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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 with 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:
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nysics behind dark radiation production:
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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
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Physics
Most re

10—39 .

oehind dark radiation production :
evant 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
details within HS

$°10740 4
(pHS> Mp L 107774

— x —1L v

Psm/ iy T =

, B
Ss—4m T1n-41 ]
f 2 Qlo ]
L=m jds OF f by K :

¢ = My oTe 0oy X
Leak factor

o @ 10_39 -

\.\
—_——————— e g

" —
3
S~
N

I
Prsa*

—-= Cra’/F

| === Pus,eqd® 7 ANefr =
10742 +—

LB | L ! - LA L | ! L)
10t 102 10°
TSM (MeV)

eaked energy independent of

<3

10

26



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
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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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Summary

* 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

e Orders of magnitude stronger than collider experiments

* Constraints largely independent of internal hidden sector model

* Simple way to calculate: L < g>/*(4A) g*l/3(A)ML(ANeff)maX
Pl

my mem, My my
e

m,
5-' LI Iflll’l U B T T T T I| T "':
: Q : Do Sp%n—ll -
2 o P — Spin-5 -
: s = Spin-0
1E P
0.5F , -
[ : — k .
) - Current limit (20) 1 o .
10 iaiinn b it | LI ai
0.1F ' A\ B -
a — 40.054
005¢ Future térget 30.047
= : =40.027
0.02F i
001— ST R RT ST S Y LT BT ST BT BT BT
1075107410720.01 0.1 1 10 100 10® 10* 10° 10°
TF [GCV]
Stellar LHC I/
|
1072 !/
/
/
/
107 /]
[ A——
Q
1076 _,,-;-r—'—’—'f‘"”‘;ﬁ/
-
1078 > -
- ———- previous CMB constraint —-— CMB ANg+=0.06
=== —— CMB ANes=0.3 -=-= CMB ANes=0.027
10710 T T T T T T 32 T T
1071 10° 10! 10? 103 104 10° 10°

m (MeV)



Backup slides



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

1 / !/ !/ !/ / — 1 !/ !/
Lint D _ZF wF* +g Zulg—L,SM —g ZMZVRJ)/”VRJ +EM§'Z hZ,
i

35



Millicharged particles must dominantly
annihilate into dark photons
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