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Monte C a r l o  tool s  i n A T L A S

• S t a t u s  o f  M C  t o o l s  i n  t h e  A T L A S - w i d e  f r a m e w o r k
• O t h e r  p a c k a g e s  u s e d  f r e q u e n t l y
• S t r a t e g y  f o r  e v e n t  g e n e r a t i o n  a n d  f e w  e x a m p l e s   o f  o p e n  i s s u e s .

A T L A S : g e n e r a l  p u r p o s e  e x p e r i m e n t
1 4  T e V p p  c o l l i s i o n s

m a i n  o b j e c t i v e s :
- >  s e a r c h  f o r  H i g g s ,  S U S Y ,  n e w  P h y s i c s
- >  p r e c i s i o n  m e a s u r e m e n t s :  m W,  m t ,  T G C ’ s ,  
- >  B - p h y s i c s
- >  ( h e a v y  i o n s )
- >  e t c .

O u t l i n e  o f  t h e  t a l k

This talk covers event generation tools, but not tools for detector simulation.
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Overal A T L A S  s i m u lat i o n  f ram ew o rk

Monte C a r l o
ev ents  g ener a tor s

D etec tor s i m u l a ti on

D etec tor  r ec ons tr u c ti on

D etec tor  
g eom etr y

G ea nt3  /  G ea nt4  
Monte C a r l o

E v ent r ec or d :  H ep MC

E v ent r ec or d :  H ep MC

A na l y s i s  ob j ec ts

Monte C a r l o g ener a tor s  a r e a n i m p or ta nt c om p onent of  th e g ener a l
s i m u l a ti on f r a m ew or k ,  A T H E N A  (s o m e  c o m p o n e n t s  a r e n o t  y e t  i m p l e m e n t e d )

D a ta b a s e:  E v ents

D a ta b a s e:
d etec tor
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Atlsim/G3
+ Filter

105 events

Atlsim/G3
+ Filter

Hits/
Digits

MCTruth

Atlsim/G3
+ Filter

- Event generation: 1.5 x 107 events in 150 partitions
– Detector simulation: 3000 jobs
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Athena-Root I/O Zebra

HepMC

HepMC

HepMC

Event
generation Detector Simulation

(5000 evts) (~450 evts)

Hits/
Digits

MCTruth

Hits/
Digits

MCtruth

Atlsim
Pile-up

Athena
Reco.

Atlsim
Pile-up

Atlsim
Pile-up

Digits
MCTruth

Digits
MCTruth

Ntuple

Ntuple

Ntuple

Pile-up Reconstruction

Athena
Reco.

Athena
Reco.

Digits
MCTruth

Zebra Zebra

Large scale production in ATHENA framework:  Data Challenge 1  (2002/2003 year)
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Event record:  H ep M C

Need further evaluation of whether the structure is adequate
for the long  term :

= >  accom m odate all inform ation p rovided b y  event g enerator;  
p reserve  inform ation ab out Q M  effects:  interferences,  
sp in- correlations,  I S R / F S R  evolution,  colour flow,  etc.

= >  accom m odate G eant- p roduced p articles,  m inim . - b ias,  
p ile- up  events,   interaction p osition m ay  b e m oved,  
whole event m ay  b e rotated,  overlap p ing  vertices 
m ay  b e m erg ed,  etc.  etc.

S tores inform ation in 
g rap h- lik e structure,  
the only  p ossib le relations 
are  of „ m other- daug hter”  ty p e.

R equires dedicated „ interp reters”  
for each M onte C arlo g enerator.  
T ranslates P Y J E T S - > H ep M C ,  
H E P E V T - > H ep M C ,  . . . . . .

Format of the 
ev en t rec ord  has  to b e
on e of the „ mos t s tab l e”
c omp on en ts  of the 
s oftw are framew ork .



E. R i c h t e r - W a s ,  M C  W o r k s h o p ,  C ER N  0 7 / 0 7 / 2 0 0 3

We work with coexisting  FORTRAN and C++ codes

PYTHIA 6.2

HE R W IG  6.5
HIJ IN G

IS AJ E T

AC E R M C

I nterf aces

TAU O L A,  PHO TO S

Py t h i a M o d u l e

Event record 
H ep M C

M C  G enera tors

f o r t r a n

AL PG E N

C O M PHE P

D eca y  p a ck a g es

M E G enera tors

LesHouches
ev t .  f or m a t

He r w i g M o d u l e

Is a j e t M o d u l e

Hi j i n M o d u l e

Ta u o l a M o d u l e

Ph o t o s M o d u l e

Ac e r M C M o d u l e

Al p g e n M o d u l e

C o m p He p M o d u l e

i n C + +  f r a m e w o r k  ( ATHE N A)

PHO J E T

M onte Carl o ev ent generators  in ATL AS

p er si st en t
st or a g e
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Toolbox f or  p h y s i c s  s t u d i e s  i n  A TL A S

Use the „f o r tr a n b o x ”  sho w n  p r ev i o u sl y  . . . .  a n d  m a n y  m o r e o ther  p a c k a g es

For event generation  (4-m om enta) :
->  „ C o m p l e t e ”  M o n t e  C a r l o  g e n e r a t o r s :  h a r d  p r o c e s s ,  I S R / F S R , h a d r o n i s a t i o n d e c a y s  = >

P Y T H I A ,  H E R W I G ,  I S A J E T , . . . .                             
->   M a t r i x -e l e m e n t   M o n t e  C a r l o  g e n e r a t o r s :  h a r d  p r o c e s s  o n l y  

(  +  d i r e c t  i n t e r f a c e  t o  P Y / H W  o r L e s H o u c h e s a c c o r d . )  = >
A c e r M C ,  A L P G E N ,  C O M P H E P ,  M A D G R A P H  I I , M a d C U P , M a d E v e n t , . . .   

->  M C @ N L O :  n e x t -t o -l e a d i n g  l o g  c a l c u l a t i o n s  + p a r t o n s h o w e r  ( h a r d  e m i s s i o n  M E ,  s o f t  w i t h  P S )
f u l l y  e x c l u s i v e  e v e n t s  a r e  g e n e r a t e d ,  r a t e s w i t h  N L O  p r e c i s i o n ,  s m o o t h  m a t c h i n g
b e t w e e n  „ s o f t ”  a n d  „ h a r d ”  p a r t s .

-> D e c a y  p a c k a g e s :  T A U O L A ,  P H O T O S ,  E V T G E N

For comparison studies:
->  „ S e m i -i n c l u s i v e ”  M o n t e  C a r l o  g e n e r a t o r s :  e g .  h a r d  p r o c e s s ,  r e s u m m a t i o n = >    R e s B O S  

4 -v e c t o r s  o n l y  f o r  H i g g s / W / Z ,  e g .  a c c o m p .  h a d r o n i c p r o d u c t s  ( j e t s )  n o t  a v a i l a b l e .
->  „ D i s t r i b u t i o n  p r o v i d e r ” : o n l y  c e r t a i n  i n c l u s i v e  d i s t r i b u t i o n s  a v a i l a b l e  = >  M C F M , . . . .

F or ev al uation of  x sec or B R :
->  „ I n t e g r a t o r s ” :   o n l y  t o t a l  x s e c t i o n o r  b r a n c h i n g  r a t i o  a v a i l a b l e  = >   H I G L U ,  Q Q H ,  V V H ,  

H D E C A Y ,  F E Y N H I G G S , . . . .
->  „ P u b l i s h e d ”  n u m b e r s ,  p l o t s  o r  f o r m u l a s  f o r  L O ,  N L O ,  N N L O  c a l c u l a t i o n s .
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Physics simulations in A T L A S :
comp le x ity of  p lanne d  analyse s and   f e w  e x amp le s. . .

• L E P  l e g a c y    
•„ L H C  l e g a c y ” . . .  w h a t  w e  h a v e  l e a r n e d  s o  f a r
• S o m e  f r e q u e n t l y   s i m u l a t e d  p r o c e s s e s
• F e w  c u r r e n t p r o b l e m s :

- >  h e a v y  f l a v o u r  j e t  c o n t e n t
- >  N L O ,  N N L O  c a l c u l a t i o n s :  

w h y  w e  c a n n o t  u s e  t h e m  f o r  m o s t  o f  t h e  a n a l y s e s
- >  P y t h i a  t u n i n g  a n d B - e v e n t s
- >  M i n i m u m b i a s  a n d  u n d e r l y i n g  e v e n t     
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LEP1 legacy: precision theoretical calculations were late. . . . .

13  years!

end of L E P 1  da t a  t a k i ng

With very first data ( January 1990) :   
ex p . erro r  1.1%
theo r. erro r  ~  0.7 % (no  event g enerato r avail ab l e)

End o f 1990: eno rm o us p ro g ress,  A L EP H  g o ing  to  0.4 % ,  stil l  no  event g enerato r avail ab l e
P ub l ished resul ts (A L EP H ,  C ER N -P P E/ 91-12 9,  A ug ust 1991):  

ex p . erro r  0.6 %
theo r. erro r  0.3 % (o nl y L L  O (α3 ) g enerato r avail ab l e +

c o m p l ic ated p ro c edure w ith anal . c al c .)  

„ T he l um ino sity is determ ined b y c o m p aring  the m easured rate at l o w  ang l e B hab ha 
sc attering  w ith the c ro ss-sec tio n p redic ted b y the S tandard El ec tro w eak M o del ..”

I t w as rec o g nised very so o n that 
detec to r g ranul arity to o  g o o d to
say that w e do n’ t c are ab o ut 
p ho to ns w ith Eγ <  1%  Ebeam.

1%

0.1%

0.045%

achieved w it h O ( α1 + h. o . L L ) ex p

S. Jadach, he p - p h/ 0 3 0 6 0 8 3

s o f t  an d co l l in ear  r es u m m at io n w as  t he 
k ey el em en t ,   m o r e im p o r t an t t han
ex p an din g  in t o  f in it e hig her o r der s !



E. R i c h t e r - W a s ,  M C  W o r k s h o p ,  C ER N  0 7 / 0 7 / 2 0 0 3

„LHC l e g a c y ” :  a l m o s t  1 5  y e a r s  e x p e r i e n c e  a l r e a d y  w i t h  p h y s i c s  s i m u l a t i o n .

LHC detectors have very high granularity and ex cellent reconstruction and
identif ication ef f iciencies.  V ery ex clusive analyses are f easib le.  
I nclusive techniq ues f or theoretical estim ates insuf f icient to f ully ex plore 
potential of  LHC physics.

Exclusive selections:  

->  lepton m ultiplicity and angular correlations
( spin correlations),  inv.  m ass

->  total energy b alance ( of f -shell decays) 
->  j et m ultiplicity and angular separation
->  j et presence or ab sence in def ined 

regions of  phase-space ( f orw ard,  central)
->  identif ication of  heavy f lavour j ets,  tau-leptons 

is an im portant tool

D etectors w ill b e sensitive to „ sof t”  electrons/ j ets/ photons:
j ets reconstructed dow n to p T ~  1 5 G eV      ( ~  0 . 2 %  E b e a m )
photons reconstructed dow n to p T ~  5  G eV  ( ~  0 . 1 % E b e a m )
electrons reconstructed dow n to p T ~  1 G eV ( ~  0 . 1 % E b e a m )

R ich spectrum  of  analyses 
planned.  
A nalyses w ill b e very ex clusive!
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H →→→→ γγγγγγγγ

b

b

t t H →→→→ t t b b  →→→→ b lνννν b j j  b b

H

τ

τ

q q H →→→→ q q ττττττττ

Three examples

VERY e x c l u s i v e  a n a l y s i s :
irreducible bgd: EW Zjj, EW WWjj
reducible bgd: tt, QCD Zjj , QCD WWjj

(MadCUP, PYTHIA)
require tight selection:

-> tag jets with large η separation  
-> leptons between tag jets
-> central jet-veto
-> kinematical constraints for τ→lν

using assumption of collinear approx.
-> reconstruction of  mττ

->  s e n s i t i v e  t o  E V E R Y T H I N G

I n c l u s i v e  a n a l y s i s :
irreducible bgd:  γγ p ro duct io n
reducible bgd:  γ j ,  j j  p ro duct io n
(PYT HIA, DIPHOX)

Exclusive  analysis:
i r r e d u c i b l e  b g d :  t t b b  
r e d u c i b l e  b g d :  t t j j ,t t c b  
(PYTHIA, Ac e r M C )

r e q u i r e  f u l l y  r e c o n s t r u c t e d  
f i n a l  s t a t e

- >  s e n s i t i v e t o  :
j e t  t o p o l o g y / m u l t i p l i c i t y
h e a v y  f l a v o u r  c o n t e n t  (b ,c )
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In m a ny p h y s i c s  a r e a s  w e  w i l l  w o r k  w i t h  h i g h  e v e nt  r a t e s ( ne g l i g i b l e  
s t a t i s t i c a l  e r r o r )  o r  h i g h  b a c k g r o u nd  r e j e c t i o n. In b o t h  c a s e s  g o o d  
u nd e r s t a nd i ng o n p r e c i s i o n o f M o nt e  C a r l o  p r e d i c t i o n ne e d e d .

Example:  n eed ed  r ej ec t i o n  ag ai n s t  t o p- pai r  b g d .
( eac h   r epr es en t s a v er y  d i f f er en t  ac c ep. t o po l. )

S i g n al                          t t  b g d  r ej ec t i o n  
( t o po lo g y + k i n emat i c s )

H- > W W * - > lνlν 3  1 0 4

t t H,  H- > i n v                                3  1 0 4

q q H,  H- > W W * - > lνlν 1 0 4

S i g n al                            B g d .  r ej ec t i o n ( d et ec t o r )

f o r  H- > γγ
j j ,  γ j                             2  1 0 7 ,  8  1 0 3  (i d e n t i f i c a t i o n )

f o r  H- > Z Z - > 4 l
t t  b g d                           1 . 2  1 0 3     (i s o l a t i o n ,  

i m p a c t  p a r a m e t e r )

L H C  w i l l  b e  a  fa c t o r y  o f Q C D  j e t s ,  W ,  Z ,  t t b a r ,  b b a r  e v e nt s ....

Can theory predict top- pair topol og y 
to 1 0 -4 or j j to 1 0 -7 ?
N O ( ? ) . . . . .

D ata w il l  need to b e u s ed to es tim ate 
b ack g rou nd at  this  l ev el  of  accu racy.
- >  F or H - > γγ this  w ork s  w el l  
( m eas u re Σ al l  b g ds . )

- >  F or H - > W W * w ork s  l es s  w el l .
- >  F or W H ,  H - > b b  does n’ t w ork .
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In m a ny p h y s i c s  a r e a s  w e  w i l l  w o r k  w i t h  h i g h  e v e nt s  r a t e s ( ne g l i g i b l e  
s t a t i s t i c a l  e r r o r )  o r  h i g h  b a c k g r o u nd  r e j e c t i o n. In b o t h  c a s e s  g o o d  
u nd e r s t a nd i ng o n p r e c i s i o n o f M o nt e  C a r l o  p r e d i c t i o n ne e d e d .

Example:  n eed ed  r ej ec t i o n  ag ai n s t  t o p- pai r  b g d .
( eac h   r epr es en t s a v er y  d i f f er en t  ac c ep. t o po l. )

S i g n al                          B g d  r ej ec t i o n  
( t o po lo g y + k i n emat i c s )

H- > W W * - > lνlν 3  1 0 4

t t H,  H- > i n v                                3  1 0 4

q q H,  H- > W W * - > lνlν 1 0 4

S i g n al                            B g d .  r ej ec t i o n ( d et ec t o r )

f o r  H- > γγ
j j ,  γ j                             2  1 0 7 ,  8  1 0 3  (i d e n t i f i c a t i o n )

f o r  H- > Z Z - > 4 l
t t  b g d                                1 . 2  1 0 3     (i s o l a t i o n

L H C  w i l l  b e  a  fa c t o r y  o f Q C D  j e t s ,  W ,  Z ,  t t b a r ,  b b a r  e v e nt s ....

Can theory predict top- pair topol og y 
to 1 0 -4 or j j to 1 0 -7 ?
N O ( ? )

D ata w il l  need to b e u s ed to es tim ate 
b ack g rou nd at  this  l ev el  of  accu racy.
- >  F or H - > γγ this  w ork s  w el l  
( m eas u re Σ al l  b g ds . )

- >  F or H - > W W * w ork s  l es s  w el l .
- >  F or W H ,  H - > b b  does n’ t w ork .

mγγ ( G e V )

H- > γγ    w i t h 1 0 0 f b -1

A T L A S A T L A S
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In many physics areas we will work with hig h ev ents rates ( neg lig ib le 
statistical error)  or hig h b ackg rou nd  rej ection.  In b oth cases g ood  
u nd erstand ing  on precision of  M onte C arlo pred iction need ed .

Example:  n eed ed  r ej ec t i o n  ag ai n s t  t o p- pai r  b g d .
( eac h   r epr es en t s a v er y  d i f f er en t  ac c ep. t o po l. )

S i g n al                          B g d  r ej ec t i o n  
( t o po lo g y + k i n emat i c s )

H- > W W * - > lνlν 3  1 0 4

t t H,  H- > i n v                                3  1 0 4

q q H,  H- > W W * - > lνlν 1 0 4

S i g n al                            B g d .  r ej ec t i o n ( d et ec t o r )

f o r  H- > γγ
j j ,  γ j                             2  1 0 7 ,  8  1 0 3  (i d e n t i f i c a t i o n )

f o r  H- > Z Z - > 4 l
t t  b g d                                1 . 2  1 0 3     (i s o l a t i o n

L H C  will b e a f actory of  Q C D  j ets,  W ,  Z ,  ttb ar,  b b ar ev ents. . . .

Can theory predict top- pair topol og y 
to 1 0 -4 or j j to 1 0 -7 ?
N O ( ? )

D ata w il l  need to b e u s ed to es tim ate 
b ack g rou nd at  this  l ev el  of  accu racy.
- >  F or H - > γγ this  w ork s  w el l  
( m eas u re Σ al l b g ds . )

- >  F or H - > W W *  w ork s  l es s  w el l .
- >  F or W H ,  H - > b b  does n’ t w ork .
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In m a ny p h y s i c s  a r e a s  w e  w i l l  w o r k  w i t h  h i g h  e v e nt s  r a t e s ( ne g l i g i b l e  
s t a t i s t i c a l  e r r o r )  o r  h i g h  b a c k g r o u nd  r e j e c t i o n. In b o t h  c a s e s  g o o d  
u nd e r s t a nd i ng o n p r e c i s i o n o f M o nt e  C a r l o  p r e d i c t i o n ne e d e d .

Example:  n eed ed  r ej ec t i o n  ag ai n s t  t o p- pai r  b g d .
( eac h   r epr es en t s a v er y  d i f f er en t  ac c ep. t o po l. )

S i g n al                          B g d  r ej ec t i o n  
( t o po lo g y + k i n emat i c s )

H- > W W * - > lνlν 3  1 0 4

t t H,  H- > i n v                                3  1 0 4

q q H,  H- > W W * - > lνlν 1 0 4

S i g n al                            B g d .  r ej ec t i o n ( d et ec t o r )

f o r  H- > γγ
j j ,  γ j                             2  1 0 7 ,  8  1 0 3  (i d e n t i f i c a t i o n )

f o r  H- > Z Z - > 4 l
t t  b g d                                1 . 2  1 0 3     (i s o l a t i o n

L H C  w i l l  b e  a  fa c t o r y  o f Q C D  j e t s ,  W ,  Z ,  t t b a r ,  b b a r  e v e nt s ....

Can theory predict top- pair topol og y 
to 1 0 -4 or j j to 1 0 -7 ?
N O ( ? )

D ata w il l  need to b e u s ed to es tim ate 
b ack g rou nd at  this  l ev el  of  accu racy.
- >  F or H - > γγ this  w ork s  w el l  
( m eas u re Σ al l  b g ds . )

- >  F or H - > W W * w ork s  l es s  w el l .
- >  F or W H ,  H - > b b  does n’ t w ork .

mbb ( G e V )

W H ,  H - > b b



E. R i c h t e r - W a s ,  M C  W o r k s h o p ,  C ER N  0 7 / 0 7 / 2 0 0 3

Some frequently simulated processes

qq- > W  and  qq- > Z / γ*  
(108 W - > e νννν ,  107 Z - > e e f o r  10f b - 1 )

P rocess

->  m W ( 1 5  M e V )

-> σl l f o r  Z / γ∗-> l l  
( <  5 %  f o r  m l l =  1 5 0 0  G e V )

-> l u m i n o s i t y  m e a s u r i n g  
t o o l ( <  5 % )

->  m e a s u r .  o f   s i n 2 ( θ e f f
l e p )   

( e r r o r ~  1 0 - 4 )

n e e d e d  t h  e r r o r   <  1 0  M e V   
( p T

W,  r a d i a t i v e  c o r r e c t i o n s , P D F ’ s )

n e e d e d  t h e o r y  e r r o r ~  1 % ( ? )

n e e d e d  t h e o r e t i c a l  e r r o r   o n  
x s e c t i o n ~  %  ( P D F ’ s )

m a i n  s y s t e m a t i c  e r r o r  f r o m  
P D F ’ s ,  c a n  t h e  u n c e r t a i n t i e s  
m a t c h  e x p .  p r e c i s i o n ?

M easurement C omments

Q C D  W + 2 j ,  Q C D  Z + 2 j
EW W+2j, EW Z+2j

Bgd.  t o  V BF  H  p r o du c t i o n R e j e c t i o n   1 0 3

w i t h  v e r y  e x c l u s i v e  s e l e c t i o n

Q C D  W+4 j, EW W+4 j
T e c h n i c o l o u r , s t r o n g s y m .  
b r e a k i n g,n o n - r e s o n a n t  W W

Q C D  Wb b ,  Q C D  Zb b Bgd.  t o  H i ggs , t e c h n i - r h o m a n da t o r y  t o  e s t i m a t e a l s o  
W b c , W c j , W b j , W c c , W j j
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Some frequently simulated processes

qq- > W  and  qq- > Z / γ*  
(108 W - > e νννν ,  107 Z - > e e f o r  10f b - 1 )

P rocess

->  m W ( 1 5  M e V )

-> σl l f o r  Z / γ∗-> l l  
( <  5 %  f o r  m l l =  1 5 0 0  G e V )

-> l u m i n o s i t y  m o n i t o r i n g /
m e a s u r i n g  t o o l ( <  5 % )

->  m e a s u r .  o f   s i n 2 ( θ e f f
l e p )   

( e r r o r ~  1 0 - 4 )

n e e d e d  t h  e r r o r   <  1 0  M e V   
( p T

W,  r a d i a t i v e  c o r r e c t i o n s , P D F ’ s )

n e e d e d  t h e o r y  e r r o r ~  1 % ( ? )

n e e d e d  t h e o r e t i c a l  e r r o r   o n  
x s e c t i o n <  1 %  ( P D F ’ s )

m a i n  s y s t e m a t i c  e r r o r  f r o m  
P D F ’ s ,  c a n  t h e  u n c e r t a i n t i e s  
m a t c h  e x p .  p r e c i s i o n ?

M easurement C omments

Q C D  W + 2 j ,  Q C D  Z + 2 j
EW W+2j, EW Z+2j

Bgd.  t o  V BF  H  p r o du c t i o n R e j e c t i o n   1 0 3

w i t h  v e r y  e x c l u s i v e  s e l e c t i o n

Q C D  W+4 j, EW W+4 j
T e c h n i c o l o u r , s t r o n g s y m .  
b r e a k i n g,n o n - r e s o n a n t  W W

Q C D  Wb b ,  Q C D  Zb b Bgd.  t o  H i ggs , t e c h n i - r h o m a n da t o r y  t o  e s t i m a t e a l s o  
W b c , W c j , W b j , W c c , W j j

pT
Z

pT
Z (G e V )pT

W (G e V )

A T L A S A T L A S
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Some frequently simulated processes

qq- > W  and  qq- > Z / γ*  
(108 W - > e νννν ,  107 Z - > e e f o r  10f b - 1 )

P rocess

->  m W ( 1 5  M e V )

-> σl l f o r  Z / γ∗-> l l  
( <  5 %  f o r  m l l =  1 5 0 0  G e V )
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n e e d e d  t h  e r r o r   <  1 0  M e V   
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W,  r a d i a t i v e  c o r r e c t i o n s , P D F ’ s )
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Q C D  W + 2 j ,  Q C D  Z + 2 j
EW W+2j, EW Z+2j
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pT
Z
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Some frequently simulated processes

top- pair production

P rocess M easurement C omments

top- m a s s  m e a s u r e m e n t
( e r r or  1  G e V )

b g d .  to H - > W W *  

pT
t o p pr e d i c ti on s f r om th e or y ,  

F S R ,  u n d e r l y i n g  e v e n t.

m od e l l i n g of  of f - s h e l l  
pr od u c ti on ,  s pi n  c or r e l a ti on s

tt+ 1 j ,  tt+ 2 j b g d .  to V B F  H  pr od u c ti on ;

ttW,  ttWW

Q C D  ttb b ,  E W ttb b b g d  to ttH ,  H - > b b ;

b g d  to ttH ,  H - > W W * ;

Wγ,  Zγ,  WZ b g d  to T G C ’ s

Wγγ,  Zγγ,  ttγγ b g d  to W H ,  Z H ,  ttH , H - > γγ

a t l e a s t N L O  c on tr ol  on  th e  
d i f f e r e n ti a l  s pe c tr a
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Some frequently simulated processes

top- pair production

P rocess M easurement C omments

top- m a s s  m e a s u r e m e n t
( e r r or  1  G e V )

b g d .  to H - > W W *  

pT
t o p pr e d i c ti on s f r om th e or y ,  

F S R ,  u n d e r l y i n g  e v e n t.

m od e l i n g on  of f - s h e l l  
pr od u c ti on ,  s pi n  c or r e l a ti on s

tt+ 1 j ,  tt+ 2 j b g d .  to V B F  H  pr od u c ti on ;

ttW,  ttWW

Q C D  ttb b ,  E W ttb b b g d  to ttH ,  H - > b b ;

b g d  to ttH ,  H - > W W * ;

Wγ,  Zγ,  WZ b g d  to T G C ’ s

Wγγ,  Zγγ,  ttγγ b g d  to W H ,  Z H ,  ttH , H - > γγ

a t l e a s t N L O  c on tr ol  on  th e  
d i f f e r e n ti a l  s pe c tr a

qqH     →→→→ qqWW* →→→→ qq l νννν l νννν

backgrounds: tt  background

γ∗ γ∗ γ∗ γ∗ / Z + jets

el.weak WW jj

signal: Higgs (mH = 160 GeV)
( a ) ( b )

( c ) ( d )
(a) Lepton PT cuts and 

tag jet requirements (∆ η, PT) 
(b) Require large mass of tag jet system  
(c) Jet veto 
(d) Lepton angular and mass cuts 

ATLAS ATLAS

ATLAS ATLAS
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Some frequently simulated processes
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Some frequently simulated  processes

H ig g s  production

P rocess M easurement C omments

evidence,
m a s s  m ea s u r .  ( ~  0 . 1 % ) ,
co u p l ing  m ea s u r .  ( ~  2 0 % ) ,
w idt h  m ea s u r .  (  ~  2 0 % ) ,

ex cl u s ive t o p o l o g ies  ver y  im p o r t a nt
N L O  ca l cu l a t io ns  no t  ver y  h el p f u l
N L O  M C  g ener a t o r  w o u l d b e m o s t  
w el co m e

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

g g - > H ,  qqH  
ttH ,  W H ,  b b H ,  
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Some frequently simulated  processes

H ig g s  production

P rocess M easurement C omments

evidence,
m a s s  m ea s u r .  ( ~  0 . 1 % ) ,
co u p l ing  m ea s u r .  ( ~  2 0 % ) ,
w idt h  m ea s u r .  (  ~  2 0 % ) ,

ex cl u s ive t o p o l o g ies ver y  im p o r t a nt
N L O  ca l cu l a t io ns  no t  ver y  h el p f u l
N L O  M C  g ener a t o r  w o u l d b e m o s t  
w el co m e

such list could continue over several pages ......

g g - > H ,  qqH  
ttH ,  W H ,  b b H ,  

Measurement of the SM Higgs mass 
at the L HC    ( A T L A S stud y )

E x p ect ed ex p er im ent a l  
s y s t em a t ic er r o r s  incl u ded.
N o  t h eo r et ica l  u ncer t a int y

Measurements of the Higgs
c oup l ings and  Higgs w id th in A T L A S

S y s t em a t ic u ncer t a int ies  incl u ded
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Heavy f l avo u r p r o d u c t i o n i n Q C D  c as c ad e. . . .

Rbb-jets

Example:   irreducible t t bb back g d.  t o t t H
comparison of the differential 
distrib u tions for b - j ets not orig inating
from top- q u ark  decay s.

b lack :  M E  calcu lations ( A cerM C )
red:  P Y T H I A
b lu e:  H E R W I G

⇒ un ders t an d w h at  is  mis s in g  
in  H ER W I G

⇒ impro v e co n s is t en cy  bet w een
dif f eren t  appro ach es

Important to validate baseline MC generators (P y th ia+ + , H erw ig+ + ,  ? ? )  versu s
• L E P  data (k now n)
• T evatron data (2 f b- 1  w ill add a lot)
�need to agree on th is proc ess:  h ow ? ,  w h o?

(automatic tool like J etW eb could  p r ov id e a tech n ical s olution )

ATLAS

4  b - j e t s  r e q u i r e d
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NLO, NNLO c a l c u l a t i o n s f o r  g g - > H
S. C a t a n i e t  a l .,  h e p - p h / 0 2 0 6 0 5 2

⇒ K - f a c t o r  ~  1 .7  f o r  N L O
~  2 .1  f o r  N N L O

A p p l y i n g  j e t - v e t o  i m p l i e s  „ l o s s ”  i n  
t h e  x s e c t i o n . T h e d o m i n a n t  p a r t  o f
Q C D  c o r r e c t i o n s  i s  d u e  t o  s o f t  
c o l l i n e a r  r a d i a t i o n .

⇒ K - f a c t o r ~   1 .1  f o r  N L O
~  0 .9  f o r  N N L O

With v e to  p T
j e t > 2 0  G e V

Full- f le d g e d  N N L O  M o n t e  C a r lo  

will probably be needed (most difficult

part will be back g round not sig nal) .

K- f a c t o r  w i t h  j e t - v e t o

Inclusive xsection

g g - >  H - > γγ a lm ost inclusive selection

g g - > H - > W W * - > lνlν
tig h t j et- veto to 
r ej ect tt b a ck g r ound .
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NLO, NNLO c a l c u l a t i o n s f o r  b b H

Example:  b b H ,  b b A  Y u k aw a pr o d u c t i o n  i n M S S M .

N N L O  c alc u lat i o n s (H a r l a n d e r ,  K i l g o r e , h e p - p h / 0 3 0 4 0 3 5 ) :

u p t o  t w o - lo o ps :  b b - > H
u p t o  o n e- lo o p:    b b - > H g ,  g b - > H q
at  t r ee lev el:   b b - > H g g ,  b b - > H q q ,  

b b - > H b b ,  g b - H g b ,  b b - > H b b ,  
b q - > H b q ,  g g - > H b b , q q - > H b b

Is it a problem that „only”  calculations  are available? 
= >   Y es,  because analysis is  very ex clusive

mH 120 G e V      3 00 G e V     8 00 G e V

σLO 4 8 0              22             3 . 4

σNLO 6 9 0              3 0             4 . 1

σNNLO 7 20               3 0            4 . 4

[ f b ]  f o r  t a n β = 1

W h a t  a r e t h e  so u r c e s/ si z e s o f  t h e o r e t i c a l  
u n c e r t a i n t i e s o n  t h o se  p r e d i c t i o n s:  
µµµµR,µµµµF ,P D F ’ s, mb ( Q 2 ) , r e su mma t i o n ,. . . .  ? ?

o n g o i n g  d i sc u ssi o n o n  V F S  v e r su s F F S  a p p r o a c h e s

Available f o r  even t  g en er at io n :     
bb- > H    lo w es t o r d er  +  im p r o ved P S  
bb- > H g ,  g b- > H q +  s im p le P S
g g - > bbH ,  q q - > bbH   +  s im p le P S

σσσσNNLO / σσσσLO 1. 5              1. 3 5            1. 3 0
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direct:   g g - > H             
a s s o cia ted:  g g , q q  - >  b b H

Higgs transverse momenta H- > ττ mass resol u tion
F rac tion of  events f or w h ic h
H- > ττ c annot b e rec onstru c ted

a) r e c o e f f i c i e n c y  +  r e s o l u t i o n  f o r   A / H - > ττ r e c o n s t r u c t i o n  

d e p e n d s  ( f ac t o r  1 0 0 % ) o n  e v e n t  t o p o l o g y  ( p T
H p l ay s  m ai n  r o l e )

b ) s i n g l e  b - j e t  o r  b - j e t  v e t o  r e q u i r e d  ( p T
j e t ~  2 0  G e V ,  a r at h e r  

s o f t  c u t  f o r  L H C ),  c o m b i n e  s t at i s t i c al y e v i d e n c e  f o r  b o t h

s am p l e .

c ) d o m i n an t  b g d s :   t t ,  i n c l .  Z ,  i n c l .  W

rec onstru c tion ef f ic .  &  ac c ep t.
d if f er b y  f ac tor 2 !

assoc .

d irec t assoc .

d irec t assoc .

d irec t

F u l l - f l edg ed 
M o n te C a rl o  
g en era to r 
m a n da to ry !

A T L A S A T L A S A T L A S
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Pythia tu n in g  an d B  e v e n ts

Even if full NLO QCD 
calculation available 
– need whole event, 
need hadronization
and  decays. 

Pt of a b-quark

  b-QUARK CROSS SECTION: CDF D0 DATA AND NLO QCD
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NLO QCD 
lower by 2.4

pTb

  b-QUARK CROSS SECTION: CDF D0 DATA AND PYTHIA6
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Use Pythia tuned to CDFD0 b-production and 
underlying event. Many parameters involved – some of 
them correlated, ambiguities…

pTb

  b-QUARK CROSS SECTION: CDF D0 DATA AND PYTHIA6
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Currently tuned ‘set of Py6 parameters’  works better 
with CTEQ3 than with CTEQ5 for b-production 
CDF+D0. We can move to CTEQ5 only if the whole 
set re-tuned.  Non-trivial: need Py6 team involvement. 

Py6 CTEQ3 
agree with 
CDF, D0 

Py6 CTEQ5
fail at low 

and high pT
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Minimum b ia s  e v e nt   a nd  und e r l y ing  e v e ntp pσA
^

Multiple pa r to n in ter a c tio n s  g iv e a  n a tur a l w a y  o f  ex pla in in g  
th e ev en t a c tiv ity f o r  b o th  m in im um  b ia s  a n d  th e un d er ly in g  ev en t.

Strong impact on:
E T

m i s s re s ol u tion,   
s of t- j e t mu l tipl icitie s ,  
rad iation l e v e l s ;  
d e te ctor occu pancy ,  
e tc.  

F luc tua tio n s  in  c h a r g ed  pa r tic le m ultiplic ities

d ef a ult – „ s im ple”  s c en a r io  
tun ed   - „ c o m plex ”  s c en a r io

~ 1 0  in C P U

A T L A S  tun in g  2 0 0 3

A T L A S  tun in g  2 0 0 3
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Conclusions

As a result of this workshop, we would like to H AV E  A C L E AR
W O R K P L AN for g ettin g  in  tim e adeq uate M on te C arlo tools  
( m issin g  b ac kg roun d proc esses, N L O  g en erators)  with 
b etter prec ision  ( fac tor 1 0 ?  ) with respec t to what we hav e n ow.

E V E N T  G E N E R A T O R S  a r e  m a nd a t or y  t o f ully  e x p lor e  
t h e  p ot e nt ia l of  t h e  d e t e ct or  a nd  m a ch ine ,  a nd  t h e  com p le x it y  
of  t h e   p la nne d  a na ly se s.

There has been  enormous progress over the last twenty years in the availability of  
N L O ,  N N L O  c alc ulations  ( „ integrated  over f ull phase-spac e” )  and  matrix -element  
tree-level event generators.
I t is however rather c lear that,   given the ex perimental goals the f ix ed  ord er  and / or
„ c ut-of f ”  d epend ent generators will of ten not be suf f ic ient.   ( I t was alread y the c ase 
f or L E P  analyses) .

L E P  ex perienc e has shown that one c an easily und erestimate the time need ed  to 
matc h the prec ision of  the theoretic al pred ic tions with the analysis potential of  the
ex periments.

Many thanks to: D. Froidevaux, G. Azuelos, B. Craig, M. Dobbs, F. Gianotti, I. Hinchliffe,B. Kersevan,A. Moraes
R. Harlander, S. Jadach, Z. Was


