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hs § —2mg/T Boltzmann distribution
F(hzh1 — 38) = 074 £
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ANNIHILIATION BECOMES IMPORTANT

Boltzmann equation

n-+3Hn =T (h;h; — ss) — T (ss = h;h;)

~_




HIGGS PORTAL TO SCALAR DM

| 1z2022 :
' Q) |
i Qh? = — .
FREEZE-OUT | / oo
107" = ’ *_.""*n_hp'%

107° F

10 15 _ " 30 60 120 300
-




FREEZE-OUT REGIME

. m_mi
Boltzmann equation :

n-+3Hn =T (h;h; — ss) — T (ss = h;h;)

Freeze-out

I' (h;h; — ss) =T (ss — h;h;)

rss-}hh = rhh—rss

A

TIME




HIGGS PORTAL TO SCALAR DM

| LZ 2022




TAKEHOME s,
MESSAGE

5

NEED FOR A "LONG" MATTER DOMINATED
EPOCH AND THEREFORE LOW REHEATING
TEMPERATURE TO AVOID OVEPRODUCTION




TAKEHOME s,
MESSAGE

5

/Q NEED FOR A "LONG" MATTER DOMINATED
EPOCH AND THEREFORE LOW REHEATING
e BOLTZMANN SUPPRESSED TEMPERATURE TO AVOID OVEPRODUCTION

PRODUCTION RATE AND POSSIBLE

DIRECT DETECTION SIGNATURES

e NO OVERPRODUCTION GAP BETWEEN
FREEZE-OUT AND FREEZE-IN AT LOW
REHEATING TEMPERATURES




TAKEHOME s,
MESSAGE

5

/Q NEED FOR A "LONG" MATTER DOMINATED
EPOCH AND THEREFORE LOW REHEATING
e BOLTZMANN SUPPRESSED TEMPERATURE TO AVOID OVEPRODUCTION

PRODUCTION RATE AND POSSIBLE

DIRECT DETECTION SIGNATURES

e NO OVERPRODUCTION GAP BETWEEN
FREEZE-OUT AND FREEZE-IN AT LOW
REHEATING TEMPERATURES

THANK YOU

Francesco Costa

Institute for Theoretical Physics,
University of Goettingen

This project has received funding/support from the European Union’s Horizon
@gg?%iggﬁLj}jI;EJC';M'j}(ERS'TAT 2020 research and innovation programme under the Marie Sktodowska-Curie
grant agreement No 860881-HIDDeN




BACK'U P Relativistic effect

0.150¢ rilllii;lllliiiiil;liilil'.'.
B *e

Non-instantaneous
reheating

Oh2(T)

MqyY =4 X My Yinst




BOLTZMANN SUPPRESSION

Scalar potential Boltzmann equation
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