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LA Questions and‘impact on astronomy
¥ and astro -physics/chemistry/biology

ISM Initial condition, shocked regions
(e.g. CCC), Galactic center
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Formation/evolution, B-field in Star/disk/outflow/core,
origin afdiversity,

astro-ahemistry/biology ’ B-field in clump/filament/cloud

Star-planet formation

© NAOJ Pulsars, Cosmology,

How is a star’s mass determined? EoR, gal-axy evolution
How/when/where are planets formed? : : ® .

How do they phys Ichemically evolve? i

Transient

© NAOJ

Formation of the first star, IMF of
BHSs, pulsars, and these binaries

© NAOJ

Episodic outflow/jet ejection,
accretion burst, maser flare

Source distance (parallax),
3D structure and time variation .. Matthews+2010



Top priority science case for

=ewt i star and planetformation
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. Key sciences of star and planet
¥ formation withSKA discussed in WG

irs: Forges of cos|

Radio jets from young stellar objects and
relation to protoplanetary disk evolution

Measurement of magnetic field strength
by synchrotron emission from cloud cores A

Dust growth, Pebble accretion and planet
formation

Search of pre-organic molecular and
cradle of life
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Radio jets from young stellar objects and 2
relation to protoplanetary disk evolution

Measurement of magnetic field strength |
by synchrotron emission from cloud cores A

Dust growth, Pebble accretion and planet
formation

Search of pre-organic molecular and
cradle of life




Synchrotron emission from YSO jets

ene o Cosmic ray acegeleration at strong jet

HBB-field information from synchrotron emission in YSO jets

* One of the most critical factors in star-formation, which controls
accretion, ejection, and feedback for both low/high-mass YSOs

« Strong jet proposed as an additional acceleration site of CR

 Drastically change ionization state and magnetic activity in the disk
Padovani+2016

HH 80
Magnetic field

B DG Tau 1500 AU

Carrasco-Gonzalez+2010 Ainsworth+2014:
HH 80-81 jet (B-star) at VLA6 cm DG Tau at GMRT 325 and 610 MHz




Free-free emission, stellar activity

s o8 AN disk evolution

BUV and X-ray information from free-free emission of YSO disks

» Key roles for disk evolution, which affect photo-evaporation,
ionization, and chemistry of disks
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* 8 udy/beam @VLA 9GHz for 1.7 hrs; &g, <104" s1 L ,<103" erg s’
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Radio jets from young stellar objects and
relation to protoplanetary disk evolution

Measurement of magnetic field strength |
by synchrotron emission from cloud cores Ay

Dust growth, Pebble accretion and planet
formation

Search of pre-organic molecular and
cradle of life
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Measurement of B field in core scale

NAOJ SKA1 STUDY GROUP g 4999 : '

HAlso important in star-forming regions at larger scales

BNeed confirmation with new different methods
» Chandrasekhar-Fermi method with polarized emission

v' Magnetic field obtained using the following equation: B, = (4mp)'/?3
: , . " AD
v" Assumption on background B field, energy equipartition to turbulence
« Zeeman effect
v Uncertainty of magnetic moment, narrow density range, small sample
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Synchrotron emission from cloud
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BB-field measurement with synchrotron emission (Brown+1977)

» Merit: small parameters in the model L= [ awas=2 [t
v Only depend on SED of electron and LoS B field - i (Er)
v SED of electron in <500MeV recently )= f ve(E) Py (E,1)dE,

measured by Voyager | (Cummings+2016),
but possibly lower than in molecular clouds (Phan+2018)

 1-hr integration for detection with B=30-100 pG at SKA-L 60-220 MHz
v Lower detection limit than the critical B-field of ~200 puG
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; Specificatiqn§ and strategy

BNew windows for non-thermal processes in various star/planet-
forming regions within only short observing time (~1hr/field)

BComplementary to other projects at multi-wavelengths
* Detailed view of thermal emission mm/sub-mm with ALMA and ng-VLA
« Time-domain phenomena of optical/IR variation and X-ray flares
» Wide-field long-term survey/monitor with SKA1

3. Jets and disks

4. Magnetic field

Targets
Frequency

Field of view
Spatial resolution
Spectral setting
Sensitivity
Integration time

Number of filed

Star/cluster-forming regions

SKA-M (and L), e.g. 9 GHz

<100,000 au or 1000”-100"@0.1-1 kpc
10-100 au or 0.1” @0.1-1 kpc

Only continuum mode, full polarization
~1 pdy/beam/hr'/2

An order of 1hr/field

100 fields for ~1000 sources (TBD)

Molecular clouds

SKA-L, 60-220 MHz

>100,000 au or >1000”-100"@0.1-1 kpc
100-1000 au or 1"@0.1-1 kpc

Only continuum mode, full polarization

~1 uJy/beam/hr'/2

An order of 1hr/field

100 field to cover ~10,000 degrees? (TBD)
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Radio jets from young stellar objects and .
relation to protoplanetary disk evolution

Measurement of magnetic field strength |
by synchrotron emission from cloud cores A

Dust growth, Pebble accretion and planet
formation

Search of pre-organic molecular and
cradle of life
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Testi+2015

BSub-micron dust grains of ISM
are fundamental building block
of planets

®m\When and how they grow in the
disk?

MIR
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SKA may reveal
this phase

embryos

planetesimals
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Possible evigle/nce of dust growth?

YR
W Spatial variation of the dust Kk
opacity index 3
* T, XK, K, =KoV, F, oc vB+2
» Apparent low-3 of optically
thick sub-mm dust emission

 Crucial to determine 3 from
optically thin lower frequency

SED

MFeasibility test of disk
observations with SKA1
» v=12.5 GHz (band 5b)

* 100-1000 hrs for SNR=10
v ¢.f. ~150 hrs at Band 5c 20 GHz
(Tsukamoto+2020, science book)
v c.f. ~20 hrs at ng-VLA
30-100 GHz (Ricci+2018) t=1000 hr ek
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. Key sciences of star and planet
¥ formation with SKA (4)

Radio jets from young stellar objects and
relation to protoplanetary disk evolution

Measurement of magnetic field strength |
by synchrotron emission from cloud cores A

Dust growth, Pebble accretion and planet
formation

Search of pre-organic molecular and
cradle of life
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Pre-biotic GOMs in ISM

BSeveral prebiotic COMs found in hot cores/corinos
» Glycholaldehyde, CH,OHCHO (Beltran+09,Jorgensen+12)
* Amino acetonitrol NH,CH,CN (Belloche+2008)

v' Detection of various precursor of amino-acids

v" No detection of amino-acids in molecular clouds to date

A
?\

BGrand challenge for astro-chemistory/biology
« Wide-band single-dish survey (GBT, Yebes 40m) y, P

 High resolution interferometer imaging (SMA, ALMA) Srdeveis
v' COMs, Long carbon-chains, aromatic molecules
Cernicharo+2021 dene, .
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BAdvantage of low-frequency
* Less small/light molecules Codellas2014

—

v v o 2B(J+1) 2 iy
v' B o (molecular weight*size?)™’ 3
« Smaller line broadening 205 Band 5 1
. £ [Band 4 ]
or overlapping . 1
Y Av o AVIETy = ol ol IHI\n | |
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* More population under lower T, Frequency (MHz)  Extended

v But weak, Ty« 1Ty

M Target: cold dark cloud L1544
e Size=12", T=10 K | Redaelli+2019 - .J‘FU?O?%'S?”?TZOM
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~300 hrs for 30 |
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BHow can we manage deep
observations for dust
continuum and COMs lines?

« Several 100hr or up to 1000hr &

integration for both cases

BDeep field at the center of
a rich young cluster

» 20 YSOs within 6" FoV in a low-
mass cluster p-Oph A at 120 pc

BADbout 10 hours per YSO

« Trawl (#151#8) strategy to hunt
large grain and pre-biotic
molecules, along with other
multi-purposes




Radio jets from young stellar objects and relation to
protoplanetary disk evolution

Measurement of magnetic field strength by synchrotron
emission from cloud cores

« Complementary to other multi-wavelength projects in terms of wide-field
and long-term survey

» Possible collaboration through commensal surveys with other KSPs
« Significant impact on other KSPs, directly and indirectly

Dust growth, Pebble accretion and planet formation

Search of pre-organic molecular and cradle of life

» Too large (~1000 hrs) and risky to conduct only by Japanese WG,
unless higher frequency band (>Band 5c) is available

 Better to join international SWG of Cradle of Life rather than own KSP,
or to wait for ALMA band 1 or ng-VLA
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