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Self Introduction



Studies so far:
• thermal SZ effect from primordial magnetic 
fields (arXiv:1705.10054)

• constraint on primordial magnetic fields from 

21-cm global signal (arXiv:1812.00730)

Now working:
• constraint on primordial magnetic fields from 
small-scale CMB anisotropy

• constraint on ultra-compact minihalos
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Magnetic fields exist with various astronomical 
objects
(e.g., galactic magnetic fields are ~10 micro G)

“When and How are these magnetic fields created?”

One possibility is
“Primordial Magnetic Fields” (PMFs)
(generated by inflation, phase transition, topological defects, 
Harrison mechanism, …)

Consistent with observational results?
 -> Constraint from observational data.

Introduction



 CMB temperature anisotropy
• almost isotropic with T~2.7 K
• small anisotropy due to the metric 
perturbation caused by inflation

If PMFs exist, magnetic energy-
momentum tensor can also create 
the curvature perturbation.

CMB observation

Gµ⌫ =
8⇡G

c4
Tµ⌫
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Einstein equation:

matter (energy)
metric 

fluctuation

PB(k) / B1Mpck
nB
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Planck 2015 constraint

B1Mpc . 4.4nG
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(co-moving	value	at	recombination) Ade	et	al.	(1502.01594)



the distribution of neutral hydrogen atoms in high redshifts
=> matter density field, IGM thermal history, EoR process, …

21-cm global signal

proton

electron

A	Neutral	Hydrogen	Atom
1s	state	(n=1,	l=0)

Hyperfine	structure

spin	flip
21-cm	line

Δ" = 5.9×10*+ eV,
, = 	./0 	≈ 1.4 GHz,
3 = 	 45 	≈ 21 cm

spin	temperature
78
79

= 3	exp − Δ"
?@ABCDE



In 2018, EDGES claimed that they detected the 21-cm 
absorption signal around 78MHz~1.4GHz/(1+17)

21-cm global signal

Age	of	the	Universe	(Myr)

Redshift,	!

Br
ig
ht
ne
ss
	T
em

pe
ra
tu
re
	" #

$
(K
)

0	K

*(Bowman	et	al.	2018,	Nature	555,	67)

T21 / (Tspin � TCMB)
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TK � Tspin � TCMB
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TK  Tspin  TCMB
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The global signal should be 
emission when

and absorption when
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TK  Tspin  TCMB
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The global signal should be 
emission when

and absorption when

We focus on the absorption 
at the dark age (z~17)



IGM thermal history

!" ∝ 1+ & '

for z ≲ 200

!,-. ∝ 1 + &

standard case (w/o astrophysical heating sources):

TK < TCMB  around z~17 (absorption) 



IGM heating from PMFs
PB(k) / B1Mpck

nB
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B1Mpc = 0.1nG
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Calculation:
• gas temperature
• ionization fraction
• magnetic energy 
density

PMF heating 
effects:
• ambipolar diffusion
• decaying turbulence



Results
Calculate TK with various PMF model parameters (B1 Mpc, nB)

With 21-cm absorption condition as 𝑻𝐊<𝑻𝐂𝐌𝐁  (for 𝑧~17),

Put the upper limit of PMFs.

=> 𝐵1 Mpc < 0.1 nG

A stringent constraint
for −3 < nB < −2



Thank you for listening!
I’m staying on 3rd floor until 13th, 
so please feel free about discussion.



Ambipolar Diffusion
For	weakly	ionized	plasma,	charged	particles	feel	

!"#$%&'( = 	
+×- ×-

./
,		and		!0$12 = 	3	4&45	 6& − 65

By	assuming	total	force	to	be	zero,	!"#$%&'( + !0$12 = 0 ,
65 − 6& =
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Heating	rate for	ambipolar diffusion	is

?̇AB = !0$12 C 65 − 6& = 	
| +×- ×-|;

16F;34:
;

1 − =>
=>
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3 = G|6HI6J|

KLMKN
:	drag	coefficient	[cm3/g/s]

=> :	ionization	fraction

(Shu	1992,	“Gas	Dynamics”)

2.	Calculation	Methods



Decaying	Turbulence
In	flat-space,	the	scaling-law	of	the	magnetic	energy	is
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The	heating	rate	for	decaying	turbulence	is
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<# = 	
2(J# + 3)

J# + 5

!"# = !#2
3

7,̃ = 2M/F7,
physical	variables	in	matter-dominated	era

Olesen (astro-ph/9610154);	Sethi and	Subramanian	(astro-ph/0405413)

2.	Calculation	Methods
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Evolutionary	Equations
ØKinetic	temperature	of	IGM	gas
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ØIonization	fraction	of	IGM	gas
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ØEnergy	density	of	the	PMFs
!
!$
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2.	Calculation	Methods

RECFAST code	(astro-ph/9909275,	astro-ph/9912182,	1503.04827)


