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Forty Years of Diffraction
Twenty Years at the Tevatron

1960’s BNL: first observation of pp -> pX

1970’s Fermilab fixed target, ISR, SPS
Regge theory & factorization

Review: KG, Phys. Rep. 101 (1983) 169 

1980’s UA8: diffractive dijets D hard diffraction

1990’s Tev Run-I:     Regge factorization breakdown
Tev vs HERA: QCD factorization breakdown

21st C          Multigap diffraction: restoration of factorization
Ideal for diffractive studies @ LHC
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CDF Run 1-0 (1988-89)
Elastic, single diffractive, and total cross sections

@ 546 and 1800 GeV
Roman Pot Spectrometers

Roman Pot Detectors
Scintillation trigger counters
Wire chamber 
Double-sided silicon strip detector 

Results
Total cross section          σtot ~ sε

Elastic cross section        dσ/dt ~ exp[2α’ lns]  shrinking forward peak
Single diffraction Breakdown of Regge factorization

Additional Detectors
Trackers up to |η| = 7



EDS 2005, 15-20 May 2005 Twenty Years of Diffraction at the Tevatron          K. Goulianos 4

Run 1-0 results in perspective
KG, PLB 358 (1995) 379
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Total Single Diffractive x-Section 

Unitarity problem:
Using factorization 
and std pomeron flux

σSD exceeds σT at

Renormalization:
Normalize the Pomeron 
flux to unity
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CDF Run 1 (1992-1995)
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Diffraction @ CDF in Run I

93(2004)141601
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Diffractive Fractions @ CDF

gap)( ++→ XHdpp

All ratios ~ 1% 
~ uniform suppression
~ FACTORIZATION

1.45 (0.25)J/ψ
0.62 (0.25)b
0.75 (0.10)JJ
1.15  (0.55)W
Fraction(%)Hd

Fraction:
SD/ND ratio
at 1800 GeV
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Tevatron vs HERA:
Breakdown of QCD Factorization

CDF

H1
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Multigap Diffraction
(KG, hep-ph/0205141)

φ
1y′∆ 2y′∆1y∆ 2y∆

1y′ 2y y
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Elastic and Total Cross Sections

QCD expectations

The exponential rise of σT(∆y’) is due
to the increase of wee partons with ∆y’ 

(see E. Levin, An Introduction to Pomerons,Preprint DESY 98-120)

y
ooT ess ′∆== εε σσσ )(

y
φ sy ln=′∆

Total cross section:
power law rise with energy

∼1/αs

( ) yt
el etsf ∆′+∝ αε),(Im

y
φ sy ln=∆

Elastic cross section:
forward scattering amplitude 
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Single Diffraction
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The Factors κ and ε
Experimentally:
KG&JM, PRD 59 (114017) 1999
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Multigap Cross Sections
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Central and Two-Gap CDF Results
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Gap Survival Probability
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Soft color interactions
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Diffractive DIS @ HERA
Factorization holds: J. Collins

Pomeron exchange Color reorganization
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Brodsky et al.  rescattering?
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Inclusive vs Diffractive DIS
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Diffractive Dijets @ Tevatron
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FD
JJ(ξ,β,Q2) @ Tevatron
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SD/ND Dijet Ratio vs xBj@ CDF
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Restoring Factorization @ Tevatron
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Gap Between Jets
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Gap Between Jets

jet???gap ∆y∆y ⎯→←
Question

gap∆ y
jet∆y

JetGapJetpp ++→+

Is the diffractive exchange BFKL-like
or simply a color rearrangement?
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Low-x and Diffraction
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Run 2 CDF Diffractive Program
Single Diffraction

ξ and Q2 dependence of Fjj
D

Process dependence of FD (W, J/ψ)
Double Diffraction

Jet-Gap-Jet: ∆ηgap for fixed large ∆ηjet

Double Pomeron Exchange
Fjj

D on p-side vs ξ-pbar
Also:
Exclusive central production

Dijets, χc
Other 

Tev4LHC issues
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Summary
Diffraction is a low-x QCD phenomenon subject 
to color constraints. 
Multigap processes offer the opportunity
to study diffraction without complications
arising from rapidity gap survival issues.   
Regularities observed in Run 1 
at the Tevatron and in results 
obtained at HERA paint a picture of the Pomeron 
as a composite object constructed from the 
underlying inclusive pdf’s of the (anti)proton. 
This picture could be further clarified and 
advanced to a theory by studies at the LHC.  
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