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Dark sectors with new gauge forces

Generic requirements

WIMP X U(1)

% > SX"B,+ %m)%X”XM
® Ypy . Q=0 Try > Mpy
® Standard cosmological history: mp,, < O(10)
A TeV (avoiding overclosure)
® More like mp,, < O(1) TeV for
perturbatively weak annihilation sections

® Abelian dark gauge force: Dirac fermions/

Y#0
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Generic requirements

WIMP X U(1)

® Ypy Q=0 Ty > Mpy
® Standard cosmological history: mp,;, < O(10)
TeV (avoiding overclosure)

® More like myp,, < O(1) TeV for
perturbatively weak annihilation sections
® Abelian dark gauge force: Dirac fermions/
complex scalars

® “Natural” - no small parameters

Generic scenarios lead us to models with
connector matter light enough to be potentially
observable in existing experiments
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WIMP X U(1): LHC bounds

Benchmark model

- D ()\FI:VI N + h.c.) +mpPP+myNN

N =(1,1,0; gz) and P = (1,2,—-1/2; qz).

1500 1500

1000 1000 -
> > .
D QO
) .

Z. Z

S S

16 Based on: A. Carvunis, NM, D. Morrissey, arXiv:2209.14305



WIMP X U(1): LHC bounds

Benchmark model

- D ()\FI:VI N + h.c.) +mpPP+myNN —

N =(1,1,0; gz) and P = (1,2,—-1/2; qz).

1500 1500

1000 1000 -
> > .
D QO
) .

Z. Z

S S

17 Based on: A. Carvunis, NM, D. Morrissey, arXiv:2209.14305



WIMP X U(1): LHC bounds

Benchmark model

- D ()\Fﬁ N + h,..c.) +mpPP+myNN

N =(1,1,0; gz) and P = (1,2,—-1/2; qz).

1500 1500

1000 1000 -
S > .
D QO
) .

Z. Z

S S

18 Based on: A. Carvunis, NM, D. Morrissey, arXiv:2209.14305



WIMP X U(1): LHC bounds

Benchmark model

- D ()\?ﬁN + h,.c.) +mpPP+myNN

N =(1,1,0; gz) and P = (1,2,—-1/2; qz).

1500 1500

1000 _1000-
> >

D QO
) .

Z. Z

S S

19 Based on: A. Carvunis, NM, D. Morrissey, arXiv:2209.14305



WIMP X U(1): LHC bounds

Benchmark model

- D ()\FI:VI N + h.c.) +mpPP+myNN

N =(1,1,0; gz) and P = (1,2,—-1/2; qz).

1500 1500

1000 1000 -
> > .
D QO
) .

Z. Z

S S

50 Based on: A. Carvunis, NM, D. Morrissey, arXiv:2209.14305



WIMP X U(1): Cosmo bounds

Benchmark model
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EW precision, h — XX, direct
searches

. Relic density pi/ppyr > 1
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”Higgsino” DM (see C. Dessert et al. arXiv:2209.14305)
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WIMP X U(1): Cosmo bounds

Benchmark model
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WIMP X U(1) X ?

Possible solution #1
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Possible solution #1
—-% D ()\Fﬁ N + h..c.) +mpPP +myNN

1 __
—-Z D §yN ® N°N + h.c.

<D >#0 :splits Dirac components into Majorana

PO %)

N, ® Suppressed diagonal vector couplings for
N = l//1+
My — My)im; < 1
W1- e Extrafreeze-out modes
Wi+ = yi- +ff

Wi+ +f = y-+f
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WIMP X U(1) X ?

Possible solution #1
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Possible solution #1
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WIMP X U(1) X ?

Possible solution #1
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WIMP X U(1) X ?

Possible solution #2
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WIMP X U(1) X ?

Possible solution #2
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WIMP X U(1) X ?
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WIMP X U(1) X ¢

S TS W v ¢ 1,
e N L < D EXWB”” + EmXXﬂXM + ...
N . ® Without Higgsing, scenario inconsistent w/
NN : cosmology
I ® Cosmo-compatibility informs structure of the
& U(1)y EFT (see kribs et. al. PRD 106 (2022) 5, 055020)
A D ® Significant implications for inflationary
“ ________________________ production of dark photons (e.g. . Graham et. al. PRD 93
. G | (2016) vs M. Redi & A. Tesi JHEP 10 (2022) 167)
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Summary

® Dark photon one of most well-motivated extensions of the SM and connector

to the dark sector
® Kinetic mixing naturally suggests heavy mediators which are highly
constrained from cosmo + DD bounds on stable relics

® Simplest solutions involve LX) which can have further significant implications

for EFT, inflation, model building...
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