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A word on data analysis SUPERIORE

Most radio/cooling papers use pseudo-likelihood based on B18
zZ

30 20 15 12 Concerns about B18 claim
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0- B18 used a S-term FG + Flat Gaussian 75,
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Must use the likelihood in data space, NOT pseudo-likelihood based on B18

which is problematic
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Typical Pop II galaxies violates ARCADE, needs an ad-hoc z

Pop III naturally dies out due to feedbacks, no need for z _ .
https://github.com/Junsong-Cang/2 1cmFAST/tree/Radio_Excess
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Bayesian Analysis

Likelihoods

EDGES (sky temp data):

Cosmic 7,; + Polynomial Foreground + Calibration Residual
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4-10 terms None, Narrow, Broad
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Strong-signal models exist but disfavored

T21 [mK]

Tradio [K]
ARCADE2

104

Mean
68%Cl
95%Cl1
no EDGES

102<

InZ = 67.43

10° - , .
10 20 30

T T

30

10

Residual [mK]
RMS=133.8mK

0.15
0.101

0.051 +20 for ot

15

Can get deep signal but ...

High residuals, high 7., low evidence

rei’

10 20 30

Ty [mK] 0t Tragio [K1 o Trei(< 2) . Residual [mK]
0 RMS=133.8mK
250
T -300 —— Mean 0.10 o
&0 L 68%Cl1
= . Planck
1000 - 95/m|‘ ) 0.05 —250
1500 LInZ=67.43 no EDGES 3 +2 for or
y RMS=93.6mK
250
=500
> 0 .
=
= 1000
— —250
) 1500 LInZ= 18744
<
Q ) 10* 0.1
&S e 0 — RMS=64.8mK
S o 250
S| 5 7 ) 0.10 ;
= 10% 0
> &
= _1000 |
o | = ' = ~250
CD .2 InZ =229.50 4 .: ~ 0.05
a —150( = 10 _
= o0 10* 0.15
S RMS$=42.7mK
M ~ / 250 "
2] ~500
E s L 10 010 oA AN v
= = .
S 54 1000 ) ) 25
=] —274.96 0.05
eV E lmz=om o0 ~ -
O 0] 10¢ 0.1
] RMS=413mK
250
® 500
L 102 0.10 O WA ASVARA
= 1000 [
y 0.05 - *
_1spp L Inz=27492 (0 e — B
—_—~———— 0.15
= i RMS=40.8mK
250
7w 3 0.10
10° O MW
=
1000 0.05 —— 250
150 nZ=27200 Lo B
10* 0.1
S 0 RMS=40.5mK
o 250
~ 5w > 0.10
% g &= 10 0 Ww
= 1000 ;
| 3 . /\ 005 e 250
= S InZ=271.36 o i B
= 150 10f
< 2‘ 0 - 10+ 0.1 5
~—— RMS$=24.0mK
Z | .e 2
. 250
g /
~500
+ OQ‘D ”w 102 010 0
= \ihaaiiinadhie i o
@) g S oos a0
12 InZ =329.10 )
= < _1500Ln< 1001 ™ »
+ < o 10t 0.15
=) 2 = RMS=24.0mK
RS 250
g G s N 0.10
w ) 10° O MY rr AL N A A
=) = 1000 - —
005 -
@} 1sop L InZ=32477 oy ~
107 0.1
= RMS=33.4mK
250
g) 50 10 0.10 0
o _ M\«Mﬂ
-g g™ 005 = -250
S 2 gl hz=2809 o Q : B
= £ ‘ 104 0.15
==} = ’ -_— RMS=22.6mK
250
+ 2 s
=0 . 10 0.10 0
U & Highest InZ ahkenaatesade Vasr Vo
8p = ~100 e . ~250
= =] InZ = 340.19 R 0.051 == i
172) — 1501 —— 104) sabebibor o
+ 8 0 10* 0.1
= . RMS$=22.2mK
= y g - 250
—500 .
E = Il 10? 010 0 MYAAAAAA Ay N p|
=
=3 —1000 oos B
@) 5oL nZ=33778 i > -
10 20 30 3 10 15 2 15 20 75




Maximise the Bayesian evidence
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Maximise the Bayesian evidence

350

Best-fit model : 7 FG terms, broad 7,
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EDGES disfavours strong signal
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All PDFs are near identical

EDGES only adds very limited information

No clear detection
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We did Bayesian analysis for EDGES sky temperature
data with Pop III radio galaxies
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Thanks for listening
Comments welcome
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Concerns about B18 claim

B18 used a 5-term FG + Flat Gaussian T21

1805.01421:

B18 Solution is not unique

B18 requires unphysical FG

1903.04540:

Wave-like residual in EDGES data

1910.03165:
Signal consistent with LCDM

No strong Bayesian preferences for T21 models

Calibration residuals are present
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In Z = 335.09 + 0.23
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Likelihoods

EDGES : Cosmic 7,; + Polynomial Foreground + Calibrations Residual

v v

4-10 terms None, Narrow, Broad

Optical Depth : Planck CMB measurements

ARCADE?2? : One-sided Gaussian
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Trei = 0-1917 7 6065
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10

20

30



W N A/
—— SCUOLA
27 NORMALE

A word on data analysis 5.9] supEriORE

Most radio/cooling solutions use pseudo-likelihood based on B18

10 Tradio

—  with Tdio
-== BIS

5 10 15 20 25 30
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Most radio/cooling solutions use pseudo-likelihood based on B18

10 Tradio

—400
—  with 450

—500 - S T B18
5 10 15 20 25 30

which is problematic
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Most radio/cooling solutions use pseudo-likelihood based on B18

Concerns about B18 claim

B18 used a S-term FG + Flat Gaussian 75,

1805.01421 + 1903.04540:

10 Tradio
—  with Tdio

——= BI3 B18 Solution 1s unphysical and non-unique

5 0 15 20 25 30
z 1910.03165:

which is problematic

Signal consistent with LCDM
No strong Bayesian preferences for 7,; models

Calibration residuals are present



A word on data analysis

Most radio/cooling solutions use pseudo-likelihood based on B18

200 1
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which is problematic
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Concerns about B18 claim
B18 used a S-term FG + Flat Gaussian 75,

1805.01421 + 1903.04540:

B18 Solution 1s unphysical and non-unique

1910.03165:
Signal consistent with LCDM

No strong Bayesian preferences for 7,; models

Calibration residuals are present
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A word on data analysis il
Most radio/cooling solutions use pseudo-likelihood based on B18
Concerns about B18 claim
0F—<_ ~ emm———

1 B18 used a 5-term FG + Flat Gaussian 7,
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: 1910.03165:
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—~ 100
? Calibration residuals are present
= 0
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—2001 +20 fpr ot RMS=89.9mK Must use the likelihood in data space, NOT some pseudo-likelihood based on B18
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Bayesian Analysis

Likelihoods

EDGES :

Cosmic 7,; + Polynomial Foreground + Calibration Residual

v v

4-10 terms None, Narrow, Broad

Optical Depth :

Planck CMB measurements

ARCADE?2 :

One-sided Gaussian
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Calibration residual favored

Non-LCDM depth strongly disfavored
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Most radio/cooling solutions use pseudo-likelihood based on B18

redshift
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which is problematic



A word on data analysis

Most radio/cooling solutions use pseudo-likelihood based on B18

redshift
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A word on data analysis

Most radio/cooling solutions use pseudo-likelihood based on B18

redshift
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A word on data analysis

Most radio/cooling solutions use pseudo-likelihood based on B18

redshift
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Most radio/cooling solutions use pseudo-likelihood based on B18

redshift
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Most radio/cooling solutions use pseudo-likelihood based on B18
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SCUOLA
NORMALE

A word on data analysis SUPERIORE

Most radio/cooling solutions use pseudo-likelihood based on B18
<

30 20 15 12 Concerns about B18 claim
| | | |
0- B18 used a S-term FG + Flat Gaussian 75,
. 1805.01421 + 1903.04540:
v —200 . . .
= B18 Solution 1s unphysical and non-unique
5 —400- 1910.03165:
2o =5 Signal consistent with LCDM
—600 - o =1ree No strong Bayesian preferences for 7,; models
40 | 6IO | 8IO | 160 | 120 Calibration residuals are present
v (MHz)

which is problematic



Bayesian Analysis

Likelihoods

EDGES (sky temp data):

Cosmic T, + Polynomial Foreground + Calibration Residual

v

4-10 terms

Optical Depth :

Planck CMB measurements

ARCADE2 :

One-sided Gaussian

v

None, Narrow, Broad

Bayesian evidence

Likelihood Prior

4 t
L(DIM, 0)r ()
P(6|D, =
Posteriors *

Bayes Factor

Z(DlM)z/dneL(DlM,H)ﬂ(Q)

In Z(M,) — In Z(M,) > 3:

Strong preference for M, over M,



