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Compare with the Higgs  
(roughly 3x the statistics…)
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Figure 3: Observed invariant mass spectrum for the EBEB (top) and EBEE (bottom). The results
of parametric fits to the data are also shown.

photon candidates are matched to those selected in the analysis using a k-nearest-neighbours
algorithm, with k=10.

Figure 4 shows, in mgg bins, the measured contributions of the different background compo-
nents in the region ICh < 5 GeV. It can be seen that the dominant component, accounting for
more than 90(80)% of the selected events in the EBEB (EBEE) category, is represented by the
irreducible gg background.

The spectrum of the irreducible background extracted through the procedure described above
is then compared with the predictions extracted by rescaling the mass spectrum predicted by
the Sherpa generator to the one extracted from the 2gNNLO program [33]. The result of the
comparison is shown in Fig. 5. The mass spectra predicted by the simulation are in good agree-
ment with the one seen in data.

CMS: 20 fb-1 (8 TeV) + 2.6 fb-1 (13 TeV) 
Local: 3.0 σ 
Global: 1.7 σ 



THE DIPHOTON PAPER AVALANCHE…



THE DIPHOTON PAPER AVALANCHE…

Experimentalists:
“not very significant…” 

“fluctuations come and go …” 
“looking forward to more data…”



THE DIPHOTON PAPER AVALANCHE…

0 10 20 30 40 500

50

100

150

200

days

p
ap

er
s

Theorists:  

Experimentalists:
“not very significant…” 

“fluctuations come and go …” 
“looking forward to more data…”



PROPERTIES OF φ



PROPERTIES OF φ

Largest excess is found at diphoton mass ~ 750 GeV (both 
ATLAS and CMS) 



PROPERTIES OF φ

Largest excess is found at diphoton mass ~ 750 GeV (both 
ATLAS and CMS) 

ATLAS reports a best-fit value of 45 GeV for the width (6% 
of the mass)



PROPERTIES OF φ

Largest excess is found at diphoton mass ~ 750 GeV (both 
ATLAS and CMS) 

ATLAS reports a best-fit value of 45 GeV for the width (6% 
of the mass)

The cross section is roughly σ(pp → φ) BR(φ → γγ) ~ 10 fb



PROPERTIES OF φ

Largest excess is found at diphoton mass ~ 750 GeV (both 
ATLAS and CMS) 

ATLAS reports a best-fit value of 45 GeV for the width (6% 
of the mass)

The cross section is roughly σ(pp → φ) BR(φ → γγ) ~ 10 fb

No electric charge Q=0
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FURTHER IMPLICATIONS

Landau-Yang theorem: spin-1 cannot decay into γγ 
Simplest possibilities: spin-0, spin-2

Simplest case: Spin-0, SM singlet: UV complete theories 
imply the presence of other new particles!
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New States (fermions or 
scalars) are a fairly 
generic prediction if the 
diphoton excess is real
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fγ  = 3.6 - 6.8  TeV     (95 % CL)   [ σ(pp → γγX)  =  2.5 - 33 fb ]  

Determination of fγ fairly accurate due to fγ  ~  σ -1/4
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UV completion (renormalizable) 
Perturbative (loop generation) of φγγ coupling 

Introduce N (vectorlike) uncolored fermions ψ of charge Q and 
mass mψ
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Width and cross section fix two combinations of Q, N, mψ ,λ 
For instance: Q = 5/2,  N = 3,  mψ = 360 GeV,  λ = 5 
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Drell-Yan (dilepton), constrains NQ2 

Gross et al 1602.03877 
Goertz et al 1602.04801

4

to carry color. The required coupling �B(⌧) can then be
substantially smaller. Following the data analysis of [28]
and using the 95% C.L. lower limit �(pp ! S)⇥BR(S !

��) > 2.07 fb, we find the exclusion limit from the re-
quirement �f (3 TeV)< 4⇡ shown in the lower part of
Fig. 2. This bound is independent of N .

300 350 400 450 500 550 600 650 700 750 800 850

M
f
 (GeV)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

N
 Y

f2

Gluon Fusion

Photon Fusion (N =1)

Photo
n F

usion (N
 =

10)

8 
TeV

  2
σ

8 T
eV

  1
σ

14 TeV  2
σ

14 TeV  1σ

FIG. 2. Drell-Yan and Yukawa perturbativity constraints on the models accommodating the LHC di-photon anomaly. The red
(yellow) regions are excluded by the Drell-Yan constraints at 2� (1�). The future Drell-Yan bounds are shown by the dashed
lines. The areas below the solid curves are excluded by the Yukawa coupling perturbativity up to the scale 3 TeV. In the
photon fusion case, the exclusion limits are a function of the multiplicity N . (For colored states, N includes the color factor of
3.)

In conclusion, we find that the current and future
Drell-Yan measurements at the LHC place important
constraints on possible new states with electroweak cou-
plings. Such bounds are insensitive to the details of the
mass spectrum or interactions among these states and
therefore are complementary to the direct search con-
straints. In this light, we analyze the minimal models
fitting the di-photon excess observed recently at the LHC
and find that the 8 TeV Drell-Yan data already exclude
substantial regions of parameter space allowed by other
considerations. Future LHC measurements at

p
s = 14

TeV will probe most of the parameter space.
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Figure 8. Exclusion plane in terms of mass and e↵ective charge of generic fermions and vectors. in
the case of no requirement of photon conversion at the analysis stage and full integrated luminosity
at the medium-luminosity LHC (300 fb�1, µ = 50).
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Table 4. 5� discovery limits on the e↵ective charge of new generic charged fermions and vectors
for various masses scenarios in the case of no requirement of photon conversion at the analysis stage
and full integrated luminosity at the medium-luminosity LHC (300 fb�1, µ = 50).

Figure 9. Two and three loop contribution to the muon anomalous gyromagnetic factor. The dot
represents a muon mass insertion and the circle a generic NP particle of mass m and charge Qe↵ .
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plings. Such bounds are insensitive to the details of the
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therefore are complementary to the direct search con-
straints. In this light, we analyze the minimal models
fitting the di-photon excess observed recently at the LHC
and find that the 8 TeV Drell-Yan data already exclude
substantial regions of parameter space allowed by other
considerations. Future LHC measurements at
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lines. The areas below the solid curves are excluded by the Yukawa coupling perturbativity up to the scale 3 TeV. In the
photon fusion case, the exclusion limits are a function of the multiplicity N . (For colored states, N includes the color factor of
3.)

In conclusion, we find that the current and future
Drell-Yan measurements at the LHC place important
constraints on possible new states with electroweak cou-
plings. Such bounds are insensitive to the details of the
mass spectrum or interactions among these states and
therefore are complementary to the direct search con-
straints. In this light, we analyze the minimal models
fitting the di-photon excess observed recently at the LHC
and find that the 8 TeV Drell-Yan data already exclude
substantial regions of parameter space allowed by other
considerations. Future LHC measurements at

p
s = 14

TeV will probe most of the parameter space.
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Figure 8. Exclusion plane in terms of mass and e↵ective charge of generic fermions and vectors. in
the case of no requirement of photon conversion at the analysis stage and full integrated luminosity
at the medium-luminosity LHC (300 fb�1, µ = 50).

Mass (GeV) 300 600 900 1200 1500

Q
e↵

(vector) 2.2 3.4 4.9 7.2 8.9

Q
e↵

(fermion) 3.6 5.7 8.6 - -

Table 4. 5� discovery limits on the e↵ective charge of new generic charged fermions and vectors
for various masses scenarios in the case of no requirement of photon conversion at the analysis stage
and full integrated luminosity at the medium-luminosity LHC (300 fb�1, µ = 50).

Figure 9. Two and three loop contribution to the muon anomalous gyromagnetic factor. The dot
represents a muon mass insertion and the circle a generic NP particle of mass m and charge Qe↵ .

3.2. Beyond perturbative contributions to ⇣�
i

from charged particles, non-renormalizable

interactions of neutral particles are also present in common extensions of the SM. Such

theories can contain scalar, pseudo-scalar and spin-2 resonances, respectively denoted by

', '̃ and hµ⌫ . Independently of the particular New Physics model they originate from,
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to carry color. The required coupling �B(⌧) can then be
substantially smaller. Following the data analysis of [28]
and using the 95% C.L. lower limit �(pp ! S)⇥BR(S !

��) > 2.07 fb, we find the exclusion limit from the re-
quirement �f (3 TeV)< 4⇡ shown in the lower part of
Fig. 2. This bound is independent of N .
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In conclusion, we find that the current and future
Drell-Yan measurements at the LHC place important
constraints on possible new states with electroweak cou-
plings. Such bounds are insensitive to the details of the
mass spectrum or interactions among these states and
therefore are complementary to the direct search con-
straints. In this light, we analyze the minimal models
fitting the di-photon excess observed recently at the LHC
and find that the 8 TeV Drell-Yan data already exclude
substantial regions of parameter space allowed by other
considerations. Future LHC measurements at

p
s = 14

TeV will probe most of the parameter space.
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PART II:  
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Assumed that only φγγ coupling is present ( φgg and φqq 
vanishing or sufficiently suppressed ) 
Determined φγγ coupling from the excess

Previous (part I):



AIM

Assumed that only φγγ coupling is present ( φgg and φqq 
vanishing or sufficiently suppressed ) 
Determined φγγ coupling from the excess

No assumptions on couplings or production mode ( 100% 
model independent ) 
Is there a way to measure the φγγ coupling?

Previous (part I):
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PROTON TAGGING

‣ The inelastic events can be totally suppressed by tagging the 
intact protons in forward detectors 

‣ All inelastic events can be completely rejected 

‣ Essentially background-free (pile up under control) 

‣ Installed in CMS, planned in ATLAS

Atlas/ 
CMSLHC beam deflected p

Forward Detector Forward Detector
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FIG. 5. Inferred value of f� (68% C.L.) as a function of the
observed number of events for 300 fb�1 (purple) and 3000
fb�1 (orange) of data. We have assumed �tot = 45 GeV.

the sensitivity would reach f� > 19.3 TeV. One ob-
serves that this elastic measurement is complementary to
dijet searches which typically probe the weak diphoton
coupling regime. With enough luminosity, both measure-
ments together should give access to the whole relevant
parameter space (purple regions).

PROSPECTS FOR ELASTIC GAUGE BOSON
PRODUCTION

It is clear from SU(2) ⇥ U(1)Y gauge invariance that
the diphoton coupling of the resonance must be accompa-
nied by a coupling to ZZ , to Z� and potentiallyW+W�.
From the e↵ective couplings of Eq. (1), there are two
independent operators f�1

B �(Bµ⌫)2, f�1

W �(Wµ⌫)2. The
partial decay widths into weak bosons can be found in
[24] and are shown in Fig. 6. The ratio �

EW

/��� is
bounded from above from diboson searches at LHC Run
1 [128–131]. We show an exclusion bound in Fig. 6, ob-
tained by taking the lowest 95% C.L. value �13TeV

pp!��X =
2.5 fb and assuming a typical factor ⇠ 4 with respect
to the 8 TeV rate. The Z� bound [128] from Run 1
turns out to be the most stringent one, excluding the
�0.87 < fW /fB < 0.005 region, implying in particular
�EW /��� < 53.9.

The ratios of event rates �pp!V V 0X/�pp!��X in case
of production via gluon fusion and quark fusion are pro-
portional to �V V 0/��� . This is also the case for elas-
tic production, the W and Z fluxes from the proton be-
ing negligible [132]. Whenever this condition is true, the
measurement of one of the ZZ, Z�, WW rates readily
provides access to the two couplings f�1

B , f�1

W . Interest-
ingly, the event rates into other gauge boson pairs can be
substantially larger than the photon-photon one, in par-
ticular if the coupling to the (Wµ⌫)2 operator dominates.

Searches in inelastic channels would be one evident

FIG. 6. Partial decay width for � ! ZZ,Z�,W+W� nor-
malised to the � ! �� width. The black line corresponds to
�
EW

/��� . The grey region is excluded at 95% C.L. by the
Z� search from Run 1 [128].

method to pin down the f�1

B , f�1

W couplings. However,
just like for ��, the elastic V V 0 channels are also of in-
terest because they contain information which is comple-
mentary from the inelastic ones. Let us briefly comment
about such elastic searches.

• pp ! ZZpp: At least one Z decaying leptonically
has to be required because of the huge QCD back-
ground. The other Z can be tagged as a large-
radius jet. However, because of the small branching
ratio (⇠ 9%), and after taking account selection ef-
ficiencies, this channel would hardly be competitive
with the diphoton one.

• pp ! Z�pp: The large-radius jet arising from the
hadronic decay of the Z can be e�ciently tagged
using increasingly powerful jet substructure tech-
niques. Using the full kinematic information pro-
vided by forward proton detection, i.e. matching
the jet - photon system with the proton-proton sys-
tem, an excellent background rejection is expected.
It is expected to be slightly lower than in the dipho-
ton case because of the worse resolution on the jet
momentum. As the event rates can be up to 6.4
times larger than the �� case, this channel is po-
tentially competitive with the diphoton channel. A
full study including all pile up background is worth
to be considered.

• pp ! W+W�pp: Requesting a fully leptonic de-
cay of the WW pair implies an overall branching
ratio of ⇠ 10%. This is potentially interesting as
the WW rate can be up to ⇠ 37 larger than the ��
rate. There is a background at the matrix element
level, the main one being SM dilepton production
via �� ! ``. This background can be completely

300 fb-1

3000 fb-1

Fichet, GG, Royon  
1601.01712
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• pp ! ZZpp: At least one Z decaying leptonically
has to be required because of the huge QCD back-
ground. The other Z can be tagged as a large-
radius jet. However, because of the small branching
ratio (⇠ 9%), and after taking account selection ef-
ficiencies, this channel would hardly be competitive
with the diphoton one.

• pp ! Z�pp: The large-radius jet arising from the
hadronic decay of the Z can be e�ciently tagged
using increasingly powerful jet substructure tech-
niques. Using the full kinematic information pro-
vided by forward proton detection, i.e. matching
the jet - photon system with the proton-proton sys-
tem, an excellent background rejection is expected.
It is expected to be slightly lower than in the dipho-
ton case because of the worse resolution on the jet
momentum. As the event rates can be up to 6.4
times larger than the �� case, this channel is po-
tentially competitive with the diphoton channel. A
full study including all pile up background is worth
to be considered.

• pp ! W+W�pp: Requesting a fully leptonic de-
cay of the WW pair implies an overall branching
ratio of ⇠ 10%. This is potentially interesting as
the WW rate can be up to ⇠ 37 larger than the ��
rate. There is a background at the matrix element
level, the main one being SM dilepton production
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GLUON VS PHOTON COUPLING
2

good matching between the diphoton kinematical proper-
ties (mass and rapidity) as measured in the central CMS
or ATLAS detectors and the intact protons measured in
CT-PPS or AFP removes almost completely the back-
ground [115, 116].

We would like to stress that our proposal to measure
the coupling of the resonance to photons is completely
model-independent, and in particular does not make any
assumption about which of the three production modes in
Fig. 1 is mainly responsible for the observed excess. The
reason is that the forward tagging allows one to suppress
all of these production modes equally, and one is just left
with the first diagram of Fig. 2.

EFFECTIVE COUPLINGS AND
EXPERIMENTAL CONSTRAINTS

In this section we would like to give a brief overview of
the possible production modes for the 750 GeV resonance
and their implications for the strength of the coupling to
photons.

Let us parameterize the most general linear couplings
of the 750 GeV resonance � to the SM gauge fields and
quarks by the e↵ective Lagrangian of Ref. [117]

L = �

✓
1

fg
(Gµ⌫)

2 +
1

fB
(Bµ⌫)

2 +
1

fW
(Wµ⌫)

2 +
1

fH
|DµH|2

� 1

fu
Y u
ijHq̄iLu

j
R � 1

fd
Y d
ijHq̄iLd

j
R + h.c.

◆
(1)

where G, W and B denote the SM gauge fields, H
the Higgs, and qi, di and ui the quarks. The matrices
Y u,d are the SM Yukawa couplings [118]. The operator
�|DµH|2 can generate couplings to longitudinal gauge
bosons and the Higgs, but not to photons. It will be ne-
glected in what follows, as its only e↵ect for our purposes
will be a contribution to the width of �.

After electroweak symmetry breaking, the coupling to
photons L��� = f�1

� � (Fµ⌫)2 is given by

f�1

� = c2w f�1

B + s2w f�1

W . (2)

The expected strength of the coupling f�1

� depends on

the various production modes of �. For f�1

g,u,d very small
or zero, pure (inelastic) photon fusion dominates. In this
case one can robustly translate the measured excess as
[24]

f� ⇡ 4.6 TeV (3)

with a 68% credible region of 4.1� 5.2 TeV.
Once the coupling f�1

g is increased, gluon fusion starts
to dominate over photon fusion. The allowed region in
the plane fg - f� is depicted in Fig. 3. The decay width
into electroweak bosons and gluons �

EW

+�gg is required
not to exceed the observed total width. The electroweak

103 104 105 106
103

104

105

fg [GeV]

f γ
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eV
]

FIG. 3. Bounds and sensitivities in the f� � fg plane, in case
of production via photon and gluon fusion. Purple: 68% C.L.
and 95% C.L. credible regions corresponding to the observed
diphoton event rate, assuming �tot = 45 GeV. Green lines:
Limit of the region above which �EW +�gg  �tot = 45 GeV.
Dotted (dashed) lines correspond to �EW /��� = 1.64 (53.9)
respectively. Blue: Excluded region from Run 1 dijet searches
[119, 120]. Red : Sensitivity region from the potential mea-
surement of pp ! ��pp using forward proton detectors, for
300 fb�1 of integrated luminosity, see Eq. (10).

width is given by �
EW

= ��� + ��Z + �ZZ + �WW and
satisfies 1.64 < �
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/��� < 53.9 from theoretical and
experimental constraints (see Ref. [24] and Fig. 6),
The weak coupling region (f� large) requires large cou-

plings to gluons to compensate the small branching frac-
tion into photons. This region can be probed with dijet
searches. One can see that the expected strength of the
photon coupling varies roughly between

f� ⇡ 5 . . . 85 TeV (4)

at 68% CL. Our method will be able to probe the strong
coupling region (f� small) that is insensitive to dijet
searches.
The case of nonzero quark couplings, assuming fu =

fd ⌘ fq, is depicted in Fig. 4. The situation is similar
to gluon fusion, and the expected strength of the photon
coupling varies roughly between

f� ⇡ 5 . . . 46 TeV (5)

in this case.

EXPERIMENTAL SETUP

The strategy we propose to measure elastic diphoton
production (see Fig. 2) relies on the observation of intact
protons in the final state using the AFP and CT-PPS
forward proton detectors. Simultaneously, the two pho-
tons are measured in the central CMS and ATLAS detec-
tors. The forward detectors are located symmetrically at
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good matching between the diphoton kinematical proper-
ties (mass and rapidity) as measured in the central CMS
or ATLAS detectors and the intact protons measured in
CT-PPS or AFP removes almost completely the back-
ground [115, 116].

We would like to stress that our proposal to measure
the coupling of the resonance to photons is completely
model-independent, and in particular does not make any
assumption about which of the three production modes in
Fig. 1 is mainly responsible for the observed excess. The
reason is that the forward tagging allows one to suppress
all of these production modes equally, and one is just left
with the first diagram of Fig. 2.

EFFECTIVE COUPLINGS AND
EXPERIMENTAL CONSTRAINTS

In this section we would like to give a brief overview of
the possible production modes for the 750 GeV resonance
and their implications for the strength of the coupling to
photons.

Let us parameterize the most general linear couplings
of the 750 GeV resonance � to the SM gauge fields and
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where G, W and B denote the SM gauge fields, H
the Higgs, and qi, di and ui the quarks. The matrices
Y u,d are the SM Yukawa couplings [118]. The operator
�|DµH|2 can generate couplings to longitudinal gauge
bosons and the Higgs, but not to photons. It will be ne-
glected in what follows, as its only e↵ect for our purposes
will be a contribution to the width of �.
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� depends on

the various production modes of �. For f�1

g,u,d very small
or zero, pure (inelastic) photon fusion dominates. In this
case one can robustly translate the measured excess as
[24]

f� ⇡ 4.6 TeV (3)

with a 68% credible region of 4.1� 5.2 TeV.
Once the coupling f�1

g is increased, gluon fusion starts
to dominate over photon fusion. The allowed region in
the plane fg - f� is depicted in Fig. 3. The decay width
into electroweak bosons and gluons �
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+�gg is required
not to exceed the observed total width. The electroweak
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FIG. 3. Bounds and sensitivities in the f� � fg plane, in case
of production via photon and gluon fusion. Purple: 68% C.L.
and 95% C.L. credible regions corresponding to the observed
diphoton event rate, assuming �tot = 45 GeV. Green lines:
Limit of the region above which �EW +�gg  �tot = 45 GeV.
Dotted (dashed) lines correspond to �EW /��� = 1.64 (53.9)
respectively. Blue: Excluded region from Run 1 dijet searches
[119, 120]. Red : Sensitivity region from the potential mea-
surement of pp ! ��pp using forward proton detectors, for
300 fb�1 of integrated luminosity, see Eq. (10).

width is given by �
EW

= ��� + ��Z + �ZZ + �WW and
satisfies 1.64 < �

EW

/��� < 53.9 from theoretical and
experimental constraints (see Ref. [24] and Fig. 6),
The weak coupling region (f� large) requires large cou-

plings to gluons to compensate the small branching frac-
tion into photons. This region can be probed with dijet
searches. One can see that the expected strength of the
photon coupling varies roughly between

f� ⇡ 5 . . . 85 TeV (4)

at 68% CL. Our method will be able to probe the strong
coupling region (f� small) that is insensitive to dijet
searches.
The case of nonzero quark couplings, assuming fu =

fd ⌘ fq, is depicted in Fig. 4. The situation is similar
to gluon fusion, and the expected strength of the photon
coupling varies roughly between

f� ⇡ 5 . . . 46 TeV (5)

in this case.

EXPERIMENTAL SETUP

The strategy we propose to measure elastic diphoton
production (see Fig. 2) relies on the observation of intact
protons in the final state using the AFP and CT-PPS
forward proton detectors. Simultaneously, the two pho-
tons are measured in the central CMS and ATLAS detec-
tors. The forward detectors are located symmetrically at

Region preferred 
by diphoton excess 

at Γφ = 45 GeV



GLUON VS PHOTON COUPLING
2

good matching between the diphoton kinematical proper-
ties (mass and rapidity) as measured in the central CMS
or ATLAS detectors and the intact protons measured in
CT-PPS or AFP removes almost completely the back-
ground [115, 116].

We would like to stress that our proposal to measure
the coupling of the resonance to photons is completely
model-independent, and in particular does not make any
assumption about which of the three production modes in
Fig. 1 is mainly responsible for the observed excess. The
reason is that the forward tagging allows one to suppress
all of these production modes equally, and one is just left
with the first diagram of Fig. 2.

EFFECTIVE COUPLINGS AND
EXPERIMENTAL CONSTRAINTS

In this section we would like to give a brief overview of
the possible production modes for the 750 GeV resonance
and their implications for the strength of the coupling to
photons.

Let us parameterize the most general linear couplings
of the 750 GeV resonance � to the SM gauge fields and
quarks by the e↵ective Lagrangian of Ref. [117]

L = �

✓
1

fg
(Gµ⌫)

2 +
1

fB
(Bµ⌫)

2 +
1

fW
(Wµ⌫)

2 +
1

fH
|DµH|2

� 1

fu
Y u
ijHq̄iLu

j
R � 1

fd
Y d
ijHq̄iLd

j
R + h.c.

◆
(1)

where G, W and B denote the SM gauge fields, H
the Higgs, and qi, di and ui the quarks. The matrices
Y u,d are the SM Yukawa couplings [118]. The operator
�|DµH|2 can generate couplings to longitudinal gauge
bosons and the Higgs, but not to photons. It will be ne-
glected in what follows, as its only e↵ect for our purposes
will be a contribution to the width of �.

After electroweak symmetry breaking, the coupling to
photons L��� = f�1

� � (Fµ⌫)2 is given by

f�1

� = c2w f�1

B + s2w f�1

W . (2)

The expected strength of the coupling f�1

� depends on

the various production modes of �. For f�1

g,u,d very small
or zero, pure (inelastic) photon fusion dominates. In this
case one can robustly translate the measured excess as
[24]

f� ⇡ 4.6 TeV (3)

with a 68% credible region of 4.1� 5.2 TeV.
Once the coupling f�1

g is increased, gluon fusion starts
to dominate over photon fusion. The allowed region in
the plane fg - f� is depicted in Fig. 3. The decay width
into electroweak bosons and gluons �

EW

+�gg is required
not to exceed the observed total width. The electroweak

103 104 105 106
103

104

105

fg [GeV]

f γ
[G

eV
]

FIG. 3. Bounds and sensitivities in the f� � fg plane, in case
of production via photon and gluon fusion. Purple: 68% C.L.
and 95% C.L. credible regions corresponding to the observed
diphoton event rate, assuming �tot = 45 GeV. Green lines:
Limit of the region above which �EW +�gg  �tot = 45 GeV.
Dotted (dashed) lines correspond to �EW /��� = 1.64 (53.9)
respectively. Blue: Excluded region from Run 1 dijet searches
[119, 120]. Red : Sensitivity region from the potential mea-
surement of pp ! ��pp using forward proton detectors, for
300 fb�1 of integrated luminosity, see Eq. (10).
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plings to gluons to compensate the small branching frac-
tion into photons. This region can be probed with dijet
searches. One can see that the expected strength of the
photon coupling varies roughly between
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at 68% CL. Our method will be able to probe the strong
coupling region (f� small) that is insensitive to dijet
searches.
The case of nonzero quark couplings, assuming fu =

fd ⌘ fq, is depicted in Fig. 4. The situation is similar
to gluon fusion, and the expected strength of the photon
coupling varies roughly between
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The strategy we propose to measure elastic diphoton
production (see Fig. 2) relies on the observation of intact
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FIG. 3. Bounds and sensitivities in the f� � fg plane, in case
of production via photon and gluon fusion. Purple: 68% C.L.
and 95% C.L. credible regions corresponding to the observed
diphoton event rate, assuming �tot = 45 GeV. Green lines:
Limit of the region above which �EW +�gg  �tot = 45 GeV.
Dotted (dashed) lines correspond to �EW /��� = 1.64 (53.9)
respectively. Blue: Excluded region from Run 1 dijet searches
[119, 120]. Red : Sensitivity region from the potential mea-
surement of pp ! ��pp using forward proton detectors, for
300 fb�1 of integrated luminosity, see Eq. (10).
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tion into photons. This region can be probed with dijet
searches. One can see that the expected strength of the
photon coupling varies roughly between
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at 68% CL. Our method will be able to probe the strong
coupling region (f� small) that is insensitive to dijet
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The case of nonzero quark couplings, assuming fu =
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to gluon fusion, and the expected strength of the photon
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FIG. 3. Bounds and sensitivities in the f� � fg plane, in case
of production via photon and gluon fusion. Purple: 68% C.L.
and 95% C.L. credible regions corresponding to the observed
diphoton event rate, assuming �tot = 45 GeV. Green lines:
Limit of the region above which �EW +�gg  �tot = 45 GeV.
Dotted (dashed) lines correspond to �EW /��� = 1.64 (53.9)
respectively. Blue: Excluded region from Run 1 dijet searches
[119, 120]. Red : Sensitivity region from the potential mea-
surement of pp ! ��pp using forward proton detectors, for
300 fb�1 of integrated luminosity, see Eq. (10).
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EW
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plings to gluons to compensate the small branching frac-
tion into photons. This region can be probed with dijet
searches. One can see that the expected strength of the
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at 68% CL. Our method will be able to probe the strong
coupling region (f� small) that is insensitive to dijet
searches.
The case of nonzero quark couplings, assuming fu =

fd ⌘ fq, is depicted in Fig. 4. The situation is similar
to gluon fusion, and the expected strength of the photon
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in this case.
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The strategy we propose to measure elastic diphoton
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tons are measured in the central CMS and ATLAS detec-
tors. The forward detectors are located symmetrically at

Elastic γγ fusion: 
95% excludable  
region at 300 fb-1

Region excluded  
by Run - I (8 TeV)  

dijet searches

Region preferred 
by diphoton excess 

at Γφ = 45 GeV

‣ Dijet searches and elastic γγ fusion are complementary 

‣More data will improve both bounds and can cover the entire 
region predicted by the diphoton excess



QUARK VS PHOTON COUPLING
3

102 103 104 105
103

104

105

fq [GeV]

f γ
[G

eV
]

FIG. 4. Bounds and sensitivities in the f� � fq plane, in
case of production via photon and quark fusion. The width
constraint is �EW + �qq̄  �tot = 45 GeV. Same conventions
as in Fig. 3.

about 210 m from the main interaction point and cover
the range 0.015 < ⇠ < 0.15, where ⇠ is the proton frac-
tional momentum loss, for the standard LHC lattice used
at high luminosity. For a ⇠ 750 GeV resonance produced
in 13 TeV collisions, one expects ⇠ ⇠ 0.06. At the LHC, a
large number of interactions (called pile up) occurs within
the same bunch crossing in order to obtain a large lumi-
nosity. Given the fact that the SM exclusive production
cross section of two photons is very small [115], the main
background originates from pile up, i.e. the production
of two photons superimposed with an elastic soft event
producing two intact protons. The proton tagging allows
us to require a good matching between the proton and di-
photon kinematical properties, which in turn reduces the
pile up background to a negligible amount [115, 116]. In
addition, the time-of-flight of the scattered proton could
be measured with a precision of⇠ 10�15 ps that provides
a reconstruction of the interaction point of the protons
within 2.1 mm inside ATLAS/CMS. Checking if the pro-
ton and photon scattering points are the same provides
another way of suppressing the pile up background [121].

SENSITIVITY TO THE DIPHOTON COUPLING

We will now estimate the sensitivity of the elastic scat-
tering process to the diphoton coupling of the resonance.
We implement all gluon and photon initiated processes
in the Forward Physics Monte Carlo (FPMC) Genera-
tor [122]. In case of the two-photon pp events, we use the
Budnev flux [123] which describes properly the coupling
of the photon to the proton, taking into account the pro-
ton electromagnetic structure. The survival probability
of the colliding protons is expected to be close to 1 [124],
here we implement a factor of S2 ⇠ 0.9 [125]. The exclu-

sive production via gluon exchanges is performed follow-
ing the calculations by Khoze, Martin and Ryskin [124].
The forward and central detector acceptance and reso-
lution have been taken into account using a simplified
simulation of the detector [115, 126].
We will first argue that elastic gluon fusion (EGGF),

i.e. the second diagram in Fig. 2, can always be neglected
for the excess under consideration. The reason that this
process is so small is due to the fact that the soft gluon
emission in the gluon ladder has to be suppressed in order
to get an exclusive di↵ractive event with intact protons.
Technically, a Sudakov form factor is introduced to sup-
press this emission that kills the cross section at high
mass.
For a more quantitative estimate of this e↵ect, consider

the production cross section of a 750 GeV SM Higgs via
the same mechanism,

�h
EGGF

⇡ 2 · 10�3 fb . (6)

Moreover, we also know the inelastic gluon fusion cross-
section for a 750 GeV SM Higgs [127],

�h
GGF

⇡ 550 fb . (7)

We can now recast these cross-sections in order to put a
bound on the resonant production of � by EGGF. Since
the total GGF production cross section of the scalar res-
onance cannot exceed the observed cross section of the
750 GeV resonance, �

GGF

B�� < 10 fb, one can easily
bound

�
EGGF

B�� =
�h
EGGF

�h
GGF

�
GGF

B�� < 3 · 10�5 fb. (8)

It follows that the elastic gluon fusion process is ex-
tremely small. Therefore, only the process of elastic pho-
ton fusion remains. This process provides a direct access
to the photon coupling of the resonance, i.e. the quantity
f� in Eq. (2).
We obtain a cross section of

�pp!��pp = (0.23 fb)

✓
5TeV

f�

◆
4

✓
45 GeV

�
tot

◆
. (9)

This cross section readily provides the sensitivity of the
��pp measurement to the diphoton coupling of the scalar
resonance.
Assuming Poisson statistics, one can readily infer the

values of f� for given luminosity and number of observed
events (see Fig.5). One can also obtain the exclusion
bound on f� in the absence of any events, we find

f� > 13.9 (10.8) TeV (10)

at 68% (95%) C.L. and 300 fb�1. We use the 95%
C.L. bound as a definition for the sensitivity of our
method and also show it in Figs. 3 and 4. For 3000 fb�1,
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FIG. 5. Inferred value of f� (68% C.L.) as a function of the
observed number of events for 300 fb�1 (purple) and 3000
fb�1 (orange) of data. We have assumed �tot = 45 GeV.

the sensitivity would reach f� > 19.3 TeV. One ob-
serves that this elastic measurement is complementary to
dijet searches which typically probe the weak diphoton
coupling regime. With enough luminosity, both measure-
ments together should give access to the whole relevant
parameter space (purple regions).

PROSPECTS FOR ELASTIC GAUGE BOSON
PRODUCTION

It is clear from SU(2) ⇥ U(1)Y gauge invariance that
the diphoton coupling of the resonance must be accompa-
nied by a coupling to ZZ , to Z� and potentiallyW+W�.
From the e↵ective couplings of Eq. (1), there are two
independent operators f�1

B �(Bµ⌫)2, f�1

W �(Wµ⌫)2. The
partial decay widths into weak bosons can be found in
[24] and are shown in Fig. 6. The ratio �

EW

/��� is
bounded from above from diboson searches at LHC Run
1 [128–131]. We show an exclusion bound in Fig. 6, ob-
tained by taking the lowest 95% C.L. value �13TeV

pp!��X =
2.5 fb and assuming a typical factor ⇠ 4 with respect
to the 8 TeV rate. The Z� bound [128] from Run 1
turns out to be the most stringent one, excluding the
�0.87 < fW /fB < 0.005 region, implying in particular
�EW /��� < 53.9.

The ratios of event rates �pp!V V 0X/�pp!��X in case
of production via gluon fusion and quark fusion are pro-
portional to �V V 0/��� . This is also the case for elas-
tic production, the W and Z fluxes from the proton be-
ing negligible [132]. Whenever this condition is true, the
measurement of one of the ZZ, Z�, WW rates readily
provides access to the two couplings f�1

B , f�1

W . Interest-
ingly, the event rates into other gauge boson pairs can be
substantially larger than the photon-photon one, in par-
ticular if the coupling to the (Wµ⌫)2 operator dominates.

Searches in inelastic channels would be one evident

ZZ
Zγ

WW
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Γ V
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FIG. 6. Partial decay width for � ! ZZ,Z�,W+W� nor-
malised to the � ! �� width. The black line corresponds to
�
EW

/��� . The grey region is excluded at 95% C.L. by the
Z� search from Run 1 [128].

method to pin down the f�1

B , f�1

W couplings. However,
just like for ��, the elastic V V 0 channels are also of in-
terest because they contain information which is comple-
mentary from the inelastic ones. Let us briefly comment
about such elastic searches.

• pp ! ZZpp: At least one Z decaying leptonically
has to be required because of the huge QCD back-
ground. The other Z can be tagged as a large-
radius jet. However, because of the small branching
ratio (⇠ 9%), and after taking account selection ef-
ficiencies, this channel would hardly be competitive
with the diphoton one.

• pp ! Z�pp: The large-radius jet arising from the
hadronic decay of the Z can be e�ciently tagged
using increasingly powerful jet substructure tech-
niques. Using the full kinematic information pro-
vided by forward proton detection, i.e. matching
the jet - photon system with the proton-proton sys-
tem, an excellent background rejection is expected.
It is expected to be slightly lower than in the dipho-
ton case because of the worse resolution on the jet
momentum. As the event rates can be up to 6.4
times larger than the �� case, this channel is po-
tentially competitive with the diphoton channel. A
full study including all pile up background is worth
to be considered.

• pp ! W+W�pp: Requesting a fully leptonic de-
cay of the WW pair implies an overall branching
ratio of ⇠ 10%. This is potentially interesting as
the WW rate can be up to ⇠ 37 larger than the ��
rate. There is a background at the matrix element
level, the main one being SM dilepton production
via �� ! ``. This background can be completely

Region of r = fW / fB 
Excluded by 8 TeV 

Zγ search
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