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Temgorat evolution ¢
of WIMPs DD <« GO

[Goodman and Witten 1985; Drukier, Freese, Spergel 1986]
[Figure from Snowmass WG, E510 63247
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What i WIMPs only couple
to sterile neutbrinos Np?

Sterile v

e ° . °

@ Np are well motivated bvj neukrine masses

® DM coupled to SM via Np: most bounds evaded

® We consider Majorana DM y, with my <m,

d 0“‘1@7’ neukbkrine FOT&&{.S [Escudero, Batell, Blennow..]
&



Tramewor e

DM stability by a Z, symmetry, y - —

{ONE - R

Neubrinoe masses bv skbandard seesaw:

Other options:
my averse seesaw, etc.



11- Effective operators
and models



Effective opera&ors
s |

01 = Wrx)HNg) = = =Ny, Ne) Ty ¥ - LNC
bRl |

Or, = (Npx)Neiy) = — E(NRN]CQ)()(E)(L) : LNV

s i o i
O3 = (NgNp)Xp ) = 7 E(Nlcg?’ﬂ)(L)()(fyﬂNR)- LNV

UV completions nclude new scalars
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Thermal | »quittbrmm

% CkéME@&{, ‘fuﬂ)« (;}ff f=1, my = 260 GeV, my = 2 GeV, m, = 100 GeV
vy — NN.

o Kinekic eq. @.&riv O
with SM via .
lUH\H\Z\a\z for o oherahy A = 410"
g 2 IO

o Kinekic eq. wibhin
the DS via yN — yN.

oheoh Ayy=10"°
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Kinekic d@.«cuuptiv\g
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[Berlin 2016
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DM annihilakiowns

2
6V;{;{—>NN = d + b?
m- -
X 0 2
a = | +4|cy|” +4 Re(cyc
o [l +4le P +4Re(eey)
mZ -
b=—"—|@+ 3|+ 12| c3|° = 12 Re(c,c
ey | | ¢ | | 5 (23)_

0, gives p—wave or chirality-supp. (my) contributions
For ¢, = —2¢f — p-wave annihilations
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Relic abundance
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Models A Models C

I
6,0

Model Dark sector particles Model  Dark sector particles

chiral fermion Y,
Majorana fermion y

complex scalar o
real scalar ¢

Majorana fermion

Majorana fermion .
J X massive vector boson Z’

complex scalar o
chiral fermion yy,

Majorana fermion complex scalar o

real scalar ¢ gauge boson Z’

C2 catgead B 1:2 N+ 1 y;
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Models’ features

Model
AlLL A2 A AZ2c | Bl B2 L CI (2
Feature

s-wave av xx—>NN @ v

DD @ tree level

Self-lntgractlons

Creutine Nowhn-genuine
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f,=1,9,=1, my=2GeV
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Model: B1, Re. couplings
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il T TmiEs, Batell 2017



Model A2c: mN =4

Scotogenic-like mass. For m, K m,, ny:

//162 L Casas—-Ibarra generalisation:
O k=1 f y, Vv, m
Need n, > 9)

. \/2'% m, 1z



Model A2¢
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Conclusions

o WIMPs still one of the best motivated DM candidates.

o 1f coupled to SM only via Ni, they evade most Limits.
Connection to m,,.

o CGrenuine models involve (—channel mediakors, with new
Z)~odd scalars, that are early on in kinetic eq. with SM.

e For Dirac U, p—wave and Llight thermal DM are Fossibteq

o FOr Majorana v, my may be generated at 1 Loop.
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DS Eemperamm T,

[Berlin 20L6]

my =2 GeV, m, =100 GeV, m, = 260 GeV

RE



Could N be long-lived enough
to create a period of MD?

For the mixings and masses of N that reproduce
m,, even f N is relativistic ot fo., ik decays soon
(and before BBN) [Berlin 2016]

Therefore, ik never dominates py.

And there is no entropy injection after fo.
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