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STEP 1: Molecular cloud clump
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STEP 3: Protoplanetary disk
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Methanol CH30H
Formic acid® HCOOH
Acetaldehyde CH3CHO
Methyl formate HCOOCH3
Glycolaldehyde | HCO(CH3)OH
Acetic acid CH3COOH
Dimethyl ether CH30OCHj5;
Acetone CH3;COCHj;
Ethanol CH3CH20H
Propanal CH3CH,CHO
Ethylene glycol (CH,OH)
Methyl cyanide CH3CN
Ethyl cyanide CH3CH,CN

Cyanoacetylene HCsN

Formamide NH>CHO
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De Simone+ 2020, 2022, 2024, 2025

interstellar Comp|ex « Methanol trace the most extended

Or-ganic Molecules (iCOMs) Hot corino emitting radius (40 au), followed by:
 Methyl formate (36 au)

 Acetaldehyde (28 au)
. (R7 au)
* Glycolaldehyde & Formamide with the
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ALMA is missing one ey ingredient:
keavv C-chains and rings

ALMA main WCCC Eracer:

CCH} C”CgHg
CCH

~2000-3000 au

VLA 1623A and B disks

Enriched in unsaturated
(long) carbon chains

e.g. CCH, CeH, CsH>

deficiency in
Inner region

'Warm Carbon Chain Chemistry , | Ohashi+ 2023



GBT 100-m GOTHAM:
McGuire et al. 2020

YEBES 40m QUIJOTE & SANCHO:
Cernicharo et al. 2021

v > 2 THz
— 50 GHz < v < 2 THz
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Unveiling complex chemistry in planet-forming disks with the SKAO

(a) pusTt 290 GHz
ALMA

observations of
TW Hya DISK

(d=60 pc) e

llee et al. 2025

(b) meTHANOL CH3OH
o Stack
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O 1”= 60 au

Protoplanetarg disks are the birthplace of Plaﬂcts

Characterising their chemistry s crucial

to determine what chemical Complexitg s inherited 139 the

Forming Planets

Draft contribution to Advancing Astrophysics: Preparing for Science with the SKAO e

Unveiling complex chemistry in planet-forming disks with
the SKAO




The limits of ALMA in studying disk chemistry

the Planet formation region is obscured bﬂ oPtica”g thick

clust at mm wavelengths

Protostellar disk HH 212 with ALMA

 ee et al. 2022
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molecular em from warm
(T>100 K) disk atmosphere

—coIdTmideane molecular em fro
=l dust (T >5) disk atmosphere

Tobin et al. 2023
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“Q*'h have their Peak emission in the cm at 10-20 K

 |RAS16293

GBT — Protostellar emvelope IRAS16293

Bianchi et al. 2023, Giani et al. 2025
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Large beam of sing|e~clish antennas (60-80”” with GBT) Prevents
detection of complex C—-species N compac‘c sources

such as disks (100 au scales)



Unveiling complex chemistry in planet-forming disks with the SKAO

The need for disk observations @cm with the SKAO

emission from complex C~5Pecies

disks are compact (<17-27)

Dust opacitg sharplg decreases at cm At |ow T Peak atcm

Increasing complexit

Class 0, IRAS 16293B ALMA
' observations of
HD 163296
d=100 pc

dust @270 GHz

HC3N 29-28

o llee et al. 2021

Maureira et al. 202 ,
au,rexra et a 5 I TE 0T=10 K 17=100 au
De Simone et al. 2020 ® —
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Higﬂ angular res (<17-2") and scnsitivity (<1K/ beam) atcm is rcquirecl to explore

the chemistry of the cold 20K), clustg (T>1 @mm), compact (<200au ) midplane of Planet~1corming disks



H2CO and isotopologues = CH3OH and isotopologues

Tobin et al. 2023

0.1" (40 AU)

10 12.5
Frequency [GHZ] Frequency [GHZ]

Predicted spectra for an outbursting disk with a 0.5"" diameter, assuming L .TE at T=100 K,
column densities as inferred for V883 Ori (f:aclui et al. 2025).

from AASKA 11, Podio et al. 2025



Cganopolgynes emission (uP to HC,N) with SKA-Mid Band5, AA4, beam 17-2”

SKAO: a new window on disk chemistry

assuming disk inheritance from Preste”ar cores

TMC-1 Starless

Giani et al. 2025

Protostars
L.1544 ¢

2 Prestellar

dust @270 GHz
ALMA
observations of
HD 163296 '
d=100 pc
HC:N 29-28
llee et al. 2021
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1”=100 au

Predicted spectrum assuming L

Cyanopolyynes

column densities

in starless/prestellar & protostars
HC3N HC5N HC-N HC¢N

observed in starless/ Preste”ar cores and Protostars

ission ||

10 12.5

Frequency |GHz|

C— at 1=20 K, column densitg of HCN = 2el4- cm-2 and abundance ratios as

from AASKA 11, Podio et al. 2025



SKAO: a new window on disk chemistry

Cganopolggnes (uP to HC,N) and Polggngl radical (uP to C4H) emission from carbon rich disks
with SKA-Mid Band5, AA4, beam 17-2” >
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based on the gas~-grain model 59 Walsh et al. 2015) and llee et al. (2025) for a T Tauri disk

from AASKA 11, Podio et al. 2025



The chemical evolution along star and planet formation with the SKAO

Astrochemistrg / Disk

Chemical complexity in the early stages of star formation in the SKA ¢ Protostar
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Time = 10%yr

Jets and outflows in young stellar objects with the SKAO
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Planetary system Planet forming disk
Time = 106 yr
Time > 106 yr
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