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Diffracive signatures
! Leading hadron(s) 
! Rapidity gap(s)
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Leading hadrons
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Rapidity gaps
" Minimum bias " Diffraction dissociation
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QCD aspects of diffraction
! Quark/gluon exchange across a rapidity gap:

POMERON

! No particles radiated in the gap:

the exchange is COLOR-SINGLET with vacuum quantum numbers

! Rapidity gap formation: 

NON-PERTURBATIVE

! Diffraction probes the large distance aspects of QCD:

POMERON                CONFINEMENT

# PARTONIC STRUCTURE
# FACTORIZATION PROPERTIES
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History of Diffraction

1960 Good and Walker
1960’s BNL: first observation

1970’s Fermilab fixed target, ISR, SPS
1883 KG, Phys. Rep. 101, 169 (1983)

1992 UA8: diffractive dijets ! ! ! ! hard diff
1993-2003 Golden decade: HERA, Tevatron, RHIC

40 years of diffraction
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# SOFT DIFFRACTION

Soft and Hard Diffraction
# HARD DIFFRACTION

ξ=∆PL/PL
fractional momentum loss 
of scattered (anti)proton

Variables: (ξ, t) or (∆η, t)

Hard scatter variables: (x, Q2)
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Breakdown of QCD factorization
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" Unitarity problem:
With factorization
and std pomeron flux
σSD exceeds σT at 

" Renormalization:
normalize the pomeron 
flux to unity

Soft Diffraction
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A Scaling Law in Diffraction

14   GeV    (0.01  < ξ < 0.03)

20   GeV    (0.01  < ξ < 0.03)

546  GeV   (0.005 < ξ < 0.03)

1800 GeV  (0.003 < ξ < 0.03)

1____

(M2)1+∆
.....

←_____ 546 GeV   std.
flux prediction

← 1800 GeV  std.
flux prediction

∆ = 0.05 ________→

∆ = 0.15 _________→

renorm. flux
prediction

_________→

std. and renorm.
flux fits

|↑

KG&JM, PRD 59 (1999) 114017
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Factorization breaks
down in favor of a 
scaling behavior. 
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# Double Diffraction Dissociation

! One central gap

# Double Pomeron Exchange

! Two forward gaps

# SDD: Single+Double Diffraction

!Forward + central gaps

Central and Double Gaps
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Elastic & total σ
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CDF Run I results
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Differential shapes agree with Regge predictions
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Regge + Factorization

Gap Probability Renorm.

Pomeron Flux Renom.

! One-gap cross sections require renormalization
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! Two-gap/one-gap ratios are 17.0=≈κ

Central & Double-Gap Results
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Hard Diffraction & QCD

• The diffractive structure 
function measured using SD 
dijets at the Tevatron is 
suppressed by about an order 
of magnitude relative to 
predictions based on 
diffractive DIS at HERA

• The discrepancy is 
generally attributed to 
additional color exchanges 
which spoil the diffractive 
rapidity gap. 

~10Factorization Breakdown

XJetJetppp +++→+
Diffractive structure function

HERA

Tevatron
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Double-Gap Hard Diffraction @TEV vs HERA
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Diffractive structure functions
from inclusive pdf’s (KG)
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Gap between jets

jet???gap ∆y∆y →←
Question
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jet∆y
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Exclusive Dijets in DPE
Interest in diffractive Higgs production Calibrate on exclusive dijets

Dijet mass fraction

X

cone
jj

jj M
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pb10534GeV25
pb27265970GeV10

0.8)(RσE jj
jjexcl

DPE
jet
T

±±
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>

Upper limit for excl DPE-jj
consistent with theory

no peak!
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Summary
! Scaling behavior of soft diffractive M2 - distributions 

! Flavor-independent hard diffractive production

! Universality of rapidity gap formation across soft and hard diffraction

! Non-suppressed double-gap to single-gap ratios

! Limit on exclusive dijet production in double-Pomeron exchange
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