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Introduction

Motivations:

- Several extensions of SM predict high-mass states that could decay to 2 photons, like extended
Higgs sector, extra dimensions, etc.

- Many models also predict a diphoton resonance, given the number of papers appearing on arXiv
after last December.

Experimental signature:

- Clean signal of two high pr photon candidates that manifests as local excess in the diphoton
mass spectrum over smooth background.

Assumes diphoton resonance to be either spin-0
or spin-2.

exXcess

Strong involvement of the French labs (LPNHE,

LAPP, LPSC, LAL, CEA). yy background

myy
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High mass diphoton searches at 7, 8 and 13 TeV

Reference Js Mass range  Spin-0 Spin-2

Search for extra dimensions using diphoton Phvs. Lett. B 710 (2012)

events in 7 TeV proton—proton collisions with 538556 7 TeV > 500 GeV v
the ATLAS detector
Search for scalar diphoton resonances in Phys. Rev. Lett. 113,

the mass range 65-600 GeV with the ATLAS 8TeV  65-600 GeV v

detector in pp collision data at /s = 8 TeV 171801

Search for high-mass diphoton resonances
in pp collisions at s = 8TeV with the ATLAS 1YS: Rev'zg) 1 22 032004
detector (2015)

8 TeV 409 - 3000 GeV v

Search for resonances decaying to photon
pairs in 3.2 fb~' of pp collisions at /s =13 ATLAS-CONF-2015-081 13 TeV 200 - 1700 GeV v

TeV with the ATLAS detector DEC 2015

Search for resonances in diphoton events 200 - 2000 GeV
with the ATLAS detector at s = 13 TeV ATLAS-CONF-2016-018 13 TeV (spin-0) and 5.00 -V v
MORIOND 2016 3500 GeV (spin-2)

This talk covers the latest results which was presented at Moriond EW.
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http://arxiv.org/abs/1112.2194
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.171801
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.032004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-081/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-018/

Analysis overview

Two analyses (spin-0 and spin-2) with slightly different signal models, selection cuts
and strategies.

Spin-0 analysis
Extended from 125 GeV Higgs analysis. Analysis optimised for Higgs-like signal.
Aims to be as model-independent as possible = limit on fiducial cross-section.
Narrow (4 MeV, negligible wrt detector resolution) to large widths.

Spin-2 analysis
Randall-Sundrum graviton as benchmark.

Higher mass range (since RS graviton limit is set at ~3.6 TeV).
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Event selection

Spin-0 Spin-2

. 2 photons with pt > 35 (25) GeV passing loose photon identification
trigger o .
criteria based on electromagnetic shower shapes.
pT pt''/my,>0.4, pr'?/m>0.3 2 y with pr > 55 GeV
N Iny| < 2.37 excluding 1.37< |ny| < 1.52
iIsolation calorimeter cone and track isolation
photon identification tight identification criteria

Common cuts except on pr:

For spin-0, relative pr cut has been chosen to increase significance for high mass
Higgs-like signal (20% gain in expected sensitivity for mx > 600 GeV).

- Spin-2 analysis selects event with pt > 55 GeV to preserve acceptance in forward
region.
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Background in diphoton spectrum composed primarily of QCD yy direct production
(irreducible) and y-jet, jet-y, jj (reducible, from jets misidentified as photons).

High purity: 93+3.8% for spin-0 selection and 94+3.7% for spin-2 selection.

This is used to add yy with reducible background to predict background shape.
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Background modelling for spin-O analysis

Search range from 200-2000 GeV.

Function fitted on data is chosen m data-driven background estimation.
- Function validated on background template which is composed of

- MC Sherpa yy

. data-driven reducible bkg. } Normalised according to purity

- All parameters free in the fit.

Choice of function

- Bias from choice of function estimated as “spurious” signal. Perform S+B fit on background-only
template for various signal mass hypotheses.

- Function required to pass the criteria where the “spurious” signal must be less than 20% of the

uncertainty of the fitted signal yield over the full mass range.
m

fioba3)= N(1—x) 0 o= =t
Vs

-+ 2-parameter function (k=0) passes this test.

Background uncertainty from envelop of fitted “spurious” signal.
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Background modelling for spin-2 analysis

Background template method

In order to get reliable background estimation up to 3-4 TeV where there is no event
In data for a functional form fit.

- 200-500 GeV range used as a control region.
-+ Search range between 500-3500 GeV.
Diphox NLO computation used to predict the background shape of yy at parton level.
Background template is composed of:

Sherpa LO MC reweighted to Diphox NLO.

} Normalised according to purity
Y-jet and dijet estimated from data.
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Signal modelling

Spin-0 analysis

Heavy Higgs-like model. PowHeg line
shape convoluted to detector response
(gluon-gluon fusion 4 MeV width).

mx + 2[ x to reduce model-dependence
and interference effects in the off-shell
region.

[ x from narrow to 10% mx.
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Spin-2 analysis

RS graviton model generated with
Pythia.

Analytical convolution of theoretical line-

shape with detector response.

k/Mp; from 0.01 to 0.3 (narrow to ~11%
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Results 1nvar1ant mass dlstnbutlons

Spin-O analysis Spin-2 analysis

functional form background background template
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Given the large search range,
need to consider look-elsewhere-

~ effect = global significance

Results: significances

Spin-0 analysis Spin-2 analysis
Largest deviation from B-only - Largest deviation from B-only
hypothesis at hypothesis at
mx ~ 750 GeV, ['x~ 45 GeV (6% mx) * mg~ 750 GeV, k/Mp ~ 0.2 (T~ 6%
mea-).

local Z = 3.90, global Z = 2.00.
local Z = 3.60, global Z = 1.80.
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Spin-0 analysis Spin-2 analysis

fiducial cross-section. -+ production cross-section of RS
graviton.

Fiducial acceptance:
4+ ETv1/myy > 04, ETvz/myy > 03

+ |ny|<2.37
+ ET'%° (AR=0.4) < 0.05E7" + 6GeV
+ mx =2l x
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We observe an excess in 2015 13 TeV data. Is it compatible with 8 TeV results? No excess was reported in
8 TeV results.

8 TeV spin-0 analysis stopped at 600 GeV due to insufficient sideband for “sliding-window” fit.
To ease compatibility study, 8 TeV data has been re-analysed using the latest run-1 photon calibration
and detector geometry.

Use fitting procedure of run-2: functional form over the full mass range for spin-0 and background
template for spin-2 (unchanged wrt run-1)

Event selections are unchanged w.r.t. to published 2012 analysis. ATLAS CONF 2016 013
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With the spin-0 selection, 1.9 o deviation is seen at 750 GeV for I'x/mx = 6% (the value
of largest significance of the excess at 13TeV). No excess with the spin-2 selection.
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- Compatibility between 8 TeV and 13 TeV results
Production ;1 arev)/a(8TeV)

mode Spin-0 Spin-2
ag 4.7 1.20 2.7 0

qqg 2.7 210 3.30
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Checks on excess region vs sidebands

No detector or reconstruction effect that could explain the larger rate is found.
Purity studies on data also point to very high purity around 750 GeV.

Kinematic properties of those events are also studied, and the excess region has
distributions that are similar to the side bands.

However, too low statistics to conclude on anything.

Yee Yap
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Spin-0 analysis
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Summary

The search for diphoton resonance, with either spin-0 or spin-2, has been performed
with 3.2 fb-! of pp collision data at Vs=13TeV.

Most of the diphoton spectrum is consistent with background-only hypothesis apart
from a 3.9 (3.6) o deviation around 750 GeV with width ~6% of the mass (k/Mp=0.2)
for spin-0 (spin-2).

E 6500 GeV t(SBr 13:01:18 20-05-16 17:37:36

Given the large look-elsewhere effect,
the global significance is 2.0 (1.8) o : B1):
for the spin-0 (spin-2) analysis.

2016 LHC data-taking is underway,
soon we’ll have more data to conclude
on the nature of the observed excess.
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Recap of Run-I results

Spin-0 search in the mass range
65-600 GeV

No excess was found. Limits on fiducial

cross-sections were set.
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e - Continuum component of the fit 3
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High mass diphoton resonance searcnes in AILAS

Spin-2 search in the mass range
409-3000 GeV

A lower limit of 2.66 (1.41) TeV at 95%
CL is set on the mass of the lightest
graviton for couplings of k/Mpi=0.1

(0.01).
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Systematics

Uncertainty spin-2 search spin-0 search

Background + 7% to = 35% spurious signal po and limit

(mass dependent) 20 — 0.04 events for I'/ M=6%

Signal mass resolution po and limit

(mass dependent) ng)% - (:1130)%

Signal photon identification +(3 -2)% limit

(mass dependent)

Signal photon isolation +(3-1)% +(4-1)% limit

(mass dependent)

Signal production process N/A +(3-6)% limit
depending on I

Trigger efficiency +0.6% limit

Luminosity +5.0% limit

Yee Yap
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Properties of the excess

- No detector or
reconstruction effect
that could explain the

o) T T [ T T T [ T T [ T T 1T L N LR L PSS I
2 0.8 ATLAS Preliminary —@&—— Data (600 GeV<m, <700 GeV) '> | ATLAS Preliminary ——@—— Data (600 GeV<m <700GeV) |
] zZ - ———A—— Data (700 GeV<m_ <840 GeV) . ———A—— Data (700 GeV<m_ < 840 GeV)
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urity studies on data > 0.6F - T = A= e .
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S . 0.01—. =
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purity around 750 ostm 1= F :
GeV. 02F | #‘ E 0.005#- e -
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Inematic properties 0 2 4 6 8 10 0 100 200 300 400 500 600

YY
of those events are Nt p;' [GeV]
. - 0.08 T T T T T T T T ™ T 1 LI — I LB — —T

also studied, and S L ATLAsPreliminay f Smin el g’ 6C ATLAS Preliminary e sy
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L] o . - . Z r ]

Z C I - -

© 0.04- & — 3‘_ -

Z - 3 - ]

T = 0.03 B | = - ]

- Statistics is too low to 002t] | 5 E 2o -
conclude on anything. 0.01 T E IS E
O I B r. oo oo oy Ty Ty Ty i 0__| 1 L L L | I 1
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Yee Yap High mass diphoton resonance searches in ATLAS 24/05/2016 23



Systematics uncertainties on background template

3 0_4 [ | | | | | | | | | | | | | | | | | | | | | | | | | | ]
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% 0.35 ATLAS Preliminary o o conF-2016-018
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0.1 |2

r [
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Propertles of the excess (spln 2 selectlon)

- No detector or reconstruction effect that could explain the larger rate is found. Purity
studies on data also point to very high purity around 750 GeV.

- Kinematic properties of those events are also studied, and nothing significant is
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Validate the need of additional degree of freedom to describe the data.

Background-only fits of two functions (a simplest validated function and a more
complex version) to binned data.

2 2
X — X
Test statistics F computed from resulting x2. Fo= D, — D,
(1,2) 2
A
p1 and p2 : number of free parameters
n—p,

F has Fisher distribution if added parameter is not improving the model.

lts probability is compared with that expected from a Fisher distribution with the
corresponding number of degrees of freedom. If P (F’ >= F) < 5%, then the simpler
function is discarded in favour of the more complex one.
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Photon 1dentification and 1solation

|dentification
- efficiency of 85% (ET~50 GeV) — 95% (ET~200 GeV)
- Uncertainty: full data/MC difference

* +1% — £ 5% for ET > 50 GeV

- N-dependent

Isolation
- Calorimeter (AR=0.4)
- E7is0 < 0.022 ETY + 2.45 GeV
- Track pT iso (AR=0.2)
*+ p7is° < 0.05 E7Y
- Uncertainty: full data/MC difference
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Photon energy calibration

Multi-variate regression to calibrate photon cluster energy, optimised on MC
Energy scale and resolution corrections validated with 13 TeV Z—ee events.

At ETY>100-200 GeV, resolution dominated by constant term. ¢ = 0.6 —1.5%

Uncertainties e Data Z—se*e

MC Stat. ® Syst. Unc. ~ ATLAS Preliminary
[ 1Z—e'e -1

& Dibesan . 13TeV, 85pb
[]Z—1'7

[ Top

Entries / GeV
(@)

Energy scale: 0.4-2% 4

Energy resolution: 80-100% for ETY=300 GeV.

—

WO O

Data/Pred.
oo -

70 80 90 100 110
m,, [GeV]
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Events

Events

Calorimeter 1solation for tight photon with 125<Er<145 GeV
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Results: spin-0 limits
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Results: spin-2 limits
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Propertles of the excess: ETHHSS

Spin-0 analysis

myy = [600- 700] GeV

myy =

excess region

= [700- 840] GeV

myy = [840-c0] GeV
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Propertles of the excess: prit

Spin-0 analysis

myy = [600-700] GeV

excess region
myy = [700-840] GeV

myy = [840-00] GeV
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8 TeV

analysis selections

Criteria Scalar analysis Graviton analysis
Trigger EF_g35_loose_g25_loose
GRL v61-prol14-02_DQDefects-00-01-00_PHYS_StandardGRL_AIl_Good
LAr LArError, TileError, event corruption
vertex At least one PV with 3 associated tracks or more
Presel. At least two photons passing loose ID, OQ, photon cleaning
with |ng2| <1.37 or 1.56< |ngs| <2.37
Er cuts Er > 0.4Xmyyand E7 5 > 0.3 X my,y Er.1 > 50GeV and E7 2 > 50 GeV
Photon ID Require both candidates to pass tight photon ID
ES*0 < 6 Gev if Er <80GeV iso.calo
Isolation [ E*0 < 6 GeV +0.7%(Er - 80 GeV) if Er > 80 GeV ‘1 < B B 1
S —-0.07GeV +4.8- 107 ET + 2.6 - 107 & Ef
and E.™ < 2.6 GeV
Myy myy > 150 GeV
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Purity estimation methods

2x2D-sidebands N
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( Matrix Method
PP €1€2 €1 fien fif W ~
PF _ €1(1 — €2) €1(1 — f) (1 — e2) A(l —f) W, ;
FP o (1 — e1)e2 (1 —e1)f2 (1 — fi)es (1—f)h W~
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U J
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- Local significance of 3.6 .
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