
No unique definition of diffraction
1. Diffraction is elastic (or quasi-elastic) scattering caused,

via s-channel unitarity, by the absorption of components
of the wave functions of the incoming particles
e.g. pp pp,  

pp pX (single proton dissociation, SD), 
pp XX (both protons dissociate, DD)

Good for quasi-elastic proc. 
– but not high-mass dissocn

2. A diffractive process is characterized by a large rapidity
gap (LRG), which is caused by t-channel Pomeron exch.
(or, to be more precise, by the exchange corresponding
to the rightmost singularity in the complex angular
momentum plane with vacuum quantum numbers).
Only good for very LRG events – otherwise 

Reggeon/fluctuation contaminations

X
q.no. of p



Why study diffraction ?

Intrinsic interest.  The LHC should reach, for the first
time, sufficiently HE to distinguish between the different
theoretical asymptotic scenarios for HE interactions.

In HE pp collisions about 40% of σtot comes from
diffractive processes, like elastic scatt., SD, DD.
Need to study diffraction to understand the structure
of σtot and the nature of the underlying events which
accompany the sought-after rare hard subprocesses.
(Note  LHC detectors do not have 4π geometry and
do not cover the whole rapidity interval. So minimum-
bias events account for only part of total σinelastic.)



Study needed to estimate the survival probabilities
of LRG to soft rescattering.
Recall “hard” exclusive diffractive processes (e.g.,
pp p + Higgs + p) are an excellent means of
suppressing the background for New Physics signals

Needed so as to understand the structure of HE
cosmic ray phenomena (e.g. Auger experiment).

Finally, the hope is that a study of diffraction may 
allow the construction of a MC which merges “soft”
and “hard” HE hadron interactions in a reliable and
consistent way.



DL parametrization:

Effective Pom. pole
αP(t) = 1.08+0.25t

KMR parametrization

includes absorption
via multi-Pomeron

effects

LHC
Tevatron

Absorption/ s-ch unitarity
crucial at small b at LHC



… “soft” scatt. can easily destroy the gaps

gap

gap

eikonal rescatt:      between protons
enhanced rescatt:  involving intermediate partons

need a model for soft physics at HE,  see later..  

H

soft-hard
factorizn

conserved
broken



Recall the 2nd definition of diffraction

Diffraction is any process caused by Pomeron exchange.

(Old convention was any event with LRG of size δη>3, 
since Pomeron exchange gives the major contribution)

However LRG in the distribution of secondaries can 
also arise from
(a) Reggeon exchange
(b) fluctuations during the hadronization process

Indeed, at LHC energies LRG of size δη>3 do not 
unambiguously select diffractive events.



Prob. of finding gap larger than Δη in inclusive event at 7 TeV
due to fluctuations in hadronization

gap anywhere in -5 <η <5,  different threshold pT

pT<1 GeV

pT<0.5 GeV

pT<0.1 GeV

see K,Krauss,M,R,Zapp



BFKL evoln in rapidity generates ladder 

At each step  kt and  b of parton can be 
be changed – so, in principle, we have 
3-variable integro-diff. eq. to solve

We use a simplified form of the kernel K with the main
features of BFKL – diffusion in log kt

2,   Δ = αP(0) – 1 ~ 0.3
b dependence during the evolution is prop’ to the Pomeron
slope α’, which is v.small (α’<0.05 GeV-2) -- so ignore. 
Only b dependence comes from the starting evoln distribn

Evolution gives

Partonic structure of “bare” Pomeron

k’t

kt

i

k y=0

Y

Inclusion of kt crucial to match soft and hard domains.
Moreover, embodies less screening for larger kt compts.



Multi-Pomeron contributions

Now include rescatt of intermediate partons
with the “beam” i  and “target” k

i

k

evolve down from y’=Y-y=0 y’ =Y-y 

solve iteratively for Ωik(y,kt,b)          inclusion of kt crucial

y
0

Y
evolve up from y=0

where λΩi,k reflects the different opacity of protons felt by 
intermediate parton, rather the proton-proton opacity Ωi,k λ~0.2

Note:  data prefer  exp(-λΩ)    [1 – exp(-λΩ)] / λΩ
Form is consistent with generalisation of AGK cutting rules



In principle, knowledge of Ωik(y,kt,b) allows the description
of all soft, semi-hard  pp high-energy data:
σtot,  dσel/dt,  dσSD/dtdM2,  DD,  DPE…
LRG survival factors S2 (to both eikonal, enhanced rescatt)
PDFs and diffractive PDFs at low x and low scales

Indeed, such a model can describe the main features of all
the data, in a semi-quantitative way, with just a few
physically motivated parameters.

S2 = 0.010-0.016  for gaps in   pp p + H + p (120GeV SM Higgs at 14TeV)

dσ/dy ~ s0.2 like the LHC data for 0.9 to 7 TeV





Conclusions
s-ch unitarity is important for quasi-elastic scatt or LRG events

Altho’ g3P~0.2gN, high-mass p dissocn is enhanced at the LHC

Multi-Pomeron exchange diagrams restore unitarity:
(i) eikonal pp rescatt.  (ii) enhanced with intermediate partons

Unitarity is restored for LRG by small survival prob. S2 of gaps
e.g. S2 ~ 0.015   for  pp p + H + p   (MH=120 GeV at 14 TeV) 

LRG also from fluctns in hadn: study different pT cuts and Δy
also study long-range rapidity correlations at the LHC
QCD/BFKL Pom. Pomeron describing soft physics

Partonic struct. of Pom, with multi-Pom contribns can describe
all soft (σtot,el,SD..) and semihard (PDFs, minijets..) physics-KMR

Forms the basis of “all purpose” MC - Krauss, Hoeth, Zapp



CEP as a way to study old and new heavy       
resonances.

Heavy Quarkonia

Zoo of charmonium –like XYZ states



CDF & new LHCb measurements are all in good agreement 
(factor “few”) with the Durham group predictions.

M



Zoo of charmonium –like XYZ states



still  unobserved





(maybe two different states X(3872), X(3875) )

Triggering on J/ψ:  M J/ψ+γ, J/ψ+ ρ….
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(Currently no complete theoretical 
description  of  onium properties.) 

(BABAR (2008))
(Still some puzzles)

(spins- still unconfirmed)

The heaviest and most compact quark-antiquark bound state in nature

P-wave Bottomonia
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(Crystal Ball-1986)

CLEO-2011



Towards  Full Acceptance Detector (bj- 1992)

(FSC at least a good foot in the door)

IS THERE A WAY OUT ?

Yes, an addition of Forward Shower Counters around beam pipes at CMS!

(8 FSC per side see showers from particles with |    | = 7-9)

( Alice is installing such counters, ongoing  studies for LHCb)



JINST-09



Station 3 (114m) Installed on both sides.
March Techn. Stop (28-31.03.11).
Stations 1&2- installed during  May
Techn.  stop.  Commissioning with beam.



The FSC- these are for real !

The installation and commissioning 
phase of FSC during the March Technical Stop.

Main concern- lumi per bunch crossing might be
too high.

What about precise measurement of 
SD?

Don't hold your breath, Valery.
This certainly needs all the counters and some low
lumi run, or at least bunches. (Mike Albrow)



Recent  LHC results

ALICE

CMS

ATLAS



Can we measure        ,          with high accuracy?            

Achilles’ Heel  of   ‘inelastic’ measurements : low mass SD,DD

Uninstrumented regions: Totem-CMS :

Atlas: 
(Castor)

Can we extrapolate  from HM  SD ?

(at least) 
(<15.7 GeV)



σtotal =

High mass diffractive dissociation

=

PPP-diagram 

Low  mass diffractive dissociation

PPR-diagram
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S2 ~1/M3

~1/M2

Screening is very important.
(semi) enhanced absorption
…

dual to

(t-dependence !? )
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Model expectations for total inelastic cross-section

Strong dependence of the longitudinal development of
air showers on              

Various MC generators are used by the CR community
(some with full resummation of multi-Pomeron graphs)

S.Ostapchenko, ArXiv:1103.5684)

KMR-11           65.2/67.1   6/7.4

Dino-11

MPS-11
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(A,B,C) S. Ostapchenko,    Phys.Rev.D81:114028,2010. 
KMR-08:  KMR,  EPJ C54,199(2008); ibid C60,249 (2009).
GLMM-08: GLMM,EPJ C57,689 (2008).
KP-10        A.B. Kaidalov, M.Poghosyan

Large variation of               in the range 5- 10.5 mb

What about current theoretical uncertainties ? 

KMR-08

GLMM-08

KP-10 108 29.5 14.3
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5.  A flavour of diffraction in the first LHC runs.

First measurement of             at  7 TeV. (arXiv:1104.0326 [hep-ex] , 2 Apr. 2011)

/

/

(model dependence in the definition of     )



Can we measure                and          with a good accuracy ?

With known lumi ( 3.5% VdM )

(Lumi independent)

ALFA- measurement of elastic scattering in the
Coulomb interference region



How Large is Large ?



KKMRZ,  arXiv:1005.4839


