Diffractive and electromagnetic processes
at high energies
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Proton-(anti)Proton Collisions

Elastic Scattering
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Proton-(anti)Proton Collisions

Elastic Scattering Single Diffraction
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Proton-(anti)Proton Collisions

Elastic Scattering Single Diffraction Double Diffraction : i:
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Proton-(anti)Proton Collisions

Elastic Scattering Single Diffraction Double Diffraction

“Inelastic Non-Diffractive
Component”
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The Inelastic Non-Diffractive Cross-Section

Proton é ; Proton
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“Semi-hard”

The Inelastic Non-Diffractive Cross-Section
Pa rton-pa rton

Proton ;é%; Proton
collision

(p; < =2 GeV/c)

Proton é Proton l Proton §2 i% Proton



The Inelastic Non-Diffractive Cross-Section

Proton - {*_’?—/‘?&\ Proton

———— —= e — AD =
.'

“Semi-hard”
parton-parton
collision
(p; < =2 GeV/c)
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The Inelastic Non-Diffractive Cross-Section

Proton Proton
“Semi-hard”
parton-parton collision
(p; < =2 GeV/c)
Prot Prot + Prot Prot

Multiple-parton
interactions (MPI)
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The Inelastic Non-Diffractive Cross-Section

Proton Proton
Majority of
“min-bias” “Semi-hard”
events! parton-parton collision

. < =2 GeV/c)

Multip!é-parton
eractions (MPI)
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The Inelastic Non-Diffractive Cross-Section

Occasionally one
of the parton-
parton collisions

L == Proton_ s hard
,'s\:’yv— o
* — (p; > =2 GeV/c)
Majority of
“min-bias” “Semi-hard”
events! parton-parton collision
< =2 GeV/c)

Multip!é-parton
+ (X X ] = H
ractions (MPI)
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Proton-(anti)Proton Collisions

Elastic Scattering Single Diffraction Double Diffraction

“Inelastic Non-Diffractive
Component”

Orotal = OpL T Osp+OppTOnp

® Non-Diffractive _;
m Single Diffractive ' '

Double Diffractive

M Elastic Scattering
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Proton-(anti)Proton Collisions
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on the total cross section with
several theoretical models
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Soft Processes

§ ‘-‘.'

\_o\

It’s complicated: % n

sdata often ahead of phenomenology

snon-perturbative contributions important
even for hard-scattering studies

visualization of “minimum bias” event
in pp /s=7 TeV collisions
in PYTHIA8 with MCViz
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Dissecting Minimum-Bias

Clouble ——

Diffraction

Inelastic,
Non-Diffractive

HMultple Parton

"8 Interactions {MP)

.-
Low EEEFI'II s \ 4 i Hﬁh
Multiplicity F!.emarjuu "E'F'""...r : . . Multiplicity

o At ond desgt Eugene Arenhaus  Ides and production: Jenneer Widker Al rights reserved &
slide from talk by Peter Scands at “MB & UE Workshop” at CERN, March 2010
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Definitions: Diffraction

 Diffractive reactions at hadron colliders are defined as reactions
in which no quantum numbers are exchanged between colliding

particles |dentified by presence of:

intact leading particle or

large rapidity gap \

Non- Diffractive — - _
(ND) D p p p
Single
Diffraction (SD)

p p p yyl XC
Double
Diffraction (DD)

n n
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Diffractive Processes

Hadronic processes can be characterized by an energy scale:

soft processes - energy scale of the order of the hadron size (~ 1 fm)
pPQCD is inadequate to describe these processes

hard processes — “hard” energy scale (> 1 GeV? )

can use pQCD,
“factorization theorems” - can separate perturbative part

from non-perturbative
Diffractive processes mostly belong to “soft processes” , however
discovery of hard diffraction - jet production in ppbar collisions
with a leading proton in the final state (1988 UAS)

Hard diffractive processes allow to study diffraction in the pQCD framework.

At the Tevatron we study both soft and hard diffractive processes.
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Diffraction: definitions

y -rapidity

N - pseudorapidity
y=1/2 In ((E+p,)/E-p,))
n=sy | o= -In tan(39/2)

t - four-momentum
transfer squared

E - fractional momentum loss p;
of pbar P
M, - mass of diffractive system X E,
izsz/S Nrap-gap ‘dN/dn
:-In& \
An=In(s/M.? An ,
n=In(s/M,’) |
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Tevatron energy scan

Study s-dependence of high cross- sectlons phy5|cs

.__ 'l_u'] T LB R | T T
...mostly non-pQCD o -
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1.Study of MinBias events: ok

2.Study of Underlying Events | E

Tevatron Run Il 7 —

3.Gap-X Gap events " — \ a _'
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10! wl T 1&: T 10!
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September 2-6, 2013 Christina Mesropian 24



Tevatron energy scan - data

September 8 — 16, 2011
*3x3 bunches
*Special trigger
1 interaction per crossing (no pile-up)

Total data taking time :
10 h at 300 GeV and 39 h at 900 GeV

Gap-X-Gap CHTRY Total #
events

1.89 M 12.1 M 9.2 M 8.3 K 23.2 M
900 8.0M 543 M 21.8 M 550 K 16 K 84.7 M
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CDF and D@ Detectors

General purpose detectors

B,

|‘I‘| =0 rI ="
Muon Santllators i
| er——
PALNN Charmbers
i
| I‘ / ¥ i \ 1'-";3'
. I I : e n=3

|

[

Forward Calorimeter (E)

[
|
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|

Luminosity Monitor

Time of Flight
entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon

O Top performance (>85% data taking efficiency)

d ~10 fb! per experiment
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CDF Il Detectors

CDF II
- s I |D| |[|.r"‘—“—~ %.Dmﬂt [ ! L
B | = 'LI-,'-*—H_H—_P. = ;-UI [y P
s §7m to COF

[ |tracking sysTeEM | JccaL [ Jrca. [mecaL [ Jee []esc [lres

Tracking —  Tracking Detectors In| < 2.0
CCAL, PCAL — Calorimeters (15°(in @)x0.1(inm)) [n|<3.6

Il RPS —Roman Pot Spectrometers 0.02<£<0.1
0< |t]<2 GeV?

BSC —Beam Shower Counters 54<|n|<7.4

Il MPCAL - MiniPlug Calorimeters 3.5<n|<5.1
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Forward Detectors

““i!x!____. | CDF-s -‘ l___ _‘___‘,lﬁﬂﬁgn,_;;;:"f_ Roman
. ! _ _,fl ! -‘h I l‘t :‘ S [Eﬁpn?ftrcﬁﬂmﬂﬂ'}
Eéc ‘ CE"ltial Eeam Shower

MP Plug CLC MiniPlug €Counters
3.5<|n|<5.1 5.5<|n|<7.5
(1°) (0.1°)

Forward Detectors are crucial for diffractive studies
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Forward Detectors

,, i ' -__l___ ‘__Lﬂ[ﬂgn;tf"f Roman
. ' __ l -‘\- I “E :" [EEn?ftr?mED}

ESC Ceqt,m Eeam Shower

MP Plug CLC MiniPlug Counters
3.5<|n|<5.1 3.9<|n|<7.5
(1°) (0.1°)

Forward Detectors are crucial for diffractive studies
use Roman Pots for antiproton tagging
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Forward Detectors

pots

{56 m from B0)

s
. / —
--\-\--_"‘--.\_‘:w_.-"'f--

Beam Shower

MP Plug CLC MiniPlug Counters

3.5<|n|<5.1 3.9<|n|<7.5
(1°) (0.1°)

Forward Detectors are crucial for diffractive studies

use Miniplugs and BSCs for rapidity gaps
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Forward Detectors at CDFII:
Roman Pot Spectrometers (RPS)

DIPOLE MAGNETS —— CDF
. £ ||__RP-1Trigger Counter |
¢3 stations i
ROMAN POTS
e57 meters from IP o .
Roman Pot Arrangement x=0.97 Scintillat_or fiber xy-tracker oo [0 G w0 B0 oo
s ~S6m disance fromineracion poit 2701 pitch, 2 m lever arm

|

RP-2 Trigser Counter

— N x=1 [Acceptance: 0<|t| <2, 0.03<§ < 0.1]

FIBER TRACKER 1

000 2500 3000 500 4000
— True Track ADC counts

r Reconstructed track

RP-3 Trigger Counter I

B
i
2

)]  Potl)

» : measured hit position Lw w ‘ Il II. I. I.I ad ll . I

o 500 1000 1500 2000 2500 3000 3500 4000

3 trigger counters
L 240 C h anne I S » Y“% ':“" " B :’T-i POT-2 POT-3 o

position resolution £80um O G S igecus =: MIPs ( >1000 counts)
typical resolutions =| == ‘
ing 06=+0.001; int 8t=10.07GeV?
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BSCs are scintillator counters located along
beam pipe used for triggering events with

forward rapidity gaps
&

BSC-2,




Forward Detectors at CDFII:

|
|
|
36 circular lead plates i
laminated with aluminum :
(174" thick) |

i

I

1

FLATES: 25 " dia, 1/4"thick (3/16 " Pb + 2x0.5 mm Al + epoxy)

ALUMINUM

7R

STAINLESS STEEL
LIQUID SCINTILLATOR

'|
i

-
L—

designed to measure the energy and lateral position
of both electromagnetic and hadronic showers
“towerless” geometry — no dead regions
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MiniPlug Calorimeters:
Assembly

Still can design and build important detectors by rather small group!
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Methods

Results are mostly MC free

¢ variable can be determined two ways
¥  Determine & using Roman Pots tracking
¥  Also can determine & from E; in calorimeters

cal Er a7
important to have MiniPlugs 7 é - Ztowers Js

Main challenge: multiple interactions spoiling diffractive signatures
use £ < 0.1 to reject overlap events = non-diffractive contributions

September 2-6, 2013 Christina Mesropian 35



Flat part at £ < 0.1 Peak at &= 1

do 1 do -
OISR e overlgp events fr_om
d& & d(log¢&) multiple interactions
¢ CDF Run Il F, P calort '
fq: §+J5 (E?wer>5 L - Ca c_)rlmeters d OYV to sgparate
1 o LleRP +J5 diffractive and non-diffractive parts

——RP +1J5
10° {——J5 (E7™"" > 5 GeV)

=y
o
w

Events (J5 norm to 0.2« E
S =
T |||||||!
Events (J5 norm to 0 2<E,; <3)
+ '
e
.i ‘i
iﬁ:

-
| IIIIIII| | IIIIIII|

1 X 10
5
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Elastic Scattering

The particles after scattering are the same
as the incident particles
¢&=Ap/p=0 for elastic events; t = -(p,-p;)?

The cross section can be written as:

do /dt _ebt 21—b(p6’)2
(o /dt), s =
NE 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 £ 0.069
E811  0.002 + 0.035  using (B)cpr,ET10
p = 0.132 £ 0.056
1.96 TeV DO 0.9 =+ 1.35 -

September 2-6, 2013
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dai/dt [mb / GeV?)

Events / GeV* =

-
iy o

-Coulomb — nuclear interference pp at 14 TeV | sl
(BSW model) |

' F| Pomeron exchange ~ e Bl L0 L
2 Il
_ ::_l__diffractive structure ol
1. ol
] \\\ pQCD ~ {7
.
Y
Eo| (1) \,
EBl=1540 m (3) AN
= fr=18m — |
' : ] —— Y

—t[GeV?]
Fig. fromTOTEM publications
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Elastic Scattering
at Vs=1.96

Forward Proton Spectrometer Phys. Rev. D 86, 012009 (2012)
Scattered antiprotons Scattered protons
—_— : —_—
: Quadrupole
' Magnets
P u :
' | Separator
Quadrupole IP D B
Magnets - H -
i i i :
- ' ! T I g
+Z
M1 m 23m 0m 23m 31 m

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

Use Tevatron lattice and scintillating fiber hits to reconstruct
¢ and |t]| of scattered protons (anti-protons)

The acceptance for |t|>|tmin| where t . is a function of pot position:
for standard operating conditions |t]| > 0.8 GeV?
September 2-6, 2013 Christina Mesropian 39



w Elastic Scattering

at Vs=1.96

Phys. Rev. D 86, 012009 (2012)
In 2005 D@ proposed a store with special optics to maximize
the |t| acceptance of the FPD

dIn February 2006, the accelerator was run with
the injection tune, f* =1.6m ( instead of nominal 0.35 m)

Only 1 proton and 1 anti-proton bunch were injected

Separators OFF (no worries about parasitic collisions with only one bunch)
integrated Luminosity (30 £4 nb-1) was determined

by comparing the number of jets from Run IIA measurements with

the number in the Large B*store

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

September 2-6, 2013 Christina Mesropian 40



Elastic Scattering
at Vs=1.96

Phys. Rev. D 86, 012009 (2012)

Elastic events have tracks in diagonally opposite spectrometers

_ AU AU LM
Anti-proton ) [I

Anti-proton

H
|

Proton [I

4 Proton

PID P2D

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
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Elastic Scattering
at Vs=1.96

=~;“ 10k - 06 31 nb- Phys. Rev. D 86, 012009 (2012)
® £ ’ : i
S . . DO data Comparison with UA4
— .
- ¥ 3
-g 1 g '{ ~— BSW &;10 DG Run I L=30 nb"
- T \ — Islam et al. S 102
= e 8
..'g 107 = v £ 1o —— D@ (1.96 TeV)
C Y, -
T - N o UA4 (0.546 TeV)
102 \\YYY!T s 1 ""-f;.izg%_
- \ Py !;{?
- Ty 10"
107 | 14.4% error in the Tuminosity T - ! i T
- is not included | | | 10° I Iy f T
02 04 06 08 1 1.2 10°
ItI(Gevz) 7% T U U S AU SVEN S URI RS SR R TPR A
4 —blE] 10 02 04 06 08 1 12 14
Fit Ae yields slope b It| (GeV?)

b= 16.86 £ 0.10 (stat) £ 0.20 (syst) GeV—2  Slope steeper and slope

Syst. error dominated by trigger eff. correction change earlier for higher Vs
Second biggest uncertainty- alignment =+0.3GeV? (Shrinkage)
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Hard Single Diffraction

Diffractive signature:
d large rapidity gap
d intact pbar detected in RPS

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

Method: measure ratio of diffractive to non-diffractive production

September 2-6, 2013 Christina Mesropian 43



Diffractive Structure Function .

Diffractive dijet cross section
o(pp —» pX) = F; @ F,’ ® 6(ab — jj)

Study the diffractive
structure function

D D 2
Fi =F5 (X Q%18

Experimentally determine
diffractive structure function Fj?

~ R (xQ%8)

Data known PDF
Will factorization hold at the Tevatron?
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Diffractive Structure Function
Diffractive dijets

Rspmp(X)

PRL 84, 5043 (2000) \'s= 1.8TeV
1
() = 0.04 0.05 0.06 0.07 0.08 0.09
[ 45 = 001 B2 > 7 Gev
-1 2
o't |t]<1.0 GeV
. ok stat errors only
i ~4 L - —_ 4
-.,-—%HM Xx=05x%x¢ .
| 3 ARE Tty =
2- X 2 — mm_h*‘:ﬂ_ \*"kk . i ) )
107 e, e T Diffractive signature:
L o _1-_
: ot o : .
[ X2 Ty e intact pbar detected in RPS
- T_'I'_"—ﬂ‘_'E:"_\l_; .’f _+_
x 1 — e -"F‘tt; I
I e
. K—\_}ﬁf"—* +—T—
10 ¢ T
: i, l

o ]
Lyl Y A AT AN
3 2 1
10 10 10
X (antiproton)

no & dependence
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Diffractive Structure Function
Diffractive dijets

Rspmp(X)

PRL 84, 5043 (2000) \'s= 1.8TeV
1 A
() = 0.04 0.05 0.06 0.07 0.08 0.09
[ 45 = 001 E°12 > 7 Gev
oL It]<1.0 GeV?
F x2°— AFFM stat errors only
5= ey x=0.5x E—lmin
I S S PRL 88, 151802 (2002)
[ 2 EH‘*‘:EH._%M ng- ——rr AR
2 m TR o= [ +630GeV E%en 2.7GeV |
: 2—4 t,.x [ 0035<§<0095_
i ’ “F%:L* . o |t|<02GeV
w1 — i
i 1 F .
. &Qq“‘i:ﬁx:o\h N . o
10 F + [
e ++ | stat. errors only
L Lo | = 1 Ll |_I_|
10 10 0 -1 |
q q X (antlproton) F 630 and 1800 results are ]
no ¢ dependence | consistent within systematlcs$

10'1 1
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Diffractive Structure Function
Diffractive dijets

Qo =
A L + CDF data Vs=1.8Tev
T e HE i3 EF1257 GeV

100;’ (Q°=75GeV?)  0.035<E<0.095

[t]<1.0GeV?
10 3 nmnm%h““"‘“fnn—.n LT
Diffractive signature:
Ik intact pbar detected in RPS
01 _ — H1 2006 DPDF Fit A - momentum fraction
F — H12006DPDFFNB Xy of parton in pomeron
0.1 1
p

Factorization breakdown between HERA and Tevatron

September 2-6, 2013 Christina Mesropian
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Hard Single Diffraction — example

diffractive b production

PRL 84, 232-237 (2000)

9.5< p;® <20 GeV/c
In|<1.1

pp—o p/p+b(>e+ X))+ X

Diffractive signature:
large rapidity gap

40 |- MCgenerated & distribution

w
o
T ] ]

—%
o

NUMBER OF EVENTS
N
o

events satisfying gap conditions

CI II|III|III|III|

0 0.02 0.04 0.06
OF POMERON

0.08

0.1

R - =[0.62%0.19(stat) + 0.16(syst) 6

September 2-6, 2013
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(e ] —
8¢] - M

D (MEASURED / PREDICTED)
o
)}

0.2

0.4 Fi\..

II|IIII
0 01 O

2 03 04 05 06 07 08 09 1
GLUON FRACTION IN POMERON
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Hard Single Diffraction —
example — diffractive J/\p(—)p*p)

PRL 87, 241802 (2001)

p_I_IJ- >2 GeV/C '\/ s= 1.8TeV

In|<1.0 Diffractive signature:

3.05< M, <3.15 GeV/c? large rapidity gap
O4n 2 ] Prompt J/l|! ]
510 EC1B hadrons 1 (b) ~ —
> B Bkgd { BothJ/y and b quark productions = ® JiyData A
= 4 are mainly sensitive to the gluon % I n i * DijetData |
< 1 content of Pomeron e L in=0-004

2
10

02 0 0 01 02 b () 5040, 14(stat) £0.06(syst) | +

pseudo-ct (cm) a TR U E

RJ ly — [145i025]% N 0 10

X-Bjorken
September 2-6, 2013 Christina Mesropian 49



Hard Single Diffraction

Diffractive signature:
large rapidity gap —
slightly different

gap deflnltlon\f‘r‘eﬂ“od use

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

All fractions ~ 1%
(differences due to kinematics)
» ~ uniform suppression
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The Diffractive Structure Function .
diffractive dijets

\ s= 1.96 TeV

PRD 86, 032009 (2012)

CDF Run |l

-
=

@ £(0.02t00.10) (x 1)
C|—— E(0.05 t0 0.10) (x 10)
| £(0.02 t0 0.05) (x 0.1)
i |-—=— CDFRunl

—
ILRRALL T
.
=
>

Ratic [(SD/AZ)/ND]

Diffractive signature:
intact pbar detected in RPS

A
- : : : : : : LA

10° - +258% norm, uncertainty. . . e ) ) S S
E : : : : : : v
F <Ef>=14Gev .

10 3 ) A H
10 10 x5; 1" Good agreement with Run |

—
o
|

“
“
»

same behavior for different £ values
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The Diffractive Structure Function .
diffractive dijets

\ s= 1.96 TeV

PRD 86, 032009 (2012)

CDF Run i

=9
(=]

[0 100Gev?
L Qs 400 GeV?
| : : | | | 4+ Qx 1,600 GeV
I - o — — — SR k- Qs 3,000 GeV? |
= : : : : : : +Q’x 6,000 GeV’
L Q> 10,000 GeV

—

Diffractive signature:
intact pbar detected in RPS

: ; : : s :
5_"040?""‘@?!’;“0'-09”5 ______________ ______________ _________ . ;\
E QP o<Ept, <E=(EReER2
B 0vérall sfat. undeﬂainfy: + 20;% (noﬁm), + 6% (slobe} %
10° R T D A e
X

10° I;o“
B Q2varies from 100-10,000 GeV?

-
(=]
-

Ratio (SD/ AZ)/ND

Fa

-
o

same behavior for different Q2
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o et E|=7 GEV “'“': 15

oo [ i £
10 E # 3 ;!
-u-r-: -.l -ii .-IIi
1 ano [ r . -
B e 1
O Erd_*h o0 D-I-””-Ii“”-‘l””l”” 'tk —
= i2 |GeV . b
) SoEEem ) B A
SD and ND dijets have similar E; distributions SD dijets are shifted in + 1

o T0000E o L I

C ool 5D 512:.::_1-5[:'

o auuufH =MND i : eI L
TI:II:II:I; Dni}rm.tus 1:':'::_Fl't:r'chrn o A0 ]
an0o Boof
000 _— - ﬁ%-
4uuu§ il . ﬂi"‘: LN
auuu% = a T — q:\-'\-: .l
zuuué i il rhrh:

'uqu e E = o = -
L — :%:jﬁl”u % 05 1 T
“PE miultiplicity Aj = h-"' - ¢F‘|1| {radianz)
The multiplicity distributions in MP SD dijets are more back to back
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t distribution

PRD 86, 032009 (2012)

CDF Run I ) antiproton |t| distribution
—statlstlcal uncertalntles only —=— RPSinclusive u no diffractive dlpS
I —=— RPS+Jet5 (Q°~225GeV?) 2
10° _______________ _______________ ________________ o RPS+ 6120 (GP~500GeV) = noQ dependence
[ e | | : —*— RPS+Jet50 (Q°~4,500GeV?) in slope from

inclusive to Q% ~ 10* GeV?

do/dt [arbitrary units]

103 .............................................................................................
CDF Run Il
5 10F
102 g gk + b1 0.05 « ERPS ¢ 0.08
S e B e e e 3 H_ o It]< 0.1 (GeVic
B TE
-0.05< §5P5<0 08 : | 5 | ; 5 3
10 Lq ';“<E">2 ..... < E'1;>'(E!:'t1+E‘m2)!2 ................ ............... ............... = —F— . ; *
:I L 11 | 1 11| | 1111 | 1 11| | 1111 | 1 11 | 1 | | 1111 | 1 I._I_‘L_J 1 1 3 *

01 02 03 04 05 06

It| (GeVic)’

Fit to double exponential function:
do/dt oc 0.9 ebt + 0.1 eb?*t

o
=
®
-3
1 E
07 08 03 1 g
2
=
e
1]
=1
2
(=1
o
1}
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Background evaluation

Taking advantage of asymmetrical position of RPS

schematic view of ":?1”4
fiber tracker ©
e
5
) 2D mm _‘ = 10
n
1| 2.5 mm =
[ S
7.5 mm l pp LU e
=" *®
125 mm T
] Y 1L 10
X < ‘[ 2 mm
5

stracker’s upper edge: |t]|=2.3 (GeV/c)?

=the lower edge is at |t|= 6.5 (GeV/c)? (hot shown)
=background level: region of Y,,.,>Y, data for |t|>2.3 (GeV/c)?
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t distributions for SD

PRD 86, 032009 (2012)

«_10°
> E —e— RPS inclusive
O 0.05< E',%“":U.UE [ 1 systematics (+30%)])
L%, —— RPS - Jet20 (Q*~900 GeV?) Fitted with electromagnetic
O o Wy edereereeneron L m— DL model form factor squared F,(t)?
g F ”{f 2
o S 4-m;‘; — 2.8t 1
_ﬂ :'T “i-" Fl (t) - 2 .
£ " LY | dmz —t (1—-1¢/0.71)
sz S T*‘F*'.r y ﬁ;‘-. ++-;++ 44 from
— ¥ "
S T M T 1
-IG — * T_ . . i g o= Nporm - F1(t)? - exp {2&-" : lng : t}
[1h) .1':' + -+_ -‘l‘-_* : *a | I - :
= = P % S N where o/ ~ 0.25 (GeV/c)™? is
S m * T -ir_ e e the slope of the the IP- trajectory

==
o

0.5 1 15 2 25 3 35 4
-t GeV?

Search for diffraction minimum around t of 2.5 GeV??
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Example:
Diffractive W/Z Production

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

= to Leading Order = production by gluons is
the W/Z are produced suppressed by a factor
by a quark in the Pomeron
of Ol

and can be distinguished by
an associated jet

ol
el
ol
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Diffractive W Production

Identify diffractive events Phys. Rev. D 82, 112004, 2010

using Roman Pots: oan mzr
accurate event-by-event { measurement “G30F W—e/uv ot mmeere
no gap acceptance correction needed E F oM™ pob o
can still calculate &l E:I,EE:F L=0.6 fb” Mean ms 07
- L Sigma 1211+ 069

cal Z Er -7 £ 20f

= —e [

5 Js % 5

towers 151

In W production, the difference between 1o
&eal and ERP is related to missing E; and '

5_
1, - :
RP cal T AT -
— =—e 100 120 140 180
5 f Js LI M,, (GeVic?)
allows to determine:
W reconstructed

neutrino and W kinematics

Xbi

J diffractive W mass
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Diffractive W Production

W— eluy
n T
= -8 HPF track L=0.68 1b”
2“13 -+ AP track, £ o o 9
¢ r —a— BP track, O 0O
[ 5D<M,<120 o~
el 2]
10°1
e
(&
4 :
3 *1' 4

September 2-6, 2013

~05 .1
log, 5(& I}

Eeal< ERP requirement

removes most events with
multiple pbar-p interactions

50 < M, < 120 GeV/c?
requirement on the
reconstructed W mass
cleans up possible
mis-reconstructed events

Fraction of diffractive W

Ry, (0.03<£<0.10, |t|<1)=[0.97 +0.05(stat) £0.10(syst)]%
consistent with Run | result, extrapolated to all £
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Phys. Rev. D 82, 112004, 2010
37 diffractive candidates

(RP track, £2<0.1)

e
estimate 11 oyerlapND=SE
based on ND &< distributia

Fraction of diffractive Z
R,(0.03< £ <0.10, |t]|<1)=
[0.8510.20(stat) £0.08(syst)]%

September 2-6, 2013 Christina Mesropian

Z— el
“5163_ L=0.6 b —— S0 (RP track,
= - <0.1)
(TR & Sl J
514:— — ND (norm to SDJ
‘%; 12;—
g 10
(TR §
81
6|
30 70 80 90 100 110 20
MZ{GeWcl:u
Z— ma/u
[ -5~ RP track L=0.6b™

10°} o PP track, £'<0.1

- — MND (norm -1<logf<-0.4)




W/Z Results

RW (0.03 < £ <0.10, |t|<1)=[0.97 + 0.05(stat) + 0.11(syst)]%

Run I: RW (£<0.1 )=[1.1540.55] % = 0.97+0.47 % in 0.03 < £ < 0.10 & |t|<1
RZ(0.03 < x < 0.10, | t|<1)= [0.85 + 0.20(stat) + 0.11(syst)]%
CDF/D@ Comparison—Run I (£ < 0.1)

CDF PRL 78, 2698 (1997) D@ Phys Lett B 574, 169 (2003)
RW=[1.15%£0.51(stat)+0.20(syst)]% RW=[5.1+£0.51(stat)+0.20(syst)]%
gap acceptance As3P=0.81 gap acceptance A8P=(0.21+4)%
Uncorrected for Ag@P Uncorrected for AgaP
RW=(0.93+0.44)% RW=[0.89+0.19-0.17 1%

RZ=[1.44+0.61-0.52 |%

This analysis is a good example of agreement between RPS and
large rapidity gap identification methods
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Double Diffraction

Diffractive signature:
large central rapidity gap —
slightly different

gap definitions

Uém" llllll by Tw wxs

7
PRL 72, 2332, 1994 (DO)
PRL 74, 855, 1995 (CDF)

PRL 80, 1156, 1998 (CDF)
September 2-6, 2013

Bjorken’s estimate of
gap “survival” probability
(S)~0.1

PRD 47, 101, 1993

fixed gap

20
fofs 4 10 s
1=
fack, ~ 3 Nutber of TOWE
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NUMBER OF E
5 8 & & 8

=

ASYMMETRY
= = = = =
- =] - ¥ M i

=]
¥

R=[1.13+0.12(stat) +0.11(syst)]% @ 1800 GeV
R=[2.710.7(stat) £0.6(syst)]% @ 630 GeV

(a)

11
a 5 10 15

NUMBER OF TRACKS

September 2-6, 2013

(b)

E Ty e Latet i,

SRR PYT R

1} 10 20 kL

NUMBER OF TOWERS

Christina Mesropian

PRL 80, 1156, 1998

floating jets

fixed central gap

~ 6 : (c)

1 SR T .

06
04
02

Normaliz
[—]
by~
=
o
+

R is estimated using OS jets as signal

and SS jets as a control sample
=|ook for events with rapidity gap in |n|<1
when jets are at 1.8<|n|<3.5

mboth track and tower multiplicities
produce similar results
63



Rapidity Gaps in Minbias Events

PRL 87, 141802 (2001)

Soft Double-Diffraction (DD)

floating gap
V8=1800 GeV

P 4] :
% L
> ol « DATA
I v ¢ ‘_7’ ®10° — DD +non-DD MC
0 \\ - s ~ T — non-DD MC
An n 10
Strategy of analysis: | _.
look for “experimental gaps” defined as 10°F ", -
An = Nmax _”nmin o by
NmaNiin)- “Particle” closest to n=0 102k
in the p(p) direction § ‘=
dN o0 f
e "1"”2'”'3”"4""5'0"'3" 4
M e ) | 7PV~ 800630 GeV A > 3) = AT
“nMZ> M | 6.32 & 0.03(stat)£1.7(syst) mb
Ins [4.58 4+ 0.02(stat)4=1.5(syst) mb]
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Central Gaps in Soft and Hard DD

o 0
To compare gap probability in soft and hard DD dissociation:

reconstruct An in both cases

require events to have gap in CCAL ) )
In |<1.1 5An>2 — For this analysis

significant DD contribution we use “floating”

: L . — not-necessarily
require opposite side MP jets for hard DD,
with E >2 GeV central gap

Direct comparison of the results is relatively free of syst. uncertainties.
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CCAL and PCAL

Gaps:

= whatis under the “carpet”? - detector noise etc...
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Central Gaps in Soft and Hard DD.

Pub. Proceedings Diffraction 2008,
Sep 9-14,La Londe-les Maures, France

Gap Fraction in events with a CCAL gap fixed jets dN soft DD
@ | CDF Il Preliminary —e— MinBias
fg 1 = —%— MP_eMP_ Jets, E; > 2GeV T
ﬁ E R o= Ngap Ny —+— MP_eMP_ Jets, Ef"*> 4GeV |
Te10 3.5<| /"2 |<5.1
FE coALgap it e,
n:ﬂ :rg— B required +"'_..
®li02 - RS T
= _I_ H‘-'-"*T'-T- - T o _ .
| Ry T "L W g
3| T+
10 E ﬁ-ﬂ 1 Nmin|"m n
- ¥ ‘C—In M - -:—|I"| M e
- 4 = s 2
) ORI | DN 1 A R hard DD
0 1 2 3 4 5 6 7
Fraction of events with gaps: AN Nmax""imin

~10% in soft DD events and ~1% in jet events
The distributions are similar in shape within the uncertainties
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Double Pomeron Exchange

Diffractive signature:

recoil pbar /large rapidity gap AND
large rapidity gap on proton side
PRL 93, 141601 (201004) M5 (GeV?)

2 3 4 5 6

[9) ]
———

Number of Events per Alog&
S

-
o

=0.1

10¢ Inclusive DPE & and M,2distribution
M, <8 GeV/c?
= 4 1800 key L | Rope/sn= O.194if.001(stat)ir0.012(syst)
102 E

0:035€ ;€ 00951 T . .
It | < 1.0 GeV? | production of the second gap is
piiT L i 1

relatively un-suppressed

-
o

5 5 4 -3 2 -1
10 10 10 10 x 10 10 1
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Multi Gap events

Diffractive signature:
recoil pbar AND
large rapidity gap on proton side

= CDF: one-gap/no-gap
« CDF: two-gap/one-gap
- Regge prediction
— Renorm-gap prediction .

gap fraction An = 3.0

10 10 _
sub-energy Vs (GeV)

September 2-6, 2013

PRL 91, 011802 (2003)

P
p

HER

1

would be interesting to study at LHC

- N
n

Tmi Tmax

=i MF—:-

—n 11’&1_. Im =

Ins

—n M.f—n

second gap production
is not suppressed
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Central Exclusive Production

See very nice review by Mike Albrow on Tuesday

=>» suppression at LO of the
background sub-processes
(J,=0 selection rule)

=>» “exclusive channel” -
clean signal

(no underlying event)
e At the Tevatron we use similar processes with larger

cross sections to test and calibrate theor.

CDE 5 Dijets predictions
P
P Xc
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Run | Runli

Method:
Select inclusive diffractive dijet

events produced by DPE
p+p — IP+ IP—-p+X(=>2 jets)+gap

CDF limit of "
oexcl<3'7 nb(95% Cl_) Reconstruct Rjj = Y Y where

X
M - dijet mass, M, - mass of system X
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10"

&  [DOFE data {=ai only)

Blackgrod nid

dN/N

10"

» POMWIG + Backgraund

10"

..... :.-:|l..l|.,l,. :,: _-E-
POMWNEG | H1-Tie2
FOMWNIG | FEUS-LPE

1] 0.2 0.4 0.6

08 1
R, =M, /M,

Observe over inclusive DPE dijet
MC’s at high dijet mass fraction
Signal at R;=1 is smeared due to

shower/hadronizati

on effects,

NLO gg—ggg,qgg contributions

Christina Mesropian
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@ data

Events

annn bkgd
B signal

= fit

=» Shape of excess described by exclusive

DPE data (stat. only)

- F, ., =15.0+1.2%
600 (stat.only) | """ POMWIG: CDF&H1

- [ ] ExHuME
500 Best Fit to Data

- 3.6 < ng,,l < 5.9
400:_ EF? > 10 GeV

B jet3
300] | + Et<5GeV
200
100

0: L | L wEe .
0 0.2 04 0.6 0.8 1
R =M /M,
)| )|

(ExXHUME) shows good agreement
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Heavy Flavor Suppression.

=>» LO exclusive gg —qq suppressed (J, =0 rule)
=>» Look for heavy flavor jet suppression relative to
inclusive dijets at high Rjj

E 1 5[‘_ DPE data (Displaced Track) E " Faconr = 1+ Farmner/ Furmalk <04 |
e L -systematit: uncertainty E ﬂ.ﬂ_— O Fowene = 1-[MC,,,/Data, ]
-~ | - . .
E i é 0. E_—- Fypeeue SYStematic uncertainty £
T b C MC,, = POMWIG + Background
w1 L. - (CDFEH1)
= 0.4 -normalized to Data,, at R <0.4
£ [ 0.2
T |
- 0.5 EF>10Gev 0
i el < 1.5
PN SN TR (NN TN TN TN SN SN TN TR N SN S S NN T N _u_ 1 1 ] L
0 0.2 0.4 0.6 0.8 1 0.5
Rﬂ-ijfo RH-MJ.]:"MI

Suppression of heavy flavor for R;> 0.4 is consistent in
shape and magnitude with the results based on MC based
extraction of exclusive dijet signal.
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Exclusive dijet cross sectio’y'
compared o 10°

with MC ExHUME E“
A2

Calculation by Khoze, MartfE
and

'U
Ryskin consistent HE.= 10
within its factor
of 3 uncertainty. 1
Eur. Phys J C14, 525(2000).
10”
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~yaxcl.

b

£

=3

Christina Mesropian

In| <1.Ex>2.5GeV

in

o

[

TETSS

MR

T

PRL 108, 081801 (2012)

Observed 43 events >>5c

248 £ 0.42(stat) £ 0.41(sys) pb

Good agreement with
the theoretical predictions

=
"t

o |

MSTWID

KMR

ol p+p—p+7 +P)
iyl = 1.0

== 1880 GeV
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CONCLUSIONS

We have very extensive program of diffractive studies at the
Tevatron — new forward detectors R&D, new methodologies
developed, many pioneering measurements performed.

So what is in the future?

v’ expect more results on central exclusive production!

v'more diffractive measurements from the Tevatron energy scan
data — soft DD production(?)

v'new types of measurements - MPI in Diffractive events?
v'new MC tools became available — can apply to existing data...
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Ref: Papers on diffraction at CDF

Soft Diffraction

Double Pomeron Exc. Single Diffraction Double Diffraction
PRL 93,141603 (2004) PRD 50, 5355 (1994) PRL 87, 141802 (2001)

Multi-Gap Diffraction
PRL 91, 011802 (2003)

Dijets: Rapidity Gap Tag Jet-Gap-Jet

1.8 TeV PRL 85, 4217 (2000) W PRL 78, 2698 (1997) 1.8 TeV PRL 74, 855 (1995)
1.96 TeV PRD 77, 052004 (2008) Dijets ~ PRL 79, 2636 (1997) 1.8 TeV PRL 80, 1156 (1998)
1.96 TeV PRD 86, 032009 (2012) b-quark PRL 84, 232 (2000) 630 GeV PRL 81, 5278 (1998)

Di-photons J¥  PRL 87, 241802 (2001)
1.96 TeV/ PRL 108, 081801 (2012)  poman Pot Tag

1.96 TeV PRL 99, 242002 (2007)

_ Dijets:
Charmonium 1.8 TeV  PRL 84, 5043 (2000)
1.96 TeV PRL 102, 242001 (2009) 530 Gey PRL 88, 151802 (2002)
W/Z:

1.96 TeV PRD 82,112004 (2010)
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¢ LB J e s But, do we have a
E e 4
1Bf 0.035 <£ <0095 pomeron exchange?
L% 1] <1.0 GeV?
12F ] reggeon contribution ~ &
e R pomeron contribution~ 1/ & —
: 1/¢ behavior :
0.8 -
325&'/ ------ """""""'580,%: SD dijets — pomeron only,
< ol e Dijet E;gg though & values are moderately large
o N ] ©
o 15 ¢ Inclusive 450 g
o3 | 340Z
LL, 1 ' _5301_., D e
BDosf ———— ; : . 3209 F i CB ¢ for #<0.5
2 i 100 Regge factorization holds | n=1.0+0.1

| NN T T T SN T A A RAE I| | | 1 OU

0t
003 004 0.05 0.06 007 008 DDQ 01 = m=0.9%£0.1

pomeron exchange

September 2-6, 2013 Christina Mesropian 79



Elastic Scattering at Vs=1.96 w

Comparison with CDF and E710

a 10°E — 1
% ot D@ Run Il Preliminary, L= 30 nb
9 107 —+ D@ (1.96 TeV)
E L —— E710 (1.8 TeV)
E F %ﬁf —+— CDF (1.8 TeV)
5 "
- %Dm?
1=_
10° = %i
102 ﬂ;‘!’i o } bt t
m*‘*;?
- L3 T T R T T N A T | ' R R i
10 0.2 0.4 0.6 0.8 1 1.2

[t|(GeV?)
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Dynamic alignment of the RPS

: : o —— fixed £
Method: iteratively adjust the RPS X and Y offsets from the o | gl
nominal beam axis until a maximum in el «—1=0
the b-slope is obtained at t=0. Sl

zZ *—re&%_ _______ - pbar
X
10° CDF Run Il Preliminary Sz
7 —— X e atnominal | £..- A
5 —a— X .. +0.2 CM T oo '\\ .a/
e —a— X . +0.4 CM S0 AN i
g 10’ e v , \.\Q_ ;.-'/
El h‘\.‘ I-.-'-.ql-l-".'lhl'---'- ey N ¥ R R R e x
P S S S S 1 s Y offset fom]
"_g g . oCDF Run Il Preliminary
2 E-B.Z_
10 i //,
4
0 01 02 03 04 05 06 07 08 09 _1 o
|t| [GEVZ] : 0.4 0.2 0.2 Xoﬁse‘ﬁcm]
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