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Asymmetry versus AM ;

e (scillation timescale is set

by AM)?. The asymmetry - Mo =200 GeY Mgy =1TeV

e

is maximized for ~ O(1)
oscillations by 7'~ My, .

e Together, DM and
baryogenesis requirements
prevent scaling the whole
mechanism up to
arbitrarily high mass
scales.
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Fine print: the figure shows the leading-order asymmetry in individual lepton flavors (rescaled to peak at 1) in a model
with a single BSM scalar.
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Results for leptogenesm and DM

o Weimpose M, > 15 keV to

satisfy structure formation

constraints (but see Zelko et
al., arX1v:2205.09777)

[ Mq)z >> M(I)]

e Blue contours show the
maximum possible baryon
asymmetry in units of the
observed value.
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Results for lepto

e The asymmetry can be
enhanced if the @ particles
decay predominantly to the
lighter DM state.
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Results for leptogenesis and DM

e The observed baryon
asymmetry can be realized
within the contours.

e DM masses above 100 keV g 10

are viable.
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Results for leptogenesm and DM

e The observed baryon
asymmetry can be realized
within the contours.

e DM masses above 100 keV g 10

are viable.
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Results for leptogenesis and DM
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Models

o UVDM: DM production atT' ~ Mg, followed by asymmetry
generation at 1" ~ Mg, . Largest viable parameter space.

e Minimal: single scalar. Fewest model inputs, most constrained. A
baryon asymmetry arises at higher-order in F' compared to UVDM
(via standard ARS mechanism).

o /2V: single scalar with additional ® interactions. Enhanced
asymmetry, potential X-ray-line signals from DM decay.

Ao
LD —%zazﬁcb* +h.c.



Minimal-Model results for leptogenesis and DM

e The viable parameter
space has small € (more
production of y; than y,)
and shorter @ lifetimes.

IF

: 0=0.1 | ]\4)(1 =0 :
| /\ L M,, = 15keV |
i 6=0.03 10
0.1 ;/ .
g 100
=
o =001
5102, .
_3 .
10 : M energy densi '
|\ | . | . o A .
100 200 500 1000

McI) (GeV)



Minimal-Model results for leptogenesis and DM

e The viable parameter
space has small € (more
production of y; than y,)
and shorter @ lifetimes.
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Minimal-Model results for leptogenesis and DM

e The viable parameter
space has small € (more
production of y; than y,)
and shorter @ lifetimes.
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Minimal-Model results for leptogenesis and DM

e The viable parameter
space has small € (more
production of y; than y,)
and shorter @ lifetimes.
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Enhancement of the asymmetry in the Z2V Model
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Z.2V results for leptogenesis and DM

e Blue contours show the

baryon asymmetry in units of
the observed value, for a
near-optimal benchmark with
a single A coupling in
equilibrium.

Red contours show upper
bounds on the Z2V coupling
from NuSTAR and

INTEGRAL X-ray
observations.

Perez et al., PRD (2017); Neronov, Malyshev, and Eckert,

PRD (2016); Ng et al., PRD (2019); Roach et al., PRD

(2020); Laha, Muiioz, and Slatyer, PRD (2020).
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[LHC constraints

ATLAS, arXiv:2011.07812; ATLAS, arXiv:1908.08215; ATLAS, arXiv:1403.5294; CMS-PAS-EXO-16-036;

CMS, arXiv:2012.08600; CMS, arXiv:1806.05264
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Summary

e Models of freeze-in DM can be easily extended to incorporate
baryogenesis.

e The framework generally predicts new SM-charged particles
with ~TeV-scale masses.

e The viable parameter space has already been impacted by LHC
searches and probes of structure formation. Z2V couplings
bring into play X-ray observations and low-energy terrestrial
experiments.
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LHC constraints on the QCD-charged case

ATLAS, arXiv:1710.04901; ATLAS, arXiv:1808.04095; CMS, arXiv:1811.07991; CMS, arXiv:1906.06441;
CMS, arXiv:1908.04722
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From ® asymmetry to baryon
asymmetry

T>T,,

e Neither B nor L 1s separately conserved.
e B — L is conserved.
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From ® asymmetry to baryon
asymmetry

T>T,, T<T,,

e Neither B nor L 1s separately conserved. e B and L are separately conserved.
e B — L is conserved.

Btotal — Ltotal 7é 0



DM abundance and structure formation constraints

Smaller DM masses means larger F' to realize the observed DM density. Goes in the
direction of increasing asymmetry.

Require M, > 15 keV to satisfy bounds from Lyman-a forest data. See e.g. Palanque-

Delabrouille et al., JCAP (2016); Kamada and Yanagi JCAP (2019); Ballesteros, Garcia, and Pierre, JCAP
(2021).

A stronger constraint, M, 2 25 keV, has recently been reported based on strong lensing
and satellite galaxy counts. Nadler et al., ApJ (2021); Zelko et al., arXiv:2205.09777.

) can be arbitrarily light provided p, /pqy, < 0.1 (Baur ez al., Apy (2017)). In the
“massless-y; limit,” p, < pgpy, 1 satisfied even if y; comes into equilibrium
(M, <0.1keV).

0 parameterizes the relative coupling strengths of y, and y,

Y1 couplings o< cosf
(UVDM 19172 for (1)1’2)

Y2 couplings o sinf



Minimal-Model results for leptogenesis and DM
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Minimal-Model results for leptogenesis and DM

Even without a constraint
onr =p,/pqm , the viable

parameter space has
M, S 0.2 keV.

Requiring r < 0.1 leads to
M, < 0.05 keV.
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Z2V results for |

o Larger values of M, are

viable compared to the
Minimal Model.
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Z.2V results for leptogenesis and DM
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