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Diffractve WG, p.2 (spiced with personal flavour)

Looking forward to Forward Physics at the LHC.

(11 talks  & overlap with Paul)

V. A. Khoze (IPPP, Durham)
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Diffractive processes as a means to search for the New Physics & Phenomena.

Diffraction…..it is all about QCD…
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Forward  Proton Taggers as a gluonic Aladdin’s Lamp  

•Higgs Hunting in CED (A. Martin, M. Grothe, B. Cox,  L. Motyka,  M.Tasevsky, A. Pilkington).

•Photon-Photon, Photon - Hadron Physics  (M. Grothe,  L. Motyka, H. Stanzel)

• ‘Threshold Scan’: ‘Light’ (split) SUSY … ( T. Coughlin)

•Various aspects of Diffractive Physics (soft & hard ). ( L. Motyka, A. Martin,
V. Kundrat, A. Pilkington, H. Stanzel)

High intensity Gluon Factory (underrated  gluons)

QCD test reactions,  dijet P-luminosity monitor

•pp- luminometry (M. Grothe, H. Stenzel)
•Searches for new heavy gluophilic states                (T.Coguhlin)

FPT
Would provide a unique  additional tool  to complement the conventional

strategies at the LHC and ILC.
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The basic ingredients of Durham approach

Interplay between the soft and hard  dynamics

Bialas-Landshoff- 91 rescattering/absorptive
( Born -level ) effects

Main requirements:
•inelastically scattered protons remain intact

•active gluons do not radiate in the course of evolution up to the scale M

•<Qt> >>/\QCD in order to go by pQCD book

σ(CDPE) ~ 10  * σ (incl)- 4

RG signature   for Higgs hunting (Dokshitzer, Khoze, Troyan, 1987). Elaborated  by Bjorken (1992-93)

(>50% of the talks)

(L. Motyka, A. Matin)
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Forcing two (inflatable) camels to go through the eye
of a needle

High price to pay for such a clean  environment:

σ (CEDP) ~ 10
-4
σ( inclus.)

Rapidity Gaps should survive hostile hadronic radiation
damages and ‘partonic pile-up ‘

W = S² T²
Colour  charges of the ‘digluon dipole’ are screened

only at rd ≥ 1/ (Qt)ch

GAP   Keepers (Survival Factors)  ,  protecting RG  against:

the debris of QCD radiation with 1/Qt≥ λ≥ 1/M (T)

soft rescattering effects (necessitated by unitariy)       (S)

H
P P

schematically  :
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Reliability of predn of σ(ppÆ p + H + p) crucial

contain Sudakov factor Tg which exponentially
suppresses infrared Qt region Æ pQCD

S2 is the prob. that the rapidity gaps survive population  by secondary hadrons 
Æ soft physicsÆ S2=0.026 (LHC) S2=0.05 (Tevatron)

σ(ppÆ p + H + p) ~ 3 fb at LHC       for SM 120 GeV Higgs

H

Implementation  in ExHume MC (A. Pilkington)

(High  sens. to str. functs)

(rechecked by J.Forshaw (HERA-LHC) & BBKM )
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ppÆ p + H + p
If outgoing protons are tagged far from IP then  σ(M) = 1 GeV
(mass also from H decay products)
Very clean environment
HÆbb:   QCD bb bkgd suppressed by Jz=0 selection rule, and

by colour and spin factors
S/B~1  for SM Higgs M < 140 GeV
Λ(LHC)~60 fb-1 ~10 observable evts after cuts+effic

Also  HÆWW (L1 trigger OK)   and   HÆττ promising   
SUSY Higgs: parameter regions with larger signal  S/B~10,

even regions where conv. signal is challenging and
diffractive signal enhanced----h, H both observable

Azimuth angular distribution of tagged p’sÆ spin-parity 0++

(A. Martin)

Studies of  the MSSM Higgs sector are  especially FPT –friendly (M. Tasevsky)
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Diffractive: H bb

Yuk. coupling, M , 0

�

� H

++

Inclusive:

H,A
wide bump
� ��

50

40

30

20

10

100 140 180 220 m (GeV)A

m
=

2
4
5

G
e
V

H

m
=

2
0
0

G
e
V

H

m
=

1
6
0

H

m
=

14
0

H

m
=

13
2

G
eV

H

ta
n

�

L = 60 fb-1

5�

Adapted from a preliminary plot of Tasevsky et al. (M. Tasevsky)
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Major issues in selecting diffractive
events with CMS+TOTEM+FP420

1. Background from non-diffractive events that are overlaid with
diffractive pile-up events (1/5 of pile-up events are diffractive)

2. Trigger is a major limiting factor for selecting diffractive events

Talks by M. Tasevsky and A. Pilkington

The CMS trigger menus now foresee 1% of the trigger bandwidth on L1
and HLT for a dedicated diffractive trigger stream
where the combination of forward detector information with the standard 
CMS trigger conditions (jets, muons) makes it possible to lower the 
jet/muon thresholds substantially and still stay within the CMS bandwidth limits

This is the completion of the trigger studies presented in the proceedings 
of the HERA-LHC workshop of 2004/2005
Now available as CMS note 2006/054 and TOTEM note 2006/01: 
“Triggering on fwd physics”, M.Grothe et al.
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0 How reliable are the calculations ?
0 Are they well tested experimentally ?

●How well we understand/model soft physics ?
● How well we understand hard diffraction ?

What  else could/should be done at HERA in order to
improve the accuracy of the calculations ?

☺ So far the Tevatron diffractive data have been Durham-friendly (K. Terashi)

ORclouds on the horizon ?

Theory side -Hard rescattering corrections to CDEP (L. Motyka, A. Martin)
Experim. Side – Diffract. Dijet Photoproduction (R. Wolf, A. Bonato, M. Klasen)
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L. Motyka’ talk

perturbative triple-Pom calculations, based on Bartels et al results
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(L. Motyka)

My personal view: there are (at least ) 3 good news :
.      ● confirmation of KMR appr. (within its framework), both S and T;

● step in the right theoretical direction;
● opens a window for many theory papers to come.

BBKM-KKMR –agreeable disagreement
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KMR:  using 2-channel eikonal
Gotsman,Levin,Maor..
Lonnblad, Sjodahl,
Bartels,Bondarenko,Kutak,Motyka

BBKMÆuse pert.thy.Æcorrn could be 
large and -ve,Æ σ H(excl) reduced ?

KMRÆ pQCD invalid Æ strong coup
regime Æ small effect

eikonal
enhanced

S2 =0.026

“enhanced”
correction
to σH(excl)?

(A. Martin)
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BBKM use pQCD to calculate enhanced diagram

LLBK eq.(x4 can be v.small, 10−5)

Infrared stability only provided by saturation momentum, QS(x4).
Hope is that at v.low x4, QS allows use of pQCD.
Gluon density is unknown in this region!

BUT multi-(interacting)-gluon Pomeron graphs become important.
These can strongly decrease the effective triple-Pomeron vertex V3P . 

True expansion is not in αS, but in prob. P of additional interaction.
Pert.theoryÆ saturation regime where P=1, dominated by rescattering of low 
kt partons, but already included in phenomenological soft pp amp.

(A.Martin)

Various phenomenological and theor. contr-arguments
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Leading neutron
prod. at HERA

eikonal enhanced

gap due to π exchange
~ exclusive Higgs

γ

γ

γγ

γγγ

yi > 2 – 3

correction  prop. to  rap. interval
prop. to γ energy

(negative)

Prob. to observe leading neutron
must decrease with γ energy
But expt. Æ flat

Æ small enhanced correction

KKMR ‘06

New ZEUS data (B. Schmidke)

σSD may change (flat)  behaviour at the LHC if enh . contr. is large
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(B. Schmidke)
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(B. Schmidke)
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Now…ZEUS  LN data as seen from Durham….

(B. Schmidke)
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Photoproduction of leading n

Prelim. ZEUS data
(DIS2006)

S2 ~ 0.48

(A.Martin)
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Calculation of survival factor, S2(xL,pt
2,Q2)

enhanced diag.
need yi > 2-3:
result ~ 15%

(a)

(b)

(a)

(b)

γ γ γγγ γ

γ γ γγ γ γ

γ

normal eikonal
diagrams

space-time
picture

If enhanced diag
were important,
then n yield would
be energy dep.
Not seen in data.
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Conclusions  on  leading neutrons at HERA

Exploratory study of prelim. ZEUS data (Q2,  xL,  pt, W)
very informative

π exch (with abs.) describes σ,  but not pt
2 slope b

Æneed also ρ, a2 exchange

turnover of slope as xL Æ1 (tmin Æ0) may be used to
determine  ρ,a2 versus  π exchange contributions

Absorptive corrections important          S2 ~ 0.4
Small contrib. from enhanced diagrams  

Simultaneous description all data (Q2, xL, pt  dep.) difficult

Precise data should determine  F2
π(x,Q2)  and  S2(xL,pt,Q2)

important 
for LHC
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Possible problem:
(R. Wolf, A. Bonato, M.Klasen)

Reservatins::● high xγ ≠ small size component
● direct-resolved contr. are interconnected (gauge inv., M. Klasen’s talk).
● using NLO at high xγ may be risky (e.g. large Sudakov effects)
●hadronization corrections, M.Klassen.
● experiment. uncertainties

The same (Durham) ‘machinery’ should work/ be tested in diffr. PhP
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KKMR-quantitat
description(2001) 

factorization scale/scheme dep. between dir. & resolv.



27Interconnect. drect- resolved, 
collinear. sigularities, scale depend.
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a guage invariant. recipe on how to deal with the long-distance comp. of the ‘direct’ contribn.
Important feature: scale/ scheme dependence cancel.
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still may be done at HERA

Some uncert. cancel
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Something Exotic
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To do list for the LHC community

o) Most recent input from HERA (dPDFs, leading baryon
spectra etc) should be included in all studies

o) Need to finalise studies on the potential of LHC for (hard)
diffraction/forward physics including all experimental
details: pile-up, full detector simulation, trigger etc


