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Why Dark Radiation?

◮ Why more "dark stuff"?
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◮ If the excess is real...

• New relativistic species at T & eV

• mDR ≪ eV (usually) → suppressed interactions with SM
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◮ fa ≫ EW scale → Hierarchy Problem
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ã

a

 (GeV)sm
310 410

B
F

-510

-410

-310

-210

-110

1
 a + a→s 

 g + g→s 

g~ + g~ →s 

a~ + a~ →s 

 = 0.5 TeVa~m

 = 1.6 TeVg~m



Cosmological Evolution

0R/R
510 610 710 810 910 1010 1110 1210 1310 1410

)4
 (

G
eV

ρ

-2110

-1510

-910

-310

310

910

1510

2110

2510

1Z~

a (DM)

a (DR)
a~s

SM Time

8
10

9
10

5
10

610

7
10

810

910

1010

1110

1210

1310

1410



Cosmological Evolution

0R/R
510 610 710 810 910 1010 1110 1210 1310 1410

)4
 (

G
eV

ρ

-2110

-1510

-910

-310

310

910

1510

2110

2510

1Z~

a (DM)

a~s

SM Time

8
10

9
10

5
10

610

7
10

810

910

1010

1110

1210

1310

1410

◮ ∆Neff increases with τs



Cosmological Evolution

0R/R
510 610 710 810 910 1010 1110 1210 1310 1410

)4
 (

G
eV

ρ

-2110

-1510

-910

-310

310

910

1510

2110

2510

1Z~

a (DM)

a~s

SM Time

8
10

9
10

5
10

610

7
10

810

910

1010

1110

1210

1310

1410

◮ ∆Neff increases with τs

◮ ∆Neff ∝
nsms

TsD
∝

fa√
ms



∆Neff in the PQMSSM

 (GeV)af
910 1010 1110 1210

T
P

ef
f

N∆

-210

-110

1

10

210

 < 1.5effN∆0.5 < 

 = 1.6 TeVg~m
dec >> TRT

 = 5 TeV
a~

 = 2 TeV, msm ∆Neff ∝
fa√
ms

✖



∆Neff in the PQMSSM

 (GeV)af
910 1010 1110 1210

T
P

ef
f

N∆

-210

-110

1

10

210

 < 1.5effN∆0.5 < 

 = 1.6 TeVg~m
dec >> TRT

 = 5 TeV
a~

 = 2 TeV, msm ∆Neff ∝
fa√
ms

✖

→ ∆Neff ∼ constant at large fa



∆Neff in the PQMSSM

0R/R
910 1010 1110 1210 1310 1410 1510 1610 1710 1810

)4
 (

G
eV

ρ

-2210

-1710

-1210

-710

-210

310

810

1310

1810

1Z~

a (DM)

a (DR)

a~
s

SM

Time



∆Neff in the PQMSSM
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ã → g̃+ g → ... → Z̃1+ radiation → Entropy injection!

→ ∆Neff ∼
ρ(s→aa)

ργ+ρ(ã→Z̃1+γ)
→

ρ(s→aa)

ρ(ã→Z̃1+γ)
∼ constant (fa ≫ 109 GeV)
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∆Neff ∼ 1 → mã & 100ms!

But...

mã . m3/2 ∼ ms (J. E. Kim, M.-S. Seo, Nucl.Phys. B864 (2012) 296)
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∆Neff in the PQMSSM

◮ What if the axino is stable?

◮ ã LSP:
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No entropy injection

→ ∆Neff ∼ 1, if fa & 1011 GeV
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ã LSP

◮ ã LSP:

NLSP → ã → DM = ã + a
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Conclusions

◮ If∆Neff ∼ 1:

◮ mã ≫ ms (FT?)

◮ *Saxions can be NTP (∼ FT)

◮ or ã = LSP! (mã ≪ mZ̃1
)

• DM = ã+ a

• Z̃1 → ã+ Z/γ

• no WIMP signal!

• DM ≃ a (most likely)

• Within reach of ADMX-II

(but not IAXO!)




