Dark Radiation Constraints on Mixed
Axion/Neutralino Dark Matter

André Lessa
University of Sao Paulo

Moriond - March 11th, 2013

H. Baer, K. J. Bae, AL, arXiv:1301.7428



@ What is Dark Radiation?

@ Axions and Dark Radiation

Supersymmetric Axion

@ CMB Constraints

@ Conclusions



What is Dark Radiation?




What is Dark Radiation?

» Number of relativistic species during matter-radiation decoupling (T ~eV):
pr = p~ +Nyp, + 777
v

N
"Radiation"

Neutrinos Dark Radiation



What is Dark Radiation?

» Number of relativistic species during matter-radiation decoupling (T ~eV):
pr = p~ +Nyp, + 777
v

"Radiation" Neutrinos Dark Radiation

> Or: Nejr = ”Ppﬂ — 3.04 (SM)



What is Dark Radiation?

» Number of relativistic species during matter-radiation decoupling (T ~eV):

pr = p~ +Nyp, + 777
N

"Radiation" Neutrinos Dark Radiation

> Or: Nep = "Eetex — 3,04 (SM)

Nesr and CMB: e
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» What if the excess is real?

* New relativistic species at T 2 eV
* mpr < €V (usually) — suppressed interactions with SM
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— small couplings ¢/
» Coherent Oscillations — CDM

» Also produced thermally:

a,

Relativistic ¢/

— — Below CMB sensitivity

(Can not explain possible excess)
» Non-thermal production?
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» f, > EW scale — Hierarchy Problem — Supersymmetry
» Supersymmetric Axion:

a— A=

s + ia + a
saxion axion

axino
- SM + a — MSSM + a,s,a = PQMSSM
- Couplings:

— Non-thermal axion production
(if ms > 2mg)
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Supersymmetric Axion

» PQMSSM Masses:

Mass Scale
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How are saxions produced in the early universe?
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» Thermal Production
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» Thermal Production

» Coherent Oscillations:

T o Ta/ 2 \/
S S 0 28
* 0s is UV dependent (inflation)
(0sfs = so)
— plf < To/f]

* Dominates at large f; and low Tg
* Dominates at small f; and high Tx
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» Thermal Production of Saxions:
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CMB Constraints on TP

» Thermal Production of Saxions:
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» Saxion production increases with Tg
...but axino production increases at the same rate!
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— Below WMAP9 sensitivity!
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» Coherent Oscillation Production of Saxions:

* Relevant at large f; — suppresses TP (no axino dilution)
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* ANgs < 1.6 — Upper bound on f;!
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CMB Constraints

» Dark Matter:

* & ..Z1 + X — Qz h” enhancement
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Conclusions

» Current CMB data starts to become sensitive to SUSY axion models

» In the mixed axion/neutralino DM scenario:
» TP of saxions is still unconstrained...
...will start to be probed by Planck data

* Large CO saxion production is already excluded by AN.# < 1.6
(f5 < 1013 Gev)

© ANeyr < 1.6 — Q3 h* > QY*Mp?
1 4}

— DM ~ Z1 (WIMP Signal)

» If Planck confirms the excess in ANef:

» "evidence” for CO saxions (large f; — ADMX)
or

* axino LSP — no WIMP signal!
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Cosmological Evolution

» Thermal Production:
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CMB Constraints

» Scan over parameter space:
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Experimental Constraints
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Dark Matter and Dark Radiat

> Bino LSP (24*"h* > 0.11)

WMAP Excluded
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Dark Matter and Dark R

» Higgsino LSP (Q“E”lss“”h2 < 0.11)
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Supersymmetric Axion

T > Nocp: ma =0

» Axion production: coherent oscillations** (CDM)

T < Noco: ma # 0

ocVa, =

92f2
)
» Saxions can also oscillate, if s # 0

co
Pa

=0

» CO behave as cold matter (p o R

» §;is a random number of order 1

[m]



	What is Dark Radiation?
	Axions and Dark Radiation
	Supersymmetric Axion

	CMB Constraints
	Conclusions

