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The Galactic Center Gamma-Ray Excess
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Observational status:

Dark Matter interpretation:
This work

�� ! bb̄, f f̄

�� ! ZZ,W+W�, hh

�� ! �+ h/Z

�� ! V + V ! 4f

1411.2592 Agrawal, Batell, Fox, Harnik

1706.02336 Arcadi, Queiroz, Siqueira

1405.0272 Martin, Shelton, Unwin 

Precise answers may come in the following years after more Dwarf analysis, or from future  
experiments targeting millisecond pulsars.
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mχ= 50 GeV, χχ → bb

mχ= 35 GeV, χχ → ff
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m� = 50GeV, �� ! bb̄
m� = 35GeV, �� ! ff̄

However, at this point in time, there is no clear resolution to the question of the origin of the Galactic 
Center excess. 

see yesterday's Mini-workshop!

The Galactic Centre Gamma-Ray Excess is very well established (Fermi-LAT 1704.03910).

Calore el at. 1409.0042 
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Simplified model approach

Berlin, Hooper, McDermott 1404.0022 
Dark Matter Mediator Interactions Direct Detection

Dirac Fermion, � Spin-0 �̄�5�, ¯ff �SI / (q/2m�)
2

Majorana Fermion, � Spin-0 �̄�5�, ¯ff �SI / (q/2m�)
2

Dirac Fermion, � Spin-0 �̄�5�, ¯f�5f �SD / (q2/4mnm�)
2

Majorana Fermion, � Spin-0 �̄�5�, ¯f�5f �SD / (q2/4mnm�)
2

Complex Scalar, � Spin-0 �†�, ¯f�5f �SD / (q/2mn)
2

Real Scalar, � Spin-0 �2
,

¯f�5f �SD / (q/2mn)
2

Complex Vector, X Spin-0 X†
µX

µ
,

¯f�5f �SD / (q/2mn)
2

Real Vector, X Spin-0 XµXµ
,

¯f�5f �SD / (q/2mn)
2

Dirac Fermion, � Spin-1 �̄�µ�, ¯b�µb �SI ⇠ loop (vector)

Dirac Fermion, � Spin-1 �̄�µ�, ¯f�µ�5f �SD / (q/2mn)
2
or (q/2m�)

2

Dirac Fermion, � Spin-1 �̄�µ�5�, ¯f�µ�5f �SD ⇠ 1

Majorana Fermion, � Spin-1 �̄�µ�5�, ¯f�µ�5f �SD ⇠ 1

Dirac Fermion, � Spin-0 (t-ch.) �̄(1± �5
)b �SI / loop (vector)

Dirac Fermion, � Spin-1 (t-ch.) �̄�µ
(1± �5

)b �SI / loop (vector)

Complex Vector, X Spin-1/2 (t-ch.) X†
µ�

µ
(1± �5

)b �SI / loop (vector)

Real Vector, X Spin-1/2 (t-ch.) Xµ�µ
(1± �5

)b �SI / loop (vector)

Viable models after 

Simplified models generically assess the viability of a dark matter model interpretation 
of the GC excess and identify the parameter space that needs to be probed by future 
searches.   

s-channel  
scalar  

 mediator

s-channel 
 vector  

 mediator

t-channel
to the b  

s-wave!

A

V µ
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Constraints
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Annihilation

Collider Searches

Direct Detection

 SM

V µA

��

 SM

g�

g 

 SM

A

V µ

 ̄SM
�
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g� g 

g� ⇥ gSM = constant

g
SM

< constant

Collider

g� ⇥ gSM < constantDD

q

�̄

q

q̄

Z0

�

Require the right 
cross section for the GC

h�vi � 6⇥ 10�27 cm3/s

h�vi  2.2⇥ 10�26 cm3/s
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Direct Detection
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Data LUX/PandaX-2016

Dark Matter Non-Relativistic EFT
Fitzpatrick, Haxton, Katz, Lubbers, Xu, 1203.3542

1608.07648
1607.07400
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Although see talk by Ji! 
PANDAX

�SI < 7.7⇥ 10�47cm2

m� ⇠ 35GeV

�SI < 6⇥ 10�47cm2

m� ⇠ 45GeV

�SI < 1.1⇥ 10�46cm2

m� ⇠ 50GeV
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Collider Constraints
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BaBar, pseudo-scalars LEP, Higgs-like searches

LHC:  

�

A

b

b̄

⌥

Z

Z

Ae�

e+

Mono-jet + MET
Mono-Z/gamma + MET
Di-lepton
Di-tau
Di-jet
Sbottom Searches

mA 2 [1, 10]GeVRange
Probe directly bbA couplings!

Range
Assuming the same ZZA coupling as the Higgs, 
very model dependent. 

mA 2 [10, 100]GeV
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Spin-1 mediator, spin 1/2 DM
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L �
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4a�̄�µ(g�v + g�a�
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X

f
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5)f
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� , �V /mV > 0.1

�r = 1/3 (Solid)
g� = 1, (i.e.�r � 1 dashed)

Spectrum requires ~35 GeV DM, same couplings to all SM fermions

Breakdown of the model Loop suppressed SI interactions may
enhance DD bounds, although model dependent 
see D’Eramo, Kavanagh & Panci 1605.04917 
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Spin-0 mediator, spin 1/2 DM
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L �
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CP violating

�r = 3, (dashed)

�r = 1/3, (solid)

�r = 10Monojet+MET LHC:

Spectrum requires ~50 GeV DM, Couplings to SM fermions proportional to SM Yukawa (MFV)

�r = 1

�r = �DM/�SM

LHC constraints can be alleviated for asymmetric couplings to up-like to down-like quarks 
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t-channel
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Γ
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L � g��̄�
µ(1 + �5)fVµ + h.c.L � ���̄(1 + �5)fA+ h.c.

Need for charged and coloured mediators, now ruled out by LHC and DD
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Conclusions
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Vector mediated models ruled out except on resonance

Pseudoscalar mediated models survive, in particular those 
with CP conserving couplings

Very weakly coupled Hidden sectors?

t-channel mediated models are entirely ruled out by a 
combination of Direct Detection and LHC data

Hidden sector models are extremely difficult to probe, and if 
excesses are observed in dwarf galaxies in the near future, these 
models may gain significant interest 
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Outlook: Hidden Sector Models
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In preparation: Escudero, Hooper and Witte
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bb Direct: mχ=50 GeV
H-mixing: mχ=58 GeV, mϕ=26 GeV
Dark Photon: mχ=21.5 GeV, mϕ=3.5 GeV
(Dashed: mϕ = mχ)
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Thank You!

12

arXiv:1612.06462 Escudero, Hooper, Witte

https://arxiv.org/abs/1612.06462
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Back up: Collider Constraints
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LHC:  

Di-lepton
Di-tau
Di-jet

Mono-jet + MET

Sbottom Search
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Mostly for V-mediated cases
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Back up: Collider Constraints
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Di-tau

Sbottom SearchMono-jet + MET

Di-lepton

Di-jet

12 8 Results

existence of an SM-like Higgs boson is expected.
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Figure 6: Expected and observed limits on cross-section times branching fraction for a) the
gluon fusion process (ggf) and b) the b–associated production process (bbf), resulting from
the combination of all four channels.

In addition to the 1 dimensional limits, a 2 dimensional likelihood scan of the cross-section
times branching fraction for the ggf and bbf processes has been formed. The results for dif-
ferent values of the Higgs boson mass mf are shown in figure 7. The best fit value for the
observed data and the one and two sigma contours are shown under the assumption that any
fitted signal cross-section should be positive or zero. Also shown is the best fit value in the case
of fitting a dataset containing background plus 125 GeV SM Higgs boson.

Finally, model dependent limits are considered in two different benchmark models; the mmod+
h

and hMSSM scenarios. These scenarios are as described in [19, 43] and used in previous MSSM
f ! tt analyses at the LHC [20–23]. The neutral MSSM Higgs boson production cross sections
and the corresponding uncertainties are provided by the LHC Higgs Cross Section Group [44].
The program SUSHI [45] (v1.4.1) has been used to calculate cross-sections for the gluon fusion
process and the 5 flavour b-associated production process. For the bbf process, the four-flavor
NLO QCD calculation [46, 47] and the five-flavor NNLO QCD calculation, as implemented
in BBH@NNLO [48] have been combined using the Santander matching scheme [49]. In all
cross section programs used, the Higgs boson Yukawa couplings have been calculated with
FEYNHIGGS [50–54] (v2.10.2 with default flags). The Higgs boson branching fraction to tau
leptons in the different benchmark scenarios has been obtained with FEYNHIGGS for the mmod+

h
scenario and HDECAY [55] (v6.40) for hMSSM. The hMSSM scenario is strictly only valid for
mA > 130 GeV and tanb < 10 - model predictions are still calculated for points up to tanb =
60, but it should be noted that direct higher order SUSY corrections to down-type fermion
couplings (also known as Db corrections), and corrections due to SUSY particles in loops are
neglected.

The statistical procedure to produce the model dependent limits is as described in [20]. A test
of the compatibility of the data with the background plus a signal with the three neutral Higgs

M [GeV]
500 1000 1500 2000 2500 3000 3500 4000 4500

+X
)

ll
→

Z+
X

→
(p

p
σ

+X
) /

 
ll

→
Z'

+X
→

(p
p

σ 7−10

6−10

5−10

Observed 95% CL limit

Expected 95% CL limit, median

Expected 95% CL limit, 1 s.d.

Expected 95% CL limit, 2 s.d.

 (LOx1.3)ΨZ'

 (LOx1.3)SSMZ'

)µµ (13 TeV, -1 (13 TeV, ee) + 13.0 fb-112.4 fb

CMS
Preliminary

Resonance Mass [GeV]
600 800 1000 1200 1400 1600

 B
 A

 [p
b]

σ 

3−10

2−10

1−10

1

10

210

310

410

510 CMS Preliminary  (13 TeV)-112.9 fb

quark-quark 95% CL limits
Observed

σ 1±Expected 
σ 2±Expected 

Axiguon/coloron
Scalar diquark
W'
Z'

 [GeV]b~m
300 400 500 600 700 800 900 100011001200

 [G
eV

]
10 χ∼

m
0

100

200

300

400

500

600

700

800

3−10

2−10

1−10

1

10

 (13 TeV)-112.9 fbCMS  Preliminary 

   NLO+NLL exclusion
1
0
χ∼ b → 1b~, 1b~ 1b~ →pp 

theoryσ 1 ±Observed 
experimentσ 1 and 2 ±Expected 

95
%

 C
L 

up
pe

r l
im

it 
on

 c
ro

ss
 s

ec
tio

n 
[p

b]



TeVPA 07-08-17Miguel Escudero (IFIC) Models for the Galactic Center Excess

Back up: Spin-0 mediator, spin 1/2 DM
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Pseudo-scalar mediator large tan-beta
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Back up: Spin-0 mediator, spin 0 DM
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DI Tau 
DI Jet mA > 600GeV

Due to a change on branching ratios
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Back up: Spin-1 mediator, spin 0 DM
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Back up: Spin-1 mediator, spin 1/2 DM

18

DI Lepton 
MonoJet + MET

LU
X
(b
on
ly)

LU
X
(b
&
t)

λr = 10

λr = 100

χγμχ, b γμb

mχ = 50 GeV

1. 10. 100. 1000.
0.0001

0.001

0.01

0.1

1.

mV [GeV]

g χ
vg
fv



TeVPA 07-08-17Miguel Escudero (IFIC) Models for the Galactic Center Excess

Back up: t-channel models
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Back up: Models with Pseudoscalars

20

1502.06000 Berlin, Gori, Lin, Wang Model: MSSM 

1404.3716 Ipek, McKeen, Nelson Model: 2HDM

1612.07115 Butter, Murgia, Plehn, Tait Model: MSSM 


