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Introduction

High energy proton beams — high probability initial state photon

Use LHC as an effective «~y collider

Very nice laboratory to study coupling of vector bosons

Higher sensitivity to vy — WW in photon interactions than in inclusive
measurements

e Measurement of dilepton production - standard candle for photon physics

> 2011 data £ = 4.6fb™!
» More data than in previous measurements but larger rate of pp collisions

({u) ~6)

» Precise probe of photon induced production predictions
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Dilepton exclusive production

e Elastic - signal
» Precise calculation using Equivalent photon approximation (elmag.
formfactors)
e Single dissociation
» Brase and Suri-Yennie structure function for proton dissociation

e Double dissociation
» Resolved proton structure: ¢ — ¢y, NNPDF2.3QED

e Modeling respectively by: Herwig++, LPAIR, Pythia8

e MC do not include absorbtive corrections due to QCD
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Exclusive dielectron event
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Event selection

e Same selection as in standard low-mass Drell-Yan measurement

e Isolated eTe™ and pTp~ candidates

Variable  Electron channel =~ Muon channel

Y > 12 GeV > 10 GeV
|n| <24 <24
Myt p— > 24 GeV > 20 GeV

e Enhance exclusive signal
» Exclusive selection - 2 tracks (pr > 400 MeV) associated to vertex,
vertex isolated
» Veto Drell-Yan events
> Require dilepton pY < 1.5 GeV
» Alternative selection: acoplanarity 1 — |A¢y|/m < 0.008
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Exclusivity requirement

e Exclusivity requirement: multijet,
diboson, tt background negligible

e Drell-Yan - modelled by
POWHEG+PYTHIA6

» Not reliable modelling of
particle activity, overestimate
by 50% for low multiplicity

» Charged particle multiplicity
measured in
70 GeV < my+ ;- < 105 GeV
(corrected for PU and track
reconstruction)

e Drell-Yan events re-weighted at
particle level

0. Kepka

T T T T T
ATLAS —e—Data 2011 [l @
S=7TeV. 46 fo! [ Z/v* - w'w [T Double-diss. yy - 'y
t [CIMulti-jet [l Single-diss. yy - u'y"
Baseline selection [l Diboson [Hll Exclusive yy -
: Ezy*-t't

1.
1.

|
1

Data/ MC

oo

2 3 45 10 20 30 4050
Tracks associated with di-muon vertex

page 6



Vertex isolation
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e Exclusive event vertex required to
be isolated A%° > 3mm

vtx

Events / mm

Baseline selection
+ 2 tracks associated
with di-muon vertex

e Reject Drell-Yan events - mostly
split vertices - event with high
particle multiplicity reconstructed
with more than 1 vertex

e At cost of 26% of signal - vertices ol4
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Selection

e Drell-Yan suppression

e Signal selection p!\ < 1.5 GeV - thanks to low virtuality of incoming photons
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Final selection
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Signal extraction

e Binned likelihood fit of signal (exclusive) and background (single dissociation)
e Drell-Yan and double dissociation fixed

e Both exclusive and single dissociation requires scaling down:

excl. _ s—diss _

» BOLeres =OB6BR0070 RIS, = 0750+ 0.080
excl. _ s—diss _

> R’y’ya;ﬁru* = 0.791+0.041 RW_WJ,M_ = 0.762 + 0.049

e Fitted scaling factors anti-correlated
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Control distributions

e Apply scaling factors to MC, use 1 — |A¢;4;—| < 0.008 instead of

Pl < 1.5GeV

e Good modeling of data seen in both channels
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Cross section measurement

excl. H
e Cross section extracted by measuring suppression factor R,YX - +,— applied to
prediction:
excl. _ pexcl. EPA
N R N R e e

e Measurement performed in fiducial region
» Includes extrapolation under Z peak

Variable  Electron channel =~ Muon channel

Y > 12 GeV > 10 GeV
| <24 <24
Myt p— > 24 GeV > 20 GeV
o Uff;ﬂ;ew— = 0.428 + 0.035 (stat.) £ 0.018 (syst.) pb
o C’Sff,iw = 0.628 + 0.032 (stat.) & 0.021 (syst.) pb

e Measurement statistic dominated

» Systematic uncertainty 4.3/3.3%
» Statistic uncertainty 8.2/5.1%
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Systematic uncertainties

e Backgrounds

Uncertainty [%]

. . . o +o—
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i R X Electron reconstruction
rewe|ght| ng Charged particle and identification efficiency 1.9 -
R Electron energy scale
multi pllClty and resolution 1.4 -
D bl d . P P Electron trigger efficiency 0.7 -
> ouble dissociation - variation Muon reconstruction efficiency - 0.2
Of N N P D F2 . 3Q E D Muon mom.cntum scale
and resolution - 0.5
. . . M tri fhici y - 0.6
e Vertex isolation and pile-up Backgronads Y 03 20
1 Template shapes 1.0 0.9
mOde”Ing Pile-up description 0.5 0.5
Vertex isolati officienc; 1.2 1.2
e Electron measurement LHO b e ey 05 05
. . QED FSR in DY ete~ 0.8 -
o LU mi nOSIty Luminosity 1.8 1.8
Total systematic uncertainty 4.3 3.3
Data statistical uncertainty 8.2 5.1

e Very precies measurement overall!
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Results comparison

e Summary plot: CMS measurement in different phase-space (lower dilepton
masses)

o All measurement give consistent picture of proton absorbtive correction ~ 0.8
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Interpretation

e Size of absorbtive correction can be explained from impact parameter picture
e Probability of non-interaction calculated from elastic amplitude, which is

fitted to data
o Naively: proton do not dissociate if scattering at b > 2r,, (for a black disk)

flw) flwr) — //n(glywl)n(527w2)Pnonfinel(|gl — bo|)dbydb,
Dyndal, Schoeffel, Physics Letters B, 741, 66
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e Perhaps too simple, might be process dependent (see L. Harland-Lang talk
on Tuesday)
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Summary

ATLAS first measurement of exclusive production

Most precise measurement of two-photon dilepton production

Measured absorbtive corrections consistent from different measurements
arXiv:1506.07098
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Fit results

e Fit of accoplanarity distribution
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