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Collaborative large programs

My Science Jeff Cooke, Swinburne University

High redshift galaxies

Lya and spectral properties and environment
Reionisation (LCGs and LyC from galaxies and supernovae)

High redshift supernovae
Surveys, detection, spectral study, PISNe, Pop III star deaths

Fast transient detection

Millisecond-to-hour durations, FRB and GW counterparts,

Multi-wavelength, simultaneous observations, rapid-response
and longer-term follow-up observations

Real-time reduction, analysis and candidate identification
software, human visualisation, citizen science



JWST Early Release Science Supernova

First Stars:

Proposed Early Release Science with JWST rﬁj
Lifan Wang', Jeremy Mould?, Jeff Cooke?, Paul Geil® & the SN in the dark team ﬁ a

Mebourne Emal [mould@swin < du s
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An unaveidable problem in probisg the high resihilt Universe is the rapid rse of kiminesity datance
with redshift. In luminosity Sistance the spoch of reienication (oK) from t = 100 Myrs
extends 82 Hubble radil. We have spent the best paet of the 20th century getting «
paviabie picture of one Hubbie radius. More powerful telescopes and instruments are
meeded for the Eok, vuch as:

. IWST: [powerted, But small field, with spectroscopy parameunt]
. OfCarm: (1 wndd shorter, wide fisdd (flaugher ot o 2012))
. KDUST: [1pen 33, widhe Fiubd [Yuan et o 2012))
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HSC-SSP Superluminous Supernovae at z =~ 2—6
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HSC-SSP Superluminous Supernovae at z =~ 2—6

HSC-SSP grizY imaging
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HSC-SSP Superluminous Supernovae at z =~ 2—6

HSC-SSP grizY imaging

Reference 2016-11-23

Reference 2017-01-23




HSC-SSP Superluminous Supernovae at z =~ 2—6

HSC-SSP grizY imaging
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HSC-SSP Superluminous Supernovae at z =~ 2—6

HST far-UV spectroscopy z ~ 0.1-0.2 SLSNe
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HSC-SSP Superluminous Supernovae at z =~ 2—6

AU Keck spectroscopy z = 2.4 SLSN?
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HSC-SSP Superluminous Supernovae at z =~ 2—6

AU Keck spectroscopy Z = 2.4 SLSN-I
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HSC-SSP Superluminous Supernovae at z =~ 2—6

AU Keck spectroscopy z = 2.4 SLSN-II
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HSC-SSP Superluminous Supernovae at z =~ 2—6

HSC-SSP SLSN program

Based on the success, current plan, and duration of
HSC Ultradeep survey

Propose complementary z and Y observations
for z ~ 5-7 SLSNe and LAE continua and Lya EWs

Keck synergy, JWST z ~ 5-7 SLSN spectra
to calibrate for FUV spectra to z ~ 20

Subaru HSC, PFS, ULTIMATE

Keck LRIS, MOSFIRE, NIRES, OSIRIS

TAO SWIMS deep IR survey

JWST Restframe FUV through optical spectra
GMT FUV+optical spectra, IFU of hosts and SNe



HSC-SSP Lyman Continuum Galaxies at z = 3-4

U GRselected z “3LBGs (cz, Steidel ot al 2003)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

U GRselected z “3LBGs (cz, Steidel ot al 2003)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

U GRselected z “3LBGs (cz, Steidel ot al 2003)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

U GRselected z “3LBGs (cz, Steidel ot al 2003)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

U GRselected z “3LBGs (cz, Steidel ot al 2003)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

U GRselected z “3LBGs (cz, Steidel ot al 2003)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

Modifying the composite spectra
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

Modifying the composite spectra
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HSC—-SSP Lyman Continuum Galaxies at z

Modifying the composite spectra
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

Keck LRIS - Stack of 6 LCGs (6Ar exposure)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

HSC Project 212

CLAUDS - CFHT U-band survey (Sawicki+)
HSC SSP Deep layer, U=27AB

CLAUDS+HSC SSP | | |
will enable 0.5 mag deeper w| "X\ M

5x wider search of LCGs
(Iwata, Cooke, et al.)
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HSC-SSP Lyman Continuum Galaxies at z = 3-4

HSC-SSP LCGs

LCG number density, bright candidates, quantify the
contribution of galaxies to reionisation

Test merger hypothesis
Wide-field narrow band LyC emission searches

potentially powerful detection technique

Subaru HSC, PFS, ULTIMATE

Keck LRIS, MOSFIRE, NIRES, OSIRIS
HST Deep LyC imaging
JWST Z > 6 restframe optical nebular emission lines

GMT Z > 6 restframe optical nebular emission lines



[ ’ _ CAASTRO
\/m W/ Deeper, Wider, Faster MRS -

(as of July 2016)

PI: Jeff Cooke '

Radio: Emily Petroff?, Chris Flynn ', Manisha Caleb 2 Shivani Bhandari ', Evan Keane 4
Stuart Ryder 9, Wael Farah ', Fabian Jankowski !, Vivek Venkatraman Krishnan ',
Themiya Nanayakkara ', Aditya Parthasarathy ', Sarah Burke—Spolaor 6, Casey Law ¢

Optical: T7yler Pritchard 7, Tim Abbott /, Chris Curtin ', Stephanie Bernard é, Chuck Horst ?,
Mansi Kasliwal '°, David Coward ', the SkyMapper team, the Zadko team, and the
Gemini—South and SALT support astronomers

UV/x-ray/gamma-ray: 7yler Pritchard ', Igor Andreoni ', Amy Lien 2, Neil Gehrels '3

Real—time processing. [gor Andreoni ', Tyler Pritchard ', Armin Rest 2’4 Alex Codoreanu ’,
Phil Cowperthwaite ¥, Chuck Horst

Data Science: Dany Vohl !, Colin Jacobs’, Vincent Morello %
Visualization: Bernard Meade ¢, Chris Fluke ', Dany Viohl 7, Sarah Hegarty '

Real-time data Inspection and Analysis: Uros Mestric ', Chuck Horst °, Garry Foran ',
Stephanie Bernard ¢, Rebecca Allen ', Michael Murphy ', Katie Mack ¢, Srdan Kotus '
Albany Asher !, Bernard Meade é Shivani Bhandari ', Chris Curtin ', Wael Farah ',

Sarah Hegarty ', Eric Howell ', Colin Jacobs ', Fabian Jankowski !, Regina Jorgenson 6,
Vivek Venkatraman Krishnan ' Aditya Parthasarathy ', Tristan Reynolds ¢, Geoff Bryan ',
Frederic Robert ', Themiya Nanayakkara ', Fanual Rumokoy é Luciana Sinpetru 6,
Cameron van der Veldon ¢, Ibnul Hussaini 4, Pamela Bain, Dany Vohl ', SAO students '

1Swinburne 2ASTRON/NIRA SANU “University of Manchester/SKAO °AAO SNRAO ’CTIO/NOAO
8University of Melbourne ?San Diego State University 9Caltech ""UWA '2STScl ’NASA/GSFC
"Harvard University 5University of Bonn ¢ Maria Mitchell Observatory '’ University of Edinburgh
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Gravitational Wave Sources ST -

e.g., kilonovae, ,
supernovae shock breakout /
gamma-ray bdrsts etc. '
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ID = dwf9497

credit: Andreoni
fast transient
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ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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ID = dwf1675

bursty fast transient
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0 .
ARC CENTRE OF EXCELLENCE
e a I I I l e a I I a yS I S FOR ALL-SKY ASTROPHYSICS

5] EVAL_NGC6744_CCD1-10_1607 & stz @gnalon
File FEdit View Insert Format Data Tools Add-ons Help Al changes saved in Drive LOTIERS
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Z  FILTERS: T 3478 ~ NGCEBT44 ~ v 430 360 360 480 23
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4 SORTDIR: "0 YOUR NAME:; jeff MAG RANGE:  1.48 MAG AVG: 18.36

5

5 cco MARY CAT EVAL  EVAL EV#
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7 12 3478 ngcoBTdd B 387 160804 2 300717217 47566329 19.4071  0.091 2 103 non-star 1 1985.¢

8 12 3478 ngoBTdd B 388 160804 2 30951008t 47017449 18,9512 0.0786 2 103 non-star 1 1985.¢

9 12 3478 ngeBTdd B 390 160804 4 3005.0527. 470.13609; 18.5452 0.0508 2 103 non-star 1 1985.¢

10 12 3478 ngofTdd B 382 160804 3 3006.80100 471.8450%: 18.3976 0.0432 2 103 non-star 1 1985.¢

1 12 3478 ngeBTdd B 393 160804 2 3006.97720 47287860 18.2216 0.037 2 103 non-star 1 1985.¢

12 12 3478 ngcBidd B 384 160804 3 3004 8417t 47250309 18.2407 0.0367 2 103 non-star 1 1985.¢

12 12 3478 ngeBTdd B 395 160804 2 3004 65527 474348200 18,1096 0.0379 2 103 non-star 1 1985.¢

1 12 3478 nacBidd B 386 160804 2 30094 8471t 47349679 181755 0.0361 2 103 non-star 1 1985.¢
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m “ Fast transients are faint TR - NE-

Solid = Neutron Heating, Dashed = No Neutron Heating

time t since merger (hr)
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LIGO-LA
XMM-Newton
" SkyHopper
% Yy PDPG
Swift
ASKAP MV Rem
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Subaru AAT

Swift BAT Parkes Molonglo >dF+AAOmeg

Collect simultaneous data (continuous 20s integrations), transfer it,
process, calibrate and analyse it, and identify candidates every ~1 minute
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VM'F DWF summary @EAASTHU SBWUIE -

The optical fast time domain is essentially unexplored territory

Multi-facility, multi-wavelength collaboration search for fast transients
Simultaneous, rapid-response and follow-up observations
Real-time reduction, analysis, and candidate identification

HSC will drive discovery
Need faint detection; KNe, SBO, off-axis GRBs, etc.

Japan Subaru (HSC, PFS), TAO (SWIMS)
Australia AAT, SkyMapper, ANU 2.3m, Zadko, Gattini

Parkes, Molonglo, ATCA, ASKAP, MWA
China/AU AST3-2, PMO, KDUST

us Keck, Gemini, Palomar, ZTF, MLO, VLA, LSA
Canada CFHT, CHIME

Chile/ESO Gemini, VLT, DECam, REM

South Africa SALT

Space Swift, XMM-Newton, SkyHopper

Other IceCube, aL1IGO, Virgo, KAGRA
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Fourstar Gal?xy Evolution Survey

m".ZFOURGE"'

HéC—SS‘F; Lyman Continuum Galaxies at z ~ 3—-4
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