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Non- Diffractive
(ND)

Single
Diffraction (SD)

Double
Diffraction (DD)

Double Pomeron
Exchange (DPE)

Diffractive reactions at hadron colliders are defined as

reactions in which no quantum numbers are exchanged

between colliding particles
Christina Mesropian  EDSO9, CERN 07/01/2009



80.00 8000.00

60.00 5 ; -1 % “l 6000.00 £

Collider Run Il
Integrated
Luminosity

a
)

40.00

20.00 L

Weekly Integrated Luminosity (pb-)
&
3
g
Run Integrated Luminosity (pb

ot
95 126 155 185 216 245 275 305 336 365 305

Week #
(Week 1 starts 03/06/01)

= Weekly Integrated Luminosity ——Run Integrated Luminosity

Run | (1992-1996) Vs=1.8 TeV (~120 pb™)
Runll (2001-) Vs=1.96 TeV

Christina Mesropian  EDSO9, CERN 07/01/2009



CDF |l Detectors .

| CDF i |
DIPOLES X% QUADs DIPOLES -
. I e ) Hl-l--l--;;
E I I|_|I I|_|I ID-?T[Q-DI_DL_I *_I p
P oot it §7m to CDF

[ |tracking sysTem [ JccaL [ Jrca. [lmecaL [ Jere [lesc [Dlres

Tracking —  Tracking Detectors In| < 2.0
CCAL, PCAL — Calorimeters In| < 3.6
B RPS — Roman Pot Spectrometers 0.02 < £ < 0.1
0< |t]|< 2 GeV?
BSC — Beam Shower Counters 54<|n|<7.4

I MPCAL - MiniPlug Calorimeters 3.5 <n| < 5.1
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Kinematics of Diffractive Events .

t - four-momentum transfer squared

P ci - fractional momentum loss
of antiproton
M, - mass of system X

{
o
P X
.
g M
Selection of Diffractive Events
\ 4 CDF Roman Pots

acceptance ~80% for
0.03<¢ , <0.10, [t [<1GeV?
pbar pbar

\ 4 by presence of rapidity gap
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Diffractive Structure Function
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Methods and Challenges

\ 4 Determine & using Roman Pots tracking
\4 Also can determine & from E; in calorimeters
important to have MiniPlugs ” 5 cal _ E E—Te_n
owers v/'s

¢ CDF Run Il Preliminary

) 1_2CDF Run I Prellmtlrnary!{{: 12 10° &
g ™ T- e :-'f',.-.-..-_x T ﬂ F —s— RPS + JetS : :
o S 1]~ RPS (WitradkyetS - rescaled \\
....................................... 10 u>J = Jet5 (E'sree SGeV) rescaled : :
Wl _ _
.................................................. 8 E
10° -
6 g
10°
4 i
10 =
2 1 ;_
0 10" L
10°

Main challenge: multiple interactions spoiling diffractive signatures

use £ < 0.1 to reject overlap events = non-diffractive contributions
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Diffractive Structure Function

Confirms Run I CDF RUI'I “ Pl'ﬂlll'l'lll'lﬂry
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Results
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Diffractive t Distribution

CDF Run Il Preliminary

—a— RPS inclusive

—=a— RPS+Jet5 (Q°~225GeV?)
—=— RPS+Jet20 (Q*~900GeV?)
—=— RPS+Jet50 (Q°~4,500GeV?)
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Fit to double exponential function:
do/dt oc 0.9 eP! T+ 0.1 eP? !
=  no diffractive dips

" no Q? dependence in slope from
inclusive to Q2 ~ 104 GeV?
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Work in progress:

high [t| range

absolute |t|-slope values
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Diffractive W/Z Production .

= to Leading Order = production by gluons is

the W /Z are produced suppressed by a factor
by a quark in the Pomeron of Ol

and can be distinguished by

an associated jet
) R

>

A 4
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go )
ol

)
IP

v

A 4

A 4
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Diffractive W production — Run | .

Run | studies used rapidity gaps instead of
Roman-Pots

*CDF Phys Rev Lett 78, 2698 (1997)

— Fraction of W events due to SD
[1.15X£0.51(stat) £ 0.20(syst) 1%

‘D@ Phys Lett B 574, 169 (2003)
— Fraction of events with rapidity gap
(uncorrected for gap survival)

-W: [0.89+0.19-0.17]1%
—7:[1.44+0.61-0.52]%
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Diffractive W Production — Run | .

Identify diffractive events using Enires %0
CDF RBun ll Preliminary | Mean B2
Roman Pots: 230 W ey - s
accurate event-by-event € measurement & F ET<E" Prab 08174
O 250 1 Constant 21.89+1.67
no gap acceptance correction needed o [ L=061b Mean 80907
- - Sigma 1211+ 0.68
can still calculate ¢! £ 20
cal 2 : % :
15
towers 10F
In W production, the difference between ¢! and 5‘
GRP is related to missing E; and N, s
% 20 40 60 80 100 12'.'] 140 _160

(GeVic?)

fRP _fcal Er e -1,

allows to determine:

neutrino and W kinematics

Xb]
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ayants

Diffractive W Production:

measurement

W— eluy CDF Run Il Preliminary
| RP .
| S PPk e L=0.6 tb" chq < Eg requirement
E-* AP track, & £ o o
o P track o g removes most events with
[ S0<My<120 o multiple pbar-p interactions
102} . &
[ 4 . 50 <My, <120 GeV/c
10 ¥ & requirement on the reconstructed
f f W mass cleans up possible
1E + mis-reconstructed events
N T T T PR P
25 2 -1.5 1 -05 0.5 ..
log, (&™)

Fraction of diffractive W

Ry, (0.03<£<0.10, |t]| <1)=[0.97 £0.05(stat) £0.11(syst)]%

consistent
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with Run | result, extrapolated to all §
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W —ev Kinematics

CDF Bun Il Preliminary _W—} ey CDF Run [l Preliminary
- —a— SD (RP track, £ —+— SD (RP track,
similar for SD 50<M,,<120) $ sof- + 50<My<120]
—— ND (norm to SDj - —— ND (norm to SD)
and ND s0F L=0.61b"
401 +
30F
20F
5 10}
i i | e -+- E
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W— ey CDF Run |l Preliminary W ey CDF Bun |l Preliminary

—+— SD (RP track, £ sok —+— SD (RP track,
50<M,,<120) 5 . 50<My,<120}
electrons are — ND (norm to SD) sof —— ND (norm to SD)
N -
boosted away sk L=06fb
from anti- :
protons in 30F
diffractive 201
sample 3
n " | | %
2 15 -1 05 0 05 1 15 2 30 40 50 60 70 . 80
electronm electron E; (GeV)
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37 diffractive Z— ee/uu candidates

(RP track, £¢'<0.1)

based on ND &< dls’rrlbuth

Christina Mesropian

EDSO9, CERN
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CCAL and PCAL

Run 211073 events 85601

Goals:

"  characterize rapidity gap formation in forward jet events

fraction of events with rapidity gap
dependence on rapidity gap width

study Mueller-Navelet jets
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Forward Jets and Central Gaps .

P 2 ALV
v L TN
FLAT AR WL P P

Vi D B PV B

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

to detect forward jets
3.6< [N |<5.2 we use
MiniPlug Calorimeters

for gap studies
need
low luminosity run

average Iuminosi'ry
L~ 1x1039%cm %!

Events

Events

¢« CDF Run Il Preliminary

10 =
E| —— RPS +Jet5

10° Ll —— RPS (w/track)+Jet5 - rescaled
E| —=— Jet5 (E;"
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s CDF Run Il Preliminary
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1075 = Jet3 (E5*>5 GeV) - rescaled
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Jet Azimuthal Angle (De)correlation

azimuthal decorrelation for CDF kinematics

e 2
S Q>5 GeV, R=1 _ An=6
5.2 B
A6 for MP,sMP jets with CCAL gap "g 18 BFKL NLL S4 .. An=8
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Rapidity Gaps in Minbias Events .

Soft Double-Diffraction (DD)

p
2] [
2 f s=1800 GeV
I AL (I) % 5 [ » DATA
e 10°F — DD + non-DD MC
P S~ n S T — non-DD MC
AT} 104
Strategy of analysis: =
look for “experimental gaps” defined as o . 1
j— — 10 3 '--'l...
An o r]mdx r]min "‘--i
n_..(N_.)-“particle” closest to N=0 ; b
in the p(p) direction 10 2} i
10 |

D....1....2....3. .4....5.{....6.. .?
An =N max MNmin
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Central Gaps in Soft and Hard DD .

_ /v|e1- AT] _ /M
p— P —
| | [

pP—0.!
N -3.6 a1 0 1.1 3.6 ~.

jet

vs=1800 GeV

. « DATA
reconstruct An in both cases — DD + non-DD MC

require events to have gap in CCAL | & -
|T] |<1.1 => A1’]>2 => 104} '

significant DD contribution

require opposite side MP jets for hard DD )
with E.>2 GeV ' 4
Direct comparison of the results is relatively NUUUTTUUOTUUUITTUROT I
. o o 0 1 2 3 4 5 6 7
free of systematic uncertainties. A=
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Central Gaps in Soft and Hard DD .

Gap Fraction in events with a CCAL gap

@ [ CDF Il Preliminary e vinBias
.\:ﬁ E —%— MP_sMP; Jots, Ef"#> 2GeV ‘q=~q q .
i E RgapE Ngap fNa” —+— MP_sMP_ Jets, E':H'h' 4GaV I <In ME_::
210" s . 3.5<| "2 |<5.1
2" [ CCALgap 4~ e, -
Iﬁ é—‘ - required "'_.._._
© 102 o ':Fu‘r-‘r .
: g, T |
| (o .
3 =
- i kﬂg‘ :
E T | <In ME—J:
10 = | | | | | |
0 1 2 3 4 5 6 %
° ° ﬂ = - )
Fraction of events with gaps: T max™min

~10% in soft DD events and ~1% in jet events

The distributions are similar in shape within the uncertainties
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P = suppression at LO of the

background sub-processes

LH
- H (J,=0 selection rule)
= “exclusive channel” —
— clean signal
P P (no underlying event)
p Dijets,
CDF } YYr
P e

At the Tevatron we use similar processes with larger

cross sections to test and calibrate theor. predictions
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Exclusive Dijet Production

Select inclusive diffractive dijet

events produced by DPE
pt+p —IP+IP—p+X(>2 jets)+gap

Bt et
P & i:n:}t detected
Mz — 1]
CDF limit of g 1 pM "
_ i
Gexcl<3’7 nb(950/0 CL) R; = M ~where

M;; - dijet mass,M, - massof systemX
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Observation of

'-..‘.. ] 1 |'II. P J
‘-.,‘___J_I_‘_J_l__i’,./

Exclusive Di"e’r Production

PRD 77, 052004 (2008)

E A & [OFE dota =izl onfsd
=1I:I _ Biacgrow nid
= :""'
10° L -
10° ! mmfﬂuhgrnuﬂd e =
— POMWIG | COFSHA :
- POMWES : COF : !
POMWIG @ H1-hie2 R
POMWIG | ZEUS-LPS —r .
— 1n-' L
— _ 0 02 04 065 08 1
_J L . Eu - m]j JI MH

16.94 Gev: Observe excess over inclusive DPE dijet

“ehe Y
1_.:"}-‘"&‘ " ° — °
s 5 ! *, Signal at R”—l is smeared due to

MC’s at high dijet mass fraction

shower /hadronization effects,
NLO gg—ggg,qqg contributions
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Exclusive Dijets

Signal MC ExHUME  CPC 175,232 (2006) Exclusive DPE as input to DPEMC
CPC 167,217 (2005)
4] [ 7] [
e - Fexc =15.0+1.2% L] DPE data (stat. only) et C F =15.8+1.3% » DPE data (stat_ only)
® data § 600 ' (statonly) | POMWIG: CDF&H1 o 6000 (stat.only) |7 POMWIG: CDF&®H1
o - [ ExHuME T - [ Exclusive DPE (DPEMC)
500:_ Best Fit to Data 500/ Best Fit to Data
* bkgd - 3.6 < Ing,,l < 5.9 - 3.6 < |n .| < 5.9
400 LT i°2 5 40 GeV 4001 2 5 10 GeV
- + 3:‘3 <5GeV - + Zr;ﬁ’- <5C-;e:
Bl signal s00E ' 300F '
2001 2000
fit 1000 100
0: ! | N R N L. 0: ! —rr |, immwd
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
i it X i i X

Shape of excess described by exclusive dijet MC
based on two models (ExHUME, DPEMC), shows good
agreement
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Exclusive Dijet Cross Section®
0000

— -
2 'E_ [ Data corrected to hadron level
q : '-r-a-.r.‘...
ﬁ- [ Exclusive DPE (DPEMC)
102 My,
c F Fo,
3 AL N e ExHuME
x [ molmnesen e e,
w 10F + ,,,,,,,,,,,,,,,,,,
. - AN
1 [ W™?%1<25
3.6 ‘:T'uap <59
0.03<5. <008 St ti[ stat. @ syst. uncertainty
10-1 [ [ I [ [ 1 1 I [ [ [ [ I [ 1 1 [ I [ [ [ ] I 1 1 [ [ I [ [
10 15 20 25 30 _ 35
Jet EM" (GeV)
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Heavy Flavor Suppression .

=» LO exclusive gg —qq suppressed (J, =0 rule)
=>» Look for heavy flavor jet suppression relative to
inclusive dijets at high Rjj

0.2

E 1 5['_ DPE data (Displaced Track) 2 [ * Facowr = - Furme Frrmalk <04 |

—'_'E_ L -systematic uncertainty EII-" l].ﬂ_— O Fauepe = 1-[MC,, /Data,, ]
B + B F ic uncertai

T o B = POMWIG + Background
w1 L. n (CDF&H1)
= D-d_—numui.zedtunam_,atnlmd

2 -

T

I
LL

0.5 EF > 10 GeV
| el < 1.5
|

TN S TR N TN T | L1 TR S T A T T
0o 02 04 o06_ 08 1 7 0.5
R, =M /M, R, =M, /M,

Suppression of heavy flavor for R.> 0.4 is consistent in
shape and magnitude with the results based on MC based

extraction of exclusive dijet signal.
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derived

102 B ExHUME (hadron level)
from CDF = B Default
— e ! - e Derived from CDF
excl. dijet © 10p Run Il oo (E™)
~ Ko = i
X-sections o % - systematic uncertainty
: 1
using .10 :
ExHuUME 2 | = 4f
Sm(="101L
S |© E et 2 <25
102L  8.6<ng, <59
- 0.03<&;<0.08
10-3 f R | |

I BT R [ R R B L1 Lo
20 40 60 80 100 120 140 160
2
M, (GeV/c?)

Stat. and syst. errors are propagated from measured
cross section uncertainties using M, distribution shapes of
ExHUME generated data.
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Exclusive Yy Production .

Phys.Rev.Lett. 99,242002 (2007) | 3 candidates observed:

> P

P

2 events are good Yy candidates
1 event is good ©°n° candidate

> p

- -
E-(y) > 5 GeV
In(y) 1< 1.0

Theoretical Prediction:
V.A.Khoze et al. Eur. Phys. ] C38, 475 (2005)
G (with our cuts) = (36 +72 — 24) fb

= 0.8 +1.6 —0.5 events.

Cannot yet claim “discovery” as b /g study

a posteriori,

2 events correspond to ¢ ~ 90 fb, agreeing

with Khoze et al.
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prp—optptu +p 3GeV/?<M, <4 GeV/c?

Many Physics Processes " p "
J v
in this data:
P t Bk y+IP > J/w — 1
! a p p
i L x‘ o
: SO Y

/< IPYIP >y, >(J /w17

exclusive % in DPE

Observation of exclusive . PRL 242001 (2009)
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Conclusions .

The long-standing diffractive program at CDF continues
to improve our understanding of the diffractive processes.

dDiffractive dijets:

d  x;, Q2 t-dependence
Diffractive W /Z measurement with RP:

d W diffractive fraction confirms Run | rapidity gap result
dCentral Rapidity Gaps:

d  Gap fraction dependence on width and N-position of gap

for hard / soft triggers at |N|>4 - shapes are similar
JExclusive Production

dobservation of the exclusive dijet production
search for exclusive Yy production ( 3 candidates)

dobservation of the excl.y o, excl. photoproduction of J/y, y(2s)
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The Diffractive Structure Function .

B)

F

il

- H1 fit-2 ~+ CDF data
ool H1S EF'2>7 GeV
E (Q°=75GeV?) 0.035<&< 0.095
|t]<1.0GeV?
10 |
1 L
o1l — H1 2002 5, D QCD Fit (prel.)
E |

0.1

discrepancy in normalization

QCD factorization breakdown
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C18'IIIJt1lZI
C Fles ]
LBl Er727Gev
g 0.035 < £ < 0.095 ]

L& It] < 1.0 GeV?
1.2F -
[ —— —— . i 1

1 ;
0.8 .
G 25] /€ behavior 38
- 2
o
5

Oup

3 / « Diiet -570§

: . ie —560'0
4.5 ¢ Inclusive 450 g
o3 f 340Z
il fs0™
© o5 — - . — 4 — 3202
) : 410'®
0...11..,.1..,.1....1.,.,1.,..1..,.3 OT:;
0.03 0.04 0.05 0.06 0.07 0.08 0.09 01 c
for <05

NnN=1.0+0.1

Regge factorization holds | . _59.:01

pomeron exchange
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W/Z Selection .

E- (p}) > 25GeV ES(p4') > 25 GeV
[+ >25GeV ES(p'2) > 25 GeV
40 < M7 <120 GeV 66 < M* <116 GeV
|1 Z,, |<60cm | Z 1 [<60Cm

d RPS trigger counters — require MIP
J RPS track - 0.03< & <0.10, |t|<1GeV?

] We acql < &JRP, 50 < Mw(gRPslgcql) <120 Ge\/Q
0 7 £el< 0.1

Christina Mesropian  EDSO9, CERN
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W/Z Results €

RW (0.03 < £ <0.10, |t|<1)=[0.97 * 0.05(stat) £ 0.11(syst)]%

Run I: R¥ (£<0.1 )=[1.15%+0.55] % = 0.97%0.47 % in 0.03 < £ < 0.10 & |t| <1

RZ(0.03 < x <0.10, |t|<1)=10.85 + 0.20(stat) = 0.11(syst)]%
CDF/D@ Comparison —Run | (£ < 0.1)

CDF PRL 78, 2698 (1997) D@ Phys Lett B 574, 169 (2003)
RW=[1.15%0.51(stat)*0.20(syst)]% RW=[5.1£0.51(stat)*0.20(syst)]%
gap acceptance A99"=(0.81 gap acceptance A%P=(0.2114)%
Uncorrected for A99P Uncorrected for A99P
W=(0.93%0.44)% RW=[0.89+0.19-0.17 1%

RZ=[1.44+0.61-0.52 1%
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Central Gaps in Run |

S
g

EVENT
g 2

NUMBER CF
- B B £ 38 8

=
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2

ASYMMETRY
g B
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DA'.I':
} © | =k (d)
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LEZIEACARAN 2 4 I PP JTT & T
E SRR R PR
E ol =
_D_z:|||||||||||||||||||| -D.ZE""I""I""I"
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Christina Mesropian
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o 2
Zsf ©
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=12 E
G4k s b1
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Z o6 | +
04 [
0z |
05 ; '232' ' 'z|.4' ' 'zts 'z.ls' l .Is ' 'sl.z' 34
m,-n,l 72

R=[1.13+0.12(stat) +0.11(syst)]% at 1800 GeV
R=[2.710.7 (stat) +0.6(syst)]% at 630 GeV
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MiniPlug Jets .

g 80 70" 60°  50° 365 40° 3  MP jet is defined as a vector pointing to
E 0 /\ a cluster with seed tower (E.> 400 MeV)
= 1 3.90 -
> 15[] ‘ and 1 layer of surrounding towers
| 4.15 A\ 2
[ A “ N
100 e 'C MP Jet energy = energy of the seed tower
s ' 7 1+
%;jﬁ- - [ ‘ energy of the towers in
i 1‘.!!'!" e _oo the layer surrounding the seed
0 ' 0=0 f
a"‘i- . Y BT
G | |
5: \‘ Bl ) -10°
i '«.
i \\U “" g
-155_ - X 0. \ ;_' =
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Kinematic Distributions for MP Jets.
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Exclusive y . —J /y+u u+y .

Events per 10MeV/c’
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Allow extra EM tower
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=>» Allowing EM towers (E; >80MeV)

large increase in the J/\y peak

minor change in the \y(2S) peak

i

Evidence for

Y.—Jd/y+y production

do/dy| -, =75 X 14 nb,
compatible with theoretical predictions

160 nb (Yuan O1)
90 nb (KMROT)
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