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The 750 GeV Excess 

The exciting news that the ~750 GeV excess at 13 TeV (2015) LHC
collisions with both the ATALS and CMS detectors.

The first up to >3σ BSM excess

Search for diphoton resonances 

• Two categories: barrel-barrel (EBEB), 
barrel-endcap (EBEE) 

• pT(g) > 75 GeV, Ich < 5 GeV (in 0.3 
cone around photon direction) 

• Efficiency, scale and resolution 
calibrated on Z  ee and high-mass 
DY events 

• Search for RS graviton with three 
assumptions on coupling:               
k = 0.01 (narrow), 0.1, 0.2 (wide) 

• Blind analysis, no changes have 
been made to the analysis since 
unblinding data in the signal region 

 

52 
15/12/2015 CMS Collaboration - 13 TeV Results 

EXO-15-004 

spin-0 or spin-2?

real γ, collimated 

γ or fake γ?

ggF or VBF 
productions?
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VBF v.s. Simpleness 

SM-like 750 GeV Higgs: , , so

Minimal BSM: 2HDM, Georgi-Machacek triplet model… fail
(custodial symmetry) , unless introducing huge muber
of charge scalars

SM+new gauge symmetries: VBF (simpler) v.s. ggF (new
quarks/leptons)

dim-5 effective couplings of scalars/axions:

if no underlying colored particle, VBF is dominant, otherwise
VBF cannot compete with ggF
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signal region, compensat ing by net look-elsewhere e↵ect,
in a way that the signal detected by the other experiment
then acquires a global significance. This implies that the
total global significance of the LHC di-photon excess at
750 GeV invariant mass exceeds the 3 σ level and should
be considered as a strong evidence for new physics.

Breaking down the signal, we see that the most sig-
nificant excess in the di-photon invariant mass spectrum
observed by CMSfor barrel-barrel events in thecombined
8+ 13 TeV analysis is at around 750 GeV, suggest ing a
product ion cross sect ion t imes branching rat io of

σCM S
pp! H BRCM S

H ! γ γ = 4.47± 1.86 fb, (1)

obtained by the combinat ion, properly scaled, of 8 and
13 TeV data.

As for theATLAS signal, themost significant excess in
thediphoton invariant mass spect rum is observed around
747 GeV. The di↵erence between the number of events
predicted by SM and the data is equal to

∆ N = 13.6± 3.69, (2)

which, given the efficiency and acceptance values for the
ment ioned invariant mass and the integrated luminosity,
corresponds to a cross sect ion of:

σAT LA S
pp! H BRAT L A S

H ! γ γ =
∆ N

✏⇥ L
=

13.6± 3.69

0.4⇥ 3.2
fb = 10.6± 2.9 fb.

(3)
We remark that the quoted values of the cross sec-

t ion are compat ible with each other at the 1.8 σ level.
Were these excesses generated by a Higgs boson with
mass equal to 750 GeV, its signal st rength compared to
a SM Higgs with the same mass in the narrow-width ap-
proximat ion, defined for a given scalar ' by

µX ,' =
σpp! ' Br ' ! X X̄

σSM
pp! ' BrSM

' ! X X̄

, (4)

would be equal to

µAT L A S
γ ,H = (6.4± 1.7) ⇥ 104, µCM S

γ ,H = (2.7± 1.1) ⇥ 104 .
(5)

In the following we use this result as a basis for our com-
putat ion and refer to a combined cross sect ion

σ̂pp! H
dBRH ! γ γ = 6.26± 3.32 fb . (6)

I I I . EFFECT I V E SI N GL ET EX T EN SI ON S

We start our analysis by extending the SM with a sin-
glet spin-0 part icle, φ, that we assume for definiteness
to have odd parity. Analogous results will however hold
for the scalar case. Barring a portal coupling λpH 2φ2,
st rongly constrained by the SM Higgs couplings mea-
sured at LHC [8], and by assuming that the contact be-
tween φ and the SM gauge boson is provided only by

heavy part icles which t ransform non-t rivially under the
SM symmetry group, we can write the e↵ect ive interac-
t ion Lagrangian [9]

L I = s

↵s

4⇡v
φ

X

a

Ga
µ⌫G̃

aµ⌫+ (7)

+ w

↵

4⇡v
φ

"

Bµ⌫B̃
µ⌫+ b

X

c

W c
µ⌫W̃

cµ⌫

#

,

where s, w , and b are free parameters, and the t ilded
tensors represent the dual field st rength tensors. Clearly,
whereas the quoted cross sect ion t imes branching rat io
bounds a combinat ion of all of these parameters, the ra-
t ios between the branching rat ios into the electroweak
gauge bosons are regulated solely by b. Then, by using
our cross sect ion t imes branching rat io reference value,
Eq. (6), wecan predict theproduct ion crosssect ion t imes
branching rat io in theremaining elect roweak bosonscom-
binat ions asa funct ion of b. We show in Fig. 1 the results
obtained with our method in the massless limit for the
produced part icles.

FIG. 1. The product ion cross sect ion t imes branching rat ios

for an on-shell 750 GeV pseudoscalar or scalar resonance as a
funct ion of the parameter b of Eq. (7).

Clearly, within thismodel, it ispossible to suppress the
signal in thediboson and γZ channelssimply by requiring
that |b| < 1.

Direct couplings of the pseudoscalar φ to SM fermions
f can be writ ten in the following fashion

Lφf f̄ = − i f

yf
p

2
φf̄ γ5f (8)

where we take the Yukawa coupling yf equal to its SM
valuerescaled by a factor f , in agreement with theMini-
mal Flavor Violat ion framework [10]. However, given the
lack of signals for φ in the ⌧̄⌧and dilepton channel, we
argue that f ⌧ 1 must hold for every SM fermion and
consequent ly disregard these interact ions in our analysis.

We conclude this sect ion by remarking that a singlet
scalar, coupling to SM vector bosons via an e↵ect ive La-
grangian as in Eq. (7) where the dual field strength ten-
sor are replaced by the ordinary st rength tensors, would
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tensors represent the dual field st rength tensors. Clearly,
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Clearly, within thismodel, it ispossible to suppress the
signal in thediboson and γZ channelssimply by requiring
that |b| < 1.

Direct couplings of the pseudoscalar φ to SM fermions
f can be writ ten in the following fashion

Lφf f̄ = − i f

yf
p

2
φf̄ γ5f (8)

where we take the Yukawa coupling yf equal to its SM
valuerescaled by a factor f , in agreement with theMini-
mal Flavor Violat ion framework [10]. However, given the
lack of signals for φ in the ⌧̄⌧and dilepton channel, we
argue that f ⌧ 1 must hold for every SM fermion and
consequent ly disregard these interact ions in our analysis.

We conclude this sect ion by remarking that a singlet
scalar, coupling to SM vector bosons via an e↵ect ive La-
grangian as in Eq. (7) where the dual field st rength ten-
sor are replaced by the ordinary st rength tensors, would

arXiv:1512.04921, arXiv:1601.06394...

many many models
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VBF v.s. Simpleness 

SM-like 750 GeV Higgs: , , so

Atlas: no other activity, Jet multiplicity
		
G(f®gg)

G(f®gg)
= 2.55´10-4

1.2 		 
dL

pp

VBF dL
pp

ggF = 3
2
´10-4

using effective W/Z approximation
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SPIN-0 ANALYSIS

SPIN-2 ANALYSIS

mγγ = [600-700] GeV  mγγ = [700-840] GeV  mγγ  =[840- ] GeV  

Njets

# Data

# MC γγ

yj < 2.4 ! pT
j > 25 GeV + JVT < 0.64 2.4 < yj  < 4.4 ! pT

j > 50 GeVanti-kt R-0.4

effective scalar with 
MadGraph5 at 
parton level, using 
the fiducial cuts:

We cannot exclude the VBF yet 
due to low statistics! 

Moriond 2016
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2016 Collisions at the LHC & the Atlas Detector  

13TeV Run2 started in 2015 and 2016!

Luminosities in physics

20.3 fb-1 (8 TeV, 2012) peak lumi 7.7x1033

 3.2 fb-1 (13 TeV 2015) Good data

Atlas recorded 6.0 fb-1 until 21 June and ~10 fb-1 in 2016!!

Models of hard process->MC generator->detector simulation

3
Dave Charlton – 21 June 2016

LHC statusLHC status
 →Manuela's talk

Data collected so far in 2016

● 6.0 fb-1 recorded of 6.5 

fb-1 delivered
(a week ago: 4.15 fb-1 delivered)

● Data-taking ε
DT

=91.4%

● Mix of detector issues

In addition, one day taken 
for β*=2.5km optics 
commissioning in the last 

week

Day in 2016

22/04
30/05

08/07

]-1Total Integrated Luminosity [fb

0 2 4 6 8 10 12 14 16
 = 13 TeV

s
     

ATLAS Online Luminosity

LHC Delivered

ATLAS Recorded

-1
Total Delivered: 11.7 fb

-1
Total Recorded: 10.6 fb
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E↵ectiveModel of Singlet Scalar

• The simplest low energy effective Lagrangian of gauge boson interaction part:

L eff = cg

4⇡↵S

⇤
φGa

µ⌫G
aµ⌫+ cW

4⇡↵em

⇤·sin2 ✓W

φWa
µ⌫W

aµ⌫+ cB

4⇡↵em

⇤·cos2 ✓W

φBµ⌫B
µ⌫.

• φ only interacts with the gauge boson pairs directly via dimension-5 operators.

• WW and ZZ decays of φare largely suppressed due to its SU(2)L -singlet nature

• There is only Yukawa-like interaction with vector-like fermion Q, thus no decay to

bb̄ or t t̄ .

• The gluon-gluon fusion production of φ and the branching ratio to Zγ and γγ

decays are significantly enhanced.

5/16

Model-independent, depend on spin(-1 & -0) and CP (NWA)

A new search for spin-0 Zγ resonance up to 2TeV using the
generic effective dimension-5 phenomenological model of the
singlet scalar as a benchmark

 Large vector-like fermions of new strong dynamics and electroweak run in the
loops underly the couplings and thus can be estimated in NDA ( and only ggF)

 for the n−loop corrections

 when



Effective Model for the Zγ Exotic Search 

E↵ectiveModel of Singlet Scalar

• The simplest low energy effective Lagrangian of gauge boson interaction part:

L eff = cg

4⇡↵S

⇤
φGa

µ⌫G
aµ⌫+ cW

4⇡↵em

⇤·sin2✓W

φWa
µ⌫W

aµ⌫+ cB

4⇡↵em

⇤·cos2✓W

φBµ⌫B
µ⌫.

• φonly interacts with the gauge boson pairs directly via dimension-5 operators.

• WW and ZZ decays of φare largely suppressed due to its SU(2)L -singlet nature

• There is only Yukawa-like interaction with vector-like fermion Q, thus no decay to

bb̄ or t t̄ .

• The gluon-gluon fusion production of φand the branching ratio to Zγ and γγ

decays are significantly enhanced.

5/16

Phys.Lett. B738, 428
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Results of Observed and Expected Limits

Observed limits in the fiducial region with the two benchmark parameter sets

predictions

• Uncertainties from

the expected limits

• Set (a) no

sensitivity

• Set (b) excluded in

the range

[200, 1180]GeV

• All fluctuations

within the 2σ band

11/16

Zγ Exotic Leptonic Search at 8 TeV

Using the LO Higgs process in MadGraph5 interfaced to Pythia8
with MSTW2008LO to simulate the signals for singlet scalar

Phys.Lett. B738, 428

Results of Observed and Expected Limits

Observed limits in the fiducial region with the two benchmark parameter sets

predictions

• Uncertainties from

the expected limits

• Set (a) no

sensitivity

• Set (b) excluded in

the range

[200, 1180]GeV

• All fluctuations

within the 2σ band

11/16
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Zγ Exotic Search at 13 TeV of 2015 Data

Search for a spin-0 resonance with larger mass range

Both leptonic and hadronic Z decay modes are analyzed at 13TeV

Moriond 2016
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Zγ Exotic Search at 13 TeV of 2015 Data

Signal: POWHEG-BOX+Pythia8 with effective scalar model

ATALS-CONF-2016-010  (Moriond 2016)

 dominant by statistic uncertainties
 Leptonic channel:
γ/e resolution (4.0-0.5%), spurious signal (3.0-2.0%), Luminosity (0.5%)

 Hadronic channel:
jet mass resolution (4.3-2.1%) & jet energy resolution (5.3-1.0%)

No significant 
excess found

Analysis Overview

◈Resonance search strategy: direct Zγ mass spectrum fit with analytic 

background function and signal function 

◈ Separated search ranges:

3
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Fig. 4. Observed(solid lines) andmedianexpected(dashed lines) 95%CL limitsontheproduct of theproduction

cross section times the branching ratio for the decay to a Z boson and a photon of a narrow scalar boson X,

σ(pp ! X) ⇥ BR(X ! Zγ), asafunctionof thebosonmassmX. Thegreenandyellowsolidbandscorrespond

tothe±1σ and±2σ intervalsfor theexpectedupper limit, respectively. ThelimitsinthemX rangesof 250GeV–

700 GeV and 1.5 TeV–2.75 TeV areobtained fromthe leptonic and hadronic analyses respectively, while in the

range700GeV–1.5TeV they areobtainedfromthecombinationof thetwoanalyses.

21st June2016–15:18 14

ATLASCollaboration / PhysicsLettersB732(2014) 8–27 13

normalised to the SM expectation, as well as on several nuisance

parameters that describe the shape and normalisation of the back-

ground distribution in each event category and the systematic un-

certainties. Results for the signal production cross section times

branching ratio are also provided. In that case, the likelihood func-

tion depends on two parameters of interest, the signal cross sec-

tions times branching ratios at
√

s= 7 TeV and
√

s= 8 TeV, and

the systematic uncertainties on the SM cross sections and branch-

ing ratios are removed.

The background model in each event category is chosen based

on the studies of sensitivity versus bias described in the previous

section. For 2012 data, fifth- and fourth-order polynomials are cho-

sen to model the background in the low-pTt categories while an

exponentiated second-order polynomial is chosen for the high-pTt

categories. For 2011 data, a fourth-order polynomial is used for

the low-pTt categories and an exponential function is chosen for

the high-pTt ones. The signal resolution functions in each category

are described by the model illustrated in Section 4.2, fixing the

fraction of events in each category to the MCpredictions. For each

fixed value of the Higgs boson mass between 120 and 150 GeV,

in steps of 0.5 GeV, the parameters of the signal model are ob-

tained, separately for each event category, through interpolation of

the fully simulated MCsamples.

For each of the nuisance parameters describing systematic un-

certainties the likelihood is multiplied by a constraint term for

each of the experimental systematic uncertainties evaluated as

described in Section 5. For systematic uncertainties affecting the

expected total signal yields for different centre-of-mass or lepton

flavour, a log-normal constraint is used while for the uncertainties

on the fractions of signal events in different pTt − | ηZγ | cate-

gories and on the signal mℓℓγ resolution a Gaussian constraint is

used [61].

6.2. Statistical analysis

The data are compared to background and signal-plus-back-

ground hypotheses using a profile likelihood test statistic [61].

Higgs boson decays to final states other than ℓℓγ are expected

to contribute negligibly to the background in the selected sample.

For each fixed value of the Higgs boson mass between 120 and

150 GeV fits are performed in steps of 0.5 GeV to determine the

best value of µ (µ̂) or to maximise the likelihood with respect to

all the nuisance parameters for alternative values of µ, including

µ = 0 (background-only hypothesis) and µ = 1 (background plus

Higgs boson of that mass, with SM-like production cross section

times branching ratio). The compatibility between the data and

the background-only hypothesis is quantified by the p-value of the

µ = 0 hypothesis, p0, which provides an estimate of the signifi-

cance of a possible observation. Upper limits on the signal strength

at 95%CL are set using a modified frequentist (CLs) method [62],

by identifying the value µup for which the CLs is equal to 0.05.

Closed-form asymptotic formulae [63] are used to derive the re-

sults. Fits to the data are performed to obtain observed results.

Fits to Asimov pseudo-data [63], generated either according to the

µ = 1 or µ = 0 hypotheses, are performed to compute expected

p0 and CLs upper limits, respectively.

Fig. 2 shows the mℓℓγ distribution of all events selected in data,

compared to the sum of the background-only fits to the data in

each of the ten event categories. No significant excess with respect

to the background is visible, and the observed p0 is compatible

with the data being composed of background only. The smallest p0

(0.05), corresponding to a significance of 1.6σ, occurs for a mass

of 141 GeV. The expected p0 ranges between 0.34 and 0.44 for a

Higgs boson with a mass 120 < mH < 150 GeV and SM-like cross

section and branching ratio, corresponding to significances around

Fig. 2. Distribution of the reconstructed ℓℓγ invariant mass in data, after combining

all the event categories (points with error bars). The solid dark grey (blue in the

web version) line shows the sum of background-only fits to the data performed in

each category. The dashed histogram corresponds to the signal expectation for a

Higgs boson mass of 125 GeV decaying to Zγ at 50 times the SM-predicted rate.

Fig. 3. Observed 95%CL limits (solid black line) on the production cross section

of an SM Higgs boson decaying to Zγ divided by the SM expectation. The limits

are computed as a function of the Higgs boson mass. The median expected 95%

CL exclusion limits (dashed red line), in the case of no expected signal, are also

shown. The green and yellow bands correspond to the ±1σ and ±2σ intervals.

(For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

0.2σ. The expected p0 at mH = 125.5 GeV is 0.42, corresponding

to a significance of 0.2σ, while the observed p0 at the same mass

is 0.27 (0.6σ).

Observed and expected 95%CL upper limits on the value of the

signal strength µ are derived and shown in Fig. 3. The expected

limit ranges between 5 and 15 and the observed limit varies

between 3.5 and 18 for a Higgs boson mass between 120 and

150 GeV. In particular, for a mass of 125.5 GeV, the observed and

expected limits are equal to 11 and 9 times the Standard Model

prediction, respectively. At the same mass the expected limit on

µ assuming the existence of an SM (µ = 1) Higgs boson with

mH = 125.5 GeV is 10. The results are dominated by the statistical

uncertainties: neglecting all systematic uncertainties, the observed

and expected 95%CL limits on the cross section at 125.5 GeV de-

crease by about 5%.

Upper limits on the pp → H → Zγ cross section times branch-

ing ratio are also derived at 95% CL, for
√

s = 7 and 8 TeV.

For
√

s = 8 TeV, the limit ranges between 0.13 and 0.5 pb; for√
s= 7 TeV, it ranges between 0.20 and 0.8 pb. At mH = 125.5 GeV

the expected and observed limits are 0.33 pb and 0.45 pb, re-

spectively, for
√

s= 8 TeV, and 0.7 pb and 0.5 pb, respectively, for√
s= 7 TeV.

High-mass search Low-mass search

Compared with paper2015:  
High lumi. and optimised 
selection criteria

New for 13TeV:  
New resonance search with scalar model 
SM Higgs search 

! miss this high stat. background 

sample
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Implication to the 750 GeV γγ excess

Can we make constraints on the models of 750 GeV resonance
using the Zγ search? The effective Lagrangian is for singlet

We can constrain only parameters but not

The 13 TeV limit ~40 fb, roughly same as that

extrapolated from 8 TeV observed limit

ZZ search is too loose to constrain any parameter

Zγ search and WW search are essential constraints

E↵ectiveModel of Singlet Scalar

• The simplest low energy effective Lagrangian of gauge boson interaction part:

L eff = cg

4⇡↵S

⇤
φGa

µ⌫G
aµ⌫+ cW

4⇡↵em

⇤·sin2✓W

φWa
µ⌫W

aµ⌫+ cB

4⇡↵em

⇤·cos2✓W

φBµ⌫B
µ⌫.

• φonly interacts with the gauge boson pairs directly via dimension-5 operators.

• WW and ZZ decays of φare largely suppressed due to its SU(2)L -singlet nature

• There is only Yukawa-like interaction with vector-like fermion Q, thus no decay to

bb̄ or t t̄ .

• The gluon-gluon fusion production of φand the branching ratio to Zγ and γγ

decays are significantly enhanced.

5/16

the exclusion limit of 8 TeV
rescaled to 13 TeV rates

		
c

B
,c

W 	
c

g
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Implication to the 750 GeV γγ excess

Can we make constraints on the models of 750 GeV resonance
using the Zγ search? The effective Lagrangian is for singlet

Zγ search and WW search are essential constraints

We can also constrain the models that the

resonance is not singlet, but more complicate

The data we need to find it in Zγ channel?

model dependent

E↵ectiveModel of Singlet Scalar

• The simplest low energy effective Lagrangian of gauge boson interaction part:

L eff = cg

4⇡↵S

⇤
φGa

µ⌫G
aµ⌫+ cW

4⇡↵em

⇤·sin2✓W

φWa
µ⌫W

aµ⌫+ cB

4⇡↵em

⇤·cos2✓W

φBµ⌫B
µ⌫.

• φonly interacts with the gauge boson pairs directly via dimension-5 operators.

• WW and ZZ decays of φare largely suppressed due to its SU(2)L -singlet nature

• There is only Yukawa-like interaction with vector-like fermion Q, thus no decay to

bb̄ or t t̄ .

• The gluon-gluon fusion production of φand the branching ratio to Zγ and γγ

decays are significantly enhanced.

5/16

the exclusion limit of 8 TeV
rescaled to 13 TeV rates

		 
c

B
< -(3.6226~2.5833)|c

W
|∪ c

B
>(0.03867~0.4689)|c

W
|
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Conclusions

We consider the tension between VBF production and simpleness
of the 750 GeV excess

We use an EFT model to search for the heavy exotic resonance of
Z boson+photon in leptonic channels at 8 TeV at ATLAS

The same search for the heavy scalar resonance of Z
boson+photon in both leptonic and hadronic channels at 13 TeV
is presented

We use the exotic Zγ search to constrain the EFT parameters of
the scalar 750 GeV resonance
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Backup: Model Parameter Constraint of 8TeV 


