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UV freeze-in production of light relics
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• Freeze-out production:   

• UV freeze-in production via dimension 
interaction:

Γ(Td) ≃ H(Td)

4 + n
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Strongly dependent on the highest temperture t which 
SM species re thermlized (reheting temperture) 4

Effective number of 
reltivistic species

ΔNeff :
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Several BSM scenarios explored: 

• ALPs from Primakoff production 

• Massless dark photons  

• Light right-handed neutrinos in gauged B-L model 

• Light right-handed neutrinos with non-vanishing charge radius 
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UV freeze-in of ALPs from Primakoff production
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• ALPs: pseudo Nmbu-Goldstone bosons rising from the spontneous breking of globl 
symmetries in scenrios BSM. Dimension-5 coupling to photons:

ℒaγ =
1
4

gaγaFμνF̃μν

• Primkoff production: conversion of photons into 
ALPs in presence of the mgnetic fields generted 
by chrged prticles in the primordil plsm

ΓPrim(T ) =
αemg2

aγ

36
gq(T ) ln ( T2

m2
γ ) + 0.8194 T3

Bolz, Brndenburg, Buchmuller: Nucl. Phys. B 606 (2001) 518–544
Cdmuro, Redondo: JCAP02(2012)032
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UV freeze-in of ALPs from Primakoff production
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Next-genertion CMB experiments cn probe the freeze-in regime                                                                                   
Strong constrints for high enough reheting tempertures!
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UV freeze-in of light RH neutrinos in gauged B-L model

• This model includes 3 RH neutrinos nd  new Z’ boson:
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ℒ = g′ Z′ μ ∑
i

[ 1
3 (ūiγμui + d̄iγμdi) − ēiγμei − ν̄L,iγμνL,i − ν̄R,iγμνR,i]

• In the limit    this becomes  point interction:MZ′ 
≫ Treh

• RH neutrinos produced from fermion-ntifermion 
nnihiltions:
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UV freeze-in of light RH neutrinos in gauged B-L model

CMB observtions llow us to probe higher msses of the Z’ boson
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Conclusions

• The CMB is  powerful observble to constrin the presence of light species BSM 

• In prticulr, the improved sensitivity of next-genertion experiments will llow us to 
probe regions of prmeter spce where the light relics re produce vi freeze-in 

• For high enough reheting tempertures, strong bounds on light relics produced vi 
UV freeze-in. These will complement, or surpss, strophysicl nd lbortory 
bounds 
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Thnk you!
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