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Outline

¸ Particle Dark Matter Effects on the CMB

¸ DM ź CMB anisotropies ( Ionization)

¸ DM ź 21cm (Temperature)

¸ PBH formation ź CMB ?  
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8̀,Neff

CMB & 21cm: capable of EW, TeVscale DM search.
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Upcoming CMB pol.
AdvACTPol, AliCPT, Simons Obs., 
SPG3, S4, etc..
Very promising 21cm:  
coming closer? 
(EDGES, SKA, MWA, etc.)
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DM coupled

to the SM



The `standardô ionization history

Standard ionization evolution (pre-EoR)

Ionization rate (by radiation field):

Recombination:

Approx. capture rate
to a non-ground state
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Equilibrium 10- 4 10- 3 ionization fraction
can be sensitive to new physics:

* Energy release (ὩȟȟÅÔÃ)
* Kinetic collisions from NP.

* Anything new, e.g. extra soft ioniziations?



DM windows in xe history

Annihilation: raises the xe floor, Decay: steady rise in xe

Late-time

clustering

boost

EoR

starts 
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High -z:

Sensitive to 

CMB EE,ET pol.

Lower -z:

Sensitive to 21cm

requires Tgas info.



Impact from steady (high-energy) injection 

Å Deposit energy into IGM during the dark age of Universe

Å (1) Ionize (a fraction of) the IGM; (2) Heats the IGM

Å A small energy budget for a large impact

Continuum Indirect 
Search (Fermi- LAT, etc): 

IGM ionization 
pre- EoR(PLANCK)

IGM heating 
pre- EoR(21cm,projected)

On decay lifetime:

ʐ> 1024 s

ʐ> 1026 s  (existence)
Higher precision cosmic data
!ÌÓÏ ÎÅÅÄ ÍÏÒÅ ÔÈÅÏÒÙ ×ÏÒË ȣ

ʐ> 1026 s  (lines: ʐ> 1028 s )
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Possible Observations:



Formalism:  NP ionization

ü Extra amount of free electrons

ü Enhanced CMB scattering Ÿ Damping on Cl

SM:  H atom ionization 

and recombination

ionization from 

ground state

ionization from 

excited states

(+ other channels)
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Redshift dependence in injection rate

¸ Energy deposit ratecanbuild upovertime

¸ NP processes   different) injection history

DM Decay:   a steady rate, unaffected by structure formation

DM Annihilation : fast during high z,  

~ (z+1)6

~ (z+1)3

Late timedensity clustering boosts the annihilation rate after z~O(50)
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Velocity dependence:

requires special

treatment:

(i) redshift dep.

(ii) halo J - factor



Xe on CMB Cl:  damping & pol. peak shift

CAMB+HyRec

Large l damping may 

be degenerate to 

cosmological parameters.

Low l , esp. peak shift

in polarization spectra

are more effective

LSS broadening

increases polarization

perturbation amplitudes

* visibleshift in E pol. peaks

by enhanced monopole to

quadrature ratio

* enhances damping 9



Forecast on Thermal WIMP mass (eechannel)

PLANCK
AliCPT

CLASS

SPT-3G

Simons
Array

AdvACTPol

~ Keck/BICEP3

J. Cang, Y. Gao,  Y.Z.Ma,
Phys.Rev.D 102 (2020) 10, 103005

Simons
Observatory

(Projected limits)

*use optimal freq. bands

*use design noise level

and max. l- range:

*foreground subtracted

*stat. only. PLANCK

AliCPT+PLK
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Forecast on WIMP lifetime (decay to photons)

Photon sensitivity 

extends to lower 

(~KeV) DM mass 

range; 

AliCPT

CLASS

SPT-3G

Simons
Array

AdvACTPol

Simons
Observatory

PLANCK

AliCPT, China



Evaporating PBHs,  (low-mass)

PBHôs Hawking radiation 

has a dE/dt~(1+z)3 history

Significant sensitivity

in relevant mass range: 

M
BH

= 1014 - 17 g

PLANCK18 limits & forecasts:

ExtendedBH mass distributions,  see:   

J.Cang., Y.Gao., Y-Z. Ma., 2011.12244

PLANCK15 constraint:

S.Clark., B.Dutta., Y.Gao, Y-Z.Ma, 

L.E. Strigari, 1612.07738
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Excluded Ȣ

Excluded Ȣ


