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My research

Studies so far:

e thermal SZ effect from primordial magnetic
fields (arXiv:1705.10054)

e constraint on primordial magnetic fields from
21-cm global signal (arXiv:1812.00730)

Now working:

e constraint on primordial magnetic fields from
small-scale CMB anisotropy

e constraint on ultra-compact minihalos



My research




Introduction

Magnetic fields exist with various astronomical

objects
(e.g., galactic magnetic fields are ~10 micro Q)

“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.



CMB observation

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

Einstein equation:

If PMFs exist, magnetic energy- (2
momentum tensor can also create Gu = —F T
the curvature perturbation. metric ¢
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global signal

A Neutral Hydrogen Atom Hyperfine structure AEF = 59%107° eV,
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the distribution of neutral hydrogen atoms in high redshifts
=> matter density field, IGM thermal history, EoR process, ...




global signal

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

In 2018, EDGES claimed that they detected the 21-cm
absorption signal around 78MHz~1.4GHz/(1+17)
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We focus on the absorption
at the dark age (z~17)
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IGM thermal histor

standard case (w/o astrophysical heating sources):

Tk < Tcmg around z~17 (absorption)

temperature T [K]
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IGM heating from PMFs

PB (k) X BlMkanB

Calculation: Bimvpe = 0.1nG
e gas temperature 104 -
e ionization fraction :
e magnetic energy ¥ 103

density o
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e decaying turbulence 100- A e ——
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Calculate Tk with various PMF model parameters (B1 mpc, ng)

With 21-cm absorption condition as Tx<Tcms (for z~17),

Put the upper limit of PMFs.

.
. .
-------------------

01 EDGES -

constraint, ~ Previously

=> Bl Mpc < O]. nG

C)
5 —1. excluded region
=
A stringent constraint 8 5
for -3 <ng< -2 =
—_— _3_ ----- Planck'l6
— = Saga+'18 \
—— This work (Z,ps=17.0) \\
—4

-3 —2 -1
scale dependence ng



I’m staying on 3rd floor until 13th,
so please feel free about discussion.
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2. Calculation Methods

Ambipolar Diffusion

For weakly ionized plasma, charged particles feel

__ (VxB)xB

Fiorentz = A’ and Fdrag = ¢ pppi (Vy — v1)
& = Glen_l__n?_l : drag coefficient [cm3/g/s]
By assuming total force to be zero, Figrentz + Farag = 0,
Vi — P = FLorentz _ FLorentz 1
T Epp Epp xe(1—xe)

. . . . . X, : ionization fraction
Heating rate for ambipolar diffusion is °

|((VXB)XB|*1 — x,
16m2épt  x,

QAD — Fdrag (Vi —vp) =

(Shu 1992, “Gas Dynamics”)
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2. Calculation Methods

Decaying Turbulence

In flat-space, the scaling-law of the magnetic energy is

AN 2(ng + 3)
~ ~ Ng
Ep = Epini 1+ =— =
B B,init ( td) Wp Ny + 5
Ep = Ega* physical variables in matter-dominated era
dt = a3/2dt Wi
4 4 In(1 + tq/Einit)
Epa™ = Ep init Qinit
In(1 + tq/tinic) + In(t/tinic)

[In(1 + tq/tinic) ]"? . (_ @)
[In(1 + tg/tinic) + In(t/tini) |WB*E t

The heating rate for decaying turbulence is

1
3w B|? 1 tq =
O = 20y B 17 KearVa
2 8w In(1 + tgq/tinie) + In(t/tinic)

a7 (Ega*) = Eginit Qinit "

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



2. Calculation Methods

Evolutionary Equations
» Kinetic temperature of IGM gas

dTx Xe  8PcMBOT Qap + Opr
dt —2H T+ 1+x, 3m,c (Tems = Tid) + 1.5kgny
»lonization fraction of IGM gas
dx,
dt = YeNpXe
3E;, 1+ K,Anp(1 — x,)
. 2 . . 10N
" [ GelpXe + Pe(1 = Xe)exp ( 4kBTCMB)] T+ Ko (A + Bo) mp (L — x0)

» Energy density of the PMFs

d (1B, IBE
i\ ar )" - (Qap + QpT)

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