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§ Introduction

Dark matters are everywhere!
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» Its identification (Mass, ...) and properties are
unknown



§ Low mass scale Is interesting



§ § g-2 In muon

« Anomalous magnetic moment of muon [srown et al
(2001), Bennet et al (2006)]
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§ § g-2 In muon

« Anomalous magnetic moment of muon [srown et al
(2001), Bennet et al (2006)]

Dark photon interpretation

BABAR collaboration: Phys.Rev.Lett. 119 (2017) no.13, 131804
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= U1, Interpretatlon [Ma et al (2002), ...] IS Still viable
[Altmannshofer etal (2014)]
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§ § Agapin lceCube?

High energy neutrino spectrum measured by
lceCube [IceCube (2014)]
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§ § Agapin lceCube?

High energy neutrino spectrum measured by
lceCube [IceCube (2014)]
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§ § Agapin lceCube?

« High energy neutrino spectrum measured by
lceCube [icecube (2014)]
* New physics Interpretation
— 7 interpretation In U(I),_M_,_T model [Araki et al (2015)]
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§ § Hubble tension

Hubble parameter
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§ § Hubble tension

* Hubble parameter

* New physics Interpretation
— AN relaxes Hubble tension [DEramo et al (2018), Planck

(2018), ...]
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§ § Hubble tension

Hubble parameter

New physics interpretation

— AN relaxes Hubble tension [D’Eramo et al (2018), Planck
(2018), ...]

— Z’ interpretation in U(l), ., , model [Escudero et al (2019)]

L, — L. Gauge Boson, No Kinetic Mixing

_,___ CCFR g | —
> [ : ({]72)11

—4f S|
A
=57 N R . P i
= b Negtf, with v-oscillations, e =0
—_6- s a0 H H
1g HE
9874 1 ;
) 4 :
|1 10°%1 :
-87 ptp” < ~vZ' thermalization ANz > 0.5 VIRE !
;o L
A e - s o
A > )
~10 ANg~02 e o S) T 3
uphing T e ] i
11t . fter deco ‘;i ______________________________ AN, i H
, malizatiot e It E ]
2 T Z th e T e 1 )
-12} e P
....................................................... tHy
—13ar="" et TN et [l 0,
6 5 4 3 1 0 1 2 104 TR
10 10




§ § B anomaly

B —K Il anomaly at LHCD [013),...1and Belle

[(2016)]
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§ § B anomaly

B —K Il anomaly at LHCD [013),...1and Belle

[(2016)]
100

I 10" E
0-:++ I ] CMB proj. ]
R ) ]
1= o ]
:_ IIIIIIIIII 102 ;:t'” E
0 5 1C 20
.1.},('_1]

’ ]

P 5 B; mixing A
LHCb, JHEP 16 ;45 LHCb, JHEP 1708 (2017) 055

1 10 100
mgz [GEV]

Light U(l),_ ., , gauge boson interpretation

[Altmannshofer et al (2014, 2016)]



§ § Excess In globular cluster 47 Tuc

i Understanding the y-ray emission from the globular cluster 47 Tuc: evidence for dark
matter?

3.4,5.6

Anthony M. Brown,'* Thomas Lacroix,? Sheridan Lloyd.! Céline Beehm, and Paula Chadwick!

LCentre for Advanced Instrumentation. Department of Physics,
University of Durham. South Road. Durham, DH1 3LE, UK

My e =34 Ge\;/', <crv>m-:6 x 1079 cm? s ! , bb

R s S | [ Brown et al (2018)]
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§ Gauged U(1) scalar DM Model



§ Gauged U(1) scalar DM Model

e Particle content

SU(3). SU(2)z, U(1)y|U(1)
Q| 3 2 1/6 | qo
uy| 3 1 2/3 | qu
dy| 3 1 —1/3]| qg
L'l 1 2 —1/2| qn
en| 1 1 —1 | @
d| 1 2 1/2 | 0
Nul 1 1 0 |qn:
01| 1 1 0 | +1
ha| 1 1 0 | +2

* (y to be anomaly free

» Dark matter with the
fixed charge so that it
Interacts with the U(1)
breaking Higgs field.

Cf [Rodejohann and Yaguna (2015),

Biswas et al (2016, 2018), Singirala et
al (2016), Bandyopadhyay et al (2018)]




§ § Masses and Interactions

 Scalar potential
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§ § Masses and Interactions

* Interactions
— Gauge Interactions

Liv = ¢ 2" ((0,5)P — S0, P)
e Absence of DM-DM-Z’: Inelastic
— Scalar interactions

Lint D% ((/\41) cosa — (A3vy — \/§A) sin oz) h + ()\47) sina + (A3vy — \@A) COS a) H) S?

+ % (()\4’0 cos & — (A30y + V/24) sin oz) h+ ()\4?) sina + (30 + V24) cos Oz) H) P’

* The direct DM search bound for Higgs bosons exchange
processes Is avoidable by taking those very small

« Not used in freeze-out annihilation.



§ § Annihilation

« Annihilation modes
— Co-annihilation



§ For specific U(1) models

* U(l)B-L
— At TeV scale

* U(l)(B-L)S
— At the weak scale

° U(l)L,u—LT
— From MeV to the weak scale



§ § L, — L, model wvv<

 Thermal abundance and others
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§ § L, — L, model

 Constraints from and prospect for direct and
Indirect DM searches
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§ § L, — L, model

 Thermal abundance and others
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§ Summary

» Light neutral gauge boson suggested?
— g-2 of muon, IceCube, Hubble tension, B-anomaly...

» Gauged U(1) scalar DM model with DM-DM-
U(1) Higgs coupling

- Gauged L, — L, offers the possibility of low
mass dark matter and the mediator Z’

— 10 GeVish, B-anomaly, 47 Tuc excess
— 10 MeVish, muon g-2, Hubble tension, IceCube



