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Run Il Diffractive Program
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Double Diffraction -~ Plug
> jet-gap-jet at large An (with MiniPlugs) D BB
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> F”D vs gap width on the other side

> exclusive dijet/bb production
> low mass exclusive states




Exclusive Higgs Production in DPE(?)

Exclusive Inclusive

Bialas, Landshoff
Phys. Lett. B256, 540 (1991)

Khoze, Martin, Ryskin
Eur. Phys. J. C23, 311 (2002)

Boonekamp, Peschanski,
Royon
Nucl. Phys. B669, 277 (2003)

Standard Model light Higgs (M, ~120 GeV) :

> gg —» Hvia t-quark loop + soft g exchange - color neutral
> p+p>p+ H(- bb) + p: “exclusive” channel - clean signal
> MH - Mmiss - (S . EP . gf_’)l/z

Khoze, Martin, Ryskin : GHeXC’ ~3fb,S/B~3 @ LHC (if AM__~ 1GeV)
=> Attractive Higgs discovery channel at LHC !
D TTRRREEEHHHIIIIIIIIS




Calibrating Diffractive Higgs Predictions

using Exclusive Dijet/X °/yy Production

Exclusive Dijets : gg"" - 99\

- large cross section
- exclusive gg™ — qq suppressed

: 0. PP 0
Exclusive X °: gg™ - X_° (c-loop)

Exclusive yy : gg™ - yy (u-loop)
- small cross section but clean signal

> Establish exclusive processes
experimentally (if exists)

> Calibrate Higgs sensitivity at
Tevatron/LHC using cross sections
or limits for exclusive processes




Predictions for Exclusive Dijets in DPE

Exclusive

Khoze, Martin,

Ryskin
Eur. Phys. J.

C23, 311 (2002),
C25, 391 (2002),

C26, 229 (2002)

Exclusive Dijet : gg™ - gg

Run | : ~130 inclusive DPE dijets
2> 0_,<3.7nb(95% C.L.)

KMR Prediction :
~1 nb (factor 2 uncertainty)
@ Run | Kinematic Region

Inclusive

Run | : PRL 85, 4215 (2000)

Dijet Mass Fraction:
M cone

expected shape of

: (d) exclusive dijets
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Run Il DPE Physics

not detected

s Run I1 P
Roman == \2m ¢
POtS ’ \ 56m to CDF r)
Acceptance s
0.02<E<0.1 , W’ A ? n T
o<|t|<2 GeV )
Dipoles -
- BSC
|/ 5.5<N|<7.5 High Et Jets

3.5<|N|<5.1

— CLC
P 3.7<|N|<4.7

=~ Central

v hard subprocess (Q° > 100 GeV?)
v leading p (RP) and GAPp (BSC, MP)

> Exclusive dijet/bb production
2 Diffractive structure function

. ow Mass States

v two wide GAPs (BSC+MiniPlug)
v require low mass states in central

2> Exclusive X, yy, hadronic state




Exclusive Dijet Cross Section Limit
CDF Run Il Preliminary

Dedicated DPE Trigger :

BSC 8 A SD; (Prescale 280)
RP + J5 + GAP, S 1’ E ey s e
26 pbl data (SED'DEC 2002) ‘_8 105 = e _A_—A—_A_ [ ] Energy Scale Uncertainty
S b T L =26pb™
0 10 = TS~ — Exclugive
> R falls smoothly g 10E™ =+ Regio
as Rﬂ | E’ 10° E Dijet Mass Fraction - -
L
. . [ eTe SD-:0.03<¢-<0.1
> No §|gn|f|cant excess 10 E £ 10 Gev
athlghR,, 1 N IR NV RR RRNURIN NI P P
/) 0 0.2 0.4 0.6 0.8 1
R =M /M,
) I
jetl,2 —_
n"2<2.5, 0.03<E;<0.1, 3.6<n,, <7.5, R, =0.7 J/
UDPE(Rﬂ>O.8) = 970 + 65(stat) + 272(syst) pb (ETJetl > 10 GeV)
34 + 5(stat) + 10(syst) pb (ETJ'etl > 25 GeV)

KMR prediction —p 60 pb (factor 2 uncertainty)
Eur. Phys. |. C23, 311 (2002) @ 25<ETjet<35 GeV, |n-n?|<2
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Exclusive XCO Cross Section Limit

— — 0 CDF Run 2 Preliminary . data
p+p- P+ X" (SJ¥ +y)+p g 0 5| rakeen
» Di-muon trigger (muons with p_>1.5 GeV, |n|<0.6) Li'>j 331
> Reject cosmic rays with time of flight information 3
> Select J/¥ mass window 25
> Require large gaps on both p and p sides 2
1.5}
10 events: | e
Exclusive XCO(HJ/‘F+y) candidates 05} :
S i
28 3 32 34 36 38 4
Assume 10 events are a" J/Y/+y Di-mu0n+ph0t0n invariant mass (GeV)

ly/¥|<0.6, p/*>2 GeV
o(pp - p+J/¥Y+y+p) = 49 + 18(stat) + 39(syst) pb

KMR Prediction —> 0 (pp - Pp+X (= J/¥+y)+p)
Eur. Phys. |. C19, 477 (2001) ~ 70 pb at |y/*|<0.6 (factor 2-5 uncertainty)




Extracting Exclusive Dijets in DPE

Bialas, Landshoff

Berera, Collins Theory
Khoze, Martin, Ryskin

~ . _ . . ™
Color-singlet gg production cross section :

o*Ngg™ - qg) = p(1 - p) where p =4m“/M *
- 0 as m_ - 0

=> Consequence of “J, = 0" selection rule

for gluon polarization
_ 9 P Y,

Exclusive dijets : gg™ — gg only at M, > m

A%

Use exclusive gg suppression
Exclusive gg™ - gg contribution might manifest itself
as an excess over inclusive gg at high R, ~1




Exclusive Dijets/bb in DPE : Prospects - |

#Events (normalized)

jet

if exclusive gg is sizable relative to
“inclusive tail” background at high R,

Experiment
Direct search for gg suppression :

Heavy Flavor Quark Jets
- look for excess in Rﬂ(all)/Rﬂ(QQ) as le_ _. 1l

© many exp. systematics canceled out
© HF quarks identified well : g mistag @ O(1%)
® heavy quark mass

- contribution from exclusive b/c process

Indirect search for gg suppression :

Difference of Quark and Gluon Jets
charged particle multiplicity in jet : N
N =16N __ (CDF Runl)

g-jet g-jet

- look into how N, behaves as R, - 1

jet

i | © light quark mass = exclusive uds suppressed

® light g/g jets not well separated




Exclusive Dijets/bb in DPE : Prospects - Il

SMALL # of DPE HF-jets from prescaled RP+J5+GAPpBSC data
2 Need unprescaled (high efficient) b-jet trigger!

DPE b-jet trigger (under study)
vL1:RP+ J5 + GAPIOBSC
v L2 : =1 Silicon Vertex Trigger

v L3 : none

Number of Good SVT Tracks in DPE Dijets

(SVT) track with |dO| >50 um

> ~20% of RP+J5+GAPPBSC rate

2 high efficiency (~80%) for bb
at L2 looks achievable

Arbitrary

0.8

] SecVix b-tagged DPE events
I AlIDPE events

SVT Track Cuts : p; > 1.5 GeV/c
x> < 25
|[DO| > 50 um

N(#trk = 1) / Ntot
b-tagged DPE : 0.81
all DPE : 0.22

—— .
4 6 8 10
#Good SVT Tracks

Will be proposed to CDF as a new trigger soon

P. 11



Exclusive Dijets/bb in DPE : Prospects - llI

From studies of DPE HF-jets from RP+J5+GAPpBSC data

Assume 80% efficiency for bb jets at L2

Instantaneous Lum (E31) 1.0-1.5 3.0-3.5 6.0-6.5
Integrated Lum (pb™) 300 300 300
Expected #HF dijets :
> single b-tag ~ 1200 ~ 900 ~ 300
> exclusive region R >0.8* ~ 50 ~ 25 ~10
> double b-tag ~ 70 ~ 50 ~ 20
> exclusive region R >0.8* ~ 3 ~ 1.5 ~ 0.6

*if HF-jet is not suppressed at R >0.8

» Good amount of DPE HF-jet sample expected in 1-2 years
- studies of background/efficiency, HF contents (beauty, charm)

> Double b-tag events help enhance bb due to flavor creation

P. 12




Exclusive XCO in DPE : Prospects

New DPE-X ° trigger will start taking data soon!!

DPE-XC0 > JIY (- uu) + y trigger

vL1:=>1 Central Muon p>1.5 GeV
+ GAPpBSC + GAPEBSC

v L2 : none
v L3 :1 Muon + 1 Track with J/¥

mass cut

More statistics will help
better understanding
of background/multiplicity

> Event yield of the DPE-XC0 trigger suffers from small branching

fractions of Xco - JI¥+y (0.7%) and J/¥Y - uu (6%)

> Investigating trigger for XCOH h”h- with much larger

branching fraction

P. 13




Exclusive yy in DPE : Prospects

New DPE-yy trigger will start taking data soon!!

DPE-yy trigger Study inclusive/exclusive

vL1:>2 EM tower E>4 GeV diphoton in DPE

+ GAP P°¢ + GAP_P*¢
v L2 none lower statistics but

v L3 : diphoton E>4 GeV fewer uncertainties

> Exclusive : gg - (u-loop) —» yy process is dominant
similar to exclusive Higgs: gg - (t-loop) - H

» Maybe possible to measure R IR;t0 look for
exclusive yy peak at high R |

P. 14




Exclusive Low Mass States in DPE
» Rapidity Gaps

p+p->p+X+p
i

Central system with
> low mass (< 4 GeV)
> low multiplicity (2-6 charged particles)

GlueBall States Hybrid States

Look for Hyperons, Glueballs, Hybrids
and other interesting states

Status: trigger under study




Exclusive Final States : Run Il Prospects

Goal :
> Investigate existence/properties of exclusive final states :

an 0 "
dijets, X 2 YY and other exotic states

> Derive the cross sections or limits of exclusive processes

Exclusive Dijets :
v Rjj(all) / Rjj(b—quark) for Rjj> 0.75 - extract exclusive dijets

v quark/gluon composition vs Rjj - complementary analysis
v DPE b-jet trigger under development

Exclusive Low Mass States :
v XCO : DPE-J/¥ trigger in DAQ soon, XCO -~ h*h trigger under study

v yy : DPE-yy trigger in DAQ soon
v Hadronic states : trigger under study

P. 16



Towards Run Il Goal

Integrated Luminosity Needs :

> Exclusive Dijets/bb - Limits on exclusive process
> Diffractive W and J/¥ - process dependence

> Diffractive QCD Evolution - Q° dependence

Trigger Needs :
> Exclusive DPE-bb, XCO, yy and Hadronic states

> Jet-Gap-Jet with jets in MiniPlugs (test BFKL)

High inst. luminosity spoils diffractive signal due to pileup

Special Running Conditions?

Low Luminosity Run (~1E30)
> RP-& vs Calorimeter-& calibration

> background subtraction shape in SD
> low-& gap data shape

> jet-gap-jet with jets in MiniPlugs




Summary

Studies of Run Il diffractive physics in good progress

CDF is actively pursuing exclusive production physics
N

p
Run Il Preliminary Results:
> Improved upper limit on exclusive dijet production
L » Obtained upper limit on exclusive XCO production )
- R
Towards Run Il Goals:
number of new DPE triggers will allow us to study
exclusive physics in detalil
> b-jet
0 ] ]
> X, > Exclusive Higgs?
> YY
|~ hadronic states > Hadron Spectroscopy )







Diffractive Measurements in Run |

p ' p ‘ p g .
O 5 @ 5 O
n

n n

ol

Soft Diffraction

Single Diffraction Double Diffraction Double Pomeron
PRD 50, 5535 (1994) 87, 141802 (2001) Exchange PRL submitted
Hard Diffraction M}J(!tfigoiezg)'gracnon

Rapidity Gap Tag p

> W 78, 2698 (1997) > Jet-Gap-Jet: ¢

> Dijets 79, 2636 (1997) 1.8TeV 74, 855 (1995) 5

> b-quark 84, 232 (2000) 1.8TeV 80, 1156 (1998) L

> JIY 87, 241802 (2001) 630GeV 81, 5278 (1998)

Roman Pot Tag

> Dijets : > Dijets 1.8TeV
1.8TeV 84,5043 (2000) 85, 4217 (2000)

630GeV 88, 151802 (2002) *PRL references




Data Selection : DPE Dijet Analysis

Cuts DPE SD ND

PS5/26 pb’! PS*1280/26 pb PS6K/6 pb’
Triggered Events 397K 356K 278K
Single Vertex 365K 205K 196K
IZverteXI <60 cm 347K 195K 186K
#Jets (R=0.7) = 2 204K 158K 160K
|detector n*"%| < 2.5 163K 122K 123K
ETJ"-”’2 > 10 GeV™~ 116,473 93,567 85,038
0.01 < gpx <0.1 54,552 14,956 N/A
GAPp (MiniPlug) 17,101 N/A N/A

" Effective prescale factors in total sample

“ Jet energy corrected to the parton level, Run | UE energy subtracted



DPE Signal in SD Trigger Data

RP+Jet5
Proton Side

RP+Jet5

Proton Side

CDF Run Il Preliminary

SD Events

co1_—
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©
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: >
S ﬂ |
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= : :
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g :
Vv . |
c ©v 5 ]
tX_p H
S g ]
xS 1
TR "
N o |
Q22 1
C @)
e ()]
| o
| (9]
n c p
T 2 :
R ;
= ¥
x < 1

CDF Run Il Preliminary

ND Events

Trunohed

Antiproton Side




Kinematic Distributions

CDF Run Il Preliminary

0 -

_gLul_ 10-1 = Transvgrse Energy
o F ._9f Leading Jet
pd i L
S o

|_10 E

O =

- -

< -
-

10° =

10" =

: 1 I L L L

« DPE-= SDE + GAPp

SDE :0.03< {E <0.1
G.APp :3.6< Ngap < 7.5
EX? > 10 Gev

o

20

CDF Run Il Preliminary

100 12
EFY (Gev)

.k

S 0.1 SD;:0.03<&-<0.1

B G_APp :3.6< Ngap < 7.5
- EX%>10GeVv

1N (dN/d

0.05F

DPE = SD'_) +GAP
——SD-
p

CDF Run Il Preliminary

—

S | [ . DPE=SD-+GAP +
3 P P
= . SD;
Z 0.2( [-oem ND
S |

|_

el .
z | SD-:0.03<&-<0.1
— - G.APp 13.6<Ny,, <75

0.1 EF?>10Gev
0 15 2

0 0.5 1

» DPE\SD jet ET steeper than ND

P IR
2.5 3
Ag = |<pjetl - (pjet2| (radian)

> SD jets boosted away from p

> AP

DPE

> ACPS

5> A@ND




AR
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t Event Displays

R
W

W
N A\

N
SN

\
N

Y

je

33(31) GeV

DPE D

E jetl(2)
"

NA AE ST

=

35,41,11,13.45,53,23,24,25,26.27,29.30 Presc: 34,35,24,

Event : 899811 Run: 152581 EventType: DATA

Mﬂ_= 75 GeV (corrected)

41,10,11.43,19,53,23,24,25,26.27.29,30 Presc: 33,34.10,2

| =d 3 AR TE ST

Event : 78696 Run: 151920 EventType: DATA | Unprese

ij = 78 GeV (corrected)



Jet Trigger Efficiency

CDF Run Il Preliminary

2 A F RP-Inclusive: All
S 10
G>J S R T R RP-Inclusive: Single Tower 5GeV
w L F
* 10
) B
10 |
10 |
1| |_|—‘
E:.I....I....I ........ ..I|_|..I....

H |
0O 10 20 30 40 50 60 70 80
Corrected Jetl Et (GeV)

CDF Run Il Preliminary

S qf - .

s [

2 0.8F

o

S 0.61

8 [ Single Tower 5GeV

= 04r Fit = (1+exp(-pO(x+p1)))

0.2k ET" (Eff=90) = 37.1 GeV

i E°"(Eff=50) = 26.4 GeV
v et Ly b by by

0 10 20 30 40 50 60 70 80
Corrected Jetl Et (GeV)

Trigger Efficiency vs
Leading Jet E_intervals

min max
ETl ETl € (A ETl)

10 15 5.77 £ 0.29 %

15 20 144+07%
200 25 316+1.6%
25 35  66.6+3.3%
35 50 95.1+4.8%
50 110 100 %

+5% error assigned



Heavy Flavor Jets in DPE

Jet Transverse Energy (4.11.2 : MidPoint Cone 0.7) Entries 437 D|Jet Mass Fraction (4 11.2 : MidPoint Cone 0. 7)
Mean 25.61 . =
T RMS  7.908 x F - -
w . af I 5 - —e—T statistical error only
< 10 — LS g,
> e Positive Tag Z 1Lk —5=
5 - ---Negative Tag ) - —.
~— i - - -
Z 10" | 5 Taggable % A :¢:
= AR o' [ ==
10°F i o
: 10'2 - [ DPE - DiJet(HF) + X : Excess Tagged
< : " S O  DPE - DiJet(ALL) + X : Taggable o
10 ..................................... -
0 10 20 30 40 50 60 70 80 90 100 0 02 04 06 08 1
Corrected E; (GeV) R. =M. /M,
i i

SecVix/JetProb algorithms applied to all
available DPE data (before Fall '03 shutdown)

ALL/HF Ratio vs Dijet Mass Fraction (4.11.2 : MidPoint Cone 0.7)
3 . . .

statlstlcal error oniy

~350 excess tagged in 38K taggab|e jets %% 2_53_ .................................................
R shapes agree wellat R. < 0.8 z
zZ [T
2 150
HF dijets at R_> 0.8 : ~
b e 1f 5
0 events observed 9;(055
~2 events expected if R (HF)~R (all) | Z |

- - € 0 02 04 06 08 1

2 need more data - R; = M;/M,




Quark/Gluon Jets in DPE

A. Korytov, A. Pronko, A. Safonov

Run | CDF Results:
ratio of charged particle multiplicities
in gluon and quark jets

| LLA & NLLA, r=C,/C_=2.25

CDF, E, = 41 GeV
CDF, E,,,= 53 GeV
CLEO
] —— capella et al., 2000 OPAL

~~~~~~~~~~ Gaffney & Mueller, 1985
| — — Catani et al., 1992
1 —— Lupia & Ochs, 1998

> @ O O

0 10 e 100

Theory curves for A, =230 MeV
Energy scale : Q = Ejet sind . (CDF)

= 2E,, (CLEO, OPAL)
0. = opening angle of cone w.r.t. Jet axis

Charged Track Multiplicity in a Jet vs Dijet Mass Fraction

IS : : : : :
5l_...Dijet.Balance. Cut. ... — TR R
B jet2: : : i
S I 10 GeéV raw track multiplicity
L 30< ij <40 GeV f : :
- 0.47 rad Cone
Al St LS U SR S S

UE energy subtracted

Preliminary analysis of charged track
multiplicity (Njet) in a jet of DPE data :

» increasing trend of N, with R, in
30<M <40 GeV range
> need more data & study....

P. 12



