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Light Relics

e Relativistic DOF at recombination
contributes to N g
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Light Relics

e Relativistic DOF at recombination
contributes to N g

7 4 4/3
Prad = g eff PCMB
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* N gm = 3.044, but enhanced by axion*
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*See talk by F. D’Eramo earlier today



The Axiverse

e String theory — O(100s) axions associated with 0-modes of gauge fields
e Log-uniform masses and similar decay constants
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The Axiverse

e String theory — O(100s) axions associated with 0-modes of gauge fields
e Log-uniform masses and similar decay constants
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The Axiverse

e String theory — O(100s) axions associated with 0-modes of gauge fields
e Log-uniform masses and similar decay constants
» Toy N,, =2 setup B e g

7 ——a B0, ——m 297 — gpFF

491
300
200

100

50
1

| .
— —0d,a.0"a, ——aMza — a FF

9 Kol 9) gd}’?’

BIISR domains
Stellar
Supermassive




The Axiverse

e String theory — O(100s) axions associated with 0-modes of gauge fields
e Log-uniform masses and similar decay constants
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Supermassive

» Planck bounds N.>% =9




N ¢ from Oscillations?

« Does mixing lead to freeze-in N 4 of sterile axions?
» Analogous to Dodelson-Widrow

Stars as Laboratories for Fundamental Physics,
prOb(Ve—*V“) Raffelt (1996)




N ¢ from Oscillations?

« Does mixing lead to freeze-in N 4 of sterile axions?
» Analogous to Dodelson-Widrow
e Mixing important < 1 <1 . above T,

Stars as Laboratories for Fundamental Physics,
prOb(Ve—*V“) Raffelt (1996)
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N ¢ from Thermalization

e Dimension-5 axiverse EF'T below f,
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N

-¢¢ from Thermalization

e Dimension-5 axiverse EF'T below f,

F
cYa .
= — — a-GG + E —661 4

e J axions assoclated Wlth gauge bosons
» 45 axions associated with fermions/flavor
o If all were in thermal equilibrium, that would violate Planck bound!



Dimension-o6 EF T

« As T~ f,, EFT begins to break down
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Dimension-o6 EF T

¢« As T~ f ., EFT begins to break down

« Quadratic in axion field = thermalizes rank(c,,) axions!
* Due to large yield, freeze-in also important



Hadronic Axiverse, Dim-5

Hadronic Axaverse







Conclusions

« Axiverse phenomenology rich and underexplored
« May lead to large N4 signals at ongoing CMDB experiments
o Currently analyzing Axiverse thermalization from flavor operators









Orthogonal Axiverse

e Axion EF'T at dimension 5
F.ik

Ci O‘G F.jk
= — — GG + 0,0 " g
L= "G Ly, sza”b VT
e Use Gram-Schmidt orthogonalization procedure for “flavor” basis
s _ _ 1 foento ; lings to all oth t
=T ot adocpGG + [couplings 1o all other operators]
1 o, - ,
e a,WW + [couplings to all other operators except QCD]
+ ...

+ [N — Ng), sterile axions]



Axion osclillation

prob(Ve_)V,J) 3_direCt’n

B ("Magnetic Field")

P (Polarization Vector)
2—direct’'n

1—direct’n

Stars as Laboratories for Fundamental Physics, Raffelt (1996)



What can the CMB do for us?

« Exciting time to think about the CMB:
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