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t-channel exchange of color neutral particles (QED, QCD)
Sometimes protons emerge intact
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Introduction

Diffractive processes in pp collisions at the LHC
« t-channel exchange of color neutral particles (QED, QCD)
« Sometimes protons emerge intact
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* Provide a rich scientific program for LHC experiments

« Afew examples from Run2 data:
CMS (+TOTEM) ATLAS (+LHCf)

Eur. Phys. J. C 78 (2018) 697 ATLAS-CONE-2017-075

CMS-PAS-EX0O-18-014
CMS-SMP-19-006 PLB 777 (2018) 303-323

Eur. Phys. J. C 80 (2020) 718 PRL 125, 261801 (2020)
JHEP 07 (2018) 153 PLB 816 (2021) 136190

TOTEM LHCb

EurPhys..C 79 (2019) 10, 861
FurPhys.JC 79 (2019) 79,785 | [JHEP 06 (2018) 100

Eur.Phys.).C 79 (2019) 2, 103 JHEP 10 (2018) 167
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Introduction

Diffractive processes in pp collisions at the LHC

« t-channel exchange of color neutral particles (QED, QCD)
« Sometimes protons emerge intact
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* Provide a rich scientific program for LHC experiments
« Afew examples from Run2 data:

CMS (+TOTEM
TOTEM LHCb ( ) ATLAS (+LHCf)

Eur, Phys. J. C 78 (2018) 697 ] ] )
CMS-PAS-EXO-18-014 ATLAS-CONF-2017-075
CMS-SMP-19-006 PLB 777 (2018) 303-323
Eur. Phys. J. C 80 (2020) 718 PRL 125, 261801 (2020)

JHEP 07 (2018) 153 PLB 816 (2021) 136190

EurPhys..C 79 (2019) 10, 861
FurPhys.JC 79 (2019) 79,785 | [JHEP 06 (2018) 100

Eur.Phys.).C 79 (2019) 2, 103 JHEP 10 (2018) 167

« I'll focus on: Single-diffraction with central system
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ESD production cross section

Introduction .

Single diffraction with central system (jets, bosons, tops, ...)

* Production of hard process + a diffractive proton
* Hard SD events comprise a few % of the inclusive production
* Could play a role in precision measurement at the HL-LHC
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* Large fraction of SM
processes are accessible by
the LHC experiments

Diffractive top physics:
Goncalves et al 2007.04565
Howarth 2008.04249



Single diffraction in pp
Production cross-section of single diffractive events g—g
do
— = FIP/p(f» t) z f dxgd ?bfb/P(xb» Qz)fa/IP (?: Q2> Oab—x a

dédt . X
ab | ] Hard- "
! I scatter .
Pomeron flux dPDF, PDF Xsec P
Where:

sz/p(f, t) is the pomeron flux
¢ Is proton momentum loss, and t is the scale
Xq, Xp Proton momentum fraction caried by the struck partons (x;, = x;,

! J"f|

&
fasp, fp/1p Parton distribution function of proton (PDF) or pomeron (dPDF) respectively

Q“ — factorization scale of order of transverse energy of the hard scattering
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PI'OdUCthn cross-section Of sin
do

ddt

Diffractive terms:

Single diffraction in pp

——

Pomeron fl

le diffractive events

= Fir, GO | dxgd % fosp G @i (’%QZ)
J

b\

» Structure functions are fitted

using H1 datal

 Dominated by gluons

* No fits from Tevatron/LHC

« H1 assumption of flavor
universality (never tested)

1Eur. Phys. J. C48 (2006) 715 [hep-ex/0606004]
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— H1 2006 Fit A
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Single diffraction in pp

Production cross-section of single diffractive events g—g
da
; dxgd?bfb/P(xb' Qz)fa/IP (?bi Q2> é\-ab—>X [

! J"f|

s ] X
J Hard- '
I scatter Eg
dPDF, PDF Xsec P
Fluxes: 10°
Bjpt - Pomeron
* H1 parametrized fluxes: Ajp éTZCZIPI(P;)—l 10° ; —— Reggion
* Reggeon contributions are not o 0
constrained at LHC/Tevatron s
» Testing the fluxes at £>10% could R
give a first hint on the Reggion Lo
contributions at LHC (?)
10°*
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Single diffraction in PP

Pythla 8. 3 Ha dOCD aII o pp (14 TeV)
T T T I T T T |

Experimental challenges

* Obtaining a pure sample of SD events
* Tradeoff between lowPU (high purity) and high
integrated luminosity (high scales)

=0Ogsp/ Opnp)

10“:_ % ‘ =]

e fraction of SD (MPI=on) |

102 = =]
fraction of SD-(MP1=off)

fraction of SD events ( fSO

Experimental goals \
1. Constraining the fraction of SD events B e
2. Constraining the model parameters .

Process of study: 1 R
SD tops (tt and t) with tagged protons 57— ae aqay vy

e Sensitive to PDFs (gluons, heavy-flavor)

T
x—‘ -TIII{IIIIJIII\|\HI{IIIIIIHIIIIII'IHlJlIIllJlJT

H A 1.5;;+-++"'++
* High scale (V3) |
* Use proton kinematics to test model parameters 03 ST T
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SD with tagged protons

* Occasionally in diffractive events proton emerge
Intact from the pp collisions

measured by forward proton detectors (PPS/AFP)

Displacement of the protons from the beam determines the proton

Intact protons are deflected away from the beam and

intact proton e P,
—
P1
P
/
IP—pomeron A
u X
#
P2
Pythia8.2 SD di-jet ('3*71‘4.0.6.'9‘\/.). _ |1‘3'T?\‘/

A .
momentum loss ¢ = f and pr, can be measured by LHC detectors in the

range of { ~ 3 — 15% and p; up to a few GeV

One of the examples of proton tagging at LHC — PPS:

(PRECISION PROTON SPECTROMETER) cMS CT-PPS
~ . N /\
=o00 BUBER @Bc—c e JLTJM & o
e (== =
~200m
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SD with tagged protons

* Processes of an order of a few pb can be E
probed by LHC experiments benefiting from ?
proton tagging S

Backgrounds:

« SD events: ~10% of pp collisions

« Simultaneously produced with hard non- -

1}

diffractive collisions cam mimic hard
diffractive scattering

LHC
pu=50

1|:,:l .

« Hard to distinguish at high PU rates

Sensitivity | Sensitivity (u

107!
Probability to measure n protons, for PU=p and proton acceptance p is: —— Nproton =1 \

P(n) = ZgsnPoi(k|pw)B(nlk, p) o o . e

30 September 2021 M. Pitt @ LowX2021 Average bunch crossing (u) 11




Probing diffractive ttbar

PA—> —
ttbar is a common SM process produced at ”’\\C .
the largest scale (0~800pb, V3 > m,, = g ;
350 GeV) (, |
SD ttbar is expected to be of the order of a P
few pb Single-Diffractive tt _  fs=13Tev
— diffractive

Normalized
o

Dominated by gluon-fusion

0.08

— non diffractive

Can have visible effects near the m,

L + ot
i +

-+

threshold

0.06

Different structure functions manifest in
different event topologies (true for all SD
processes)

0.04

0.02

30 September 2021 M. Pitt @ LowX2021

0

15 —1 -05
Iogm(x} = |Og1{?(Eparlc.\nJ{E proton 12



Probing diffractive ttbar

. o Pythia83  4TevV
Analysis at u=3, y/s=14 TeV, L,,,=0.5fb"! g I :
. . . £ L _5
Event selection (semi-leptonic ttbar decays) 2 —— ND pp—tt ® SD+CD
1 lepton with pT>15 GeV 0
2 b-jet with pT>20 GeV, |n|<2.5, TR=60% T T ]
2 light jets with pT>20, |n|<4.5 e E
107 Y (i 37% **** =
Backgrounds: ttbar + PU proton (MinBias events) epke = 12% T
Cut Signal | Background Ns/\/N_B proton momentum loss (£)
1 lepton 22.03% | 20.56% 1.46 _
& 2bjets | 7.64% | 7.48% 084 Prot(_)n acceptance (¢ in 3 — 15%):
&&2lightjets | 6.04% | 6.41% 0.72 Signal = 37%
1 proton 2.28% 0.40% 1.09 Bkg :(18%*12%):22% / collision
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Probing diffractive ttbar

 Kinematic distributions — selection cuts

10° 050 (14 TeV) «10° 0517 (14 TeV) =x10° 051" (14 TeV)
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& [ Workin progress 1 & 18 Workin progress . € F Workin progress 3
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Probing diffractive ttbar

Kinematic distributions — discriminating variables

x10° 051" (14 Tev) x10° | | | | | | 05 fb'1|{14TeVJ

—T T T T I T T T T I T T T T I T T T I T T T T | T T T ] .‘_- _I T 1T I-I T T T 1T T T 1 T 1T T 1T LU LI I_
o 3 Work in progress — ~ - Work in progress .
:;,E T tagged protan = 1 I SD ttbar ] _té:l { 2| tagged proton = 1 I SD ttbar ]
= L 3 L ]
] C = @ B
Lﬁ 25 n LI:E 1 g E

C I ND ttbar L I ND ttbar

ol _

tT rapidity # times proton 2

Goal to measure R inclusively and as a function of ¢ (unbiased with x)
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Probing diffractive ttbar

* Method (Measurement of Rgp):

In data, the ND and SD components are mixed using the following formula:

Work in progress

Pdata,RPi(n) — N(

{s=14 TeV, L=500 pb "

100F

Pseudo data

30 Septemper 2021

tt rapidity

+

eX FNP () + Rgped fSPE(n)
eBi + RSDss—

Were:

R¢p - SD fraction

NP (n) rapidity distribution of ND component
3P (n) rapidity distribution of SD component
€s signal efficiency (proton acceptance)

eg background efficiency (PU proton rate)

+/- denote proton in positive/negative
direction

M. Pitt @ LowX2021 16



Probing diffractive ttbar

* Method (Measurement of Rgp):

- The difference AP(n) = P4ataRP+ () — pdata.RP=(n) depends only on the SD component,
signal/background efficiency and the asymmetry A factor
- Afit using an asymmetric function can constrain the asymmetry measurement.

xf_ 14 TeV, L=500 pb™
. Work in progress _ i eV = |F"‘ - ﬂVIVI(?I‘II( .l.n. plrggrglsls IIIIIIIIIIIIIIIII \(.57.1.4 TeV 0 RSD ESA
3 0-1* Single-Diffractive 7 0.8 | | | A = AP( ) —
%  Asymmetry = 0.55 —proton +z | — Measured AP 77 c + R €
) 003; ..jsd( )=0.75 ] 06 —00 B SD€S
: —proton-z 7| 0.4 — 2fg, Py dd(n) an+a, ..

Using the following inputs:
Efficiency: e = 22%, e = 3%
Max Asymmetry: A = 0.54
Asymmetry: A =0.137
Obtain:

o T ] B e e e e
e | | ! ! ! ! A -

tt rapidity R SD —

%J.d =0.21 +
+

—0 137

0.06

0.04

0.02

Ry

€B
SS(A — A)
A = 0.54
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Probing diffractive single top

Non-diffractive production of the single
top iIs common at LHC (160pb),
diffractive single top expect to have a
low fraction (0.3pb)

Although the low cross-section, single
top production Is sensitive to b-quark
content of proton/pomeron

Strong asymmetry in the light jet
Kinematics

The process can be used to probe
pomeron b-quark content

30 September 2021 M. Pitt @ LowX2021
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Probing diffractive

single top

Analysis at u=3, y/s=14 TeV, L,,,=0.5fb"! - Piblass o 1ATeV
Event selection (semi-leptonic top decays) gL ooeel .
1 lepton with pT>15 GeV f O PPt ShED;
1 b-jet with pT>20 GeV, |n|<2.5, TR=60% T
1 forward jet with pT>20, |n|>2.5 s S S
Esi¢ = 409%™ _ i
Backgrounds: top/ttbar/W + PU proton ©t epke =12% L 3
cut [ signal | Background [ o/ e e et
1 lepton 13.68% | 12.39% 1.13 _
&& 1bjet | 827% | 763% 087 Proton acceptance (¢ in 3 — 15%):
&8& 1forward jet | 3.08% |  4.30% 0.43 Signal = 40%
1 proton 0.92% 0.27% 0.51 Bkg :(18%*6%):22% / CO||ISIOn
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Probing diffractive single top

 Kinematic distributions — selection cuts

x10° 0517 (14 Tev) 051" (14 TeV) 0.51b 77 (14 Tev)
EE : T vlh' T Ik .l LI | LI LI | LI | L . ﬂ 109 E T | T I. T T | LI R I | | L | T T T T | T T T T | T g ™ t TT | LU | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TT J__
§ 35F ordm pmg:ess ND W e § = Work in progress ND W = S 105 - Work in progress ND W ]
~E ta ton = n - d - 7 = = d =1 E
o = gged proton SDW ] @ 48 - tagged proton = 1 SDW - *E = tagged proton - ND ttbar =
3 - JE Nlep=1 [ ND ttbar = S 5L Ngg=1 &N =1 B ND single-top ]
- ND ttbar ] 10 E I ND single-top E - % SDW ?
2.5;— ND single-top —; 10° E — SD single top <1003 10 _ — SD single top x1 UD_;
oF q 10°E . - ]
: 3 3l |
: .................. : 104 10 § A ey ’-’.—.,p' ///// s §
1.5 — - s Ry =
- 1 10 L B
= A 10 _?///. -, //_%
= 3 102 = - ]
S = 3 10 &
0.5: ] 10 =
'Un j ; Li.1| C U.1I I - - 3
%U 055 - a : ED ] -.-'.".".' ........ PPN 3
E R :_ ................................................................................................................................... _: n: DDE 2 E R _‘-_._'.- ... -.- _‘ _.- —
g | . E - . . , ceatee® % ae®
%5 b 05 * 15 o4 2.5 0—8¢ i 2 3 4 5 4 B3 2 1 0 1 2z 3 4
lepton multiplicity b-jet multiplicity Sub-leading jet

Not easy distinguish single top + forward jet from the background processes
Expect O(5) events for L=0.5ifb and p=3
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Summary

 Hard SD production processes can be used to constrain diffractive
models at LHC

 Low-PU data is required to measure SD events

* Asymmetry method to measure R, was introduced

* |n view of future low-PU runs, for the scenario of u=3, Lint=0.5ifb:
- Diffractive ttbar can be measure with good precision

- Diffractive top: O(5) events expected, optimized selection needed

30 September 2021 M. Pitt @ LowX2021 21



Backup



Single diffraction in pp

Structure function
« Different kinematics of colliding partons

"_"-25 Illlll] T T TTTTT 2 l]l -'—\14 IIIIII[ I I llllll R L 2 Illéll
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Single diffraction in pp

Production cross-section of single diffractive events

do
dédt

——FIP/ EP

——

Pomeron fl

Fit Parameter

Fit A

Fit B

o, (0)

"1!/
(V

g9

1.11840.008
(1.740.4) x 1073
1.0640.32
2.3040.36
0.5740.15
0.1540.03

—0.9540.20

1.11140.007
(1.440.4) x 1072
0.70+0.11
1.5040.12
0.4540.09
0.374+0.02

0 (fixed)

1Eur. Phys. J. C48 (2006) 715 [hep-ex/0606004]
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xg'fgnp(xg’o)

1071

|
dPDF, PDF

gluons at Q% = 100 GeV? ]

— H1 2006 Fit A
— H1 2006 Fit B
— H1 2007 Jets
extrapolation region
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— H1 2006 Fit A
— H1 2006 Fit B
— H1 2007 Jets

extrapolation region

quarks at Q2 = 100 GeV?
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Single diffraction in pp

Production cross-section of single diffractive events

P
do Xp 2 Xb 2\ ~
dcc z dxgd ?fb/P(xer Maip T Q% ) Oap-x &
@b ] Hard- y &
dPDF' PDF scatter /
’ Xsec s
Toan mE?
Parameter Value Source Lo Fg) = [ Fiopl&, it Tuw = —1=¢
op 0.06 * };-{l,i: GeV~ 2| [6] Pomeron
- - . : 10° 4 — I
ar(0) 0.50 £ 0.10 [5] = 10
o'y 0.3 08 GeV~? [6] b
1.6 P 5 107
Br 1.6 L gy GeV™= [6] o
[5] C. Adloffet al. [H1 Collaboration], Z. Phys. C 76 (1997) 613 [hep-ex/9708016]. 1072
[6] H1 Collaboration, “Diffractive Deep-Inelastic Scattering with a Leading Proton at
HERA”, DESY 06-048, submitted to Eur. Phys. J. C. 10-#
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