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Forty Years of Diffraction
1960’s Good and Walker 

BNL: first observation

1970’s Fermilab fixed target, ISR, SPS
Regge factorization works

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

• 1980’s UA8: diff. dijets D hard diffraction

• 1990’s Tevatron: Regge factorization breakdown
Tev, HERA: QCD factorization breakdown
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CDF Run I results
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Total & Elastic Cross Sections

The exponential rise of σT is a QCD
aspect expected in the parton model

(see E. Levin, An Introduction to Pomerons,Preprint DESY 98-120)
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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 (Run I-0)
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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 

M2-scaling
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Central and Double Gaps
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Double Pomeron Exchange

Two forward gaps

SDD: Single+Double Diffraction

One forward  + one central gap
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QCD Basis of Renormalization  
(KG, hep-ph/0205141)
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The Factors κ and ε
Experimentally:
KG&JM, PRD 59 (114017) 1999
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Generalized Renormalization 
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Central & Double-Gap Results
Differential shapes agree with Regge predictions

10

10 2

10 3

10 4

10 5

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1
ξp 

X

MX
2

N
um

be
r 

of
 E

ve
nt

s 
pe

r 
∆l

og
ξ 

=
 0

.1

Data

DPE MC

SD MC

DPE+SD MC

√s
⎯

  = 1800 GeV

0.035 ≤ ξ- p ≤ 0.095

| t- p | ≤ 1.0 GeV2

( GeV 2 )
1 10 10

2
10

3
10

4
10

5
10

6
CDF Preliminary

10

10 2

10 3

10 4

10 5

0 1 2 3 4 5 6 7

√s=1800 GeV

DATA
DD + non-DD MC
non-DD MC

∆η0=ηmax-ηmin

ev
en

ts

10 2

10 3

10 4

10 5

0 1 2 3 4 5 6 7
∆η0

exp=ηmax-ηmin

ev
en

ts

√s=1800 GeV
DATA
SDD + SD MC
SD MC

DD SDD DPE

1

10

10 2

10 10
2

10
3

√s (GeV)

σ D
D
 (

m
b)

 fo
r 

∆η
 >

 3
.0

Regge
Renormalized gap

CDF
UA5 (adjusted)

10
-1

1

10
3

sub-energy √s
--, (GeV)

ga
p 

fr
ac

tio
n 

∆η
 >

 3
.0 CDF: one-gap/no-gap

CDF: two-gap/one-gap
Regge prediction
Renorm-gap prediction

2-gap

1-gap

2
10

0

0.1

0.2

0.3

0.4

0.5

10
3

√s
⎯

  (GeV)
F

ra
ct

io
n 

of
 E

ve
nt

s 
w

ith
  ξ

p 
< 

0.
02

CDF Data: DPE/SD ratio (Preliminary)

Regge + Factorization

Gap Probability Renorm.

Pomeron Flux Renom.

One-gap cross sections are suppressed
Two-gap/one-gap ratios are 17.0=≈ κ



QCD 2004, 7-11 2004, Paris QCD Aspects of CDF Results on Diffraction K. Goulianos 13

Soft Gap Survival Probability
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Soft Diffraction Conclusions

M2 – scaling 

Non-suppressed double-gap to single-gap ratios

Experiment:

Phenomenology:
Generalized renormalization 

Obtain Pomeron intercept and tripe-Pomeron
coupling from inclusive PDF’s and color factors 
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Soft and Hard Diffraction
SOFT DIFFRACTION HARD DIFFRACTION

ξ=∆PL/PL
ξ=fractional momentum loss 

of scattered (anti)proton

Variables: (ξ, t) or (∆η, t)
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CDF-I

DIPOLE MAGNETS

ROMAN POTS
    at 57 m

p- CDF

 Scintillator fiber xy-tracker
  270    pitch, 2 m lever armx<0.97

x=1

µ

    Acceptance:  0 < |t| < 1,   0.03<   < 0.1ξ

Run-IC Run-IA,B

HADRON

 END 
 PLUG
 EM

CENTRAL EM
CES

EM

Forward
(Not-To-Scale)

CPR

CENTRAL MUON

CENTRAL MUON UPGRADE

STEEL ABSORBER

η = 0

Silicon Vertex Detector

Central M
uon Extension

Z

Vertex Tracking Chamber

CHAMBER
TRAKCING

INTERACTION POINT

Detector
CDF

η = 4.2

η = 2.4

η = 0.9

PLUG

END
HADRON
CENTRAL

BBC

WALL

CENTRAL

SOLENOID

HADRON

END

HADRON

Forward Detectors
BBC    3.2<η<5.9
FCAL  2.4<η<4.2



QCD 2004, 7-11 2004, Paris QCD Aspects of CDF Results on Diffraction K. Goulianos 17

Diffractive Fractions
gap+→ Xpp JetJetpp ++→ gap

DD/ND gap fraction at 1800 GeVSD/ND fraction  at 1800 GeV

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

• All SD/ND fractions ~1%
• Gluon fraction
• Suppression by ~5 relative to HERA

gap survival probability ~20% 

15.054.0 ±=gf

Factorization OK @ Tevatron
at 1800 GeV (single energy) ?
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Difftactive Structure F‘n @CDF
XJetJetppp +++→+

SD/ND Rates vs • Measure ratio of SD/ND 
dijet rates as a f’n of

• In LO-QCD ratio of rates  
equals ratio of structure fn’s

px

45.0
p0p

ND
SD xR)(xR −⋅≈

px

s

eE
/ppx

2(3)

1i

iηi
T

pqg,p
∑ =

−⋅
=≡

⎥
⎦

⎤
⎢
⎣

⎡
++= ∑ ))(xq)(x(q

C
C)g(xx)(xF pipi

A

F
pppjj



QCD 2004, 7-11 2004, Paris QCD Aspects of CDF Results on Diffraction K. Goulianos 19

Breakdown of QCD Factorization
HERA      TEVATRONThe clue to understanding the Pomeron
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Restoring Diffractive Factorization
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Diffractive Structure Function
from Inclusive pdf’s (KG)
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Pomeron Intercept from H1
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ξ-dependence: Inclusive vs Dijets
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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
M
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no peak!pb10534GeV25
pb27265970GeV10

0.8)(RσE jj
jjexcl

DPE
jet
T
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>

Upper limit for excl DPE-jj
consistent with theory: KMR 60 pb @ 25<ET

J<35 GeV
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Search for Exclusive χc @CDF
pγ)J/ψ(χppp c ++→+→+

• Events are triggered on dimuons
• Select muons with PT>1.5 GeV, |η|< 0.6
• Reject cosmic rays using time of flight information
• Select events in J/ψ mass window

10 χc candidates

No positive identification of χc events 
Cross section upper limit comparable to KMR prediction
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Gap Between Jets

jet???gap ∆y∆y ⎯→←
Question

gap∆ y
jet∆y

5%1%/0.2/SR)s(R JGJ
TEV

JGJ
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Summary

M2 – scaling 

Non-suppressed double-gap to single-gap ratios

Flavor-independent SD/ND ratio

Little or no Q2-dependence in SD/ND ratio 

SOFT DIFFRACTION

HARD DIFFRACTION

Universality of gap prob. across soft and hard diffraction
Pomeron evolves similarly to proton

Diffraction appears to be a low-x partonic exchange subject to color constraints
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