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THE PROBLEM

El-Abd et al. 2024 ApJ 965, 14
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THE PROBLEM
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PICKING APART A SPECTRUM

Fried & McGuire 2024 JPCA 128, 8254

Intensity (Arb.)

Frequency (MHz)

Go line-by-line and
check for closest
match in database

Trivial conventional
computational
problem




PICKING APART A SPECTRUM

Fried & McGuire 2024 JPCA 128, 8254

Molecule C

s

<

= Check for other

g w confirming lines in the
- ' ' spectrum

Frequency (MHz)

Molecule D ~trivial conventional

computational
problem

Intensity (Arb.)
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A PRACTICAL EXAMPLE

Fried & McGuire 2024 JPCA 128, 8254

v = 18208.21 MHz

Intensity (Arb.)

Candidate Catalog - Exp.

A 0.201 MHz
B 0.121 MHz
C 0.020 MHz
D
E

0.356 MHz
0.549 MHz

10

Frequency (MHz)




A PRACTICAL EXAMPLE

Fried & McGuire 2024 JPCA 128, 8254

v = 18208.21 MHz

Intensity (Arb.)

Candidate Catalog - Exp.

A 0.201 MHz
B 0121 MHz
0.020 |\/|HZ
0.356 MHz

0.549 MHz
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A PRACTICAL EXAMPLE

Fried & McGuire 2024 JPCA 128, 8254

v = 18208.21 MHz

Intensity (Arb.)

Candidate Catalog - Exp.

A 0.201 MHz
B 0.121 MHz
C 0.020 MHz
Frequency (MHz) [E) 8228 mgi

12




TH E P RO B LE M Fried & McGuire 2024 JPCA 128, 8254

Fried et al. 2025 ApdJ, in prep

How do we teach a computer to
have “chemical intuition”?

13
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CONTEXT IS KEY

Efficient Estimation of Word Representations in
Vector Space

word2vec

Tomas Mikolov Kai Chen
Google Inc., Mountain View, CA Google Inc., Mountain View, CA
tmikolov@google.com kaichen@google.com
Greg Corrado Jeffrey Dean
Google Inc., Mountain View, CA Google Inc., Mountain View, CA
gcorrado@google.com jeff@google.com
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Krenn et al. 202 ML: Sci & Tech 1, 045027
Scolati et al. 2023 ApJ 959, 108

E N CO D I N G Fried & McGuire 2024 JPCA 128, 8254

Fried et al. 2026 ApJ, in revision

< mol2vec
SMILES VICGAE
clcccceceT
SELFIES ;

[Cl[=CJ[C][=C]IC][=C][Ring1][=Branch1]

w B B Massachusetts
Technology
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CHEMICAL SPACE GENERATION Jorgarsan st o 216 444 805, A7

Fried et al. 2026 ApdJ, in revision

« All Molecules
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CHEMICAL SPACE (GENERATION

Jargensen et al. 2016 A&A 595, A117
Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApJ, in revision

UMAP Dim. 2
|

N
|

B B Massachusetts
i I I I Technology _

I
6

UMAP Dim. 1

All Molecules
® |RAS 16293B Inventory

38 10
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Jargensen et al. 2016 A&A 595, A117
Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApdJ, in revision

CHEMICAL SPACE (GENERATION

Molecules with
strongest transitions In
PILS ...

OCS
HoCO
CH3sCHO
CH30OCHS3
OCS
HCCO




Jargensen et al. 2016 A&A 595, A117
Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApJ, in revision

CHEMICAL SPACE GENERATION

Molecules with
strongest transitions In

Gaussian weight 1 PILS ...
added around each |
strong molecule |
A I
OCS
HoCO
Other known CHsCHO
molecules already
fall in non-zero CH30CH3
weighted regions OCS
HCCO

0 8 BB Massachusetts

Technology
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AUTOMATED MIXTURE ANALYSIS VIA STRUCTURAL EVALUATION

Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApJ, in revision

Jummw
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AUTOMATED MIXTURE ANALYSIS VIA STRUCTURAL EVALUATION

| | |
10000 12000 14000 16000

Frequency (MHz)
Line Survey

B B Massachusetts
i I I I Technology _

Freq. | Int.
Peak 8131 | 0.25
—_—p 8315 | 0.93
Finder 018

Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApJ, in revision

19



AUTOMATED MIXTURE ANALYSIS VIA STRUCTURAL EVALUATION

Fried & McGuire 2024 JPCA 128, 8254

Fried et al. 2026 ApJ, in revision
/
Freq. | Int | _ 8314.92 MHz
X 4
Peak 8131 | 0.25 Database
——)p 8315 | 0.93 ———m™m>
Finder Query o
I 0273 | 0.18 HO/\/ ~. 8135.07 MHz
MM‘MM N
\
| | | AN NH,  8135.14 MHz
10000 12000 14000 16000 \\\\\\\///
Frequency (MHz)
Line Survey
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AUTOMATED MIXTURE ANALYSIS VIA STRUCTURAL EVALUATION

Fried & McGuire 2024 JPCA 128, 8254

Fried et al. 2026 ApJ, in revision
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Fried et al. 2026 ApJ, in revision
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AUTOMATED MIXTURE ANALYSIS VIA STRUCTURAL EVALUATION

Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApJ, in revision
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AUTOMATED MIXTURE ANALYSIS VIA STRUCTURAL EVALUATION

Fried & McGuire 2024 JPCA 128, 8254

Fried et al. 2026 ApJ, in revision
/
Freq. | Int. | _ 8314.92 MHz
X =
8131 | 0.25 Database
— 8315 | 0.93 Qu—ery>
9273 | 0.18 o > 8135.07 MHz
Testing on laboratory data ...
N
X W, 8135.14 MHz
~98% Accuracy vs Human \/
Next Line
~15 minutes vs many days |
Update Surface Chemical
Intuition
Calculation

Assign Molecule
with Top Score

Scale Based on  g¢cgle Based on
Intensity Match Frequency

Match
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ASTROA M AS E Fried & McGuire 2024 JPCA 128, 8254

Fried et al. 2026 ApJ, in revision

... automate AV determination

... automate visr determination

... Iry a few Tex and Nt for common species
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Xue et al. 2025 ApJS 281, 9
Jargensen et al. 2016 A&A 595, A117

/ \STRO/ \M / \S E Fried & McGuire 2024 JPCA 128, 8254
Fried et al. 2026 ApJ, in revision

‘ w.uﬁlmdum

TMC-1 IRAS 16293
Green Bank Telescope ALMA
~4 - 36 GHz ~329 - 363 GHz
568 Lines >5c 2138 Lines >5¢
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