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Vanilla scenario
“The di-photon signal is a new resonance!”

Landau-Yang theorem  
suggests it’s a scalar Large production rate 

suggests it’s gluon initiated

(Nothing here is set in stone… because there is no stone)

The minimal interaction Lagrangian you need is:

L ⇠ gBB

⇤
�Bµ⌫Bµ⌫ +

gWW

⇤
�Wµ⌫Wµ⌫ +

gGG

⇤
�Gµ⌫Gµ⌫

The immediate implication is that the vanilla  
scenario predicts new vector-like fermions!

(** spin-2 possible, but difficult if you keep 
universal couplings to matter )
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The minimal interaction Lagrangian you need is:

L ⇠ gBB

⇤
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gWW

⇤
�Wµ⌫Wµ⌫ +

gGG

⇤
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The immediate implication is that the vanilla  
scenario predicts new vector-like fermions!

Most of this works for pseudo-scalars as well(** spin-2 possible, but difficult if you keep 
universal couplings to matter )



New Vectorlike fermions
The effective coupling to gluons and photons should  

be fairly large ( O(1) ) to accommodate  ��� ⇠ 1� 10 fb
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•Loop-supressed 
!

•How many vector-like generations do you need to fit 
the excess? 
!

•What kind of couplings do you need? 



Issue of the total width

Narrow width ( < O(1) GeV)? 

�[� ! gg] =
2g2GG

⇤2

m3
�

⇡
gGG ⇠ ↵s/4⇡ ⇥O(1)

Generically difficult to boost up the	
couplings. Big problem with all models.

• Yellow region can fit the signal strength. 
!
• Dark blue band can fit the signal strength  

assuming only decays to photons and 
gluons.

No real problems!	
photons and gluons alone are 

sufficient 	
if the width is small!
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Figure 1: Left: The yellow region describes the range of �(S ! gg)/M and �(S ! ��)/M in

which the diphoton rate can be fitted as gg ! S ! ��. Its upper boundary is the green band (at

1� and 2�) in which the total width is �/M ⇡ 0.06, as suggested by data. Its lower boundary

is the blue band, which assumes a minimal total width � = �(S ! gg) + �(S ! ��). The grey

region is excluded by searches for dijet resonances at Run 1. The upper and right axes show

the values of the operator coe�cients defined in eq. (9). Right: The analogous plot, assuming

that the resonant production is initiated by bb̄.

resonance. The dimensionless partonic integrals are

Cgg =
⇡2

8

Z
1

M2/s

dx

x
g(x)g(

M2

sx
), (3a)

Cqq̄ =
4⇡2

9

Z
1

M2/s

dx

x


q(x)q̄(

M2

sx
) + q̄(x)q(

M2

sx
)

�
. (3b)

Their numerical values, computed for a resonance atM = 750GeV using the MSTW2008NLO [4]
set of pdfs evaluated at the scale µ = M , are:

p
s Cb¯b Ccc̄ Css̄ Cd ¯d Cuū Cgg

8TeV 1.07 2.7 7.2 89 158 174
13TeV 15.3 36 83 627 1054 2137

(4)

Thus, the gain factors r = �
13TeV

/�
8TeV

= [Cgg/s]13TeV/[Cgg/s]8TeV from 8 to 13 TeV are

rb¯b rcc̄ rss̄ rd ¯d ruū rgg
5.4 5.1 4.3 2.7 2.5 4.7

(5)

4
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similar exp. for photons



Issue of the total width
Large width (> O (1) GeV)? 

The resonance must decay to states 
other than photons and gluons! 
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FIG. 1: Left: Allowed width ranges for explaining the diphoton resonance, in blue, assuming the production and decay dominate
the total width of the resonance. Constraints from unitarity (for reference model F9 of Table IV) and di-jet are shown as shaded
regions. Right: Same as left panel, but fixing the total width to 40 GeV through exotic decays.

II. IMPORTANCE OF THE WIDTH

Early indications, driven by ATLAS, are that the new resonance may have a substantial width, O(6%). Since the
decay to �� is a loop process and is naturally small, the observation of a substantial width has important implications
for the theory. We discuss these separately for the pp ! � ! �� case (explored in more detail in Sec. III) and for the
cascade decay case (discussed in more detail in Sec. IV; the conclusions on the width for the cascade case will also
apply to the Hidden Valley of Sec. V).

A. pp ! � ! �� process

As we have seen, the rate in the pp ! � ! �� process is given by

R
��

⇠ 1

m�

�
in

�
��

�
��

+ �
in

+ ��

dL
dm2

�

= 5÷ 10 fb (9)

where �� is the partial width into states not involved in production or �� decay.
If we hold R

��

fixed to fit the excess, we can solve for �
��

as a function of �
in

and vice versa. This is shown in
Fig. 1, as a blue band. Consider first the left-hand panel, in which �� = 0. If we increase �

in

, it drops out from the
expression, and the branching ratio to �� is very small, but compensated by the large production rate. The total
width of the resonance also grows, as it is dominated by �

in

. Eventually this direction is cut o↵ by the constraints
on di-jet resonances (red region in figure 1). Similarly, if we increase �

��

, we eventually approach the point where
nearly 100% branching ratio is to ��. This direction is, however, bounded by unitarity considerations, since at some
point the ‘t Hooft coupling g2

f

N
f

(or (g
s

/M)2N
f

for the scalar case) becomes non-perturbative and the theory enters
a regime of strong dynamics. This constraint is of course model dependent, and is shown in the green region in figure
1 for one of the models studied in Sect. III A, F9 of Table IV. Notice that the left-hand panel implies that it is hard to
obtain a 45 GeV width for the particle when the only contribution to its width is through the production and decay
channels.

Next, consider the impact of adding a decay of � to states not initiating the production or decay. This is shown
in the right-hand panel of Fig. 1, where �

tot

= �
��

+ �
in

+ �� = 45 GeV. In this case, either one requires the total
width to �� to be very large (� 1 MeV, which is a natural decay width through a single charged loop of fermions),
or �

in

must be substantial itself, which would favor a tree level �
in

unless there is a high multiplicity of particles; �
in

via loops of heavy particles would not be su�cient.
We conclude that there are two possibilities: (i) the particle is narrow and its width is dominated by the production

and decay modes, or (ii) the particle is broad in which case a substantial range of partial widths to the initial state
and to �� are possible. In neither case can a width of 45 GeV be obtained via the �� decay channel and production
only, whether that be at loop or tree level. We explore what ratios are possible in Sec. III.

blue band	
fits the excess	

strength

You can not get a width of 
O(10) GeV that is not ruled 
out and fits the signal with 
photons and gluons only.

arXiv:1512.04928	



Large width (> O (1) GeV)? 
What else could the new  

resonance decay to?

We haven’t observed any charged states  
with mass of O(100) GeV…

Invisible particles?

Dark Matter?  
Hidden Valleys?

Issue of the total width

Degenerate states?



and how the requirements on the di-photon resonance and dark matter can be fulfilled. In

section 3 we discuss the experimental constraints from the LHC-8TeV and from DM detection

experiments and present a final summary of the allowed parameter space. In section 4 we

discuss the prospects for future detection of our DM candidate both at the LHC-13TeV and

the next generation direct detection experiments. Appendix A contains a discussion about the

possible UV completions of the simplified model presented in section 2 and a brief analysis on

the phenomenology of a CP-odd singlet motivated by SUSY UV completions.

2 Di-photon excess in a dark matter simplified model

We consider an e↵ective lagrangian for a new spin zero and CP-even particle S (Jp = 0+)

which couples at tree level to a massive Dirac fermion  . Both S and the fermion are singlet

under the Standard Model and a global flavor symmetry under which  is charged guarantees

a stable fermionic DM candidate

L+

NP =
1

2
(@S)2 +

m2

S

2
S2 +  ̄/@ + (gDMS +M ) ̄ 

+
gGG

⇤
SGµ⌫Gµ⌫ +

gWW

⇤
SWµ⌫Wµ⌫ +

gBB

⇤
SBµ⌫Bµ⌫ . (2.1)

We fix the UV scale to ⇤ = 104 GeV conservatively sticking to the regime of validity of

the e↵ective field theory. The dimensionless couplings are taken to be order O(1), while the

missing operators allowed by the symmetries in the e↵ective lagrangian are assumed to be

suppressed by small couplings. Here we focus on the basic phenomenological properties of the

simplified model of dark matter in (2.1), taking a bottom-up approach1, while we postpone

the justification of our working assumptions in considering (2.1) for the Appendix A.

The total width: Considering the couplings in (2.1), the singlet scalar can decay into SM

gauge bosons, or invisibly with the leading order decay rate

�(S !  ̄ ) =
g2DMmS

8⇡

 
1� 4M2

 

m2

S

!
3/2

. (2.2)

In figure 1 we display the branching ratios of S decays into the various channels, for some

representative values of the couplings, as a function of the DM mass. As soon as the tree level

decay into dark matter is kinematically open, it dominates over the decays into SM particles

which are induced by dimension five operators. Among the SM decay channels, the gluon

decay mode is enhanced by the color factor.

1For our phenomenological studies, we employ FeynRules [52], MadGraph5 [53], MadDM [54, 55]

and micrOMEGAs [56].
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Add a Dirac Fermion 
Dark Matter to the minimal	

Lagrangian

Large width and DM

Branching Ratios
BRHSÆinvL
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Figure 1: Contours of the di↵erent branching ratios for the singlet S as a function of M
 

. The

other parameters of the model are fixed to the benchmark values specified in the plot title. The solid

lines indicate the BR to invisible (blue) and SM particles (red). The dashed lines are the di↵erent SM

channels. The gray shaded contours indicate �
tot

/m
S

where we fixed m
S

= 750 GeV.

Figure 1 illustrates an important feature of the model. The gray-shaded contours indicate

the ratio of the width of S over its mass, i.e. �

tot

m
S

. As we pointed out in the introduction, the

ATLAS analysis hints towards a configuration of the spectrum and the couplings for which
�

tot

m
S

⇠ 3-9%. Figure 1 clearly shows the di�culties in obtaining a percent-level width by

considering dominant decay modes into SM particles, which contribute . 0.5% to �

tot

m
S

. This

feature is generic of models where the decay modes into SM particles are generated through

higher dimensional operators only, if we conservatively stick to the regime of validity of the

e↵ective field theory. In such scenarios a tree level decay mode certainly helps to enhance the

width of the resonance.

Figure 1 also shows that a large width can generically be obtained via the invisible decay

of the singlet into DM pairs (2.2). Indeed the requirement on a large width alone (1.3) imposes

a lower bound on the Yukawa-like coupling of the singlet to DM: gDM & 0.9. In what follows

we will show how this leads to very interesting implications for both DM direct detection as

well as collider phenomenology.

5

Most of the width 
generically 

comes from invisible 
decays

arXiv:1512.04917	

S = new resonance



Large width and DM
Signal strength Total widthRelic density
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Figure 4: Interplay between the di-photon signal parameters and DM relic density. The four plots

from the top left to the bottom right corresponds to our four benchmark choices in (2.3). The blue

band shows regions where �
tot

m

S

⇡ (3 � 9)% (in blue) while the region where ⌦h2 < 0.1 is shown in

pink. At the boundaries of the pink region (black, solid lines) the Dirac fermion accounts for all the

DM relic abundance. We overlaid the contours of the di-photon production cross section at LHC 13 as

dashed red curves. The thicker curve is the one corresponding to our selected benchmarks p1...4 with

�
tot

⇡ 30 GeV. The intersection of the width band with the relic density line essentially fix the dark

matter parameters, as already observed in figure 3.

Figure 4 illustrates our main results for the four benchmark points defined in (2.3). For

illustrative purpose, we select a large range for the mediator width (1.3) with the ATLAS

preferred value of �tot/mS = 6% as central value. The relic abundance band shows the region

9

In fact, requiring                     and the width 
essentially fixes the DM parameters! 

⌦h2 ⇠ 0.1

gBB ⇥ gGG

g2DM



Large width and DM
Signal strength Total widthRelic density

gBB , gGG,M , gDM M , gDM

Wh2= 0.12Gtot
mS
=H3-9L%

2.5 fb

sgg=7 fb

25 fb 100 fb

p1

100 150 200 250 300 350 400

1.0

1.5

2.0

2.5

3.0

My HGeVL

g D
M

gBB=1, gGG=0.25, sppÆS = 1 pb

Wh2= 0.12Gtot
mS
=H3-9L%

7 fb

sgg=25 fb

100 fb

p2

100 150 200 250 300 350 400

1.0

1.5

2.0

2.5

3.0

My HGeVL

g D
M

gBB=2, gGG=0.25, sppÆS = 1 pb

Wh2= 0.12Gtot
mS
=H3-9L%

7 fb

sgg=2.5 fb

25 fb

0.5 fb p3

100 150 200 250 300 350 400

1.0

1.5

2.0

2.5

3.0

My HGeVL

g D
M

gBB=1, gGG=0.14, sppÆS = 0.3 pb

Wh2= 0.12Gtot
mS
=H3-9L%

2 fb

sgg=9 fb

25 fb
100 fb

p4

100 150 200 250 300 350 400

1.0

1.5

2.0

2.5

3.0

My HGeVL

g D
M

gBB=2, gGG=0.14, sppÆS = 0.3 pb

Figure 4: Interplay between the di-photon signal parameters and DM relic density. The four plots

from the top left to the bottom right corresponds to our four benchmark choices in (2.3). The blue

band shows regions where �
tot

m

S
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pink. At the boundaries of the pink region (black, solid lines) the Dirac fermion accounts for all the

DM relic abundance. We overlaid the contours of the di-photon production cross section at LHC 13 as

dashed red curves. The thicker curve is the one corresponding to our selected benchmarks p1...4 with
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⇡ 30 GeV. The intersection of the width band with the relic density line essentially fix the dark

matter parameters, as already observed in figure 3.

Figure 4 illustrates our main results for the four benchmark points defined in (2.3). For

illustrative purpose, we select a large range for the mediator width (1.3) with the ATLAS

preferred value of �tot/mS = 6% as central value. The relic abundance band shows the region
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Correct relic density

gBB ⇥ gGG
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In fact, requiring                     and the width 
essentially fixes the DM parameters! 
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Figure 4: Interplay between the di-photon signal parameters and DM relic density. The four plots

from the top left to the bottom right corresponds to our four benchmark choices in (2.3). The blue

band shows regions where �
tot

m

S

⇡ (3 � 9)% (in blue) while the region where ⌦h2 < 0.1 is shown in

pink. At the boundaries of the pink region (black, solid lines) the Dirac fermion accounts for all the

DM relic abundance. We overlaid the contours of the di-photon production cross section at LHC 13 as

dashed red curves. The thicker curve is the one corresponding to our selected benchmarks p1...4 with

�
tot

⇡ 30 GeV. The intersection of the width band with the relic density line essentially fix the dark

matter parameters, as already observed in figure 3.

Figure 4 illustrates our main results for the four benchmark points defined in (2.3). For

illustrative purpose, we select a large range for the mediator width (1.3) with the ATLAS

preferred value of �tot/mS = 6% as central value. The relic abundance band shows the region
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⌦h2 ⇠ 0.1

Correct relic density

Width = 30 GeV

gBB ⇥ gGG

g2DM

In fact, requiring                     and the width 
essentially fixes the DM parameters! 
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Figure 4: Interplay between the di-photon signal parameters and DM relic density. The four plots

from the top left to the bottom right corresponds to our four benchmark choices in (2.3). The blue

band shows regions where �
tot
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S

⇡ (3 � 9)% (in blue) while the region where ⌦h2 < 0.1 is shown in

pink. At the boundaries of the pink region (black, solid lines) the Dirac fermion accounts for all the

DM relic abundance. We overlaid the contours of the di-photon production cross section at LHC 13 as

dashed red curves. The thicker curve is the one corresponding to our selected benchmarks p1...4 with
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tot

⇡ 30 GeV. The intersection of the width band with the relic density line essentially fix the dark

matter parameters, as already observed in figure 3.

Figure 4 illustrates our main results for the four benchmark points defined in (2.3). For

illustrative purpose, we select a large range for the mediator width (1.3) with the ATLAS

preferred value of �tot/mS = 6% as central value. The relic abundance band shows the region
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Figure 3: Markov-chain scan over the four dimensional model parameter space, projected onto the
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plane. The scan assumes a Gaussian likelihood function centered around ⌦h2 = 0.12, where

the range of allowed parameters is bounded by g
BB

= [10�2, 2], g
GG

= [10�2, 1], g
DB

= [10�2, 3] and

m
 

= [200, 375] GeV. The blue circles represent the total of 10000 points scanned over by the Markov-

chain, with no additional constraints. The green triangles represent a subset of the sampled points

which give relic density in the range of 0.1 < ⌦h2 < 0.13. The red diamonds assume an additional

requirement of �
tot

m

S

= (3� 9)%GeV. The dashed lines represent the range in which the total width in

the range of (3� 9)% of m
S

can be explained by dominant decays into dark matter.

dependent on the remaining model parameters. What do we mean with chiral nature?

Benchmark points: For concreteness we selected four benchmark points which provide a

yield in �� of O(1� 10) fb, roughly required to explain the observed di-photon excess (1.1):

P
1

: gGG = 0.25 gBB = 1 ,

P
2

: gGG = 0.25 gBB = 2 ,

P
3

: gGG = 0.14 gBB = 1 ,

P
4

: gGG = 0.14 gBB = 2 ,

(2.3)

where we are keeping fixed the cut-o↵ scale at ⇤ = 10 TeV. We intentionally choose O(1)

values for gBB, which opens up the parameter space leading to a sizeable �� cross section.
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The conclusion is robust 
even if you vary the 

couplings to gluons and 
photons

gBB ⇥ gGG

g2DM



Can the DM mediator be a pseudo-scalar ?
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Figure 8: Same as Fig. 7 but for the gluon fusion case. The indirect detection constraints in
the right panel are given for cBB/⇤ ' 0.096TeV�1.

c�ScBB/⇤ and we have explicitly checked that this rescaling invariance works perfectly for lower
values of c�S. We expect it to break down for large enough c�S, and we estimate the error we
could make with this rescaling by computing self-consistently the relic density line for a thermal
relic with �S ' mS. As can be seen from Figs. 3 and 4, this corresponds to a larger coupling
cBB/⇤ ' 0.53TeV, and a thermal relic would then require c�S ' 6.77. The net result on the
relic density is a combination of two e↵ects: a large overall coupling in the cross section and a
broader width of the mediator. The green bands in the figure show that these combined e↵ects
are rather mild. Given the lack of constraints from DM searches, a scalar portal in the photon
fusion regime leads again to a viable DM candidate. To summarize this discussion we present
here the values of the parameters consistent with a thermal relic and a scalar width of 45 GeV:

m� ' 289GeV , c�S ' 2.42 , cBB/⇤ ' 0.26TeV�1 , cWW = cGG = 0 . (44)

The LHC analysis allows for values of cWW . cBB, but turning on this coupling does not greatly
impact the obtained DM parameters m� and c�S.

The pseudo-scalar case is shown in the right panel with identical conventions. We again
give the values of the parameters for a thermal relic and a 45 GeV width:

m� ' 227GeV , c�P ' 1.38 , cBB/⇤ ' 0.26TeV�1 , cWW = cGG = 0 . (45)

However, in contrast to the scalar case, ID limits are now quite severe, and the �-ray line
bounds completely rule out a thermal relic even for a cored DM profile like the isothermal one.

Finally, in Fig. 8 we consider the gluon fusion regime for a DM dominated resonance. In
both panels, cBB/⇤ and cGG/⇤ are understood to range as written in the label, consistently
with the range we found in our LHC study for the gluon fusion regime (see Figs. 3 and 4).
We present our results again in terms of the combination c�ScGG/⇤. For the scalar mediator
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It might possible to be consistent with ID bounds, either by requiring  
under-abundant DM or by changing the coupling to the W… 
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Annihilation cross section 
of two Dirac fermions 
via a pseudo scalar not 
velocity suppressed!

More susceptible to the 
limits from Indirect 

Detection (ID)

Requiring correct relic 
density and the large 
width is ruled out.



If the di-photon signal is indeed real…
… and the large width is explained by  

Dirac fermion DM …
… a signal consistent with a 750 GeV DM mediator	

and 300 GeV DM with O(1) couplings 	
should appear in the MET+j channel

… and a signal consistent with ~300 GeV DM	
particle should appear in direct detection



Is the prediction reasonable?

benchmark (g
GG

, g
BB

) g
DM

M
 

(GeV) �
tot

(GeV) �
��

(fb) at 13TeV ⌦h2

p1 (0.25,1) 2.7 322 30 6.2 0.10

p2 (0.25,2) 2.2 307 29 25 0.12

p3 (0.14,1) 2.7 323 29 2.1 0.12

p4 (0.14,2) 2.3 308 31 7.8 0.12

Table 1: Summary of the di-photon signal yield at LHC-13TeV and the preferred dark matter param-

eters for the four selected benchmark points.

of ⌦DMh2  0.12, with black lines indicating ⌦DMh2 = 0.12. The relic abundance band is

weakly dependent on the coupling as expected for an annihilation cross section dominated by

an s-channel resonance and fixes the DM mass to be M ⇠ m
S

2

.

The desired region is the overlap between the large width band (in purple) and the dark

matter relic abundance line (black solid). For the large values of the dark matter mass necessary

to obtain the correct relic abundance, a width in the selected range can be achieved only with

a large dark matter coupling gDM . This result is in agreement with the expectation that the

dark matter relic abundance together with the requirement on the width of S essentially fixes

both gDM and M .

By inspecting figure 4, we can select representative values of the dark matter mass and dark

matter coupling gDM , where we chose the total width �tot ⇠ 30 GeV for illustrative purpose.

We denote the model points as p
1...4 in figure 4. Table 1 summarizes the signal yield in the

di-photon channel and the DM relic abundance for the four selected benchmark points, where

all the parameters of the model are now fixed by requiring a large mediator width, a sizable

�� cross section, and the correct dark matter abundance.

Note that the �� production cross section for our benchmarks ranges between 2 � 25 fb,

providing enough room to fit the ATLAS and CMS excess while taking into account event

selection e�ciency and the acceptance.

3 Experimental constraints

The scenario we consider is bounded by several existing collider searches at
p
s = 8 TeV and by

astro-particle searches that we discuss in more detail in the following sections. For a previous

study of LHC Run I constraints on DM models with mediators see e.g. [57].

LHC-8TeV constraints: The model we propose populates di↵erent final state topologies,

given the rich decay pattern of the scalar mediator (see figure 1). For the benchmark points

10

example points which give	
the right resonance features and	

correct relic density

Benchmark �
�Z

�MET+j

�
��

�
jj

h�vi
��

�
SI

< 3.5 fb < 6 fb < 2 fb < 103 fb < 10�28 cm3

s < 4⇥ 10�45cm2

p1 0.86 3.7 1.4 1.3 3.9 · 10�32 6.9 · 10�46

p2 3.6 3.5 6.0 1.4 5.5 · 10�32 4.6 · 10�46

p3 0.3 1.2 0.48 0.14 4.1 · 10�32 2.3 · 10�46

p4 1.1 1.2 1.8 0.13 6.2 · 10�32 1.6 · 10�46

Table 2: Summary of experimental constraints from LHC-8TeV searches and from dark matter ex-

periments on the four benchmark points described in Table 1. All collider cross sections are given in

fb and assume
p
s = 8TeV. For the constraints on �

jj

we compute the cross section imposing a cut of

pj
T

> 20GeV, ⌘
j

< 2.5, while for the �MET+j

we impose a cut of pj
T

> 500GeV.

collider and from dark matter experiments, and can provide viable scenarios to accommodate

the di-photon excess as well as to account for the correct relic density of dark matter. Note

that the benchmark points predict a direct detection cross section which is not far from the

actual experimental reach, and will likely be accessible in future experiments.

4 Future signatures

In this note we have proposed a simplified dark matter model with a mediator of mass ⇠
750 GeV to account for the di-photon excess recently reported by the ATLAS and CMS

collaborations. If the resonance is a scalar singlet, the requirement of a moderately large

resonance width from the ATLAS collaboration (see (1.3)) hints to the existence of extra

decay channels.. Here we have investigated the possibility that the scalar singlet has an extra

decay mode into an invisible particle which can play the role of a dark matter candidate.

This simple assumption, together with the requirement of a correct relic abundance, provides

a prediction for the mass of the dark matter, that should be around ⇡ 300 GeV for a scalar

mediator of 750 GeV.

The model is indeed very predictive and we can identify the expected signatures in other

channels at LHC-13TeV and in dark matter experiments. The most distinctive LHC signature

is in MET+j which has the largest cross section and will be reachable at LHC-13TeV with

more luminosity. From the model independent analysis of CMS [47] one can estimate the

luminosity needed to exclude our model at 13 TeV by assuming that the e�ciencies for the

main SM backgrounds are the same as in the 8 TeV run. We focus on the MET > 500 GeV bin,

which gave the most stringent constraints at 8 TeV. A back of the envelope estimate indicates

that the benchmark point p
1

(with large MET+j cross section) should be within reach with

14
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The desired region is the overlap between the large width band (in purple) and the dark

matter relic abundance line (black solid). For the large values of the dark matter mass necessary

to obtain the correct relic abundance, a width in the selected range can be achieved only with

a large dark matter coupling gDM . This result is in agreement with the expectation that the

dark matter relic abundance together with the requirement on the width of S essentially fixes

both gDM and M .

By inspecting figure 4, we can select representative values of the dark matter mass and dark

matter coupling gDM , where we chose the total width �tot ⇠ 30 GeV for illustrative purpose.

We denote the model points as p
1...4 in figure 4. Table 1 summarizes the signal yield in the

di-photon channel and the DM relic abundance for the four selected benchmark points, where

all the parameters of the model are now fixed by requiring a large mediator width, a sizable

�� cross section, and the correct dark matter abundance.

Note that the �� production cross section for our benchmarks ranges between 2 � 25 fb,

providing enough room to fit the ATLAS and CMS excess while taking into account event

selection e�ciency and the acceptance.

3 Experimental constraints

The scenario we consider is bounded by several existing collider searches at
p
s = 8 TeV and by

astro-particle searches that we discuss in more detail in the following sections. For a previous

study of LHC Run I constraints on DM models with mediators see e.g. [57].

LHC-8TeV constraints: The model we propose populates di↵erent final state topologies,

given the rich decay pattern of the scalar mediator (see figure 1). For the benchmark points
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collider and from dark matter experiments, and can provide viable scenarios to accommodate

the di-photon excess as well as to account for the correct relic density of dark matter. Note

that the benchmark points predict a direct detection cross section which is not far from the

actual experimental reach, and will likely be accessible in future experiments.

4 Future signatures

In this note we have proposed a simplified dark matter model with a mediator of mass ⇠
750 GeV to account for the di-photon excess recently reported by the ATLAS and CMS

collaborations. If the resonance is a scalar singlet, the requirement of a moderately large

resonance width from the ATLAS collaboration (see (1.3)) hints to the existence of extra

decay channels.. Here we have investigated the possibility that the scalar singlet has an extra

decay mode into an invisible particle which can play the role of a dark matter candidate.

This simple assumption, together with the requirement of a correct relic abundance, provides

a prediction for the mass of the dark matter, that should be around ⇡ 300 GeV for a scalar

mediator of 750 GeV.

The model is indeed very predictive and we can identify the expected signatures in other

channels at LHC-13TeV and in dark matter experiments. The most distinctive LHC signature

is in MET+j which has the largest cross section and will be reachable at LHC-13TeV with

more luminosity. From the model independent analysis of CMS [47] one can estimate the

luminosity needed to exclude our model at 13 TeV by assuming that the e�ciencies for the

main SM backgrounds are the same as in the 8 TeV run. We focus on the MET > 500 GeV bin,

which gave the most stringent constraints at 8 TeV. A back of the envelope estimate indicates

that the benchmark point p
1

(with large MET+j cross section) should be within reach with
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Is the prediction reasonable?
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Figure 5: Summary of the parameter space allowed by experimental constraints, in the g
GG

and

g
BB

plane, which results in �
��

> 2 fb at LHC13TeV. We marginalize over M
 

= [25, 600] GeV and

g
DM

= [0.1, 3], where we always require ⌦h2  0.12. Regions above dashed and dotted lines are ruled

out by individual searches specified on the plot, where we use dotted lines to represent the weakest

limits in the marginalization and the dashed lines for the strongest limits. The solid blue line and the

shaded region below it corresponds to the region of parameter space which can not account for a large

width of the di-photon resonance. The points labeled as capital P1�4 represent the benchmark model

points in (g
GG

, g
BB

) of 2.3, we use as illustrations in the paper. The direct detection bounds labeled

DD assume ⌦h2 = 0.12.

constraints. Note that this region of model parameters is also able to accommodate the di-

photon excess signal strength.

Benchmark points: Table 2 shows a summary of all the experimental constraints on

our scenario for the four benchmark model points in Table 1. Benchmark point 2, with

(gGG, gBB) = (0.25, 2), gives the largest yield in the di-photon signal (see Table 1) and it

is already severely constrained by the �� final state. Interestingly, requiring the correct DM

relic abundance for that choice of gGG and gBB, and hence fixing gDM and M to the values

in Table 1, enhances the Z� branching ratio making the benchmark 2 also excluded by Z�

searches at LHC-8TeV.

The other benchmark points are all within the allowed experimental bounds, both from

13

Allowed parameter 	
space

4-dimensional par. space	
projected onto gGG and gBB

Dashed/dotted curves	
represent the 	

strongest/weakest bounds	
(depending on the values of	

DM mass and coupling)



“The di-photon signal is not a new resonance!”
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