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My’ “encounter mth MPIA & HD & Thomas

* Jul-Aug 2018: Summer Internship @VIPIA

e Nov 2018: Master program application

application @U. of Heidelberg opens too late
took Leiden’s offer in Mar 2019

e Nov 2020: IMPRS PhD application

interviewed in Jan/Feb 2021, no acceptance €@
continued with Ewine in Oct 2021

Aug 2022: IMPRS Summer School on astrochemistrx
May 2024: JOYS paper circulated to MIRI EC Consortium

e Nov 2024: MPIA postdoc application Me

no interview or acceptance @ joined MPE in Dec 2025

Jun 2026: PoPSF conference
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()bservatmns of C()M ices in protostars

Only became feasible after tha,advenj;of J WST’

JWST/MIRI-MRS observations of protostars (e.g., JOYS, IPA, CORINOS, HEFE, ...)

101 L H,0 bending JWST/MIRI-MRS
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J— CH4:H>0 — HCOO ™ HCOOH:H,0:CHs0H — |RAS2A (JWST/MIRI-MRS)
" —— OCN- CH3CH,OH:H,0 —— CH5CHO:H,0 — — ENIIGMA fit
- —— 50,:CH30H —— CH3zOCHO:CO:H-CO:CH30H CH5COOH:H>0
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COM ice fingerprints in JWST spectra (IRAS2A)
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lab spectra
(in color)
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observations
(in black)

fit with ENIIGMA
(genetic algorithm)

Rocha et al. 2024
ARA, 683, A124
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~ (in color)
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(CH30OH band at 9.74 ym was fit separately)
— Bl-c JWST/MIRI spectrum HCOOH : H,0: CH30H (6:68:26, 15 K) | fit with least-
EEN CH4:H,O (1:100,13K) | =8 CHsCHO-H>0 (1:20, 15 K) MCMC
OCN ~ (15 K) i CH3OCH3 HzO (120, 15 K)
_ CH30CHO :CO:H,CO:CH-OH
I HCOO™ (14 K) 2 3
= H.CO (10 K B 1.20:20:20, 15 K)
: BN CH:COCHs : H,0:CO, (1:10:10, 15 K) Chen et al. 2024
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Wavelength (pm .. .
gth (um) similar decomposition!
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COM ice ﬁngerprmts. toward a larger sample

——

Systematlc analysmbf weak-bands.i In 6 8—79 um

Case studies:

IRAS 23385 & IRAS 2A
(Rocha+2024; JOYS+)

B1-c (Chen+2024; JOYS)

L1483 & Ser-emb?7
(Turner+2026; CORINQOS)

IRAS 18089
(Gieser+2026; JOYS)

|

The full JOYS+IPA sample:
21 Class 0/I protostars
(mostly low-mass) selected
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Chen et al. 2026



COM ice ﬁngerprmts' toward a larger sample

Systematlc analy3|s of weak bands.in 6 8—79 ,le

Watch out the rovibrational
lines of SO2> and CH4 gas!
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Chen et al. 2026

Step O (optional): gas line removal N



COM ice ﬁngerprmts. toward a larger sample

Systematlc analy3|s of weak bands.in 6 8—79 ,le
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Focus on 4 bands with
regular appearance:

e /.67 pm
CHa4, strongest

o /.24 & 7.40 pm

HCOO-, COMs?
(Schutte+1999)

e /.02 um

COMs? weakest &
less constrained



COM ice ﬁngerprmts' toward a larger sample

Systematlc analy3|s of weak bands.in 6 8—7.9 ,le

Step 2: band property
B1-c L1448-IRS2B measurements
(by Gaussian fitting / by definition)
B335 1.1448-IRS3B1
peak wavelength A,c.k
Ser-SMM1A IRAS20126 band width FWHM
O .
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—— Bl-biobservation
0.08 —~-= 7.24 pm band model
Per-emb8 -—==7.40 pm band model
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Wavelength (um) en et al. AFWHM = 0.01 ym
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Results I: band area correlatmns at 7 24, 7 40 . 67 pm

- S = =

% gas-line contaminated lab spectra: lab spectra: lab spectra:

* observations 7 NH3:HCOOH (2:1) o NH;: HCOOH: H»,O (2:1:10) Q NH;: HCOOH: H,O (3:1:20)

¥¢ low SNR (HCOO™ +NH/) (HCOO~ + NH + H;0) (HCOO -~ + NH; + H,0)

6 . . .

fslope: 0.95+0.10
HT i _mtercept: -().4510.17:3F : LA e 7.24 vs 7.40 obs only:
z o | bands at 7.24 and 7.40 pm are strongly correlated
g 41 = co-occurrence favors attribution to HCOO- ice
-
©
O 3F
:g; " %
= ol = _ o 7.24 vs 7.40 obs vs lab:
iy ’}' | lab spectra of HCOO- ices show stronger band at 7.40 pm,
< . . . .
~ 1f slope: 1.97+0.10 - while in observations the 7.24 pm band is stronger

slope: 1.20+0.12
) , , _ slope: 1.30£0.14 = other contributors to the 7.24 pm band than HCOO- ice
0 1 2 3 4 D o

7.24 pm band area (cm™1!)

Chen et al. 2026
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Results I: band area correlatmns at 7 24, 40, . 67 pm

" ‘6 _ — ——

% gas-line contaminated lab spectra: lab spectra: lab spectra:

v observations 7 NH3:HCOOH (2:1) ¢ NH3:HCOOH:H>0 (2:1:10) Q NHs: HCOOH : H,0 (3:1:20)

Y low SNR (HCOO~ + NH/") (HCOO~ + NH, + H,0) (HCOO~ + NH, + H,0)

6 1 1 1 | 1 T 6 1 1 1 1 1 6 1 1 1 1 T 1

slope: 0.95+0.10 slope: 0.47+0.08 slope: 0.46+0.09
= intercept: -0.45x0.14 N intercept: -0.006+0.28 | * = intercept: -0.52+0.31
T T E) C | * ) T T | T o * T
= o 5 5
\C-U/ 4 I m ] ; 4 ) | * | * ] Tg 4 i |
o | ABEF o R o
s £ © |2 | @ T f
Ig 3 i i * i 'g 3 i ' T * : I | i g 3 i lT * i . % i
& £ e wpd] 3 I
g 2 + { g 2t { Lo S { g 2f TR TR — :
=, = =, | + | =, = =
; AR T S —4—
~ 1f slope: 1.97+0.101 ~ 1Ff {1 ~ 1} Z) X -

slope: 1.20+0.12 w " £
X slope: 1.30+0.14 xS
OO 1 2 3 4 5 § OO 2 4 § 3 10 OO 2 4 6 3 10

7.24 pm band area (cm™1) 7.67 nm band area (cm™!) 7.67 nm band area (cm™!)

e Strong correlations among three bands! Chen et al. 2026

= Non-detection of ice bands is more likely due to low ice abundances and sensitivity limits,

doesn’t necessarily mean no ice in a source
17
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Results II: identification w/ peak wavelength & FWHM
: e e TR N\ ¥ e ;

(a) 7.24 pm band

o ” 0.16 ; ; ; .
BOOgert pIOt . Y Observations . Adpeak AFWHM
- — 0.0025pum |
- band properties (peak & width) 0.14F Pome 910 ——0.005 pm glo
. o O,
laboratory vs observation - 00 * 298
. B —TTE T
. . 0y 1700 0115 5 8 3
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. . 2 Yriso w3
species of observed ice bands S 0.10f Y e I
S | s Kom o™ 1O
% 0ogl 1o 3000113)7.:132‘1?1)3%3 * I
. . . 150
e C2HsOH is a plausible carrier of E 130;}88
the 7.24 pm band, but there is 0.067
degerency in its mixing condition -
004_ A A -
15
e HCOO- mixed with H20 is favored " ClOfpure =~~~ A GaHOH:CO(1:20 m 5t
B 2115 . I'1) : 3. : il
than HCOO- pure (FWHM too large) 0-021" & C,H;0H:CH;OH (1:20) | NH;:HCOOH: Hy0
o ?121;802161) CO:CH30OH (3:1:20)

0.0'9 | | | | |
21 722 723 724 725 726 7.27 728 7.29
Chen et al. 2026

q Peak wavelength (um)
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Results 1I: identification w/ peak wavelength & FWHM
s e e _—a—u ST
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(b) 7.40 pm band

(c) 7.67 nm band

(d) 7.02 pym band

0.16 . - - 0.16 . . . 0.16
®m CH;CHO pure A CH5CHO:CO (1:20) . CH, : H,O : CH30H : CO,
CH;CHO : H,0 (1:20) 0 NHs:HCOOH (2:1) - CH4 PI‘{”‘; 6.100 ®  (2.3:4:6:10)
0.14} @ CH3CHO:CH;30H (1:20) NHs : HCOOH : H,0 0.14} i) (6:10 )| CH,:H,0:CH;0H: COy 0.14} e
CH5CHO: CO : CH;OH (3:1:20) 14 4:H20 (6:10) (1:6:7:10)
®  (1:20:20)
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CH;COCH;:H,0:CO, A CH;CHO:CO (1:20)
(1:10:10)
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* The 7.40 um band also favors

e CH3;CHO band is too redshifted

HCOO- mixed with H20 than
its pure form

e The 7.67 pm band has very constant

band properties in observations
¢ CH, should be present in a mixed

environment than a pure one
19

e Both CH3CHO and CH3COCH;s;
mixed with H20 are possible
contributors

Note: this band is weak with
less constrained properties
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Take-away messeages from this large-sample study
= — %’_* —_3 — -/-—‘_*“ ~ N | L

e Weak ice bands in ~7—8 um can now be routinely detected by JWST

* The long-suggested carrier of the 7.24 and 7.40 pm bands, HCOO- ice, can be
confirmed, with two notes:

HCOO- is likely to be present in a H20-rich environment than in a pure form
HCOO- seems not the only carrier of these two bands, given the difference in band area ratios

e The 7.67 pm band has very constant peak positions and widths
CH, should be the dominant (if not only) carrier of this band
CHy, is also present in a mixed environment, not in pure form

e Comparing band properties between observations and lab spectra is a powertful
tool for ice identification, not only on speices, but also on environments, while only
robust with large samples

20
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Outlook:toward a different mass regime

— T — . y

JWST Cycle 4 GO - ICEBEAR (44 hr)

Investigating Chemical Evolution Between icE and gAs in massive protostaRs

-

A

Proposed main science goal: gas-to-ice comparisons of COMs in high-mass protostars
High S/N MIRI-MRS + simultaneous MIRI imaging + dedicated bkg obs of 15 high-mass

hot cores (selected from ALMA programs) across the galactic plane
90% data taken, data reduction ongoing, preliminary spectra & images available

ow-up program for ICEBEAR

ce comparisons to simple species (e.g., HNCO/OCN-,
ng effects via vibrationally excited gases (e.g., SO,

iPAsHERE — (UO¥SF.  [GEBEAR
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