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Introduction

Diffractive: Non-diffractive:
vacuum exchange color exchange

1

Goals of Diffractive Program at CDF:
To understand the nature of colorless exchange
To test the feasibility of diffraction as a tool to search
for new physics at the LHC
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Diffraction at the Tevatron

t P Kinematic Variables -
t - 4-momentum transfer squared
f & - momentum fraction of antiproton
carried by the diffractive exchange

P X M, - mass of system X

ol

2
=MX
S

n 5

Goal:
S O . To study the partonic structure

~Ing’  InM; of diffractive exchange
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Diffraction in Run | at CDF

Single Double Single + Double | Double Pomeron
Diffraction Diffraction Diffraction Exchange
p p
P P
@ @ @
n n n n

Published 14 papers
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Forward Detectors in Run 1|

| CDF I |
DIPOLEs QUADs E — d QUADs DL 1T
— =0 O =0 H'_‘HED..'.L
=T 0 Umm— j.l]'—'[l‘—'[l i P
D _____ | -«
§7m to CDF

[ ]trackina sysTEm [ JccaL [ Jrca. [mpcar [ Jere []esc Dlres

] RPS - Roman Pot Spectrometers 0.02 < & < 0.1
0 <|t| <2 GeV?

BSC - Beam Shower Counters 54<|n|<7.4

B MPCAL - MiniPlug Calorimeters 3.5 <|n| <5.2
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MiniPlug Calorimeters

Nucl. Instrum. Meth. A518 (2004) 42.
Nucl. Instrum. Meth. A496 (2003) 333.
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Il

|| 28 droular lead plates i
Il laminaed with sluminum N
:I 110" thipk) I
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Bt L TR =
. PLATES. 20" dia. 1M'thich (316 ® Plo + 2B 5 rmm Al + apoxy)
R ALLNINLM

B stanessETEEL
——1
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designed to measure the energy and
lateral position of both electromagnetic
and hadronic showers

“towerless” geometry — no dead regions
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Diffractive Structure Function .

Diffractive dijets

o(pp — PX) = F; ® F; ® o6(ab — jj)
Study the diffractive structure function
Fy =Fy (x.Q%t,9)
Experimental Determination of Fjjf.’

Hard diffraction: (x.3) - o(SD;) F;(x,.Q%9)
production of high p; dijets R% 2 o(ND,) B Fi(x,Q%

Data known PDF

(LOQCD)
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Diffractive Structure Function:

Xg;j dependence
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Confirms Run | results
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Diffractive Structure Function: .

Q? dependence

10 CDF Run Il Preliminary
g = 5 5 5 5 - [#Q’ 100GeV?
- . [®Q’s 400GeV?
o . . . . : : L [+ Q' 1,600 GeV’
< L T o T e A - : 2|
~ = : : : : i Q> 3000 Gey
UDJ ' ' ' ' : ' . Q= 6,000 GeV’
_ - | .
- Q= 1000 Gy 100 GeV Jets
-% 10" ............. R
= sk
2 ' ' : i 5 5 5 . ¥
10" g ﬂa‘fﬁ ...... <0.ﬂ9 ................ b ......... : ; .........
= o - <E>?, <Ej>=(EsEr uz o
i overall syst uncertamty +20,f {norm) +Ef’ (slope]
10‘3 : 1 : 1 i 1 |: L1 1 | : 1 : 1 i 1 | [
10° 10° x_ 107
Bj

No significant Q2 dependence in 100 < Q%< 10000 GeV?
Pomeron evolves like proton?
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Diffractive Structure Function

t dependence

arbitrary normalization -
CDF Run Il Preliminary __, CDF Run Il Preliminary
2 Estatiétical uéncerlaéinties éonly —e— RPSinclusive "g 18 2_0_05<§EPS<0_08
s . ' ' ' ' —a— RPS+Jet5 (Q°~225GeV?) s F P
El 10 R R AT RPS+Jet20 (Q2~QOOGeV2) E\16_—
s [ =
8 F —=— RPS+Jet50 (Q’~4,500GeV’) £ 1.4
e : : : : E 12 -
© z 2f
:l 103 ....................................... TR e f E
3 JT I S S S
T 5 o8 RPS inclusive
: et —
2 N = norm. to unity and
10 R it T S o SE T S s Na--.os__ 2 2
E : g = set at Q=1 GeV
-0. 05< &ﬁ"s-co 08 : 0.2
10 _Qz_ <E T52. <ET>'{Efﬁ+E’etZ)J’2 . ; - 0: | | ‘ | | |
II L I Illllllill‘lil‘J_l_jl‘ - 1 IIIIH- | - i L1 111111 L L1 LIl | I | - i | -
004 b2 03 04 05 06 07 08 08 1 10° 10 1 10 10°  10° 10’ ,
It] (GeV/c) Q? (GeV?)

Fitdo/,. to a double exponential same slope at t=0 for entire region
2 2
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Attractive channel for Higgs discovery at LHC

=» suppression at LO of the background sub-processes
(J,=0 selection rule)

=» “exclusive channel” —clean signal (no underlying event)

Standard Model light Higgs:
p+p— p+H(>bb)+p
I\/IH = Mmiss = (S'fp 'éﬁ)llz

oo <0.1fb at Tevatron, ~1-10 fo at LHC
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Exclusive Dijet Production

Method:
Select diffractive dijet events
produced by DPE (Double Pomeron Exchange)

P+P—> p+ X(=2])ets,...)+gap

D A ’m Spr/ot detected
| M, P
_ Ty 0 7>
to calibrate Reconstruct
theoretical calculations )
for exclusive Higgs production R =M—”, where
at LHC : : o
study M; = \/(Ejetl +E )" = (Py +Pier2)” is dijet mass
similar processes with M, —mass of system X
higher cross sections:
exclusive dijet Compare
. . background with DPE Monte Carlo POMWIG
di-photon production uncertainty from different Pomeron PDFs
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Exclusive Dijet Production

CDF Run Il Preliminary

E 1 ® DPE data (stat. only)
10 = m ------
=z F <) Background
L=, C f -ﬁ-.-_._
PR LLL E: .
0o T, M
10 F ¢ S by =e=
10° _-t"E POMWIG + Background ™1 L& 4
E§ = POMWIG : CDF@H1 b
F§ semeee POMWIG : CDF P
i POMWIG - H1-fit2 I.... :‘-I:I:I-_
a| i P
10 L ' ra 1 4 9 ' a1 4 1

0 0.2 04 0.6

Excess in data over MC predictions

for high R;; values
Signal at R;;=1 is smeared due to

shower/hadronization effects,
NLO 99 — d99,ddg contributions
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CDF Run Il Preliminary
16.94 G:e"-"
£ ; B -1'-;{-'_, = g

Er' =33 GeV
Er? = 3| GeV
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Exclusive Dijet Production
MC fitto R;,

Binned likelihood fits (MC normalizations as free parameters)

CDF Run Il Preliminary CDF Run Il Preliminary
) C ) C
- CF. =150+1.2% DPE data (stat. only) - C F. =158+1.3% » DPE data (stat. only)
® data @ 600F ™ (gtatonly) |- POMWIG: CDF®H1 @ 600F ™ (gatonly) |- POMWIG: CDF®H1
u>J - [] ExHuME u>J - [ Exclusive DPE (DPEMC)
500 Best Fit to Data 500~ Best Fit to Data

- 3.6 < n,,,l <5.9 o
- bkgd a0 o L giea Ry 400
+ Ef®<5GeV

3.6 < Ing,,| < 5.9
EZ > 10 GeV
+ Ef®<5GeV

300?— 300?—
B signal|| e 2000
_ 100} 100}
= fit - . L - | 3
% 0.2 04 06 08 1 % 0.2 04 06 08 1
R; = M; / My R; = M; / My
Signal MC ExHUME Exclusive DPE as input to DPEMC
CPC 175,232 (2006) CPC 167,217 (2005)
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Exclusive Dijet Production

LO exclusive gg — qqissupressed (J, =0rule)
CDF Run Il Preliminary ) )
S DPE data (SVT) =>L ook for heavy flavor jet suppression
Vo[ [ ] systematic Uncertainty at h|gh RJJ
< | F 1
E-/E 17_.+___+_ ----------------------------------------------
: ot + CDF Run Il Preliminary
" 0.5 gt —+— L -
L 0.5 E (|R:|W5)>1OGeV 15l F1 = Footn ! (Fhei m{H<U4]}
o e | o Fy=MG,/Dalayy
0 0.1 0.2 0.3 04 05 06 07 08 09 1 -
R, = M./M, I [_|F, Systematic Uncertalnty
COF Runl Pretiminary B E
Em" B CDF®H1fit2 : =h
3 :
: . Fa | | o] tomigmg veroms
10 | - | normalized to Data, , at R <0.4 !
- - F, slnt.ﬂmrnnly -
IIIIIIII IIIIIIIIII L1 L1 LL L1 LLL1 L1l IIIIIIII
10° =1 + 070170203 0405 06 07 08 09 1
© Pomme Egl?lll_:;?-:ﬂﬁﬂ} : R = MJMI
= = = Background .
4 — POMNIG + Background 1
106702 04 06 08 1 12 -
S R =M M, The two results are consistent
1] n .
with each other

DIS 2007 Munich Christina Mesropian 16




Exclusive Dijet Cross Section

CDF Run Il Preliminary

— =
'E_ [ Data corrected to hadron level
~ 10’k
8 f .{. Data prefers
C i Exclusive DPE (DPEMC)
Aol '"-~+ JJJJJ ExHUME and
o E (MR oL R, .
e T ExHUME KMR calculations
t= 10f SN
gz, o 1[ -----------------------
1' %1 <25
3.61:%4:5.9
0.03<E;<008 St ti[ stat. @ syst. uncertalnty
10-1..|....|. IR B

0520530 _ 35
Jet ET" (GeV)

Exclusive DPE (DPEMC) - exclusive DPE model (based on
non —pQCD Bialas Landshoff model)
as an input to DPE MC
— Khoze, Martin, Ryskin at LO (factor 3 uncertainty)
hep-ph/0507040
ExHUME — ExHUME Monte Carlo
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10? L ExHuUME (Hadron Level)
N — Default

- e  Derived from CDF Run I
= 10 Preliminary o> (E7")

pb
GeV/c
¢

N Systematic Uncertainty

: I |
= /nggs mass range!

W21 <25

102L 36<n,, <59
;

0.03< &< 0.08

'R T T I T [ T I T T -
20 40 60 80 100 120 140 1260
M, (GeV/c')

unfold measured o5 to do% /dM ; using EXHUME
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Exclusive ete- Production

PRL 98, 112001 (2007) CDF Run |l
p p
I +
I _ I=(n) Etk [15.62 GeV
P P

QED mediated process,
cross section is well known
good control sample
for search of PP —> PP

Er' =152 GeV
Ert = 146 GeV

Select e*e” events:

reconstruct e*e

with E;>5 GeV, n|<2

request no additional calorimeter activity
protons are not tagged 16 similar events are found
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Exclusive ete- Production

CDF Run ll
3 0.8 @ Data {no BG subtracted) '
<]
..__6. 0.7 |:|LPAIRMC
E 0.6
S .
Z 05
—
T 04
0.3
0.2
0.1 ‘J_l'+
n [ ] [ ] [ ] [ ] [ ]
28 285 29 295 3 305 31 315
A ¢ (rad)

16 candidate events
Backgound estimate: 1.9+0.3
5.50 observation

O, =1.6755(stat) £0.3(syst) pb
O par =1.71£0.01 pb

agrees with LPAIR MC (QED prediction)

DIS 2007 Munich

c 30 CDF Rur: Il
o #  Data (no BG subtracted)
..E 25 LPAIR MC
2
@ 20 -
-c -
c
3 15 N =
& 10 * -
S - ‘
|.|J|- 5 -“‘ -
c ' ' ' ' ' -
0 5 10 15 20 25 30
E; of leading electron
CDF Run I
2 20 + Candidate Sample
?j 18 ‘ [_] LPAIR Simulation
events I
£
3
=
uﬂ 10 20 30 40 50
Number of Additional Clusters
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Exclusive yyProduction

o w'\\]i
\__/

6.80 GeV

factor of 3 ~ 4 uncertainty CDF Run Il Preliminary
Er' = 6.8 GeV
Ert =59 GeV

IN the cross section

Exclusive di-photon events:
select in the same way as e*e-,
(except for tracking veto)

with E;:>5 GeV, |n|<1

agreement of exclusive e*e- cross section
provides cross check of the methodology
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Exclusive yy Production

3candidate events COF R rofminary

including 72°7° or nn(7°, n— ) g i
0.5

Backgound estimate Y

0.09 +0.04 events e

3.7 o evidence for combined

28 285 29 205 3 305 3.1 3.15 3.2

exclusive (yy, 7°z°,nn) signal A¢ (rad)

CDF Run Il Preliminary

®  Duta (no BG subtracted)

1N dN/dM,

Tup (PP — Py0) <410fb (95% C.L.)

Khoze, Martin, Ryskin :
o, ~ 40 fb (factor 3 uncertainty)

TR R T R —
Invariant Mass {Gew::z}
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Summary

CDF results on Diffraction
Diffractive Structure function

Extended Run I results using single diffractive dijets
no Q2 dependence
slope at t=0 is independent of Q2
Exclusive Production

Observed excess events at high R;; being consistent
with exclusive dijets

Observed events being consistent with exclusive yy production

Observed exclusive e*e- production — cross check for di-photons

More interesting results are coming...
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Work In Progress

Diffractive W Production Exclusive Di-muon Production

Eniries 191
CDF Run Il Preliminary | Mean gz
m15__ - NS 142 .
£ Wos ey 2t 105817 'CDF Preliminary |
. Prob 08774 B —
> 14 £t Constanl 1204+ 135 5.2403
I Mean 8084+ 105 §3 E
12 Sigma 1079+ 117 & F
. !
10F R
2
8F 3
>
I w
B[ =
: 2
4- €
: e
2_
L | 1 ] 1 1 E
DIJ 20 40 60 &0 100 120 140 160 K 3 32 34 3.6 3.8 4
M, M(u'p) (GeVlic?)

Rapidity Gaps between Jets
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Pile-up Events

One of the main problems: multiple interactions — spoil diffractive events

12{.‘r[.'IF Run Il Preliminary 19 10° CDF Run Il Preliminary
' WO ST e R — :
j I R iy I T | —— RPS+Jet5
@ 1n° see
U 1-pite=tp: {10 & " = Jet5 (E™' > 5 GeV) - rescaled

10" ;_ - SR SN 77/ R R, it

vents

T

10°L

Tegi 1|
uﬂl_ : - RPS 10”7 e ——— 3 —
10 1 10
E_, gg“ (without MiniPlugs)

Ztowers ETe_” Linst ~ 20103 cm? st

gcal = \/g
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Diffractive Structure Function .

B)

F

18— IR % P IR

_ - H1 fit-2 ~+- CDF data = L of El125 7 GeV
= H1 fit-3 EEN2> 7 GeV L 0.035 < £ < 0.095 ]

mﬂg’ (Q°=75 GeV?) 0.035< &< 0.095 1'45_ [t]<1.0GeV* ]
t]<1.0 GeV? LaF E

i | | 1 ;___:f: _________ o S e B 1

10 3 0.85‘ -

; 25 bbb 80,
~ 2f 1/€ behavior - pist 102
= : ije i60%

1T & & 150 ¢ Inclusive 350 g

- = o3 | E G

[ - 1F 3430

i DAk . 420 9

— H12002¢,D QCD Fit (prel.)  —=*= 2.05F e —————— " .3
01 ' [ = 3100
F s . . . K‘ 0’....|.,..|....|....|....|.,..|....:OT:;
0.1 ’ 0.03 004 005 006 007 008 009 01 c

p

discrepancy in normalization D CRIE™ for #<0.5
Fjj_ n=1.0+0.1

QCD factorization breakdown Regge factorization holds | m =0.9+0.1

/
Pomeron exchange < !
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