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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

Z&Z}M

n
~=-Inf=Ins-InM?

From Poisson statistics: -
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QCD aspects of diffraction

» Quark/gluon exchange across a rapidity gap: :g
POMERON } M

» No particles radiated in the gap:

N

the exchange is COLOR-SINGLET with vacuum quantum numbers

» Rapidity gap formation:

NON-PERTURBATIVE

> Diffraction probes the large dis‘t)ance aspects of QCD;

POMERON > CONFINEMENT
Q PARTONIC STRUCTURE

0 FACTORIZATION PROPERTIES
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History of Diffraction

1960
1960's

1970's
1883

1992
1993-2003
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40 years of diffraction

Good and Walker
BNL: first observation

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

UAS8: diffractive dijets = hard diff
Golden decade: HERA, Tevatron, RHIC
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Soft and Hard Diffraction

O SOFT DIFFRACTION 0 HARD DIFFRACTION

j;} "
dN/dn dN/dn
T an=-tng A T K
> t > N J

r] —>
In M2
&=AP, /P, Hard scatter variables: (X, Q%)
fractional momentum loss - jet
— et ;=7
of scattered (anti)proton XBj — Z ET € / \/g
Variables: (&, t) or (AN, t) X = /6 Cz S f
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Breakdown of QCD factorization
HERA » TEVATRON

=== H1 fit2 —+ CDF data —
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Diffractive vs inclusive structure fn's

o CDF Run Il Preliminary
— X,p = 0.03 H1 preliminary O 1r—
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O I | Ll e 0 , ,
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2
F(Q ) X) ~ 1/X093 at Tevatron

* F,°® (x,,,8,Q% H1 prel.
= F, (x,Q%) H1 96-97
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:I;: Soft Diffraction
}M d;t‘;? = £, (4,E) * 6,5, (M2) Oy ~ s*¢

¢ Unitarity problem: 100

With factorization S <005 v A&
and std pomeron flux © Amiage o o N Stahdard flux
Ogp exceeds o5 at o or ~10
A ET10 /’#
\/7 2 TCV X Cool et al. /7 )
o I— FRenormalifed flux
< Renormalization: R Y :

normalize the pomeron
flux to unity

KG PLB 358 (1995) 379

_[ _[ wp (1,6) dSdt =1 1

élnll’l t_—OO

Total Single Diffraction Cross Section (mb)

10 100 1000 10000
Vs (GeV)
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A Scaling Law In Diffraction

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

d_l\l [ L4 o [d [ d
5 . LU, O Double Diffraction Dissociation
P
P <In M2- <In M2~ 1
M, L ins 2 » One central gap

i " O Double Pomeron Exchange
N5 0 o N, P

» Two forward gaps

—a—P © Loy e J SDD: Single+Double Diffraction
Ppy, | A AT
Pt <In Mf-> «—In M22—>
p v, <IN Ins’ »Forward + central gaps
2 In's
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Elastic & total o

Total and Elastic Cross Sections
Covolhg, Montanha and Goulunes, Flys, Letl 15 350 (1906) 176
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Generalized renormalization
(KG, hep-ph/0205141)

%’ by

K = gIP—IP—IP(t) ~ 017
IBIP—p—p(O)

2 independent variables: 1, Ay

d’o
dt dAy

, 2 ,

:C. sz(tl).{e(g+at)Ay} 'K'{ 0.0 eEA%

\ / - /)
Gap probability

~ engy — | Integral ~ 525

Renormalization removes the s-dependence = SCALING
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Two-Gap Diffraction

(KG, hep-ph/0205141)

“ “
5 independent variables { t

i=1-5 S~ - =
Gap probability Sub-energy cross section
for regions with particles)
2eA (
Integral ~ 525 - ~ y

Renormalization removes the s-dependence —p SCALING
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Diffraction@CDF 1n 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] ¢ ® ¢ ¢
sample |, n N 0 .
Non-Diffractive Single-Diffractive Double Diffractive Double Pomeron Single + Double
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50 (1994) 5535 87 (2001)141802 submitted  91(2003)011802

HARD diffraction ‘EA@ ‘:“:@ @) }g'

-----------------
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*'s.‘ m n n
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b-quark 84 (2000) 232 | JJ 81 (1998) 5278
Jiy 87 (2001) 241802

JJ 88 (2002) 151802
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Central & Double-Gap Results

L3 ° L3 L3 L3
Differential shapes agree with Regge predictions
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Hard Diffraction & OCD

p+p - p+let+Jet+ X

The diffractive structure =y

function measured using SD 4 —

dijets at the Tevatron is -

suppressed by about an order
of magnitude relative to
predictions based on
diffractive DIS at HERA

a
Factorization Breakdown

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

- H1 fit-2 ~+- CDF data
- H1 fit-3 EF'2>7 GeV
T
(Q°=75 GeV?) 0.035<& < 0.095
11]<1.0 GeV?

1 I 1 [l 1 i I "::';#_.

0.1
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Double-Gap Hard Diffraction @TEV vs HERA

ND Jet Jet _ —

o= L rspaD)
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8 2 2 1 8 7 2 2
-|>—< Q =1GeV Xl:f(x): - ;102? 4 Q° =75 GeV
— gluon ? Y — gluon
10 | — vr;ence quarks X I 0.5 — valence quarks
%%0 2 — sea quarks . - — sea quarks
<0 Power-law region o .
. Emax =0.1 j
Xmax — 0-1 ¥
3<0.05¢
10_1-4 - 10_1-4””” L
10 10 10 10 X’I. 10 10 10 10 X’I.

Diffractive structure functions
from inclusive pdf's (KG)

D, 2 1 ) 1 C(Q") Aoru C
" (Q ,X,g) . £1+£ - (Q ,X) - £1+£ Eélgf)A(Qz) = 51+£+A M/EIIB—/]

HERA(noRENORM): ROYSOITE  constant, 2£5,=£+A(Q°)

D _
TEVATRON (RENORM): R (ﬁj ox 4+
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Pomeron Intercept in DDIS

H1 Diffractive Effective a ,(0) a(t) =1+&+a't
0 1994 e 1997 (prel) 4 1999 (prel)

—~ 1.3 w
9/ ~ ___.Inclusive
o - 1
1.2 —

1.1 —
:(\ | soft IP
(O Qzﬁo)
-1 2
10 1 10 10
Q% [GeV]
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Gap between jets

p+p - Jet+Gap +Jet .
P ¢ (0 i
P
® @
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§0.015 i } %
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08 2 22 2.|4 | 2.6|/§,8 T332 34 ‘@@@@@@@@@<®©©@.
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:‘g 0 * low E, D@ (norm to CDF mean) y :
o ® medE jet .
£ 002 v highE + ; - Ay »:
O I TRAL S |
O 0.0 %i me My g? % + | QueStlon
020 30 (ﬁ%Eﬁ)?% “ e 70 gap I{j'_) ijet
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Exclusive Dijets in DPE

Interest in diffractive Higgs production Calibrate on exclusive dijets

Exclusive Inclusive
Khoze, Martin, P
Ryskin .
Eur. Phys. .
C23, 311 (2001), - .
C26, 229 (2002) P
gg”™ —H+ X "

CDF Run Il Preliminary

.- . Ty ] Sh= (Prescale Z60)
DI_] et mass fraction =2 6 E o 2 DPE = SD; + GAP,(5.5N53,<7.5) (Prescale &
MCOHG % 10 Eﬂ' _&__&_ - DPE= SDﬁ + GJ'-PP(B.Em@ﬂ.E] (Prescale &
R - Jj E 105 = _&_—ﬂ—_&_ Energy Scale Uncertainty
ij ¢ oF L =26 pb”
» 3 = —— +q¢r—
cht excl jj (R >0 8) o) 10 _f_‘}‘_
T Oppe (B = V. £ ,F } .
2 10 Dijet Mass Fraction
10GeV | 970+x65+272 pb '# i SD- : 0.03 < £;<0.1
jet2
25 GeV 34£5+10pb s IETI }I"UIGTVI U
To 0.2 0.4 0.6

Upper limit for excl DPE-jj

consistent with theory
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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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