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o ATLAS is one of the four main experiments
at the LHC

ATLAS (A Toroidal LHC ApparatuS)

4 levels of detectors
Inner detector (pixel, strip, TRT)

Electromagnetic calorimeter

Hadronic calorimeter
Muon detector (MDT, CSC, RPC, TGC)

 Reconstruction and identification of objects
(photons, muons, jets) is achieved using [ — <
information from all detectors 5
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RECONSTRUCTION AND IDENTIFICATION
OF PHOTONS

Calorimeter Energy resolution
o 10-17%

E JE/GeV

Photon identification
Based on discriminating variables measured in the
calorimeters (different for converted/unconverted)
Two standard identification criteria: loose and tight
Tight ID efficiency: 85% at E; ~ 50 GeV, 95% at E; ~ 200 GeV

» |solation in the calorimeter

« Energy in a cone in the calorimeter of AR=V(A@?+An?)=0.4
» |solation in the inner detector

» Tracks in the inner detector in a cone of AR= 0.2

Uncertainty on:
Photon energy scale at high E; is (0.5-2.0)% (depending on n)

Photon energy resolution for E; = 300 GeV is (30-45)% (depending on n)
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RESONANCES IN THE DIPHOTON CHANNEL

 Current di-photon searches ongoing in
the ATLAS experiment:

Search for Graviton (spin 2)
« Randall Sundrum (RS) model Wy =00
KM, =0.05

- Additional dimensions where only gravity _ T =01
propagates - Reduced effective value of the "’
Planck scale in the SM brane

* For graviton the coupling with the SM k/M,, is
proportional to the width of the resonance

Mg and k/M,, are free parameters

For 8 TeV anaIyS|s Graviton with k/M,, = 0.1 109755 1 1.5
\__excluded to 2.66 TeV CERN-PH-EP-2015-043

ATLAS — Observed limit
----Expected limit
Expected+ 16
Expected+ 206
— /M, = 0.01
— /M, =0.03

(5= 8 TeV
G*— vy

6 X BR(G*— vyy) [pb]

_[ Ldt=203f"

4

N _.
=) %

95% CL limit on o, - BR [fb]

| Ys=8TeV, |Ldt=2031b"

k ERN PH-EP-2014-142
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DI PHOTON SELECTION

Higgs (spin 0)
Leading (subleading) photon

Graviton (spin 2)

PY; > 55 GeV PY:/Myy > 0.4 (0.3)
(better sensitivity for spin 0 resonance)

/- Isolation < 0.022* PY; + 2.45 GeV A
* Isolation (tracks) < 0.05* PY;

- Efficiency of isolation over tight ID for 2 photons: 90% to 96% (P, 100,150 [GeV])
N Overall selection efficiency for a signal 70 % (spin 2) 60 % (spin 0)

Analysis stratec

Select pure diphoton sample
Model signal using MC

v

Background using MC and data-driven methods
Test the background only hypothesis over the signal+background hypothesis on data
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SIGNAL PARAMETERIZATION

ATLAS Simulation

\s =13 TeV, G*—yy
Spin-2 Selection

mg. = 1000 GeV

kM, = 0.20 (I g/myg, = 5.8%)

ATLAS Simulation
\s=13TeV, G*'—=yy

For spin-0, the line shape is - o e

described by an effective DSCB .
function :

 DSCB parameters are functions ; o e
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BACKGROUND MODELING (SPIN 2)

* Irreducible background shape (two photon from SM)

 Shape is from LO MC (Sherpa after detector simulation) with NLO
correction factors (diphox MC) as a function of M,

 Reducible background shape from a fit to data, in control regions,

inverting photon identification criteria
* eg: tight, anti-tight for y-jet background

ATLAS

J.Ldt= 20.3fb" 1s=8TeV

Events/ 0.5 GeV

e Data

Photons
Jets

—— Total

-

: Background decompositon

2 0 2 4 6 8 10 12 14
CERN-PH-EP-2015-043 EX° (subleading photon) [GeV]
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BACKGROUND MODELING (SPIN 0)

Background is fitted to data with a functional form
Spurious signal (SS) to test functional forms:

Using a very high statistic MC (irreducible) and data from control region (reducible)
to build a full background template

Fit the template with signal + background (to be tested) for each mass hypotesis
SS is the number of fitted signal events on the background template
SS used as a systematic (centered at 0) uncertainty on Nsignal

Function chosen from a family of nested function

1k
J

f(k)(/t; b, {ak}) = N(l _ x1/3)bxl- o @j(logx)/ |

Number of free parameters = k + 2
k = 0 was chosen with Fisher test
On functions passing spurious signal test

Minimum number of parameters to follow the background
distribution
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Systematic errors on background (spin 2)
PDF variations of NLO MC
Reducible: variation of the control region
definition
On background decomposition

On isolation: matching reco/parton isolation
selections

Systematic errors on background (spin 0):
» Spurious signal for the chosen function

Around 750 GeV error of 2-4 % on the background
estimation

mvesbignbed signEl reghion JACHE O (R=lnk] ACHE DO rarm

MO extrapalation functional form

Tal Gel, Tlme = 65,

T2-TR0 GeV, spin-2 selection Nl+o3x0rT 210+ 124+£04
T20-TR0 GeV, spin-0 selection 6.7 0.0 +£04 Gim4+ 0703

1500 e, T e = 659

1440- 1560 GeV, spin-2 selection 114 £ 002 £ 0,08 151 £ 027 £ 002
1440- 1560 GeV, spin-0 selection 082 £ 001 £ 004 083 £ 011 £ 0.04

Systematic errors on signal
Shape: energy resolution

Yield: Identification, Isolation,
ATLAS recorded luminosity
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PURITY OF THE SELECTED DI-PHOTON SAMPLE
an D

ATLAS ATLAS

Vs=13 TeV, 3.2 fb™ Vs=13 TeV, 3.2 fb™
Spin-2 Selection : Spin-0 Selection

—e— Data yield —e— Data yield

—=— Estimated vy yield —=— Estimated vy yield
—— Estimated vj+jy yield Y —— Estimated vj+jy yield
—— Estimated jj yield i —— Estimated jj yield

c
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vy fraction

—o— Matrix method —o— Matrix method
—=— 2x2D sidebands . —=— 2x2D sidebands

0.5 .
200 400 600 800 1000 1200 1400 1600 1800 2000 400 600 800 1000 1200 1400 1600 1800 2000
ATLAS-CONF-2016-018 m,, [GeV] m, [GeV]
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DI-PHOTON CANDIDATES INVARIANT MASS IN DATA, 3.2 FB-', 'S = 13 TEV

e Data ¢ Data

— Background-only fit — Background-only fit

Events / 20 GeV
Events / 20 GeV

Spin-2 Selection
ls=13TeV,3.2fb™

Spin-0 Selection
Vs =13 TeV, 3.2 b”
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Data - fitted background
Data - fitted background
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ATLAS-CONF-2016-018 m,, [GeV] ATLAS-CONF-2016-018

DI-PHOTON RESONANCES, SIMONE MAZZA ON

BEHALF OF THE ATLAS COLLABORATION 02/06/2016




STATISTIC ANALYSIS

Test of the compatibility of the data with the background only hypothesis
Using frequentist techniques and profile likelihood ratio for p (signal) = 0

Test each [mass, width] to find maximum local significance
Maximum local significance around 750 GeV
k/M,; = 0.23 (for spin 2) corresponding to I' = 57 GeV Signal + background model
[ =45 GeV (for spin 0) Ns fs(my,) + Ng f5(my,),
ATLAS-CONF-2016-018

{s=13TeV, 3.2fb" Spin-0 Selection \s=13TeV,3.2fb" Spin-2 Selection
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LOCAL AND GLOBAL SIGNIFICANCE

Local significance is not sufficient need to evaluate the «look elsewhere effect»
—> Global significance

Searched in a large bidimensional phase space for (My, I y)
To evaluate this effect background-only MC toys were used
Evaluated in the range M [500, 2000] GeV and k/M,, [0.01, 0.3] for spin 2
Evaluated in the range My, [500, 2000] GeV and I [0%, 10%)] for spin 0
For the excess at 750 GeV global significance is 4 a\e(\

Spin 2 selection: 2.1 o IO
Spin 0 selection: 2.1 ¢
Statistical uncertainty from the number of pseudo-experiments is £0.05

Compatibility between the two analyses is assessed with a bootstrap statistical procedure to
generate pseudo-datasets

* If spin-2 (spin-0) signal is assumed compatibility is 0.5 (0.2) o

Assuming zero-width spin 0 signal (NWA) a local significance of 2.9 ¢ is found
Difference in likelihood ratio from best fit (with highest significance) is 2.5 o \Qe\N\
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95% CL Upper Limit on o, x BR [fb]

LIMITS SETTING

200 400 600 800 1000 1200 1400 1600 1800 2000

200 400 600 800 1000 1200 1400 1800 1800 2000

—— Observed CL, limit
Expected CL; limit
[ Expected = 1o
ected =

ATLAS
fs=13TeV 3.21b"
NWA (T, = 4 MeV)
Spin-0 Selection

[ Expected t 1o
Expected + 2 o

=
=
o
@
X
o
=]
c
5
E
5
=
5
a
o
o
—
(&)
®
)
=

i"0 selection

—— Observed
Expected C

[ Expected + 10

[ JExpected t2a

—— Observed CL,
Expected C

[ Expected + 16

[ ] Expected + 2 ¢

3TeV, 3.21b"

Spin-0 Selection

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

my [GeV]

DI-PHOTON RESONANCES, SIMONE MAZZA ON
BEHALF OF THE ATLAS COLLABORATION

imi

—— Observed CL, limit
Expected CL, limit

200 400 600 800 1000 1200 1400 1600 1800 2000

it

200 400 600 800 1000 1200 1400 1600 1800 2000

—— Observed CL, limit
- --- Expected CL, limit
I Expected + 1o

Expected + 20
== pp>Goyy

ATLAS
1s=13TeV, 3.2 1b"
Spin-2 Selection
G-y, kM

ATLAS

Vs=13TeV,3.21b"
N, =2 %

Spin-0 Selection

95% CL limits on oxBR{G"—yy) [fb]

2000 2500 3000 3500
m, [GeV]

—— Observed CL, limit
---- Expected CL; limit
W Expected + 1o

Expected £ 20
= pp—=Gi=ry

ATLAS

1s=13TeV, 3.21b"
Spin-2 Selection
G* vy, k/M; = 0.20

ATLAS
Vs=13Tev,3.210"

%,

nl
500 1000 1500 2000 2500 3000 3500
my [GeV] M.

4500 5000

]
4500 5000

—— Observed CL,_ limit

- --- Expected CL, limit

I Expected + 1o
Expected £ 26

ATLAS
is=13TeV, 3.21b"

s on oxBR(G*—y) [fb]

il
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

if 2 selection (o

—— Observed CL_ limit
Expected CL, limit
W Expected + 1o
Expected + 26
== ppoGroyy

Spin-2 Selection
G*—vyy, kMg = 0.30

95% CL limits on oxBR{G"—yy)

il
500 1000 1500 2000 2500 3000 3500 4000 4500 S000

[GeV] me. [GeV]

02/06/2016 14



What about run1?

- 8 TeV data re-analysis

Same kinematic selection as before, update of calibration and systematics
For spin 2 selection no significant excess is observed
For spin 0 selection there is 2 ¢ significance at 750 GeV
Increase in the cross section (for 750 GeV): 4.7 (gluon, gluon), 2.7 (q, q)
 Spin 2 compatibility run I-Il: Gluon gluon production: 2.7 g, qq production 3.3 ¢
» Spin 0 compatibility run I-1l: Gluon gluon production: 1.2 o, qq production 2.1 o

* Data

— Background-only fit —— Background-only fit
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Spin-2 Selection

. Spin-0 Selection
s=8TeV, 203 fb" E c s =8TeV,203fb"
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ol 5 =
jgg; ATLAS-CONF-2016- 018,; 1ol ' + + ATLAS-CONF-2016-018 =
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Data - fitted background
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DI-PHOTON RESONANCES, SIMONE MAZZA ON

BEHALF OF THE ATLAS COLLABORATION 02/06/2016




KINEMATIC PROPRIETIES OF THE EXCESS REGION
FULL COLLECTION OF PLOTS IN THE PAPER (OR IN BACKUP)
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NEW EXCITING RESULTS?!

Result for Vs = 3.2 fb! of the 2015 data
campaign was reviewed
 Plots and results are public, paper will
be submitted soon!

* Preliminary results already presented
December 2015

An interesting feature was found in the di-
photon channel for an invariant mass of
750 GeV

« Several cross checks were done (both on
detector level and on kinematic level)

* No strange behavior seen yet

To study the nature of the feature we are
looking at new data

 An updated result with 2016 data will be
released soon

- Stay tuned!

EXPERIME!

Spin-2 Selection
Free
width

OW
width

Spin-0 Selection

Free
width

13 TeV

750 GeV 770 GeV

gluon-gluon sc
quark-antiquark
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BACKUPS
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RELATl\/E CUTS Scalar 390 20 1.20(99)-2.10(qq)
E F F ECT Graviton 380 210 2.70 (g9)-3.3 0 (qq)

ATLAS Simulation Vs =13 TeV
Spin-2 Selection —— Spin-0 Selection
— X = vy, m = 750 GeV
— G* — vy, m. = 750 GeV
—— Sherpa yy, 700 GeV < m < 800 GeV

1/N dN/dcoso,,

01 02 03 04 05 06 0.7 08 0.9

coseW
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1/N dN/dyy conversion status
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BACKGROUND PARAMETERIZATION (SPIN 0)

* Function fit on data

kK . Vi
Foo(x; b, {ax}) = N(1 — x1/3)b xZj-0 (080"

* To choose the number of free parameters: F-Test
 k =0 was chosen for spin 0 selection

D= A =2, = (%))

Fa = P
F = -
> (v - filx))

n=p,
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» DAR A RIZATIO -, .
BSackgrouna composeda by reducible (ga a-|€ + ' ) ' wﬁ—{
JI=1el) dalld 10 PDIC (Ud d (o c 0
* Irreducible shape is derived form a MC at LO -WLM [.
(Sherpa fullsim) re-weighted with NLO
corrections (diphox) s @ ORS00
Reducible shape is derived with a fin on data : -
inverting ID criteria (ex: tight — antitight for ossooosme,  , ——\oncomcenonns, A
gamma-jet) N o Phys Rev D9 032004/2015)
§ 35001 ATLAS %
Composition of the four components (yy, y-jet, 5 3000F JLot-zoan’ 1s-atev
jet-y, jet-jet) is estimated with a data driven § 2500 . Data E
methOd 2000; ----- Photons é
Isolation template fit 1500 o .
Studyu of the isolation variable shape in a 1000F ) E
low mass cqntrol region [200,500] _va 500; Background decomposiian
Total normalization of the background is fitted e T R R I TR
from data ES° (subleading photon) [GeV]
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http://link.aps.org/abstract/PRD/v92/e032004

What about run1?

8 TeV data re-analysis

Same kinematic selection as before, update of calibration and systematics
For spin 2 selection no significant eccess is observed
For spin 0 selection there is 2 g significance at 750 GeV
Increase in the cross section: 4.7 (gluon, gluon), 2.7 (q, q)
 Spin 2 compatibility run I-Il: Gluon gluon production: 2.7 g, qq production 3.3 ¢
» Spin 0 compatibility run I-1l: Gluon gluon production: 1.2 o, qq production 2.1 o

Moriond 2016: Interpreting the 750
GeV digamma excess: a review

Mlass of the resonance in GeV
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