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Introduction

A Diffractive reactions at hadron colliders are

defined as reactions in which no quantum
numbers are exchanged between colliding
particles

Diffractive:

Non-diffractive:

vacuum exchange color exchange

incident hadrons m

retain their
guantum numbers
remaining colorless

incident hadrons
acquire color and
break apart
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Diffractive Signatures

Diffractive events could be Identified by presence of:

C Intact leading particle

C large non exponentially suppressed rapidity gap
Non- Diffractive Single Double Double Pomeron
(ND) Diffraction (SD) Diffraction (DD) Exchange (DPE)

P g Higgs,
dijets,
P P P P YYs Xe
n n

- i,

N
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Diffraction: definitions

y -rapidity

n - pseudorapidity
y=1/2In ((E+p)/E-p,))
n=Y| m.=-Intan(9/2)

t - four-momentum
transfer squared

¢ - fractional momentum loss P8 3 Pp —

of pbar P ‘Q\% ;
M, - mass of diffractive system X R Mx
=M A s Nrapgap ‘d'\'/d“
An=In(s/M ) el

0 — M
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Tevatron pp Collider

b 6

was shut down on September 30, 2011

Tevatron
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CDF and D O detectors

General purpose detectors

Time of Flight

entral Outer Tracker
Silicon Vertex Detector

ermediate Sicon C Top performance (>85% data taking efficienc
C ~10 fb! per experiment
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CDF |l Detectors

CDF i
l-."'-3''-!:i-!:i-!:i-!:i-!:i-?"-"_.-I ",
N DIPOLEs il |D|nmm|D-ﬁ_.D|m|ﬂ| ﬂ:;“iglll:,_
P T 'D-L"—[Q-Dl [ 9 p
Vi §7m to COF

[ trackina sysTem [ JccaL [ Jeca. [lmecaL [ Jere [Jesc [lres

Tracking ¢ Tracking Detectors n|lk2.0

CCAL, PCAL. Calorimeters (1¥in ¢)x0.1(inn)) [|n| <3.6

B RPS ¢ Roman Pot Spectrometers 0.02 < 0.1
O0<|tl< 2 GeV¥

BSC ¢Beam Shower Counters 5.4<|n|<7.4

l MPCAL¢ MiniPlug Calorimeters 3.5 <|n| <5.1
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C The particles after scattering are the same
as the incident particles
v Tpfp=0 for elastic events; t £p-p;)?

C The cross section can be written as:

do/dt ebt ~1— b( p9)2
(do/ d)k_, =
V'8 Exp. t-range [GeV?] B[GeV 7], p
546 GeV  CDF  0.025 = 0.08 B = 15.28 &£ 0.58
1.8TeV CDF 0.04 = 0.29 B =16.98 £0.25
E710 0.034 = 0.65 B=16.3+0.3
0.001 + 0.14 B =16.99 £ 0.25
p = 0.140 4+ 0.069
E811  0.002 = 0.035  using (B)cpr,E710
p=0.132 + 0.056
1.96 TeV DO 0.9 = 1.35 —
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da/dt [mb / GeV?]

Events / GeV* = day

F - Coulomb — nuclear interference pp at 14 TeV | &
(BSW model) |
= Pomeron exchange ~ e “Bit - 10
: L L
_ _diffractive structure
Lt |
F . pQCD ~t
f .
; “ :| ) \.\\
FBl= 1540 m (3)
iy - f#=18 m I I
: : s ' —— Y]

< 1 G 10 o

—t [GeV7]

Fig.fromTOTEMbublications
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Elastic Scattering ats=1.96 Te

Forward Proton Spectrometer

Scattered antiprotons Scattered protons
“ : >
: Quadrupole
w, O LN o
= . : et al
= separator T Y= N separnar
H u Quadrupole ||P El EI
Magnets '
A2 A1 "9 ¥ 2"‘“ P P2
': 1 1 +I 1 1 L
Mm 23m om 23m M1m

C There are eighgjuadrupolespectrometers (Up, Down, In, Out) on the outgoing proton (
and antiproton (A) sides each comprised of two detectors (1, 2)

C Use Tevatron lattice and scintillating fiber hits to reconstruct
V. YR pip 2F &aOpraioiss NER LINRPGU2Yya oF yiaAa

C The acceptance for |t|>ftmin| where tmin is a function of pot position:
for standard operating conditions |t| > 0.8 Ge¥/
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w

C In 2005 D@ proposed a store with special optics to maximize
the |t| acceptance of the FPD

C In February 2006, the accelerator was run with
0KS Ay2a2SOuAz2y GdzyST i F IT'mMmdcY O AY

C Only 1 proton and 1 anproton bunch were injected

C Separators OFF (no worries about parasitic collisions with only one bunc
C Integrated Luminosity30+4 nb-1) was determined

by comparing the number of jets from Run IIA measurements with

0KS ydzYoSNJ AYy UKS [FNBS i fFadz2NB

C A total of 20 million events were recorded with a special FPD trigger list
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Elastic events have tracks in diagonally opposite spectrometers

_ AU AU LM
Anti-proton ) [I

Anti-proton

4 Proton

H
|

Proton [I

PID P2D

Momentum dispersion in horizontal plane results in

more halo (beam background) in the IN/OUT detectors,
S0 concentrate on vertical plane ABD and AEPU

to maximize [t| acceptance while minimizing background

AU-PD combination has the best |t| acceptance
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Elastic Scattering ats=1.96 Te\w

S ol D@ Run Il Preliminary, L= 30 nb’
Q =
@ L
=] — “
e F N~ 0 Cexp(-bit])
= . b=16.5+0.1+0.8 GeV™?
N 1
1o 1 14.3% error in the luminosity
= 11‘ is not included
107E 1 Pl i | T 1 I
L 1 4 . T L L L
107752 0.4 0.6 0.5 '

ucevd?

Systematic error dominated by trigger efficiency correction
Second biggest uncertainyalignment =+0.3 GeV
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Elastic Scattering ats=1.96 Te\%

Comparison with CDF and E71C

a 10°E
> 5 D@ Run Il Preliminary, L= 30 nb’
g w0 —— D@ (1.96 TeV)
E mf —=— E710 (1.8 TeV)
E C %@WF —+— CDF (1.8 TeV)
5
E ‘e
- %i
T o
1:r§ ?ﬁ}i
1022 TEQTTT[TT
1n“‘é—
,4:...|...|...|...|..|....
10 0.2 0.4 0.6 0.8 1 1.2
[t/(GeV?)
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Elastic Scattering ats=1.96 Te\/w

Comparison with UA4

3:
&;10 = D@ Run Il Preliminary, L=30 nb"’
Q -
O 10%F
o =
E L —— D@ (1.96 TeV)
§ E : _f:'-_.:.-;';.; = UA4 (0.546 TeV)
3 1= * e
: v,
Al ¥ 00,
107 P
E f T‘{j'
RERRRE
-3:_ 0 O 00 ¢ - RSP
10 S > 000, |
104_ AT AR R ST R R AR
0.2 0.4 0.6 0.8 1 1.2 1.4
t] (GeV?)
{f21JS a0SSLISNI YR aft21LIS OKFy3IS SI1
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Hard Single Diffraction .

Diffractive signature:

C large rapidity gap
C Intactpbardetected 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 nediffractive production
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Hard Single Diffraction .

Diffractive signhature:

large rapidity gag

slightly different | for LHC analyses

gap definitions
meth

Dijet 0.75+0.10
Fraction: | W 1.15+ 0.55
R SD/ND ratio b 0.62+ 0.25
@ 1800 GeV Iy 1.45v 0.25

All fractions ~ 1%
(differences due to kinematics)
U ~ uniform suppression
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Diffractive Structure Function

Diffractive dijet cross section

o(pp— PX) ~ F; ®Fp © eab— j)
Study the diffractive _ b ,
structurefunction Fy =F (%,Q%,t,9)

D% = H1 fit-2 -+ CDF data
: : T e HIfit3 4257 GeV
Experimentally determine 0L 2 75Gev®) 0085 <% <0095
diffractive structure function F,',D L tl<t0GeV
F(xQ,%)
sb( X, <) = = I
at LO R@( 5) - F, (x,Q?) ¥ ’
Data known PDF oL — H1 2006 DPDF Fit A
B-momentum fraction L. T22TME N
of parton inpomeron o1 g 1
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Ratio [(SDAZ)/ND]
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Method: iteratively adjust the RPS X and Y offsets | =S
from the nominal beam axis until a maximum in —t=0
the b -slope is obtained at t=0. il

10 CDF Run Il Preliminary . 52
2 —e— X .., @t nominal £, N
S —— X o t0.2 CM f-; "\ .a/
§ +xoﬁset 0.4 cm E;M \"\\ J"J
3 7S el it " e .J'",(
%- B -.-.-':-.'Iht—-'.-" -1-2""4,.6'"'4,.5""4,.4'"'4].3'"'42""4,.4“‘Y;;s:;.}'c;]
E ‘\.""':::--_._ - D_CDF Run Il Preliminary
~—. EF
102 E_-IJ.?_
£ 04 pai
/
T N4
0 01 02 03 04 05 06 07 08 09 _1 -
tIGeVT] e e
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do/dt [arbitrary units]

CDF Run Il Preliminary

:statisftical ufncertaiinties éonly —=— RPSinclusive

i : : 5 5 —=— RPS+Jet5 (Q°~225GeV?)
RPS+Jet20 (Q*~900GeV?)
—=— RPS+Jet50 (Q’~4,500GeV?)

0.05< g5P5<o 08

-Q .;..<E..>2 ..... < ET> {ET +Eje.12)!2 ................ ............... e -

jet1
:||||||||||||||||||||||||||||||||||||||||||_|_l|_J||'
0 01 02 03 04 05 06 07 08 09 1
It] (GeV/c)’

Fit to double exponential functiol
do/dt ««c 0.9 @1 t+ 0.1 &2t

22

'1-.1“— =
g gk - b1 00b<ERPE<0.08
3 af = b2 |t|< 0.1 (GeVic)? 3
=2 .F ]
v ’F E
& g =
il S RN 3
24
5 3f E
2 2F 3
L} C -
] e
0 ﬂ: Ll oo e o d
107 1 10 10 10° 10*
Q? (GeV)?
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antiproton |t| distribution

In slope from
inclusive to @~ 10 GeV

CDF Run Il Preliminary
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schematic view of =10'F 3
fiber tracker 5 [o 05< @'f"s 0.08 Y ack > Y o
% tg statlstlcal unceriamhes onIy ML track < Y 0
(7)) C Ay : :
| 2.5 mm ‘g - “.‘ ;
— > | Bv, i
I 7.5 mm L C M. :
p F" 102 - Sues _“-;gﬂ__._.'; ST —
=1 7T : ' SR
12.5 mm I : ‘“{‘# it
K+ ‘[ 2 mm E A : :
) IR SO PP £
0 05 1 1.5
t| (GeV/c
trackerds upper edge: | t| l( A

the lower edge is at |t|= 6.5 (GeV/c) 2 (not shown)
background level: region of Y, >Y, data for [t|>2.3 (GeV/c) 2
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Diffractive W/Z Production

Diffractive W/Z production probes the quark content of the Pomeron

A to Leading Order A production by gluons is
the W/Z are produced suppressed by a factor
by aquarkin the Pomeron of Olg

and can be distinguished by
an associated jet

ol

} 25 Christina Mesropian Trento Workshop February 27, 2012



Diffractive W Production

|dentify diffractive events PhysRev. D 82, 112004, 2010
using Roman Pots: Eniies =0
accurate event -by-event d measurement 30F W— efuv _::!"fmf o
no gap acceptance correction needed E [ e pob o8I
can still “alcul ate q2FL06M Mesn =;:07
- - Sigma 1211+ 068
cal ET —7] EEUI:—
Z s e |
towers 151
In W production, the difference between 10}
0@ a n dRP & related to missing E  and [
Es 3
RP cal _ E o i
f g‘t = s e b 36"% e "8 100 15?523?:‘}“

allows to determine;
neutrino and W kinematics

ij

reconstructed
diffractive W mass
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5 GeV

? 15000

events /0

10000

5000

CDF Il preliminary fL dt~2.2fb"

My, = (80379 = 16_,_)) MeV

?/dof = 58/ 48

m, (uv) (GeV)

New CDF measurement
significantly exceeds
precision of all previous
measurements of m,,
combined!

—— T | L L | L L L 1 n
%o 70 80 0 100

CDF | 80433 + 79

DO | 80483 + 84

DELPH| * 80336 + 67

] ———

L3 80270 + 55
—

OPAL 80416 + 53

=

ALEPH 80440 + 51
|—.—|

DO Il 80401 + 43
——

World Average (2009) 80399 + 23
-~

CDF Il (preliminary) 80387 + 19

1 1 1 1 | 1 1 | | 1 1 1 | I N A N A T A | | | I I |

80000 80100 80200 80300 80400 80500 80600

W boson mass (MeV/c 2)
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Diffractive W Production

A  ca< RPrequirement
removes most events with
multiple pbarp interactions

A 50 < M, < 120 GeVE
requirementonthe
reconstructedW mass
cleansup possible
mis-reconstructedevents

Fraction of diffractive W

R, (0.03<<0.10, |t|<1)=[0.9710.05(stat)+0.106ys)]%
consistent with Run | result, extrapolated to all
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