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The weak -charged WIMP. Majorana fermion with a weak
charge one, is a very atfractive dark mafter candidate

1. Motivation for the weak -charged WIMP
2 Future prospect fo search for the WIMP
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WIMP ansatz .

Dark maffer is a massive, stable and electrically neulral parficle and
was in a thermal equilibrium with SM particles in the early universe ™
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There are many fypes of WIMP. depending on those quantum numbers.
> Classification of WIMP in ferms of its spin and isospin/
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Good motivation? (The triplet WIMP) direct defections,
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Weak -charged WIMP. (Triplet WIMP)

L= Lq + %T (D — Mp)T Physics is governed by SU(2),

One new physics paramefer My
[Z, symmetry imposed]

Theoretical --- AMSB[L. Randall, R. Sundrum & G. Giudice, M. Luty, H. Murayama, R. Rattazzi, 1998]

It is Know fo be the simplest SUSY breaking model consistent with cosmology/

Simplest mediafion

MSSM --=-==-=o==Co2s susy mp eV

w,/ o0 singlet >

h - Stermions, Higgsino
v Wino ERESEIBIEEMIME) is #he LSP AN 1/ Hioos bosons
v' Ifs mass is predicted to be Zlel/
[Hisano, S. M., Nagai, Saito, Senami, 2006]

v g is O(1)TeV > Mgy, is 0(100)TeV.
v' Hiss mass is predicted fo be 1256eV /Tt
v' Avoid serious SUSY flavor problems LSP = Wino/

v' Free from any cosmological problems. [N. Arkani-Hamed, S. Dimopoulos, 2004]
[M. Ibe, T. Moroi, T. T. Yanagida, 2006]
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Weak -charged WIMP. (Trivlet WIMP)

L = Lo\ + %T (P — Mp)T Physics is governed by SU(2),

One new physics parameter My
[Z, symmeftry imposed]

Phenomenological --- (Anfi-profon flux)/ (profon flux) observed at AMS-02

It is consistent with BG, but there is a frend of the deviation af E > 1006GeV.
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If we include the Triplet WIMP confribution, the fitting becomes betfer:
(There is no new physics paramefers we can vary, for mr = 3TeV)




How we can test the triplet WIMP?
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* Search e Collider experiments P

Prot
Ay : Current limit (13TeV LHC)
. o e > my < 4606eV
0
Proton 9 o M Future-expected limif (HL-LHC)
. q W,Z,v< L > my < 8006eV
, d
wino Future-expected limit (100TeV pp)
Disappearing charged frack search > my < 3TeV

1 Search e Direct detections f
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How we can test the triplet WIMP?

Search e Indirect defections
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Sommerfeld enhancement!

‘ [Hisano, |S M., Nojilri, 2004]

region =2

—_—

15 2 25
Wino Dark Matter Mass (TeV)

('S



How we can test the triplet WIMP?
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How we can test the triplet WIMP?

------ LL + SE

NLL + SE

L | Tree-lewel + SE

P T I One-loop fived-order F ]
....... i bnp + SE from H.IL _.'I

-

-

********
"_.--'

Non-pertfurbative Sommerteld Effect (SE) |.Hisano,s.M., M. Nojiri, 2004]
SE + Perfurbative one-loop correction [A. Hryczuk, R. lengo, 2013]
SE + Perturbative Sudakov logarithms (LL & NLL)

[M. Bauer, T. Cohen, Ri. Hill, M. Solon, 2014; G. Ovanesyan, T. Slatyer, |I. Stewart, 2014]

SE + ML + NLL + Inclusive effects

[M. Baumgart, I. Rothstein, V. Vaidya, 2015; G. Ovanesyan, N. Rodd, T. Slatyer, I. Stewart, 2016]



How we can test the triplet WIMP?

strument

Search e Indirect defections

Annihilation Cross Section {6v) (cm’ s°!)
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: Sommerfeld enhancement!
107 = E

E [Hisano, S. M., Nojiri, 2004] 1
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How we can test the triplet WIMP?

Theory side

Collisionless Bolfzmann eq
J

Jean's equation derived

Distribufion of member stars

[f(x, v) of the member stars]
)

DM mass distribution [p(x)]

<€

Bayesian
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Observation side

analysis

-

Astrophysical observations

Phofomefric dafa:
Locations of the member
stars, efc are obtfained

Spectfroscopy data:
Velocity of the member
stars, efc are obtfained

DM profile p(x) obtained > is evaluated as the pdf of the analysis,

Systematic errors associated with the J-factor defermination

v The systematic error coming from the non-spherical nafure of dSphs,
v The systematic error coming from the confamination of foreground sfars,
v The systematic error coming from binaries composed of member stars,
v The systematic error coming from asymmeftry of velocity dissipations,
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How we can test the triplet WIMP?

7 PR TR NS
7 Ry

Draco

Several ways fo deal with the confaminafion:

1. Cut-based identification of member sfars,
which is used for the most of UF dSphs

3 Kl method (thatf we have recently proposed),
which is based on the one LHC is adopting
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How we can test the triplet WIMP?

Several ways fo deal with the confaminafion:

1. Cut-based identification of member sfars,
which is used for the most of UF dSphs

3 Kl method (thatf we have recently proposed),
which is based on the one LHC is adopting

Draco
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How we can test the #rivlet WIMP?
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Several ways fo deal with the confaminafion:

] Cuf-based identification of member sfars,

which is used for the most of UF dSphs.

2 EM method fo put a membership probability,

which is currently used for CL dSphs,

3 Kl method (thatf we have recently proposed),

which is based on the one LHC is adopting

LogolJ(0.5%)/(GeVilem’)
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Draco

UrsaMinor

v' Kl method well reproduces the input
The same conclusion for UF dSphs foo,

v' EM method also reproduces the inpuf
though some sysfematic errors remain,

v Cut-based one always overestimates
the inpuf The frend becomes more

sizable for fainfer dSphs UF dSphs)
Remember the nightmare of Segue 1/




How we can test the triplet WIMP?
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Sommerfeld enhancement!
107 = E

a [Hlsano S M., N01|r| 2004] -
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How we can test the triplet WIMP?

Theoretical calculation
in particle physics.

CTA observation
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X Jan
] Observing the motion

of dSph member stars.

Sensitivity (UMall+CB+Seg ] +UMal)
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Summary

The WIMP which has weak charge one atfracts many atfentions
after the Higgs discovery Only indirect dark matfer detections
dllow us tfo detect it in near future for it has 0(])TeV mass.

Among various indirect dark matfer detections, the observation
of gamma-rays from dSphs are the most robust one fo defect
the signal of. or fo put a constraint on the TeV scale WIMP

It is imporfant fo predict the signal flux for this purpose, and
it requires the careful estimation of J-factors involving the
freafment of FG star contamination and the DM & stellar non-
sphericity, efc. Future spectroscopic measurements such as
the PFS in the SuMlRe project will play a very imporfant role/



Backup (Triplet-like Fermion WIMP) »e

Field Theory Lagrangian of WIMP

L= Loy + T(iy*D, —My)T
J
Non-relafivistic expansion and
infroducing @ composite’ field
describing WIMP 2-body stafes,

J
The Schrodinger eq is obfained

as EOM of the composite field
[-VZ/m + V(r)y(r) = 0
J

WIMP Aniniihilation cross section
Is obtained by the formula:

(Gv)on > (l Won(o)lzll V/off(o)lz) (ov)off
J

Weak long-range force increase

the wave function af origin, for

It acts as a attractive forcell’

[Won(F)|
w/ V(r)

asen

o
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[J. Hisano, S. M., M. Nagai, M. Nojiri,
O. Saito, M. Senami, 2004-2007.]



How we can test the #rivlet WIMP?

Several ways fo deal with the confaminafion:

] Cuf-based identification of member sfars,
which is used for the most of UF dSphs.

2 EM method fo put a membership probability,
which is currently used for CL dSphs,

3 Kl method (thatf we have recently proposed),
which is based on the one LHC is adopting

22/ v' Kl method well reproduces the inpuf
_ | E‘\*‘qrf UF dSphs The same conclusion for UF dSphs foo,
“= 21t S
,:;E  Naive L3 v' EM method also reproduces the inpuf,
& 20f ? ~Input_ though some systemafic errors remain,
§ . E e, put| Cuf-based one always overestimafes
g | T the input The frend becomes more

180 Mock (i > 21,215, 22) sizable for fainfer dSphs UF dSphs)

UMall ComaBer Remember the nightmare of Segue 1/




