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Hello,
My name is Hansik Kim.

Understanding the epoch of reionization and the properties of the first galaxies represents an important goal for modern cosmology. The structure

of reionization and hence
the observed power spectrum of redshifted 21-cm fluctuations are known to be sensitive to the astrophysical properties of the galaxies that drove

reionization.
Thus, detailed measurements of the 21-cm power spectrum and its evolution could lead to measurements of the properties of early galaxiesthat are

otherwise inaccessible.
In thistalk, | will show predictions for the ionized structure during reionization and the 21-cm power spectrum based on detailed models of galaxy

formation.
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Making predictionsfor theionized structure
during reionization and the 21-cm power
spectrum based on detailed models of galaxy
formation.

 Combined the GAL FORM model implemented
within the Millennium-I| dark matter smulation,
with a semi-numerical scheme.

Halo massresolution ~ 10"{8} solar masses
corresponding to the faint sources thought to
dominatereionization.

Using these models we show that the details of
supernovae and radiative feedback affect the
structure and distribution of ionized regions, and
hence the ope and amplitude of the 21-cm
power spectrum.
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Our method.

21-cm power spectrum predictions.

(Kim+ 2013a : 2013MNRAS.428.2467K)

cross-power spectrum predictions between galaxy and 21-cm obser vations.
(Jaehong Park, Poster #10)

21-cm power spectrum from escape fraction dependencies.

(Kim+ 2013b : 2013MNRAS.tmp.1574K)




GALFORM
Millennium-11 simulation merger tree

+
Semi-numerical scheme




*Rapid exploration of the
parameter space of galaxy
formation physics.

L arge, statically useful samples.

*Wide range of properties, multi-
wavebands.

*Well explain local and moder ate
redshift observations.




Examples

Kim+ 2009; 2011




Method : Combine a semi-analytic model
with semi-numerical scheme

GALFORM using N-body merger trees

based on the Millennium-I1 simulation. 256x256x256 cells

escape fraction
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Qeen = |:(1 + FC)NHI,ce11:| ’

recombination parameter
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AT = 23.8 < ;E]z> [1—Q](1+ dpm,cen) mK.

21cm Power Spectrum

A% (k) = k*/(21°) Py (k)

Kim+ 2013a

We combine the semi-analytic GALFORM model implemented within the Millennium-11 dark matter simulation, with a semi-numerical scheme
to describe the resulting ionization structure.

The M-Il simulation enough to resolve the halo mass ~10"{ 8} which is donimant ionization source at redshift higher than 6.



Dark matter ssmulation
(M-I1)

Nttt = n (FDNGERN + 1) Veell,

Over-density of neutral hydrogen follows the
dark matter (computed based on the
Millennium-11 Simulation density field).

nHI is the mean comoving number density of
hydrogen atoms.

Vcell isthe comoving volume of the cell.

256% cells, side length 0.3906 Mpc/h and
comoving volumes 0.0596 M pc¥/h3.




+
Semi-Analytic model
(GALFORM)

Lv, isthe spectral energy distribution of galaxy i
hvinren=13.6€V.

The total Lyman luminosity continuum of Ncell
galaxies within the cell expressed as the emission
rate of ionizing photons.

tz |
N’y,cell = fesc/ NLyc,cell(t) dt7
0

escape fraction




+
Semi-numerical scheme

Q 0= N—y,cell
e (1+ Fo)Nurcen |’

Whitearea: HIl region

Qcell = 1: ionized cell,

Qcell < 1: may be ionized by photons
produced in a neighbouring cell.

To find the extent of ionized regions
using a sequence of real-space top-hat
filter of radiusR.




Variant models
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The predictions of UV luminosity functions from the models together with observational data points at high redshifts.




Veut[kms™']  Viot[kms™'] T  Comments

Bow06 30 485 1 Bower et al. (2006), Veut value change
Lagos 30 485 1 Lagos et al. (2012)

M Odds Bow06(no suppression) I 0 l 485 1 Bower et al. (2006), » O radiative suppression

NOSN E | 0 l 4 Bower et al. (2006), NG SNe Tood bax

NOSN(no suppression) 0 4 Bower et al. (2006)

No SNe feedback and No radiative suppression
wf " opmooss | wpmoto | xo=03 ] wf " " opmooss I T o I T 026 ]

gof 1 1 4 —o g i —
o 4 1 4 =os aof 4 Hos
wf oposs .- " enoss "] B Wl T aemss | T e | T om0 | B

gof 1 1 1k o 1 1K

ol 1 1 J ol 1 ]

ED 0 % o g e 3 % 5 B % o Q % o Q %
pe o o oo o Jres
NOSN vy = 30 ks NoSN. no suppression
wf | " =006 ] | Y =036 wf " oiooss | " ot I " oz ]

g of 1 ] s 1 1 1 —
ol 1 ] 1 Lo ol 1 1 1 Ba
wf w055 | opmors 1 oo | B wf T s | T aemrs " apmoss | R
g o Il By 1 1 N ®

Predictions of HI intensity maps
J o} L 1 ]
T o " o W g i Y o o o Fa— G %
oo oo o o pe oo

Kim+ 2013a




Substraction of Bow06 map from models maps
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Predictions of 21 cm power spectrum at EoR
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The SNe feedback impacts on the 21cm PS at EoR not only amplitude but also slope.
Kim+ 2013a




Prediction for upcoming observation.
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Summary-I

The new method combines a hierarchical galaxy formation model (based
on Millennium-I1 merger trees) with semi-numerical schemeto predict
redshifted 21cm power spectrum during the EoR.

We could see the SNe feedback effect imprinted on the 21cm power
spectrum at EoR.

If SNefeedback is effective at suppressing star formation at high redshift
galaxies, radiative feedback does not lead to self-regulation of the
reionization process.
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Unknowns about escape fraction

The escape fraction of ionizing photons
from their host galaxiesisone of the
most important unknownsfor the
reionization history.

Observational estimates show a broad
range of escape fraction valuesfrom a
few per cent in thelocal Universeto a
few per cent or afew tensof per cent
at redshift z~1-3.

(Hurwitz, Jelinsky & Dixon 1997; Bland-Hawthorn& Maloney 1999; Putman
et al. 2003; Inoue, Iwata & Deharveng 2006; Shapley et al. 2006; Chen,
Prochaska & Gnedin 2007; Siana et al. 2007).

However, there are no observational
constraints on the escape fraction
during the epoch of reionization.

Theoretically, the escape fraction is
predicted to span avery broad range
from 0.01to 1.

(Ricotti & Shull 2000; Wood & L oeb 2000; Benson et al. 2002; Ciardi et al.
2003; Fujita et al. 2003; Sokasian et al. 2003;Wyithe & L oeb 2007;Wise & Cen
2009; Raicevi’c et al. 2011; Kuhlen & Faucher-Gigu'ere 2012).

We assume several different modelsfor fesc.
We model dependencies of the escape
fraction with halo mass and redshift using

Kim+ 2013b




Redshift dependence Halo mass dependence

Evolutions of ionization fraction

Kim+ 2013b

We force to fesc=0 when the value of Eq. 7 is negative and fesc=1
when the value greater than unity. We also consider a fiducial model with fesc=constant.

We assume Fc to equal 0.5.




Prediction for upcoming observation

Redshift dependence

Halo mass dependence

The slope and amplitude of the 21 cm power spectrum, is dependent on the variation of
ionising photon escape fraction.
Kim+ 2013b




The dominant astrophysical effect provided by SNe feedback strength in high redshift galaxies
influence bigger than unknown escape fraction and its evolution.

Kim+ 2013b




Summary-I1

e We find that theinfluence of the unknown escape fraction and
its evolution is smaller than the dominant astrophysical effect
provided by SNe feedback strength in high redshift galaxies.




Summary-I+l1

The new method combines a hierarchical galaxy formation model (based
on Millennium-I1 merger trees) with semi-numerical schemeto predict
redshifted 21cm power spectrum during the EoR.

We could see the SNe feedback effect imprinted on the 21cm power
spectrum at EoR.

If SNe feedback is effective at suppressing star formation at high redshift
galaxies, radiative feedback does not lead to self-regulation of the
reionization process.

We find that the influence of the unknown escape fraction and its
evolution issmaller than the dominant astrophysical effect provided by
SNefeedback strength in high redshift galaxies.




Thank you!!




