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Evidences — Muon g-2 anomaly

« Anomalous muon magnetic moment  wuon g-2 collaboration, PRL 2021
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Leptophilic Z' model

» Possible to gauge one of the differences of two lepton-flavor
numbers

*Le— L, L, — Ly, : anomaly free without extension of fermion contents

« Symmetry including L, is strongly constrained

» The simplest anomaly free U(1) extension that couple to the SM
fermions directly

* No kinetic mixing between Z" and B @ high-energy
« Kinetic mixing is generated through
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Leptophilic Z' model

« Hubble tension

» Tension between early and late-time determinations of Hubble
constant

* 10 — 20MeV Z' reached thermal equilibrium in the early Universe and
decays, heating the neutrino population

 Delay the process of neutrino decoupling
* 0.2 < AN ¢ < 0.5: substantially relaxes the tension

M. Escudero et al, JHEP 2019

0.005

° BPI : Mz, - 115|\/|eV, Ix = 4 X 10_4

. BPIl: My, = 100MeV, gy = 8 x 10™%




U(1)Lu_Lr-charged DM

* U(l)dark = U(l)Lu—LT

» Let’'s call Z', U(l)L#—L, gauge boson, dark photon since it couple to
DM
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P. Foldenauer, PRD 2019

Leptophilic Z' model + DM

e y¥(XX) - Z"* - vv : dominant annihilation channels
© My,~2M, with the s-channel Z' resonance only gives the correct relic
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density
I. Holst. D. Hooper, G. Krnjaic, PRL 2022
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U(1)Lu_Lr-charged DM

* U(l)dark = U(l)Lu—LT

» Let’'s call Z', U(l)L#—L, gauge boson, dark photon since it couple to
DM
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DM physics with dark Higgs

« If dark symmetry is spontaneously broken,

B () = % (vo + ()

 Dark photon Z' gets massive: Mz = gx|Qa|ve

« Two CP-even neutral scalar bosons

h Hy —Sa Ca H, AH’UHT— A‘I’UCQP
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* 3 independent parameters: My , My,, sina
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Dark Higgs constraints

 After spontaneous symmetry breakings
« Additional interactions with the dark Higgs
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» Constraint from N.¢r @ Tcyp

- If light dark Higgs masses are lighter than Tj,.~1MeV, the light dark
Higgs mainly decays into e* — AN,¢f # 0

* The dark Higgs decay before 1sec

« Higgs invisible decay VT e
riw+rpti PDG 2022 | |\ Lz_w=7extotmeem|
* Br(H, — inv.)= . <11% :
(Hy ) F§”2’1+F§}12"’+FZ;H1

* sina should be small
- Take sina < 107 (¢ = Hy,h = H, |

; 5 10
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Local symmetry in Dark Sector

* The required longevity of DM can be guaranteed by a symmetry
* |f the symmetry is global, it can be broken by gravitational effects
S. Beak, P. Ko, W.Il. Park, JHEP 2013

}“ noT ] . . I.
)fi}_p XF,,F**  for bosonic DM X
o £d{3{2ﬂ}f = \
!f{f_:?n U (D) H T for fermionic DM

M. Ackermann et al, PRD 86, 2012

mpy < 0(10)keV (Scalar)

. > 1()26-30
om = 10 e {mDM < 0(1)GeV (Fermion)

« WIMP DM is unlikely to be stable
« Consider a gauge symmetry in dark sector, too
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Local Z, fermion DM + Muon g-2

* Taking 2Q,, = Q¢ = 2
Loy =X — My )X — [(y@x—cxi?T — H.c.)}

 After symmetry breaking U(1)x — Z,
* Nonzero y4 —> Dirac fermion y is decomposed into two Majorana
fermion (xr, x1)
e Massgap: 6§ = My — M; = 2yY¢Vo
* ;- DM & yr: XDM

, inelastic / elastic scattering, DM annihilation
. DM Lagrangian

1 . gx _ _ 1 _ _
Lov =75 ¥ X (07" = M) xs =150 2, (Xey"xi = Xi7"XR) = 5¥a (caHh + saHa) (XrXk = XiX1)
i=R,1

e x1x1 — Z'Z',HH; annihilation & X1Xr — H1Z'

HPNP2023 11



Local Z, fermion DM + Muon g-2

P. Ko et al, JHEP 2020

* DM-Nucleon elastic scattering S. Baek, JKK, PKo, PLB 2020
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Local Z, scalar DM + Muon g-2

* Take 20, = Q¢ = 2
DM Lagrangian at renormalizable level

2 2

v? v2
Lov = | DX —m%| X|* = Aax| X (|H|2 - ”) — aox|X|? (|¢I> 2 —‘T’)

. 1 O
X2p" + H.c.) = — e (X5 — X7) (1 + v)
Vo

—M(XE‘I’T + H(‘) N ) (

| R]

. M3 =M% +V2uve, M?=M2—V2uve.

- Off-diagonal interaction | £ D gxZ"* (Xr0, X1 — X10,XR)

. X,X;r — H,H,,Z'Z" annihilation
« XgX} - HH,,Z'Z'
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Local Z, scalar DM + Muon g-2

« DM-Nucleon scattering
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Conclusions

* New physics beyond the Standard Model shows up through
80% dark matter

« DM physics with massive dark photon cannot be complete
without including dark gauge symmetry breaking mechanism
which have been largely ignored by DM community

* Muon g-2 example shows the importance of the dark Higgs in
DM phenomenology




Conclusions

* New physics beyond the Standard Model shows up through
80% dark matter

Thank you very much
for listening to
my presentation

« Muon g-2 example shows the importance of the dark Higgs in
DM phenomenology
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