Exclusive Di-jet Production
at CDF




Exclusive Di-jet Production

e Observe exclusive di-jets experimentally
® Test existing exclusive production models

= Calibrate predictions for exclusive Higgs at LHC

® gg—gg, qqg, --- ® gg—H—bb (for light SM Higgs)
® gog—qq suppressed (Jz=0 rule) @ Potential to determine Higgs
® |arge cross section property at LHC



Outline

® Analysis Strategy
® Search for the Signal
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Analysis Strategy

® Select inclusive DPE di-jets : p+p — pt+X(22jets)+gap
® Reconstruct di-jet mass fraction : Rj = M;/Mx
® | ook for data excess over DPE di-jet background as Rj— |
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POMWIG Monte Carlo Simulation

Use POMWIG v .3 [Cox and Forshaw, CPC 144,104(2002)]
to obtain DPE di-jet background shape

Modified diffractive structure functions to incorporate
some of recent experimental measurements
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New H/I| Diffractive PDFs

P. Newman : Hera-LHC workshop, March 2007
(Also, see yesterday’s M. Ruspa talk)

- H1 fit-2 —+- CDF data
H1 fit-3 ES*"% > 7 GeV ;
(Q%=75GeV?)  0.035<E <0.095 Current analysis uses

I_”(|997)|t|<1.0(3.ev2 HI-fit2 (1997)

Diffractive PDFs recently
updated by HI (2006)

B New H1(2006) DPDFs
~ have similar shapes to
i1 2006 DPDF Fit B old DPDFs




Di-jet Mass Fraction

CDF Run Il Preliminary CDF Run II Preliminary

® DPE data (stat. only)
Background

POMWIG + Background

POMWIG : CDF®HH1
POMWIG : CDF
POMWIG : H1-fit2
POMWIG : ZEUS-LPS

P
0.4

Excess observed over MC
simulations with varied PDFs




Exclusive Dijet MC Simulations

: ExHUME v1.3.1 [CPC 175,232(2006)]
----------- ' - based on KMR perturbative QCD
"""" - LO matrix element + PYTHIA PS

Hadron Level
Midpoint R.,,.=0.7

DPEMC v2.5 [cPc 167,217(2005)]
- based on BL non-perturbative

s Regge inspired model
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MC Fit to R;j Shape

Binned likelihood fits (MC normalizations as free parameters)

Erietl2> | 0GeV
Eriet3<5GeV

POMWIG+ExHUME

CDF Run Il Preliminary

DPE data (stat. only)
POMWIG: CDF@®H1
ExHUME

Best Fit to Data

Fore=15.01.2%
(stat. only)

3.6< Ingapl <5.9
EF2 > 10 GeV
+ Ef® <5Gev

Erietl2>25GeV
Eriet3<5GeV

DPE data (stat. only)

-eee-- POMWIG: CDF@H1 3.6 < Ingypl <5.9
[] ExXHUME Ef* > 25 GeV

—— Best Fit to Data Elf® < 5 GeV

=143+43%
(stat. only)

POMWIG+ExcIDPE

CDF Run Il Preliminary

DPE data (stat. only)
POMWIG: CDF@H1

[ Exclusive DPE (DPEMC)
Best Fit to Data

Fo,=15.8+13%

(stat. only)

excl

3..6 < h]gapl <59
EF? > 10 GeV
4+ EF®<5GeV

DPE data (stat. only)
-- POMWIG: CDF@H1 3.6 <lng,,l <5.9

jet2
[ Exclusive DPE (DPEMC) ETta >25 GeV
Best Fit to Data Ef® <5 GeV

=14.6+4.4%
(stat. only)




Di-jet Pseudorapidity Distributions

Exclusive djets produced towards outgoing p side

due to our kinematic acceptance

CDF Run Il Preliminary CDF Run Il Preliminary
DPE data POMWIG: CDF®H1

Jetln Jetln
CDF Run Il Preliminary CDF Run Il Preliminary

Exclusive DPE (DPEMC ExHUME

inclusive
dominant

exclusive
enhanced




Niec-dependence of the Excess

MC normalizations fixed

by fits to Rjj data shape
CDF Run Il Preliminary
.g - F =15.0+1.2% o DPE data (stat. only)
© 600 " (stat.only) | POMWIG: CDF@H1
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CDF Run Il Preliminary

ﬂ - e DPE data (stat. only)
$ 300 T | POMWIG: CDF@H1
Lﬁ C | ExHuME
250 ——— POMWIG + ExHUME
200 3.6 <Ing, 1 <5.9
- El2 > 10 GeV
150 Ele® < 5 GeV
. nWet2 > 0.5
100
50
0: L | I n " | " I I | I L N R = J L
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CDF Run Il Preliminary

9 500
- B e DPE data (stat. only)
S [ 3<hgpl<s9 . POMWIG: CDF&H1
Lﬁ B E{r > 10 GeV ExHuUME
4001 giets < 5 GeV ——— POMWIG + ExHUME
- jet1(2) _ _
F <08 ey Fo=20.8+0.8%
300 e 14 (stat. only)
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MC Fit to Rjj Shape

Binned likelihood fits (MC normalizations as free parameters)
Signal MC ExHuME DPEMC Exclusive DPE

CDF Run Il Preliminary CDF Run Il Preliminary

Elf2 > 10 GeV
ElfS < 5 GeV

0@ <05 -
Foo=221:1.8% @ =23.0:1.9%

(stat. only) (stat. only)

CDF®HI 22.1+£1.8 % 23.0+£1.9 %
CDF 21.7+1.8 % 22.6x1.9 %
H | -fit2 24.7+2.0 % 26.0+2.1 %
ZEUS-LPS 24.3+2.0 % 25.4+2.1 %

stat. error only



Exclusive Di-jet Signal

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

CDF Run Il Preliminary

DPE data (SVT) H Fdata

[_] systematic Uncertainty

CDF Run Il Preliminary
LR [ ¢ F=F 0/ (Foona(R,<0.4)

bc/incl

- F,=MC._,/Data

incl incl

|:| F, Systematic Uncertainty

0 0102 03 04 05 06 0.7 08 09 1

inclmc

.= POMWIG + Background
5 . (CDF®H1-fit2)
INC I data normalized to Data,,, at R <0.4

F, : stat. error only

O 01 02 03 04 05 06 0.7 0.8 09 1
R = M/M,

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

iz o4 o8 08 The two results are consistent
— with each other
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Exclusive Di-jet Cross Section

Integrated Cross Section for Rj>0.8 vs Minimum Jet Et

CDF Run Il Preliminary

Data corrected to hadron level

) (pb)

DPEMC Exclusive DPE
ExHuME

Rij>0.8
3,

(

= Uuncertainty

©
o= 10
o)

Khoze, Martin, Ryskin
at LO parton-level

(factor 3 uncertainty)
hep-ph/0507040

Ejet1, 2 S Emin

T T

"% < 2.5

3.6 <Mg,, <5.9

0.03 <§_ < 0.08 stat. $$I stat. ® syst. uncertainty
o]

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

Measured 0 prefers ExXHUME and KMR calculations

|4



Exclusive Di-jet Mass Reach

Unfold measured 0 to dgjj®</dM;; using ExHUME

ExHUME (Hadron Level)

Default

Derived from CDF Run I
Preliminary o2 (Ey )

|:| Systematic Uncertainty

"2l < 2.5
3.6 <1n,,, <59
0.03 < EE <0.08

60 80 100 120 140 160
M. (GeV/c))

CDF pp—pjjp reaches Higgs mass range!!
» pppHp at LHC



Summary

Observed exclusive di-jet production in pp collisions
for the first time

® Measured rate consistent with Durham

- parton-level calculations (factor ~3 uncertainty)
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Backup




CDF Il Detector

CDF I
DIPOLEs QUADSs DD QUADS 2,

—— 00— = -D:ﬂ:ﬂ%ﬂ.-- .
— - — = T [ — ] —

2N Smcor

_ |TRACKING SYSTEM | |ccAL | |pcaL [mpcaL | |crc [ |Bsc [RPs

—
P

-
<«
P

Wide detector coverage helps exclusive measurements

= Tracking Detectors : |n|<2.0

= Calorimeters : |n|<5.2

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



Roman Pot Spectrometers

hellows

Trigger
Scintillator

Resolution

Position ~100pm
Angle  ~70prad




Beam Shower Counters

CDF Require BSC veto (gap)
TORODH:' = Reject >95% of non-diff. events
= Retain >95% of diff. events with €<O0. |

BSC gap rates

MINIPLUG
A-48

ELECTROSTATIC
SEPARATOR

IPOLE ESS m QUADS ﬂ i ® notW
. ) not E
, ; . , : B = (not W) or (not E)
| | | | | 10°F (not W) and (not E)
: | | | i empty beam crossings
z «— 56.40 3m 2323 m 6.59 0
BSC-2,3,4 BSC-1
5._
(5.9<|n|<7.5) (5.4<|n|<5.9) |
| Gap kills almost all
104_— . . .
= multiple interactions
= luminosity dependence

0 2.5 5 7.5 10 12.5 15 17.5 20
luminosity (1031 cm'23'1)




MiniPlug Calorimeters

Electromagnetic calorimeter with \ 3? g;f f E Read out by
hadron detection capability s =8 M WLS fibers

AN

S8 | Bl

[0 STAINLESS STEEL SUPPORT
| ALUMINUM 32X0, | 3>\|

] 1/4" THICK PLATE (3/16" PB + 2x0.5mm AL) = (Jsed to measure particle energy
| KURARAY Y11 MULTI-CLAD 1.0mm DIA. WLS FIBER

D BICRON 517L LIQUID SCINTILLATOR and mUItIPIICIty in 36< | n |<52

= Good position resolution retained
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RP Spectrometer Acceptance

AgpOnE> - vs It | (FY05: 196415-200899, X, .=0.5cm,Y , . =-0.15cm)

| (GeV?))

@ inclusive (simulation)

[
o
o

It-

R

| (GeV?))

@ DPE di-jets (data)

RPS
It-

78.4+0.3(stat) %
at 0 < § < 0.1, ]t|<3 GeV?




CDF Run Il Preliminary RP+Jet5
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Data Sample and Selections

Data Selection : DPE Jet Trigger (312.5+18.7 pb')

® Single Vertex

® >) jets with ET>10 GeV and |n|<2.5 (corrected to hadron level)
® ZERO hit multiplicity in MP, and CLC,

® 0.0l < &X <0.12 to reject events with multiple pp interactions

Ztowers Ete™

Efe ”

CDF Run Il Preliminary

0.01< g’s‘ <0.12 Proton Side

RP+GAP+Jet5
EX? > 10 GeV




CDF Diffractive Structure Functions
Fi® from SD dijets Fi® from DPE dijets

= H1 fit-2 -+ CDF data
H1 fit-3 EF'2 > 7 GeV

( Q%= 75 GeV?) 0.035 < & < 0.095
It]<1.0GeV?

— H12002 5, QCD Fit (prel.)

2nd gap less suppressed
.D — Rn,E-m
FiP(B,g) = C-B"- & = approx. equal to Hl dPDF
n = 1.0£0.1 IP/+IP;—= X | IP IP;
m = 0.910.

CDF B' | B

= Pomeron exchange
CDF®HI B! HI-fit2




Reggeon Contributions

Pomeron/Reggeon contributions:

FiP(B) ~ Zi=rr Jdt |dE Ci fip(E,t) Fif(B)

- 1.8
flux Ifi/p(E,t) = ebit E_,I'Z(xi(t) 16 EX"? > 7 GeV
14 It]<1.0GeV?
|P IR .
oi(t) .20+0.26t| 0.57+0.9¢ 1
bi (GeV-?) 4.6 2.0 08
G | 16 (fit 2) i,  Diet
21.5 nclusive
‘ DE: 1 ﬂkk
Bosfk ————— o
“ 02
Pomeron/Reggeon flux ratio = 67(|9) 0.03 0.04 0.05 0.06§0.07 0.08 0.09 0.1

at € =0.035(0.095), [t/=0.01 GeV?
= small IR contributions in CDF data



Mean Jet ET

Shape comparison between data and POMWIG MC

CDF Run Il Preliminary

E @® DPE data (stat. only)
= -1 —— POMWIG : CDF®H1
-510 3 = = = Background

= POMWIG + Background

10 CDF@H1
10"}

.4:
10

.5:
10

20 30 40 50 60 70

E.* = (E+Ei*2)/2 (GeV)
CDF Run Il Preliminary

E @® DPE data (stat. only)
= -1 —— POMWIG : H1-fit3
-510 3 = = = Background

= POMWIG + Background

0 H1-fit3
10°}

.4:
10

.5:
10

30 _4I0 _50 60
* = (E°V+EE2)/2 (GeV)

CDF Run Il Preliminary

E @® DPE data (stat. only)
= -1 —— POMWIG : CDF

-510 3 = = = Background

= POMWIG + Background

_2:
10 E
.3:
10

.4:
10

.5:
10

40 50 60 70

+E2)/2 (GeV)
CDF Run Il Preliminary

E @® DPE data (stat. only)

- —— POMWIG : ZEUS-LPS
= = = Background
mmmm POMWIG + Background

ZEUS-LPS

L
40 50 60 70

et L Ei*®?)/2 (GeV)

P
~

210
o] E

.5:
10

e
~

10} H1-fit2
10°|

.4:
10

CDF Run Il Preliminary

@® DPE data (stat. only)
—— POMWIG : H1-fit2
= = = Background
= POMWIG + Background

40 _5b 60 70
+E*2)/2 (GeV)

CDF Run Il Preliminary

@® DPE data (stat. only)
— POMWIG : ZEUS-M,

= = = Background
m=mmm POMWIG + Background

ZEUS-M,

_4I0 _50 60 70
et E*2)/2 (GeV)

POMWIG MC = DPE Signal + ND&SD Background (from data)




Mean Jet Pseudorapidity

Shape comparison between data and POMWIG MC

CDF Run Il Preliminary

® DPE data (stat. only)
—— POMWIG : CDF®H1

= = = Background
mmmm POMWIG + Background

CDF®H1

.'..--Il.||
- =

A0 1 2 3
* € j
= (1 +0°)/2

@® DPE data (stat. only)
—— POMWIG : H1-fit3
= = = Background
= POMWIG + Background

H1-fit3

0 T2 3
* € i
N = (1" +*?)2

CDF Run Il Preliminary

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

CDF

@® DPE data (stat. only)
—— POMWIG : ZEUS-LPS
= = = Background
= POMWIG + Background

ZEUS-LPS

0T 2 3
* € i
N = (" +°2)/2

CDF Run Il Preliminary

@® DPE data (stat. only)
—— POMWIG : H1-fit2
= = = Background
= POMWIG + Background

H1-fit2

@® DPE data (stat. only)
—— POMWIG : ZEUS-M,
= = = Background
mmmm POMWIG + Background

- . 3
n* = (nlet1+n]et2)/2

POMWIG MC = DPE Signal + ND&SD Background (from data)




Calorimeter Tower Multiplicity
Tower Et>100 MeV

CDF Run Il Preliminary

CDF Run Il Preliminary

J)|

CDF Run Il Preliminary
3 @® DPE data (stat. only) CDF@H1
®

H1-fit2

s POMWIG x (1 - Fgg)
= = = Background x Fgg
mmmm POMWIG + Background
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CDF Run Il Preliminary

v

CDF Run Il Preliminary
ke

CDF Run Il Preliminary
ZEUS-LPS

3
5 H1-fit3

/ Event
N
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) / Event
N
N [$)]

/ Event
N
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0 24
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= HI|-fit3 (ZEUS-MX) looks too hard (soft)
= POMWIG with other 4 PDFs reproduces data shapes well




Detector Effects

All distributions are POMWIG DPE signal (CDF®HI)
Jeti Transverse Energy

= HAD = HAD
% . |*=== DET(corrected) - ===+ DET(corrected)

jet1, 2 i
. Ef' 2 >10 GeV _ EFr™:? >10 GeV
s 0.03< EF <0.08 0.03 <&-<0.08
l'.. P

“EF2 510 GeV
0.03 <E-<0.08
= HAD"

=== DET(corrected)

10I B I2|0I B I3|0I B I40 - 5I0 60
Jet2 E, (GeV)

System Mass

= e e ——————————————
s 10 — HAD
] E
i === DET(corrected)
S " -

a ..

10""E

EF'" 2510 GeV
0.03 <&;<0.08

-3 I .I .
Ef2510Gev | P Etst0cev HAD
0.03<E-<0.08  13=. i 0.03 <&;<0.08 . H i

P . 10°F L L= |===+ DET(corrected)

- . T T T T L.
20 40 60 80 100 120 140 0 50 100 150 200 250 300 350
M. (GeV) Mass M, (GeV)

Corrected detector-level distributions agree
well with hadron-level distributions




Comparison with KMR

o(E>E™}; R.>0.8) V. Khoze, M. Ryskin

More direct comparison
with KMR calculations
including hadronization
effects preferred

CDF out-of-cone energy

measurement (cone R=0.7) :
»20-25% at Ey'**=10-20 GeV
» 10-15% at E7*t=25-35 GeV

Good agreement with KMR @ hadron level
data found by rescaling Er(measured) = 0.8 pr(parton)
parton pt to hadron jet Et _ Er(measured) = 0.75 pr(parton)

10 15 20 25 30 35




