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Introduction

What 1s hadronic diffraction?

PROTON-PROTON ELASTIC SCATTERING

dissociation
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Diffraction and Rapidity Gaps

v'rapidity gaps are regions of rapidity devoid of particles

[ Non-diffractive interactions:

rapidity gaps are formed by
multiplicity fluctuations

From Poisson statistics:

(r=particle density in rapidity space)

Gaps are exponentially suppressed

L Diffractive interactions:

rapidity gaps, like diamonds,

‘live for ever’

Ay=-Iné=Ins—-InM"*

IP

ST € P
p ” AE— p
c
o
=
X RAPIDITY <
DIFFRACTIVE GAP l
CLUSTER I
0 ‘t—-In§—i
r] max In(Zp/p T)
do 1 do
T~ —— ~ constant
dv? M dAy

v’ large rapidity gaps are signatures for diffraction
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The Pomeron

» Quark/gluon exchange across a rapidity gap:
POMERON
» No particles radiated in the gap:

the exchange is COLOR-SINGLET with quantum numbers of vacuum

» Rapidity gap formation:
NON-PERTURBATIVE

> Diffraction probes the large distance aspects of QCD:

9
POMERON <= CONFINEMENT

d PARTONIC STRUCTURE

d FACTORIZATION
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Diffraction at CDF in Run I

[ Elastic scattering  PRD 50 (1994) 5518

(1 Total cross section PRD 50 (1994) 5550

O Diffraction ) B _
p:é P H p:E p%
IP IP
p p p ) 1P

SOFT diffraction ¢

Non-Diffractive

HARD diffraction

Control| ¢
sample n

(ND) (SD)
PRD

N

¢

N

(DD)

PRL

Single-Diffractive  Double Diffractive

@

n

Double Pomeron

Exchange (DPE)
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50 (1994) 5535 87 (2001)141802 to be sub’d

PRL reference _\(p:;ap SRR
n

with roman pots

JJ 84 (2000) 5043

JJ 88 (2002) 151802
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J/P 87 (2001) 241802
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Soft diffraction

Factorization & (re)normalization

o, =0,k e™0 g0 ?

Ay

Pomeron
=l+&+a'
ap () =l+e+a't trajectory y M
TOTALCRO;(S(;ECTION ELASTIC S;:’I’)TERING ‘— ln M )2( _>
p—i—  p— «——Ins—— Ay=Ins-Ay
P B(0) B(t)

Op_p(AY")

SINGLE DIFFRACTION DISSOCIATION

By
K> o, &

N K = Jip-ip-ip(t) COLOR
<«4— Gap probability ,3|p—p(0) FACTOR
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Renormalize to unity
KG, PLB 358 (1995) 379




Soft Single Diffraction Data

p(p)+p - p(p)+X

Total cross section

KG, PLB 358 (1995) 379

100
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Total Single Diffraction Cross Section (mb)
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+ UA4

® CoF

A E710 ,

X Cool et al.///

4

.
.
.
>
.
.
.
.
-
Standard flux

Renormalized flux
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10000

—o0s (mb GeV _4)

d%c/dtdM? |,

Differential cross section
KG&IM, PRD 59 (114017) 1999
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—

| £=005

std. and renorm.

F . flux fits

A=015 ——

@ 14 GeV (0.01 <£<0.03) ]

[J20 Gev (0.01 <£<0.03) |
A 546 GeV (0.005<£<0.03) ]
O 1800 GeV (0.003 < £ < 0.03) ]

/.

flux predlctlon ]

.- 1800 GeV std.
flux prediction 3

= REGGE

do s
dM 2 (M 2)1+é‘

_ RENORM

renorm. flux da’ 1
prediction
S dM 2 (M 2)1+£
10 10° 100 10t 10° 10°
M2 (GeV?)

O Differential shape agrees with Regge
(J Normalization is suppressed by factor ~S

J Renormalize Pomeron flux factor to unity =——p M2 SCALING
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Central and Double Ga

dN
5 Y dn
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a Double diffraction

> Plot #Events versus An

0 Double Pomeron Exchange

> Measure

> B
\/7 S au particles

> Plot #Events versus log(&)

2 SDD: single+double diffraction

» Central gaps in SD events
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Two-Gap Diffraction (hep-ph/0205141

Dy, N

Yi Y>
5 independent variables
: .

dsda-v = C X |:p2 (tl).l_l {e(£+a'ti )Ayi} 2 XKZ{ o, ef(AY{ +4y, )}
iDs N - = s ~

Gap probability Sub-energy cross section

(for regions with particles)
Integral ~ 52 £ — ~ engy

Renormalization removes the s-dependence = SCALING
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Central and Double-Gap Results

Differential shapes agree with Regge predictions
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» Roman Pot triggered events

Soft Double Pomeron Exchange

CDF Preliminary

10 %
— - :
» 0.035 < &-pbar < 0.095 S | Data
MS I . '
|t_pbar| < 1 GeV 2 5’ 10 8:_ .................. DPEMC ..................
J e SD MC |
» ¢&-proton measured using s | ~ — DPE+SDMC
%) s s s s
g 10 75_ O OOt OO OO
> f |
-
©
Z E; [&" 5. v‘% = 1800 Gev
/— FORETe R R s bttt N L. SRS SN S
S au particles g O 035 < E <0. 095
< | | < 1 0 GeV
Data compared to MC based s 10 5_ .....................................................................................
on Pomeron exchange with T L v vl e d’
10 10 10'4X10'3 107 10t 1
Pomeron intercept £=0.1 P

Good agreement over the entire kinematic region (4 orders of magnitude!)
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in Run I

1011 111

Hard diffract

CDF Forward Detectors
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Hard Diffraction Using Rapidity Gaps

(d SINGLE DIFFRACTION
pp - X +gap

SD/ND gap fraction (%) at 1800 GeV

1 DOUBLE DIFFRACTION

pp — Jet—gap — Jet

DD/ND gap fraction at 1800 GeV
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m COF
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Diffractive Dijets with Leading Antiproton

ND et ] The diffractive structure function

ng Bjorken-x of antiproton

_ 1 i
XEE’)j :—SZET 6'7

#jets

F"(x,Q%) Nucleon structure function

F (&,1, X, Qz) Diffractive structure function

ISSUES: 1) QCD factorization >F (£ t x Q*)| is F°” universal?

2) Regge factorization > FSD(f,'[,,B,Qz) = fip_qu (&, 1) X flp(ﬁ,Qz) ?

ﬂ =X/ f momentum fraction of parton in | P

METHOD of measuring FSP : measure ratio R(&,t) of SD/ND rates for given &t
set R(&,t)=FSP/FND
evaluate FSP = R * F\D
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Dijets in Single Diffraction

Test QCD factorization

-~ H1 fit-2 —+- CDF data
-------- H1 fit-3 ExX'?>7 Gev
(Q*= 75 GeV?) 0.035 < & <0.095
|t] < 1.0 GeV?

Fy; (B)
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Suppressed at the Tevatron
relative to predictions based
on HERA parton densities

Test Regge factorization
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M=1= Pomeron exchange

o =
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Dijets in Double Pomeron Exchange

Test of factorization

ND jet  jet

(S Zé } R(SD/ND)

© o equal?

5 §
| } R(DPE/SD)

Jet Jet ‘%

p
I
Mo
(not detected)
[ o RJE 7<EF"?<10Gev
10 F o REB 0035<§ <0.095
: 001<E <0.03
i —TL |t |<1OGeV
2 1y R s <: DPE _ S
N S N G N Re™ =5%XRgp
210 _15— : e
& _2§ I + - Factorization breaks down
10 F>osf ]
A The second gap is un-suppressed!!!
10 5_,,,,? . ,E,,,,,,Ol, o
107 107 10"
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Run II Diffraction at the Tevatron
CDF Forward Detectors

TOROID |:|:|

O
'—
o
g5
0%
o8 MINIPLUG
ROMAN A-48 oo
POTS
|IDIPOLES|I ESS ﬂ QUADS
I I I
| | H |
| | | |
I I I |
I I I |
I I I |
| | | ! |
I Y .
7 «— 5640m  31.63m 2323 m 6.59 m 1L, gonirl-
BSC-4  BSC-3  BSC-2 BSC-1 apern & S BB,

e 8 LR w1 1 asa e
R S e 11

v’ MiniPlug calorimeters (3.5<n<5.5)
v Beam Shower Counters (5.5<n<7.5)
v Antiproton Roman Pot Spectrometer
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Run 11 Forward Detector Layout

LI
-t b
Roman \ "
pﬂtS K 56m to COF
Accaptance E
0.02= :;_*::.- -1 [
(<lil<2 GE'I."‘ L
Dipoles -
s BSC
— R.5e|1<7.5
_ am | S
p P

— MiniPlug
I 3.5 |1N<5 1

— MiniPlug
oy

W= -3BSC
panfl S
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MiniPlug Run II Data

28

|ADC counts: West-MP Tower (3 CLC-NT&SB&NB Hits}

s CDF Run Il Preliminary

=

0

8 [=ND
*2104?~_ 8D
e e
TRl c= S
'%102 ih | 50 ’_._:_._4
@ E - :
§ e 5 ADC counts in MiniPlug towers
e I B ol B in a pbar-p event at 1960 GeV.
T R e + “jet” indicates an energy cluster
MP- Multipicity .
P and may be just a hadron.
Multiplicity distribution in SD and ND events « Approximately 1000 counts =1 GeV
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Run II Data Samples

Triggers
J5 At least one cal tower with ET > 5 GeV
RP inclusive Three-fold coincidence in RP trigger counters
RP+J5 Single Diffractive dijet candidates
RP+J5+BSC-GAP_p | Double Pomeron Exchange dijet candidates

( Results presented are from ~26 pb-! of data
(d The Roman Pot tracking system was not operational for these data samples
L The ¢ of the (anti)proton was determined from calorimeter information:

Z El (-)+'

cal towers

(-)+ is for (anti)proton
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; <3)

Events (J5 normto 0.2< £

Diffractive Dijet Sample

X . . . 100 CDF Run Il Preliminary _
¢ —distribution ZoND |
g H, : : i
.+ CDF Run Il Preliminary guo*SD oo 3
= —= J5 (ET =5 GeV) : %1000 ; <E_j|9‘> =14 Ge\?‘ & L; -!?
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E, = (EF"+EF9)12 (GeV)
ND+SD & SD+MB _ CDFRun |l Preliminary
overlap events Bowo| g
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E C -+ SD
events E ~1 § |
] L
0.03<¢<0.1 3 = %
g I o
g 400} ’{%
. — [ — = ———=constant § a0 LEN
region dé ¢ dlogé g f %,
4

n = 2(11"":311"“2)/24
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Diffractive Dijet Structure Function

DF Run Il Preliminary

TTTTIT 0

Ratic {(SD/{AE)/ND

2
10

3
10
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x 2.’;.% .nori’n. .un.c.értajntﬁ .......

E(0D2 10 0.10)(x1)

¢ |~ £ (005 10 0.10) (x10)
—¥— £ (0.02 to 0.05) (x0.1)
i....|—— CDF Runl

'y

A\ B

—
[=]
- B
[=]

W

CDF Run Il Preliminary

Bj

Ratio ( SO /AE)/ND
IIIIII|'_‘_'

-2
10

e =100 GeV € < [8.12] GeV)
] Q= 400 Ge V" (E, < [18.25] GeV)
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Ratio of SD to ND dijet event rates
as a function of xg;
compared with Run I data

No & dependence observed within 0.03 < & <0.1
(confirms Run I result)

Ratio of SD to ND dijet eventrates
as a function of xg;
for different values of Q>=ET?

No appreciable Q2 dependence observed
within 100 < Q2 <1600 GeV

7
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Data Selection

DPE: RP+J5+BSC _GAP _p [| DPE dijet candidates

Prescale=5

SD: RP+JS Single Diffractive dijet candidates [| Prescale=280

ND: J5 Tower with ET > 5 GeV
Cuts DPE SD ND
Triggered Events 397K 356K 278K
Nvertex(Q12) < 1 365K 205K 196K
[Zvertex| < 60cm 347K 195K 186K
MET significance < 6 347K 195K 86K
BSC offline cut (GAP) 317K N/A N/A
RP offline cut (RP-Hit) 309K 193K N/A
Njets (R=0.7) = 2 204K 158K 160K
1< 2.5 163K 122K 123K
E[j"[z(corr] > 10 GeV 116,473 93,567 83,038
0.01 < £5<0.1 54,552 14,956 N/A
MP-East Nhit = 0 N/A N/A
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jet1
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=y
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DPE Dijet Kinematics
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- Y
o o
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o
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-
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p
----ND
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Second Leading Jet

[

= IIIIII| 1 IIIIIII| 1 IIIIIII| | IIIIIII| T
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L L L L L | L
40 60 80 100 12C
EF? (GeV
T (GeV)

CDF Run Il Preliminary

—
; DPE = S0L+ GAP
£ 0.4 SD;:0.03<¢;<0.1 Mean - oo b
% - GAP,:36<1,,<75 RMS 5
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o R
'—
= i
<
=
0.05

CDF Run Il Preliminary
-~ [ « DPE=SD;+CAP, N
s SD-

P
---- ND

o
(]
|

SDE :0.03 < éE < 0.1
B Gf&Pp 13.6<Ng <75
EF?> 10 Gev

1N, o (dN/d AG)

o
—
|

i arn I R
0 0.5 1 1.5 2 25 3

AP =0y - 0] (radian)
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Inclusive/Exclusive DPE Dijet Predictions

(a) exclusive (b inclusive (C) central-inelastic 5

COF "
a0
.:—\.d-
I-|=
g
z'gz
—

[ 02 a4 LG 0.8 i
Dijet mass Facian

Khoze. Martin, Ryskin
Fur. Phys, 1. C23, 211 (2001), C26, 229 (2002)

{

Exclusive dijets in Run [ CDF kinematics

Enberg, Ingelman, Timneanu
Acta. Phys. Polon. B33, 3479 (2002)

. ) | LT T ] ] ] ] ] 1 ]

~ Inb (factor 2 uncertainty)
: =

Recent Calculation: ~ 60pb :
(25<E <35 GeV, In -1.kk2) g

T | 2
Used to normalize calculations d . . L
Lo predict e.g, diffractive Higgs o .
DI duction Boonekamp, Peschanski, Rovon  Appleby, Forshaw

Phys. Rev. Lett. 87, 251806 (2001)  Phys. Lett. B541, 108 (2002)
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Limit on Exclusive DPE Dijets (Run I

it eore |2
= s | S
— z, Y [ $ 04l ﬁH
— \_I’— -:':__ :§ e
I A . = 2 - Z 02} % %
| o A =10 F O - [ % !
“ - [ 1, N O-J-Z‘I |@|
5 10 15 20 25 4 2 0 2 4
Observed ~100 DPE dijet events > E;* = (EM+E2)/2 (GeV) N* = (Ny+N,)/2
5 = |
So | (o) SR ()
© 0.035 <& <0.095 S 1 JT S
© JetE;>7 GeV = =
° g . @) | -
© Rapidity gap in 2.4 <1 <5.9 X o5 2'9
M - .
e C — i A T 2 I
Dijet mass fraction Rjj M. 0 1 0 02 04 06 08 1
X = |@-@,| (rad) Dijet Mass Fraction

M;; based on energy within cone of 0.7 | g(inclusive) =44.6 + 4.4(stat) £ 21.6(syst) nb

=> Jook for exclusive dijets in window .
0.7 <Ry, < 0.9 o(exclusive) <3.7 nb (95%CL)
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Run II: Exclusive DPE Dijets ?

CDF Run Il Preliminary

s, E - ST, (Prescals 280)
S 10° S o DPE = SO; + GAP(5.51 < 7.5) (Prescale 5
s 10 B v, . DPE = S0, + GAP,(3.69045,<7.5) (Prescale 5
© 5 F e
W 10 ﬂ_—&—_&_ Energy Scale Uncertainty
- S L =26 pb"
Y 0 e — i
o = — i P e
“ 3 F o pa \
wn 10 E —i il
= = " N .
¢ 10°L Dijet Mass Fraction 0 exclusive dijet
'L SD. - 0.03 < £ < 0.1 bump observed
* 10 Jp A9 e
EFX?> 10 GeV
! A ! | A ! ! | ! A ! | A ! ! | ! |
To 0.2 0.4 0.6 0.8 1
R =M_M,
i ii
M 1<2.5,0.03<&-<0.1,3.6<m <7.5,R=0.7
jetl,2 P gap _

Minimum E_f%""’” Cross Section : g'jj;f;,:”(}fﬁ:: 0.8)

10 GeV 970 + 65(stat) £ 272(syst) pb

25 GeV 34 + 5S(stat) £ 10(syst) pb
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Double Pomeron Exchange Dijet Events

Rjj=0.81, Jet1(2)=33.4(31.5) GeV Rjj=0.36, Jet1(2)=36.2(33.3) GeV
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SUMMARY

Soft and hard conclusions

Soft Diffraction Use the reduced energy cross section
@ Pay a color factor K for each gap

Hard Diffraction

6/
.

Diffraction is an interaction between low-x partons subject to color constraints

Get gap size from renormalized Pg,p

4-7 June 2003 K. Goulianos, Low-x Workshop, Nafplion 30



