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Tools f or  H i g g s i n A TL A S

• Revealing the physical mechanism that is responsible for the breaking 
of electroweak symmetry is one of the key problems in particle physics”

• A new collider, such as the LHC must have the potential to detect this particle, 
should it exist. 

� To establish the Higgs mechanism:   1.  Discovery   (OK)
2.  Parameter measurements (OK)
3.  Demonstration of Higgs

boson self-coupling (potential) (??!)

Outline:
- >  s ta tus  o f  d is c o v er y  p o tentia l
- >  w h ic h  to o ls  h a v e b een us ed
- >  p r es ent is s ues  f o r  f ew  a na ly s es
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Prospects for Standard Model Higgs searches
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•D i s c o v e r y  p o t e n t i a l  w e l l  u n d e r s t o o d :
- >  s e v e r a l  c o m p l e m e n t a r y  c h a n n e l s
- >  s o m e  c h a n n e l s  w i t h  v e r y  e x c l u s i v e

t o p o l o g i e s  ( l a r g e b g d .  s u p p r e s s i o n ) .
• P o t e n t i a l  f o r  c o u p l i n g  m e a s u r e m e n t s
a l r e a d y  w i t h  3 0 f b -1 .

• S t u d i e d  a l r e a d y  p r o s p e c t s  f o r  m a s s ,  
w i d t h  ( d i r e c t  a n d  i n d i r e c t ) ,  C P ,  s p i n
m e a s u r e m e n t s .

• D e t e c t o r p e r f o r m a n c e   i s  c r u c i a l :   
b - t a g ,   l / γ E - r e s o l u t i o n ,  γ/ j  s e p a r a t i o n ,  
E T

m i s s r e s o l u t i o n ,   f o r w a r d   j e t  t a g s ,  
c e n t r a l  j e t - v e t o ,   τ- r e c o n s t r u c t i o n
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SM Higgs production

gg  fusion WW/ZZ fusion

associated Htt associated WH, ZH

D ire ct:
-> gg fusion dominant
-> VBFusion  20% of gg at 120 GeV 

2 jets @ large η

A ssocia te d:
-> 1-10% of gg

isolated lepton from W decay
reconstruct top-quarks 

Having available  four 
p rod uc t ion m ec h anis m s  
is  t h e k ey  for m eas urem ent s  
of Higgs  bos on p aram et ersLeading order
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Events for
10fb-1
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BR

Main d is c o v e r y  c h anne l s

Large  QCD  backgrounds:
σ (H → bb ) ≈ 20 pb; 

(direct production, mH =120 GeV )
σ (  bb )      ≈ 500 µb    

→ no hope to trigger / extract fully 
hadronic final states
→ look for final states with l, γ (l = e,µ ) 

, H   X,bb  Ht  t γγ→+→ l

mH > 2 mZ :

H → ZZ* → 4l,  H → WW(*) → lνlν

mH < 2 mZ :

H → ZZ → 4l
qqH → ZZ → ll νν
qqH → ZZ → ll jj mH > 300 GeV
qqH → WW→ lνjj             forward jet tag

qqH → qqWW(*) (→ lνlν)
qqH → qqττ (→ lνlν, hνlν)
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mbb ( G e V )

WH, H- > b b

We h a v e n o t  f o r g o t t en  a b o u t  WH ,  H - > b b

- >  F o r  s e v e r a l  y e a r s  b e n c h m a r k  
c h a n n e l  t o  o p t i m i s e  d e t e c t o r  
p e r f o r m a n c e f o r  b - t a g

- >  B y  t o d a y  w e  h a v e  m o r e  p e r f o r m a n t  
a l t e r n a t i v e s  i n  t h e s a m e m a s s  r a n g e  
( 1 0 0 - 1 2 0  G e V )

- >  S e n s i t i v i t y  r a t h e r  w e a k  a n d  
v e r y  d i f f i c u l t t o  c o n t r o l  b g d .  s h a p e

Signal 2 5 0
B gd :
W Z ,  Z - > b b           2 2 0
W b b                  2 0 0 0
W b j , W j j            4 2 0 0
t t - > W b W b         3 7 0 0
t b , t b q                  7 4 0

T o t al b gd 1 0 8 2 0
R e d / ir r e d 0 . 6 5
S/ B                     2 . 3 %

( c o m m e n t b y  R .  Ha r l a n d e r
l a s t  T u e s d a y )



E. R i c h t e r - W a s ,  M C  W o r k s h o p ,  C ER N  1 0 / 0 7 / 2 0 0 3

MSSM H i g g s  b o s o n  p r o d u c t i o n  a n d  d e c a y s

->   h →γγ,  t t h → b b ,  H  → Z Z (*)→ 4 l a s  i n  S t a n d a r d  M o d e l
->   H W W ,  H Z Z s t r o n g l y  s u p p r e s s e d  w i t h  t a n β, 

V B F  p r o d u c t i o n  a b s e n t  f o r  A - b o s o n
- >    A / H b b ,  A / H ττ,  A / H µµ e n ha n c e d  w i t h  t a n β
->  t y p i c a l   o f   M S S M : A / H  →ττ, µµ;   H + →τν ,  t b
- >     i f  S U S Y  a c c e s s i b l e  H i g g s  →→→→ S U S Y  p a r t i c l e s o r  S U S Y  c a s c a d e   → H i g g s

Two Higgs doublets: 5  Higgs particles    H, h, A 
H+, H-

determined by two parameters:  mA,   tan β

Fixed mass relations at tree level,
(Higgs self coupling in MSSM fixed by gauge couplings) 

Important radiative corrections !! 
(tree level relations are significantly modified)

For large mA the h boson is SM like (decoupling limit)

upper limit for the light Higgs mass 
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Status: MSSM H i g g s se c to r

• D i s c o v e r y  p o t e n t i a l  w e l l  u n d e r s t o o d
w i t h  a s s u m p t i o n  o f  h e a v y  S U S Y  p a r t i c l e s .

• S e v e r a l  o v e r l a p p i n g  c h a n n e l s ,  s t u d i e s
e x e n d e d t o  m

A
= 1  T e V r a n g e .

• O n l y  l i m i t e d  s t u d i e s  f o r  S U S Y - >  H i g g s
o r  H i g g s  - >  S U S Y  s c e n a r i o s .

• S o m e   c h a n n e l s  a t l o w  t a n β e x c l u d e d  b y  L E P 2 ,
b u t  s t i l l  i n t e r e s t i n g  i n  e g .  2  H D M

• S o m e u n d e r s t a n d i n g  o f  t h e  t a n β a n d
m a s s  m e a s u r e m e n t s  ( h e a v y  H / A ,  H + - ) .

• N O  d e d i c a t e d  s t u d i e s  o n  c o u p l i n g s  y e t .
• N O  d e d i c a t e d  s t u d i e s  o n  t h e  c a p a b i l i t y  t o

d i s e n t a n g l e  M S S M  a n d  S M  s c e n a r i o s  ( i n  c a s e
o n l y  h - b o s o n  s e e n )  y e t .

N O  e x o t i c  s c e n a r i o s :  
t h e y  d o  n o t  p r o v i d e  e x o t i c
s i g n a t u r e . . .  b u t  e g .  a v a i l a b l e
e x a m p l e  o f H + i n  
e x t r a  d i m e n t i o n s ,  A / H - > τµ
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Tools f or  si g n a l

Even generation: P Y T H I A  ( im p roved  I S R /F S R ) +  T A U O L A ,  P H O T O S
H ER W I G  ( f or c harged  H iggs  anal y s es ) 

S c an f or S M  m od el : H I G L U ,  Q Q H ,  V V H  ( L O ! ),  
H D EC A Y

S c an f or the M S S M  m od el : H I G L U ,  Q Q H ,  V V H ( L O ! ) 
H D EC A Y , F EY N H I G G S , S U B H

For s om e  c om p a ri s on  s t u d i e s :  R e s B O S

I s s u es :
-> P rod u c tion m ec hnis m s  f or Y u k aw a c ou p l ing s ens itive
p roc es s es  b b H /b b A

-> C harged  H iggs  in the trans ition region ( tt->H + b W b  vers  gb ->tH +)
-> W e w il l  m eas u re H iggs  m as s  w ith p rec is ion ~  0 . 1 %  f or l ight h->γγ,   
w il l  theoretic al  c al c u l ations  p rovid e s im il ar ( b etter) p rec is ion of  
p red ic tions f or the  M S S M  ( S U G R A ,  . . . .  other) m od el s ?
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Tools f or  b a c k g r ou n d s

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
->   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 ,  C O M P H E P ,  M a d C U P . . . .

-> T A U O L A ,  P H O T O S

For s om e c om p aris on s tu d ies :
->  „ 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 o r  N L O  v e r s  L O  s t u d i e s )

B y  now ,  generation of  th e L A R G E  nu m b er of  p roc es s es  is  avail ab l e  at th e B orn l evel .  

B u t w e need to c ontrol R E D U C I B L E  b gd s .  al s o - >  P arton S h ow er M onte C arl o.

B u t w e need  to c ontrol  w el l  T R A N S I T I O N  region,  b etw een „ s of t”  and  „ h ard ”
ranges  of  th e p h as e- s p ac e - >  P arton S h ow er M onte C arl o vers u s  M E  m atc h ing.
(For m os t H iggs  p h y s ic s  rel evant j ets  w ith  p T =  2 0 - 5 0  G eV )
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Backgrounds

Universal:     W + ( b ) j et s,  Z + ( b ) j et s,  t t + ( b ) j et s

M o re sp ec if ic :  W W ,  Z Z ,  γγ ,  t t W ,  t t Z ,  t t W W ,  t t t t
W W + j et s,  Z Z + j et s,   
elec t ro w eak W W + j et s,  Z Z  + j et s,     
elec t ro w eak t t b b , . . . . . .

Exclusive selections:

->  lep t o n m u lt ip lic it y  and  ang u lar c o rrelat io ns
( sp in c o rrelat io ns) ,  inv.  m ass

->  t o t al energ y  b alanc e ( o f f -sh ell d ec ay s)  
->  j et  m u lt ip lic it y  and  ang u lar sep arat io n
->  j et p resenc e o r ab senc e in d ef ined  

reg io ns o f  p h ase-sp ac e ( f o rw ard ,  c ent ral)
->  id ent if ic at io n o f  h eavy  f lavo u r j et s,  t au -lep t o ns 

is an im p o rt ant  t o o l

R ic h  sp ec t ru m  o f  analy ses 
p lanned .  
A naly ses w ill b e very  ex c lu sive!
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Monte C ar l o T O O L S :  c onsi stenc y  p r ob l em

O ne of ten f ac es th e p r ob l em  of  th e l ac k  of  c onsi stenc y  
b etw een p r ed i c ti ons f r om d i f f er ent g ener ator s f or  th e 
sam e p r oc ess:

• u sed  d ef i ni ti on f or  αQCD . . . (  1 L ,  2 L ) ,  r u nni ng  or  f i x ed
• f ac tor i sati on/ r enor m al i sati on sc al e
• m od el i ng of  th e p ar ton sh ow er / h ad r oni sati on/ d ec ay s
• f r ac ti on of  h eav y  f l av ou r  j ets,  ang u l ar  c or r el ati ons
• f i ni te w i d th  ef f ec ts,  of f - sh el l  d ec ay s

W e ar e not al w ay s w el l  aw ar e of  th e si z e of  th e th eor eti c al  
er r or w h i c h  sh ou l d  b e assi g ned  to a g i v en p r ed i c ti on.

b el ow  j u st f ew  ex am p l es. . . . . . .
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Present problems of exclusive analyses. . . . .

PYTHIA
HERWIG

pT
W s pe c t r u m

i n  e v e n t s  w i t h
m u l t i - j e t s  p T

W ( G e V ) p T
W ( G e V )

p T
W ( G e V ) p T

W ( G e V )

default

⇒ source of d i screp a n cy
i s d i fferen t  m od el  for
QCD ISR/FSR

⇒ c o u l d  i t  b e  t u n e d ?
⇒ s h o u l d n  i t  b e  t u n e d ?  
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Present p ro b l em s o f ex c l u si v e a na l y ses. . . .

Example1:    ttH ,  H ->i n v .
o bs er v e( ? )  exc es s  i n  th e 
E T

m i s s d i s tr i bu ti o n ,  S / B  ~  1/ 3
r ec o n s tr u c t bo th  to p’ s  ac c o mpan i ed
by  lar g e ET mi s s . A f ter  s elec ti o n  
d o mi n an t bg d . o r i g i n ates f r o m ttj j
t->W b->τνb w i th  „ f ak e”  W ->j j  
r ec o n s tr u c ted .

S elec ti o n           P Y T H I A      H ER W I G

TH p r e c i s i o n o n  t o p o l o g y ? ?  ~  1 0  αQCD  ? ?
P o s s i b l e  c a u s e s :  d i f f e r e n t I S R / F S R  m o d e l ,
s p i n  c o r r e l a t i o n s ( i n  He r w i g b u t  n o t  i n P Y THI A ) , . . . .

Tr i g g e r  l e p t o n                2 . 2   1 0 - 1 2 . 2  1 0 - 1

2  b - j e t s  +  2  j e t s             4 . 9   1 0 - 2 5.2 10 - 2

reco t- > j j b                       2.4   10 - 2 2.6  10 - 2

mT
l e p - E T m i s s > 120 G e V        4 .1   10 - 4 5.2 10 - 4

ET mi s s >  150 G e V            2.0  10 - 5 3 .2 10 - 5

d i f f e r e n c e  mo s tl y  c a u s e d  b y  f r a c ti o n  o f  
f a k e W- > j j  b e i n g  r e c o n s tu c te d = >

I N V I S

⇒ understand possible source of
discrepancy

⇒ prov ide firm  estim ate of 
th eoretical uncertainty
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Present problems of exclusive analyses. . . .

Rbb-jets pT
bb-jets (GeV)

mbb-jets (GeV) mbb-jets (GeV)

Example2:   
i r r ed u c i b le t t b b  b ac k 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

⇒ understand what is missing 
in H E R W I G

⇒ imp r o v e  c o nsist e nc y  b e t w e e n
d if f e r e nt  a p p r o a c h e 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  1 0 / 0 7 / 2 0 0 3

Present problems of exclusive analyses. . . .

Example2:   
i r r ed u c i b le t t b b  b ac k g d .  t o  t t H

Parton- s h ow r p re d i c ti ons  f or 
h e av y - f l av ou r j e ts  ab ov e  M E  
p re d i c ti ons .

T h i s  ob s e rv ati on h ol d s  f or oth e r 
p roc e s s e s  i n m od e rate  p T j e t.

re d :  PY T H I A  Parton S h ow e r
b l u e :  A c e rM C  m atri x - e l e m e nt

⇒ in analysis require pTjet >  3 0  G eV  
⇒ i mpr o v e u n d er s ta n d i n g  o f   c o n s i s ten c y  

a n d  r el i a b i l i ty b etw een  a ppr o a c h es

pT
b - jet

pT
b b - jets

m b b - jets

1 2 0  G eV
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Present problems of exclusive analyses. . . . .  

Example3:  r ed u c i b le b ac k g d  f r o m t t j j  t o  t t H ,  H ->b b

only t r u e  b b  f r om M E  a nd  
not  or i gi na t i ng f r om t op - q u a r k s :
v e r y good  a gr e e m e nt  b e t w e e n 
s h a p e   f r om  M E  p a r t ons  
a nd  r e c ons t r u c t e d  j e t s

A ll t r u e  b b , s o a ls o c ont r i b .
f r om  g- > b b  s p li t t i ng i n t h e  
I S R /F S R  a nd /or  
c om b i n.                           

Total bgd

A ny ot h e r  b c ,j b ,j c  
c om b i na t i on i d e nt i f i e d
a s  b b

1 .  M E h eav y -f lav o u r  par t o n s  
mi g h t  c o n t r i b u t e o n ly   
2 0 %  - 6 0 %  o f  t o t al b g d  
(s ee eg .  4 b  i n  Q C D  j et s )

2 .  N o t i c e d i f f er en c e i n  s h ape
o f  d i f f er en t  c o mpo n en t s  

F u ll f le dge d e v e n t ge n e r ator
s h ou ld c on tai n :
⇒ consistent M E / P S  

m od el  f or  ttb b
⇒ a nd th e sa m e f or  r ed u cib l e 

ttj j ( j = g , u , d , s, c)

AcerMC

PYTHIA

PYTHIA
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QCD W + 2 t a g s  + 1 j

PYTHIA 
p a r t o n  
s h o w e r

HE R W IG
p a r t o n  
s h o w e r

Existing problem with ME events interfaced by L esH ou ches accord:
->  not enou gh central radiation between colou r obj ets
->  some featu res of generators not implemented for external    
processes ( eg.  improved P S  in P ythia,  spin correlations in H erwig)

How well works LesHouches accord

1

ME + LesHouches interface
to p arton show er w ith P Y T HI A

Zeppenfeld et al. 
P R D 5 4  6 6 8 0

QCD

E W

similar deficit fo r 
Q C D  an d E W  

matrix  elemen t

η* j3= ηj3 – (ηj1+ηj2)/2
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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 fledged N N L O  M o n t e C a r lo  

w i ll probably be  n e e d e d  ( m os t  d i f f i c u lt

part  w i ll be  bac k g rou n d  n ot  s i g n al) .

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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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

I n  f ac t  t o  o b s er v ab i li t y c o n t r i b u t es  as  w ell pr o c es s  n o t  i n c lu d ed  i n  ab o v e c alc u lat i o n s :
d i r ec t  g g ->H   ( med i at ed  als o  b y  b -q u ar k  lo o p)

Is i t  a  p r o b l e m  t h a t  „ o n l y ”   c a l c u l a t i o n s  a r e  a v a i l a b l e ?  
= >   Y e s,  b e c a u se  a n a l y si s i s  v e r y  e x c l u si v e

mH 1 2 0  G e V      3 0 0  G e V     8 0 0  G e V

σLO 480             22             3.4

σNLO 6 9 0             30             4.1

σNNLO 7 20              30            4.4

[ f b ]  f o r  t a n β = 1

+  5 0% + 35 %
+ 30%

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

NLO, NNLO i s s u e s . . . .
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NLO, NNLO i s s u e s . . . .

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 l y  e v i d e n c e  f o r  e i t h e r

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

5 s d isc overy  c ontou r in MSSM r e c o n s t r u c t i o n  e f f i c . &  a c c e p t .
d i f f e r s  b y  f a c t o r  2

H->ττ

a s s o c .

d i r e c t a s s o c .

d i r e c t a s s o c .

d i r e c t
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Charged H +- - >  τν

5 σ di s c o v ery  c o n t o u rs

extended with
new analysis

we d o n ’ t  h a v e M o n t e C a r l o (o n l y  p a t c h es )  
f o r  g en er a t i n g  ev en t s  i n  t h e t r a n s i t i o n  r eg i o n

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

for higher massesfor low masses

(2 →2) = gb->tH+

(2 →3) = gg->tbH+
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Conclusions

We w o u l d  l i k e t h a t  a s  r es u l t s  o f  t h i s  w o r k s h o p  w e h a v e c l ea r  p l a n f o r  a c h i ev i n g  
t h eo r et i c a l  p r ec i s i o n  b et t er  b y  f a c t o r  1 0 ( ! ? )  w i t h  r es p ec t  t o  w h a t  w e h a v e n o w !  

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 sis.

T h er e h a v e b een  a n  en o r m o u s  p r o g r es s  o v er  t h e l a s t  t w en t y  y ea r s  i n  t h e a v a i l a b i l i t y  o f  
N L O , N N L O  c a l c u l a t i o n s  ( „ i n t eg r a t ed  o v er  f u l l  p h a s e-s p a c e” )  a n d  m a t r i x -el em en t   
t r ee-l ev el  ev en t  g en er a t o r s .

I t  i s  h o w ev er  r a t h er  c l ea r  t h a t , g i v en  t h e ex p er i m en t a l  g o a l s  f i x ed  o r d er   a n d  / o r
„ c u t -o f f ”  d ep en d en t  g en er a t o r s  w i l l o f t en  n o t  b e s u f f i c i en t .  ( I t  w a s  a l r ea d y  t h e c a s e 
f o r L E P  a n a l y s es ) .

F o r  H i g g s  p h y s i c s  m a n d a t o r y  v er y  g o o d  u n d er s t a n d i n g  o f  r ed u c i b l e a n d i r r ed u c i b l e b g d s .
T h i s  c a n  b e o n l y  a c h i ev ed  w i t h  b et t er  u n d er s t a n d i n g  o f  t h e p a r t o n -s h o w er  t y p e v er s u s
m a t r i x  el em en t  t y p e p r ed i c t i o n s :  w i l l  M C @ N L O b e t h e s o l u t i o n  f o r  i t ?


