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Forty Years of Diffraction

+ 1960's

+ 1970's

1980's

1990's

QCD 2004, 7-11 2004, Paris

Good and Walker
BNL: first observation

Fermilab fixed target, ISR, SPS
Regge factorization works
KG, Phys. Rep. 101, 169 (1983)

UAS8: diff. dijets = hard diffraction

Tevatron: Regge factorization breakdown
Tev, HERA: QCD factorization breakdown
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Pre-CDF Soft Diffraction

QCD Aspects
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KG, Phys. Rep. 101 (1983) 171
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Diffraction@CDF in Run 1|16 papers

d Elastic scattering  PRD 50 (1994) 5518
J Total cross section PRD 50 (1994) 5550

J Diffraction _ _ _ _
ﬁ e P " 1P " P
e 14
p p p 0 P . 1P

SOFT diffraction  [Control] ¢ ® 9 ¢
sample |, n N n .
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Total & Elastic Cross Sections
Total and Elastic Cross Sections ( R un I _ O )

Conodan,, Monlanha and GonBauncs, Plys. Lell 15 350 (100G] LTG
2 =1+ cl= 0L+ 25 apg = OGS + OB o = 000G+ 0022 |

The exponential rise of G is a QCD
aspect expected in the parton model
(see E. Levin, An Introduction to Pomerons Preprint DESY 98-120)
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Soft Diffraction (Run 1-0)

d°c 2¢
dtdsﬁD = fIP/p (t, <) .GIP—ﬁ(M;) GSD ~ S
» Unitarity problem: 100 , I
With factorization S <005 VA&
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% Renormalization:
normalize the pomeron
flux to unity

KG, PLB 358 (1995) 379
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A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017
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Central and Double Gaps

dN ; ; ; - .

p . Lo Q Double Diffraction Dissociation

p |P Tln Taxl
w, OnME Mg > One central gap

] P a Double Pomeron Exchange
K S > Two forward gaps
e R 0 SDD: Single+Double Diffraction

R In M2 In M2 k
— . <In1/g; —ins » One forward + one central gap

2 ns
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QCD Basis of Renormalization

(KG, hep-ph/0205141)

tH g Ay

2 independent variables: 1, Ay
d’c

dt dAy

K = gIP—IP—IP (t) ~ 017
ﬂlP—p—p(O)

Curze e el e

\ / - /)
Gap probability

N eZEAy —

Renormalization removes the s-dependence = SCALING
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The Factors K and €

Experimentally: K= PP _ 0174002, £=0.104

IP-p

KG&JIM, PRD 59 (114017) 1999
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Generalized Renormalization
(KG, hep-ph/0205141)

“ “
5 independent variables { t

_CxF 2(t1)H {e(e+a’ti )Ay; |2 % Kz {Go eg(Ay{+Ay'2)}

H dV, " 1=1-2
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Gap probability Sub-energy cross section
626‘ Ay (for regions with particles)

ay=lns 2EAY  2gl|| Same suppression
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QCD 2004, 7-11 2004, Paris QCD Aspects of CDF Results on Diffraction K. Goulianos 11



Central & Double-Gap Results

Differential shapes agree with Regge predictions
CDF Preliminary Mf( ( GeVZ)
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gap fraction An > 3.0

Soft Gap Survival Probability

o CDF: one-gap/no-gap " o

e CDF: two-gap/one-gap _ n / N
1 | Regge predicton .- o S —
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Soft Diffraction Conclusions

Experiment:

» M2 - scaling
» Non-suppressed double-gap to single-gap ratios

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

0 SOFT DIFFRACTION 0 HARD DIFFRACTION
3.
dN/dn dN/dn
T An=-Ing ‘
e MX2J n —
E=AP, /P, Additional variables: (X, Q?)
T ofseatered (oo Xeg = DL B /43
Variables: (&, t) or (An, t) X= ,8 5, Q2 — (E-get)z
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Diffractive Fractions
pp — Jet+ gap + Jet

DD/ND gap fraction at 1800 GeV

pp > X +gap

SD/ND fraction at 1800 GeV

X | Fraction(%)

W 115 (0.55)
JJ | 0.75 (0.10)
b 10.62 (0.25)

J/vy | 1.45 (0.25)

>

|l SD/ND fractions ~1%

* Gluon fraction f, =0.54£0.15

» Suppression by ~5 relative o HERA
- gap survival probability ~20%
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Difftactive Structure F'n @CDF
pP+p—p+Jet+Jet+ X
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Breakdown of QCD Factorization
HERA The clue to understanding the Pomeron » TEVATRON
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QCD 2004, 7-11 2004, Paris QCD Aspects of CDF Results on Diffraction K. Goulianos 19



F(B)

i

Restoring Diffractive Factorization
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Q? dependence of DSF
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Diffractive Structure Function

from Inclusive pdf's (KG)

S ] 1 |
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Pomeron Intercept from H1

H1 Diffractive Effective 0,,(0) ap(t)=1+e+a't
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-

&-dependence: Inclusive vs Dijets
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Exclusive Dijets in DPE

Interest in diffractive Higgs production  Calibrate on exclusive dijets

Exclusive Inclusive

Khoze, Martin,

Ryskin
Eur. Phys. J.
C23, 311 (2001), .
C26, 229 (2002)
ggPP—>H n
— : CDF Run Il Preliminary
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consistent with theory: KMR > 60 pb @ 25<E;7<35 GeV
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Search for Exclusive y @CDF

P+p=>p+x(=>Ty+7)+p
» Events are triggered on dimuons
- Select muons with P15 GeV, |n|< 0.6
* Reject cosmic rays using time of flight information
+ Select events in J/y mass window
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LLI i ] [ .
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N Hits Di-muon + photon invariant mass (GeV)

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

SOFT DIFFRACTION
» M?2- scaling

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

HARD DIFFRACTION
» Flavor-independent SD/ND ratio

> Little or no Q2-dependence in SD/ND ratio

v'Universality of gap prob. across soft and hard diffraction
v Pomeron evolves similarly o proton

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