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1. 21cm forest
probe of cosmic dawn/reionization
probe of cosmology (small-scale power spectrum)
Shimabukuro, Ichiki, SI, Yokoyama arXiv:1403.1605

2. radio sources for 21cm forest studies
radio quasars, Pop II1I GRBs (first SMBHs?)

3. fast radio bursts:
potential probe of ionized IGM
(missing baryons, reionization)
Inoue 2004 MNRAS 348, 999
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21cm forest (absorption lines)
- significant before cosmic reionization z>6

dN(>7,)/dz

| electron

- dominant signal from minihalos (M<10® Mg) W \\ .
- 10s of narrow lines (dv~ few kHz) out to z>~10 »=21cm
- sensitive to UV background 1 Furlanetto & Loeb 02
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21cm forest + mean IGM absorption Carilli, Gnedin & Owen 02
assuming Cyg-A like source at z=10
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eXp(_7—21cm)

exp( _T21cm)
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power spectrum of large-scale structure
consistent with CDM+A+adiabatic power-law fluctuations
down to galaxy scales

BUT
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power spectrum of large-scale structure
consistent with CDM+A+adiabatic power-law fluctuations

down to galaxy scales

minihalos M<10% Mg
k>~10 Mpc'!
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baseline results CDM-+power-law, no massive v or WDM

absorber abundance
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Shimabukuro, Ichiki

3 SI, Yokoyama
1 arX1v:1403.1605

NB: assume
] no UV background
1 no heating

- ~100-1 absorbers with tT~0.01-1 at z=10 -> BUT UV/heating important
- ~1-0.1 absorbers with t~0.01-0.1 at z=20 -> >~10 lines of sight required



neutrino mass Sm =0-1.0 eV

- light, massive neutrinos suppress

1
LSS below cluster scales PIO
dependmg on 2m, E
- current limits 21Oo
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running spectral index

- initial density fluctuations with
k-dependent spectral index 10
p(k)ockA(n(k)-1), or.=dn (k)/dlnk@

- discriminant of 1nﬂat10n models 2
- Planck 2013: n=0.9603+-0 0073*
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warm dark matter

- WDM strongly suppresses LSS
below my,py-dependent scale

- particle candidate: sterile neutrinog '

- solve missing satellite problem?
- current limits my,p>~1 keV

- My, pp~<30 keV: significant effect 107!
my,py<few keV: total suppression
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sterile neutrinos as dark matter: current constraints

10-7 T T 1
- 3
N L .8 '
= 10 g
H
@
1072
i ~
i)
n
P o E
§ 10-12 a
Iy
g
8 10713 g
|

2 5 10 50
Boyarsky+ 12 Dark matter mass M, [keV]

=



sterile neutrinos as dark matter: current constraints
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21cm cosmology: emission vs absorption (forest)

- emission (or absorption against CMB)
pro: 3D (all-sky + z-dependence) <-> 2D CMB
con: very weak signal << expected foreground

- absorption against high-z radio sources
pro: limited only by flux and number of sources
no or little foreground
con: limited by flux and number of sources
highly uncertain BUT interesting problem itself



potential background radio sources at very high z

required spectral resolution dv~kHz (3km/s) at v~<100 MHz
required flux for SKA
S/N 0.01 10°m? Ty | kHz 1 week

Smin = 16 mJy

5 T Aeff 400 K Av lint
Furlanetto & Loeb 02

radio quasar as | Ca[rilli + 021
background radio source " I
assuming Cyg-A like source at z=10 " *nﬂh i

;:’ | [”HM-‘
possible even with LOFAR? B ‘ T
Ciardi+ 12 :
BUT

sufficiently luminous (~massive BH)
+radio-loud AGNss at high-z?




high-z radio-loud quasars: expectations
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] assume:
{ - Mpy scales with M

similarly to low z

i - radio loudness distribution

same as low z

| results:
{ - number overpredicted by ~100

compared to FIRST obs.
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Sun

1 - expected no. at z>6
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~0.005/deg? for >10mly
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GRBs as background radio source
normal GRB afterglows

sub-GHz afterglow flux strongly suppressed
by sync. self absorption

-> high-res. spectroscopy difficult

(even though continuum detectable by SKA)

c.f. SI, Omukai, Ciardi 07 . da
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Pop I1I stars -> GRBs? expectations
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mass of Pop I1I stars?
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Pop III GRB afterglow 0%

- Toma, Sakamoto .

Pop 111 GRBs 10° & Meszaros 10
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GRB afterglows: forward+reverse shock emission

Progenitor
(massive star)

External
shocks

1)

Internal

Afterglow

t-dependent spectra
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ultrarelativistic outflow
+ external medium ->
decelerating shock ->
e acceleration
+synchrotron emission

forward shock:
radio-IR-opt-X afterglow
reverse shock:

optical flash, radio flare

Sari+ 98, 99, Sari & Piran 99
Panaitescu & Kumar 00,01,02
Kobayashi 00...

parameters:

E=10"3-10"" erg
T,=100-10000 s

n, =(0.1-)1 cm™
0=0.1,¢,=0.1,e5 =001
I';=300, ¢, =0.1, ez ,=0.01



normal GRB afterglow E=10°3erg, T,=100 s, z=20
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Pop III GRB afterglow E=10° erg, T,=1000 s, z=20
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Pop III GRB afterglow E=10>’
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Pop III GRB afterglow: E=10°7 erg, T,=10000 s, z=20
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Pop 111 GRB rates

1000.000 ‘

adapted from Liu, SI, Wang & Aharonian, in prep.
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probing ionized IGM with radio dispersion
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unlD extragalactic radio burst
Parkes multi-beam pulsar survey

S,~30Jy @1 .4GHz!
At~5ms

DM=375 pc cm™ >>DM,
> D~0.5 Gpe (z~0.1)
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fast radio bursts
Parkes High Time Resolution Universe survey
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FRBs/hour

fast radio bursts: future expectations Hassall+13

High Scattering

10° . .
Spectral Index ||
3 0.0
10% = -1.0 |
Bl -2.0
10t b Bl -3.0 |
I 4.0 |]
1 event/hour
100 L
I
ol [ T 1 event/day
1 T
107 i -i- _{_I _{_ I T
10°
10*
10°
o S ot & &® & & & & & &
S ,,3{3“’ é? oj:{ \9@%‘ v (&e @

Telescope

also Lorimer+ 13, Trott+ 13



fast radio bursts: potential cosmological probes
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Hell reionization

Kulkarni+
arXiv:1402 4766 |

Hell reionization

HI & Hel reionization

< 4 6 8

BUT need redshift measurement!
21cm absorption?
GRB association?
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