Exclusive e*e”, Di-photon
and Di-jet production
at the Tevatron

Koji Terashi
The Rockefeller University
On behalf of the CDF and D@ Collaborations

XLIId Rencontres de Moriond,
QCD and High Energy Hadronic Interactions,
La Thuile, Italy, March 17-24, 2007

1



Exclusive Production
QED-mediated QCD-mediated

® cross section well known (< 1%) @ cross section not known well

— validate analysis method @ Jz = 0 selection rule
@ Potential to improve LHC @ Potential to measure property
luminosity measurements of central system using protons

= Observe exclusive events in pp collisions

= Measure exclusive jj and yy at Tevatron to calibrate

calculations of exclusive Higgs production at LHC
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Outline

CDF 1II detector

Exclusive e*e™ : pp—peep
Exclusive Di-photon : pp—pyyp
Exclusive Di-jet : pp—pjjp
Other Exclusive Processes
Summary



CDF II Detector
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Wide detector coverage helps exclusive measurements

= Tracking Detectors : |nl<2.0
= Calorimeters : [nl<5.2

= Veto Counters (BSC) : 5.4<|nl<7.4
= |eading Antiproton Detectors (RPS)*

*used in pp—pjjp search



Exclusive ete- Production

P QED two-photon exchange
o known very well (< 1%)

@ Good control sample for
PP PYYP Search

Analysis requires
— protons do not dissociate
- only e*e” produced (Er>5GeV, Inl<2) and nothing else

Detailed analysis performed to set thresholds for each detector
Effective Luminosity : 463 pb~ (out of 532 pb)
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Exclusive ete- Production

16 candidate events observed
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Exclusive ete~ Production

CDF Run II

e Candidate Sample
|| LPAIR Simulation

— Background Fit

20 30 40
Number of Additional Clusters

PRL 98, 112001 (2007)

16 candidate events
Background: 1.9+0.3 events

m) 5.50 observation

Omeas. = 1.6 10> g 3(stat) + O.3(SYS1') pb

agrees with LPAIR Monte Car
predic’rion Opar = 1.71 £ 0.01

o (QED)
pb

» Good agreement serves fo validate analysis method
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Exclusive Di-photon Production

QCD gluon exchange process
= factor 3~4 uncertainty in O

@ Can be used to calibrate
exclusive Higgs cross section

Analysis requires
- same event selections as pp—peep (except eirack Veto)
— only yy produced (Er>5GeV, |nl<1) and nothing else



Exclusive Di-photon Production

3 candidate events observed

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

B ~1 event expected

Background estimation in progress
Expect final results soon!

ET1 = 6.8 GeV
Er? = 5.9 GeV




Exclusive Di-jet Production
Strategy

@ Select inclusive DPE di-jets : p+p — p+X(€2jets)+gap
@ Reconstruct di-jet mass fraction : Rjj = M;;/Mx
® Look for data excess over DPE di-jet background as Rj;—1

Jet
Rji—1 . TT

= Signal (Rj;=1) smeared due to shower/hadronization effects,
NLO gg—ggg, qqg contributions, efc.

= Obtain DPE di-jet background from POMWIG MC simulation
(= Uncertainty from Pomeron PDF)

Jet not
detected Jet defec’red

0 n—+
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Di-jet Mass Fraction

CDF Run Il Preliminary CDF Run II Preliminary

® DPE data (stat. only)
Background

POMWIG + Background

—— POMWIG : CDF®H1
POMWIG : CDF
POMWIG : H1-fit2
POMWIG : ZEUS-LPS

L1
0.4

Excess observed over MC
simulations with varied PDFs




MC Fit to Rj; Shape

Binned likelihood fits (MC normalization as free parameters)

Signal MC EXNIE
CPC 175,232(2006)

3..6 < gl < 5.9
El? > 10 GeV
UQAI1C A ElfS < 5 GeV

W@ <.0.5
(') (Y( ] y Fouo =221+ 1.8 %
(stat. only)

DPEMC Exclusive DPE
CPC 167,217(2005)

Fouet=23.0:1.9%
(stat. only)

d

CDF®HI 22.1+41.8 %
CDF 21.7+1.8 %
Hil-fit2 24.7+2.0 %
ZEUS-LPS 24.3+2.0 %

23.0£19 %
22.6%+1.9 %
26.0+2.1 %
25.41+2.1 %
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Exclusive Di-jet Signal

LO exclusive gg—qq suppressed due to Jz=0 rule
mp Look for the suppression in heavy flavor jet fraction vs Rj;

CDF Run Il Preliminary

DPE data (SVT)
[_] systematic Uncertainty

Fr = Fogine/ (Foomal(R;<0-4)

/ Data.

incl

bc/incl

F,=MC

incl

bc/incl / <Fbc/incI(Rjj<O‘4)>

W’ 0.5 EF(RAW)> 10 GeV

0 0102 03 04 05 06 0.7 08 09 1

MC,.., = POMWIG + Background
(CDF@H1-fit2)

normalized to Data, at R;<0.4

F, : stat. error only

0O 01 02 03 04 05 06 0.7 08 09 1
R =M/M,

i @® DPE data (stat. only)
—— POMWIG : CDF@®H1
= = = Background

] The two results are consistent

02 04 0.6

with each other
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Exclusive Di-jet Cross Section

CDF Run Il Preliminary

Data corrected to hadron level

) (pb)

DPEMC Exclusive DPE
ExHuUME

Khoze, Martin, Ryskin
at LO parton-level

(factor 3 uncertainty)
hep-ph/0507040

Rij>0.8
3,
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"% < 2.5

3.6 <1g,, <5.9

0.03 < E-< 0.08 stat. $$I stat. ® syst. uncertainty
o]

15 20 25 30 35
Jet ET'" (GeV)

Measured 0;;**! prefers EXHUME and KMR calculations

14



Exclusive Di-jet Mass Reach

ExHuUME (Hadron Level)
Default

Derived from CDF Run Il FP4 20@ LHC

Preliminary Oﬁxm (ErTnm)
PP PHP
o(pHp)~3fb, S/B~1

|:| Systematic Uncertainty

0.03 < EB <0.08

80 100 120 1260
M. (GeV/c))

CDF pp—pJjjp reaches R i,
Higgs mass range!! ' \4\ T;;goenrs

b-jet
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Exclusive U*u- Production

QED-mediated @ Di-muon trigger : pr(p)>1.5 GeV/c
@ 2 muons + exclusive selections applied

CDF Run Il Preliminary |

1 Invariant mass of the muon pairsl

J/P

number of events

"4

PP PH U
candidates

8

HHHIH[HHI A
3. 4 4.2

invariant mass (GeVic2)

Diffractive photo-production 7
pp = P+ YIP(2T/Yor ¢) +p §
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Summary

@ Observed exclusive e*e” production in hadron-
hadron collisions for the first time
= Excellent agreement with QED prediction

@ Candidate exclusive di-photon events found
= Background estimation is in progress

@ Observed exclusive di-jet production in pp
collisions for the first time
= Measured rate consistent with perturbative
QCD calculations

@ New results (pp—pyyp, putHp) expected soon!!
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