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Dark WMatter search:

underaroumnd detection, Dark Matter Wodel:

Twudirect detection, . Minimal Dark Matter?
Collider search, Supersymimetry?

Cosmolo oM. Axion models?

Particle

Dark Matter Halo




Direct detection

X > X
A
Production Indirect
at colliders detection
Y
P P

« We will focus on indirect detection for sub-GeV, especially for
MeV-GeV DM,

* In the sub-Gev DM region, we define “PWM ITD” as detection of
the indirect DM signals.



After freeze-out, why
do we <till believe that

PW can avminilate to
detectable signals?

Signal versus Background n spatial distribution and eneray spectrum.
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missing energy, new mass limit based on
 rnewBSMparticles  [HC/EUEElone) LHC, LEP, and soon.
Propagator, muon g-2 and W-boson énew particles searches such as
new BSM particles (Fermilab) LHCb, Belle, Babar, etc.
Recoil energy, ~ DAMA, Cogent, XENONIT ~ XENONIT and PandaX
Annual modulation | |

................................................................................................................................................................................................................................................................................................................................................................

1 Positrons: PAMELA Fermi

Additional antimatter: AMS02, DAMPE, and so on. 1. Positrons: AMS02+Voyage

Cosmic Ray aﬁ’(r)isjg?rgé\ 2 antiproton: AMSOZ2. 2. antiproton: AMSO02.
proton, 3. neutrino: IceCube. 3. neutrino: IceCube.
heutrino
"""""""""""""" Energy spectrum  mouoio ol ool
cammaray A0 MV . spatial distribution ~ FermipubbleandCE - FermiandHESS
Energy spectrum 3.5 keV line: XMM-Newton,

X-ray (40 eV-0.4 MeV)

spatial distribution Chandra, Suzaku Hitomi, Suzaku

Energy spectrum

Radio (« 4e-3 eV) spatial distribution

None Green Bank

History of the Universe

" PLANCK CMB, SARAS 21cm
galaxy formation |

Relic density, EDGES 21cm distortion

Cosmology




U QM tells us that particle is point
like.

A Flux is similar to the current in
EM.

U For decaying DM, Gamma is
1/tau.

Imean free path lambda is
1/(n*sigma). [lambda]=cm

Jdlambda means how far does
particle hit once with target.

/{9 CrosS Sectron
S

Vrobab}litf Geometiic  aren




- What is L. eh-ra

.0.S. = line o{ ggwt
Coord\er'e -tmwS(omaﬂm

O Cone = GC covrdipate

Cy= Cosd(osb

,.,a (ene  volume

3 B—
_______v @ S R=L-R

A i <ol ancle

/ 5 R — er.ae ‘ g
‘“Mx deﬂm:ng wrtlw« Yespa‘:( to I*, e - | - l

Direction of South
Galactic Pole

| _GM\\A\anV\ T J’Cq f'm .{(L)xd'_x”{xd&

J= ¢ olL
jlos - ﬂmx is ob“'@t"\%‘ 'from Rmw

ecn1 : o o _ Rmu /emx ' YL 20l C
D= 9 oL -
- 9 .Qm':- Vva"’,l RJ»'YE?Q;

lf.o.s.



For WIWMP PWM
ndirect detection,
we Will not repeat
I+ but refer i+ to

the lecture given by
Prot. Yin.

An Introduction to
Indirect Detection of WIMP
Dark Matter

J R %

Key laboratory of particle astrophysics, IHEP, CAS

NNU Summer School
2022.07.18



b -

T v
] * Ir‘*
o N, :

History: from GreV to sub-GeV. (20

N
. LT I

Minimun Dark particle content. (28 mins)
Possible
Indirect dete

undirect debeckions,

®» @ ©



History: from GeV to sub-GeV.
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Pure s-wave (xx-> ee) is hard to survive for mx below 10 GeV.
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Annihilation cross section ov [cm?/s]

063022 (2021)

Bounds on annihilating Dark Matter
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¢ Choices: higher energy or larger exposure? Alternatively, go to small
DM mass!

> LW bound. How could we escape from this limit?
> Issues from s-wave.
< Important BBN constraints.

> No good ID detectors for MeV-GeV DM. MeV-300 MeV gamma -ray
telescopes are missing.
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The Light DM mass region

Can we 9o to the region below 7eV7?

VoLUME 39 25 JULY 1977 NUMBER 4

Cosmological Lower Bound on Heavy-Neutrino Masses

Benjamin W, Lee®
Fermi National Accelevator Mborataw,m) Batavia, Illinois 60510

It only a DM introduced... and

Steven Weinberg(®
Stanford University, Physics Deparvtment, Stanford, California 94305

The present cosmic mass density of possible stable neutral heavy leptons is calculated
in a standard cosmological model. In order for this density not to exceed the upper lim-
it of 2x 10-2? g/em”’, the lepton mass would have to be greater than a lower bound of the

order of 2 GeV. . . —
Unless, a new light mediator is introduced!



o , = Need a wew\
Minimum particle content | mediator to
escape the
LW bound.
Scalar ) J
Mediator
¢
PP <> XX dd < ff
Of <+ of
OX <> OX
® <> SMs
¢ <> XX d SM <> SMs
We cav add two wew particles,
DM and MED! MDai?;r Standard
(Ovly 2 particles) X s T xS xf Model




S&m[wtmiﬁj and Light mediator

X SM
X SM \ MED /
* DL
) SM 7 \
X SM

DM: Z2 = -1:;
+-chanvel s-chanvel MED: Z2 = +1;
amihilation amihilatiov SM: 72 = +1,

1 Z_2 odd scalar mediator (like squark) + SM fermion. LEP mass limit for charged
mediator is heavier than 100 GeV.

(2) Z_2 odd fermion mediator (like Chargino) + SM gauge boson. Invisible decay
gives a severe limit.



Therefore, an MeV

mediator of the the
DM annihilation to ~.
SM pair CANNOT be  om mep sm
Z_2-o0dd o~

(via t-channel).

DM: Z2 = -1;
MED: Z2 = -1;

Only dark photon and dark Higgs can SM: Z2 = +1;
be the MeV mediator.



MeV Self -mter'actmg dark matter
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Strova. STDWM can be realized i
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MeV Self-interacting dark matter

10749
= PR SR ee TV ITIIETITRR S
n 10722
2
-
= 10-24
25 vo
Voyager :S? COMPTEL
2
- 10—26 .
GECCO
29 _ i 10_28 =) 1 0
102 101 100 10 10 10
m, (GeV) my (GeV)

Binder, Chakraborti,
Matsumoto and Watanabe

(2205.10149) we will returv to these experiments later.

STDPW can be probed mostly in the futue with GECLCO!




How can we detect these corners?

O DM might be too heavy or too light.
-> Change the energy threshold.
-> Indirectly search in the high luminosity experiments.

©Coupling is tiny.
-> Go beyond thermal DM paradigm and No WIMP miracle!
-> Small mixing. Secluded or forbidden DM.

© Two DM particles are mass degenerated.
-> Coannihilation dominantes at the early time.
-> Generate the heavy particle first.



A¥ 4 (Minimun Dark particle content)
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* photons (hard-X and gamma ray)

e Nentrinos

e Coswic-ray (electron and CR boost W)
Cosmology (24 e, CMB, and halo mass

function) c>

T,

@ <@

Possible ivdirect detectiovs.



Toplc 1:
Hard X-ray, Gamma-ray and
nentrivo




FERMIONS* BOSONS ——

Charm quark
10 D

/ ': ;Strang quark

2 10
' Muon

g Down quark
I .a Up quark

= 10 ‘)
I 3 Electron
I 107

N 7 N N, lusnsss

I -3 BOSONS
I Tau- ) Photon
I neutring
\ . Glu

~___________

If DM is lighter than
proton (< GeV), what are
the possible final states?
-hadronic [pion, mesons...]
-leptonic [e, mu, nu]



New annihilation final state
XX — 77Y: A photon pair
xX — y7": A neutral pion and a photon
Yx — 7 aY: Neutral pions

xx — £¢: Light leptons (with ¢ = e, u)

XYY — ¢¢ and ¢ — e e~ : Cascade annihilation

U chi chi to phi phi, then 4e, 4mu, or 4pi.
1New Hadronic final state.
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The difficulty is to have a large neutrino-
neutrino-meditator coupling.

We have to move to freeze-in scenario.
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> FQ&M‘L Fealtures in Mey Gamma ays:
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arXiv:2205.09356.
Similar study can be found in 1911.11147.

+ Ths spectrum shape is
very different with
astrophsical.

- Good news is that the

MeV gamma ray
telescopes usually have a
better resolution.

Charged pion mass~140 MeV.

Neutral pion mass ~135 MeV.
eta ~548 MeV.

charged Kaon~ 494 MeV.



Energy spectrum: new amihilation final state
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(d) Spectrum for yxy — 7’y and
m, = 300 MeV. The width of the line is set
to 2% to ease the eye.

R. Bartels, D. Gaggero. and C. Weniger (2017).
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DM annihilation energy spectrum
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MeV Gamma ray telescopes

Telescope Status Energy Range Reference

INTEGRAL On 2002 October 17 15 keV to 10 MeV 0801.2086

1107 .0200

e—ASTROGAM 2029 0.3 MeV to 3 GeV 1711.01265

COS1I 2025 0.2 MeV to 5 MeV 2109.10403

GECCO ? 0.1 MeV to & MeV 2112.07190

AMEGO ? 0.2 MeV to 10 GeV 1907 .07558
VLAST ? 100 MeV to 20 TeV chinaXiv:202203.00

033VZ



Topic 2 Cosmology and cosimic ray:
two most strigewt ITD limits

Neutrino decoupling ls 6 x 10° 1 MeV
Electron-positron annihilation 6 s 2 x 107 500 keV
Big Bang nucleosynthesis 3 min 4 x 103 100 keV
Matter-radiation equality 60 kvr 3400 0.75 eV
Recombination 260-380 kyvr 11001400 0.26-0.33 eV
Photon decoupling 380 kyr 10001200 0.23-0.28 eV
Relonization 100400 Myr 11-30 2.6-7.0 meV

Present 1010)% O<z<?2 v~le-3cC



The DM coswmic ray spectra for MeV scale

Futurism

THE CONTINUING JOURNEY OF VOYAGER 1 & 2

OORT CLOUD

VOYAGER 2
VOYAGER 1

MERCURY
# EARTH
SATURN
URANUS
NEPTUNE
/ 1‘___‘
# ;__i

HELIOSPHERE INTERSTELLAR SPACE
o Corrected for solar modulation eMects
* PAMELA p/p N
sevennee Galprop LIS = 1
107 - Galprop, charge-dependent modulation .
bt a3
10k ' oy :
2 P = Galprop LIS
e ! & Corected woighted mean AMS01+HEAT+CAPRICE+TSSS . . .
- o comamarane Solar modulation can siguificantly
| 1 | ] | | 1

e e e e e e change WMeV DM indirect detection
Beischer et. al. (2009)



The DM coswmic ray spectra for MeV scale
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Sketch of the Cosmic lonization History
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CWMB power spectrum distortion for Mev DM

injected particle

_ photoclectric
absorption

¥ photonuclear
reaction

Lyman photons

Image from talk by Carmelo Evoli

s annihilation radiation cascades through
many channels

8 counterparts: heating, 1onization, photons

® ¢t/ e produce radio synchrotron




log \o(dz2™ /dz)

CWMB power spectrum distortion for Mev DM
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Planck 2018 data (TT, TE, and EE),
and lensing power spectrum.

4 S5-Wave

d:cEM B Npm, if z <2z < 2y,
dz 0, else.
l

We can see Planck data is

sensitive to Z~600.




A

S

(0Vrel) e-e+ (€M®/

ln--i’.'l

10—

10-%

10=%

10-—2‘7

10—

10~

CMB power spectr

PS8 55— £

- e  Full MCMC :

- Machine Prediction |

- ane et al (2A)?

E Cang et. al (2020) 1(f23:m

- ====- Slayter (2015) :

: 7 " 1074

; : (0]

— b — T

E - e

: =

: i O

? Wei—Chih Huang, Jui—Lin Kuo, §

i Yue—Lin Sming Tsai (2021) y

[ ‘ XX > e e’ |] :
L 1 L I.I..I.I.I: I ] L 11111! L 1 [l .l..l.]l]l 1 1 1 11 i 1 § 10_32 .

10" ' ‘ :

um distortion for Mev PWM

Junsong Cang, Yu Gao, Yin—Zhe Ma (2020)

XX — € €

+

Thermal (ov)

ALELELN AR RNRARERENRRRERERRRERRENENAERBRIRENNNRARRRRRRRRIRRAERERRRIERERRRENERRRINERERERERERENNNNRNNLN] ‘ llllll

1e-30 cww3 s for 10 MeV PWI




DM velocities at CMB and prese mk?

T$MB (T$MB ) 2 Diamanti, Lopez—

Honorez, Mena,
Palomares—Ruiz and

B 1+ 2z TCMB _
X T)ICZ‘O Vincent,

T};O _1—|—ZF

JCAP 02, 017 (2014)
larXiv:1308.2578] .

TSMB 1 + 2. - __ ZC_F > (TCMB)Q
A m Y
T}?O 1+ zp X

For a DM with mass around 0.1 GeV and its freeze-out temperature is around 5 MeV,
then the DM velocity at z=600 is 1le-8 c.
However, the later nonlinear effect from gravitational acceleration boosts DM to le-3c.
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FIG. 1: DM relative velocity dependence in various cross sec-

tions. The black curve is the p-wave direct annihilation cross
section for xyY — ¢¢. The red curve is the (yYX) bound state
formation cross section via monopole transition, evaluated
numerically using Egs. @ and (@ The blue curve stands
for quadrupole transition counterpart. The brown line is the
monopole transition cross section in the Coulomb limit, while
the green curve is based on the Hulthén potential which gives
a quite good approximation to the realistic Yukawa potential.

Haipeng An, Mark B. Wise, and Yue Zhang
(1606.02305)
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DM velocities abt CMB and prese nk?

Different decay widths of MED
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EDGES | SARAS 3

Nature 555 (2018) 7694, 67-70 Nature Astron. 6, no.5, 607-617 (2022)



Sketch of the Cosmic lonization History
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EDGES has recently measured an absorption feature for 21-cm

emission [9]. At the redshift z=17.2, the temperature T,; at 99%
confidence level (C.L.) is reported by

TEPCES — _5007200 mK, (1)

where the errors fg% mK present the systematic uncertainties.

On the other hand, the theoretical prediction is given by

Ty (2)] Qbhz)(OJS )\/1+z
T71(z) =23 mK|1-— XHI
21(2) Ts(2) (0.02 Qnh2 )V 10 M

100005 ‘ E & o o G % 0 ' TR 5 (2)
10005

100 ¢

10 . G ha g

10 100
Redshift




21 em brightness tempe
S PW\ e vw T &MT’

@ 21 em brightness temperature:

2 Py, . T.(2)] [ Qwh? 0.15 \/1 iy
Toi(z) ~ 23mK |1 — =2 .

i n1(z) = 23mR )1 =0y (0.02) (th2) 10

B Pk v ¢ »

i € Spin temperature:

Color temperature of

/ ambient Ly-a radiation Gas temperature
., —1 —1
I 4 xod,” +xcdy

14+ x, + 2,
/ "\Gas collision

1 151;'2
1 uSu’z

pumping efficiency

Ly-a¢ pumping efficiency



Guido D'Amico, Paolo Panci,
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Dark subhalo lensing /streams
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OPIC

E. O. Nadler et al. |[DES],

' halo wass function

" "Milky Way Satellite Census. III. Constraints on Dark Matter Properties from Observations of Milky Way Satellite

Galaxies,"
Phys. Rev. Lett. 126 (2021), 091101
[arXiv:2008.00022].

Sterile Neutrino WDM

MW Satellites
—— SPDSS + Classical
— ES 4+ PS1

X-ray Bounds

Dwarf Galaxy Phase Space

Interpretation of 3.5 keV line
. ( Bovarsky et al. 2014)

1 5 10 50 100
m [keV|

DM-Proton Scattering IDM

—24 | .
107" MW Satellites

— SDSS + Classical CMB

{ = DES + PS]

Lyvman—a

Direct
l Jetect 1 )11
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Topic 5: CR boosted DM (see Prof. EEFs lecture)

DM-CR elastic and inelastic scattering

><We are facing the neutrino floor in underground detectors. (Can we use the same data for
MeV DM?)

>¢No buget for buliding new high energy and luminosity collider. (How can we measure the mass,
coupling, and spin of DM?)

><Sub-GeV DM can be accerlated by CRs. (Can this be a solution of above two questions?)

*¢Usually, the classical DM measurements (DD, ID, collider) are based on three processes. (Can
we just use one process?)

X

Production
at colliders

A

Direct detection

>

Indirect
detection

Y
P

A.smashed CRs

CosmiCRay\‘/ E'g:cjiilﬁ?:ed -

DM direct and indirect detection.

DM \ A .excited DM

B.accelerated DM
Performing collider task within MW. |c radiation




Inelastic scattering

(Delta resonance and DIS)

X +p — ¥+ X — x + hadronic showers + ~v-rays + neutrinos.
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The scattering cross section and energy
distribution must be model dependent.




MG omma ray and heutrino produced b:j
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Difference with unual ID: Fermi probes the heavy DM region while HESS probes the light DM.



Limits from DM-CR inelastic scabtering.
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Topic @: Multi-freduency
analysis: SKA




Multi-freduency analysis
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Figure 1: Left. The Draco dSph multi-wavelength spectrum for a 100 GeV WIMP annihilating into bb.
Right. The effect of varying the magnetic field strength on the Draco multi-wavelength spectrum for a 100
GeV WIMP annihilating into bb. The WIMP pair annihilation rate has been tuned as to give a y-ray signal
at the level of the EGRET measured flux upper limit (from Colafrancesco et al. 2007).

lelb Hz ~ 4.14 eV.

o TC and Sywc are
located at different
frequewcy.

e Whew maguetic field
strewgth ncreasing,
spectrum 1s also
enhanced.

astro-ph/0607073




Thompson/Compton Scattering
LLongair Ch 9.2-9.6 (9.11n next lecture 9.4.3 not covered )RB Ch 3.8

Compton Wavelength

Thomson scattering: elastic =h/mec=0 00243 nm for an electron
scattering of low-energy

photons from low-energy : S
electrons., with cross-section Compton scattering g:cctmn

r=(81/3)(e*/m_c*)=6.65x10"> cm?

Compton scattering: low-energy photon
inelastically scatters off non-relativistic

electron, photon loses energy

eInverse Compton scattering: low-energy
photon inelastically scatters off relativistic

electron, photon gains energy in
observer rest frame

Ap—A;=AA

Whether the photon

gives energy to the http://hyperphysics.phy-astr.gsu.edu/hbase/
electron or vice versa quantum/compton.html

T Cs= fast electrons + low energy photon.



synchrotron radiation

f é
radio waves /‘) C) charged particle (proton or electron)
&

e
i —
——

5

; radio waves

7

Excerpt tfrom the Encyclopedia Britannica

» magnetic field

synchroniron radiation occurs when a charged particle encounters a strong
magnetic field — the particle is accelerated along a spiral path following

the magnetic field and emiiting radio waves in the process — the result
1s a distinct radio signature that reveals the sirength of the magnetic field

Electrons traveling inside aalaxy

cov radiate synchrotrow!

B(r) = By exp(—r/rc), (10)

where B is the magnetic field strength and r. = 0.22
kpc is the core radius of Draco.




'FM‘l’MY‘G SKA senstivity +o DM awnihilatiov
(2105.00776)

Dashed: Inverse Compton, Solid : Synchrotron
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MB photon peaks at 160.23 GHz ~6.6e-4 eV.

lelb Hz ~ 4.14 eV.

v [D(Eﬁr)vane] Q?E [b(E, r) ZZ] — Q(E, 1),

OFE

0.5 - { [52] o

for DM annihilation,

pLr) x L x 4 for DM decay.

dl [ On,
0 24E s -
/ /f » / X (Prc +Pun) X 3E

X Segue 1 is a closer dSphs to the Earth and the
anihilation chanvel here is xx->ee.

X DM with mx<GeV cav be detected by synchrotrow

X Heavier DM contributes lower fluxes, see the
source term.

X Dis diffusion coefficent, D ~

lambda* velocity.

but MeV DM can be detected by inverse compoton.

1




Survey of different sources

Draco [13] Segue 1 [16, 38] A2199 [39-41] DF44 [42]
Distance from the Earth [ 80 kpc 118 Mpc 101 Mpc
rn (kpc) 2.5 1.6 500.0 9.2
Icore (kpC) .22 0.038 102 4.6
By (uG) 1.0 1.0 @ 1.0
ps (GeV/cm?) 1.4 6.6 0.0854 0.107
rs (kpc) 1.0 0.15 340 9.27
Dy (cm?s™1) 3 x 10%8 3 x 10%8 3 x 10%8 3 x 10%8
Angular size (deg) 1.79 4.0 0.24 0.0052
Halo profile /NFW /E}nasto N/F\‘W NFW\
a N ——— 3 N N .
. radio-poor DW rich ultra-
classic one Closest one .
cluster diffuse galaxy
N\ / \_ / \_ 2N /




Future SKA senstivity to DM awnihilation and decay: Seque 1

Dashed: Inverse Compton, Solid : Synchrotron Dashed: Inverse Compton, Solid : Synchrotron
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\ £ Al MID : Do = 3 x 1028 cm?s™}, B = 2 uG
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TCS from Segue 1 and synchrotron from Ophinchus provide the most strigent limits.




Future SKA senstivity +o PWM amihilation and decay: A2194

Dashed: Inverse Compton, Solid : Synchrotron Dashed: Inverse Compton, Solid : Synchrotron
102 WS B A AL = - 1038
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A2144 halo size "rih" is much larger than the ove of Segue 1
(+he meaw free path of electrown are similar).

Hence, the mucertainties of A21A4 is simaller than Seque 1.
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Beyond MeV DM indetection.
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It's 4 DM mass ~40 GeV relic density~0.1
,Sigma*v~le-26 cm3 s-1 mx>2 GeV (The Lee-

Fan Weinberg bound)
- sigma*v ~le-26 cm3s- .
> '9 1 (s-wave) DM still leaves a Lot unlanow:
ol < How about p- ¢ Spin
DM mass ~ 4 TeV N\ . P
sigma*v~le-24 cm3 s-1 > }_‘f)\'f g0 V7 Asymmetric DM? . Electrowealk charge
i ! - . Real/ Majar&ma or Compiax/ Dirac
it'sa |
Spear!
Direct detection
X > X
A
. Production Indirect
at colliders detection
‘ Y
3 a. P
' l . \ Extra Dimensions
. r
a Snake: | ree! DM mass ~ 1 PeV e
DM mass ~10 GeV sigma™v > unitarity (s-wave)
sigsip~le-4 pb How about p-wave?
T ) p A = A . 4F

BE T 43RG P w) i & B0 JLE

¥ 4k RWIMP X, 2 7 7.7 6] K 3% ) «
B RN REHEE, HF—h T IRAR R E 299,
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Direct detection
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'Dark Matter and Wr He's Jade
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We do vot loss our feet
but ownly +ime and efforts.

£ A4 % i—iﬁtﬁa’“L
%, MmEMmSH AL
TEART Ak, 1
-2+ 58T,

we can do i+ with more
efficient ways.




Sclence 125 anniversary:

SITU & Sclewce
125 (Physics):

leWhat Ts the Universe
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10. What is dark =8 T6p 10 scientific mysteries
matter? 4
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Summary

MeV DM (WIMP-like?) is a new window to be probed.
The parameter space is finite.

Future indirect detection: CMB, future cosmological
constraints, MeV gamma-ray telescopes, and ratio telescopes
can be powerful.

The cross section could not solely be s-wave if agrees with
relic and CMB.

Ratio, X-ray, and soft gamma-ray telescopes may provide a
hew approach to probe this WINH’-Ilke .




Thank you.
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Basic and mivimuwm Lagrangion

1 1 C C
—y 2 S - P —_
L =Zgyt _X(la —mx))( +-(0®)" — @y x ——@xivsx —V(®,H),
2 2 2 2
WMajorana PWM | pseudo-scalar
SW singlet scalar interaction
X
@ Scalar interactiown Mixing between New

Y SM mediator and SWM Higgs.
e A Minimum setup:
| %D CGZSG(ES¢;Z;(+CP¢ 7ivsx)A Sige(cshj;(+cph;2iy5;(). l one SM singlet Majorana DM + one

|- ]

SW singlet scalar mediator.
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The propagation uncertainties do not affect the result much.



Phenomenological WIMP DM models

Scientific name Popular name Spin  SU(2), U(]),

Singlet scalar The simplest DM 0 0 0
Doublet scalar | Inert Higgs DM 0 % 2 DM still leaves a lot unknown:
T | X~
8 i v Electroweak charge
) .
Singlet fermion I Bino/ Singlino 12 0 0 Eeal/MuJor‘.am or
Doublet fermion | Higgsino b 15 T omplex/Dirac
Triplet fermion | Wino T2 | 0
Triplet+ fermion II} 1% ] ]
. " - 4

Sinaglet vector ! Little Higas DM 1 0 0 Slnglet lIKe Patch oublet-like Patch

: . e.g. e.g.

Doublet vector ! 12 % Yok i el = g R V=
Fololed ¥ on 1 : ! 0 Bino-like In SUSY Higgsino-like in SUSY
Ga : KK photon in UED Inert Higgs in 2HDM
Triplet vector Il | | I !

l

S-D Mixed Patch 'b‘ Triplet-like Patch
e.g. e.g.

3IN0-Higgsino WIMP wWino-like in SUSY

Credit: Shigeki Matsumoto

Quintet-like Patch
e.g.

Jinimal dark matter

D-T mixed Patch

e.g.
iggsino-wino WIMP




