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Introduction

Tile calorimeters

% LAr hadronic end-cap and
forward calorimeters
Pixel defector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

..but also forward detectors providing measurements
of forward intact protons: ALFA and AFP
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AFP (ATLAS Forward Proton) detectors

Forward physics
and diffraction

Nore: distances between detectors not in scale!

Scattered proton Near Roman Pot Station:

+ 4silicon tracker planes

results
of the ATLAS
experiment e

Far Roman Pot Station:
« 4silicon tracker planes
* 4x4 L-Quartz bars

Introduction
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Early measurements — soft diffraction
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results o u .
of the ATLAS [ 7 “ ‘o e !
experiment HUTTTTTOT
uTTTTETT é 7z
2TTTOVTOT
b X b hob X b hop X
= . . . . : -
§ FCal “ubs Trboo E ATLAS —e— Datal=7.1pb? B
Soft diffraction & T e Bma ™ 425 V5= —— PYTHIAB4C =
= . 2 3 P> 200 ME‘V === Non-Diffractive B
S Anas 8 2 N Single Diffractive —
15 [ZZ72 Double Diffractive El
J:

MC/Data

NN
b0 Sl

Hadron Level orf

.
s

>
=1
n

gl e m Separation of diffractive processes
oot from non-diffractive processes
m Calorimeter used to
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Event selection
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m Low pile-up data sample from 2010

(Vs =7 TeV) %
m Integrated luminosity: 6.8 nb

m Anti-kT algorithm

m pT > 20 GeV
m || < 4.4
m R=04 06

m Rapidity gap based on
m tracks (|| < 2.5, pT > 200 MeV)
m calorimeter cells (|n| < 4.8)
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Reconstruction of diffractive proton kinematics
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ST m Proton energy loss and diffractive mass
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m Reconstruction: N
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Diffractive dijets

Results

g 4gF T T T I ) T T T T T

= e DataVs=7TeV,L=6.8nb = o DataVs=7TeV,L-68nb" ATLAS

= 10°E. Total exp. uncertainty O, Total exp. uncertainty Antik, R =06

3 10°E —— PYTHIA 8 ND g — - POMWIG S ? model (S *=16%) ants2

B amb L. e POWHEG ND + PYTHIA 8 b= - PYTHIA 8 SD+DD+ND D-L R

s 10 < - PYTHIA 8 SD+DD+ND S-S 1
8 —— PYTHIA 8 SD+DD+ND MBR

MC/Data

m Evidence of diffractive component

m Good description by Pythia8
m Gap survival probability: 0.16 + 0.04 (stat) + 0.08 (exp. syst.)
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m Two-photon processes can be computed within QED
m Absorptive corrections (gap survival probability)
m Exclusive vy — [l

g m Standard candle for photon-induced physics
= Non-negligible background to Drell-Yan like reactions

m Test of SM AWW and vyW W couplings
m Searches for new physics
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vy — pp event

Forward physics
and diffraction

results N
of the ATLAS XY AT LAS Run 183081, Event 94526500
experiment ) Time 2011-06-05, 16:37 CEST
A EXPERIMENT ™

Rafat Staszewski

Introduction

Diffractive
processes

Two-photon
processes

Exclusive lepton pairs
in pp

Summary




Event selection

Forward physics

and diffraction m Preselection:
results
of the ATLAS

{ihe ArLA = muons: pr > 10 GeV, || < 2.4, M, > 20 GeV
’ m electrons: pr > 11 GeV, || < 2.4, M. > 24 GeV

m Exclusive selection:

m 3 mm vertex longitudinal isolation (efficiency = 74%)
m pr of the pair below 1.5 GeV
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m Agreement with calculations
(absorptive corrections are important)
m Agreement with CMS measurement
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Event selection

Forward physics

" pr > 5 GeV B ATLAS

of the ATLAS A —
I,,]| <2_1 EXPERIMENT

experiment

Rafat Staszewski (both muons)
Introduction ]\[NN > 10 GeV

Diffractive

Muons form

processes

a vertex
Tuo-photo No other tracks
fi 12069 events
Exyte i pis after selection

Summar
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Corrected counts [/0.002]
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. . . Pb Pb

m No QED radiative corrections
\ui\n‘—)njuon pairs in MC (Starllght) k2 »
m Two variants assumed: !
k1

= tail is background #

m tail is due to FSR Pb Pb

m The background fraction with acoplanarity<0.08 is 2 — 4%.
m The result is average of the two possibilities
m Difference is taken as systematic uncertainty
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Event selection

Forward physics Variable | Excl WW~ | Excl Higgs
R By = WW — evuv P |> 25,20 GeV|> 25, 15 GeV
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Results for vy — WW
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Results on exclusive Higgs searches
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e m Backgrounds: exclusive and inclusive WW
of the ATLAS i i .
experiment m Exclusive Higgs event yields:

data: 6, background: 3.0 £ 0.8, signal: 0.023 + 0.003

m Observed and expected limits:
o < 1.2 pb @ 95% CL (Observed)
o < 0.7 pb @ 95% CL (Expected)

m Upper limit: 400 times expected cross section for elastic process
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Light-by-light scattering in PbPb
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m Elastic scattering of two
photons

m Quantum effect: not present
in classical theory

m Very small cross section ,
m No direct observation so far L:‘L

m Possible channel to study b .Pb
new physics
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Event selection
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e m Dedicated trigger: photons + clean event
of the ATLAS
experiment

Selection:

Rafat Stasz

m Two photons,
Er > 3 GeV

m M, > 6 GeV

m Exclusivity: no tracks

mp <6 GeV

m Acoplanarity:
(1—A®,,/7) < 0.01

NEW: Light-by-light 8 1 < oua ss0u* ATLAS Preiminary 3
atte s Cw-wc "
Sc};]—, F'T]f " 2 12 Brsee POPb =502V TGelection ‘ Data ‘ Signal 7y —eTe~ CEP gg — vy Hadronic fakes Other fakes
é 1 " 7 Preselection 105 9.1 74 4.7 6 19
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N, =0
of 1 p7 <2GeV 21 8.5 3.5 4.4 3 1.3
4 4 Aco<0.01 13 7.3 1.3 0.9 0.3 0.1
2 7 Uncertainty 15 0.3 0.5 0.3 0.1
001 002 003 004 005 006
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el i m First direct observation of the light-by-light signal

m Excess in the data consistent with predictions
(M. Ktusek-Gawenda et al., Phys.Rev. C93 (2016) no.4, 044907)

oMes — 70 & 20(stat) + 17(syst) nb oy =49+ 10 nb

2 T T T T T w0 T T T T T P A A A ek M At A A
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o E
15} E
4
4 B 10f E
2 2| 4 5 3
% 10 15 20 253 © 05 1 15 2z 28 G274 6 8 1012 14 16 18 20
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m Observed significance: 4.40 (expected: 3.80)
m Signal strength: 1= 1.6 0.6
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Summary

Forward physics
and diffraction
results
of the ATLAS . . . T oy
- m Measurements of diffraction with rapidity-gap method exploiting

ATLAS calorimetry
m soft diffraction
m diffractive jets

m Measurements of elastic scattering and prospects for new
measurements with proton taggers:
m ALFA (Per’s talk)
m AFP (Maciej's talk)

m Two-photon physics
m In pp and PbPb
Understanding of absorptive corrections
Searches for new physics
Observation of light-by-light scattering

Summary
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