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Motivation

We have ample evidence for DM, but internal dynamics of dark
sector Is an open question.

If we add extra U(1), gauge invariance and renormalizability allow
for the kinetic mixing portal term.
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Bringing kinetic terms into canonical form:
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Secluded Hidden Photon

No SM fields are charged under the new U(1) symmetry.
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Secluded U (1) x - current status
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Secluded U (1) x - future sensitivity
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Displaced searches
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Beam dumps — ideal HP experiments

A’ naturally light and weakly coupled: M+ o ¢’ ()
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Anomaly-free gauge groups

Some SM fields are charged under the new U(1) symmetry.



Charging SM fields under extra U(1)

Four extra anomaly-free groups within the SM:

B-L

charging
quarks &
leptons

charging 1st & charging 1st &  charging 2nd &
2nd generation 3rd generation  3rd generat
leptons leptons leptons

+ Loop-induced mixing is unavoidable!
However, it is finite and calculable for L; — L;:
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White dwart cooling

- Hidden photons can modify

plasmon decay and generate extra
neutrino cooling of white dwarfs.

- A limit can be set on the Wilson

coefficient of the operator

L = Cwp (v, Prv)(evue)

V' volume
67< ,, cooling
e

where for a hidden photon white dwarf
N., A Twp = O(few keV) Y
! _ v o O surface
WD IVED @ cooling
112x10—5<0 <450><10—3
GeV? Wb GeV?

H. K. Dreiner et al, Phys. Rev. D 88, 043517 (2013)]
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L, — L, - current status
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L,—L;- future sensitivity
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|_et there be light DM

Augment field content by light vector-like fermion charged under U(1)r,, 1. .
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Vector-like DM within U (1), _ ..

Add a vector-like fermion: £ = —g,.; Q, X7"x A4,
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Conclusions

-+ Gauge couplings to SM particles can dramatically reshape the
landscape of HP constraints.
P [ifferent experiments are sensitive to different scenarios!

- New white dwarf limit improved over previous Borexino
constraints and rules out part of the (g — 2),, explanation
of L, — L.

- Future experiments like Belle-1l, SHIP and a dedicated muon run
of NA64 could rule out large part of parameter space.

- Simultaneous explanation of (g — 2),, and Qpy i
extended U(1)r, 1. .

Thank you for your attention!
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L, — L, DM — Standard Benchmark
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L, — L; DM — Non-unit charge
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L, — L, DM — future sensitivity
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DM annihilation in the early Universe

- DM can inject energy into O°
primordial plasma via ¥
cascade decays Iinto
secondary e—, photons X
and neutrinos A
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- Secondary particles heat and ionize IGM and alter post-
recombination ionization fraction x . of hydrogen
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- Extra ionization leads to broadening of last scattering surface of
CMB photons === modification of TT, TE and EE power
spectra
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B — [, - current status

1073 11073

1107°

1074

11077
Texono : -8
110

1075 1107
J10-10

B—L

11012

1076

dB-L

10_7 é10—13
J10-14
10_8 5 élo—ls

;10-16

0 o o o |
1072 1071 1 10

MAI [GeV] 21

aB_L/a



dB—-L

B — [, - future sensitivity
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L, — L. -current status
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— [, - future sensitivity
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L. — L - future sensitivity
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Neutrino experiments - Borexino

- Borexino has measured the elastic  * — v

scattering rate of solar neutrinos
off "Be.

o T o

Solar (electron) neutrinos oscillate on way to earth.
=P All Neutrino flavors can contribute to scattering:

dO‘
Z Ji ‘9 UTQV )23‘2

1,7=1

with lepton mixing matrix U, neutrino charge matrix ¢, and the
fraction f; of the i-th neutrino mass eigenstate at earth.
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Resonance searches
E.g. at LHC A’can be produced in Drell-Yan. *
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Obtain upper limit n1im from profile-likelihood of binned dilepton

Ngig X Oprod X BRA’—)M ~

spectrum:
g 10’ Ton | T .promrl)t-lik'e se;m;')le' o
T g I\}?:C g TeV pr(u) > 1GeV,p(u) > 20 GeV
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[R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 120, no. 6, 061801 (2018)]
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