
Liron Barak  
 

CERN
+
+
+
+

+
++

+
+
+
+
++++ -

-
-
-

-
--

-
-
-
-
- - - -?

The Higgs boson -  
a first of its kind?



Students Colloquium

 SU(3)×SU(2)×U(1)

2

Particle Content



3

The Higgs Boson
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• XS and BRs

 [GeV] HM
80 100 200 300 400 500 1000

 H
+X

) [
pb

]  
  

→
(p

p 
σ

-210

-110

1

10

= 8 TeVs

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
4

 H (NNLO+NNLL QCD + NLO EW)

→pp 

 qqH (NNLO QCD + NLO EW)

→pp 

 WH (NNLO QCD + NLO EW)

→
pp 

 ZH (NNLO QCD +NLO EW)

→
pp 

 ttH (NLO QCD)

→
pp 

 bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

→
pp 

 [GeV]HM
90 200 300 400 1000

H
ig

gs
 B

R
 +

 T
ot

al
 U

nc
er

t

-410

-310

-210

-110

1

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
3

bb

ττ

µµ

cc

gg

γγ γZ

WW

ZZ

Theory Inputs



5

Needle in the Haystack
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• Hunting a new short lived particle means looking for a bump 
in the invariant mass (minv

2 = (p1+p2)
2) distribution of its decay 

products. 
• The significance of the bump must be high enough to make a 

statistical fluctuation of the known background highly unlikely.
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• We have two photons.
γ
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Bump Hunter (H->γγ)



Bump Hunter (H->γγ)
We have two photons in the background too:
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• Identify discriminating variables to 
suppress our backgrounds. 

What should we do?



• How did we do it?  
https://twiki.cern.ch/twiki/pub/AtlasPublic/
HiggsPublicResults//Hgg-FixedScale-
Short2.gif
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H->γγ

https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults//Hgg-FixedScale-Short2.gif
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• How did we do it?
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H->γγ



• H->ZZ events in ATLAS

18-Jun-14
12

Muon 
(µ)

µ

µµ

The Golden Channel



• How did we do it? https://twiki.cern.ch/
twiki/pub/AtlasPublic/HiggsPublicResults//
4l-FixedScale-NoMuProf2.gif 
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The Golden Channel

https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults//4l-FixedScale-NoMuProf2.gif
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The Golden Channel
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The Glory Day
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• Problems in the Standard Model  
(Neutrino mass, dark matter…). 

• Fermions come in three families, 
why only one Higgs family? 

• With two Higgs families, five 
states; Charged Higgs – the 
smoking gun.
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Beyond the Standard Model
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Figure 16: Compatibility with the background-only hypothesis as a function of the assumed signal mass m
X

for
di�erent values of the relative width �

X

/m
X

for the analysis optimized for a spin-0 resonance search.

the background description a�ecting the extracted signal yield, obtained with the spurious signal method.873

The spurious signal values as a function of the mass assuming a relative decay width �/M = 6% are874

assumed for this figure. The corresponding uncertainty is obtained by taking the envelope as a function875

of the mass of the peaks of the function describing the signal shape normalized to the spurious signal876

values.877

F. Isolation plots per ⌘ bins878

Figure 20 shows the comparison between data and MC of the calorimeter isolation variable distributions879

for inclusive photons in the ET range from 125 GeV to 145 GeV in di�erent ⌘ bins.880

28th May 2016 – 11:49 36

Getting there….
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Photon reconstruction
● Clustering of LAr calorimeter cells in 4 sampling layers

○ Sliding window algorithm over projective towers
● Center of cluster calculated separately for each layer

○ Allows for coarse photon pointing
● Provides depth and lateral shower shapes

○ Discrimination between photons and jets
○ Attached track → electron or conversion

Slide 14
Figure by K. Brendlinger
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Energy clusters

Photon Reconstruction



LHCP2015 P t  S i  St P t bLHCP2015 Poster Session – St PetersburgLHCP2015 Poster Session – St.PetersburgLHCP2015 Poster Session St.Petersburgg

Ph t i ATLAS f R 1 t R 2Photons in ATLAS: from Run1 to Run2Photons in ATLAS: from Run1 to Run2Photons in ATLAS: from Run1 to Run2

Introduction to Photons in ATLASIntroduction to Photons in ATLAS
S l h i i i th t t lli i t th L H d C llid (LHC) d fi l t t ith t h t Th iSeveral physics processes occurring in the proton-proton collisions at the Large Hadron Collider (LHC) produce final states with prompt photons. The main
contributions originate from non-resonant production of photons in association with jets or of photon pairs, with cross sections of the order of tens ofg p p j p p ,
nanobarns or picobarns respectively The study of such final states and the measurement of their production cross sections are of great interest as ananobarns or picobarns, respectively. The study of such final states, and the measurement of their production cross sections, are of great interest as a
probe of perturbative QCD and can provide useful information on the parton distribution functions of the proton Prompt photons are also produced in rarerprobe of perturbative QCD and can provide useful information on the parton distribution functions of the proton. Prompt photons are also produced in rarer
events that are key to the LHC physics programme, such as di-photon decays of the Higgs boson with a mass near 125 GeV, occurring with a cross sectiony p y p g , p y gg , g
of around 20 pb at √s = 8 TeV Finally some of the typical expected signatures of physics beyond the Standard Model (SM) are characterized by theof around 20 pb at √s 8 TeV. Finally, some of the typical expected signatures of physics beyond the Standard Model (SM) are characterized by the
presence of prompt photons in the final state They include for instance resonant photon pairs from graviton decays in models with extra spatial dimensionspresence of prompt photons in the final state. They include for instance resonant photon pairs from graviton decays in models with extra spatial dimensions,
pairs of photons accompanied by large missing transverse energy produced in the decays of pairs of supersymmetric particles, and events with highlyp p p y g g gy p y p p y p g y
energetic photons and jets from decays of excited quarks or more exotic scenariosenergetic photons and jets from decays of excited quarks or more exotic scenarios.

The ATLAS DetectorPhoton ReconstructionPhoton Reconstruction

¾Use sliding indo algorithm¾Use sliding window algorithm

¾ Find seed cluster with energy >2.5 GeVgy
¾Form clusters ∆ɳx∆ɸ¾Form clusters ∆ɳx∆ɸ
¾ Run1: converted photons used 3x7¾ Run1: converted photons used 3x7 

clusters in the barrel, unconverted used ,
3x5 clusters in the barrel all objects3x5 clusters in the barrel, all objects 
used 5x5 clusters in the endcapused 5x5 clusters in the endcap. 

¾ Run2: unconverted photons use 3x7 in p
the barrelthe barrel.

¾Measure and calibrate cluster energy¾Measure and calibrate cluster energy

¾¾Match cluster to an ID track

¾ Electron – Photon separation¾ Electron Photon separation
¾Match track to a secondary vertex¾Match track to a secondary vertex

¾ C t d / t d h t¾ Converted  / unconverted photons 
separationseparation

Ph t Id tifi tiPhoton Identification

f¾Relies on variables that describe the shape of the electromagnetic shower in p g
the calorimeter as well as on the fraction of energy deposited in the hadronicthe calorimeter, as well as on the fraction of energy deposited in the hadronic
calorimeter Improvements for Run2 → A new pixel layer (Insertable Blayer IBL) R=3 3cmcalorimeter.
¾2 diff t t f t ith i i b k d j ti d

Improvements for Run2 → A new pixel layer (Insertable Blayer, IBL) R=3.3cm

¾2 different sets of cuts with increasing  background rejection used
¾ loose, tight Photon Conversion Reconstruction Performance¾ loose, tight

Example: Due to the fineExample: Due to the fine 
granularity of strips (EM) it isgranularity of strips (EM), it is 

ibl t di ti i h b tpossible to distinguish between    
γ and π using strip variables.γ and π using strip variables. 
Strip granularity in ɳ:0 003 (barrel)Strip granularity in ɳ:0.003 (barrel)

¾Fraction of tight photon candidates reconstructed as unconverted or convertedPhoton Identification Efficiency Measurements g p
as a function of the ET(left) ɳ(right) The contamination of background photons from

Photon Identification Efficiency Measurements
as a function of the ET(left), ɳ(right). The contamination of background photons from
the decays of neutral hadrons in jets is estimated to be smaller than 5%¾Measurement performed in bins of |ɳ| separately for converted and unconverted the decays of neutral hadrons in jets is estimated to be smaller than 5%.¾Measurement performed in bins of |ɳ| separately for converted and unconverted 

hphotons.p
¾Three methods used: photons from Z radiative decays, extrapolation from¾Three methods used: photons from Z radiative decays, extrapolation from 
electrons from Z→ee decays matrix methodelectrons from Z→ee decays, matrix method
¾C bi ti t d th t i ti 5% t 1 2% d i ith E¾Combination to reduce the uncertainties:~5% to ~1-2% decreasing with ET.T

¾Special treatment of correlations among photons to reduce the uncertainty on the¾Special treatment of correlations among photons to reduce the uncertainty on the 
event efficiency for multi photons events:event efficiency for multi-photons events:

¾ L i t H i l t th l ti¾ Large impact on H→γγ signal strength evaluation

¾Stable behavior of reconstruction of photon candidates as a function of <µ>.¾Stable behavior of reconstruction of photon candidates as a function of µ .
Without the changes the number of conversions would have increased significantlyWithout the changes, the number of conversions would have increased significantly
t hi h il i di ti f k iat high pileup, indicating fake conversions.

Conclusions and OutlookCo c us o s a d Out oo

Changes for 2015:Changes for 2015:
•Adaptation of conversion reconstruction to expected pileup conditions and to 25 ns•Adaptation of conversion reconstruction to expected pileup conditions and to 25 ns 
b h ibunch spacing
•Re-optimization of photon identification to improve pileup robustnessp p p p p

√¾For the data taken in 2012, at √ s = 8 TeV, the efficiency of cut-based photon, , y p
identification algorithm increases from 45–50% (50–60%) for unconvertedidentification algorithm increases from 45 50% (50 60%) for unconverted
(converted) photons at E = 10 GeV to 95 100% at E > 100 GeV and is larger than(converted) photons at ET = 10 GeV to 95–100% at ET > 100 GeV, and is larger than
90% for ET > 40 GeV.T

ReferencesReferences

Photon identification efficiency as a function of transverse energy for converted and unconverted�Photon identification efficiencies (ATLAS-CONF-2012-123) o o de ca o e c e cy as a u c o o a s e se e e gy o co e ed a d u co e ed
photons, corrections to the shower shapes derived from 8 TeV data are applied to improve the data-

oto de t cat o e c e c es ( S CO 0 3)
�https://twiki cern ch/twiki/bin/view/AtlasPublic/ElectronGammaPublicCollisionResults photons, corrections to the shower shapes derived from 8 TeV data are applied to improve the data

MC agreement
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ElectronGammaPublicCollisionResults

MC agreement.

M Levchenko for the ATLAS Collaboration LHCP2015 August 31 September 5 St Petersburg RussiaM. Levchenko, for the ATLAS Collaboration, LHCP2015, August 31 – September 5, St.Petersburg, Russia
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Applying cuts over discriminating variables 
(shower shapes) from the calorimeter layers.

Shower shapes: variables that describe the shape 
of the electromagnetic shower in the calorimeter, 
and the fraction of energy deposited in the 
hadronic calorimeter.

Cuts are binned in η, and by converted/
unconverted photons and Pileup robust.

Efficiency: 
85% (ET=50GeV)-95%(ET=200GeV) 

Uncertainty: 
±2% - ±5% forE

T 
>50GeV 

η dependent

Identification
Important for purity determination, background rejection.

Both calorimeter and track isolation required.

Calo isolation →ΣE
T 

of energy clusters within ΔR = 

0.4: 

Track isolation →Σp
T 

of tracks within ΔR = 0.2:  

Isolation

Photon isolation
● Important for purity determination, background rejection
● Both calorimeter and track isolation required

○ Calo isolation → Σ ET of energy clusters within ΔR = 0.4
○ Track isolation → Σ pT of tracks within ΔR = 0.2

● Optimized for 2015 running conditions

Slide 16

Calorimeter 
isolation cut Bkg enriched data

γγ simulation

Data - Bkg

http://cds.cern.ch/record/2141568

Isolation efficiency:  
88 - 97% 

Isolation uncertainty:  
1-2%

DRAFT
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Figure 18: Distributions of the calorimeter isolation variable (Eiso
T � 0.022ET(�) ) for photon candidates fulfilling

the tight identification criteria for 125 GeV < ET < 145 GeV and four ⌘ regions. The background contribution to
the data, shown as "Bkg template", has been subtracted. It has been determined using a control sample with a subset
of the identification requirements inverted and normalized to the data in the region Eiso

T � 0.022ET(�) > 12 GeV.
The data distributions are compared to predictions from simulation using either S����� or PYTHIA8 to generate
inclusive photon events. The error bars represent the statistical uncertainties. The bands around the background and
the subtracted data distributions represent the estimate of the systematic uncertainties on the background estimate.
The calorimeter isolation requirement corresponds to a cut at 2.45 GeV on this variable.
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track reconstruction assuming the pion hypothesis. Compared to the processing used in Ref. [1], a small
bias in the track parameter fitting has been corrected. The criteria used to select converted photons have
also been modified to cope with the higher pileup expected for the 2016 data taking period. These new
criteria are applied to both reprocessed 2015 data and 2016 data. This leads to event-by-event di↵erences
in the classification of the photons as converted and unconverted compared to the reconstruction used in
Ref. [1].

Only photon candidates with |⌘| < 2.37 are considered, not including the transition region 1.37 < |⌘| <
1.52 between the barrel and end-cap calorimeters. In the excluded transition region, the calorimeter
granularity is reduced, and the presence of significant additional inactive material degrades the photon
identification capabilities and energy resolution.

Photon identification is based primarily on shower shapes in the calorimeter [27], with selection criteria
optimized for the conditions expected for the 2015 and 2016 data. An initial loose selection is derived
using only the information from the hadronic calorimeter and the lateral shower shape in the second
layer of the electromagnetic calorimeter, which contains most of the energy. The final tight selection
has tighter criteria applied to these variables, di↵erent for converted and unconverted photon candidates.
Requirements on the shower shape in the finely segmented first calorimeter layer are applied to ensure
the compatibility of the measured shower profile with that originating from a single photon impacting the
calorimeter. When applying the photon identification criteria to simulated events, the shower shapes are
corrected for small di↵erences in their average values between data and simulation. The e�ciency of the
photon identification increases with ET from 85% at 50 GeV to 95% at 200 GeV. For ET > 50 GeV, the
uncertainty in the photon identification e�ciency varies between ±2% and ±5% depending on ⌘ and ET.
This uncertainty is estimated from the e↵ect of di↵erences between shower-shape variable distributions in
data and simulation. From the studies done in Ref. [27], this procedure is found to provide a conservative
estimate of the uncertainties. The same conclusion is found on studies performed with 2015 data [28].

To further reject the background from jets misidentified as photons, the photon candidates are required to
be isolated using both calorimeter and tracking detector information. The calorimeter isolation variable,
Eiso

T , is defined as the sum of the ET of energy clusters deposited in a cone of size �R =
p

(�⌘)2 + (��)2 =

0.4 around the photon candidate, excluding an area of size �⌘⇥�� = 0.125⇥0.175 centred on the photon
cluster; the expected photon energy deposit outside the excluded area is subtracted. The pileup and
underlying-event contribution to the calorimeter isolation variable is subtracted from the isolation en-
ergy event-by-event [29–31]. The selection requirement on the calorimeter isolation variable is defined
by Eiso

T < 0.022ET + 2.45 GeV, where ET is the transverse energy of the photon candidate. The track
isolation variable (piso

T ) is defined as the scalar sum of the transverse momenta of the tracks in a cone of
�R = 0.2 around the photon candidate. Only tracks with pT > 1.0 GeV and longitudinal impact parameter
with respect to the primary vertex, weighted by the track polar angle (|z0 ⇥ sin ✓|), smaller than 3 mm are
considered. For converted photons, the tracks associated to reconstructed photon conversion vertices are
excluded from the piso

T computation. This tighter requirement with respect to Ref. [1] improves the e�-
ciency for genuinely converted photons by a few percent. The requirement applied for the track isolation
variable is piso

T < 0.05ET.

The e�ciency of the isolation requirements is studied using several data control samples. Electrons
from Z-boson decays are used to validate the isolation variables up to ET = 100 GeV. Inclusive photon
samples are used to check the e�ciency of the isolation requirement in a wide ET range from 50 GeV
up to 1000 GeV. Small di↵erences between data and simulation in the average value of the calorimeter
isolation variable are observed as a function of ET and ⌘ of the photon candidates. Theses di↵erences
are used as systematic uncertainties. The e�ciency of the combined isolation requirement for photons
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Recap
Run1 (65-600GeV):

Two regions: low mass (65-110GeV) and high (110-600GeV). 
Extending the SM Higgs search that was done form 
100-160GeV. 
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Marco Delmastro Diphoton searches in ATLAS 3
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Search for scalar diphoton resonances 
in the mass range 65-600 GeV 

with the ATLAS detector 
in pp collision data at �s = 8 TeV

Search for high-mass diphoton resonances 
in pp collisions at �s = 8 TeV 

with the ATLAS detector

Phys. Rev. D 92, 032004 (2015)Phys. Rev. Lett. 113, 171801

H(125)

?



Run 2
Changes from run1 to run2:

New energy, upgraded detector ->  
Re-optimization of the cuts (pT, isolation -> BG reduction).

Improving analysis:

Background modelling.

Signal parametrization.
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DRAFT
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Figure 16: Background-only fits of the smeared DIPHOX MC sample in the [150-2950] GeV mass range using the
functional forms fk;d=1(x; b, d, {ak}) for k = 0, 1, 2.
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Figure 17: Background-only fits of the SHERPA diphoton MC sample in the [150-2950] GeV mass range using the
functional forms fk;d=1(x; b, d, {ak}) for k = 0, 1, 2.
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Run 2
Changes from run1 to run2:

New energy, upgraded detector ->  
Re-optimization of the cuts (pT, isolation -> BG reduction).

Improving analysis:

Background modelling.

Signal parametrization.

23
6

1) Define the event selection:  2 isolated photons
9 must be loose and model-independent

2) Reconstruct the γγ invariant mass

9 photon reconstruction
9 energy resolution and scale
9 dedicated vertex identification technique

3) Signal extraction

Clean final state at 
hadron colliders

m(γγ)

#
ev

en
ts

Diphoton bump search
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Figure 55: The true m�� distributions of the resonance with mX = 1500 GeV and width of (a) 5%, (c) 7% and (e)
10% of mX . In each plot on the left, the dashed red line is the gluon-gluon luminosity, Lgg obtained from Figure 52;
the dashed green line represents Bggm��; the dashed blue line is the Breit-Wigner distribution with the same mass
and width as generated in the sample. The product of these three is represented by the solid blue line and agrees
well with the true invariant mass distribution, shown with black markers. No selection cuts have been applied to
the true photons.
On the right, the reconstructed m�� distributions after selection of the resonance with mX = 1500 GeV and width
of (b) 5%, (d) 7% and (f) 10% of mX are shown. In each plot, the blue line is the same BggLggm�� · BW while
the magenta line represents the outcome of the convolution and the black markers show the reconstructed invariant
mass distribution.
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Run 2
Changes from run1 to run2:

New energy, upgraded detector ->  
Re-optimization of the cuts (pT, isolation -> BG reduction).

Improving analysis:

Background modelling.

Signal parametrization.
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Figure 1: Invariant mass distribution of the selected diphoton events. Residual number of events with respect to the
fit result are shown in the bottom pane. The first two bins in the lower pane are outside the vertical plot range.

The events in this region are scrutinized. No detector or reconstruction e�ect that could explain the larger
rate is found, nor any indication of anomalous background contamination. The kinematic properties of
these events are studied with respect to those of events populating the invariant mass regions above and
below the excess, and no significant di�erence is observed.

The Run-1 analysis presented in Ref. [13] is extended to invariant masses larger than 600 GeV by using the
new background modeling techniques presented in this note (cf. Section 7). The compatibility between
the results obtained with the 8 TeV and 13 TeV datasets is estimated under the NWA hypothesis and
assuming a large-width resonance with ↵ = 6%, using the best fit value of the ratio of cross sections. For
an s-channel gluon-initiated process, the parton-luminosity ratio is expected to be 4.7 [43]. Under those
assumptions, the results obtained with the two datasets are found to be compatible within 2.2 and 1.4
standard deviations for the two width hypotheses respectively.

The 95% CL expected and observed upper limits on �fiducial⇥BR(X ! ��), corresponding to the fiducial
volume defined in Section 6, are computed using the CLs technique [39, 44] for a scalar resonance with
narrow width as a function of the mass hypothesis mX , and are presented in Figure 3. The larger diphoton
rate in the mass region around 750 GeV is translated to a higher-than-expected cross section limit at the

13

Mass spectrum
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Figure 16: Compatibility with the background-only hypothesis as a function of the assumed signal mass m
X

for
di�erent values of the relative width �

X

/m
X

for the analysis optimized for a spin-0 resonance search.

the background description a�ecting the extracted signal yield, obtained with the spurious signal method.873

The spurious signal values as a function of the mass assuming a relative decay width �/M = 6% are874

assumed for this figure. The corresponding uncertainty is obtained by taking the envelope as a function875

of the mass of the peaks of the function describing the signal shape normalized to the spurious signal876

values.877

F. Isolation plots per ⌘ bins878

Figure 20 shows the comparison between data and MC of the calorimeter isolation variable distributions879

for inclusive photons in the ET range from 125 GeV to 145 GeV in di�erent ⌘ bins.880
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Exciting Result
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mX ~ 750GeV, ΓX ~ 45GeV(6%)

Local Z = 3.9σ
Global Z = 2.1σ
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Preparations for 2016
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Changes from 2015 to 2016:

Improved photon reconstruction:

Higher efficiency of the track isolation.

Modified the criteria used to select converted photons to 
cope with the higher pileup.

Energy calibration have been re-trained to account for the 
small changes in the conversion reconstruction and 
improved near |η| =[ 1.37-1.52 ]. 

The 2015 data and simulated samples, have been reprocessed 
with the same reconstruction software as used for the 2016 
data.



Preparations for 2016
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Changes from 2015 to 2016:

Eventually no changes in the analysis… 
although carefully studied.
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Figure 6: Compatibility with the background-only hypothesis as a function of the assumed signal mass for di↵erent
values of the relative width �X/mX of a spin-0 resonance. In (a) a narrow-width signal, with �X = 4 MeV, is
assumed.
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Figure 6: Compatibility with the background-only hypothesis as a function of the assumed signal mass for di↵erent
values of the relative width �X/mX of a spin-0 resonance. In (a) a narrow-width signal, with �X = 4 MeV, is
assumed.
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NWA ΓX/mX = 10%

Largest significance observed for combined dataset 15.4 fb-1 

2.4σ local @ 1.6 TeV 2.3σ local @ 710 GeV 

Global significance below 1σ Global significance below 1σ

Final Results



3Kirill Grevtsov

Event with highest invariant mass mγγ=2.2 TeV

01.09.16

● Leading photon: unconverted, ET = 1.1 TeV, η = 0.45, φ = −0.58, ET
iso = 5.2 GeV 

● Subleading photon: converted, ET = 1.1 TeV, η = 0.41, φ = 2.56, ET
iso = -1.0 GeV 

Event with highest invariant mass myy = 2.2 TeV 
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What went wrong?

NOTHING!!!! That is how statistical fluctuation looks like… google it!

Could we anticipate it? Were there any hints?

Was it really that significant? Next talk!

Was it really seen by the two independent experiments?

CMS had 

2015 alone: 2.6σ local @ 760 GeV assuming narrow kappa  
adding the 0T data: 2.9σ local @ 760 GeV

Combined with 8TeV: 3.4σ local @ 750 GeV

Some hints:

Kinematically the events looked like the side bands.

The best fitted width was quite large (6-8%).

After improving the uncertainty on the resolution ->  
the NWA significance went down to 2.9σ local @ 750 GeV!

Haven’t seen in run1 ATLAS spin 2 analysis.

Wasn’t observed in any other channel….dijet, ttbar, ZGamma….

Are those really hints? Not really!

What’s happened?
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In hebrew we says: “יצא שכרו בהפסדו”….

Loose:

ATLAS:

Many people diverged from other activities…. other channels paid the price!

HEP:

Funding agencies might be more sceptic now….. 

Gain:

ATLAS:

We learnt a lot during the process of understanding and scrutinizing! 

We advanced the photon performance, the statistical treatment etc.

HEP:

Enjoy the excitement! We need it sometimes ;)

New models/ideas to explain such anomaly. 

Win win situation
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Extending the mass range:

Low mass. 

Closing the gap - 150-200GeV.

High mass - >3TeV.

Looking for non resonant signals in diphoton final states.

Adding interference effects…. always ignored ;( 

What’s next?
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THANK YOU  
FOR YOUR ATTENTION
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• Probing matter with very high energy in order to study the 
particles that made the universe. 

• In the LHC, we can probe for the first time the highest 
energy ever (100GeV-1TeV) and the smallest distance ever 
(10-18-10-19m).

High Energy Physics


