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A Machine

earning Approach to Detecting Kuiper

Wesley C. Fraser - National Research Councill
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& Operation Strategy of open-use programs: share fibers among multiple open-use programs to efficiently
utilize all the fibers
& Problem: where to point the telescope? —> samples vary significantly on spatial distribution/exposure/priority
& PFS Pointing Planner:
2 to achieve high completeness in rank-A (highest science ranking) samples
2 to maximize fiber allocation efficiency in each exposure (minimize wasted time)

PFS pointing Planner: a general flow-chart

Initial guess of pointing centers: > Local perturbation & fiber assignment: 5 Guide star & scheduling:
Kernel Density Estimate (KDE) Netflow / Gurobi optimizer Shuffle + PFS scheduler

)
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
-

assign weight to each target according toits | : : |input F-star + sky position as calibrators
science rank/priority, exposure time, density | : : 2 :
{ : I | run Netflow with the pointing centers (input o ____ no, iter+=1 i
put pointing at the KDE peak |« — — weight as NonObserveCost in Netflow)
i . iter=1 ¢

: |for each un-allocated target:

randomly remove 70% of the
: |calculate its distance from its nearest pointing

targets falling into this pointing

‘e poning - 15 in :81 i ¢ change in (:etflow total
N(pointing) fill up the total assigned | i :|for each pointing: cost + total cost of un- - -
time* to open-use programs? | i i|-assign adistance penalty to nearby un- allocated) <tolerance?
No : :|allocated targets within 2FoV;
measure the KDE of I : :|-get a mean (ra, dec) weighted by the weight +
the remaining targets [ : :|penalty of nearby un-allocated targets

Subaru UM FY2021, Jan. 11-13, NAOJ



The New Horizons search for distant KBOs

! JJ Kavelaars?, Wesley C Fraser!, Simon Porter2, Hsing Wen Lin3, John Spencer?, Anne Verbiscer4, Fumi Yoshida5, Takashi [to%, David Gerdes?3, Susan Benecchi?, Alan Stern2, Stephen Gwyn1, Hal Weaver8, Marc Buie2, Lowell Peltier?,

= S

Project Goals

R

-Use ground-based deep observations to discover new Kuiper Belt Objects bright enough %

Kelsi Singer?, the New Horizons LORRI Team, the New Horizons Science Team

1 - Herzberg Astronomy and Astrophysics Research Centre, 2 - Southwest Research Institute, 3 - University of Michigan, 4 - University of Virginia, 5 - University of Occupational and Environmental Health, Japan, 6 - National
Astronomical Observatory of Japan, 7 - Planetary Science Institute, 8 - Applied Physics Laboratory, JHU 8 - University of Victoria
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e

New Horizons and SUBARU HSC Searches

for observation with the LORRI telescope (rearth~26, Viorri~21). » A group of Japanese solar system astronomers has joined the New Horizons science team. Working together we are searching for new distant i
e tarize the Bh T light ¢ g dt i . KBOs that can be observed from New Horizons. First search was in 2020 with followup searching in 2021 (analysis on-going) and a plan to being :
: o characterize the phase curves and high-phase light curves of discovered targets o a VERY deep search starting in 2023.
= +To search for any potential new flyby targets .
__ AT e Y * ‘ - PO T SR + i N e :
: o8 = . - ' ol ¢ . . ’. S ‘ L .’ L ] » i

KBO Phase Curves - Surface properties

Cold Classicals

Normalized Magnitude

Charon
Qoamea
2002 MS4

Phase Angle (deg)

References: TRIPPy - Fraser et al. 2016, AJ, 151, 158 « Verbiscer et al. 2019, AJ,158,123 + LSST Science Pipeline https://pipelines.Isst.io «+ NH-LORRI - Cheng et al. 2008, SSR, 140, 189.
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New Subaru HSC w Filter

Solar System objects have flat-red spectra. By creating a
‘wide’ filter that includes most of the optical spectrum we can

286.5 DA dfgjﬁ 288.0 288.5 i search 0.5 mags deeper than perviously possible with the r2
Pluto filter. We hope this new filter will be available for general use |
Eris - by Subaru by the start of 2023A
riton ' | W el Biocs, . e SN . b 5
®  Figure presents the RA/DEC/Distance of the 135 KBOs detected in our 2020 search that now have secure orbits. Objects with ‘X’ : :
, have been observed by New Horizons LORRI in 2021. Line indicates the trajectory of New Horizons wth CYAN line indicating the :
r path in 2021 and the blue line indicating the path for 2022 and beyond. '?‘
: In 2022 we will continue our search, shifting our search fields centres and making use of a new ‘wide’ filter that New Horizons has »
commissioned for Subaru HSC. .
L
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1 - https://steemit.com/javascript/@petarjs/ 2 - https://towardsdatascience.com
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Current status of HSC Standard Data Reduction

Service (SDRS) Ken Mawatari (NAOJ HSC team) et al.
HSC reduction is NOT easy. -> We conduct ALL on behalf of the observers!
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BIAS DARK
Raw data Raw data

FLAT
Raw data

For Each Band

FRINGE SCIENCE images o
2) Pre-Analysis

For Y, NB816, [
and longer For Each Band For Each Band s

wavelength NBs

[
I constructFlat.py
[

constructBias.py

constructDark.py

External catalog red|U CtiOﬂ

for photometry and

o sreemy You can check
constructFringe.py q u al Ity Of yo u r
I FRINGE singleFrameDriver.py d a ta .

.l ) ‘C@hbrathn data CORR (image), SRC (catalog) !
Redu&tion and Web—release Sncata per CCD in each visit _ -!

/ I n mg U | a r O pe ra tio n . skyCorrection.py

jointcal.py

WCS solution
coaddDriver.py Photometric
solution

CALEXP (image), DET (catalog)
Coadd science data per tract&patch

For multiple Bands
“Band-merge”

multiBandDriver.py

FORCED_SRC, REF, MEAS, MERGEDET
Science-ready catalogs




The z~4 radio galaxy survey with HSC-SSP and FIRST

Yuta Yamamoto, Tohru Nagao, Mariko Kubo, Hisakazu Uchiyama (Ehime Univ.), Takuji Yamashita (NAOJ),
Yoshiki Toba (Kyoto Univ.), Akatoki Noboriguchi (Tohoku Univ.),Yoshiaki Ono, Yuichi Harikane (Tokyo Univ.)

We Investigate the properties of High-z (z ~ 4) Radio galaxies (HzRGs) statistically
for the first time using Subaru HSC and FIRST.

HzRGs selection ; ED fitting
. The SED fit using HSC, VIKING and unWISE
g-dropout LBG galaxies (HSC-SSP S19A) | e
: The HzRG candidates in this © |
(2,553,430 objects) work are not conflicting with . = w0 i
l + Radio catalog (FIRST) and the known in K-z relation. E.

remove low-z galaxies or high-z QSO

—
<
[}

Tl

HzRG candidates ‘ |
(144 objects)

; <«— + Near-Infrared catalog (VIKING)

(63 objects)| —

‘ <+— + Mid-Infrared catalog (unWISE)

[
<
(=]

10°
observed wavelenght (um)

[Result] l

.+ photometric redshift: 18 objects
at z_ phot ~ 4

.+ Stellar mass: 2.8 x 10! to 9.8 x 10! M

Redshift .+ SFH: Mostly passively evolving

K-band Vega magnitude

(34 objects)| — |SED fitting




