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Primary Agenda 
Topics

● Relation between particle DM 
model and cosmology

● Analysis with EDGES 
observation

● Signatures at Dark Ages

● Impacts at other eras

● Conclusion



Why 
astroparticle 
physics …

● Particle physics provides 
behaviour of elementary 
particles

● Cosmology and astrophysics 
help to understand the 
development of the universe

● … can bring more stringent 
constraints on the properties of 
the particles



past present

Dark age no astrophysical objects (z≳50)

Cosmic Dawn first stars, galaxies formed (z~30) 

Reionization everything started to ionize again(z≈30-5)

1+Redshift



Signature of Dark Matter on 21-cm Cosmology

Gas medium
Source

Detection

Carries the information of the ‘medium’

An important probe for Dark Matter



Signature of Dark Matter on 21-cm Cosmology

where,

Equation Ref.: Pritchard et. al. Rep. Prog. Phys. 75, 086901 (2012)



Signature of Dark Matter on 21-cm Cosmology

where,

EDGES data: http://loco.lab.asu.edu/edges/edges-data-release/Equation Ref.: Pritchard et. al. Rep. Prog. Phys. 75, 086901 (2012)
EDGES: Experiment to Detect the Global Epoch of Reionization Signature
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EDGES upper 
bound

http://loco.lab.asu.edu/edges/edges-data-release/


Signature of Dark Matter on 21-cm Cosmology

We can increase the 
radiation temperature

Excess radiation is 
supported by ARCADE-2 
experiment

(Fixsen et. al. (2011) ApJ 734)



Signature of Dark Matter on 21-cm Cosmology

We can cool the 
gas temperature

We can increase the 
radiation temperature

Excess radiation is 
supported by ARCADE-2 
experiment

(Fixsen et. al. (2011) ApJ 734)

DM+Baryon interaction



Z3 Symmetric Dark Matter

X  ⟶ exp(i2π/3)X

Semi-annihilating Dark Matter Co-SIMP 2→3 interaction

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)



Semi-annihilating Dark Matter Co-SIMP 2→3 interaction

Always heats the gas A possibility to cool down the gas
DP, A.Dey, A.D.Banik, S.Pal ( JCAP 11(2023)015)



Semi-annihilating Dark Matter

DP, A.Dey, A.D.Banik, S.Pal ( JCAP 11(2023)015)



Semi-annihilating Dark Matter

DP, A.Dey, A.D.Banik, S.Pal ( JCAP 11(2023)015)

EDGES upper 
bound

EDGES lower 
bound

Modelling of excess radiation over CMB 
measured by ARCADE

(Fixsen et. al. (2011) ApJ 734)

β



Co-SIMP 2→3 interaction

∊ [0.56,1.51]

= 1.5x 10 -22 cm3/s

EDGES upper 
bound

EDGES lower 
bound

DP, A.Dey, A.D.Banik, S.Pal ( JCAP 11(2023)015)



SARAS 3

Wait!!... there is a debate

EDGES

SADM Co-SIMP

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)



● Lunar Surface Electromagnetics Explorer (LuSEE Night )
● Dark Ages Polarimeter PathfindER (DAPPER)
● Probing ReionizATion of the Universe using Signal from Hydrogen (PRATUSH)
● . . .

Impacts at dark ages

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)
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DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)



Impacts at dark ages

Effects are distinguishable 

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)



cosmological params model params

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)



cosmological params model params

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)



Planck 2018 (high-l TT+TE+EE, low-l TT+EE)

DP, A.Dey, A.D.Banik, S.Pal ( JCAP 11(2023)015)



Planck 2018 + BAO

DP, A.Dey, A.D.Banik, S.Pal ( JCAP 11(2023)015)



Co-SIMP model is consistent



Co-SIMP model is consistent

Co-SIMP model is consistent with CMB and BAO data

It retains the success of ⋀CDM at large scale



+ Neff

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)





Stands out around the 
controversy  between 
EDGES and SARAS 3

We are able to show that both the 
models can sustain for a particular 
set of model parameters if EDGES 
needs further reassessment. 

2

Addressing the EDGES 
signal

Z3 symmetric DM model has a 
potential to address the depth of 

EDGES absorption feature 

1

Retain the success of 
LCDM at large scale

Our chosen models are consistent 
with other cosmological obs. e.g.  
CMB, BAO. 

4

Impact at dark age

At the dark age, both the models 
have distinctive impacts

3

DP, A.Dey, A.D.Banik, S.Pal 
( JCAP 11(2023)015)

Summary:



Thank You



Reserved Slides…



What the 21-cm signal is …

HI hyperfine transition;
Spin flip between proton and electron

Emitted frequency, 𝜈 ≈ 1421 MHz

Wavelength, λ ≈ 21 cm 

Fig. Credit: blog of Abraham Loeb



Semi-annihilating Dark Matter
DP, A.Dey, A.D.Banik, S.Pal 
(accepted for JCAP)

Modelling of excess radiation over CMB 
measured by ARCADE

(Fixsen et. al. (2011) ApJ 734)

β



cosmological params model params

DP, A.Dey, A.D.Banik, S.Pal 
(accepted for JCAP)


