Astrochemistry - a key science driver for
a high frequency extension of the SKA
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What is Astrochemistry?
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What is Astrochemistry?

Composition of S | P - Inheritance vs. reprocessing
interstellar matter " ... .. .. o __ (chemistry, radiation, heating)
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Building blocks of stars, S5t I - _ Arise of molecular complexity

planets, minor bodies _# - =2 - /Uﬁi'ng blocks of life
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Census of molecular species in space

* Around 300 molecules identified in space o SN HOTme o OhWoOn oo CRON b
(McGuire 2022)
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e Rotational transitions of larger, heavier I _‘ Lo
molecules (e.g., “building blocks of life”) e R R TR
occur at frequencies £ 70 GHz o

Fullerenes

e Less line confusion (number of lines per
frequency unit) and line blending
(overlapping lines) at those frequencies
compared to millimeter regime
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Census of molecular species in space

* Recent detections achieved at wavelengths > 4mm/frequencies < 80 GHz with Yebes
and Green Bank telescopes by QUIJOTE (PI: Cernicharo) and GOTHAM (Pl: McGuire)

molecular line surveys
* Line stacking for some detections — need higher sensitivity

e Single point observations — require high angular resolution and sensitivity for spatial
information (crucial for understanding chemical links!)
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Detection of new species: sugars o

L J
* (C2-"sugar” glycolaldehyde CH,OHCHO detected &
(e.g., Hollis et al. 2000, Halfen et al. 2006, Jgrgensen et al. 2012)
¢ -
e Unsuccessful searches for C3 sugars like glyceraldehyde é° g9

(CHOCHOHCH,OH) or dihydroxyacetone (CH,OHCOCH,OH)
Present in meteorites!

Glyceraldehyde

 SKA band 5 and 6 well suited for observing prebiotic
species (strength of rotational transitions for high dipole
moment molecules drops dramatically at lower freq.) S hroRyacsione

Predicted absorption spectra for prebiotic species

Erythrulose
Jiménez-Serra et al. 2022, FSPAS 9, 843766 - 10

Frequency (GHz)




Glycine — the simplest amino acid

* The holy grail in astrochemistry

* Detected in meteorites and comet 67P/Churyumov—Gerasimenko

e Sub-/Millimeter detections not confirmed — best observed in SKA band 6
(too faint in band 5!)

SKA Memo 20-01
Glycine Conway et al. (2020)
IRAS16293—-2422 B
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€& Volatiles: Ammonia

600

Motivation: s00]-
* Important nitrogen reservoir o
* ,Missing nitrogen problem* 5 aw

* |sotopic ratios as fingerprints for evolutionary history

Nitrogen inversion transitions in band 6
NH; at 23.7 GHz
15NH,; at 22.6 GHz (potential issue: frequency protection!)

Band 6 opportunities:

*  mapping
* higher sensitivity & angular resolution for faint sources

* increasing chances of detection for comets
(ammonia photo-dissociated on short scale)
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Semi-volatiles: ammonium salts

6 different ammonium salts detected in comet 67P
(Altwegg et al. 2020 & 2022, Poch et al. 2020)

Spectroscopy limited but frequencies available from
literature fall in C; X; and Ku band (8'18 GHZ) 17:00  18:00 19:00 20:00 21:00 22:00 23:00 24:00

Time on 5 September 2016 (day 766

Altwegg et al. 2020, Nat. As. 4, 533

Attempts for detection with GBT and Effelsberg
were not successful (lack of sensitivity or angular resolution, unstable nature?)

SKA could provide better sensitivity and angular resolution for ammonium salts,
but also other salts (NaCl, NaCN, KCl etc.), e.g. for constraining carriers of sodium



Carriers of Phosphorus

Phosphorus is a key element for life

Fundamental rotational transitions of
PN at around 46.9 GHz, PN at 44.5 GHz

PH, (phosphine) also has transitions
in this frequency range

Band 6 could allow for better constraints
on origin and carriers of phosphorus and
other essential elements like nitrogen

Organic Building Blocks

QOO0

Hydrocarbons
Carbohydrates & Lipids
Amino acids & proteins
More amino acids & proteins
Nucleic acids, RNA, & DNA

Single atoms of iron, copper, magnesium for some proteins

Credit: http://www.chemistryland.com



o Cyanopolyynes

Cyanopolyynes (e.g. HC;N, HC:N, ...) commonly observed
in star-forming regions (irradiated environments)

Peak of emission for many occurs in band 6
(e.g. HC.N around 40 GHz at 10 K) 233751 233754 233757

Frequency [GHz]
Taniguchi et al. (2017), PASJ, 69, L7

Studying isotopic fractionation which can provide
insight into formation routes and chemistry (requires high sensitivity)

Mapping is key for understanding chemical links between different species

Band 6 offers opportunities for surveys and isotopologues



Synergies with ALMA — multiscale probing

Complex physical and chemical structures The Oph-IRS 48 Ice Trap

of star-forming regions and disks e e ! ™ wo ,.:

Ability to probe different scales crucial for C
understanding evolution of disks (e.g. dust - ’

traps vs. rings for um, mm, (and cm?) dust,
different temperature regimes for molecu- i o CHon 2o
lar transitions at different wavelengths) - .

Band 6 — especially if frequencies extend - - ‘
beyond 24 GHz — would close the gap o
between ALMA band 1 and SKA band 5.

Credit: Nienke van der Marel
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Solar system/star and planet formation

Protoplanetary disk structure from continuum emission at cm wavelengths as
constraints for planet formation models and pebble accretion scenarios, and peering
into the terrestrial planet forming zone that may be opaque at higher frequencies

Study youngest embedded exoplanets and star-planet interactions (aurorae from
magnetic interactions, e.g. Pineda & Villadsen 2023)

Solar system bodies (comets, moons (in particular Enceladus and Titan, planets) —
higher angular resolution at shorter wavelengths — in support of space missions and
centered around origin of life questions
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High frequencies (band 6) crucial for Astrochemistry!

Detection of large prebiotic species including building blocks of life
like sugars heavily relies on availability of band 5 and 6 frequencies & -

é° ¢4

Detection of simplest amino acid glycine only feasible in band 6 oL

(too faint in band 5)

f’ -

Closing frequency gap with ALMA indispensable for complete picture of chemistry
(inventory of species/spectral surveys, constraining excitation conditions, spatial
distribution) and understanding link between chemical composition and dust
structure in planet-forming regions of disks

— SKA can only exploit its full potential for astrochemistry with band 6!
12
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