FRONTIERS AND CHALLENGES IN
- LABORATOR)

ROCH




NN T ] (he CDMS Catalog)
OF OBSERVATIONAL : 240 |
ASTRONOMY

Total: 241

Since 1968: 3.9 detections/year
Since 2005: 6.0 detections/year

ALMA (2011) —

Yebes (2007) —

«— NRAO 36-foot (1968)

Nobeyama (1982)

w)
@
3
O
Q
o
=
=
s
(&)
Q
as)
[
(o
Y
o
—
[F]
0
S
>3
=
QL
=
ras)
£5
|
£
|
o

o

: \y% R N oiF ":
\Q . \ ‘§A el ‘" § \ 1940 1960 1980 2000
O . . Year

< o N e e McGuire, ApJS(2021)



Very Large Telescope Extremely Large Telescope Keck Telescope Thirty Meter Telescope Gran Telescopio Subaru Telescope South African  New Technology Giant Magellan Telescope Large Synoptic Survey Telescope
Canarias Large Telescope Telescope




GCAMMA  X-RAY ULTRAVIOLET  VISIBLE INFRARED MICROWAVE RADIO

e

CHANDRA

EUCLID

FERMI

ATMOSPHERE

P
=B
=8
—

=B
=5
-

==
-

ey wey o










Inherlt‘_fllwc . processing

Link to Origin of Life



JAMES WEBB SPACE TELESCOPE

HH 46/41

0.43 LIGHT-YEARS

1 ARCMIN

WEBB

SPACE TELESCOPE

444W

F200W F335M

F187N

NIRCam Filters






PHYSICS & CHEMISTRY OF ICE GRAINS
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PHYSICS & CHEMISTRY OF ICE GRAINS
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Radiation of protostar and ISM
Photochemistry
Photodesorption

Cuppen, Linnartz & loppolo ARAA (2024)
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Direct Dust Image Spectroscopic Ice Map

Smith et al. Nat. Astron. (2025)



DETECTION OF COMS IN ICES

Optical depth
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CURRENT STATUS OF LABORATORY
— INFRASTRUCTURES
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CHALLENGES IN LABORATORY
— ASTROCHEMISTRY

LAB Challenge I:
Generating a (0.1 - 3000 um) ice database

LAB Challenge II:

Linking Physics and Chemistry of Star Formation

LAB Challenge llI:

Formation of the Building Blocks of Life in Space

/v DEPARTMENT OF PHYSICS AND ASTRONOMY AU SPACE DAY SERGIO IOPPOLO

22. JANUARY 2026 LEKTOR
AAAAAAAAAAAAAAAA



/v

DARI( CHEMISTRY Nonenergetic Surface Reactions

Solid State (Ice)
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DARI( CHEMISTRY Nonenergetic Surface Reactions

A non-diffusive reaction mechanism at 10 K

Fedoseev et al, MNRAS (2015) Qasim et al, A&A (2019)
Chuang et al, MNRAS (2016) Chuang et al, A&A(2020)
Chuang et al, MNRAS (2017) Qasim et al, Nat. Astron. (2020)
Fedoseev et al, ApJ(2017) loppolo et al, Nat. Astron. (2021)
Jin and Garrod, ApJS (2020) Garrod et al., ApJS (2021)
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DARI( CH EMISTRY Nonenergetic Surface Reactions
\\ e
NH,CH,COOH
CH4CH2£H2 CHQOH /

L/
g =

Qasim et al, Nature Astron. (2020) loppolo et al, MNRAS (2011q)
Fedoseev et al, MNRAS (2015) loppolo et al, Nature Astron. (2021) loppolo et al, MNRAS (2011b)
Fuchs et al, A&A(2009) loppolo et al, ApJ(2008)
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GLYCINE IN SPACE (Non)energetic Surface Reactions

~ -~y

Dense molecular cloud Cloud collapse & Hot core Protostar & Solar system formation
Non-energetic glycine formation Energetic amino acid formation Further processing and inheritance

loppolo et al. (2021)
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GLYCINE IN SPACE

LI

Dense molecular cloud

Non-energetic glycine formation

loppolo et
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Cloud collapse & Hot core

Protostar & Solar system formation
Energetic amino acid formation
al. (2021)

Bernstein et al. (2002)
Mufioz Caro et al. (2002)
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ENERGETIC PROCESSING OF GLYCINE

ICA

P< 1x10°? mbar

T.+=20-300K

Ei,ns = 200 keV - 4 MeV H*
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® 2keV electron gun

¢ Effusive Cell

AQUILA

P< 1x10 mbar

T.+=20-300K

E,ns = 100s eV - 10s keV
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High charge state of ions
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ENERGETIC PROCESSING OF GLYCINE

Wavenumber (cm™)
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ENERGETIC PROCESSING OF GLYCINE
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ENERGETIC PROCESSING OF GLYCINE

TPD after 10 keV irr of Gly

Absorbance
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ENERGETIC PROCESSING OF GLYCINE

— Water Formation
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ENERGETIC PROCESSING OF GLYCINE

— Formation of Amide Bonds

Residue after 1 MeV irradiation of Gly at 20 K
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ENERGETIC PROCESSING OF GLYCINE

— Electrospray lonization MS

(a) Glycine (b) D3-glycine (c) D5-glycine
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PE PTI DES IN SPACE The Building Blocks of Proteins

) Primary Protein Structure
is sequence of a chain of amino acids

Amino group
H—C

Acidic

o carboxyl
]
90U Amino Acid
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LUSIONS

Simple and complex orqonic molecules formed on dust grains via Dark Chemistry
";‘-.'ii"] UV, CR, electrons, and heat change the physicochemical composition of ice grains

- . Building blocks of life can survive and evolve during star formation process

* Laboratory Astrochemistry needs to strengthen link to Astrobiology
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