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Years after the Big Bang
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Goal of the work: L.ook for BSM
models that can explain the
predicted 21 cm signal and also
could be tested 1n future
experiments.

Dark matter spin flip model



Spin temperature of neutral hydrogen
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Determininating T,

no(Bo1 + Co1 + Po1) = n1(A19 + Bio + Ci0 + Pio)
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Evolution of the spin temperature
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Spin Temperature couplings
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Dark matter spin-flip interaction model
L = ig, Xv*V°xVy + igeer" v eV,

5 parameters: (X y (e, TTLy f, ™My

)(\\\\\/////)( Xt Hg = ¢ | i

V Two distinct effects:
1. Direct change of spin temperature
Do1 Dy

2. Energy transfer between the dark matter and gas

r,




Elastic, massless mediator

V(r) = e (S, -8y % o i
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Singularity cut-off by mediator mass or threshold momentum
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~ Modified rate balance and spin-
temperature
no(Bo1 + Co1 + Po1 + Do1) = n1(A19 + Big + Ci0 + Pio + D1o)
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Parameter space of the model

* We get a strong =10
broadband absorption
signal
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Strong coupling benchmark
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Weak coupling benchmark
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Spin Temperature couplings

Intermediate coupling benchmark
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Constraints:
e Light mediator
* Short range forces
mm-nm scale
 Collider searches
. Stellar cooling ANg
e Extra-radiation species

* Cosmological constraints
 Kinetic decoupling
* Self-interaction
* Freeze-out
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Key Results
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Back up

Years after the Big Bang

400 thousand 0.1 billion 1 billion 4 billion 8 billion 13.8 billion

The Big Bang

>

DO
e
wmﬁ\?

Present day
-

(o)
=
=8
=3
O
S
Se
=N
=
w
e

1393(qo [eal

3 5 & . Red = y . . .
Fully ionized L . = Fully ionized "--'~ -

10 1
1+Redshift

v = 1420/(1 ¥ 2) MHz L, = 2kpT"5

Blackbody
expectation

Tb = c” IV

2]6‘31/2

ST [measured [CMB , =
p X 1 = = measure of net absorption or emission
at different redshifts



Evolution of the gas kinetic
temperature
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Excess gas cooling models

= == standard cosmology

—== @XCess gas cooling - EDGES best-fit template
0
—-200
c —400
E
Q
S —600F
—800¢F
—1000 :
i | 1 1 1 1 . 1 1
0 20 40 60 80 100 120
v (Mhz)

Barkana 2018,

Munoz and Loeb 2018,

Berlin, Hooper, Krnjaic, McDermott 2018,
Barkana, Outmezguine, Redigolo, Volansky, 2018
Kovetz et al 2018, ...



e Light mediator
* Short range forces mm-nm scale
» Collider searches 10-13.
« Stellar cooling
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