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Proton-(anti)Proton Collisions

Elastic Scattering
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The Inelastic Non-Diffractive Cross-Section
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The Inelastic Non-Diffractive Cross-Section
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The Inelastic Non-Diffractive Cross-Section

Proton

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

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

Proton

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

2. < =2 GeV/c)

Multip'€-parton
eractions (MPI)
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The Inelastic Non-Diffractive Cross-Section

Occasionally one
of the parton-
parton collisions

Proton 7_’"‘_ %,-" - Proton is hard
= */ ""\ (p; > =2 GeV/c)
Majority of
“min-bias” “Semi-hard”
events! parton-parton collision
< =2 GeV/c)

Multipi€-parton
eractions (MPI)
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Proton-(anti)Proton Collisions

Elastic Scattering Single Diffraction Double Diffraction

“Inelastic Non-Diffractive
Component”

Orotal = O T OspTOpp+Onp
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Proton-(anti)Proton Collisions
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Proton-(anti)Proton Collisions
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Comparison of recent TOTEM results
on the total cross section with
several theoretical models
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Soft Processes

It’s complicated:

=data often ahead of phenomenology

="non-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

Double
Diffraction

Hard Trigger Events

Inelastic,
Non-Diffractive

[ ‘
\m m \ Multiple Parton
- Interactions {MP1) , N
Low Beam ' ‘ ; Hi
- - - Remnants (BR) ) i Y 'gh .
Multiplicity . - > Multiplicity

Coonrigh 8 128<7 Art org ceso Euceone Arerhaus ges and progucton. Jennrer Waoker Al rahTe reserves *
slide from talk by Peter Scands at “MB & UE Workshop” at CERN, March 2010
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Motivation

Why Study soft QCD:

Dominant strong interaction processes fundamental to our basic understanding
of the Standard Model.

“Big” questions:
confinement
hadronic mass generation
non-perturbative degrees of freedom
strong coupling and super-Gravity...

Practical aspects:
UE modeling at LHC
Pile-up modeling at LHC
Cosmic ray showers modeling
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The Collider Detector at Fermilab
(CDF)

Time of Flight

entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon

O Top performance (>85% data taking efficiency)
O ~10 fb! good for analysis data
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Tevatron energy scan

Study s-dependence of high cross- sectlons physucs
...mostly non-pQCD 3 e
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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 e,l,V Total #
events

1.89 M 12.1 M 9.2 M 8.3K 23.2 M
900 8.0M 543 M 21.8 M 550 K 16 K 84.7 M
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Definitions: MB and UE

Minimum Bias (MB) —is the name Underlying Event (UE) — is defined on
of trigger event by event basis

data sample is defined by trigger

implementation everything else except 2->2 hard scatter

dn/dy
— pedestal height
/ underlying [event
Yy E
MB is background to high luminosity UE is background to high p;observables
pile-up events (jets etc...)
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The Underlying Event

PRD 65, 092002 (2002)
PRD 70, 072002 (2004 ) Jet#lor
PRD 82, 034001 (2010) Z Boson Direction

. . . . Leading p; particle
A¢ relative to the leading calorimeter jet

ammLIT=~
(or the Z-boson, or leading p; particle)
" |Ad| < 60°as

-

" 60°< |Ad| < 120° as

" |AQ| >120° as Away

*"TransMAX (MIN) - “Transverse” region with
largest (smallest) number of charged particles

IS Data corrected to the particle level:
Beam Beam Remnants (BBR) el 0.5 Gt 5 )<
. . Jets with |n|<2
Final State Radiation (FSR) Drell-Yan : Il = ee, uu
Initial State Radiation (ISR) pr>20 GeV/c; [n|<1
. . ) _ 2
Multi-Parton Interactions (MPI) 70 Gty <10 et
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The Underlying Event

Jet #1 or
Z Boson Direction

is Max p; particle

Beam Beam Remnants (BBR) : MO A
Final State Radiation (FSR)
Initial State Radiation (ISR)
Multi-Parton Interactions (MPI)

Different regions sensitive
to different contributions:

Data corrected to the particle level:
Tracks p;>0.5 GeV/s; |n|<1
Jets with |n|<2

TransMIN — BBR+MPI

TransMAX — BBR+MPI+ Drell-Yan : Il = ee, uu

ISR+FSR p>20 GeV/c; |n|<1
70 GeV/c’<M ;<110 GeV/c?
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UE in Drell-Yan and incl. jet events

Phys. Rev. D82, 034001 (2010)

Charged Particle Density: dN/dndé
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Event topologies:
* Leading Jet
* Drell-Yan

at high leading jet p; —
“toward”-side and “away”-side
jets

away side jet

no FSR!
exclude leptons
“towards”="Trans”
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http://prd.aps.org/abstract/PRD/v82/i3/e034001

MB studies: MPI contributions

Phys. Rev. D82, 034001 (2010)

Average PT versus Nchg
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35

<p;> vs charged particle multiplicity -

a measure of the amount of hard
vs soft processes contributing to
minimume-bias collisions;

variable sensitive to simulation
of multi parton interactions (MPI)

if only hard-scatter would
contribute

flat dependence if only soft
beam remnants would
contribute
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MB studies: MPI contributions *

Average PT versus Nchg
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<p;> vs charged particle multiplicity -

a measure of the amount of hard
vs soft processes contributing to
minimume-bias collisions;

variable sensitive to simulation
of multi parton interactions (MPI)

very similar behavior

1.2 4

CDF Run 2

data corrected
1 generator level theory

Drell-Yan PT > 0.5

eV PT(pair) < 10 GeVic

Min-Bias PT > 0.4 GeVlc

Charged Particles (|n]<1.0)
|

20 30 40

Number of Charged Particles
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Energy Dependence of UE

use “Tevatron energy scan” data at 300 GeV, 900 GeV, 1960 GeV

studying charged particles (p;>0.5 GeV, |n|<0.8(1.0)) produced in association
with the leading charged particle P

Tmax

"Transverse” Charged Particle Density: dNIdndq:I

&=
0

CDF Preliminary

%‘h Corrected Data 1.96 TeV {
Tune 71 Generator Level
a %
TO06 - qpFEE & T ;F ------ P, S
=y
s}
5 1 i 900 GeV
=ﬂ.1
E 0.3+ ffguiplie g B o= ]
E PYTHIA Tune Z1
3 Charged Particles (|n|<1.0, PT>0.5 GeVic)
0.0 I i i I I I
0 5 10 15 20 25 30 35

PTmax (GeV/c)
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Energy Dependence of MB

use “Tevatron energy scan” data at 300 GeV, 900 GeV, 1960 GeV

studying pseudo-rapidity distribution, dN/dn, for charged particles (p;>0.5 GeV, |n|<0.8(1.0))

0.8 dN
Noy = [ Ny o
—0g Y7l Pseudo-Rapidity Distribution: dNa’dnl
3 e ——
CDF Preliminary
Corrected Data 1.96 TeV
EEE S S S S R R Ay
E 900 GeV
=
B F 0§ 0§ §F & ¥ ¥ @
1 300 GeV
Z 1
At least 1 charged particle
Charged Particles (|n|<0.8, PT>0.5 GeVic)
ul |

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0
Pseudo-Rapidity
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Energy Dependence of MB

use “Tevatron energy scan” data at 300 GeV, 900 GeV, 1960 GeV

studying pseudo-rapidity distribution, dN/dn, for charged particles (p;>0.5 GeV, |n|<0.8(1.0))
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Pseudo-Rapidity Distribution: dN/dn(n=0)

TCDF Preliminary

Corrected Data

At least 1 charged particle
Charged Particles (|n|<0.8, PT>0.5 GeVic)

-0.6

1.0 10.0
Center-of-Mass Energy (GeV)

-0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0
Pseudo-Rapidity
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Energy Dependence of MB

use “Tevatron energy scan” data at 300 GeV, 900 GeV, 1960 GeV

studying pseudo-rapidity distribution, dN/dn, for charged particles (p;>0.5 GeV, |n|<0.8(1.0))

Pseudo-Rapidity Distribution: dN/dn(n=0)

1RDF Preliminary
I Corrected Data

e
(3]

Average Number
ha
(=]

Average Number

1.5

CDF blue dots
CMS red squares

-Atlsast1 charged particle — — —
Charged Pantizles (|n|<0.8, PT>0.5 GeV/c)

—
(=]
I

-1.0 -0.8 -0.6

11/27/2012

1.0
Center-of-Mass Energy (GeV)

-0.4 -0.2 0.0 0.2 0.4 0.6 0.6 1.0

Pseudo-Rapidity comparison of

CDF and CMS points 33
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Comparing MB and UE different /s

"Transverse" Charged Density

"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd¢
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MB —overall charged particle density,
dN/dn
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Comparing MB and UE different /s

"Transverse” Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
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Comparing MB and UE different /s

"Transverse" Charged Density

"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd¢
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Definitions: Diffraction

e 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

\arge rapidity gap

Non- Diffractive

(ND) p

| Higgs,
Sl.ngle . dijets,
Diffraction (SD) Y Ae
Double P

Diffraction (DD)

Double Pomeron (I)

Exchange (DPE)

11/27/2012 Christina Mesroplan SLAC Seminar
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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)
pQCD 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 UAS8)

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=y | o= -In tan(9/2)

t - four-momentum
transfer squared

E - fractional momentum loss _ Pe—
of pbar P
M, - mass of diffractive system X E.
§=|V|X2/S Nrap-gap ‘dN/dﬂ
=-In& |
An=In(s/M,? il i
n=In(s/M;) —
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Definitions: Diffraction

|dentified by presence of:
intact or

| CDF I |

DIPOLEs X\ % -

QUADs L QUADs DIPOLEs
| [0 =0—0 .lr

| H—m= =m—0—L

—
§Tm to COF

[ trackina sysTEm | JecaL [Jecac [lmecaL [ Jere [ Jesc [lres

Tracking —  Tracking Detectors Inl<2.0

CCAL, PCAL — Calorimeters In|<3.6
- RPS  —Roman Pot Spectrometers
BSC —Beam Shower Counters 5.4<n|<7.4

MPCAL - MiniPlug Calorimeters 3.5<|n|<5.1
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Forward Detectors at CDFII:

Roman Pot Spectrometers (RPS)

CDF

CIPOLE MAGNETS ™\

|

RP-1 Trigger Counter

¢3 stations

ROMAN PGTS
57 meters from IP — hee 1
inti i - 1 1 4
Roman Pot Arrangement x=0.97 Scmhllat_or fiber xy-tracker WO R BN G counts
~56m distance from imeraction point 270 11 p|tCh, 2 m lever arm
x=1 E RP-2 Trigger Counter |
= [Acceptance: 0<|t| <2, 0.03<{ < 0.1] & "
10
FIBER TRA CKER 1
[ 1 A
Reconstructed track . Teve Track 000 500 2000 2500 GDDDAD(S;SI::ﬂounignn
A bunch of fibers “‘
D:\gj 1] I I 2 -
1111 ! _ = -
CTT] | L B RP-3 Trigger Counter [
rrn 1 e 10
t rl e r CO u n te rS x: measured hit position L3N 159607, Event 94478 ' POT-X Fiberi 1
0

500 1000 1500 2000 2500 3000 3500 4000

0266mm. (<1 POT-1 POT-2 POT-3 ADC counts
©240 channels T =
— — — =

[ ] ° _— q
position resolution £80um O & e e == I MIPs ( >1000 counts)
typical resolutions =| ==

ing 06=10.001; int dt=10.07GeV?
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MINIPLUG

HOLYHYd3s
AUV 1E0H 13313

DIPOLES ESS ‘ QuUADS

A-48

BSC4 BSC-3 BSC-2

ROMAN
POTS
!

Forward Detectors at CDFII
Beam Shower Counters (BSCs)

BSCs are located along beam pipe
used for triggering events with

forward rapidity gaps

o

BSC-2,3,4t}

(@]
i
o
N
~
N~
N
S~
—
—



Forward Detectors at CDFII:
MiniPlug Calorimeters (MPs)

Nucl. Instrum. Meth. A518 (2004) 42.
Nucl. Instrum. Meth. A496 (2003) 333.

I
I
|
36 circular lead plates i
laminated with aluminum :
(1/4" thick) |

i

|

1

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

ALUMINUM

mzZn

STAINLESS STEEL
LIQUID SCINTILLATOR

=)

—a

designed to measure the energy and lateral position
of both electromagnetic and hadronic showers

B o “towerless” geometry — no dead regions
i2 Christina Mesropian, SLAC Seminar 43
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Challenges and Methods

Methodologies were developed to get around the challenges:

Results are mostly MC free

¢ variable can be determined in two ways
¥  Determine & using Roman Pots tracking

¥  Also can determine & from E;in calorimeters

gcal ET —1
important to have MiniPlugs e oOWers f

Main challenge: multiple interactions spoiling diffractive signatures
use £ < 0.1 to reject overlap events = non-diffractive contributions
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Flat part at ¢ < 0.1 Peak at &= 1

do 1 . do S -overlap events from
dé ¢ d(log &) multiple interactions
s CDF Run Il F, ry .
o 10 S L : MP calorimeters allow to separate
W - . . . .
2% ol o RP+.J5 diffractive and non-diffractive parts
10 [E|
« FE ﬁ
g sL T F——Rp+Js
.E 10 3 E AR E—-—Js (E™ > 5 GeV)
5 o] svE o
S F N o
5 = % 10 L *f'
oL R
= 10" ]
arl 10° 10° 10
10 '
107 10
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http://rock23.rockefeller.edu/~michgall/fd/xi_1.05M_14_noMP.gif

N t1-W Ml } J X 47 » 4
- WIlIN R and cailorimetler o
CDF Run Il Preliminary
o 1.2 - AP 173 WE T 12 & a0 . —
b= _ Tl T k'l 1 natt 03z 13
Ola s E Frals DTSR
s L Canstwem HETE L 2704
Ao e T TR ST p S 10 = Mary O04ENT + 0007
0.0 07 4+ O DO0eA T
i)
0.8] ,': SO s T —— . 8 \
1
0.6 - 6
| 4 . L
- 0o ool ooa oon 0ol o1 ond EIIIJEHI
.$-|I:AI:|
0.2 2 4 COF Run il Preliminary
- E[ind AR
= 3 Bpal Mesb LT
0 - T r— e A 0 e £|pb B0054D - 0 AR
0 0.02 ) 3 ) pbar | pi 05584 4 A0
BLET]
006!
.05
0,04
l.m;
pile-up events "
lJl]1:
B 241 ROE 243 b4 345 DOF OO7 BEA DO Of
gfirs
]

calibration of ¢ from calorimeter with & from RPS
11/27/2012 Christina Mesropian, SLAC Seminar 46



Hard Single Diffraction

Diffractive signature:
d large rapidity gap
J 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
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Hard Single Diffraction

Diffractive signature:
large rapidity gap —

slightly different | for LHC analyse®
. ey ode o
gap def'mt'onfnemod ysedasa™
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)
» ~ uniform suppression
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Diffractive Structure Function .

Diffractive dijet cross section

o(pp— pX)=F; ® FjjD ® o(ab — |))
Study the diffractive

. Fo=F>(x,Q%t,
structure function I I (X Q%3 a | |
oz | H1 fit-2 -+~ CDF data
. . T e HE i3 EF1257 GeV
Experimentally determine ) 0F Grseevt)  ouse<noss
diffractive structure function F; S tl<roceV
stlo R (%6)= = g *Q 25) | ~N
Data known PDF -
0.1F . Ht 2006 DPOF Fit 8
[ - momentum fraction L ...\ . =
of parton in pomeron 01 g 1
11/27/2012 Christina Mesropian, SLAC Seminar
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Ratio [(SDAZ)/ND]

\'s= 1.96 TeV
PRD 86, 032009 (2012)

O
Q
T
)
c

=

=

O
=
T
Py
c
S

Y
o

T IIIIIIl_ _! TTTTIT

—8— £ (0.02t00.10) x 1)
—— £(0.05 t0 0.10) (x 10)

: i : : : ¥ £10.02t00.05) (x0.1)
i i : : : : i |—#— CDFRunl

$Q'x 100 GeV’
BQ’s 400 GeV?
. . _ : _ _ - [+Q%s 1,600 GeV’
......... e L QM 31000 GeY? |
: | | | | | - [+Q's 6,000 Gev?
Qs 10,000 GeV’

......................................................................................

-

Y
o

Ratio (SD/ AZ)/ND
=]

107 e LT X Wy

4 . 259{ m ert t : : v 10 0 03< E—‘O 09 ................ .............. ............. ; .........
10 e.norm, uncertain ‘_V .............. .............. .............. .............. ............. e B <ET>2 <ET}- EJE“ Errz}fz i
X

L\
: overall syst uncertalnty +20% (norm),iﬁ% (slope)

E""> = 14 GeV |

I| ,, E,IEIII 10 :|:| i|||||| E|:| |||é

2 -1
10 10 107 .
Xgj Bj

10

-
o

[
G

Y
o

same behavior for different £ values same behavior for different Q?
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http://arxiv.org/pdf/1206.3955

— Wiy

> —=— MD oo — ND T

w HO nprm. o 50 = :IEl Lan ﬁ
o et E[>7 GEV e 15

a0 - ; i_
1 - 3 i
-u-r-: -.l -ii .-'IIi
‘ TR
0w ﬁ"H& 200 [.:.... Air‘.‘. N P N -
£y~ 7145792 (Gev - i =g
SD and ND dijets have similar E; distributions SD dijets are shifted'in +'n

o 0000 o L I

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

E auuu?r = ND i : =MD h
?uuué D“er.ms 1:':'::_Fl't:r'chrn o A0 ]
en00 oo
sona | — - 3
-1-:qu il . ﬂi"‘: LN
auuu% = T — q:\-'\-: .l
2uuu§ = el rhrh:

'uuui e !E . * -
R aﬁ""#ﬁ‘“ﬁ"'w % 05 1 T
HFE muktiplicity A =H5H1 _qf"il {radianz)
The multiplicity distributions in MP SD dijets are more back to back
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£ distribution

PRD 86, 032009 (2012)

CDF Run Il K antiproton |t| distribution
—statlstlcal uncertalntles only —&— RPS Inclusive = no diffractive dips
Al —=— RPS+Jet5 (Q°~225GeV?) 2
10" ............... ............... ................ ............... RPS+Je(20 (QP~900GoV?) " no Q dependence
- : : : : —=— RPS+Jet50 (Q*~4,500GeV?) in slope from

inclusive to Q%2~ 104 GeV?

do/dt [arbitrary units]

103 .............................................................................................
CDF Run I

g 10 3
10° g gk « b1 D.DE{E_IHF@{D.GBﬁ =
S T e e S S <01 (Gevicy
- S 7E 3
-0.05< gEF'5<o 08 T T -3 E
10 Q= E: 2. B jetl E;etz [ e HE o == = = & E
:|||||<|||>|||<|E1|->||{|E|T| Tllll)llllll|||||||||||||._|_\L_J|| . E EE_ * + * _E
0 01 02 03 04 05 06 07 08 09 1 g,f E
It (Gevie) £ F E
= 3f 3
: . . 2 2f 3
Fit to double exponential function: g . oL
bl t b2 t @ oF ! | wl ol o T

do/dtoc 0.9e t+0.1e P Ry
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http://arxiv.org/pdf/1206.3955

t distributions for SD

PRD 86, 032009 (2012)

e 10° : :
ﬁ —— RPS inclusive
0] _'r.‘ 0.05< E',%“":U.UE [ 1 systematics (£30%)
YN —— RPS - Jet20 (Q*~900 GeV?)
DY H 8 SN S | Moo DL model
- — 1;‘.
Q fr "
o B -
[ e
E B r "# -'_‘__‘_
¥ -0

%1'}2 § T?ﬂ‘_ q“‘ +++ +— -+- [

u 1 . +T+ _._+ —$
=] - ;
E B 1'*1'*1' T_ ., ) _+__+_ —l—_l_ s
H 10 + -+_ -4‘-_+- o . | |
f= = 'TI ' Jfl T
Q = W ——
QO * ‘i’ —L —— =1

a—l

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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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

Y

ol

Y
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Diffractive W Production

Identify diffractive events Phys. Rev. D 82, 112004, 2010
using Roman Pots: Entres 0
accurate event-by-event § measurement “530F W— e/ v N :;"fmf o=
no gap acceptance correction needed E [ e b _0m
can still calculate &2l 525';" L=06 fb” Mean s09t07
| E . "ﬁ Eﬂl:— Sigma 1211+ 0.6
Ca — =

— —e g

$M =% : |

towers F

In W production, the difference between 10}
&cal and &RP is related to missing E; and

Iy

5

é:RP _éjcal :E_Te_m t%: 20 40 60 80 100 120 140 _160
Vs M, (GeV/ic®)

allows to determine:
neutrino and W kinematics

ij

reconstructed
diffractive W mass
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avents

Diffractive W Production

W— e/uy

| -8~ BP track L=0.6 fb"
10°F o RP track, £FF-E™ DGE' 2 =

r —a— BP track, [ O

[ 5D<M,<120 o

B =]
10°1 o GO
"
I (!
- ¥ # m
10 * éﬁ

III||||||

i i & i & j | ] lIIJ
25 2 -15 4 -05 0 05 .1

log, o(&

o

Ecal < 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, £'<0.1)

Fraction of diffractive Z
R,(0.03< £ <0.10, |t]|<1)=
[0.851£0.20(stat) £0.08(syst)]%

Z— es/up
“S.lﬁi_ L=0.6 b —— 5D (RP track,
* F E<0.1)
o1 — ND (norm to SO

10°} —+ RP track, £<0.1

T0 80 90 100

110 320
M, (GeVic')
Z—:-eefm._t
& BP track L=0.6fb"

— ND (norm -1<log&<-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 )=[1.154£0.55] % =» 0.97+0.47 % in 0.03< £ <0.10 & |t|<1
R%Z(0.03<x<0.10, |t|<1)=[0.85 + 0.20(stat) £ 0.11(syst)]%
CDF/D@ Comparison —Run | (£ < 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 Ag3P=0.81 gap acceptance Ag8P=(0.21+4)%
Uncorrected for AgaP Uncorrected for As3P
R"=(0.9310.44)% RW=[0.89+0.19-0.17 |%

R?=[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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Exclusive Production

=» 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.
_ predictions

CDF p } Dijets,

YY,
P Xc
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et et
Ih =

_ ’FI' 3 * —_ . # [FE daia |=fal onfy)
" Y { P inotdetected Z'° Backgrcurd
| . WRF .
TII_:' 0 n—* TIFI Iu-:l I-...L‘_,'*.,—
Reconstruct Bjj=ij/ M,, where 1o | PomwIG+ Backaroung ‘ |
M;; mass of dijet system, M, — mass of system X 7 POMWG: COF !
POMWIG | H1-fit2
P POMWIG | FEUS-LPE —r .
10 -
0 0.2 0.4 0.6 0.8 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/hadroniz_ation effects,
NLO gg—ggg,qgg contributions
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Data corrected to hadron level

L
uuuuuu

stat. ti[ stat. @ syst. uncertainty

2 - F =150+12% « DPE data (stat. only)
o 600F ™ (gtatonly) | POMWIG: CDF®H1
|.|>J o [] ExHuME
500 Best Fit to Data
B 3.6 < ng,,l < 5.9 -
400:_ ..... Elet? >T‘]|0 GeV E B
C + Eff<5Gev ~
300 : - 403
C — 10 :F +’*u._”
200 (v 0] -
: s [ Lo, e
100 - o,
é | A2l e,
% "0z o024 06 08 1 [C 3 + ,,,,,,,,,,,,
=M /M, ~ . I, N
i} i E R !
>
%= 10
. . > g
Calculation by KMR is C W2 <25
consistent within its factor 1 3.6 <n,, <5.9
of 3 uncertainty. 0.03 <E;<0.08
Eur. Phys J C14, 525 (2000). 10"k '1'0' — '1:5- —
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do;#¢ vs Dijet Mass

102 B ExHUME (hadron level)
g s ol
- Default
. ! - e Derived from CDF
derived from . 0 10¢ Run Il 6 (E™)
CDF excl. dljet o % - [ ] systematic uncertainty
. G 1&
X-sections Lc'—' =
using ExXHUME s== 1071
C o I 2 < 2.5
E®] B n '
102 36 <my,, <59
F 0.03<&;<0.08
10-3_|...|...|...|...|...|...|...|
20 40 60 80 100 120 140 160

M, (GeV/cd)
e Stat. and syst. errors are propagated from measured cross
section uncertainties using M distribution shapes of ExXHUME
generated data.
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Exclusive Dimuon Production

p+tpoptpututp 3 GeV/c* <M, <4 GeV/c?

Many Physics Processes in this = ° -

Jly
data: r ;
P ? *P P Pyt IPS Ty >t

L Y
¥ + Jhp p % > P
y },L_ W Ty
_ _ _ _ .Zc ;
p »D P 2 I i -

< ;
/< IP+IP s g, %(@

exclusive . in DPE
* Observation of exclusive . PRL 102 242001 (2009)
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Exclusive dimuon production

=i =

2.08 GeV

p+p—p+pu+p
3 GeV/c2<MW<4 GeV/c?

Cmuon + track>+ forward rapidity gaps in BSCs
) oppositely charged muon tracks with p;>1.4 GeV/c, |n|<0.6

88XC| ~0093 => L=148 fb-l but Leff~140pb_1
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~XClusive ]/ r and //’/3/

J/w production
243 £21 events
dofdyl,-o = 3.92 #0.62 nb

PRL 242001 (2009)

CDF Run Il Preliminary

Theoretical Predictions §7°:_ / )Wy

2.8 nb [Szczurek07,], = %0 Fit -

: 8 .

2.7 nb [Klein&Nystrand04], 2 %0F 2 Gaussians + QED continuum

3.0 nb [Conclaves&Machado05], and 2 403_

3.4 nb [Motkya&Watt08]. 305_
P(2s) production “r | w(2s)

“oF QED continuumy, &/

3447 events : / .ﬂ
dofdyly-o = 0.54 £0.15 nb o T S T
R =y(2s)/)/y = 0.14 + 0.05 M) (GeVie

In agreement with HERA:

R=0.166 £ 0.012 in a similar kinematic region
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- |
CXCI

usive y.—J/y(—p*p)+y

'\

PRL 242001 (2009) > Allowing EM towers (E;>80MeV)

~
(=]

S
0 . .
Seol- [/, 286 3352 = +66 events large increase in the J/y peak
gsn} T minor change in the y(2s) peak
§ Allow extra EM tower

303—

¥(2s) 39240 = +1 event )
(25) Evidence for

-
(=]
N L L

Y .—J/y+y production

N
(=]
|
. —

o
T

P

. e I | W B, R . Pt
3 31 32 33 34 35 36 37 38 39 24
M(p*w) (GeV/e’)

do/dyl,., =75 t 14 nb,

compatible with theoretical predictions
160 nb (Yuan 01)

90 nb (KMRO1)
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Exclusive yy Production

]
Phys.Rev.Lett. 99,242002 (2007) more data!
p &3 candidates observed, limit set adjusted triggers
E % ! Requirements : no other particles
b — .
in the detectors upto |n| <7.4
U Study noise level by looking at “zero-bias” events:
; - “no interaction” class of events
“interaction” class of events
x10° x10°
é 0.18 - Zero-bias data _§ 0.3 = Zero-bias data
© 016 |- interaction sample @ F interaction sample
T 014FE [ non interaction sample T 0.25 f_ [ non interaction sample
E 02| ' £ B
< 01fF z 02p
E 0.08 f E 0.15 -
g 006k £ oif
g 0.04f g F
é 0.02 ;_ é 0.05 E— .
L 0 — L oL P e i P et g . T P B
15 5 4 55 2 15 -1 05 0 05 1 15 2
Log10( Max BSC1W ADC Counts ) Central EM Cal Log10( Max EM E, GeV )
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Exclusive yy Production

ln|<1,Er>2.5GeV

Use control sample to understand  “ete—excl = 2.88+0.59(stat) = 0.62(sys) pb
_ olpFr=286eY -~ 325+0.07pb
— 2FeoT 4T VIV 2 .
p+p —=p+e’e +pviay+y (QED) 11 <HET>5.00eY 0.60 = 0.28(stat) = 0.14(sys) pb
ol1lsEr=506eY - — 058 40.003pb

Kinematic distributions of photon pair

5 CDF Run Il Preliminary CDF Run Il Preliminary CDF Run Il Preliminary
Q 3 R - ~ F
3 20f PIP — vy > 18} PP — vy §?g; PP vy
518 Z7 « Data O 16F « Data 8 - « Data
I = SuperCHIC MC o~ - SuperCHIC MC ~16F SuperCHIC MC
) 16 ? (Normalized to data) o 14| (Normalized to data) o 14F (Normalized to data)
*5145/__ 5 12[ 2 1o
>12 7] o, 212f
o // 2101 g 10}
8 % § 8 _ L1 w8 ’
6 / W 6f / 6F
2 -+ 2 2F .
| | 0 L L L 0 | | |
0O 0.1 0.2 0.3 04 0.5 0.6 0.7 0 05 115 2 25 3 35 4 0 5 10 15 20 25
It - A9| (rad) p,. of central system (GeV/c) Invariant mass (GeV/c?)
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PRL 108, 081801 (2012)

Observed 43 events >> 5 ¢

o, =2.48+0.42(stat)x0.41(sys) pb

excl

Good agreement with
the theoretical predictions

— El [
a 1]
B 00— p+yy=D)
B4t 3
= nivl = 1.0
A
3 e |2 o E=250eV
| — - .
2 |= .5 = 1960 GeV
= |

I
Foa—|
R H




Conclusions

* We have very extensive program of soft QCD and
diffractive studies at the Tevatron -

new forward detectors R&D, new methodologies
developed, many pioneering measurements
performed.

* Working on datasets collected at

Vs=300 and 900 GeV — some results in the process
to be published, more in the pipeline

*not shown here — studies of DPS, exclusive studies in
Gap — X — Gap at different /s



Conclusions

So what is in the future for soft and diffractive
studies at the LHC and beyond?

e already have new types of data — wide variety of
variables for non-diffractive studies,

* more activity in developing MC tools,

v reliable MC simulations are essential
v’ new types of measurements
v' new methods for identification of diffractive events
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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)  pijets  PRL 79, 2636 (1997) 1.8 TeV PRL 80, 1156 (1998)
Di-photons b-quark PRL 84, 232 (2000) 630 GeV PRL 81, 5278 (1998)

1.96 TeV PRL 99, 242002 (2007) Y PRL 87, 241802 (2001)
1.96 TeV PRL 108,081801 (2012) Roman Pot Tag
Charmonium Dijets:

1.96 TeV PRL 102, 242001 (2009) 1 95 Tev PRD 86, 032009 (2012)

1.8 TeV  PRL 84, 5043 (2000)
630 GeV PRL 88, 151802 (2002)
W/Z:

1.96 TeV PRD 82,112004 (2010)
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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

(do/ b)),

Elastic Scattering

_ ebt

Events / GeV* = day

da/dt [mb / GeV?]

~1-b(pbh)?

Exp.

t-range [GeV~]

Coulomb — nuclear interference pp at 14 TeV

NG

546 GeV  CDF

1.8TeV CDF
E710
E&11

1.96 TeV DO

0.025 = 0.08
0.04 = 0.29

0.034 = 0.65
0.001 = 0.14

0.002 = 0.035

0.9+ 1.35

B = 15.28 &£ 0.58

B =16.98 £0.25

B=16.3+0.3

B =16.99 £ 0.25

p = 0.140 4+ 0.069
using (B)cpr E710
p=0.132 + 0.056

SN YAy PAVEYA

? a
3 Ui
(BSW model) [
3 Pomeron exchange — e Bt L]
- L L
'E | diffractive structure AR
r ol
o e
. pQCD
e '\\\
(1) . \
Bl= 1580 m (3)
oy - f#==18m S I i
E N S| D)
E | B 3 £ L
~t [GeV7]

Fig. fromTOTEM publications
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UE in Drell-Yan and incl. jet events

Event topologies: Drell-Yan:

less gluon radiation,
easier to reconstruct

* Leading Jet
e Drell-Yan

"Transverse" Charged Particle Density: dN/dndé

1.2
CDF Bun 2
data comected

"Leading Jet”
generator level theary | |

=
o

The Drell-Yan FProcess

i, T s 5 89 8 53 8 F

=
=

— Pythia tune A
— Pythia tune AW h rs

7

"Direll-Yan"

=
L

"Transverse” Charged Density

Lepton
Charged Particles {|n]|=1.0, PT=0.5 GeVic) Falr
0.0 ; i i ; i f f f f
] 20 40 60 a0 100 120 140 160 180 200
PTliet#1) or PT(lenton-pair) (GeVic) hs DRO11SS T |
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Dynamic alignment of the RPS

i i : fixed £
Method: iteratively adjust the RPS X and Y offsets (| = =05
from the nominal beam axis until a maximum in 2k i 1t=0

the b-slope is obtained at t=0.

Z pbar
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Background evaluation

schematic view of

fiber tracker
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[ tracker’s upper edge: |t]|=2.3 (GeV/c)?
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1 the lower edge is at |t|= 6.5 (GeV/c)? (not shown)

1 background level: region of Y
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http://arxiv.org/pdf/1206.3955

Proton-(anti)Proton Collisions

Elastic Scattering

t - four-momentum
transfer squared

usually t<<1 GeV 2
for fixed s :

do _ dal
dt t= 0
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B, slope parameter
“measures” size of
interaction region
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