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<> Dynamical dark energy

Expansion ratio of the Universe (Hubble parameter)

______________________________________________________

H2=H0

Qa3+ Q.a*+ Qa2 +§QX exp

_______________________________________________________

Contrlbutlon of the dark energy

Comoving distance - Equation of state (EOS)
Z dz’ px(a’)
d :J w Cl’ = !
(2) o H(Z") x(2) px(a’)

We investigate sensitivities of 21 cm line to
the dynamical dark energy model (wy # constant).
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1. Parametrizations of dynamical dark energy




Dynamical dark energy model

— & 2 dark energy MEOS wy (a") &R BT

wy(a)DEBKREEFTETILICEK>TERS

Z Z TClE4EE DmodelZ B LNVT,
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@ Parametrization 1 [Chevallier, Polarski 2001; Linder 2003]

Z
142z

A very simple model : wy is proportional to the scale factor a.

wx(z) =wy+ (1 —a)w; = wy + Wy

WOZ'O.Q, W1:02 —




€ Parametrization 2 [Hannestad, Morisell 2004]

14+ 2z\P
ap_|_a§ 3 1+(1+ZS>

wy(z) = WoWq

wo=-1, w,=-0.8, z=1, p=10 ——
WO='1 , W1=-0_8_‘ ZS=5’ p=10 ennene |
W0='1 s W-| ='0.8, ZS=1’ p=5 -----




€@ Parametrization 3 [Wetterich 2004]

Wo
1+ blog(1+2)]?

Early dark energy : the contribution of dark energy has
a relatively large impact in the early epoch.

wx(z) = [




€ Current constraint of dynamical dark energy

Planck 2015 (Parametrization 1)

Planck+BSH
Planck+WL

Planck+WL+BAO/RSD

BSH:
BAO+SN+H,
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> Cosmological 21 cm radiation

What is the Reionization Era? S.G. Djorgovski et al. &

A Schematic Outline of the Cosmic History
Digital Media Center, Caltech.

T ———— <— CMB z~1000

R e ———

Time since the
)g Bang (years)

Signals of |  Dark age

~ 500 milliony |

E the 21 ¢m .

} Cosmic dawn 15<sz2<30
. (The late stage of the dark age)

_g!;_ﬂs&:.; } The epoch of reionization

6 <z < 15

Ilne eX|st

We particularly focused on
4 the epoch of reionization.




< Brightness temp T, of 21 cm line
ATb = Tb 5 TCMB
V21 = A0 heN (015 1 4 7)2
AT ( =1 ) ~2 O
Al & G jfs.’%b (0.023> (thz 10 )
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T [H<z>/<1 + z)l 3
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Fluctuation of baryon *

1 —_—

ol [y )
7
/
/
T} : Brightness temp g/
of 22 cm line i
Ts:Spintemp T T
> - . < <
T cmg : CMB temp \) CMB emission (6 < z < 1b)

xyr: Neutral fraction TS < TCMB absorption (15 S Z )
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Mah <ol hv
TcDES : Tl_(l)Eg_(l)eXp(—k ;11>
Bls

ny,ng: AV, o REEDHERE

TsIZRET HR
(1) KRIRF, EF, BFEDEE
(2) CMBYEF DRI, H5
(3) Lyoa e FDRIL, HEt
(4) BEKZFREE Xy, DAL

Xy = Nyp/ny




< 21cm line fluctuation 6,4

AT, —AT,,
021 = =
AT,
Ts > Ty 2z 10 Neutral Peculiar 1+ zdvy

Baryon fraction velocity ~ H(z) dr

D 621 %8040, 60

Fourier component (in matter dominated era)

= T LR = — k|
621 = Op + Oy + U0y, K=




> Power spectram of 21cm P, (k, u)

(521(")5;1("')) = (2m)*6° (k — k') Py (k, 1)

_ (2
Pr, = (Tb ) Py
_ 2
= (Tb /JZHI) { [fI%IIP(Sé‘ i ZJZHIPX(S + PXX]
+2u?| %G1 Pss — XurPxs| + 1 %f1Pss }

Pss . Matter power spectrum

1 Pxs =X; Ps_s :Density-ionization power spectrum

2 .
Pex = X{' P55, :lonization power spectrum

lonization fraction: x; = 1 — xy;




& u-space vector: u

AT, —ATy,
AT,
Its power spectrum is _

Fluctuation of 21 cm line §,1 =

d,(z) * commoving
angular diameter distance

A1 (1 + 2)?
L YD = m

Py (u) = Py, (k) 1

ds(z)*y(z)

U - U-space vector
Fourier dual of angle 6, 6,, and frequency (line of sight
direction) space: @ = 6,e, + 6,e, + Afe,

da(z) , da(z), y(2)
u=(u1,u2,u3)=<k1 ;Tl' HkZ ;TL' k3 T

We can get information about d4(z) and H(z)
from this relation between k and u space.




{ 21cm line observations

0! Next generation ~2020
& SKA (Square Kilometer Array)

= -

e o W
o
AP

e

e SR in Australia
S e S eammie e 2018:
3

,.. 454 *E .' : Construction starts.
http://www.skatelescope.org/

4 Omniscope

Max Tegmark,
Matias Zaldarriaga

= - "“%*‘ Phys. Rev. D 82,

~ 103501 (2010)
From Max Tegmark's presentation
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@ Fisher Information matrix F;;

2
e e U L(0]%):Likelihood
% 00,00p function
04 p:theoretical parameters x:data vector

Cramér-Rao hound

Vaﬁ(a) > (F agp Vaﬁ(a) : variance of 6

We can estimate minimum variance of 6.




€ Cosmological parameter set

Fiducial parameters

2 2
(Qmh?, Qph%, Qp, ng, A, T, Yy)
= (0.1417,0.02216,0.6914,0.9611,2.214 x 10~°,0.0952,0.25)

Parametrization of dark energy models

(1) Parametrization1 wy, = —0.9,w, = 0.2

(2 ) Parametrization2 w, = —0.9,w, = —0.35,
a;, = 0.5p =100

(3) Parametrization3 wy, =—-09,b =1




€ Expected constraint of Parametrization 1

| 959 C.L. Contour | (Preliminary result)

-\ A constraint of SKA 1 +
_ 0. 9 Wy = 0. 2 ‘ Planck is twice as good
=1 (fixed). as that of Planck only.




€ Expected constraint of Parametrization 1

959 C.L. Contour (Preliminary result)

~«--Stage|lVCMB Stage IVCMB

" o + SKA1
+ SKA2 —

+ Omniscope

Stage IV CMB:
(we assume a CMBPol
like experiment)

& +Omniscope

U #SKA

L LSKAT
Model1:wy =-0.9, w; =0.2,

c.>=1 (fixed)

| A constraint of SKA 2 +

stage IV CMB is twice

as good as that of
Stage IV CMB only.



€ Expected constraint of Parametrization 2

” 959, C.L. Contour | (Preliminary result)

Planck

+ aniscop‘;é-.“—
Planck+Omniscope

For a,~0.5,

constraints of 21 cm +

Planck are several

Model2:w, = -0.9, w, = -0.35, times as good as that
a;=0.5, p=100 of Planck only.




€ Expected constraint of Parametrization 2

959, C.L. Contour (Preliminary result)

age |\/ StagelVCMB
+ SKA1

+ SKA2 —

+ Omniscope =——

+Omniscope

Fora,~0.5,
+SKA2 | .
e constraints of 21 cm +
. V4SKA1 stage IV CMB are
Model2:wg = -0.9, w; = -0.35, several times as good
a5=0., p=100 as that of stage IV

14 12 -1 V\-lg's -0.6 -0.4 -0.2 EESVI only.




€ Expected constraint of Parametrization 3

959, C.L. Contour (Preliminary result)

Planck
Planck + SKA

A
RN + SKA2 ——
+ Omniscope

Planck+Omniscope

/ Planck+SKA 3

For the early dark
energy model,
constraints of 21 cm +
Planck are several
times as good as that
of Planck only.

Planck+SKA1 = = ™




€ Expected constraint of Parametrization 3

959, C.L. Contour (Preliminary result)

Stage IV CMB
-~ >tage Y CMB + SKA1
+ SKA2 =———
+ Omniscope

+Omniscope

+SKA1 - --»

Model3:wy =-0.9,b=1.0
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4. Summary

B \We studied sensitivities of 22cm line
to the dynamical dark energy.

B SKA can strongly improve
constraints of dynamical dark energy.

B For suddenly transition model,
constraints of 212 cm + Planck are several times
as good as that of Planck only.

Bl For early dark energy model,

constraints of the combination are several times
as good as that of Planck only.
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