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Target of the talk
Tons of DM candidates have been proposed so far…

e.g.)

WIMPs

Axion

Asymmetric DM

SIMPs, FIMPs

etc…

Let me focus on WIMP DM in this talk.



WIMP
Weakly-Interacting Massive Particles (WIMPs)

Electrically neutral and colorless particles.

Stable.

Masses of order Electroweak (EW) scale.

Have interactions comparable to EW interactions.

Observed Dark Matter (DM) density

can be explained by their thermal relic.



TeV-scale physics and WIMP

WIMP DM predicted new physics at the TeV scale.

DM thermal relic abundance

<latexit sha1_base64="L92To7hEvMru86UljBW9Fy14jts="></latexit>

e.g.)

WIMPs often appear in models motivated by naturalness.

Expected to be tested in various experiments (such as LHC).



Goal of the talk

DM candidates in TeV-scale new physics models 
have been severely constrained.

On the other hand, the WIMP paradigm itself 
has not been fully tested yet.

Target has been narrowed down.

Further exploration is needed.



Outline

Viable WIMP DM candidates in SUSY

Current status of WIMP DM

Summary



DM in SUSY models



Supersymmetry (SUSY)
The LHC results, i.e.,

• Bound on SUSY particles

• 125 GeV Higgs mass

Restrict WIMP DM candidates in (simple) SUSY models.

SUSY particles are heavier than expected.

Two simple setups

• Constrained MSSM

• High-scale SUSY



Constrained MSSM (CMSSM)

Soft parameters at low energies are obtained

by using renormalization group equations.

Constrained MSSM (CMSSM)

• Traditional benchmark model

• Impose universality conditions at the GUT scale.

m0, m1/2, A0, tan β, sign(μ)

Input parameters



DM in CMSSM
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No EWSB Stop LSP

Stau LSP Stau LSP

Higgs mass [GeV] Proton lifetime [1035 yrs]ΩDM h2 = 0.12

J. Ellis, J. L. Evans, A. Mustafayev, N. Nagata, K. A. Olive, Eur. Phys. J. C76, 592 (2016).  

Higgsino-like DM (~1 TeV)
Bino DM 

(stop/stau coannihilation)



High-scale SUSY L. J. Hall, Y. Nomura, S. Shirai (2012)

M. Ibe, S. Matsumoto, T. T. Yanagida (2012)


A. Arvanitaki, N. Craig, S. Dimopoulos, G. Villadoro (2012)

N. Arkani-Hamed, A. Gupta, D. E. Kaplan, N. Weiner, and T. Zorawski (2012) 

Gravi!no Scalar Par!cles Higgsinos

Gauginos

O(10      ) TeV

O(1) TeV

Gluino

Bino

Wino

(2-5)

Gaugino masses are induced at loop level.

L. Randall and R. Sundrum (1998)

G. F. Giudice, M. A. Luty, H. Murayama, and R. Rattazzi (1998) 

Higgsinos can be light if 

there is an additional symmetry.

Suppose that the SUSY-breaking field is not a singlet:

e.g.) Anomaly mediation



High-scale SUSY L. J. Hall, Y. Nomura, S. Shirai (2012)

M. Ibe, S. Matsumoto, T. T. Yanagida (2012)


A. Arvanitaki, N. Craig, S. Dimopoulos, G. Villadoro (2012)

N. Arkani-Hamed, A. Gupta, D. E. Kaplan, N. Weiner, and T. Zorawski (2012) 

Gravi!no Scalar Par!cles Higgsinos

Gauginos

O(10      ) TeV

O(1) TeV

Gluino

Bino

Wino

(2-5)

mh<115.5GeV

mh>127GeV

120GeV

125GeV

130GeV

135GeV

10 102 103 104
1

10

MSUSYêTeV

ta
nb

M. Ibe, S. Matsumoto, T. T. Yanagida (2012).

mh = 125 GeV

Suppose that the SUSY-breaking field is not a singlet:

High SUSY-breaking scale.



High-scale SUSY L. J. Hall, Y. Nomura, S. Shirai (2012)

M. Ibe, S. Matsumoto, T. T. Yanagida (2012)


A. Arvanitaki, N. Craig, S. Dimopoulos, G. Villadoro (2012)

N. Arkani-Hamed, A. Gupta, D. E. Kaplan, N. Weiner, and T. Zorawski (2012) 

Gravi!no Scalar Par!cles Higgsinos

Gauginos

O(10      ) TeV

O(1) TeV

Gluino

Bino

Wino

(2-5)

Dark matter candidates in this setup.

Suppose that the SUSY-breaking field is not a singlet:

Higgsinos can be light if 

there is an additional symmetry.



DM candidates in High-scale SUSY 

Wino [3 TeV; anomaly mediation]

Higgsino [1 TeV]

Bino [with coannihilation; bino-wino/bino-gluino]

WIMP DM candidates

Which of them can actually be realized?

Depends on UV physics.



An example
m

3/
2 (

Te
V

)

Min = 1018 GeV, tan β = 3.5, λ = 1, λ‘ = 1, μ < 0

κΣ

Parameter space in SU(5) SuperGUT PGM.

Gaugino mass contribution

Anomaly mediation
+ GUT threshold corrections.

with
<latexit sha1_base64="oDwIGboYJXZYPfv+4XdlkZT1/ME="></latexit>

Wino DM Bino-wino coannihilation

Bino-gluino coannihilation

J. L. Evans, N. Nagata, K. A. Olive, 1902.09084.  



Summary of DM in SUSY models
CMSSM etc.

Higgsino-like DM [~1 TeV]

Bino-stop/stau coannihilation

Higgsino [1 TeV]

Wino [3 TeV]

Bino-gluino/wino coannihilation

High-scale SUSY

How can we probe these scenarios??



Higgsino-like LSP in CMSSM
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Agree to the observed

DM density.

J. Ellis, J. L. Evans, F. Luo, N. Nagata, K. A. Olive, P. Sandick, Eur. Phys. J. C76, 8 (2016).  

Can be probed in future

direct detection experiments

DM DM

h

N N



Bino-gluino/bino-wino coannihilation

Bino-gluino

• Δm = O(100) GeV

• cτ = O(1) cm

Bino-wino

• Δm = O(10) GeV

• cτ = 1 cm — 1m

Can be probed in displaced vertex and/or dE/dx searches.
N. Nagata, H. Otono, S. Shirai,  Phys. Lett. B748, 24 (2015); JHEP 1510, 086 (2015).

Coannihilation requires NLSP to be degenerate with LSP in mass.

Small mass difference makes NLSP long-lived.

eq

eg

eB

q

q

h⇤

e�0
2

e�0
1



Summary of DM in SUSY models
CMSSM etc.

Higgsino-like DM [~1 TeV]

Bino-stop/stau coannihilation

Higgsino [1 TeV]

Wino [3 TeV]

Bino-gluino/wino coannihilation

High-scale SUSY

Direct detection

??

Long-lived particle

searches

To be discussed



Current status of WIMP DM



Quantum numbers of DM
DM should be electrically neutral and colorless.

(1, 0), (2, ±1/2), (3, 0), (3, ±1), (4, ±1/2), …

Spin?
•Real/complex scalar

•Majorana/Dirac fermion

•Vector etc.

SU(2)L × U(1)Y charge?

There still remain many possibilities.

Q = T3 + Y = 0



Quantum numbers of DM
DM should be electrically neutral and colorless.

(1, 0), (2, ±1/2), (3, 0), (3, ±1), (4, ±1/2), …

Spin?
•Real/complex scalar

•Majorana/Dirac fermion

•Vector etc.

SU(2)L × U(1)Y charge?

Singlet scalar DM

There still remain many possibilities.



Singlet scalar DM

Lagrangian

(mDM > weak scale)

V. Silveira and A. Zee (1985); 
J. McDonald (1994);

C. P. Burgess, M. Pospelov, and T. ter Veldhuis (2001). 

explains the observed DM density.mDM ' 3.3�SH TeV
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Stability
Lagrangian has a Z2 symmetry: S → - S (odd); SM (even).

Relic abundance

Just add a neutral scalar field to the Standard Model.



Singlet scalar DM
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Limited up to ~ 1 TeV



Quantum numbers of DM
DM should be electrically neutral and colorless.

(1, 0), (2, ±1/2), (3, 0), (3, ±1), (4, ±1/2), …

Spin?
•Real/complex scalar

•Majorana/Dirac fermion

•Vector etc.

SU(2)L × U(1)Y charge?

Singlet fermion DM

There still remain many possibilities.



Singlet fermion DM
Caveat
Singlet fermion DM cannot have direct couplings with

the SM particles at the renormalizable level.

We need to add some extra particles.

Model-by-model analysis required.
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An example

Can be probed in direct detection experiments.
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O(1) TeV fermion/scalar quarks can be probed at colliders.
J. Hisano, R. Nagai, N. Nagata, JHEP 1812, 059 (2018).
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Consider singlet Dirac fermion DM coupling with extra heavy

fermion & scalar quarks:

This DM can have MDM/EDM

at loop level.

Direct detection possible



Quantum numbers of DM
DM should be electrically neutral and colorless.

(1, 0), (2, ±1/2), (3, 0), (3, ±1), (4, ±1/2), …

Spin?
•Real/complex scalar

•Majorana/Dirac fermion

•Vector etc.

SU(2)L × U(1)Y charge?

Electroweak-interacting DM

There still remain many possibilities.



Interactions

The neutral component of SU(2)L n-tuplet, hypercharge Y is 
regarded as a DM candidate.
Examples:

• n = 2, Y = 1/2 (higgsino)

• n = 3, Y = 0 (wino)

• n = 5, Y = 0 (Minimal Dark Matter)

is actually within the uncertainties of the calculation, for the wino mass larger than
270 GeV. Both the scalar and twist-2 contributions depend on the DM mass when the
mass is smaller than ⇠ 1 TeV as shown in Figs. 3 and 5. However, the dependence in the
cross section is accidentally canceled. The NLO result is found to be larger than the LO
result by almost 70%. After all, the resultant scattering cross section is well above that of
the neutrino background [32], and therefore the future direct detection experiments are
promising to test the wino DM scenario.

4 Electroweakly-interacting DM

Although we have focused on the wino DM in this paper, a similar formalism may be
constructed for a more general class of the DM candidates; i.e., an SU(2)L multiplet with
hypercharge Y that contains a neutral component for DM, and their thermal relic may
explain the observed DM density with O(1) TeV masses. For previous works on such
DM candidates, see Refs. [55–62]. Some theories beyond the Standard Model actually
predict this kind of DM. For example, the higgsino and wino in the SUSY models are
representative of the SU(2)L multiplet DM. Moreover, such a particle may show up in
grand unified theories [63–65], whose stability is explained by a remnant discrete symmetry
of extra U(1) symmetries in the theories [66–70].

Before concluding our discussion, we give the results of the NLO calculation for this
class of DM candidates. If the DM particle is a fermion, its interactions with quarks and
gluon are completely determined by the electroweak gauge interactions,#8 so we consider
the fermionic DM candidates in the following discussion. If Y 6= 0, the DM is a Dirac
fermion, while a Majorana fermion if Y = 0. Pure Dirac fermion DM is, however, severely
constrained by the direct detection experiments already, since the vector interactions via
the Z boson exchange yield too large scattering cross section with nucleon. The constraint
may be evaded if there are some new physics e↵ects that give rise to the mass di↵erence
between the neutral components to split them into two Majorana fermions. If the mass
di↵erence is larger than O(100) keV, the scatterings with nucleon are not induced by
the tree-level Z boson exchange. In what follows, we assume the presence of the mass
di↵erence and regard the lighter neutral component �0 as a DM candidate. The mass
di↵erence is assumed to be small enough to be neglected in the following calculation. In
this case, the interactions including the neutral components are given by

Lint =
g2
4

p
n2 � (2Y � 1)2 �+ /W+�0 +

g2
4

p
n2 � (2Y + 1)2 �0 /W+�� + h.c.

+ igZY �0 /Z⌘0 . (4.56)

Here n is the number of the components in the DM SU(2)L multiplet, gZ ⌘
p

g2Y + g22 with
gY the U(1)Y gauge coupling constant, and ⌘0 and Zµ for the heavier neutral component
and the Z boson, respectively.

#8In the case of the scalar DM, on the other hand, there always exist quartic couplings to the Higgs
boson, and the couplings also induce the interactions of the DM with quarks and gluon.
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Electroweak-Interacting DM

The DM phenomenology is (almost) completely determined by

the gauge interactions.

For scalar DM cases, the DM-Higgs

couplings also exist.



Electroweak-Interacting DM
Quantum numbers DM could DM mass mDM± �mDM Finite naturalness �SI in

SU(2)L U(1)Y Spin decay into in TeV in MeV bound in TeV 10�46 cm2

2 1/2 0 EL 0.54 350 0.4⇥
p
� (0.4± 0.6) 10�3

2 1/2 1/2 EH 1.1 341 1.9⇥
p
� (0.25± 056) 10�3

3 0 0 HH
⇤ 2.0 ! 2.5 166 0.22⇥

p
� 0.12± 0.03

3 0 1/2 LH 2.4 ! 2.7 166 1.0⇥
p
� 0.12± 0.03

3 1 0 HH,LL 1.6 ! ? 540 0.22⇥
p
� (1.3± 1.1) 10�2

3 1 1/2 LH 1.9 ! ? 526 1.0⇥
p
� (1.3± 1.1) 10�2

4 1/2 0 HHH
⇤ 2.4 ! ? 353 0.14⇥

p
� 0.27± 0.08

4 1/2 1/2 (LHH
⇤) 2.4 ! ? 347 0.6⇥

p
� 0.27± 0.08

4 3/2 0 HHH 2.9 ! ? 729 0.14⇥
p
� 0.15± 0.07

4 3/2 1/2 (LHH) 2.6 ! ? 712 0.6⇥
p
� 0.15± 0.07

5 0 0 (HHH
⇤
H

⇤) 5.0 ! 9.4 166 0.10⇥
p
� 1.0± 0.2

5 0 1/2 stable 4.4 ! 10 166 0.4⇥
p
� 1.0± 0.2

7 0 0 stable 8 ! 25 166 0.06⇥
p
� 4± 1

Table 1: Minimal Dark Matter. The first columns define the quantum numbers of the possible

DM weak multiplets. Next we show the possible decay channels which need to be forbidden; the

DM mass predicted from thermal abundance (the arrows indicate the effect of taking into ac-

count non-perturbative Sommerfeld corrections, which have not been computed in all cases); the

predicted splitting between the charged and the neutral components of the DM weak multiplet;

the bound from finite naturalness and the prediction for the Spin-Independent direct detection

cross section on protons �SI.

• For a generic fermionic multiplet with hypercharge Y and dimension n under SU(2)L
we find

�m
2 =

cnM
2

(4⇡)4

✓
n
2 � 1

4
g
4
2 + Y

2
g
4
Y

◆✓
6 ln

M
2

µ̄2
� 1

◆
(21)

where c = 1 for Majorana fermions (Y = 0 and odd n) and c = 2 for Dirac fermions
(Y 6= 0 and/or even n). For n = 3 and Y = 0 we recover the type-III see-saw result of
eq. (12).

• For a scalar multiplet we find

�m
2 = � nM

2

(4⇡)4

✓
n
2 � 1

4
g
4
2 + Y

2
g
4
Y

◆✓
3

2
ln2 M

2

µ̄2
+ 2 ln

M
2

µ̄2
+

7

2

◆
. (22)

For n = 3 and Y = 0 we recover the type-II see-saw result of eq. (17).

We then show in table 1 the finite naturalness upper bounds on M for the various possible
MDM multiplets. Furthermore, table 1 shows the predictions for the DM mass M suggested
by the hypothesis that DM is a thermal relic with cosmological abundance

⌦DMh
2 = 0.1187± 0.0017 [27]. (23)

(Such results differ from the analogous table of [24] because M has been recomputed taking
into account Sommerfeld effects [28], which lead to the change indicated by the arrows in

8

M. Farina, D. Pappadopulo, A. Strumia, JHEP 1308 (2013) 022.
(→: Sommerfeld enhancement)

Features

Small mass difference among the multiplet components.

Relatively heavy mass gives correct DM abundance.



Electroweak-Interacting DM

Search methods

Indirect searches are promising.

Direct searches are also possible.

Collider searches are challenging but doable.

Small production cross section.

Small mass difference.

• Disappearing track search (+α)

• Indirect search via quantum corrections.

These DM candidates are still waiting to be tested.

Large annihilation cross section.
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J. Hisano, K. Ishiwata, N. Nagata, JHEP 1506, 097 (2015).

Electroweak interacting DM

Diagrams
χ̃0

q

χ̃0

q

χ̃0 χ̃0

q q

W, Z

h0
W, Z W, Z

χ̃0 χ̃0

χ̃0 χ̃0

W, Z

h0
W, Z W, Z

Q
Qg g

g g

Triplet (pure wino), Minimal DM can be tested.

Doublet (pure higgsino) is hard to probe.



Conclusion



Message of the talk

WIMP DM candidates in SUSY models have been 
narrowed down.

Higgsino [1 TeV]

Wino [3 TeV]

Coannihilation [bino-stop/gluino/wino/stau]

WIMP paradigm has not been fully tested yet.

We can explore it in future experiments.



Backup



Thermal relic scenario (cold DM)
WIMPs were in thermal equilibrium with the SM particles

in the early Universe.

Cold DM

For T ≲ mDM

DM number rapidly decreases.

Annihilation rate also rapidly decreases!

Annihilation precess freezes out when 

Hubble expansion rateAnnihilation rate



Thermal relic scenario (cold DM)

non-relativistic after decoupling, its relic density is determined by its equilibrium number
density as ρν = mν3ζ(3)T 3

ν /2π2. Here Tν = (3/11)1/3Tγ , where Tγ = 2.725 ± 0.002K is the
cosmic microwave background temperature. (We use natural units, c = ! = 1.)

A neutrino heavier than ∼ 1 MeV decouples while non-relativistic. Its relic density is
determined by its annihilation cross section, as for a general WIMP (see Eq. (27)). The
shape of the relic density curve in Figure 3 is a reflection of the behavior of the annihilation
cross section. The latter is dominated by the Z-boson resonance at mν ≃ mZ/2. This
resonant annihilation gives the characteristic V shape to the relic density curve. Above
mν ∼ 100 GeV, new annihilation channels open up, namely the annihilation of two neutrinos
into two Z- or W-bosons. The new channels increase the annihilation cross section and thus
lower the neutrino relic density. Soon, however, the perturbative expansion of the cross
section in powers of the (Yukawa) coupling constant becomes untrustworthy (the question
mark in Figure 3). An alternative unitarity argument limits the Dirac neutrino relic density
to the dashed curve on the right in the Figure. Neutrinos heavier than 10 TeV ‘overclose’
the universe, i.e. have a relic density that corresponds to a universe which is too young.

The ‘dark matter’ band in Figure 3 indicates where the neutrino is a good dark matter
candidate (the band is actually quite generous in light of the most recent measurements of
Ωh2). A thermal Dirac neutrino is a good dark matter candidate when its mass is around
few eV, a few GeV or possibly a TeV. For masses smaller than about an eV and between
∼10 GeV and ∼100 GeV, it is an underabundant relic from the Big Bang, too dilute to
be a major component of the dark matter but nevertheless a cosmological relic. For other
masses, it is cosmologically excluded.

Dark matter neutrinos with a mass around 1 eV would be relativistic at the time of
galaxy formation (∼ keV), and would thus be part of hot dark matter. From the bounds
on hot dark matter in the preceding Section, however, they cannot be a major component
of the dark matter in the Universe.

Figure 2: Evolution of a typical
WIMP number density in the early
universe. The number of WIMPs in
a volume expanding with the uni-
verse (comoving density) first de-
creases exponentially due the Boltz-
mann factor e−m/T and then ‘freezes
out’ to a constant value when the
WIMP annihilation reactions cannot
maintain chemical equilibrium be-
tween WIMPs and standard model
particles. In the figure, ⟨σv⟩ is
the thermally averaged annihilation
cross section times relative veloc-
ity. WIMPs with larger annihilation
cross section end up with smaller
densities.

8

P. Gondolo, astro-ph/0403064



Gaugino masses in SuperGUT PGM
Min = 1018 GeV, tan β = 3.5, m3/2 = 200 TeV, 
   λ = 1, λ‘ = 1, μ < 0

<latexit sha1_base64="oDwIGboYJXZYPfv+4XdlkZT1/ME="></latexit>

J. L. Evans, N. Nagata, K. A. Olive, 1902.09084.  

Wino

Gluino

Bino
<latexit sha1_base64="xfepyjiDlYGqlfwU9DhovSCiSCs="></latexit>



Singlet Dirac Fermion DM
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J. Hisano, R. Nagai, N. Nagata, JHEP 1812, 059 (2018).



Sommerfeld effects
J. Hisano, S. Matsumoto, and M. M. Nojiri, Phys. Rev. Lett. 92, 031303 (2004).

Electroweak-interacting DM has self-interactions via EW interactions.

χ

χ

SM particles

SM particles

Incoming wave-functions deviate from plane waves due to

long-distance self-interactions.

Sommerfeld effect
This effect becomes important when the interaction range

becomes longer than the Bohr radius of the two-body system.



Sommerfeld effects
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Sommerfeld effect significantly enhances annihilation cross sections.

J. Hisano, et. al., (2006).
M. Cirelli, et. al., (2007).

A heavier mass is favored in terms of thermal relic.

In order to make a precise prediction for the DM mass, 

we need to take this effect into account.



Mass splitting

ψm ψm+1,m−1

W

ψm ψm ψmψm

Z, γ

Charged-neutral mass splitting of a wino or Higgsino is 
generated via IR radiative corrections by EW gauge boson loops.

Non-decoupling effect
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M. Ibe, S. Matsumoto, R. Sato (2012).

Two-loop calculation (wino, Y = 0)



Wino lifetime
Due to the small mass splitting, wino becomes rather long-lived.

Main decay channel:
Branching fraction for the leptonic decay modes (three-body decay) is a few %.
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Decay within a detector!M. Ibe, S. Matsumoto, R. Sato (2012).



Disappearing track searches
A charged wino with a decay length of O(1) cm leaves 

a disappearing track in detectors.  

Charged track ETmiss Too soft to be detected

J. L. Feng, T. Moroi, L. Randall, M. Strassler, S. F. Su (1999);

M. Ibe, T. Moroi, T. T. Yanagida (2006), etc… 

ATLAS Simulation Preliminary
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Requiring this signature, we can reduce SM BG significantly.
Signal topology

χ̃±
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χ̃0
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χ̃0
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π±

j Initial State Radiation (ISR)

Large ETmiss

Single jet
Disappearing track

Role of ISR
• Trigger

• Boost the system

Ryu Sawada’s talk
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Wino with a mass up to 430 GeV has been excluded!
ATLAS Collaboration, JHEP 1806, 022 (2018).



Gluino decay length
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ATLAS limit
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Figure 9: Upper 95% CL limits on the signal cross section are shown in (a) for mg̃ = 1400 GeV and mg̃ = 2000 GeV
as a function of lifetime ⌧, for fixed �m = 100 GeV. Horizontal lines denote the g̃g̃ production cross section for
the same values of mg̃, shown with uncertainties given by variations of the renormalization and factorization scale
and PDF uncertainties. The lower limit on mg̃ for fixed �m = 100 GeV as a function of lifetime ⌧ is shown in (b).
The nominal expected and observed limit contours coincide due to the signal region yield’s high level of agreement
with expectation.
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ATLAS Collaboration, Phys. Rev. D97, 052012 (2018).



Mass spectrum and decay chains

ΔMEW = 160 MeV 

ΔM = O(10) GeV 
Coannihilation! 

Prompt decay 
Long-lived! 



Neutral wino decay
A neutral wino can decay into the bino LSP via Higgsino mixing.

The decay rate is suppressed for a large Higgsino mass.

Dominant diagram Sub-dominant diagrams

h⇤
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2

e�0
1
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e�0
1

�

When Higgsino mass is quite large, the neutral wino

becomes long-lived.



Decay length of neutral wino

5

10

15

20

25

30

35

40

45

50

200 400 600 800 1000 1200 1400 1600 1800 2000

M
e W

0
�

M
e B

[G
eV

]

MeB [GeV]

µ = +100 TeV, tan� = 1
µ = +25 TeV, tan� = 30

1 m

10 cm

1 cm

1 m

10 cm

1 cm

⌦
DMh 2

=
0.12
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Prospects for the long-lived wino search
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400 GeV (800 GeV) wino can be probed at 8 (14) TeV 
LHC. 

N. Nagata, H. Otono, S. Shirai, JHEP 1510, 086 (2015) [arXiv: 1506.08206]

tanβ = 2 

Acceptance rate is 
varied by a factor of 
three.



Indirect search

Large uncertainty from DM profile.

Dwarf spheroidal galaxies (dSphs)

Galactic Center

Indirect searches, especially those search for γ rays, are quite promising

since electroweak-charged DM has a large annihilation cross sections.

Uncertainty from DM distribution is relatively small.

Gives a robust bound.
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B. Bhattacherjee, M. Ibe, K. Ichikawa, S. Matsumoto, and K. Nishiyama, JHEP 1407, 080 (2014).

Triplet case can be tested in future experiments. 

Current constraint Future prospects
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Figure 7. EW multiplets with CTA. Continuous black lines: theoretical prediction
of the cross section into monochromatic photons h�vi��+�Z/2, for Wino DM (left) and
MDM 5plet (right). Overlaid lines: mean expected CTA sensitivities for 50 hours of
observation of Draco (dot-dashed ocra) and Triangulum-II(dotted ocra), and for 100
hours of observation of the GC, for a Burkert (dot-dashed magenta) and an Einasto
(dotted magenta) profiles. Vertical shadings as in fig. 1. The horizontal lines within the
vertical shading represent the improvement in sensitivity of each target, at that mass
value, from taking into account the lower energy photon continuum spectra, on top of
the �-ray line.

or discover, both thermal candidates. This last statement is however subject to a
collection of more kinematical data regarding Triangulum-II, necessary to con-
firm or disprove its potential for DM indirect detection. Draco has instead only
the potential to marginally test the MDM 5-plet. The prospects of CTA searches
for monochromatic �-ray lines, for values of MDM others than the thermal ones,
are alse readable o↵ fig. 7. Concerning CTA prospects for � lines from the GC, in
recent literature they have been given for both Wino [96, 97] and fiveplet [20, 98]
DM. The mild di↵erences with respect to our work are ascribable to the use of
previous determinations of CTA sensitivities by those works [93,99], as well as to
the choice of di↵erent DM profiles.

For the specific thermal mass values, and for the specific predictions of the
Wino and fiveplet, we show also the results of a continuum plus line analysis, see
secs. 3.1 and 4.2. One sees in fig. 7 that such a model-dependent analysis has the
potential to improve the sensitivities by a few tens of percent, with respect to
the sensitivities to �-ray lines only. We conservatively choose not to include the
prospects for this specific analysis in the case of a Burkert profile, because searches
for a �-ray continuum from the GC have so far required a morphological analysis.
This is based on the ON-OFF technique for signal vs background discrimination,
which is only reliable for cuspy DM profiles [41, 94].
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Galactic Center γ-ray searches suffer from large uncertainty 

from DM density profile. 
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