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Diffractive Higgs Production
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Diffractive Higgs Production
Exclusive diffractive Higgs production pp→ p H p  :                3 - 1 0   fb
I nclusive diffractive Higgs production pp → p+ X + H+ Y + p :    5 0 - 2 0 0  fb
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~New: U n d er  s t u d y  b y
s ev er a l  g r o u p s
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A d v a n t a g es :
• J z = 0  s u p p r es s i o n  o f  g g → b b  b a c k g r o u n d
• M a s s  m ea s u r em en t  v i a  m i s s i n g  m a s s  
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• For light Higgs, dominant decay mode is

• For inclusive production, the QCD         background is 
overwhelming

• For double diffractive production (2 tagged protons) there is 
a JZ = 0, parity even selection rule : 

cancel each other in the                    limit

• Cross section suppressed as

where  

Interest in Diffraction

e.g. V. K h o z e

P r o b l em :  d i f f r a c t i v e p r o d u c t i o n  =  m i x t u r e o f  p er t u r b .+ n o n -p et u r b . Q C D
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Studied Processes

a) and d) proton induced                       b) and c) pom eron induced

b) “ f actoriz abl e”  pom eron m odel :   εεεε =  0 . 2  (  f l ux  f actor dσ( s ’ ) ~  ( s ’ ) 2εεεε )
c) “ non-f actoriz abl e”  pom eron m odel :  εεεε =  0 . 0 8              (R. P e s c h a n s k i )

d)  S of t Colour I n t e ra c t i on / G A L  p rot on  m od e ls  ( n o e x p li c i t e  c olour 
s i n g le t  e x c h a n g e / c oh e re n c e  → e x p e c t  low  c ros s  s e c t i on )

d )

a )  E x c lus i v e  p roc e s s b , c , d )  I n c lus i v e  p roc e s s e s

c )a ) b ) c ) d )
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Cross Section Calculations

• F o l d  e i t h e r  p o m e r o n  s t r u c t u r e  f u n c t i o n s  ( a s  m e a s u r e d  a t  H E R A )

o r  p r o t o n  s t r u c t u r e  f u n c t i o n s  w i t h  t h e  c r o s s  s e c t i o n  g g  → H

Important unknowns
• E ne rg y  d e pe nd e nc e  P ome ron f l ux  f ac tor 
• N ormal i z ati on to d i -j e ts ( c ol our f ac tor)
• G ap surv i v al  prob ab i l i ty  ( S P )  ( f ac tori z ati on b re aki ng )

N ormal i z e  at T e v atron ( d i -j e t d ata)
C al c ul ate  ( K h oz e  e t al . :  sof t re sc atte ri ng /QCD radiation in the gap)
S om e grou p do not tak e s u c h  S P  into ac ou nt ⇒ H igh c ros s  s ec tions !

Reliability of the cross section calculations?



MC Workshop 03 Diffractive Higgs Albert De Roeck (CERN) 6 

Inclusive cross sections (f b )  f or L H C

1. B o o n e k a m p e t  a l . ( * )

2 .  C o x  e t  a l .  ( * )  5 - 2 0  f b  ( 12 0 G e V )

3 .  K h o z e e t  a l .       4 0  f b     ( 12 0  G e V )

4 .  E n b e r g ,  e t  a l .     0 . 2 f b     ( 115  G e V )

D i f f e r e n c e  i n  p r e d i c t i o n s  a b o u t  a  
f a c t o r  10 - 2 0 .  ( e x c e p t  # 4 )
D i f f e r e n c e  e s s e n t i a l l y  d u e  t o  t h e
f l u x  f a c t o r  ( a n d  g a p  s u p p r e s s i o n )
M o d e l  a s s u m p t i o n s  c a n  b e  t e s t e d  
w i t h  ( R u n - I I )  T e v a t r o n  d a t a .
( * )  b o t h  n o r m a l i z e d  t o  t h e  C D F
D i f f r a c t i v e  d i - j e t  d a t a

hep- ph/ 0 3 0 1 2 4 4

hep- ph/ 0 1 0 0 1 7 3

hep- ph/ 0 2 0 7 0 4 2

hep- ph/ 0 2 1 0 4 0 8
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Inclusive Production Cross sections

Boonekamp 
et  al . I nc l u s i v e 

H i g g s
pr od u c t i on

R at h er  
h opel es s  at
t h e T ev at r on
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Test for Exclusive Production

CDF d i -j e t s  i n  DP E
U p p e r  l i m i t  3 . 7  n b

G e n e r a l l y  p r e d i c t i o n s  o f  
> O ( 1 0 0 )  p b  f o r  t h e  H i g g s
O v e r s h o o t  t h i s  p r e d i c t i o n s
B y  a  f a c t o r  1 0 -1 0 0

H e n c e  → r u l e d  o u t !

CDF a n d  D0  s h o u l d  f i n d  &
m e a s u r e  a  s i g n a l  w i t h  r u n  I I a S m o o t h  d e c r e a s e  o f  t h e  c r o s s  s e c t i o n .

Ca n  e x c l u s i v e  p r o c e s s e s  b e  s e e n  o n  t o p
o f  t h e  n o n -e x c l u s i v e  b a c k g r o u n d ?

CDF d a t a
There is a published measurement of double 
diffractive dijet production from Run I from CDF, 
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Comparison of models
V. K h o z e  e t  a l .,  h e p -p h / 0 2 0 7 3 1 3

1 8 01 . 9
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LHC 30 fb-1 for 120 
GeV Higgs 

Khoze, Martin, Orava, Ryskin 
and ADR,  Eur.Phys.J. C25 
(2002) 391-403

Numbers for 30 fb-1

a n d  a  H i g g s of 1 2 0 G eV

A  l i g h t  H i g g s w i l l  be 
a  c h a l l en g e for t h e 

L H C !
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Beyond Standard Model

Diffractive production of new heavy states pp→ p +  M  +  p
P articul arl y if produced in g l uon g l uon fusion processes

Examples:
L i g h t  C P  v i o lat i n g  H i g g s B o so n   M H < 70 G e V

B .  C o x  e t  a l .

L i g h t  M S S M  H i g g s  h → b b a t  l a r g e  t a n  β
L i g h t  H , A   ( M <1 5 0 G e V ) i n  M S S M  w i t h  
l a r g e  t a n  β ( ~  3 0) → S / B  >  1 0     

M e d i u m  H , A  ( M = 1 5 0-2 00 G e V ) m e d i u m  t a n  β?
V .   K h o z e  e t  a l .

R a d i o n p r o d u c t i o n  - c o u p l e s  s t r o n g l y  t o  g l u o n s
R y u t i n ,  P e t r o v

E x c l u s i v e  g l u i n o -g l u i n o p r o d u c t i o n ?
O n l y  p o s s i b l e  i f  g l u i n o i s  l i g h t  ( < 2 00-2 5 0 G e V )

V .  K h o z e  e t  a l .
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MSSM Higgs

Kaidalov e t  al. ,
h e p -p h / 0 3 0 7 0 6 4

100 f b

1f b

Cross section factor
~  1 0  l arg er in M S S M
( h ig h  tanβ )

A l s o :

Study  correlations 
b etw een th e outg oing
p rotons to analyse th e 
sp in-p arity structure of
th e p roduced b oson 
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Monte Carlo Programs
• I n c l u s i v e  D i f f r a c t i v e  H i g g s  P r o d u c t i o n

– D I F F H I G G S       ( B o o n e k a m p e t  a l . )

• S o f t  p o m e r o n  f l u x ,  “ p o m e r o n ”  s t r u c t u r e  f u n c t i o n s  f r o m  D I S

• N o r m a l i z e d  t o  C D F  d i j e t  d a t a  ( f a c t o r i z a t i o n  b r e a k i n g )

• U s e s  P Y T H I A  f o r  t h e  h a d r o n z a t i o n

– P O M W I G            ( C o x  e t  a l . )

• H a r d  p o m e r o n  f l u x , ” p o m e r o n ”  s t r u c t u r e  f u n c t i o n s  f r o m  D I S

• N o r m a l i z e d  t o  C D F d i j e t d a t a  ( f a c t o r i z a t i o n  b r e a k i n g )

• U s e s  H E R W I G  f o r  t h e  h a d r o n i z a t i o n

– S C I   m o d e l             ( E n b e r g  e t  a l . )

• S C I / G A L  t o  p r o d u c e  g a p s ,  i m p l e m e n t e d  i n  P Y T H I A

• E x c l u s i v e  d i f f r a c t i v e  p r o d u c t i o n

– D P E H I G G S  ( A  S o b o l )

• B a s e d  o n  P Y T H I A

• C r o s s  s e c t i o n s :  G o d i z o v e t  a l  ( C M S  N o t e  I N - 2 0 0 3 / 0 1 6 ) / c h a n g e a b l e
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CDF diffractive dij ets

Boonekamp et  al .

U s e s ame f or mal i s m t o 
d es c r i b e t h e 
d i f f r ac t i v e d i -j et s

S h ape w el l  d es c r i b ed
( nor mal i z at i on f ac t or

3 . 8  of f )

C D F   d i j et d at a

D I F F H I G G S
u s ed  f or  d i -j et
pr od u c t i on
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Discussion: Diffractive Higgs production

• E x c l u s i v e  p r e d i c t i o n s

– C D F  d i j e t s  a r e  a  s e r i o u s  c o n s t r a i n t .  E x c l u d e s  l a r g e  H i g g s  c r o s s

s e c t i o n  p r e d i c t i o n s .  W h a t  i s  t h e  r a n g e  o f  p r e d i c t i o n s  t h a t  i s  l e f t ?

O n l y  K h o z e  e t  a l .  i . e .  3 - 6  f b -1 ?

– C r i t i c i s m :  d o  p u r e  e x c l u s i v e  h i g h  m a s s  p r o c e s s e s  a t  s u c h  h i g h  e n e r g i e s  
e x i s t ?   - - a r e n ’ t  t h e r e  a l w a y s  s o f t  g l u o n s  a r o u n d ?  

C a n  w e  d e m o n s t r a t e  t h i s  a t  t h e  T e v a t r o n ?  

• H i g h  m a s s  d i - j e t s  ( b u t  c a n  o n e  b e  s u r e  a b o u t  p u r e  e x c l u s i v e n e s s ? )

• T w o  p h o t o n  p r o d u c t i o n  ( t o o  s m a l l  a  c r o s s  s e c t i o n ?  T r i g g e r ? )  

• l o w  m a s s  s y s t e m s ,  ( χc  , χ b ) . . .

– U n c e r t a i n t y  o n  t h e  c r o s s  s e c t i o n s  ( K h o z e  e t  a l :  F a c t o r  2 ) .  H o w  t o  
r e d u c e  t h a t  w i t h  m e a s u r e m e n t s ?   

R a n g e  o f  p r e d i c t i o n s  b y  d i f f e r e n t  m o d e l s :  d i f f e r e n t  a p p r o a c h e s
⇒ Differences are expected.

H o w  can w e disting u ish  th ese appro ach es.  U se T ev atro n data..
U nderstanding  g ap su rv iv al  pro b ab il ities?  E xtrapo l atio n to  L H C ?
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Discussion: Diffractive Higgs production

•I n c l u s i v e  p r e d i c t i o n s  

– W h a t  c a n  w e  b e l i e v e ?  P o m e r o n i n t e r c e p t  ( h a r d / s o f t ) ?  

– W h a t  a r e  t h e  u n c e r t a i n t i e s  o n  t h e  i n d i v i d u a l  c a l c u l a t i o n s ?

– W h a t  d o  w e  g a i n  i n  i n c l u s i v e  d i f f r a c t i o n ?  

N o  s p i n  s e l e c t i o n  r u l e

B e t t e r  ( s u f f i c i e n t )  S / B  ?  U s e  o f  r e m n a n t s  t o  i m p r o v e  M H r e s o l u t i o n  ?

– T e s t  t h e  m o d e l s  w i t h  p r e s e n t  o r  u p c o m i n g  T e v a t r o n / H E R A  t o  

r e d u c e  t h e  u n c e r t a i n t y  ( e . g .  m e a s u r e  ε )

– D i f f r a c t i v e  d i j e t c r o s s  s e c t i o n s .   D i j e t  m a s s  f r a c t i o n .  V M  a t  H E R A ?

– 2 - p h o t o n  p r o d u c t i o n

–D o  a l l  m o d e l s  g i v e  t h e  g o o d  d e s c r i p t i o n  o f  t h e  d i - j e t s ?
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Summary

• H i g g s  a t  t h e  T e v a t r o n :   c h a n c e s  l o o k  r a t h e r  d i m
• E x c l u s i v e  H i g g s  p r o d u c t i o n  a t  t h e  L H C :  s m a l l  i f  g a p  s u r v i v a l  

p r o b a b i l i t y  i s  t a k e n  i n t o  a c c o u n t .  L a r g e  H i g g s  c r o s s  s e c t i o n s  l e a d  
t o  l a r g e  d i j e t  r a t e s  w h i c h  c a n  b e  t e s t e d / e x c l u d e d  b y  u p c o m i n g  
T e v a t r o n  d a t a .    T h e o r e t i c a l  u n c e r t a i n t i e s ?

• I n c l u s i v e  H i g g s  p r o d u c t i o n :  l a r g e r  c r o s s  s e c t i o n s  b u t  l e s s  c l e a n
s i g n a l  a n d  n o  J = 0  s u p p r e s s i o n  o f  t h e  b a c k g r o u n d .
What do we gain in inclusive diffraction? Better MH resolution in bb?
U se of  p om eron rem na nts? O th er c h a nnels ( e. g .  τ d ec a y s?)

• O t h e r s  c h a n n e l s :  l i g h t  M S S M  H i g g s ,  R a d i o n s …     ( t h e o r y )

⇒ M o n t e  C a r l o  g e n e r a t o r s  e x i s t  f o r  d i f f e r e n t  m o d e l s  ( D P E  H i g g s )

• E x p e r i m e n t a l  i s s u e s / s t u d i e s  i n  p r o g r e s s
– R o m a n  p o t  a c c e p t a n c e s / t r i g g e r  q u e s t i o n  m o s t  i m p o r t a n t
– F o r w a r d  t a g g i n g  | η|  ~  5 - 7  ( r e m a n t  t a g g i n g )
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SM Higgs Studies: Exclusive Production 

Needs Roman Pots at new positions 3 2 0  and/ or  4 2 0  m
T ec h nic al  c h al l eng e: “ c ol d”  r eg ion of  th e mac h ine,  T r ig g er  sig nal s…

R.  O r av a
et al .

Mass of Higgs
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Diffractive Higgs Production

Mass resolution vs. central mass
f rom p rotons measured  in roman p ots
assuming  ∆ x F / x F =  1 0

- 4

E x clusive ch annel p p → p  H  p  ad vantag es
G ood  mass resolution th ank s to missing  mass
meth od :
∆M =  O ( 1 .0  - 2 .0 )  G eV     ( includ ing  sy stematics)

S tud y  p ossible in th e b-q uark  d ecay  mod e
b-q uark  back g round  sup p ression:  ( J

Z
=0 states)!!

⇒ S w i tc h  o f  d o m i n an t b ac k g r o u n d  ( at L O )!

M
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)

Central Mass (G eV )

symmetric case:


