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21cm Line and Cosmic Dawn
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21¢m line photons are emitted from
the hyperfine structure transition of
the hydrogen
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Spin Temperature

* The excitation temperature of 21 cm line is known as the
spin temperature, n1/ng = g1/goexp(—=T1%/T's)

* Depends on i) CMB Ii) gas temperature iii) Lya photons
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Problems in EDGES Results

Large absorption feature

than expected
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Smaller spin temperature,
Larger background

temperature,
Larger optical depth

Do0i:10.1038/nature25792



Problems in EDGES Results

Large absorption feature

than expected 0.2

| ol

‘Dark Matter - Baryon Interaction

‘Interacting Dark Energy scenario

< -0.2

S

! E
Constraints on model parameters 0.4
-0.6

Do0i:10.1038/nature25792

I



Effects of the Interactions Between DM

and Baryon Fluid

 There is a temperature difference as well as velocity difference
between the DM and baryon fluid.

* The interactions between two fluids of different temperature will heat
up the colder fluid and cool down the warmer one. Also for the

different velocities, a heating term can arise.
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 The dragging term to damp the relative velocity
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J. B. Munoz, et.al, Phys. Rev. D 92, 083528 (2015).



Effects of Interactions Between DM and

DE on 21cm Absorption Line

« Considering the interactions between DM and DE, the
continuity equations are given as

(1 + ) H() X~ 3H(2)py = —@Q
(1+ 2)H (=) d;);ie — 3H(2)(1 + w)pge = @

 Modification of the evolution of the Universe due to this
Interaction

H(Z) 7& HO \/Qm()(l -+ 2)3 -+ QdeO(l -+ 2)3(1+w)

* It will modify the optical depth




DM-DE interaction (contd.)

 Three phenomenological models of this interaction are
M — 1 Q=3 )\H(Z)pde ;

M —1I Q=3 AH(z)py ,
M —I1T Q=3 AH(z)(pdae + px)
« Experimental constraints on these models

Model w A Hy
3AH pae —0.9191+9-9223 —0.1107+9:985, 68.18 173
3AH pac —1.088+959%%% 0.05219+9-:9322 68.35"] 1%
3MH py, —1.10417+39257 | 0.0007127+9-:999256 | 68 91+9-575
SAH (pac + py) | —1.10573:9268 | 0.000735+9:099254 | 68 88+9-554

C. Li, et.al, Phys. Lett. B801 (2020) 135141.

 We will investigate that whether a IDE model, which is well in
agreement with the constraints given from other experiments,
could also be consistent in explaining the EDGES results.




Equations to Solve

 Temperature evolution of DM
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« Temperature evolution of baryon
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» Evolution of free electron fraction
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Hubble Parameter
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21 cm Brightness Temperature for

Model-1 for Different Cases

» EDGES limit —0.1K > AT3; > —0.8K, where ATy = (Th; — T3, )

0.5 . : 0.1

Om RN 0.05
05 | o 0
-0.05 &,
1s 0.1
:i 1.5 1 mx:O.lGeV 1 ;‘:_'_0_15 |
-2 02}
25| -0.25 |
-3 -0.3 ¢
-0.35 |
35 0.4
4 54}1 =10 —E—‘ | | ‘ |
01 005 O0 005 01 015 02 -0.45

G =0 ——

0.08
0.06 ™ Gag1=1 —=—o ]
0.04 | =
0.02 |

4 0L

.S-o.oz I
-0.04 |
-0.06 |
-0.08 |
-0.1

-0.12 ‘ - . . R&E‘ﬂ-a

-0.1 -0.05 0 0.05 0.1 0.15 0.2

541 =0.1 —— |1




21 cm Brightness Temperature for

Model-Illl for Different Cases
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Allowed Parameter Space
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Comments, We Can make

 The EDGES experiment has observed an excess trough in the
brightness temperature of the 21cm absorption line

Baryons-DM interaction /\ DM-DE interaction

 Larger DM-baryon interaction cross section, larger DM-DE interaction
parameter and smaller DM mass are more favourable to achieve the
excess absorption feature.

« When Model-l is considered for DM-DE interaction, EDGES results and
other experiment results are well respected but it is not so for other

two IDE models.
« DM-DE interaction raises the possibility of probing larger mass ranges

of DM that could have influenced the cooling effects.
I
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