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Introduction
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ÅDiffractive reactions at hadron colliders are 

defined as  reactions in which no quantum 

numbers are exchanged between  colliding 

particles

Diffractive:

vacuum exchange

Non-diffractive:

color exchange

incident  hadrons
acquire color and  
break apart

incident hadrons
retain their 
quantum numbers 
remaining colorless



Diffractive Signatures
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Diffractive events could be Identified by presence of:
Ç intact leading particle     
Ç large non exponentially suppressed rapidity gap



Diffraction: definitions
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y=1/2 ln ((E+pz)/E-pz))

y m=0= -ln tan( /2)

t - four-momentum
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Tevatron    pp Collider
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Tevatron

_

was shut down on September 30, 2011



CDF and D 0 detectors
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General purpose detectors

Ç Top performance (>85% data taking efficiency)
Ç ~10 fb-1 per experiment



CDF II Detectors
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RPS       ςRoman Pot Spectrometers  0.02 < < 0.1 
0 < |t|< 2 GeV2

BSC       ςBeam Shower Counters       5.4 < < 7.4

MPCAL   ςMiniPlug Calorimeters     3.5 < < 5.1

CCAL, PCAL  ς Calorimeters  (15(in  )x0.1(in ))   | < 3.6 
Tracking        ς Tracking Detectors           |< 2.0



Elastic Scattering 
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ÇThe particles after scattering are the same
as the incident particles
˅Ґɲp/p=0 for elastic events; t = -(pi-pf)

2

ÇThe cross section can be written as:

2
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ot

Fig. fromTOTEMpublications 



Elastic Scattering at s=1.96 TeV 
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Forward Proton Spectrometer

ÇThere are eight quadrupolespectrometers (Up, Down, In, Out) on the outgoing proton   (P)  
and anti-proton (A) sides  each comprised of two detectors (1, 2)

ÇUse Tevatron lattice and scintillating fiber hits to reconstruct
˅ ŀƴŘ μǘμ ƻŦ ǎŎŀǘǘŜǊŜŘ ǇǊƻǘƻƴǎ όŀƴǘƛ-protons) 

ÇThe acceptance for |t|>|tmin| where tmin is a function of pot position: 
for standard operating conditions |t| > 0.8 GeV2 



Elastic Scattering at s=1.96 TeV 
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ÇIn 2005 DØ proposed a store with special optics to maximize 
the |t| acceptance of the FPD

ÇIn February 2006, the accelerator was run with 
ǘƘŜ ƛƴƧŜŎǘƛƻƴ ǘǳƴŜΣ ʲϝ ҐмΦсƳ ό ƛƴǎǘŜŀŘ ƻŦ ƴƻƳƛƴŀƭ лΦор Ƴύ 

ÇOnly 1 proton and 1 anti-proton bunch were injected

ÇSeparators OFF (no worries about parasitic collisions with only one bunch) 

ÇIntegrated Luminosity (30 ±4 nb-1) was determined 
by comparing the number of jets from Run IIA measurements with 
ǘƘŜ ƴǳƳōŜǊ ƛƴ ǘƘŜ [ŀǊƎŜ ʲϝǎǘƻǊŜ

ÇA total of 20 million events were recorded with a special FPD trigger list 



Elastic Scattering at s=1.96 TeV 
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Momentum dispersion in horizontal plane results in 
more halo (beam background) in the IN/OUT detectors, 
so concentrate on vertical plane AU-PD and AD-PU
to maximize |t| acceptance while   minimizing background

AU-PD combination has the best |t| acceptance

Elastic events have tracks in diagonally opposite spectrometers 



Elastic Scattering at s=1.96 TeV 
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|t|(GeV 2)

Systematic error dominated by trigger efficiency correction
Second biggest uncertainty- alignment = 0.3 GeV2

14.3% error in the luminosity 
is not included



Elastic Scattering at s=1.96 TeV
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Comparison with CDF and E710



Elastic Scattering at s=1.96 TeV
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Comparison with UA4

{ƭƻǇŜ ǎǘŜŜǇŜǊ ŀƴŘ ǎƭƻǇŜ ŎƘŀƴƎŜ ŜŀǊƭƛŜǊ ŦƻǊ ƘƛƎƘŜǊ Ҟǎ όǎƘǊƛƴƪŀƎŜύ



Hard Single Diffraction

February 27, 2012Christina Mesropian Trento Workshop16

p

p
_

Diffractive signature:
Ç large rapidity gap
Ç intact pbardetected in RPS

Can study diffractive production of high pT objects:
jets, W, J/ , b
different insight into the nature of Pomeron

Method: measure ratio of diffractive to non-diffractive production



Hard Single Diffraction
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Hard   component Fraction ( R ) %

Dijet 0.75 0.10

W 1.15 0.55

b 0.62 0.25

J/ 1.45 v 0.25

Fraction:
RſSD/ND ratio
@ 1800 GeV

All fractions ~ 1% 
(differences due to kinematics) 
ü ~ uniform suppression

p

p
_ Diffractive signature:

large rapidity gap ς
slightly different 
gap definitions



Diffractive Structure Function
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Study the diffractive 
structure function
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Experimentally determine
diffractive structure function
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p
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at LO

- momentum fraction 
of parton in pomeron



The Diffractive Structure Function  
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same behavior for different values same behavior for different Q2

s= 1.96 TeV



Kinematic Distributions for SD dijets
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The  multiplicity distributions in MP SD dijetsare more back to back

SD dijetsare shifted in + SD and ND dijetshave similar ET distributions



Dynamic alignment of the RPS
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Method: iteratively adjust the RPS X and Y offsets 

from the nominal beam axis until a maximum in 

the b -slope is obtained at t=0. 



t distribution 
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Fit to double exponential function:
d /dt 0.9 eb1 t + 0.1 eb2 t 

antiproton |t| distribution
Á no diffractive dips
Á no Q2 dependence 

in slope from 
inclusive to Q2 ~ 104 GeV2



Background evaluation
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schematic view of 

fiber tracker 

trackerõs upper edge: |t|=2.3 (GeV/c)2

the lower edge is at |t|= 6.5 (GeV/c) 2 (not shown) 

background level: region of Ytrack >Yo data for |t|>2.3 (GeV/c) 2



t distributions for SD  
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Diffractive W/Z Production 
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Diffractive W/Z production probes the quark content of the Pomeron

Á to Leading Order
the W/Z are produced 
by a quark in the Pomeron

Á production by gluons is 
suppressed by a factor 

of S

and can be distinguished by 
an associated jet



Diffractive W Production 
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Identify diffractive events 

using Roman Pots:
accurate event -by-event ȍmeasurement

no gap acceptance correction needed

can still calculate ȍcal

In W production, the difference between 

ȍcal and ȍRP is related to missing E T and  

ȆȌ

allows to determine:

neutrino and W kinematics

xbj

e
towers

s

Ecal T

e
s

EcalRP T

reconstructed 

diffractive W mass

Phys. Rev. D 82, 112004, 2010



New Precise W Mass Measurement

February 27, 2012Christina Mesropian Trento Workshop27

New CDF measurement

significantly exceeds

precision of all previous

measurements of m W

combined!



Diffractive W Production
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Fraction of diffractive W

RW (0.03< <0.10, |t|<1)= [0.97 ±0.05(stat) ±0.10(syst)]%
consistent with Run I result, extrapolated to all 

Á
cal < RP requirement 
removes most events with 
multiple pbar-p interactions

Á 50 < MW < 120 GeV/c2

requirementon the
reconstructedW mass
cleansup possible
mis-reconstructedevents


