A model of electroweakly interacting
non-abelian vector dark matter

F Motivation & Summary

spin-1 dark matter (DM)?
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What is the nature of electroweakly interacting DM

*how to construct a spin-1 DM model w/ EW int.?
*What is a good probe for spin-1 DM?
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Exchange symme. btw gauge groups — Z2-odd spin-1 DM w/ EW int.
Next-generation direct detection can probe DM via Higgs exchange

Symmetry trans. (after SSB)
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Exchange symmetry
« Zr-parity for physical states

@,
@,

= = = =W W W~

o o O |NI= NI= NIE = N
N NN~ N = =N

1
1
1
1
2
1
1

e e
= O O

H

W,

a a
w Wi, Wy,

Scalar sector
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3 neutral scalars are physical after SSB
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Z>-odd particles
_ W6, —Ws, _, Spin-1 DM
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A chance to discriminate DM spins in indirect detection!
(Sommerfeld effect is relevant in annihilation processes)

Presenter: Motoko Fujiwara (Nagoya U.) based on [JHEP 07 (2020) 136]
work w/ Tomohiro Abe, Junji Hisano, Kohei Matsushita (Nagoya U.)



Model & Symmetry breaking structure

BSM Lagrangian
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Symmetry Breaking

go : gauge coupling for SU(2)o & SU(2)2
[91 : gauge coupling for SU(2);
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Gauge transformation
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(®1), (®2) are invariant under the following transformations

( (1) Gauge trans. w/ Uy = U; = Us
Generators of SU(2)o,1,2 are identified

Up (®1) U = (@1)
“SU(Z)L auge symmetr
Uy (@) Ul = (®,) gauge sy y
(2) Exchange trans. Exchange symmetry still alive
(@1) <> (Do) —) 7> parlty structure



Features of EW spin-1 DM (Compared w/ Wino DM)

Mass relations

Z>-odd vectors
Wg’ . W23 Mass degeneracy btw V-particzles2is broken by EW radiative corrections
vo — o p 2 2 9oV 2
\/5 (neutral) “v_particles” tree: mVO — mvj: — 4@ (E mv)
Wgt — W2i SU(2). triplet-like features
VE= “\/5 £ (charged) 1-loop: Oy = Mmy+ — myo ~ 168 MeV  Almost same as Wino!
— Coannihilation is relevant (efficient annihilation through EW int.)

Wino(Spin-1/2) vs V-particles(Spin-1)
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(spin-1/2 vs spin-1)

)~<0 W— VO W=
St 1/2 (Majorffma fermion) 1 (vector)

[SU(2). triplet, Y=0] Common properties
Mass difference ~ 166 MeV ~ 168 MeV Coannihilation is efficient

* — Thermal relic mass

Annihilation EW EW + Higgs exchange ~ O(1)TeV
- tree-level: None tree-level: Higgs exchange Different properties
Scattering )

loop-level: EW loop-level: EW good probes for spin-1 DM

_ 7' W' — +Direct detection
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Z2-even vectors




