f i r s t  m o n t h ( s )

• I m p o r t a n t  t o  c o n t r o l  t h e  

b a c k g r o u n d s  w e l l  f r o m  d a y - 1 .

t t + j e t s , W + j e t s , Z + j e t s ,

W t b ,  W W + j e t s ,  Z Z + j e t s

Q C D  …

• H o w  w e l l  d o  w e  c o n t r o l  
X + n j e t s t o d a y ?  P r o s p e c t s ?
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Minimum bias/underlying event

Important: Affects ET
m i s s resol u ti on ,  tri g g er,

d etector occu pancy …

Phenomenological implementations in models (e.g. PYTHIA) 
S ev er al tu nes ex ist (e.g. R . F ield,  A. M or aes et al. (D u r ham0 3 ) )

O ne common tu ne f or  L HC ?  M or e data needed (Tev atr on)?
E x tr apolation f r om Tev atr on to L HC ?
D if f er ent/ new  models (J IM M Y/ new  model in PYTHIA)
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•P A R P ( 8 5 , 8 6 )   r e g u l a t e  2 - g l u o n  p r o d u c t i o n  i n  M P I ,   
P A R P ( 6 7 )   i n f l u e n c e s   Q C D  I S R  
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MB bb, charged multiplicity for tracks in |ηηηη|< 2 . 4   and P t >  1  G eV

S .  A rcelli
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MB bb, Charged multiplicity , no ηηηη and P t cuts
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Low- x  &  D i f f r a c t i on  i s s u e s

HERA data at low-x  ( x  ~ 1 0 -3 -1 0 -4 )

• M or e  p t i n  th e  e v e n t th an  p r e di c te d b y  Altar e lli -P ar i s i  e v olu ti on  
b as e d p ar ton s h owe r s

• G ood de s c r i p ti on  u s i n g  C C F M  e v olu ti on  ( H.  J u n g )

CCFM: Ca t a n i ,  Ci a f a l o n i ,  Fi o r a n i ,  Ma r c h e s i n i

Re le v an t f or  L HC  g e n e r ator s ?
N L O  low-x :  J .  An de r s e n ,  A.  S ab i o V e r a

H.  J u n g
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SUSY generators & codes

• D i f f e r e n t  c o d e s

• D i f f e r e n t  p r o c e d u r e s

• D i f f e r e n t  c o r r e c t i o n s

T a k e n  i n t o  a c o u n t

⇒ D i f f e r e n t  m a s s e s  f o r  

t h e  s a m e  S U S Y  p a r a m e t e r s

• E x a m p l e  f o r  t h e  

1 0  S n o w m a s s  2 0 0 1

B e n c h m a r k  p o i n t s

• E x p e r i m e n t s :  c a n  u s e  

o n e  p r o g r a m / v e r s i o n  ( e . g .

S P S  p o i n t s :  I S A J E T  7 . 5 8 )

I m p r o v e m e n t  w i t h  

L e s  H o u c h e s  a c c o r d  ’ 0 3 ?

Allanach,  K r am l,  P o r o d
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SUSY generators & codes

Chargino m as s  p re d ic t ion f or 
M1/2 =  3 0 0  G e V  A = 0   T anβ = 1 0   µ> 0

F it  of  m S U G R A t o 
“ L H C m e as u re m e nt s ”  f or S P S 1 a

S. K r a m l

D om inat e d  b y  t he  “ t he ore t ic al  e rror”
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Focus Point Region

• I n t e r e s t i n g  r e g i o n  ( p h e n o m e n o l i c a l l y )

• B u t  i l l  d e t e r m i n e d  b y  p r e s e n t  c o d e s

Can one get a stable prediction for this region?

K. M a t c h e v
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Generators for (non-su sy )  B S M
This area may need some cleaning- u p

• M any p riv at e codes,  most ly as

p at ches on P Y TH I A  and H E R W I G

ex ist  f or t he new  B S M  p henomena

su ch as E D ’ s and b lack  holes

( E . g.  K .  M at chev code f or A D D

ex t ra dimensions,  Tru eN oir, … )

• C odes f or ev en new er ideas su ch

as t he lit t le H iggs models

( heav y ‘ t op ’  or gau ge b osons

w it h p rop er cou p lings)

R adions

H  C P  mix ing

…  

Black hole in CMS with the 
H ar r is / R ichar d s on g ener ator



31 

Summary

• E v e n t  g e n e r a t o r s  w i l l  b e  v e r y  i m p o r t a n t  f o r  t h e  L H C  p h y s i c s  
p r o g r a m

– C e r t a i n l y  i m p o r t a n t  p r o g r e s s  o v e r  t h e  l a s t  y e a r s

• W o r k s h o p  v e r y  t i m e l y  i n  v i e w  o f  t h e  C M S  T D R

– Q u e s t i o n  w h i c h  w i l l  n e e d  a d d r e s s i n g  i s  t h e  r e q u i r e d  p r e c i s i o n  
o f  e v e n t  g e n e r a t o r s .

– E . g  W , Z , t t + n j e t s  a n d  H i g g s  p t  s p e c t r a ,  N L O  e f f e c t s  w i l l  b e  
i m p o r t a n t  i s s u e s

• C M S  m o v i n g  t o w a r d s  H e p M C  ( H e p P D T )  a n d  L H A P D F ,  i f  t h e s e  
c h o i c e s  a r e  n o t  c h a l l e n g e d  d u r i n g  t h e  w o r k s h o p

– L o o k i n g  f o r w a r d  t o  L C G  t o o l s  &  c o l l a b o r a t i o n

• A  n u m b e r  o f  i s s u e s  r a i s e d  ( h e r e  &  p a r t i c u l a r l y  p a r a l l e l  s e s s i o n s ) .

– E x p e c t  f o r  p r o g r e s s / s t r a t e g y  d e v e l o p i n g  d u r i n g  t h i s  w o r k s h o p

• H o p e  t h i s  w o r k s h o p  t o  b e  a  s t a r t i n g  p o i n t  f o r  a  M C  f o r u m  u n t i l  
a n d   d u r i n g  L H C  d a t a  t a k i n g  

Thanks to:   S. A b d ou l i n,  S. A r c e l l i ,  D . B or i l kov ,  D . D e ne g r i ,  M . D i ttm ar ,  H . J u ng ,  O . K od ol ov a,  

S. K r am l ,  F . K r au ss,   I . L okhti n,  J . M ni c h,  F . M oor tg at,  A . N i ki te nko,  S. Sl ab osp i tsky ,  S. W y nhof f
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Monte Carlo Tools in CMS 

CMS magnet yoke

Albert De R o ec k
C E R N

M C 4 L H C  W o rk s h o p

Introduction: Monte Carlo tools in CMS


