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Detect PNG with CMB

CMB is the best tracer up to now.
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Methodology: Theory
21-cm Bispectrum

The quasi-linear model for RSD
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Methodology: Theory
21-cm Bispectrum

The quasi-linear model for RSD
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o Linear growth of PNG
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Results: Theory

Predictions of the Signal

[ —
o
[y
p—

|Bay|  [mK*Mpc?]
2

Absolute value of bispectrum

10 =0
/B 1
o
(VN

z = 10.5

i

'XHI — 083 e

b, = —0.68

10? ;

fnL = 0, without RSD, By < 0
fnn = 10, without RSD, By < 0
-== fyL = 0, with RSD, By, < 0
—== fnr = 10, with RSD, By < 0

—~—
\\ \\
§~ \\
‘N =~

NnoO PNG S~ WlthOUt RSD

3
N N
LN
N
N
N

=
N
1

O
(N}
1

without RSD

fractional error |--- witaRsD

k [/Mpc]

Size of the triangle

Zhao, Mao & Wang, in prep.

O Fiducial Model
o T.. = 50000K
°C =150



Results: Theory

Predictions of the Signal

Absolute value of bispectrum

[ —
o
[y
p—

|Bay|  [mK*Mpc?]
2

10? ;

1

|
ek
D
\O

fnL = 0, without RSD, By < 0
fnn = 10, without RSD, By < 0
-== fyL = 0, with RSD, By, < 0
—== fnr = 10, with RSD, By < 0

—~
~—
—~ e
~ i
— ~

no PNG IRRE NS without RSD
with RSD ™_
S . without RSD
fractional error [--- winksD
\\PNG signal

k [/Mpc]

Size of the triangle

0.0 1

|
O
B

(mK*Mpc®]
s
e

y 06 ,"’Hf — fnxL = 0, k=0.08/Mpc
faL = 10, k=0.08 /Mpc
0.8 _ L fNL = 0, k:012/1\IpC‘
— fxr = 10, k=0.12/Mpc
=== positive BS, z=10.795 - 11.095
—1.0 .
| |
— A [
- o e S | N N —
o I I
!l_x [ [
% : :
<. ;
7
<A
A !
41 |

x 1011

O Fiducial Model
o T.. = 50000K
°C =150

e = 0, k=0.04/Mpc
fnL = 10, k=0.04/Mpc

10.00

Zhao, Mao & Wang, in prep.

10.25

11.00 11.25 11.50 11.75

redshift

10.50 10.75 12.00



Results: Theory

Predictions of the Signal

Absolute value of bispectrum

[a—

o
—
[

|Bay|  [mK*Mpc?]
2

10? ;

1

|
ek
D
\O

fnL = 0, without RSD, By < 0
fnn = 10, without RSD, By < 0
-== fyL = 0, with RSD, By, < 0
—== fnr = 10, with RSD, By < 0

e
~—
) e
-~ e

no PNG T without RSD
with RSD ™ _
S . without RSD
fractional error --- withRsD
\\PNG signal

k [/Mpc]

Size of the triangle

0.0 1

|
O
B

[(mK*Mpc®]
=
e

x 1011

O Fiducial Model
o T,. = 50000K
° ¢ =50

e = 0, k=0.04/Mpc
fnL = 10, k=0.04/Mpc

q —0.6 ‘,e*"f — fxrL = 0, k=0.08/Mpc
fxr = 10, k=0.08/Mpc
_0.8 _ — fnr. = 0, k=0.12/Mpc
— fxr = 10, k=0.12/Mpc
=== positive BS, z=10.795 - 11.095
—1.0 '
[ [

. ! [

I 0 T e e e e e ) .:._ __-.=_ ________
o I I
I, [ I
2 ) |
<, -
‘Tl‘ n [ ]
2 Optimal redshift?
aa) I

—4 - :
10.00 10.25 10.50 10.75 11.00 11.25 11.50 11.75 12.00
Z
redshift

Zhao, Mao & Wang, in prep.



Results: Theory o Fiducial Model

. - - o T.. = 50000K
Predictions of the Signal 0 r = 50

c ] i X].Oll
- ; a1 = 0, without RSD, Bay < 0
O - N[ = 10 far = 10, without RSD, Bay < 0 0.0
-'6 ' -== fxr = 0, with RSD, By; < 0
L R ~== fxL = 10, with RSD, By; < 0
8— [ T~ 0.2 Vi
R TSNl - /
% TSl : 2,
= 2 | noPNG R without RSD | £ 0]
O 2o A s
g
2D 25 3 —0.6
) i Q //
>
) 10° - L 08
S Lol
= with RSD
O \\\\\\\\
N RN —1.0
O
<C
N N _ * —— without RSD
é T fractional error | --- withRsD T o
< 04 \‘~\ . =)
o PNG signal 2.
2037~ S.o 3
- \ \\\\\\ o\ —9
Z — 1 O. 5 é&‘ " \\ -------- TI-]
e S
XHI — O 83 | | | | | 1 | —4

1071 10.00 10.25 10.50 10.75 11.00 11.25 11.50 11.75 12.00

bl —_ 068 k [/Mpc]

_ Size of the triangle redshift
b2 —_ 129 g Zhao, Mao & Wang, in prep.



Methodology: Forecast
Forecast the Observability




Methodology: Forecast

Forecast the Observability

Fisher Formalism

(l) (l) ~ P(l) B(Z)
aﬂ~ZF Fop ™ Los TL

FP.G) — Z 1 0P 7(K, ;) 0P r(K, z;)
P Var (P (k, 7)) oA, 0

Z 1 oB(k,K,, z;) 0B(k, K, 7))
ki Joosky Var (B (kl, K, Zi> > e Oy

B(l) .
Faﬂ



Methodology: Forecast

Forecast the Observability

Noise

e Cosmic Variance + Thermal Noise
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Forecast the Observability
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Single Epoch Constraints

1-sigma error constraint of fNL
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1-sigma error constraint of fNL

A fx

Results

Single Epoch Constraints

For Omniscope, BS constraints are more stringent than PS at high-z.
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Results

Single Epoch Constraints
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1-sigma error constraint of fNL

A fx

Results

Multi-Epoch Constraints

BS helps improving the PS constraints.
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Thank you!



Background

Constrain PNG with 21-cm PS from EoR

- 2
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& BS

Statistics 14 %
 Bispectrum (BS) "y // —
A\ /) 0_7 ’4>
 Power Spectrum (PS) N
scale-dependent bias k’ -
Ab(k, z) = 2f\.0.(by(2) — DM (K, 2) W L/,;

5 DoF for a triangle mode
k1_perp, k1_z
k2_Xx, k2_y, k2_z
-> more samples!

2 DoF for a k mode
k_perp, k LOS



Methodology: Theory

Bias Model b (®) = bidn () + St (z)|

Fitting EoR history and bias parameters from simulations.é

o simulation: 21cmFAST
© box length = 1000Mpc
© low resolution cell number: 512 x 512 x 512
o redshift =[8, 9, 10, 11, 12]

o T,. = 50000K + 10 %
0 =50+10%
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Methodology: Theory o k_max = 0.15 /Mpc

O
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Fitting bias parameters from simulations.
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Methodology
Non-Gaussianity of HI Distribution

What components does HI bispectrum contain?

B, (kuky k) = O Nonlinear evolution

O use Perturbation Theory to deal with
the gravitational evolution of matter
\ O Nonlinear bias (second order)
Byt =By g + 33(1) (P L (k1) P (k) Ab(k)_x_?nnzafNL(bG_ I)M ......... ( kz )O Linear growth of PN G
*** i T wr o) mas ) (20 )+ 2 )|
T . © “ j o assume the PNG of matter field
by (2F (ki ko) by +8:) (88 (k1) + b (kz)) | +2perm. ) | grows linearly.
o o PNG effect on bias
B =2 [P (k1) P (k) M (k) M7 (k) M7 (ky) +2 perm. | o Potential comes into the bias theory
r‘! | )
— M =2 O0ne T up to second order.

0, (X) = b10,,(x) + I .byph(q) + 2[9252(35) +fNLb¢5¢(Q)5 (x)

L e g b e i



Back-Up
Bispectrum and Cross-bispectrum in Real Space

Equations
B ik =52 Bl + 52 By + (PL (ky) Py, (k)
kl k2
B> Byo., + [b2b, P (k) P (k,) + 2 perm. | {bl [bz + Ry (Ab (ki) + Ab(k2)) + ur (k—zAb (k1) + k00 (k2)>]

+ (2F, (k1. ky) by + by) Ab (k) } + (ky © ks3) )

+ by (Ab (ky) + Ab (k3)) 2F, (ko, k3) Pp (ky) Pp (k3)

(2.49)
k k
{8 [Ro (30 0k1) + 85 () + s (206 (k) + 286 () )| @29) By =00 B0, 4 6o (k) Py (k) + By B+ Py (k1) Py (1)
ki ky
+ by (2F, (ky, ky) by + by) (Ab (ky) + Ab (k,)) }+2perm.) Ry (Ab(ky) + Ab(ky)) + pyy 5,00 (ky) + Pk (k) 2.50)
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+2F, (ky,k3) Py (ki) Py (k3) Ab (k3)
T L o ........................................................................................................................... _52 """" 2cos€_1@ """ B X G )
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Methodology: Theory

Redshift Ranges

RSD terms cancellation makes violent

redshift evolution.

Need more careful consideration at z>10.5.

21cm bispectrum - compare RSD terms
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