#GAEP1004-10 71-141

6. arXiv:2410.07032 [pdf, other]
Exploring Magnetic Fields in Molecular Clouds through Denoising Diffusion Probabilistic Models
Authors: Duo Xu, Jenna Karcheski, Chi-Yan Law, Ye Zhu, Chia-Jung Hsu, Jonathan C. Tan

=% Denoising Diffusion Probabilistic Models to Predict the Density of Molecular Clouds
Duo Xu, Jonathan C. Tan, Chia-Jung Hsu, and Ye Zhu
The Astrophysical Journal, 950:146 (14pp), 2023 June 20

2% High-accuracy estimation of magnetic field strength in the interstellar medium from dust polarizatic
Raphael Skalidis and Konstantinos Tassis A&A 647, A186 (2021)

111. arXiv:2410.04227 [pdf, other]
Star formation in cosmic-dawn galaxies
Authors: Sandro Tacchella



Exploring Magnetic Fields in Molecular Clouds through Denoising Diffusion Probabilistic Models
Duo Xu, Jenna Karcheski, Chi-Yan Law, Ye Zhu, Chia-Jung Hsu, and Jonathan C. Tan, arXiv:2410.07032v1

Daws——Chandrasekhar Fermi

— (A) trained on all initial conditions,
Bpos = fv 4'” covering all magnetic field strengths
Modified DCF oy and both colliding and non-colliding
— ./ GMC scenarios.
Bpos = 2mp Opa ’ (B) trained only on colliding GMC

o _ _ a) ordered magnetic fields  scenarios and tested on non-colliding
[E72& (1) non-isotropic turbulence,

(
(2) i t lar di i t i (b) Iine-Of-Sight averaging ?S)ezn trained only on the 10 uG and
INncorrect anguiar dispersion tracing, :
J P : . J (c) beam-smoothing 50 uG cases and tested on the 30 nG
(3) the lack of energy equipartition (d) other observational effects case.
> maplCDDPMiE, #iGEmEN KL oNEZH 7?7 X (1)Single 75%training
(1) 2 Channel 25%test

Q) BEBEAMITRAEBMERST LI 5 Pol V. 2)2 Ch |
CVEEEH (B8 7) REHE ° (22 Channels
(4)BE&E AT VI R > Pol.V. R E D (3)3 Channels

Column Density N B Field Angle Dispersion ops deg LOS Velocity Dispersion oyr kmy/s B Field Strength B;p
i s ]

M - an
vuu

500

400

300

200

100



B_ Z Eg'f%{ AB.S

O
B = A%®

Sp — BP'red - BT'rue 1 1.
B min(Bpreds BTrue) a=0.454 a=0.388 a=0.432
03920 21 22 23 24 13 20 21 22 23 24 13 20 21 22 23 24 19 20 A 22 23 24 25
log N (cm™2 )
= e | log,¢ X(cm ™)
5| B50CC sione | 5OUG A BlE= 7]\ :due to the narrower dynamic range
1 B30CC
ssonc | Of magnetic field strength o5 #=0206,0=1226 SowerLaw T
41 1 B50CC u=1.152,0=0.928 1-Channel DDPM
[ BSONC 06/ H=1.094,0=0.868 2-Channel DDPM
w 3] 1 Al ' u=0.737,0=0.675 3-Channel DDPM
g (A) 05 w=0.201,0=1.039 Power-Law Test
2] DDPM p=-0.061,0=1.194 woal (B)ERDY THB | [
MBS MO L& Y | Ho L izom 0o & | LcEEs Lomg|l V|
201 p=0.081,0=0.411 ! b
1 FRISL DAY u=0.078,0= 0.398 ! 0313E T T HH\ ‘H[
1 Channel> 3 . bomera 02 L
- | wer-Law . L o
0 4 -3 -2 -1 0 1 2 3 4 ﬁha””e';?%’ = 1 [ 1-Channel DDPM HIL 1‘11
Relative Error AT DHE, = 1 2-Channel DDPM i W
o | I ,/ru'l
e Power-Law 1 Channel 2 Channels 3 Channels 1.0 -/ 3-Channel DDPM o \1“:}\ L“"“q.-;_,ﬁ
30 1 7 -1 0 1\ 2 3 4
G 25 Relative Error
3 = s i
3 - g 03 y B-Z DENEESH Y D
915 ; 4 /}f b\jig LY, p%b%‘_”'_ﬁ_n
10 L -y : = 5 EEEL L THEB

kf’ 0.0 e
0505’ 1.0 15 '20 25 3.0 0; 1.0 15 20 25 30 05 1.0 15 20 25 3.0 0;.10 15 2.0 25 3.0 35 _4 _3 _2 _1 0 1 2 3 4
10g Brrue (LG) 109 Brrye (LG) 109 Brme (WG)  1og Bre(uG) Relative Error

X2 H FRT 5,



DCF & O Lb 8%

Column Density N cm™2 uG

True B Field Strength B3p

200
1023

150
1022

100

50
1021

DCF Method HG Modified DCF Method “Gsoo

1400
1200 400
1000

300
800
600 200
400

100

PDF

N
wn

l0g Bpred (LUG)
N

T A

oy
Bpos = +/2mp

opPA

3. 25 .3
IOQB'I’rue(“G)

/J=11.801,0’= 18.305 1 DCF
2.04{ u=0.478,0=2.505 1 Modified DCF
u=-0.061,0=1.194 [ Power-Law
3-Channel DDPM
1.5- v\(/A\) DDPM
1.0
"/ M.DCF
0.5- A /
Power LaVY,;:' SN DCF
B = "/-‘ \‘;\\  - -
0.0 — —
—4 -2 0 2 4

Relative Error



Denoising Diffusion Probabilistic Models to Predict the Density of Molecular Clouds
Duo Xu, Jonathan C. Tan, Chia-Jung Hsu, and Ye Zhu

The Astrophysical Journal, 950:146 (14pp), 2023 June 20 ~
¢ Astrophysiestion (Hdop), 2023 qCeilxi—1) = NT = Brxi—i. Bi).

N~y THhoBETCEADITONIE
Z B1ONC

~ .. 6 MHDELRZ - 7=

= 7 FEGEWu+2020)

~N o E

< L

109 nHﬁ'r/uve
N A

<n>

Eo<y THHTE o
diffusion process

Denoising Diffusion Probabilistic Modelg (DDPM)E& L ’Clefusmn Model

Condltlon Ny Ty Ts

+ UtZt,

B
—3 mfg"")

[ = Eq —log p(xT) o Zlog p&(xt—llxt)

=1 q (xe|xi—1) the learnable noise predictor



two

2PL 3PL 2PL-i ‘ 3
I i b7, A0
gol | a A/ :/
Ss : ' ’ ¢
24 ) ;
£3 ' ¥ 7 A 102
5 | i / / :/ Ao
1L~ £ ol -
19 20 21 22 23 24 25 T
O log Ny (cm~2) CASI-2D Diffusion Ny (cm™2)
O 4 - - - e
+— T 6
O §s
- — "84 1022
O ;;,3
D g2
<1
Q 1234567
:H'lﬂ log Ny, true(cm™3)
15
[m] /
s 4h24 18 12 ny(cm™3)
Q(S OM
(KK -5 104
W 1234567
mn log Ny, Truelcm™3)
~|£ 1.6 Up=-1.06 Hp=-0.81 Up=1.40 Up=0.21 Up=-0.84 Hp=0.10
P 0;=4.60 0;=4.37 0;=4.10 0;=9.19 0;=5.55 0;=0.36]
12 |or=4.72 0 =4.44 0r=4.33 0:=9.20 0y=5.61 0r=0.38
w SR S o’ I Vo i ot S| (et iy it i | 3
N0 g 10
. N N R VN A

ap? o.0
I‘IJ“-IE} -9-6-30 3 6 9
Any/ny, Tree




DCF vs Modified DCF

High-accuracy estimation of magnetic field strength in the interstellar medium from dust polarization

Raphael Skalidis and Konstantinos Tassis A&A 647, A186 (2021)
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111. Star formation in cosmic-dawn galaxies

Sandro Tacchella, To be published in "Astrophysics: The James Webb Space Telescope: from first light to new world
views", proceedings of the Pontifical Academy of Sciences workshop February 27-29 2024, Vatican City, E.F. van
Dishoeck and G. Consolmagno (eds) arXiv:2410.04227v1

In the first two years of operation JWST has delivered key new insights into the formation and evolution of
galaxies in the early Universe. By combining imaging with spectroscopy, we discovered and characterised the first
generation of galaxies, probing the Universe at an age of 300 million years. While the current JNST observations
confirm the overall cosmological framework and the paradigm of galaxy formation, there are also surprises,
including large abundances of bright galaxies and accreting black holes in the early Universe. These observations,
together with detailed measurements of the stellar populations and morphological structure, will help us to develop
in the coming years a more refined understanding of the baryonic physics (including star formation and feedback
processes) that leads to the formation of mature systems at later epochs, including our own Milky Way galaxy.
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JWST: a new era of discoveries
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Understanding early UV-bright galaxies
There is a higher abundance of bright galaxies at high
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redshifts than expected from theoretical models pre-JWST,

including the constant-SFE model.

So why is there an over-abundance of UV-bright galaxies at

z>107
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