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Motivation

Conventional DM candidate: Weakly interacting massive particles (WIMPs)

Electrically neutral, colorless

—  Majorana (Self-conjugate) particle —

(SUSY, UED, ---)

[S. P. Martin, Adv. Ser. Direct. High Energy Phys. (1998)],
[A. Perez-Lorenzana, J. Phys. Conf. Ser. (2005)], - -

A Majorana particle coupled to a U(1) gauge boson — Anapole interaction

Ex) EM anapole interaction

General effective EM Lagrangian for spin 1/2

Lo =e Uy YA, + a by ysp 0, F* + i ot ysyp M + di ot F*

—  Hpy = —€ Goxt —

as - je:x:t

Interaction direct with external current — Contact interaction
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A Majorana particle coupled to a U(1) gauge boson — Anapole interaction

Studies including anapole DM

Spin-1/2 EM anapole Spin-1 EM anapole Spin-1/2 hypercharge anapole

[C. M. Ho and R. J. Scherrer, PLB (2013)]

Relic density Partial restoration of o[yx <+ W~ W]

divergence at high-energy limits

: : [M. Pospelov and T. ter Veldhuis, PLB (2000) | [J. Hisano, A. Ibarra and R. Nagali,
Direc detection | ¥ JCAP (2020)] ---
Collid Y. Gao, C. M. Ho and R. J. Scherrer,
ollider PRD (2014)] - -- [C. Arina, A. Cheek, K. Mimasu

and L. Pagani, EPJC (2021)]
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Characterizing the hypercharge anapole DM particle
[Spin 1/2, 1, ---]

Outline

1. Anapole vertices

2. Exclusion limits on the hypercharge anapole DM of spin-1/2 and -1

(a) DM relic density
(b) Collider searches

(c) Direct searches

+ Naive perturbativity bound

3. Conclusion



Anapole vertices

U(1) gauge invariance
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General anapole vertices for arbitrary spins
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Anapole vertices Ya
I' constructed by
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Properties of anapole interaction
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Vertices and Lagrangian for spins 1/2 and 1
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Coupling constraints imposed by the relic density
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Coupling constraints imposed by the collider (LHC)

Monojet processes
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Coupling constraints imposed by the direct detection (XENONnT)
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Combined coupling constraints with the naive EFT perterbativity bound
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Combined coupling constraints with the naive EFT perterbativity bound

m, = 1TeV, A =2 TeV
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Conclusion

. Introduction to the anapole vertices

. Coupling constraints imposed by various experiments

(a) Strong constraints for spin 1

(b) Completely forbidden coupling region for spin 1

. Identification of the spin of anapole DM in lepton colliders and

of the hypercharge anapole interaction type
. Tendency of constraint plots for the hypercharge anapole DM of any spin

. UV scenarios of the hypercharge anapole DM

(a) Spin 1/2 : Bino, - - -
(b) Spin 1 : KK excitation of SM particles, - - -
(¢) Spin 3/2 : Gravitino,- - -
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