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Tevatron

« pp collider
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Tevatron

Tevatron :: Performance

« Tevatron performing very well

. Record breaking Linst
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. CDF :: Performance

CDF

Recently made the World’'s best W mass measurement:

M,y = 80,413 + 48 MeV/c?
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. Motivation :: Introduction

Motivation

Exclusive Diffraction:

> P

9 X where X has JP¢ = 0**

> P

Two significant advantages over inclusive case:
» mass of X can be determined from outgoing protons
* ‘measures’ the quantum numbers of X

Models Include:
* “Durham” model, implemented in ExHume MC
» “Saclay” model, implemented in DPEMC
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. Motivation :: Durham Model

Motivation

V.A. Khoze, A.D. Martin and M.G. Ryskin, Phys. Lett. B401, 330 (1997). hep-ph/9701419
V.A. Khoze, A.D. Martin and M.G. Ryskin, Eur. Phys. J. C14, 525 (2000). hep-ph/0002072

Start at parton level: V.A. Khoze, A.D. Martin and M.G. Ryskin, Eur. Phys. J. C23, 311 (2002). hep-ph/0111078
q, : q;
: : do N (Ng - 1)2 ol Gp[1d*Qr kir ker 2]
: + k, d*qar'd*qar’dy NZ (2m)% /2 21 Qr’kip’ker” 3
y, a
Q o - = A
: LV~ __Vab Rk Qr ~ —ki7 = kor
p p 42 =~ T, o iy ~ m H 2T Y v ) k.
Lvb 2 ki = riq; + kir & ™~ BT
i 3 / colliding gluons must have equal helicity @ JPC = 0** central state
a I 9,

Replace quarks with protons:

% Qr x'g"k e_bki’/r LA +5/2)
g VT T(A+4)
} E | Off-diagonal gluon correction, K,
© estimated from HERA J/p data
. . 960, giving b = 4 GeV-2.
B dln(Q 2)
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. Motivation :: Durham Model

Motivation

Require fusing gluons not radiate (Sudakov suppression):

2
Y9 ey, 0p) flan, Op) =5

Q)
S W
. o m?% /4 dp2 mH /2 .
e~ = exp (—C“as/ H de/ H dE)

T Joz  pp Jor E

Require no other soft interaction between protons (gap survival):

>

do(p + H + p|no soft emission) = do(p + H 4+ p) x S?

S? is difficult to estimate. Assume it's Poissonian and
extract x(r) from elastic scatter and total cross section data

. g2 = Jdr do(r) exp(=X(r)) s 4t Tevatron
[dr do(r) 0.03 at LHC

Durham Model is implemented in ExHume MC.
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Motivation :: Saclay Model

Motivation

M. Boonekamp, R. Peschanski and C. Royon, Nucl. Phys. B669, 277 (2003).
Erratum-ibid. B676, 493 (2004). E-Print archive: hep-ph/0301244.

Start with the same quark level calculation as Durham:

do (NZ-1\? af Gp[[dQr kip-ker 2]
P’ dqer'dy  \ N2 (215 /2 o Qrikirikar? 3

Change quark coupling to proton using Bialas-Landshoff approach:
A. Bialasand P.V. Landshoff, Phys. Lett. B256, 540 (1991).

« multiply by a factor 9 for three quarks in proton
« multiply by suppression factor exp(—bgi2.) with b =4 GeV-2

Do ‘Sudakov suppression’ using Landshoff-Nachtmann approach:

P.V. Landshoff and O. Nachtmann, Z. Phys. C35, 405 (1987).
2

. . . ) . . g
Replace perturbative gluon with non-perbative gluon: 2 — Aexp{_;ﬁ/#?)_

« A and u are determined from pp eleastic scattering data with a ‘Reggeization’
factor ga(t)-1

where: @(t)=1+¢€e+a't and the fit to data leads to: o' = 0.25 GeV—2. ¢ = (.08
gives: A=~30GeV~? p==1GeV

Require same gap survival factor as Durham.

Saclay Model is implemented in the DPEMC Monte Carlo.
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. Motivation :: Model Comparison

Motivation

Saclay predicts higher cross sections than Durham:
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Need some pp collider data to check models!
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.Motivation :: What to do at CDF

Motivation

Exclusive Diffraction at CDF:

? dijet’ W’ XC

> P

Exclusive channels we are looking at include:
 yy - very ‘clean’ signature, but low cross section

* Dijet - high cross section, but definition of exclusive is subtle
* X, - high cross section, but soft photon difficult to measure
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Exclusive yy :: Introduction

Tevatron CDF Motivation Exclusive yy Exclusive dijet  Exclusive x, LHC Outlook Conclusions

Events selected with:
(same trigger as e*e’)

S —

yy pair: Er>5 GeV/c, |n[<1.0 — |

6.80 GeV

No other calorimeter activity: |n|<7.4

(this eliminates “pile-up” events!)
pile-up = bunch crossing with
more than one pp interaction
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. Exclusive yy :: Candidate Sample

Exclusive vy

3 candidate events are found.

« selected in the same way as yy — e*e (except tracks)

* agreement of yy — e*e” cross section gives confidence in
analysis methodology

« 1%3_ events predicted from ExHUME MC
* No predictions from DPEMC are available
« Background estimate not yet complete (t°n°)

* Result expected soon...
— 1 %_

N 545 GaV

| £l 6.80 Gov sa
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. Exclusive Dijets :: Introduction

Exclusive dijet

Event selection: DPE = Double

Pomeron Exchange

-DPE dijets: p + p — p + X (=2jets+...) + gap
-examine the dijet mass fraction R;

z
%10
. Excess at high R; compared to
10 __—> nclusive DPE dijets is
10° *DPE data (stat & eXpECted if there is an
T2 macgond exclusive component

0 0.2 04 0.6 0.8 1
R =M /M,
)] )]
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@ cxclusive Dijets :: POMWIG MC

Exclusive dijet

POMWIG with CDF®H1 structure functions is used to simulate inclusive
Double Pomeron Exchange dijets

(Cox and Forshaw, CPC 144 (2002), 104) !—Tif” from DPE Dijets
F " from SD Dijets g | |
= f J IE- -+ CDF data, based on DPE/SD
o [ v Hifit2 + CDF data 100
- H1 fit-3 EE2, 7 GeV '
100F  (@P-75GeV®)  0.035sE=0.095 :
i It]=1.0GeV? b
0 _Hﬂ.‘_’;\::_-.l."__ ; L
1{] = ' """-*-'--.-_-_._.___:__.
f e 1L
i — T _.:= — Expectation from H1 2002 .2 QCD Fit (prel.)
1Y
: 01k
o1 H12002 00 QCDFit (prel) == 0.1 [,:
: o - Formation of 2™ gap less suppressed
0.1 1
p DPE: IP,+IP,» X
FB, &)= Cepme g P, IR,
n=1.0=+0.1 CDF ﬁ—l 5—1
CDFeH1| B! HI1-it2
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. Exclusive Dijets :: High R; Excess

Exclusive dijet

An excess at R;>0.6 in data compared to POMWIG

CDF Run Il Preliminary CDF Run Il Preliminary  sinijar for DPEMC
E a | ® DPE data (stat. only) "g - F =150+12% *  DPE data (stat. only)
z1 0 2 - oy . |- Background (<] 600:_ exet (stat.only) |"°°°7° POMWIG: CDF®H1
5 i ng I.I>.I - [ ] ExHuME
[ i i 500:_ Best Fit to Data
2L : - 3.6 < nggpl < 5.9
10 | . 4001 El? > 10 GeV
[ jet3
5 3000 | + EF®<5Gev
3| [": POMWIG + Background e -
10 | ——— POMWIG : CDF@H1 2001
o R POMWIG : CDF o :
weee POMWIG @ H1-fit2 . i 100
«uns POMWIG : ZEUS-LPS o -
10'4 i N R ERI B I B [ - C ; o . o L ,
0 02 04 06 08 1 % 0.2 0.4 0.6 0.8 1
R, =M, /M, =M M,
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. Exclusive Dijets :: Cross Section (%),

Exclusive dijet

CDF Run Il Preliminary
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@ Exclusive Dijets :: JPe=0+

Exclusive dijet

Can we see the JFC=0** selection?
« ‘dijets’ are either qq or gg
« exclusive gg — qq is suppressed by J/¢=0** selection

» exploit this by looking at fraction of heavy flavor (b/c)
Jjets in dijet data as a function of R,
CDF Run Il Preliminary

1.5 DPE data (SVT)
i |:| Systematic Uncertainty

Jl

b/c jets are
suppressed at high R
= shows JP¢=0**
selection

|

Fbclincl / <Fbclincl(R"<o'4)>

5~ EFY(RAW) > 10 GeV {'

Il <15

o
3]

oo e by by b b b b b by
0 01 02 03 04 05 06 0.7 08 09 1
R =M/M,
1 1l
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. Exclusive x. :: Introduction \\

~GENS

Exclusive

How many of the exclusive u* u- pairs are actually y.?

u*u- invariant mass
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LHC :: Exclusive Higgs

LHC Outlook

SM Higgs has JP¢=0** = it should be produced exclusively.

100 T
x — All decay modes 4

ol T 1 Advantages:

: « QCD-b background is

AT T ; suppressed (by J/¢=0"")

. e === ,+ another handle on the

ER: { ~ mass (from proton tagging)

' * measurement of Higgs

= o e ‘ 3 quantum numbers

hep-phio6og20e | ° OB~
U'umiu 100 150 I inzl“u .
Standard Mode] Higes Mass [GeV]
yy production are the primary backgrounds
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LHC :: Exclusive BSM

LHC Outlook

. . Central exclusive diffractive production
MSSM Intense Coupling Region. & Br(vHosbb) (fb)

1 H tanp = 30

three Higgses similar masses, large tan 3
coupling to b-bar enhanced |
very challenging via conventional modes rp

* .... big exclusive cross-section! L m
- S:B from ~2 to ~75! A o :
¢ 1I.JJCI I 1£||{fl.lL Z{E‘IG J 2.%0 J 300 10 1Ll.lﬂ I 1EII'.'I-: L Z{E'IC - E'l':ﬂ I 300
myy (GeV) My (GeV)
Stable gluinos:
Gluino | No. of Error
« Stable gluinos, (e.g. as in split SUSY) mass events | on
« May bind into gluinonium or decay into distinctive (GeV) | (300/b) | mass
final state (R-hadrons). (GeV)
* R-hadrons look like slow muons 200 145 0.2
« Can reconstruct mass of R-hadrons event-by- 250 35 1.1
t with th tgoi ton inf ti
event wi e outgoing proton information 300 10 15
350 4 2.5
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. Conclusions

Conclusions

« CDF has demonstrated that exclusive diffraction can
be predicted by the Durham model in ~TeV collisions

 If suitable forward proton taggers are installed at
LHC (www.fp420.com), the physics reach of both
ATLAS and CMS can be considerably extended.
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