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Introduction

- Resonances decaying to diphotons predicted by several BSM models

- Search for peak (width ~ few %) over smoothly falling background

Benchmark Search range

model (mass / additional parameter)
Spin-2 (G) RS graviton 500 GeV-5TeV k/Mpl=0.01-0.3

Spin-0 (X) Higgs-like 200 GeV - 2.4 TeV [/m < 10%

+  Results with 2015 data (3.2 fb'), submitted to JHEP (arxiv:1606.03833)

New results with 15.4 fb-! of reprocessed 2015 data + 2016 data presented
for the first time (ATLAS-CONF-2016-059)
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http://arxiv.org/abs/1606.03833

«  Common event selection: y |dent|f|cat|on efﬂClency

unconverted y

calorimeter and tracks (> 90% purity)
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- Backgrounds from vy, y+jet, jet+jet. Processes with e* = y negligible

- Photon ID and isolation used for background rejection and purity estimate

- Isolation studied with Z — et*e", £2y and y+X

- High yy purity, checked with different methods

- Spin-2 selection:  (9473)%

» Spin-0 selection:  (93*)%
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- Invariant mass reconstruction (myy ):
- Energy and impact point from EM calo
- Vertex from NN developed for H— yy
-«  Selection efficiency (+0.3 mm): 88%, m,, resolution dominated by E
- Both quantities studied with Z — e'e in data and MC

- Double-sided Crystal-Ball (DSCB) to account for detector effects

beam-axis -
¢« 0cg=23GeV@m=200GeV,15GeV@m=2TeV

- Uncertainty on mass resolution: +17% @ 200 GeV, +40% @ 2 TeV
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- myy parameterised as a function of mass and width (Tg: = 1.44 - (k/Mp)*mx )
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- Theoretical line-shape from: & " ATLAS Simulation E
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Background modelling

- Spin-2: MC template (extend to multi-TeV range)

- yy shape from DIPHOX NLO parton level calculation, re-weight Sherpa full-sim

« Uncertainties from isolation (+7%), scale variations (+5%), PDF (2-35%)

« y+jet, jet+jet shape from control regions, Uncertainties on the bkg model
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- Validation of functional form and uncertainty from simulation + variations above

- Systematics smaller than 30% of statistical error and decreasing with mass
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http://arxiv.org/abs/1606.03833

Significances in the mass vs. k/Mpl (width) plane

Local significance [o]
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Broad excesses around myy = 750 GeV
3.8-3.90 local significance
(2.10 global, i.e. to find such excess anywhere in the search region)
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Since then...

« Impressive performance of the LHC

ATLAS Online Luminosity
w2011 pp Vs=7 TeV
m— 2012pp Vs=8TeV
m— 2015 pp Vs =13 TeV
w2016 pp Vs =13 TeV

« Peak luminosity beyond design

- ATLAS data-taking efficiency > 90%
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- Improved reconstruction and energy calibration, based on experience with
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« 2015 reprocessed and reanalysed
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Run Number: 302956, Event Number: 2656107838

Date: 2016-06-29 14:32:52 CEST
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2016-only 2015 + 2016
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No significant excess in 2016 data, compatibility between 2015 and
2016 datasets for signal cross-section @ 730 GeV: 2.70
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Largest significance for combined dataset @ 1.6 TeV (2.40 local)
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Around 700-800 GeV: 2.30 local significance @ 710 GeV for
combined dataset
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- Limit setting based on fiducial cross-section to minimise model
dependence

« Fiducial volume: ~same kinematic selection, isolation at particle level

 Limits extended from 2 to 2.4 TeV with 2016 data
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- Search for new resonances in diphoton final state (2015 data)

«  Spin-2: Randall-Sundrum graviton
- Spin-0: Higgs-like
- Spin-0 analysis updated with combined 2015 + 2016 dataset
- Data consistent with background-only hypothesis over the full mass range
* No excess with a global significance above 10

- Broad excess around 750 GeV in 2015 data not seen in 2016 data for spin-0
analysis

«  More work needed to complete the analysis in the extended acceptance
of the spin-2 selection
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ATLAS Preliminary Vs=13TeV, 15.4fb"  Spin-0 Selection
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«  Purity of yy selection: (90 +3/-10) %

dN/dm,, [1/GeV]

vy fraction

=T T LI I EL AL BN =
10° ATLAS Preliminary _
= =

® ] =

N \s=13 TeV, 15.4 fb™ 5

2 y ]
10 :g Spin-0 Selection =
[~ —— ]

o —— —e— Data yield IE
—=— Estimated yy yield -

1 - —— Estimated yj+jy yield 4

it —— Estimated jj yield =
10'1§— - _E
-2 :_ —_—— _:
10 ? 1 %
10°° ;—l e | T o —
1.05 T T T T T T T T T E
1 —

I\ 3

0.95 —eﬁ—zﬁ 4 -
0.9 —Eﬁ- 1] E
0.85 _ =
0.8 —— Matrix method 3
0.75 —=— 2x2D sidebands =
0.7 E

200 400 600 800 1000 1200 1400 1600 1800 2000
m,, [GeV]

Bruno Lenzi (CERN)

Search for a high mass diphoton resonance using the ATLAS detector

05/08/2016

20



>

)
Q)
=
9
pa
©
Z
S~

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

ATLAS Simulation Preliminary
s =13 TeV, X—yy

Spin-0 Selection

m, =800 GeV

I'y =4 MeV

1/N dN/dm _ /5 GeV

0.08

0.07t

0.06
0.05
0.04
0.03
0.02
0.01

— ATLAS Simulation Preliminary
s=13 TeV, X—yy

Spin-0 Selection

m, =800 GeV

Iy /m, = 6%

! | L L1 AN BN R B R B R 197
P50 740 760 780 800 820 840 0™250 600 650 700 750 800 850 900 950
mYY [GeV myy [Gev
Bruno Lenzi (CERN) Search for a high mass diphoton resonance using the ATLAS detector 05/08/2016 21



10°

10

e}
=
C
m
X
T
@)
C
s}
£
3
S
@
Q
o
-
_
®)
3
7o)
o

T 1 T T ] T T 1
—— Observed CL limit
...... Expected CL, limit

[ ] Expected = 10

[ ] Expected = 20

ATLAS Preliminary
\s =13 TeV, 15.4 fo
Spin-0 Selection
NWA (I'y =4 MeV)

e E
107 E
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 17
500 1000 1500 2000
m, [GeV]
B‘ _I T T T T T | T T T T | T T T T | T T T T
‘g , —— Observed CL, limit ~ ATLAS Preliminary
m 5 . Expected CL, limit {5 =13 TeV, 15.4fo"' 3
x_‘g - [ Expected = 10 Spin-0 Selection .
o L [ | Expected = 20 Iy/my =6 % N
C
S o E
E E -
_I — —
g — —
o) 1= =
> - -
1 L ]
O L ]
o\o L ]
3 107F E
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 17
500 1000 1500 2000
m, [GeV]
| ——————— e ——

Bruno Lenzi (CERN)

95% CL Upper Limit on o, x BR [fb]

95% CL Upper Limit on o,, x BR [fb]

T T T T T T T I T T T T I T T T T | T T T T
, —— Observed CL limit ~ ATLAS Preliminary
100 Expected CL, limit s =13 TeV, 15.4 fo' 3
- [ Expected = 10 Spin-0 Selection .
- [ ] Expected = 20 I,/m,=2% -
10 E
1 = E
107 E
1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 17
500 1000 1500 2000
m, [GeV]
_I T T T T T T | T T T T | T T T T | T T T T
, — Observed CL; limit ~ ATLAS Preliminary
10 . Expected CL, limit s =13 TeV, 15.4 fo' =
- [ Expected + 10 Spin-0 Selection .
_ [ ] Expected = 20 r,/m, =10 % s
1= =
107 E
:I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I:
500 1000 1500 2000
m, [GeV]
L — e ——
05/08/2016

Search for a high mass diphoton resonance using the ATLAS detector

22



