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Hidden sector 101: Two baths in the early
universe

Standard Model

' Coupling?
|

Dark force...?

HS

DM ?

Hidden Sector



Hidden sector 101: generically have dark
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Goal: Probe models containing dark radiation
using cosmological observations
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Goal: Probe models containing dark radiation
using cosmological observations

* |If no dark radiation detected in future:
Constrain portal interactions with hidden

sectors
(Adshead, Ralegankar, Shelton 2022)

T Coupling?

 If dark radiation detected: Search for
HS interaction by checking adiabaticity of

Dark perturbations during BBN
radiation (Adshead, Holder, Ralegankar 2020)
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Neagr: A parametrization for dark radiation
abundance

* Nq¢r ¢ effective number of neutrino species
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* CMB sensitive to p,,: stl}/[ =2 (%) Zv — 3,044
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* CMB also sensitive to pgr: ANefr = - (7) ppdr
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ANq¢e - Typically discussed as constraint on
decoupling temperature
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Reinterpreting ANy¢ : Constraint on
interactions with out-of-equilibrium sectors
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Unified treatment tor calculating Nggs
constraints on beyond SM interactions




Unified treatment for calculating Nggs
constraints on beyond SM interactions

Strong Implications for model building with
HS containing dark radiation




Application of N¢ constraint : Relevant types
of interaction




Application of Nu¢ constraint: Millicharged
particle example
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Physics behind dark radiation production:
Boltzmann equations

Boltzmann equations:

d
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Energy transfer collision term
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nysics behind dark radiation production:
ots!

prHsa® (MeV?)
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Only the forward
part of the collision
term
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Physics behind dark radiation production:
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Physics behind dark radiation production: Out-of-
equilibrium ppgr proportional to portal coupling
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Physics behind dark radiation production:
Thermalized ppgr insensitive to portal coupling
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Physics behind dark radiation production:
Translating to constraints
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Physics behind dark radiation production :
Translating to constraints

10715

10—39§ thermalization

10—2_; —— ANeff= 0.3

-
o
|
o

prsat (MeV*)

—_
o
L

10742

10739 ;

<T>‘10
=
§10“”;
10-9- ; ;
Jo-t2 10° 101! 102 103 104

m¢ (in MeV)



10715
10—39E - )

-

o
|

o

prsat (MeV*)

—_
o
L

10742

10739 ;

thermalization

—— ANeff= 0.3

] 10°4
107414

prsa* (MeV
b l
n | T— —_
Q -
> 3
N
7
I —
W /s
9 7/
[0
=
I
=
(@)
|
~
\ coanl 0l Ll ol Ll PRI B

-9
Prs.eqa® T ANeir= 0.3 10 10°
10—42 : 1 : : A NS
10" 102 103 10°
Tsm (MeV)

10!

102
m¢ (in MeV)

103

104

Physics behind dark radiation production :
Most relevant when thermally decoupled
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Comparing Neff constraints: Future constraint

will extend to much larger parameter space
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Comparing Neff constraints: Dominant for My, >
0.1 MeV
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Comparing Neff constraints: Updating

prewous constraint
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Extending to general hidden sector




Extending to general hidden sector
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Extending to general hidden sector




Extending to general hidden sector

One can calculate a conservative Neff constraint on the millicharge
interaction that is independent of details of hidden sector.
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Minimum leaked energy independent of
details within HS
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Minimum leaked energy independent of
details within HS
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Minimum leaked energy independent of
details within HS
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Minimum leaked energy independent of
details within HS
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Minimum leaked energy independent of
details within HS
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Minimum leaked energy independent of details
within HS: Depends only on one BSM coupling

Beyond Standard Model g~
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Minimum leaked energy independent of details
within HS: Conservative constraint on BSI\/I coupling

Beyond Standard Model .
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Neff constraints applicable for wide class of
hidden sectors: Application to EDGES
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Neff constraints applicable for wide class of
hidden sectors: B-L model
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* With improving Neff measurements, we should interpret them as
constraints on portal interactions with out-of-equilibrium sectors

* Ny constraints on out-of-equilibrium particles are:

* Most relevant for portal interactions mediated by a particle heavier
than 0.1 MeV
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Goal: Probe models containing dark radiation
using cosmological observations

* |f no dark radiation detected in future:
Constrain portal interactions with hidden

sectors
(Adshead, Ralegankar, Shelton 2022)

T Coupling?
e |f dark radiation detected: Search for

interaction by checking adiabaticity of

perturbations during BBN
p (Adshead, Holder, Ralegankar 2020)

radiation

HS
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Adiabaticity: ‘sync’ between perturbations
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Adiabaticity: Related to early universe

production
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Goal: Use BBN observations to find dark
radiation isocurvature



Dark radiation isocurvature => Variation in Nggs

Psm, Ppr, H Psm> Ppr H

Patch a Patch b
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A
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Dark radiation isocurvature => Variation in Nggs

6psm + 0ppr =0

T
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Dark radiation isocurvature => Variation in Nggs

p'smP'pr H

Patch a Patch b
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Dark radiation isocurvature => Variation in Nggs

Patch a

p'=p+dp

P sm 5 ~ 4 o
Nett < =7~ ‘ ANegr(X) = ANege (1 + 3 5pr (X))
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Dark radiation isocurvature => Variation in He/H

Patch b
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¥y Galaxy b
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Constraint on dark radiation isocurvature
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Combined implication of projects



Massless lightest particle + portal interaction

=> |mpact CMB Neff

Mq, K 0.1eV

oo

MCD >MeV

I Collidexs £)

¢ = dark radiation

Pranjal Ralegankar

52



Massless lightest particle + no interaction =>
iInhomogeneous BBN

Mq, K 0.1eV

¢ = dark radiation
»cbﬂ

MCI) >MeV
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Backup slides



Millicharged particles must dominantly
annihilate into dark photons
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BBN constraints on dark radiation
ISoOcurvature



Likelihood analysis: Deuterium

D/H value from it" gas cloud
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Error in Deuterium nuclear rates
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