Experimental results on
diffraction at CDF

‘ward jets)




Hadronic diffraction

h h
Elastic and diffractive processes
= leading hadron emitted at small angle

rapidity gap

The exchange (“pomeron”) is colorless
= large rapidity gap P
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Introduction

 |n diffraction no quantum numbers are exchanged
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Shaded area corresponds
to particle production
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CDF central and forward detectors
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Single diffraction

 Examine partonic structure of diffractive exchange using
high-p; probes (hard diffraction)

e Confirm and extend the kinematical reach of Run | results
—Diffractive dijet production in ranges of Q2
— Diffractive structure functions
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Diffractive dijets

ol

Jet

E ET .o

Xgj =

Js

Measure SD/ND ratio of dijet rates

_0.45
Rspnp =Ro - X

extract
Fo(x)+
= (LO QCD)
Fi(X) e
known

=no significant § dependence

in the ratio SD/ND many systematic uncertainties cancel out
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E: fraction of anti-proton momentum loss
f: fraction of Pomeron momentum carried by parton
P

parton Xg; = 3 - g

Phys.Rev.Lett. 84,5043(2000)

(£) = 0.04 0.05 0.06 0.07 0.08 0.09
AE = 0.01

Ef'?>7 Gev
|t <1.0 GeV?
stat errors only

X =05x &«min

X (antiproton)



Diffractive structure function
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Restoring factorization

ND : L [  -= CDF data, based on DPE/SD

— R(SD/ND)

) y P 10; —o—
A p@ § TL ++
— R(DPE/SD) '

P ;

P L " 9 P - — Expectation from H1 2002 ¢,° QCD Fit (prel.)
— r
b P L

01k

J \

 E——

factorization is restored !

L L

The diffractive structure function measured using DPE events is
approximately the same as the one expected from HERA
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Event selection in Run |l
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Multiple interactions in Run ||

49DF Run Il Preliminary
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Kinematical properties
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Diffractive structure function

p P
P Rate:" (x
P p R(Xg) = ND( 2)
Rate;;~ (Xg;)
q) ‘ q) . Y FSD (X Bj)
‘ . F ND (X Bj )
'l N
Non-Diffractive Single-Diffractive
(ND) (SD)
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Q? dependence

CDF Run II Prellmlnary

o 10F @ Q= 100 GeV?
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small Q2 dependence for 100 < Q2 < 10,000 GeV?

= Pomeron evolves as proton
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RPS dynamic alignment

=

CDF Run |l Preliminary
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It| distribution
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* No diffraction dips’ observed at |t|<1
o Soft and hard diffractive events have the same slope
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Diffractive W/Z production

Study W/Z boson production helps to determine the quark content
of the Pomeron

O . _ — R M\ . _
p p P P
P P
W.2 W,z
P . p -
At LO, the W/Z is produced or Production by a gluon is
by a quark in the Pomeron suppressed by a,. Can

look at additional jet.
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Diffractive W/Z production (cont)

« |[dentify diffractive events using RPS
e Calculate € from calorimeter

Entries 350
. _ _ CDF Run ll Preliminary :';-’@" ge27
e In W production, difference £°@-ERPS is G 30F WS eluv gt zomre
) . > cal . RP Prob 0.8174
due to missing E+, and 1. Sosf & <5 Conetant 21894 107
o L=06 fb Mean 809+ 07
— Siama 12112 0.69

gRP _§CG£ _ &e—m %20

Js s
15

-
o

» Can estimate:

— neutrino kinematics
— W kinematics

o

— Xgi %26 /4660 80 100 120140 -160
J _ _ _ M,, (GeVic®)
* Then, determine structure function in UGt W ant
diffractive W production reconstruct Vv invariant mass
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Diffractive W/Z production (cont)

CDF Bun |l Preliminary
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Remove events with non diffractive W/Z production+soft SD interaction
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Diffractive W/Z measurement

Measured fractions:

Ry = 0.97 + 0.05(stat) + 0.11(syst) %
R, = 0.85 + 0.20(stat) + 0.11(syst) %

Run | diffractive W studies performed with rapidity gap instead of RPS

CDF: Phys.Rev.Lett. 78,2698(1997)
— Fraction of events due to SD for x<0.1: [1.15+0.51(stat)+0.20(syst)]%

— Combined with other SD measurements (b-quark,jet), quark-gluon content of the
Pomeron is determined: f=0.54*016

DO: Phys.Rev.Lett.B 574,169(2003)
— Fraction of events with rapidity gap:
— W:[0.89%019 ) -1%
— Z:[1.44 %061 1%
— [If correction for rapidity gap acceptance is applied...R(W): 5.1%]
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Diffractive rates

Pp— X + gap W probes quark component (gg—W)
=12 :
Measured SD/ND fractions at 1.8 TeV 5
o1
PRL process fraction [%0] %0-8
m
84 (1997) 2698 W(ev) 1.15 (0.55) 06
PLB 574 (2003) 169 Z 1.44 (0.60) :
04 ™\
84 (1997) 2636 jet-jet 0.75 (0.10)
84 (2000) 232 b 0.62 (0.25) 0.2
87 (2001) 241802-1 JNp 1.45 (0.25)
0

0 01 02 03 04 05 06 07 08 09 1
GLUON FRACTION IN POMERON

» All SD/ND fractions ~ 1% = uniform suppression
* Different sensitivities to quark/gluon = gluon fraction f;=0.54 (0.15)
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Central gap between forward jets

CCAL and PCAL

Rapidity gap in Central

. > E CDF Il Preliminary
O n6 [
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e Characterize gap formation £ 10

e
o
w

2
°m lllllfTT| |||||m] ||||||TI] lllllﬂq.-l-'l_l_ll_ﬂq_,4-r

— fraction of gap events (soft and
hard interactions)

— dependence on gap size
* Mueller-Navelet jets

e
o

—

~%5 5
E, (GeV)
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Jet A¢ correlation

Ag for MPP-MPE jets with CCAL<PCAL o 93P
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Rapidity gap event fraction

< [ CDF Il Preliminary —e— MinBias %!]!]
:? 1 = —%— MP_oMP; Jets, Ef"*> 2GeV
i E R,=N,, /N, —+— MP_sMP- Jets, E; "> 4GeV Nmin| N
oL oo 3.5<| "2 |<5.1 il il
- CCALgap = e, iy
8. [ required -""'_..
% 02 _.__'_-v—-{_- _— * . Versus
— ‘I‘ —I——I—-'-'T"T'.?._ -~ . -
- +—|— _I_]L_I_]LH_T- T - Jet %N Jet
] I T 1
10° = Tﬁ, 1 ]
10% |-
- L | L I.l L L L | L L L L | L L L L | L L L L | L L IH
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Gap width

« Event fraction is ~10% in soft events, and ~1% in jet events
« Shapes are similar
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Exclusive production

p P v'clean process
v'exclusive bb suppressed

H Khoze Martin Ryskin: o,(LHC)~3 fb,
signal/bkg~3 (if AM;.;=1 GeV)

Attractive Higgs discovery channel at the LHC

=much larger cross section

Goal:

»measure exclusive dijet production (if it exists)
»test/calibrate Higgs predictions at LHC
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Exclusive dijets in Run |

(not detected)

- PRL 85 (2000) 4215
% (d) Expected shape
- | of signal events
Z 10 \ 1
L)
= .
- M; ch—) .
Mass fraction: K= M, < an
EXC|USIV€ dljet Ilmlt FrHTE | PR T e e
Run |: PRL 85 (2000) 4215 0 02 04 06 08 1
= O; (excl.) < 3.7 nb (95% CL) Dijet Mass Fraction
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Observation of exclusive dijets

Phys.Rev.D77:052004,2008

Observe excess over 'M nse Gé\,\f\_
Inclusive DPE at large M /RN

: "N

E p - ® DPE data (stat. only) N\ N /
z10 - M e Background \\ /"5///
- NS : A
© B \\K_/’—/:/J
ol - -
- - I =
10-3 B POMWIG + Background S ET 33 Gev
= — POMWIG : CDF®H1 . —
Fl eeeeee POMWIG : CDF i ETZ - 3 I Gev
L l POMWIG : H1-fit2 ]
-] eeeees POMWIG : ZEUS-LPS H
10-4 | | ) |, E | -
0 0.2 0.4 0.6 0.8 1
R =M /M,
)] )]

= exclusive signal?
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Exclusive dijet cross section

Phys.Rev.D77:052004,2008

‘g F =150+12% « DPE data (stat. only)
o 600 el (stat.only) " POMWIG: COF@H1 .
2 B e * R; shape described by MC based on
500 e— t Fit to Data
: A<l <8s two models (ExHUME, DPEMC)
40 1 BT 72 > 10 GeV : ith
s00f- + E°<5Gev » Cross section agrees with EXHUME
200¢ « Data favor KMR model (uncertainty
100k ~factor of 3)
0-
0 02 04 06 08 1
R, =M, /M, .
- 2 ' Data corrected to the hadron level
E E =158+1.3% » DPE data (stat. only) S 103 .
© 600 “ (satony) @ POMWIG: COFSH1 = E [
@ [ Exciusve DPE (DPEMC) T Exclusive DPE (DPEMC)
500! — Best Fit 10 Data ? 102 \ ..................
i =210 @ o~ . T,
- 36<n,,J)<59 (14 g AT SN T,
400 £ >10 GeV = KRs
300 Ht B <5Gev 8= 10| — Uncortainty "
L - E"Lz > aﬂn
200, T
‘ 1l ™" * <25
100} ~ - 36<n, <59 "
: HN = 0.03 <Z-<0.08 %r-i. A
% 02 04 06 08 1 10" L—1 2
R =M, /M, 10 15 20 25 30 35

Jet ET" (GeV)
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Exclusive cross section

“o 102 B ExHuME (hadron level)
Qs = B Default
Q@ F e Derived from CDF
O 10p Run Il o&! (E7")

systematic uncertainty

doﬁxc'
dm,
LI l"l?

10"
E %< 25

10-2 ;_ 3.6 < Ngap < 59 .
- 0.03<&;<0.08

10-31 N T

P P R S ST ST T TS ST U NS S . |
20 40 60 80 100 120 140 160
Mjj (GeVIcz)
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Exclusive dijets w/heavy flavor

Theory:
J,=0 spin selection rule S
gg—gg dominant contribution at LO " & -
ol £ d . 991 99
gg—qq suppressed when M;>>m, S £ ~
oS 1| 5
® = 4, G
Experimental method: o =
normalize R;; for qqg to R; for all jets '% e T UL ELL R o
=look for event suppression at large R; Y R(Q(_;F) / R (all) -Q\\\\ =
Pros: -many systematics cancel out I... R
-good HF quarks id 0 1 ¥
-small g mistag O(1%)
Cons:  -heavy quark mass: = use b_quark JetS

contribution from exclusive b/c
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b-tagged jet fraction

CDF Run Il Preliminary

-
0
|

I:bcllncl / <I:bcllncl(R <0 4»

DPE data (SVT)
Systematic Uncertainty

i

- exclusive
production?

0.5 EFY(RAW) > 10 GeV
Myl <15

o by b b by by by b by Iy
0O 01 02 03 04 05 06 07 08 09 1

ratio of b/c jets to all jets (norm. to R;<0.4)
= ratio decreases at high R;
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Summary

« CDF diffractive program continuing the improvement of
understanding of diffractive processes

— measured DSF at different Q2 values
— measured t-distribution in diffractive events

— dijets, W/Z, forward jets, exclusive jets, etc.

« Comparison of diffractive and non-diffractive processes
 Measurements of exclusive production important to
calibrate predictions for exclusive Higgs production at LHC

 General tools which can be used at LHC:

— Roman Pot dynamic alignment
— use calorimeter information to measure &
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Factorization

QCD factorization : o(pp—pX) ~ F;(£,t;8,Q°) ® 6(ab— j)

e m 3
e > Hard scattering P *P
—  QCD matrix element =™——— — jet
> Process dependent L) jet
Zp B
Xip . oy s =
5 Universal parton densities Bﬁﬁ
P indi ' ?
HERA ep in diffractive exchange Tevatron Bp

Regge factorization :

Ppanon / PPomero n

P

X|
IPL P g2 B
] p P P IP 34
O 3

FaplE:t:8,Q°) ~  fp,(5,1)  ® F,0(8,Q)

g allP

omeron / proton

A4 V
Regge-based Pomeron Flux  B-dependence of Pomeron structure
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Factorization (cont.)

QCD Factorization Regge Factorization
= B T = SRS
= ; Jot1,2 ]
o - H1 fit-2 ~+- CDF data 16F (a) Ey >7Ge\; 2
(S : [ :
ool H1 fit-3 E?“'227Gev 14F [t]<1.0 GeV :
F (Q*=75GeV?)  0.035<&<0.095 12k :
[ |t]<1.0GeV? N i e
105_ '—re.,h:ﬁlf“:l.##,‘H.fll..%.}een__so%j'
1/§ behavior « pijet '70%
s Inclusive —560 S
1 = = _550 -
440 =
3 {30 ¢
04l — H12002G,0QCD Fit(prel) =%, i * . . 1103
ghg 3 +2». = : 1 1 1 1 06
: R(E ™ SR st it st o O
. ’ = 803 004 005 0.06 0.07 0.08 009 0.1
0.1 1
B 3 3—nc—m E,
Fii(8,€) = Cf

Fij(B) measured from SD Dijets suppressed
relative to expectation from diffractive DIS

QCD Factorization breakdown m=0.9+0.1-> Pomeron exchange

Regge factorization holds
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SD/ND ratio

-
o

Q. E [—=— CDF Run II preliminary (I, [<2.5)
~ T + CDF Rup I (|r!jet|<4..2)
e e e
(] =
2 C due to smaller |n| range
-g 107 = ..........................
e F 5
; LR 1
4| . LI
10 — 003(&SAL<009 ......... - .............
= ° Py L e
- sys;;tematiic unceirtainty?: + 20% (norm), = 6% (slope)
10‘3 1 1 1 1 l [T | l

»
w

-2

10 x_ 10°

-
o

ratio of SD/ND dijet event rates
= confirms Run | results
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Multiple interactions in Run ||

« Multiple proton-antiproton interactions spoil diffractive signature

1.2

CDF Run Il Preliminary

B i _(_-'T"<:~.:\ -_3

12 10° CDF Run Il Preliminary
E >
=| —— RPS + Jet5

gl

RS 2y T

1 ‘23 - .F
T i T 10° & :
0.8 R R . - o T 8 = % :
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* Reject multiple interactions
— exclude £>0.1 (ND+SD interactions)
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(un)correlation

CDF Run Il Preliminary
jet

—— AD(J,+J,,pbar)

| e AD(J, pbar)

=no apparent A¢ correlation
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a few comments

N
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[ R Uh - H1200260 QCD Fit (prely e R
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* large uncertainty at high g (no
coverage!) but result stable at low

» small reggeon contribution
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(%3 0.04 0.05 0.06 0.07 0.08 0.09 0.1
E-dependence is IP like (m for IP is ~1.1, for IR ~0 at Tevatron)
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Kinematical properties
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Transverse energy
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Rapidity gap fraction vs gap width

Phys Rev.Lett.87,141803(2003)

_ _ 2 Vs=1800 GeV
« Soft double diffraction gws « DATA
« No hard scattering required L™ Yo RO Me
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Exclusive production

p P v'clean process
v'exclusive bb suppressed

H Khoze Martin Ryskin: o,(LHC)~3 fb,
signal/bkg~3 (if AM;.;=1 GeV)

Attractive Higgs discovery channel at the LHC

=much larger cross section

Goal:

»measure exclusive dijet production (if it exists)
»test/calibrate Higgs predictions at LHC
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