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Introduction

e Both ATLAS and CMS experiments measured an excess of events in
the m,., invariant mass spectrum

e Excess reported in December 2015 with data collected at /s = 13 TeV (LHC
Runll).

e Improved analysis performed by both collaborations.
> ATLAS-CONF-2016-018
> CMS-PAS-2016-018

e Latest results include also compatibility/combination with /s = 8 TeV
data (LHC Runl).
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http://cds.cern.ch/record/2141568
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Analyzed data

e Both experiments recorded data during 2015 LHC operation at /s = 13 TeV:

> ATLAS recorded £ = 3.2fb~ 1.

> CMS recorded £ = 3.3fb™!, 0.6/b" of which at B=0T.
e Results from ATLAS include compatibility with 8 TeV dataset (~ 20fb™?),

e CMS performed combination of Runl and Runll results.
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Analysis key points

Very clean final state: Lat=2031"

Vs=8TeV

Events/bin
=
k3

e Select events with two high pr
photons (EM clusters), 10

Control region_f**~

IO Ty

-e- Data

Total background

Reducible background

syst [0 stat (reducible)

syst [ stat (total)

RS, KM, =01,m, =15TeV
RS, KM, =0.1,m, =20 TeV

e Require both photons to be isolated,

e Search excess, “bumps”, in the

m.,, spectrum, over continuum ; o
background (SM YV '7_], _U) ’ ' 200 300 400 500 1000 2000 3000
m,, [GeV]
Nevents
L(w,0) = H (1 - S(m;lfs) + B(m;|0g)) - Poisson(Neyents|ts - Ns + Ng)
i=1

o Signal model: build from MC + data driven energy scale and resolution corrections.

e Background parametrization: different techniques, no analytical description from
theory.
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Event selection

e CMS:
-> Same selections for spin-0 and spin-2 signal hypothesis.
> E;Y—l‘z > 75 GeV, at least one photons in ECAL barrel (|77] < 1.44), nmax = 2.5.

- 13 TeV data split in 4 category: (barrel-barrel, barrel-endcap) x (3.8T, 0T).

13 TeV, 3.8T CMS  simulation 13 TeV, 0T
< < £
x X  07E Logaxiof —EBEBJ=0 ---EBEBJ=2
@ @ £
06F —EBEEJ=0  ---EBEEJ=2
= — Total J=0 ---Total J=2
—EBEBJ=0  ---EBEBJ=2 E
— EBEEJ=0  ---EBEE J=2 =
— Total J=0  ---Total J=2 E.
01 Tl
0 0 E L L L L s
1 2 3 4 1 2 3 4
m, (TeV) m, (TeV)
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Event selection

e ATLAS:

,leading ~,subleading
E:,Y— ET mx rx/mx (KV/MP/) AXxe

Spin-0 | > 0.4m,, >0.3m,, [200-2000GeV ~ 0-10%  |40% —60%

Spin-2 [ > 55 GeV > 55 GeV | 500 - 3500 GeV 0.01-03 45% — 60%

Spin-0:
e Mass dependent Et selection (optimized for Higgs-like signal):
- +20% sensitivity (m,~, > 600 GeV).
Spin-2:
e Loose selection to preserve acceptance at high mass.
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Photon energy calibration

e Corrected photon energy derived with a multivariate regression:

- regression algorithm optimized on MC sample.
e Energy scale and resolution correction with Z — ee:
- Equalize data and MC overall energy scale and resolution.
- ATLAS: data from 2012 + 2015 reconstruction.
- CMS: 2015 data (separate corrections for 3.8 and 0 T).
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Photon ldentification efficiency

LI e o]
o ATLAS: S et
0.9F # 3
E + El
> 85 — 95%, ET dependent. i3 #i i o
. E In|<0.60 E|
> Uncertainty from data/MC orsE % £ < cev 3
difference: 1 —5%, n o : Gnconered E
dependent. 088353540 100200 300 e
E;[Gev]
PY CMS. - S:MS Preliminary 267 (13 Tev)
- Data/MC scale factors gop
measured with Z — ee e —{—
events. et
. ° ; Z . ee
> 3.8T: 90(85)% for photons in ont e
EB(EE) (5% uncertainty). o :
> 0T: 85(70)% for photons in £ 100 sy |
EB(EE) (10% uncertainty). T

P, (Gev)
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Signal model

e Intrinsic line-shape convolved with detector response.

- Spin-0: Heavy Higgs-like model.
> Spin-2: RS-Graviton.

ATLAS Simulation Preliminary
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Background model: CMS

. . . a+b-log (m~~)
e Parametric function: f(m,;a, b) = m3,

e Independent shape for each category (EBEB, EBEE) x (3.8T, OT).

CMS Preliminary 2.7 fb™ (13 TeV, 3.8T) CMS Preliminary 2.7 fb™ (13 TeV, 3.8T)
—~ S : . . : : d ~ T : . . : ; d
2 K EBEB ¢ Data %102? EBEE ¢ Data
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e Possible shape mismodeling accounted for adding a signal-like bias
term.
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Background model: ATLAS

Spin-0:

T T T
ATLAS Preliminary
* Data

—— Background-only fit

Events / 20 GeV
3

e Analytic function fit to data.

Spin-0 Selection
Vs =13 TeV, 3.21b™"

L

|

e Fit function chosen from a family of
function: need of extra d.o.f excluded
with F-test on binned data: !

flx =102 b) = N- (1 — x1/3)b . x?

3

e Bias from choice of particular § i ﬁmﬂﬁm.hm il -
functional form estimated from fit to : o | ‘H + E
Simulated pseud—data_ ° 500 400 600 800 {000 1200 1400 1600 .

m, [GeV]
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Background model: ATLAS

Spin-2:
e Low number of events in the high mass diphoton spectrum » use templates
e from MC: SM ~~ background.
e from Data: v/ and jj, templates extracted from control regions

e Background components mixed according to fractions measured in data.

T T T T T
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reliminary

T T T T
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Statistical analysis

Hypothesis test based on unbinned likelihood fit to m,:

Nevents

L(p,0) = ] (ie-S(mil0s) + B(mi|0s)) - Poisson(Neyents|ps - Ns + Nig)
i=1

Test statistic: LHC-type likelihood ratio.

e Background hypothesis rejection evaluated through background-only p-value.

Exclusion limits and local p-values computed with asymptotic formulas.

CMS fit all 4 categories simultaneously.
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Results: upper limits

Please note the different mass scale between ATLAS and CMS plots.
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p-values

e ATLAS:
- Largest deviation from background-only hypothesis for:
myx = 750 GeV, rx/mx ~ 6%.

> Local significance: Z = 3.9(3.6)c
> Global significance: Z = 2.0(1.8)0 for spin-0(spin-2).
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p-values

e CMS

- Largest deviation from background-only hypothesis for:
myx = 760 GeV, rx/mx ~ 1.4%.

> Local significance: Z = 2.8(2.9)o for spin-0(spin-2).
- Global significance: Z < 10.

r/m=1.4x10"* r/m=1.4x 102 r/m=5.6 x 10~2
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p-values

e Excess in 500GeV < m < 850GeV mainly driven by 3.8T, EBEB category.

Spin-0 Spin-2

CMS _Ppreliminary

3.3 fb™ (13 TeVv) Preliminary
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Event properties (ATLAS)

® Comparison of excess region (orange) with sidebands (magenta, blue).

e Data (points) distributions compared to simulated (lines) SM ~~ diphoton production.
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ATLAS: 13 TeV / 8 TeV compatibility

2012 data re-analyzed.

Consistency quantified adding an extra modifier that multiplies the cross-section ratio

(0137ev /08 Tev) in the unbinned fit to m.,.

Expected 01372y /0s7ev Scaling (@ 750 GeV): 4.7(2.7) for gg(qq)

production.

Measured larger than expected o137 /0s7ev Scaling (@ 750 GeV).

Statistical significance of the

cross-
= Spin-0 (I/m=6%): 1.2(2.1)0
assuming gg(qq) production.

>

section difference:

Spin-2 (k/Mp = 0.21):
2.7(3.3)0 assuming gg(qq)
production.

Events / 20 GeV

Data - fitted background

Spin-0 (8 TeV)

Spin-2 (8 TeV)

ATLAS Preliminary ot
+ Data

—— Background-only fit
Spin-0 Selection
{s=8TeV,20.3 0" =

K ATLAS Preiiminary . baa

—— Background-only fit

Spin-2 Selection
Vs=8TeV,203fb"

200 400 600 800 1000 1200 1400 1600 1800
m, [GeV]
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Combination 8 TeV + 13 TeV: CMS

e Largest excess for I/m = 1.4 x 10~* at m = 750 GeV.

® Expected cross-section scaling:
> 0137ev/0sTey = 4.7 for spin-0, assuming gg only production.
> 0137ev/0sTey = 4.2 for spin-2, assuming RSG

e Local significance: 3.40 (1.60 global).
Spin-0 Spin-2

3.3 (13 TeV) + 19.7 fb™ (8 TeV)

CMS _Preliminary 3317 (13 TeV) +19.7 fb™ (8 TeV) CMS _Preliminary

° °
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r 13TeV r 13TeV
10* 10*
5x10% 6x10% 7x10% 8x10% 5x10° 6x10° 7x10° 8x10°
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Summary

Presented analysis from ATLAS and CMS experiments:
® Both collaboration tested spin-0 and spin-2 signal hypothesis (assuming different
couplings / widths).
e Both 13 TeV and 8 TeV datasets have been analyzed:

> ATLAS largest excess (at 13 TeV) for spin-0 hypothesis at m = 750
GeV, T/m ~ 6%:

v 2.00 global significance.
v/ Compatible with 8 TeV data 1.2¢ for spin-0 (gg production).

> CMS largest excess at m =750 GeV, ['/m ~ 0.01%:

v 1.60 global significance.
v/ Combination of 8 TeV+13 TeV datasets.

e Need more data to assess (in)compatibility with background-only
hypothesis.

Looking forward to 2016 LHC run
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Cross section limits: spin-2

Please note the different mass scale between ATLAS and CMS plots.
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CMS: more on OT analysis

CMS simulation
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ATLAS: more on background parametrization
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