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21cm Line

¥ 21cm linelor!H | line Is Higher energy  Spin
emitted when a triplet @ -
neutral'nydrogen atom
changes to the singlet. 11221“/2:}4\
¥ frequency ~ 1420MHz
wavelength!~ 21cm dactos T e
s - b
_ jls.gxm eV \ ‘
¥ photonOs energy N
"E=5.9*10 6 eV! h=21cm

T =0.06&
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https://en.wikipedia.org/wiki/Centimetre

21cm Cosmology

¥ The number ratio for hydrogens In the excited and ground states is

01 ' E T
———exp =3exp ! —
No Qo kB Ts Ts
¥ Tsis the debned effective spin temperature, and T,=0.068K is the
equivalent temperature for the energy difference

¥ absorption or emission

= 5 72"
y — T i 1 h2 * 1+z 015 T, (2)
0Tp = Tp! Temb [a@! !'To" 8mKExa (@) o5 15 e 1$ 1

XnHi - heutral fraction of the hydrogen atom Furlanetto+,2006



21cm Cosmology
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EDGES

¥ Experiment to Detect the Global Epoch of Relonization
Signature(EDGES), located at Murchison Radio-
astronomy Observatory in Western Australia;




EDGES

¥ Experiment to Detect the Global Epoch of Relonization
Signature(EDGES), located at Murchison Radio-
astronomy Observatory in Western Australia;

¥ excess signal the low-band for
50-100MHz (27>z>13), centered
at 78MHz(z=17.z2)

Bowman et al, Nature(2018)

and ©
népo.z-
iC% DP0.4
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fite

¥ The absorption is about factor 2
larger than the largest expected

o N value from theory.
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Possible Explanations

o 2 + . V2 |
ph 1+z 0.15 1% T (2)

0.02 10 ! ph2 Ts(z) '

Tor(2)! 1 Tp" 23MK# xy (2)

¥ Colder Gas
¥ DM-baryon scattering ( "'h 2 < 1%)

[ Barkana (2018); Berlin, Hooper, Krnjaic&McDermott (2018)
EE. ]

¥ Hotter Radiation

¥ New contributions to CMB at low frequency
¥ Dark Photon [ Pospelov, Pradler, Ruderman & Urbano (2018) ]

¥ AXiOﬂ [ Moroi, Nakayama & Tang (2018) ]
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Axion-Photon Mixing

¥ axion-photon coupling [axion-like-particle (ALP), a]

1 ,
Lint =1 Z0aaFy FH = g,aE 4B,

F. : EM beld strength tensor, F*' is its dual
Ja. the strength of the ALP-photon coupling.

¥ In the presence of background magnetic field B, an
effective mixing rises between a and photon

' 2
M 2 = Ma Egaf’! | E Energy
EgaB. 15 B, perpendicular
¥ Plasma frequenc o
. Y 1 0(2) = 4#r:e(z) | 16" 10 Mev(1+ 2)¥2x 22,
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Plasma Frequency

¥ Free electron fraction

T ||||||||
In%

. #ng(2)
l 0(2) = M.
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Axion-Photon Mixing

¥ ALP-photon system evolves as

ig- ! il\/lz- El
d [!! 2E IR
¥ Two mass eigenstates
al _ - cos'y, sin", |1
II! " sin"y, cos'y 12!
¥ Masses and mlxmg angle
mz= Moy T2 e (Egm )
(2EQaB: )? .

m

Sin2(2!m) = (2EgaB )2+(|| 2 | ma)2 p
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Conversion Probabillity

¥ If propagate adiabatically from Ato B
d! Mz2" M2

dt 2E
¥ In this case, conversion probabillity Is given by

1 !
P, =1 é(1+c032!AcoszB) /
N E’!B! 0" Pa 1 ! 1 : I

CMB spectral distortion
Py 1! 104 |

¥ Adiabatic approximation is not valid in our setup,
mostly-violated around the resonance regime
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Conversion Probabillity
¥ Generally
Pa 1! %+ P % cos2,cos2g,0# P # 1
P = 0 adiabatic

Level-crossing Probability

[Mirizzi, Redondo & Sigl(2009)]

¥ Landau-Zener transition

H | MP_ 1 mi  EgB P=exp " 2 Hip
- 2E 2E EQgaB. !g | |[d(H11 " Hzp)/dt |
¥ Our case . s
Py =11! exp ! 21 r sin . 'rgzB: E,
- 2E/m 2 m2
. o EgaB! EgaB! . 2
sin! = | GEo.B, )2+ (mi)? ! = (L dlztl P —3H + dIr;ItXe
Eg.B: ! mj H : Hubble parametel
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Conversion Probabillity
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Application to EDGES

¥ Differential energy fraction
I - |¥ Moduli decay
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2| T e e 2™
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Estimations
¥ Energy fraction of photon in EDGES frequency range

1'% ToE“dE
(EDGES) | 0 T 1 10
f | —eras | 25#10°%,
¥ Energy fraction of ALP Modui deglé
¢ (EDGES) - dEEdn,/dE f,! 0.4
a " | J
- a
¥ To Increase #s In the EDGES range by an amount
| af (;(1EDGES) P. | (EO) 1, f!(EDGES) |
Pa 1 (Eo)! 11" 10° FEDGES) | N, . 1 N | o.;%!!’
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Parameter Space
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¥ Above the solid red curve, excluded by CMB distortion [Mirizzi, Redondo & Sigl(2009)]
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Future Tests

¥ Axion experiments

¥ IAXO,E

0. < (a few)! 10 2GeV' !

¥ CMB measurements

¥ PIXIE or PRISM

¥N el
¥ 21cm observations

¥ SKA, HERA, E
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Summary

¥ We discuss a scenario that the recent observed
excess of 21cm signal at EDGES Is explained
by Increasing the radiation temperature at the
low frequency range.

¥ Especially, we present a scenario where axion
IS converted to photon resonantly.

¥ Future experiments on Axion, CMB Nes, and
21cm can provide further tests.
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Thank you!
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EDGES
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Conversion Probabillity

¥ Adiabatic
Py = P (P
i
! #" # #
_cogl, sinfla, 1 0 coflg sin®lg
" sin“ly, cof!y, 0 1 sinflyg coflp
¥ Generally
Pry = P!A! iPi|!3 ijE? "
N
! #" #" #
_coly sin®ly, 11 P P colg sin’lg
"~ sin?ly cofl, P 1! P sinflg codlg
P = ]11)2"|°
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Decay
¥ Moduli Decay

3
R -1 M
T 2T ot
I 1 H
:: 4 " 103 G V 7 f o2 7U1 ueV o2
# eV T8 Gev E peak
if 1 <H--
m | ) 'l 2a % Tf TR&4/3%1 V&' i (’
:: " e
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¥ Abundance
1_ I 2 | TR | L ’
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