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Talk by A. Mesinger

Probe of the ionization state 6T, ~ xy; ...

Observed wavelength < distance

21lcm x (1 + 2)
: ﬁ Not only!
oA It can also be used as a cosmic thermometer and radiometer
T
6Tb~xHI [1 — CMB]...
Ts

 Ly-acoupling - Ts = Tgys
’ « Collisional coupling = Ts = T¢4
Not only!
It can also be used as a cosmological probe

T
8Ty o xpy |1 ;ZB] (1+96)...

 Growth of structure
» Total optical depth for the CMB (e.g., Liu et al. 2016)
 Nature of dark matter




k3P(k)/21r2

Expected 21-cm Signal: An Example

Global Signal

T
8T, o x5 (1 + 8)(1 + z)1/2[1 - CTMB] [

Power

Spectrum

z~6

z~10

z~ 20

H(z)/(z + z)]
dvy/dn

Drivers:

XRB

BHs

Hot Gas

S\

First stars
Feedbacks
Velocity flows
Cosmology
Atomic physics
DM physics



Dependence on Astro
Parameters
Signature of X- ray SED

Hard SED Soft SED
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Cohen, Fialkov, Barkana (submitted)



Large Uncertainty In

Astro Parameters
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Minimal mass of star forming halos
Fialkov et al. (2013)

Supersonic velocity flow
Feedbacks
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~200 models are ready
S parameters

Star formation,
2 parameters
+ feedbacks

Heating,
2 parameters

EoR 1 parameters




Large Uncertainty in Astro Parameters

« Exact shape and amplitude of the 21-cm signal are unconstrained
Global signal — shape is “fixed”. Direct constraints of astro properties

PS — large variety of shapes. Ly-a transition & heating transition are
unconstrained

Power Spectra

Global 21-cm
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Cohen, Fialkov, Barkana (2017)

Cohen, Fialkov, Barkana (submitted)
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« Disfavour fy < 0.1 and % > 120
mK at 1o level
* Rule out models with no emission

Singh et al. 2017



Low-band Experiments are on their Way

Prospects

Price et al. 2017

EDGES
Low-band
Talk by Judd Bowman




Parameter Study : Lessons Learned

« Power at high z is higher — in the SKA range

« Fluctuations introduced by density and velocity, Lya radiation, X-
ray heating, and ionization

« Density fluctuations can play a significant role
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Cohen, Fialkov, Barkana (submitted)




Parameter Study : Lessons Learned

Slope of the PS shows universal redshift dependence
Useful to identify source of fluctuations
Negative slope at z,,ip 10 = hard SED

Slopes Extrema of the Slopes

142
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(In ACky)—In A(ky)) k = 0.05-0.2 Mpc!
(ln kz—lnkl) I i
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 Slope =

<Ly-a>
Measure
of Heating
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Cohen, Fialkov, Barkana (submitted)




Parameter Study : Lessons Learned

Astrophysical properties can be extracted from global, PS and slope

Model independent way
z of Ly-a transition — z of the high-z minimum of the slope
z of heating transition — z of the low-z minimum of the slope

“Heating Era”

“Ly-a Era, x, = 1”
. . . P 25
Cohen, Fialkov,

V. =4.2Kkm/s
®rvV,.=16.5km/s 2
V. =35.5km/s 20 Barkana
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Alternative Way to Probe t
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* Xxy; at the redshift of the peak vs the

Strong “ peak power
heating : x | PS traces x;; when heating is weak
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Consistency Checks

Features of the global signal and power spectrum (slope) are correlated
“Ly-a Era”

“Heating Era”

1+ Zgmax = 114 (1 + Zgpsmin™ ) + 1.83

1+ Zgmin = 0.94 (1 + Zgpsmax™ ) + 1.55

Cohen, Fialkov, Barkana (submitted)




Exploration of the Parameter Space
iS St'” OHQOiHQ! Interpolation scheme

Parameters — Global signal

= Simulated
= = =|nterpolated

10 15 20 25 3035
z

« ~20k models, 7 parameters
* f. <50%

* V.=16.5—-76.5km/s

« 1=0.055

* Rupsp =10—-50 Mpc

« X-ray sources: a=1-—1.5,

=0-10, v, = 0.1 -3
Odyssey Cluster (Harvard) k)é y Umin




Optical Counterpart
Tendulkar et al. 2017

* Intotal only 2
« Atleastlisc
 Poor statistics &

RECIBO: 1 FRB
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Lorimer et al. (2007)

lonized plasma leaves fingerprints
on observed radiation
Frequency-dependent time delay
At = 4 x 1073DM /v?

Pre-EoR: DM saturates
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Fialkov & Loeb (2016)




Nuisance Parameter? Not with FRBs!

To probe t = 0.055:
FRBs from z~6-7
DM of 6100 pc/cm?

Time (years)
10°

7(z) = |DM(2)(1 + z) —jDM(Z’)dZ’ o

At
ADM ~ 100 cm™3pc - ?~0.3%

Optical depth vs DM
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Fast radio bursts may be firing off every second

September 21, 2017

¥
Predicte@ rates
with SKA-MID

0.35-0.95 GHz

" Fialkov & Loeb (2017)




ASPEN

CENTER FOR PHYSICS

The high redshift (niverse s an area of active reseaech inboth theonstical and cbserational
astropbysics. The meeting will be broad and cover several hot and rapidy evolving topics
In the fiedd iIncluding:

= Line intersity mapping

= The 21..cm signal from e epoch of relonteation and cosmic deawn

= First UY and X-my sources

= Physics of reionization and cosmic dawn

Discoveries in these fidds ame bkely soon, and they will be ransformational for our
inderstaniding of the Universe. The goal of this conference s Ao foster fratful discussions
between ohservers, theorists, and simulators working on thess relshed areas

Please complete your application at:
http:/ /www.aspenphys.org/physicists winter/ winterapps.html
Conference website:
https:/feww.cfa.harvard. edu/ - afialkow/SignalsCo smic Dewn. htmdl

ORGANIZERE:

Rennan Barcar, Tal Aviv Universky
Judd D. Bowmnan, Artona Stabs Onivarsky
Tm-Ching Chang, Jat Fropulsion Laboratory
®anasiasla Flalkoy, Harvaed Unhversiy
Adam Lidr, OnivarsEy of Pennsylvanis
Aunthony Pullen, How Fork Unlvarsky
" Dwrcdion s wiched! In-chage of dlowrlly)

Fropcaals for the 2013 Winter Corferences are inwied snd rmust be ssbmitted by Jaruany 15 2018

Tha Aspen Canker for Frysics B commiized (o 2 significant participation
of woman and undar-regresanied groups In all of s programs.
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Summary

21-cm wide parameter space
Data will transform the field

Density can be an important
source of fluctuations at
Intermediate z 05 ~. 0 120 150 180

21-cm (global, PS and slope):
direct correlation with astro
properties

Fast transients — could be a
new way to probe t




