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Cold Dark Matter (thermally produced, WIMP)
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Cold Dark Matter (thermally produced, WIMP)
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( ~ mass of the CDM particle)

H = A ncpMm

Relic abundance;

QCDMhz ~ 0.1 x (

3 x 10720 [cm3/s]>

(ov)

m/Tfr ~ 20

ncom

0.01 f
0.001
0.0001
10

umber Density
I

...
<

Z jo-1e |

x a® nepm ; com. num. dens.

10 |
107 k

Increasing <o,v> ]

___________________

-~
R ————

10 100 1000
x=m/T (time -)

Kolb and Turner, “The early Universe”



CDM isocurvature perturbations

CCDM ; curvature perturbations on uniform CDM energy density hypersurface
( or density fluctuations of CDM on flat hypersurface)

difference between (cpy and C CCDM /\/\/\/\
/\/\/\/\
Scom = 3(Cepm — ¢) ¢

Scom =0

pure adiabatic. standard single inflation

A probe of the existence of the multi-scalar in the early Universe!

How about in the curvaton scenario ?



Thermally produced CDM iso.

In curvaton scenario
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Thermally produced CDM iso.
In curvaton scenario

n_CDM evolution
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after the curvaton decay, the Universe evolves adiabatically and

Ccpm = ¢ — Scpm = 0



Constraints
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Constraints

Known result

Current observational limit;

—SbDM/C
Biso < ().04 ;correlated
3
Planck 2015
Basically,
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ruled out

More detailed study!!
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Effect of fluctuations of freeze-out” hypersurface (T+E,95%CL)
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CCD]\,{ would be affected by curvaton fluctuations even for N_dec > N_fr



Revisit 1

* Taking into account of this effect

“sudden freeze-out” approximation

Lyth and Wands (2003)
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Our work

Kitajima, Langlois, Takahashi, SY in prep.
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Numerical study
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Numerical study
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Numerical study
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Point

Even for the case where the freeze-out occurs
before the curvaton decay,

isocurvature perturbations seem to be much
suppressed compared with sudden-f.o. formula.

What's the cause? >
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“curvaton-radiation” effect (revisit 2)
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“curvaton-radiation” effect (revisit 2)
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‘curvaton-radiation” effect (revisit 2)

Sudden freeze-out” approximation with curvaton-radiation
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Refined sudden f.0. formula

e numerical
much improvement!
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Kitajima, Langlois, Takahashi, SY in prep.
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Refined sudden f.0. formula
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" e numerical
much improvement!
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In the context of building a model, important point is

_SCDM/C ~ 0 for Naom < Vg

for rg ~ 1
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Implication (parameter constraint)

* Parameter space for the curvaton

Fdec > 0.16 (from non-Gaussianity) Excluded region (old)
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Isocurvature constraints for the curvaton scenario
is not severe than previously considered for larger 0; !



summary

* We revisit the CDM isocurvature perturbations in
curvaton scenario, especially for the case where
the curvaton dominates the Universe before decay.

(favored from the current constraints for the non-Gaussianity)

* We find that for such a case iscurvature perturbations
are completely suppressed for Naom < Ng

(related to the evolution of the curvature perturbation)

* We find isocurvature constraints for the curvaton
scenario is not severe than previously considered!



Need to include curvaton-radiation”

—SCDM/C ~ (0 for Ndom < Nt

Actually, this result seems to be trivial.

For N > N_dom, the Universe is completely dominated by curvaton,
and this means that the Universe evolves adiabatically.
(cf. reheating by the inflaton decay)

Weinberg 2004



Entropy production

r s=0.9999 €=>S f/S i~ 1000

; entropy production rate by the curvaton decay

S; entropy density in comoving volume
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backup
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Conventional understanding seems to be good.
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CDM iso curvature in terms of zeta

3 m

20060 — (5 T 7)) 3Qu 4 q
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Ccpm = Cr

e CDM isocurvature perturbations
trace the evolution of the curvature perturbations !

e ‘curvaton-rad.” is required to express the evolution of the
curvature perturbations.

In usual, we only need to know the final curvature perturbations
in the curvaton scenario, not important to trace the evolution.



Axion DM isocurvature in curvaton
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