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Tevatron

I Peakluminosity is now
10%2cm 2s !

I 1f b ! delivered!

| Designgoal8.5fb ! by '09

Hard Diraction Resultsand Prospects at the Tevatron

DSF DPE D FPD Summary

Tevatronat Fermilab
pp-collisions

Runl: P s= 1:.96 TeV

36 bunches:396 ns crossing
time

2.3 interactionsper bunch
crossing
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CDFandD at Runll

I:I |

I Both experimentstaking
data with good e ciency
90%
I Eachexperimenthasalready
collectedontape 0:8fb !
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DSF DPE D FPD Summary

High coverageof
calaimeters

New Tracking System
UpgradedMuon Chamkers
Forward detectas

[ ]
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Tevatron

Di raction Factorisation Diractive fractions DSF

Di raction

Di ractive events: Exchangeof colour
singletswith vacuumquantum numbers

Experimentalsignatures:

) Rapidity Gaps . Absenceof
paticles in someregionsof rapidity.

) TaggedProton: p or p scatteredat
smallangle. Measuredn RomanPots far
away from the interaction point.

Non-di ractive events: Colourexchange
Gaps lled by soft additional parton
interactions

) Exponential suppressionof rapidity
gaps
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DPE D FPD Summary
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Hard di ractive eventtopologiesat the Tevatron

I Singledi raction
(SD)
W, Z, dijet, b-quark, J=

I Doubledi raction
(DD)
jet-gap-jet

I Double pomeronexchange
(DPE)
dijet, . etc.
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Summary
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CDF Runll Forward Detectas

I RomanPot Detectas
1)
- \lm I 57 m from IP

Roman

Pots L- . I 3 stations
¢ I Fibre tracker + trigger counter
anoles\-' ‘ I Beam Shower Counters
e Baners I Scintillation counters
I Usedto reject ND events
b El F’“""F""‘ I Miniplug Calaimeter
\ \ I Liquid scintillator + lead
f?f\\ — I Towerlessgeometry:no dead
r K regions
P . '- — MiniPlug I Large coveragefor rapidity gaps
= and jets
=/m=-)psc

=
!
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Factaisationin di raction

I Factarisation the,grem for the generalclassof DDIS processes:
(X; Q; Xp; t) DA [Collins, PRD 57 (1998) 3051]

> Hard scattering

Q/ QCD matrix element ————»

> Process dependent

Universal parton densities

in diffractive exchange ? -
Tevatron pp

HERA ep

I Fundamentalfor the understandingof di raction
I Important for extrapolating Tevatronresultsto the LHC

I Generalstrategy: extract PDFs and compae predictionsto
measurement®f other processesand experiments
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Hard di raction at Tevatron
eventswith 1 gap

I Diractive fractions: (@1.8TeV)

all events
| Process | Fraction | Experiment |
SD:jet + jet +gap | (0:75 0:10)% CDF
SD: W + gap (1:15 0:55)% CDF
(0:89 0:20)% D
SD:Z + gap (1:44  0:62)% D
SD:b+ gap (0:62 0:25)% CDF

SD:J= + gap (1:45 0:25)% CDF
DD: jet + gap+ jet | (1:13 0:16)% CDF
(0:94 0:13)% D

I All ratios O(1%) ) Factarisation holdswithin Tevatron
... but, uniform gap suppessionw.r.t HERA O(10%)

I Indicatesbreak of QCD factorisation
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CDF Runl: Di ractive structurefunctions

4 S Fj'J?( ) measuredrom SD dijets vs. DDIS expectation
b (spj;) FTMX
I ii i
p R(x) of (NDjj)  Fjj(x)
Dei, ~ HLfit-2 ~+ CDF data I Shapeslook simila,
L ~ H1 fit-3 B2 57 Gev narmalisationdiscrepancy
1008 q2= 75 Gev?) 0.035 < x < 0.095 of factor 10
2 . . . .
i It]<1.0Gev ) Diractive factorisation
10F breakdavn
. I More spectata partonsin
j pp collisionsw.r.t p
[ | I Gapsurvivalprobability:
— H12002 s, QCD Fit . C
0‘1? - IR only ) e B Fjlj3 A JSJ2
T (energydependent)

b
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CDF Runll; Ratio of SD/ND events

10

CDF Run Il Preliminary
E —8— x(0.02100.10) (x 1)

S —— x(0.05100.10) (x 10)
= [ —¥— x(0.02 t0 0.05) (x 0.1)
& fohaa —=— CDFRunl
Z L1E AR
a E A Aaaa,
2 G .
910 Lan oz Y N
2 E T,
T E e
14 F * b o] ? g
oy, .
107 2 ]
Yy ]
v
v
103 +.25%.nor
E v
F<Ef'>=14Gev
10‘ 3 2 1
10 10 10
Xg
CDF Run Il Preliminary
— 1 =
% % 100 GeV? (E, 1 [8, 12] GeV)
= —m— Q% 400 GeV? (E; 1 [18,25] GeV)
E 1 —a— Q% 1600 GeV? (E; | (35,50] GeV)
a
L0t ! LIEI AP 1 T
E TE TP aagaad]
g ! PPedit
[:3 %
AN
10° 2
&
{ ]
T.
Qe 1
+25% averall.non
103 3 2 1
10 10 x_ 10
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Dedicatedtrigger
Ratio of SD to ND dijet eventrates

No dependencen 0:03< < 0:1

Slope and normalisationagreewith
Run| result

No appreciableQ? dependencen
region100< Q2 < 1600Ge\?
What is the mechanismof hard
di raction?
I Hard Pomeron(colourless
object)?
I Soft colourrearangementin nal
state?
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CDFRun|l: DPE dijet production

Compaison of R2PE (x) and RRE (xp)

I Eventswith leadingp and
o RXFE 7<EF*?<10 Gev . .
10 £ o RSD 0035<x,—)<0.095 rapldlty gap on OUthIng p
0.01<x,<0.03 side
_% Bt- B< 1.0 GeV sD
x H
i AR I Inset: ratio RRY is at in
3 1 i SD
5 . ﬂj:+++i | Ryp extrapolatedto
20 f =, = 0:02yields:
o 1r
10-2,§057+ - I RYR=REFE = 0:19 0:07
- Deviation from unity )
0l % T T T, Breakdavn of factorisation
107 Lo w? | Formation of a secondgapis
lesssuppessed

I Resultcoherentwith the conceptof the \gap survival
probability": do not pay the price for the gap two times
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CDFRun|l: DPE dijet production

F? () measuredusing DPE dijets

I Diractive structurefunction
extractedfrom R2FE

I Approximately equals
expectationsfrom H1

I Again: formation of second
gapis lesssuppessed

I 1sjSj? independentof the
number of gaps?

I CDF & D: Analysesn progressto measurethet, and
avour dependenceof the DSF usingdijet, W and J=
production
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Tevatron Di raction

Factorisation

Diractive fractions

CDF Runll: dijet massfraction

DSF DPE D FPD Summary

I In Runll: two ordersof magnitudemare DPE dijet data
) Study of exclusivedijet productionin DPE

I Strategy:

I Obtain inclusiveDPE dijet p+ p!
I Look for exclusivesignatureusingdijet massfraction R;; =

CDF Run Il Preliminary

[Te} E A SD; (Prescale 280)
=] 10°E o DPE = SD; + GAP,(5.5<h,,<7.5) (Prescale 5)
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p+ dijet+ X + gap+ p
II:AA“

No signi cant excesdue
to exclusivedijets seenat
high Rjj

EMn = 10 GeV:

(Rjj > 08)< 11
O:1(stat) 0:5(sys) nb
Di cult experimentally:
sensitiveto the dijet
massresolution
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CDF Runll: Exclusive ¢ production

p+p!

p+ (' J= + )+p

I 9 quantum numberssimila to Higgsboson
Di-muontrigger data (muonswith pt > 1.5 GeV,j j < 0:6)

[
I Selecteventsin J=
[

masswindow

Requirelarge gapson both p and p sides

CDF Run 2 Preliminary - data

-_g 4t —— FakeEvt
2
c b
] 3.5
w
3f
25F
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05}
O P e n
2.8 3 32 34 36 38 4

Di-muon + photon invariant mass (GeV)
Hard Diraction Resultsand Prospects at the Tevatron

I 10 events: exclusive
91 J= + ) candidates

I Backgrounddi cult to be fully
understad

I AssumelOeventsareall J= +
) \Upper limit" on exclusive 2
production crosssection:
= 49 18(stat) 39(sys) pb
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D forward proton detectas

9 momentumspectrometerswith 2 scintillating b re detectaos each

I 1 dipole spectrometer: I 8 quadrupole spectrometers:
jti 0 1Ge\ jti 08 3:0GeV
0:03 0:.07 10 3 005

I Position detectas housedinside RomanPots
I Reconstructhigh-energyscatteredp and p directly

) First time possibilily of tagging both p and p and
measuringtheir andt dependenceat the Tevatron
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D scintillating b re detectas

I 6 layersof scintillating b re channels
I 1 trigger scintillator layer

I Fibresare orientedwithin 45 to
reconstructhits and obtain redundancy

I Everysecondchannelsis o set by 2/3 bre
for a ner hit resolution

I Hits are grouped togetherinto track fragmentsand tracks are
reconstructedusing vertexinformation and di erent position
detectas

I All 18 detectas regulaly brought closeto the beamlineand
di ractive samplesbeing collected
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D FPD spectrometersignals

Overheadview of the dipole spectrometersystem:

DIPOLE MAGNET
Incoming Protons

Scattered - g

Antiprotons DI
_ Horizontal Correlation _ Vertical Correlation
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) Good sepaation of signaland background
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D: pp elasticscattering

I Small dedicatedrun, test of

e, [Block et al:, PRD 41,978]

' D0 RUNZ PRELIMINARY the FPD in stand alone

m‘": T T pp mode
~F S ) Measuremenbf the slope
N L of the elasticcrosssectionin
‘E/:::::\x\ ‘ t (normalisationarbitrary)
B e compaed to predictionsof

e e I Good agreementand access
to a newkinematicdomain

DO DATA

I I I I
0 02 04 06 08 1 12 1.4 1.6 1.8 2

L I Measuremenbeingredone

11 (Gev?) usingfully integrated FPD
I Alignmentand detecta understandingof roman pot detectas
in progress

I Physicsresultsexpected soon
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Summay

I CDF: diractive structure function
I Re-establishedRun | result
' No Q? dependenceof F? . Isdiraction P exchangeor a pure
soft process?
I Studiesof t, and avour dependencen progress
I Factorisation: broken at the Tevatron, but gluon shape similar
asat HERA
I CDF: Double pomeronexchange
I Upper limits on exclusivedijet and 2 production

I D forward proton detectas working, alignmentin progress:
many new physicsresultsexpected soon
(Pomeronstructure, high massdi raction (W,Z), exclusive
events,inclusiveDPE, ...)
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