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Ø Polarimetric	phase	curve	(PPC)
◦ Pol.	as	phase	angle	 𝑃! = 𝑃!(𝛼)[%]
◦ Phase	angle	α	=	180° − scat. ang.

Intro: Polarimetry in Solar System
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Ø We found two observables are important (Bach+24, A&A, 684, 80; Paper I):
◦ Albedo 

§ The Umov law

◦ Size parameter (D/λ)
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Targets

(4)	Vesta

560	×	450	km

(1)	Ceres

960	×	890	km
"Airless	Bodies"

Criteria:
• Brightest
• Most	studied
• Likely	to	contain	small	(≲	20µm)	particles



Ø NHAO	NIC,	polarimetric-mode
◦ J,	H,	Ks-band	simultaneous	pol.

Ø (1)	Ceres:	5	obs.
◦ 2020-06-21,	2020-10-02,	2020-10-18,	2021-09-09,	2021-11-07

Ø (4)	Vesta:	6	obs.
◦ 2019-10-22,	2019-11-08,	2019-11-21,	2019-12-18,	2020-01-10,	2020-02-13

Observation
Special Thanks

3+	year	of	data	reduction

→	Published	NICpolpy Bach et al. 2022 (StGal)



Ø Ceres:	Matches	well	with	Palomar	

Ø Vesta:	First	NIR	pol	of	V-type

PPC

Bach+24b A&A, 684, 81; Paper II

200"	(5.1-m)	telescope	(WIRC+Pol)
(Masiero	et	al.	2022	PSJ)
The	first	NIR	pol.	for	asteroids (!?)
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Case of Vesta
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Ø 									-								change	for	Vesta	

Ø Particle	size:
𝐷
𝜆
~ 5 − 10 𝜆 ~ 2µm
𝑫 ~ 𝟏𝟎 − 𝟐𝟎 µ𝐦

Case of Vesta
𝑷𝐦𝐢𝐧 𝜶𝟎

Ceres

Vesta

Fine
Particles

Large rocks

(compared to λ)

𝐷
𝜆 ≲ 5–10

Bach+24b A&A, 684, 81; Paper II

Bach+24b A&A, 684, 81; Paper II
First quantitative estimation of D

from multi-λ pol to NIR

Data: Geake et al. (1986) MNRAS
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Thermal modeling

Data	from	MacLennan	&	Emery	(2022)	PSJ
Figure	from	Bach,	Y.	P.	(2023)	PhDT
Methodology	-	see	
Gundlach	&	Blum	2012	&	2013

🌛

Ø Compensates	thermal	modeling	based	estimations.

Discussions – Importance
An independent way to measure particle size D 
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Ø Compensates	thermal	modeling	based	estimations.

Ø 100µm	floor	VS	10-20µm	on	Vesta?
◦ Bug	found	in	M&E22	

§ (priv.	comm.	MacLennan	2023)

◦ Our	result	is	consistent	with
	 	 their	updated	results!

Ø Summary:
◦ First	application	of	NIR	polarimetry	
to	quantify	grain	size.

◦ Vesta	𝐷	~	10 − 20	µm
◦ Ceres:	further	discussion	needed	(e.g.,	h	value)

Ø Future:	Disk-resolved	NIR	pol	for	Vesta

Discussions – Importance

Vesta

This 
work

VS

Prev. 
work

An independent way to measure particle size D 



Ø Disk-resolved	NIR	polarimetry
◦ Vesta	is	one	of	the	"most	heterogeneous	asteroids"[1]
◦ Albedo	already	known	(Dawn	mission)
◦ With	Pol.	map,	we	may	discuss	grain	size	map	(size	VS	craters,	compositions,	etc)

Future Works – Vesta

Subaru	IRCS	with	AO188	(K-band)
(Best	expected	resol.	=	70	km)

~	560	km

~	400	km

https://trek.nasa.gov/vesta/#
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2023B	proposal	rejected
Planning	to	submit	2025A
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