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Tevatron

I Peak luminosity is now
� 1032cm� 2s� 1

I � 1f b� 1 delivered!
I Designgoal 8.5 f b� 1 by '09

I Tevatronat Fermilab
I p�p-collisions
I Run II:

p
s = 1:96 TeV

I 36 bunches:396 ns crossing
time

I 2.3 interactionsper bunch
crossing
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CDF andD� at Run II� � � � � � � � � �

� 	 
 � � � � 
 � 
 
 	 � � � � � � � � � � � � � � � � � � �

� � � � � � � � � 
 	 � � � � 
 � 	 � � � � 
 � � � 
 � � 
 � � �

� � � � � � � � 
 � � � � � � � � 
 � �

�  � � � � � � � � � � 	 � 
 � � � ! � � �

� � � � " � � � � � # � � � � � � � 	 � � � � 
 � � � $� � � � � � % �

� � � " � � � � � � 	 � � � 	 � � $� � � � � # � � � � � 	 � � � �

� � �

� �

� � 	 
 � � � � � � � � � � � 
 � � 
 � � � � � � � � 
 � �

� � 
 � � � 	 	 � � � &&� 
 � � � 
 � � ' � ( ) � *

� + � 
 � � � � � � � � � � � 
 � � � � � � � � � � � � �


 	 � � � 
 
 � � � 	 � � 
 � � � � ' � , - . � &!
� /

I Both experimentstaking
data with good e�ciency
� 90%

I Eachexperimenthasalready
collectedon tape � 0:8f b� 1

I High � coverageof
calorimeters

I New TrackingSystem
I UpgradedMuon Chambers
I Forward detectors
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Di�raction

I Di�ractive events:Exchangeof colour
singletswith vacuumquantumnumbers

I Experimentalsignatures:
) Rapidity Gaps� � . Absenceof
particles in someregionsof rapidity.
) TaggedProton: p or �p scatteredat
small angle. Measuredin RomanPots far
away from the interaction point.

I Non-di�ractive events:Colourexchange
I Gaps�lled by soft additionalparton

interactions
) Exponentialsuppressionof rapidity
gaps

Diffractive Structure Function

)(xF

)(xF

)(xRate

)(xRate
)R(x

Bj
ND
jj

Bj
SD
jj

Bj
ND
jj

Bj
SD
jj

Bj

�Ÿ

�{

Diffractive Structure Function

)(xF

)(xF

)(xRate

)(xRate
)R(x

Bj
ND
jj

Bj
SD
jj

Bj
ND
jj

Bj
SD
jj

Bj

�Ÿ

�{

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters



Tevatron Di�raction Factorisation Di�ractive fractions DSF DPE D� FPD Summary

Hard di�ractive eventtopologiesat the Tevatron

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

I Doubledi�raction
(DD)
jet-gap-jet

I Doublepomeronexchange
(DPE)
dijet, � c etc.

25

Diffractive Measurements in Run I
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CDF RunII Forward Detectors

p. 35Mario Deile –

Forward Detectors: CDF

Measurements: at 1.96 TeV:
• SD dijets: �[ and ET dependence of diff. structure

function FD

Process dependence of FD (JJ, W, J/�<)
• DPE: search for exclusive production: JJ, �Fc, �J�J

I RomanPot Detectors
I 57 m from IP
I 3 stations
I Fibre tracker + trigger counter

I BeamShower Counters
I Scintillation counters
I Usedto reject ND events

I Miniplug Calorimeter
I Liquid scintillator + lead
I Towerlessgeometry:no dead

regions

I Large � coveragefor rapidity gaps
and jets
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Factorisationin di�raction
I Factorisation theorem for the generalclassof DDIS processes:

� (x; Q; xp; t) �
P

i f D
i 
 �̂ i [Collins, PRD 57 (1998) 3051]

3

Factorization and Diffraction

QCD factorization :

Universal parton densit ies 
in dif fract ive exchange ? 

 Hard scattering 
   QCD matrix element

 Process dependent 

Regge factorization :

p p
IP

p p
IP

IP

g

g

=

F a p
D , t ; , Q 2 f IP p , t F a IP , Q 2

p p p X F a p
D , t ; , Q 2 ab jj

Regge-based Pomeron Flux -dependence of Pomeron structure

HERA ep Tevatron pp

 = P
parton

 / P
Pomeron

 

 = PPomeron / Pproton

I Fundamentalfor the understandingof di�raction
I Important for extrapolating Tevatronresultsto the LHC
I Generalstrategy: extract PDFs and compare predictionsto

measurementsof other processesand experiments
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Hard di�raction at Tevatron
I Di�ractive fractions:

eventswith 1 gap
all events (@1.8 TeV)

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%) ) Factorisation holdswithin Tevatron
. . . but, uniform gap suppressionw.r.t HERA O(10%)

I Indicatesbreak of QCD factorisation

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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CDF RunI: Di�ractive structurefunctions

F D
j j (� ) measuredfrom SD dijets vs. DDIS expectation
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Diffractive Structure Function in Dijets
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SD jj

ND jj
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D x

F jj x
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j j

D = gD(x, , Q2) +     qD(x, , Q2)4
9

parton x = 

F
j j

D(x, , Q2) F
j j

D( , , Q2) 

d 4 SD jj
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CDF data

ET
Jet1,2 > 7 GeV

0.035 < x < 0.095

| t | < 1.0 GeV2

H1 fit-2

H1 fit-3

( Q2= 75 GeV2 )

b

Fy
D JJ

 (
b)

H1 2002 s r
D QCD Fit (prel.)

IR only

I R(x) of � (SD j j )
� (N D j j ) �

F D
j j (x)

F j j (x)

I Shapeslook similar,
normalisationdiscrepancy
of factor 10

) Di�ractive factorisation
breakdown

I More spectator partons in
p�p collisionsw.r.t 
 � p

I Gapsurvivalprobability:
� � F D

j j 
 �̂ 
 jSj2

(energydependent)

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters



Tevatron Di�raction Factorisation Di�ractive fractions DSF DPE D� FPD Summary

CDF RunII: Ratio of SD/ND events
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I Dedicatedtrigger
I Ratio of SD to ND dijet eventrates

I No � dependencein 0:03 < � < 0:1
I Slope and normalisationagreewith

Run I result

I No appreciableQ2 dependencein
region100< Q2 < 1600GeV2

I What is the mechanismof hard
di�raction?

I Hard Pomeron(colourless
object)?

I Soft colour rearrangementin �nal
state?

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters



Tevatron Di�raction Factorisation Di�ractive fractions DSF DPE D� FPD Summary

CDF RunI: DPE dijet production

� �� � � � � � �� � �1� %� �� �

Comparison of RD P E
SD (xp) and RSD

N D (x �p)

xxxx

10
-3

10
-2

10
-1

1

10

10
-3

10
-2

10
-1

0 0.1

R~
(x

) 
/ D

x

x
0

0.5

1

xx

R
(x

) 
pe

r 
un

it 
x

RSDRDPE

RNDRSD

7 < EJet1, 2 < 10 GeVET
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0.01 < xp < 0.03

B t- p B < 1.0 GeV2

I Eventswith leading �p and
rapidity gap on outgoingp
side

I Inset: ratio ~RSD
N D is 
at in �

I ~RSD
N D extrapolated to

� = 0:02 yields:

I ~RSD
N D = ~RD P E

SD = 0:19 � 0:07
Deviation from unity )
Breakdown of factorisation

I Formation of a secondgap is
lesssuppressed

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

F D
j j (� ) measuredusingDPE dijets

I Di�ractive structure function
extractedfrom RD P E

SD

I Approximately equals
expectationsfrom H1

I Again: formation of second
gap is lesssuppressed

I Is jSj2 independentof the
number of gaps?

I CDF & D�: Analysesin progressto measurethe t, � and

avour dependenceof the DSF usingdijet, W and J= 
production

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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CDF RunII: dijet massfraction

I In Run II: two ordersof magnitudemore DPE dijet data
) Study of exclusivedijet production in DPE

I Strategy:
I Obtain inclusiveDPE dijet �p + p ! �p + dijet + X + gap+ p
I Look for exclusivesignatureusingdijet massfraction R j j = M j j

M X

X/M
jj
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jj
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p
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Energy Scale Uncertainty

CDF Run II Preliminary

-1L = 26 pb

Dijet Mass Fraction

 < 0.1
p

x : 0.03 < 
p

SD

 > 10 GeVjet2
TE

I No signi�cant excessdue
to exclusivedijets seenat
high Rj j

I E min
T = 10 GeV:

� (Rj j > 0:8) < 1:1 �
0:1(stat ) � 0:5(sys) nb

I Di�cult experimentally:
sensitiveto the dijet
massresolution
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CDF RunII: Exclusive� 0
c production

p + �p ! p + � 0
c(! J= + 
 ) + �p

I � 0
c: quantumnumberssimilar to Higgsboson

I Di-muon trigger data (muonswith pT > 1:5 GeV, j� j < 0:6)
I Selecteventsin J= masswindow
I Requirelarge gapson both p and �p sides

Di-muon + photon invariant mass (GeV)
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CDF Run 2 Preliminary
I 10 events:exclusive

� 0
c(! J= + 
 ) candidates

I Backgrounddi�cult to be fully
understood

I Assume10eventsare all J= + 

) \Upper limit" on exclusive� 0

c
production crosssection:
� = 49� 18(stat ) � 39(sys) pb
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D� forward proton detectors

9 momentumspectrometerswith 2 scintillating �b re detectors each

I 1 dipole spectrometer:
jt j � 0 � 1 GeV2

� � 0:03 � 0:07

I 8 quadrupole spectrometers:
jt j � 0:8 � 3:0 GeV2

� � 10� 3 � 0:05

I Position detectors housedinsideRomanPots
I Reconstructhigh-energyscatteredp and �p directly

) First time possibility of taggingboth p and �p and
measuringtheir � and t dependenceat the Tevatron

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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D� scintillating�b re detectors

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 �b re
for a �ner hit resolution

I Hits are grouped together into track fragmentsand tracks are
reconstructedusingvertex information and di�erent position
detectors

I All 18 detectors regularly brought closeto the beamlineand
di�ractive samplesbeingcollected

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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D� FPD spectrometersignals

Overheadview of the dipole spectrometersystem:

) Good separation of signaland background

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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D�: p�p elasticscattering

I Small dedicatedrun, test of
the FPD in standalone
mode

) Measurementof the slope
of the elasticcrosssectionin
t (normalisationarbitrary)
compared to predictionsof
[Block et al:, PRD 41,978]

I Good agreementand access
to a new kinematicdomain

I Measurementbeing redone
usingfully integratedFPD

I Alignment and detector understandingof romanpot detectors
in progress

I Physicsresultsexpectedsoon
Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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Summary

I CDF: di�ractive structure function
I Re-establishedRun I result
I No Q2 dependenceof F D

j j . Is di�raction P exchangeor a pure
soft process?

I Studiesof t, � and 
avour dependencein progress

I Factorisation: broken at the Tevatron,but gluon shape similar
as at HERA

I CDF: Doublepomeronexchange
I Upper limits on exclusivedijet and � 0

c production

I D� forward proton detectors working, alignmentin progress:
manynew physicsresultsexpectedsoon
(Pomeronstructure, high massdi�raction (W ,Z ), exclusive
events,inclusiveDPE, . . . )

Hard Di�raction Results and Prospects at the Tevatron Kriszti �an Peters
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