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Introduction

Diffractive reactions at hadron colliders are defined as reactions in
which no quantum numbers are exchanged between colliding particles
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CDF 11 Detectors
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Forward Detectors:

Roman Pot Spectrometers (RPS)
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Forward Detectors:

Beam Shower Counters (BSCs)

BSCs are located along beam pipe CDF
used for triggering events with
forward rapidity gaps o TOROID
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Forward Detectors:

MiniPlug Calorimeters (MPs)

Nucl. Instrum. Meth. A518 (2004) 42.

Nucl. Instrum. Meth. A496 (2003) 333.
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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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Single Diffraction

t - four- momentum

recoil pbar or transfer squared

large rapidity gap C - fractional momentum loss

Soft Diffraction of pbar

Single Diffraction My - mass of system X

PRD 50, 5355 (1994)

. 2

Hard Diffraction E=M,/s
Rapidity Gap Tag p',; Z:. ) pp _
W PRL 78, 2698 (1997) P —— p
Dijets PRL 79, 2636 (1997) :
b-quark PRL 84, 232 (2000) —, | M,
J/¥  PRL87, 241802 (2001) p |
Roman Pot Tag :
Dijets: M rap-gap .: ‘dN/dT]
1.8 TeV  PRL 84, 5043 (2000) __ |
630 GeV PRL 88, 151802 (2002) An=-Ing |
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Methods and Challenges

cal __ } : E; 5_77
s CDF Run Il Preliminary owers \/E
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Main challenge
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Diffractive Structure Function

Diffractive dijet cross section

G(f)p—>|3X)szj ®Fjj[)®&(ab—>jj) 4
, )
D _ D = | o cor
FJJ o FJJ (X’Q ’t’ g) Qk‘ 1025‘— H1 2002 5,° QCD Fit (prel.) N ;Pm
——  QCD fit to ZEUS97 data
5 i
F” 10 —

G(SDjj) _ Fij(X,QZ,f) -
a(ND;)  F;(xQ%)

R;B (x,&) =

-1
10

Factorization breakdown — gap survival
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Diffractive Structue Function and (

t Distribution
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Hard Single Diffraction

May o7, 2010

large rapidity gap —
slightly different
gap definitionriethod used @s

Dijet 0.75t0.10
W 1.15+ 0.55
b 0.62 +0.25
Jy 1.45V 0.25

All fractions ~ 1%
(differences due to kinematics)
» ~ uniform suppression

Christina Mesropian "Diffraction@LHC" 13



Example:

Diftractive W/Z. Production

p p P
|P
P P .
= -
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Example:
Diffractive W production — Run I
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Diftractive W Production — Run

Entries 50

CDF Run Il Preliminary ::; B227
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Diftractive W Production:

measurement
W— e/uy CDF Run Il Preliminary
in
€ .| &= RPtrack L=0.6 fb™
gma 3 RP track, F_,HP;- _':al l__ﬂrﬂjug
v F —a— FP track, o o
[ BD<M,<120 o~
10°} m@gﬂ':' &
F I
.:'|
v
10
i

Fraction of diffractive W

Ry (0.03<€<0.10, |t|<1)=[0.97 +0.05(stat) +0.10(syst)]%
consistent with Run | result, extrapolated to all §
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Diffractive Z Producti
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Double Diffraction

large central rapidity gap —
slightly different

tracks onlx
CF ToF

ap definitions N T
g p 6M : :
Soft Diffraction i P
| R
Double Diffraction g s
PRL 87, 141802 (2001) ot Com |
: | N |
. l |
Hard Diffraction AN | : ]
Jet-Gap_Jet | 28
1.8 TeV PRL 74, 855 (1995) i
1.8 TeV PRL 80, 1156 (1998) I
630 GeV PRL 81, 5278 (1998) B
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*both track and tower multiplicities
produce similar results
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Rapidity Gaps in
Minbias Events

(I) 2 | /s=1800 GeV
ai} L
> gl « DATA
1 10°F — DD + non-DD MC
P U\ A T] e~ T non-DD MC
M 10 *F
10 %} *
10%F
dN
aﬁ 10 PP P RIS PP IPEPEPETE EPEPEPEPE P B
| o 1 2 3 4 5 6 7
Nmin|Mmax 0 AN =1, M i
<In M2~ <In Mz~
Ins :
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\jet -3.6 11 0 1.1 3.6 \
To compare gap probability in
FODR )

soft and har dissociation: For this analysis
reconstruct An in both cases W .
require events to have gap in CCAL WE USE ﬂoat'”g
nl<11=>An>2 => — not-necessarily central gap
significant DD contribution

require opposite side MP jets for hard DD,
with E.>2 GeV

Direct comparison of the results is relatively
free of systematic uncertainties.
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Forward Jets and Rapidity Gaps

CCAL and PCAL
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Central Gaps in Soft and Hard

DD

Gap Fraction in events with a CCAL gap

dN
@ [ CDF Il Prelimina - 7 dn
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Double Pomeron Exchange

Exclusive Studies

recoil pbar /large rapidity gap AND
large rapidity gap on proton side

Soft Diffraction

Double Pomeron Exc. b ok Tl b b _ |

PRL 93,141603 (2004) Blamas L | | F 2 |+ COF two.gaploncgep
Multi-Gap Diffraction 5 P oFEW T 1 | Reugepredclon en
PRL 91, 011802 (2003) B R ,thL g o

Hard Diffraction o § 1gp+

D ij ets: E ?"’ fr “ | ] + 1-gap
1.8 TeV PRL 85, 4217 (2000) SoflErwpey | ] |
1.96 TeV PRD 77, 052004 (2008)| § ! [F3% s [ S
Di-photons ol i gt \}\C T
1.96 TeV PRL 99, 242002 (2007) PRI IR 1y ) T e
Charmonium g \ dbe\nte\’e onery 5 (GEV)
1.96 TeV PRL 102, 242001 (2009|) wov
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Exclusive Production

suppression at LO of the
background sub-processes
(J,=0 selection rule)
=>“exclusive channel” —
clean signal
(no underlying event)
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CDF limit of

May o7, 2010

Christina Mesropian

RUN II

Select inclusive diffractive dijet
events produced by DPE
p+p —IP+ IP—p+X(>2 jets)+gap

Jet jel
- Ah .
P : P inot detected
| Mx 1.,]_::
' IE“ U n— 1]F'
M ]
R i = Y - where

X
M;; - dijet mass,M, - massof systemX

"Diffraction@LHC"
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Observation of

Exclusive Dijet Production

PRD 77, 052004 (2008)

E i . r # [FE data [=al only)
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) i }_
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. R =M /M,
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o\

5 t :
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Signal MC ExHUME CPC 175,232 (2006) Exclusive DPE as input to

DPEMC CPC 167,217 (2005)
7] [ (7] [
= C F =15.0+1.2% + DPE data (stat. only) - N =15. 39 *  DPE data (stat. only)
@ data § 600 ™ otatonly) | POMWIG: CDF@H1 S 600 Fexc 1&;?_ :n:';y)/ ------ POMWIG: CDF@H1
i B — ExHuME |.|>J - —] Exclusive DPE (DPEMC)
TR b kg d 500 [ Best Fit to Data 500 } Best Fit to Data
40 05 3.6 < [yl < 5.9 4005 3.6 < Ing,,| < 5.9
e . - A EF? > 10 GeV = EF? > 10 GeV
. - jet3 | iet3
] S|gnal 300 + Ef®<5Gev 3000 + E<5GeV
. 200 200
It - -
100 100
0: . ‘ A . . 0: ! T L) ey
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
R =M/M R =M/M
ji it X ii it X
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Exclusive Dijet

Cross Section

=>» Exclusive dijet
cross section
compared with MC
based on two models :
ExHUME, and

excl. DPE DPEMC.
Cross section
disfavors exclusive
DPE model.

=» Calculation by 1 F
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=
T 1 |||||'|'|

EiTe.u, 2, ErTrin
M*21< 2.5

36<n, <59
0.03 <£;<0.08

Khoze, Martin, and

Ryskin consistent p
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Flrig
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frry
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Data corrected to hadron level

... Exclusive DPE (DPEMC)

stat. ‘l,‘i[ stat. @ syst. uncerlalnty

within its factor of 3
uncertainty.  Eur.
Phys J C14, 525 (2000).

10 15
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Phys.Rev.Lett. 99,242002

(2007) > p
P .
.’ Y
L~ e I
E-(y) >5GeV
n(y) [< 1.0

Christina Mesropian "Diffraction@LHC"

2 events are good Yy candidates
1 event Is good n°n° candidate
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Exclusive Dimuon Production

Many Physics Processes in this = ° X
% Jly

data: e
P P >P y+IP—>J/y — "
" Jhy P X p
r Jiw
1|I :
: : e &£
P P . »p X ’ .

IP+IP — y. —>J/y+7y)
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Exclusive J/y and y(25)

J/w production

243 +21 events PRL 242001 (2009)

dofdy|,-o = 3.92 #0.62 nb ; oF i, v
Theoretical Predictions ;“’? it
2.8 nb [Szczurekoyz,], % oF 2 Gaussians + QED continuum
2.7 nb [Klein&Nystrandos], @ 40
3.0 nb [Conclaves&Machadoos], and 305_
3.4 nb [Motkya&Watto8]. 20§
Y (2s) production " |
3417 events O 313533 34 35 36 57 38 38 4

M(u*) (GeV/c?)

dof/dy|,-o = 0.54 + 0.125nb
R =w(2s)/J/w =0.14 + 0.05
In agreement with HERA: R =0.166 + 0.012 in a similar kinematic region
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Exclusive y . —J/y(—prp)+y

PRL 242001 (2009)

~J
[=]

2]
[=]

=> Allowing EM towers (E;>8o0MeV)
1J/y 286 352 = +66 events

large increase in the J/y peak
e minor change in the y(2s) peak

Allow extra EM tower
!
; H > t :
3 (25)39 240= 42 even Evidence for
:wp k Mﬂ v .—J/y+y production
= | o . 90 0 g5

3 313233343535373539 4
M(u*w) (GeV/c?)

do/dy|,., =751 14 nb,

compatible with theoretical predictions
160 nb (Yuan 01)

90 nb (KMRO1)
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Conclusions
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The Diffractive Structure

Function

=
o - = HA fit2 ~+- CDF data
LI— .

ol H1 fit-3 EF'2>7 GeV

E (Q°=75GeV?) 0.035<&< 0.095
|t]<1.0GeV?

10 |

T F

0.1}

May o7, 2010

0.1 1

1.8 T T T IJHIZI
: etl,
16k E; 27 GeV E
- 0.035 < £ <0.095 1
LR 1t]<1.0GeV? ?
1.2F .
1_+ _________ I v e O et
0.8F ]
F ) 47028
2— / * Dijet —60%
15F Inclusive 450 2
: i40Z
3 ——__ s
P — 3 (0]
05_ B s W :20-2
410 v
- =8 5
o TR PERT N SN L0 WY YO YT R 0 VO O N 1 LN WO WO WY Vel [T WET VROV RN PO NN YOLS TN MO S (Y Yo W IO [ 06
0.08 0.04 0.05 0.06 0.07 008 009 0.1 c
for #<0.5

n=10+0.1
m=0.9+0.1
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W/Z. Selection

E- (p}) > 25GeV EX(pt') > 25 GeV
[+ >25GeV ES?(p*) > 25 GeV
40 < MY <120 GeV 66 <M* <116 GeV
| Z, [<60Cm 1Z,, |<60cm
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W/Z. Results

R%(0.03 < X< 0.10, |t|<1)=[0.85 + 0.20(stat) + 0.11(syst)]%

CDF PRL 78, 2698 (1997) D@ Phys Lett B 574, 169 (2003)
RW=[1.15+0.51(stat)+0.20(syst)]% RWY=[5.1+0.51(stat)+0.20(syst)]%
gap acceptance A93P=0.81 gap acceptance A93P=(0.21+4)%
Uncorrected for A93P Uncorrected for A93P
R%=(0.93+0.44)% RW=[0.89+0.19-0.17]%

R%?=[1.44+0.61-0.52 1%
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MiniPlug Jets

- IIII|III|IIIIIIIIII
0 5 10

0.4
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Kinematic Distributions for MP

Jets

CDF 1l Preliminary

£10°E E; distribution 210k E distribution
o E o F
a o — 1-st Jet 2 F -
a3 -- 2-nd Jet 0
102§— 102§— ! "ul_
101 0L
1k Lo 1k R
0 5 10 1 0 100 2
SF—r{GeV) E (GeV)
210°k ¢ distribution 2ok 7 distribution
@ E o F
> F > F
1T} - L B
mHW 0'E -
102§— 1022—
10k 10f-
1L 1 | .
= PR [N T T NN T TN NN T T T T T T [N NN ST T S N = | 1 L L |
0 1 2 5 6 6 4 2 0 2 4 6
¢ (radian) n
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DPE data (Displaced Track)
|:| systematic uncertainty

Pt

E C * Focnr = 1- |: Fisenne: ! :::FHF.'In-:I:::lFlj-:EIA.]
L 0. B—_ O Fogeme = 1-[MC,, / Data,, ]
é U.E_—D F ez ne S¥stematic uncertainty £
& " MC,,, = POMWIG + Background
18 B {CDFEH1)
u-d_nnrmalized to Data,,, at R =0.4
R 1 *
0.2 i
| e
-0.2L . . | [ | | . . . .
0 0.5
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Excl.Niross Section vs Dijet Mass

102 B ExHUME (hadron level)
§ B Default
- I - e Derived from CDF
derived _ o 10 Run I 62 (EM)
from Q. % - systematic uncertainty
CDF excl. C 1F
T O — B
dijet so="10"-
X~ S| = <25
sections 102 36<n,,<5.9 ,
using  0.03<&;<0.08
Bl
ExHUME 1075020 60 80 100 120 140 160

M. (GeV/c?)
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Number of events

[o¥]

om C. Marquet, C. Royo

- An=6
. An=8

arXiv:0704.3409

work in progress...

<
: | 3 Q>5 GeV, R=1
-1.1 1. [
A¢ for MP,sMP-. jets with CCAL gap o 18 BFKL NLL 54
350— CDF 11 Preliminary =
300; Ad) Jet1 1.6
250 11 <<t (’
E e
zoo? Jet 2 ’,/ 14
150
100; 1.2
50 Jet E;>2 GeV
o: | I ] | | ] 1
0 0.5 1 1 2 25 3 -
A¢=|¢jel1-¢jetzl (rad) R :
10* L CDF Il Preliminary n distribution 08 |
3l
0 0.6
10°=
i 04
C -3 -2
10 =
1 ? L L L L |
-6 -4 -2 0 2 6
n
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W — e v Kinematics
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CDF Run Il Preliminary
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: Et= 2.08 GeV
(= B
P+p—op+p u +p
Trigger: 3 GeV/c*<M <4 GeV/c

forward ra-pidity gaps in BSCs
2 oppositely charged muon tracks with p;>1.4 GeV/c, |1|<0.6

~0.093 => L=1.48 fb! but Ly; ~140pb

gexcl
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Double Diffraction

large central rapidity gap

Soft Diffraction
Double Diffraction ]
PRL 87, 141802 (2001) Strategy of analysis:
to look for “experimental gaps” defined as
Hard Diffraction Ansn__ 6“ i~
Jet-Gap_Jet Nimay (N )= “Particle” closest to n=0
1.8 TeV PRL 74, 855 (1995) in the p(p) direction
1.8 TeV PRL 80, 1156 (1998) dN
1630 GeV PRL 81, 5278 (1998) dn
Zlmin T mex 0
*-|f'| M.IE“ -t—In MEE—*-
In's :
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Double Diffraction
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