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Introduction

• Resonances decaying to diphotons predicted by several BSM models


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


!

!

!

!

• Results with 2015 data (3.2 fb-1), submitted to JHEP (arxiv:1606.03833)


• New results with 15.4 fb-1 of reprocessed 2015 data + 2016 data presented 
for the first time (ATLAS-CONF-2016-059)
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Benchmark 
model

Search range  
(mass / additional parameter)

Spin-2 (G) RS graviton 500 GeV - 5 TeV k/Mpl = 0.01-0.3
Spin-0 (X) Higgs-like 200 GeV - 2.4 TeV Γ/m < 10%

http://arxiv.org/abs/1606.03833
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Overview of the analyses

• Common event selection:


• Diphoton trigger (35/25 GeV), 99% efficient


• 2 tightly identified photons, isolated using  
calorimeter and tracks (> 90% purity)


• Different kinematic selections:


• Spin-2: pT > 55 GeV


• Spin-0: pT1 / mγγ > 0.4, pT2 / mγγ  > 0.3  
→ suppresses small scattering angles, 
i.e. large cos θγγ* (or Δηγγ)


• +20% sensitivity w.r.t. fixed pT cuts 
beyond 600 GeV
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Identification, isolation, sample composition

• Backgrounds from γγ, γ+jet, jet+jet. Processes with e± → γ negligible 


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


• Isolation studied with Z → e+e-, ℓℓγ and γ+X


• High γγ purity, checked with different methods


• Spin-2 selection:


• Spin-0 selection:
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of background directly from data. Only some of the requirements of the tight photon identification using262

the first layer of the calorimeter are inverted to minimize the correlation with the isolation variable.263

In the first method [32], four regions per photon are constructed, one region corresponding to the signal264

selection and the others to candidates failing the isolation requirement only, failing part of tight identifica-265

tion requirement only or failing both. For diphoton candidates, 16 control regions are thus obtained. The266

inputs to the method are the numbers of events in the 16 regions and the signal e�ciencies of the tight267

identification and isolation requirements. The correlation between these two requirements is assumed to268

be negligible for background events. The method allows the simultaneous extraction of the numbers of269

genuine diphoton events, photon+jet, jet+photon and dijet background events, and of the e�ciencies of the270

tight identification and isolation requirements for photon candidates from misidentified jets. Photon+jet271

events correspond to the cases where the sub-leading photon candidate in ET is a jet misidentified as a272

photon, and vice-versa for jet+photon events.273

The second method [33] classifies the diphoton candidates passing tight identification requirements into274

four categories depending on whether both, only the leading, only the sub-leading or none of the photons275

pass the isolation cut. The numbers of observed events in data in these categories are related to the numbers276

of genuine diphoton, photon+jet, jet+photon and dijet events through isolation e�ciencies for signal and277

background. The e�ciency for background is estimated in control regions of the data, using events failing278

a subset of the tight identification requirements. Events satisfying the tight identification are used to279

estimate the e�ciency for genuine photons, after subtracting the background component, whose amount280

is estimated by comparing the number of events passing and failing a subset of the tight identification281

requirements, in a control regions of the data with large track isolation value, piso
T > 0.05ET + 10 GeV.282

Once these e�ciencies are known, the sample composition can be extracted by the inversion of a 4⇥4283

matrix.284

Both methods can be applied over the full selected kinematic range, or in bins of m��, thus providing285

both inclusive and di�erential yields. Figure 2 shows the decomposition of the selected data sample286

into the contributions from diphoton, photon+jet or jet+photon, and dijet events for both selections and287

the corresponding purities, defined as the ratio of diphoton events over the total number of events in the288

sample. The purity is (94+3
�7)% for the spin-2 selection and (93+3

�8)% for the spin-0 selection. Uncertainties289

on these purity estimates come from the statistical uncertainty in the data sample, the definition of the290

control region failing the tight identification requirement, the modelling of the isolation distribution and291

possible correlations between the isolation variable and the identification criteria that are inverted. Both292

methods give consistent results within their uncertainties. The estimate of these uncertainties is sensitive293

to the small number of events in some of the control regions.294

5.4. Signal acceptance and e�ciency295

The expected signal yield can be expressed as the product of the production cross section times branching296

ratio to two photons with the acceptance (A) of the kinematic requirements and with the reconstruction and297

identification e�ciency (C). The acceptance is expressed as the fraction of decays satisfying the fiducial298

acceptance at the generator level. The factor C is defined as the ratio of the number of events fulfilling all299

the selections applied on reconstructed quantities to the number of events in the fiducial acceptance. The300

fiducial acceptance follows closely the selection criteria applied to the reconstructed data: |⌘� | < 2.37,301

ET > 55 GeV for the spin-2 resonance search selection and ET > 0.4m�� (leading �), ET > 0.3m��302

(sub-leading �) for the spin-0 resonance search. An isolation requirement is applied using all particles303
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Signal modelling: narrow width

• Invariant mass reconstruction (mγγ ): 


• Energy and impact point from EM calo


• Vertex from NN developed for H→ γγ 


• Selection efficiency (±0.3 mm): 88%, mγγ 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


• σCB = 2.3 GeV @ m = 200 GeV, 15 GeV @ m = 2 TeV


• Uncertainty on mass resolution: ±17% @ 200 GeV, ±40% @ 2 TeV

5
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• mγγ parameterised as a function of mass and width (                                )


• Theoretical line-shape from:


• Breit-Wigner


• Squared matrix element 


• Parton luminosity


• Spin-2: Pythia samples


• Spin-0: Powheg-Box


• Madgraph/aMC@NLO using 
EFT approach for new results


• Convoluted with DSCB

Signal modelling: large width
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Figure 29: Comparison of the multiple mass fit parameterization (red line) to the output parameters of the single
mass point fits (blue points) and to the parameterization of the single mass point fit parameters (blue dashed line) for
the LW scalar model corresponding to ↵X = 6%. The parameter are given as a function of mX for the ggF samples:
�mX = µCB � mX (top left), �CB (top right), ↵low (bottom left), ↵high (bottom right).

and k/MPl. For large values of k/MPl the graviton line-shape exhibits a relative large high-mass tail (see522

Figure 37, due to intrinsic graviton properties, including a strong mG⇤-dependence of all partial widths,523

and an overall factor of s2 in the expression for the production cross section [30]. While the DSCB524

approach used for the LW scalar analysis could in principle be modified to account for this property (see525

App. 11.3.1), an approach based on first principles is chose as baseline for the graviton analysis.526

5.3.1. Modeling of the graviton signal line-shape with the convolution method527

Following the approach used to model the scalar line shape for large width, and in particular Eq. (8), the528

graviton theoretical line-shape corresponding to k/MPl is expressed by the product of a Breit-Wigner term529

with mass mG and width530

�G⇤ = 1.44 · (k/MPl)2mX, (11)

a parton luminosity term, and a term corresponding to the squared matrix element of the production531

process. In order to calculate the theoretical graviton line-shape, the product of the parton luminosity and532

squared matrix element terms is obtained from the graviton MC sample by removing the Breit-Wigner533
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• Spin-2: MC template (extend to multi-TeV range)


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


• Uncertainties from isolation (±7%), scale variations (±5%), PDF (2-35%)


• γ+jet, jet+jet shape from control regions, 
normalisation from purity estimate


• Overall normalisation from data


• Spin-0: fit to data


!

!

• 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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using the fixed order D����� [34] NLO computation, version 1.3.2. The background from photon+jet and370

dijet production is added using control samples in the data. The second approach, more appropriate for371

the mass range in which there are enough data events below and above the investigated resonance mass, is372

based on using a smooth functional form, with fully data-driven parameters to model the total background.373

In this approach, used for the spin-0 resonance search, the mass distribution from data is fitted in the range374

above 150 GeV and the search range for the signal is 200-2000 GeV.375

7.1. Monte-Carlo extrapolation approach376

The background is separated into the diphoton irreducible component and the reducible contributions from377

photon+jet and dijet events. To normalize properly each component, the composition of the data sample in378

the invariant mass interval from 200 GeV to 500 GeV is determined following a procedure similar to that379

described in Section 5.3. The background shape can then be estimated over the full 200-4000 GeV mass380

range, taking into account the shapes of each background component and their relative normalizations381

from the 200-500 GeV range.382

The D����� NLO computation is used to predict the shape of the invariant mass distribution of the383

irreducible diphoton background at the parton level. Kinematic cuts corresponding to the analysis selection384

(ET > 55 GeV, |⌘ | < 2.37) are applied. This computation includes the contribution of photons produced385

in the fragmentation of quarks or gluons. The CTEQ6.6M PDF set [35] is used and the factorization,386

renormalization and fragmentation scales are set to the mass of the diphoton system. Fully simulated387

diphoton events generated with S����� are reweighted using the ratio between the D����� and S�����388

calculations at the parton level, as a function of the diphoton invariant mass. The reweighting factor389

varies by about 20% over the diphoton mass range from 200 GeV to 3000 GeV. The uncertainty on the390

D����� computation is estimated by considering the following e�ects: uncertainties on the parton density391

functions (PDF) from variations of the 22 eigenvectors that are provided with the CTEQ6.6M PDF (from392

±2% at a mass of 200 GeV up to ±35% at a mass of 3500 GeV on the shape of the normalized invariant393

mass distribution), on the choice of the PDF set (up to ±5%), on the photon isolation applied at the parton394

level in D����� (±10%), and on the factorization and renormalization scales used in D����� (±10% to395

±20%).396

To predict the shape of the photon+jet and dijet backgrounds, control samples where one or two of the397

photons fail the tight identification criteria but fulfill looser selections are used. The shape of the invariant398

mass distribution in these control samples is fitted with a function of the form399

f (x) = p0 ⇥ xp1+p2log(x) ⇥
 
1 � 1

1 + e(x�p3)/p4

!
(2)

where x = m��p
s

and p
i

are free parameters. The uncertainty on the shape of this background is estimated400

by varying the identification criteria used to select the photons in the control sample.401

The uncertainty on the m�� shape of the total background results from uncertainties on both the shape and402

the relative normalization of each component. This uncertainty ranges from about ±5% to ±35% over the403

mass range from 500 GeV to 3500 GeV. At masses larger than 1000 GeV, the main contribution to the404

uncertainty comes from the shape of the irreducible background which in turn mostly arises from the PDF405

uncertainty. Figure 4 shows the evolution of the uncertainties on the background prediction as a function406

of m�� in the region m�� > 500 GeV, which is the search range for the spin-2 resonance. The impact of407

these uncertainties in the range 200 GeV to 500 GeV is also taken into account. Four independent sources408
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of systematic uncertainties are considered, each of them with an impact varying with the invariant mass409

but fully correlated across the full mass range. These sources are the shape of the reducible background,410

the relative normalization of the reducible and irreducible backgrounds, the impact of the parton-level411

isolation requirement in D����� and the e�ect of the uncertainties on the scales and PDF in the D�����412

computation. In addition, MC statistical uncertainties, which are ranging from ±5% to ±10% in a 5 GeV413

mass interval, are taken into account, uncorrelated from bin to bin.414

Figure 4: Relative uncertainty on the shape of the m�� distribution of the predicted background for the spin-2
resonance search. The uncertainties are shown in the mass range 500 GeV to 3500 GeV corresponding to the
search region. The reducible background uncertainty corresponds to the uncertainty on the shape of the reducible
background component. The uncertainty on the shape of the irreducible background results from uncertainties
a�ecting the NLO diphoton computation (parton density functions and factorization and renormalization scales).
The uncertainty on the purity corresponds to the impact of the relative normalization of the reducible background
compared to the irreducible background. The uncertainty on isolation results from the uncertainty in the choice of
the parton-level isolation cut in the D����� NLO computation.

7.2. Functional form approach415

A family of functions, adapted from those used by searches for new physics signatures in dijet final416

states [36], is chosen to describe the shape of the invariant mass distribution:417

f (k) (x; b, {a
k

}) = N (1 � x1/3)bx
Pk

j=0 a j (log x) j , (3)

where x = m��p
s

, b and a
k

are free parameters, and N is a normalization factor.418

To validate the choice of this functional form and to derive the corresponding uncertainties, the method419

detailed in Ref. [37] is used to check that the functional form is flexible enough to accommodate di�erent420

physics-motivated underlying distributions. A large sample of diphoton pseudo-data is produced using the421

D����� NLO computation, where the photon four-vectors are smeared with the detector resolution, and422

also with S����� generated samples which are then passed through the full detector simulation and the423

16th April 2016 – 20:32 14
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Results from 2015 data (arxiv:1606.03833)
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Results from 2015 data (arxiv:1606.03833)
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Since then…

• Impressive performance of the LHC


• Peak luminosity beyond design


• ATLAS data-taking efficiency > 90%


• 12.2 fb-1 of 2016 data analysed


• Data taken until July 16 (< 3 weeks ago!)


• Improved reconstruction and energy calibration, based on experience with 
13 TeV data
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The "new" 2015 data: spin-0 analysis

• 2015 reprocessed and reanalysed


• Excess @ 750 GeV → 730 GeV


• 3.9σ → 3.4σ local significance


• Basically 2 events affected by 
new reconstruction and calibration
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With the higher pileup conditions 
of the 2016 data, more work is 
needed to complete the analysis 
in the extended acceptance of the 
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A diphoton candidate with mγγ = 2.2 TeV
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Spectra for 2016-only and 2015 + 2016 data
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New results: significances for narrow-width signal
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New results: significances for wide signal (10%)
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Signal efficiency and limits on cross sections

• 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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Summary

• 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 1σ


• 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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New results: significances vs mass and width
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New results: purity

• Purity of γγ selection: (90 +3/-10) %

20

 [GeV]γγm

 [1
/G

eV
]

γγ
dN

/d
m

3−10

2−10

1−10

1

10

210

310 ATLAS Internal
-1=13 TeV, 15.4 fbs

Spin-0 Selection

Data yield
 yieldγγEstimated 

 yieldγj+jγEstimated 
Estimated jj yield

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

 fr
ac

tio
n

γγ

0.7
0.75
0.8

0.85
0.9

0.95
1

1.05

Matrix method
2x2D sidebands

 [GeV]γγm

 [1
/G

eV
]

γγ
dN

/d
m

3−10

2−10

1−10

1

10

210

310 ATLAS Preliminary
-1=13 TeV, 15.4 fbs

Spin-0 Selection

Data yield
 yieldγγEstimated 

 yieldγj+jγEstimated 
Estimated jj yield

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

 fr
ac

tio
n

γγ

0.7
0.75
0.8

0.85
0.9

0.95
1

1.05

Matrix method
2x2D sidebands



Bruno Lenzi (CERN) Search for a high mass diphoton resonance using the ATLAS detector 05/08/2016

New results: signal modelling
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New results: limits for spin-0
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