J *
High cadence Transient Survey (HiTS) High cadence Transient Survey (HiTS)

The High cadence Transient Survey (HiTS)

F. Forster, J.C. Maureira, J. San Martin, M. Hamuy, J. Martinez, P. Huijse, G. Cabrera, L.
Galbany, Th. De Jaeger, S. Gonzalez-Gaitan, J. Anderson, H. Kunkarayakti, G. Pignata, F.
Bufano, J. Littin, F. Olivares, G. Medina, R.C. Smith, A.K. Vivas, P. Estévez, R. Mufoz, E. Vera

Forster et al., ApJ accepted, arXiv:1609.03567

CMM

Center for
Mathematical /7" Computing
Chile MILLENNIUM

. e
MﬂdEhl"‘lg INSTITUTE OF
ASTROPHYSICS

~ ~NLHPC

5// Mational Laboratory
// for High Performance

NS
AN

Gobierno de Chile






FOV [deg?® ]

10t}

107!

Etendue and number of pixels

Etendue (size)

pix
Ik PS1
Mpix 1400 Mpix
TNET
0 Mpix m
Mpix
egaCam
8 Mpix
Tcomm
Mpix
10° 10"

light collecting area [m? ]







Bright

Faint

The sky is not static!

-20

-15

-10

Characteristic timescale [days]

® iPTFi4cva
® PTFidoyby PIF 2
® FTF13ekle PTF11agg m
® P A sdsw 110
Relativistic Explosions
Luminous Supernoyae
»
g wm
i i g
PTF13bx ® iPTF14bfu W%Sm?mm g
S 20070k T'_|
T ermonuclear @
ya . , upernovae =0
. SN2008bj 9,
First hours =
of PTF10bhP®  pre oo ore-Collapse S
supernova la Explogighg haoore - SUPEIMova {10 £
explosions PTF10MTE ! gshizntznn 3
A e SN EQE&;"G“ Transients ﬁ
N 008fhtermediate o
PTF1nac§p ° Luﬁnmsl%
NGC3000ffe
0?ramslent
PTF10fqs® 110™
. IIIIIIIIIIIIIII
- PE0-JB20T-081119 | \minowsMas OT
- Eﬂed QBSB Man
oo" Classical Novaelovae .., o
®
®re0-msi c?r_g??ma e
[ ) a8
¢ V1309 Sco 10
- L
| ' | | T | 'l
107 107 10° 10 10°

Credit: Mansi Kasliwal



SBO duration [sec]

Supernova shock breakout (SBO) timescales
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HiTS: searching for shock breakouts in the optical
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Pipeline flow outline

CTIO-La Serena DECam Image diff. + ML
Slew  Exposure Readout data transfer comm. pipeline  (own code)
30 sec 86 sec 17 sec ~120 sec ~80 sec ~60 sec
La Serena-Santiago CRBlaster Visual inspection
data transfer ~20 sec < 120 sec
~10 sec
~5-6 min lag
] — I

B

= -
. B

Data stream: 44 Mbps, 4.5 Mpix/s B
~1012 pixels, ~108 candidates, ~10° filtered candidates

~104 visual inspections, 125 SNe




Training sample SNR distribution

0 positives
B Negatives

* negative fluxes are shown
as negative SNRs
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SNR

Positives: insert observed stars, scaled down to mimic bogus SNR distribution.
Negatives: everything else, accept some contamination from true transients.

Use dimensionless features for a more universal classifier: based on difference image (+
PSF), SNR image of the difference, unsubtracted image stamps, density of candidates



Visualization
1 Tpix after image subtraction and machine learning
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Field: Blind15A_25, CCD: 514, RA: 9:47:5.68, DEC: 2:31:49.86 (pixels: 1111, 1660).. Diffs: 17-02t>19-02t>20-02t>21-02t>22-02t>23-02t>25- [Juan Carlos Maureira] Posible Shock Break out!
02t>26t-02>28-02t>29-02t. Key :146.774:2.531, Light curve, animation and finding chart [FF] SN candidate Teahine
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2014-03-04 00:26:50.21

ATELs 5949, 5956

2014-03-01 00:45:54.75

2014-03-01 00:52:41.72




2015-02-1T7 03:20:37-2-1. 2015-02-17 03:20:37.21
MJD: 57070.1393195 MJD: 57070.1393195

0 .

High Cadence Transient Survey (HiTS) High Cadence Transient Survey (HITS)

ATELS 7099 7108 7115 7122 1 7146 7148, 7149



Airmass distribution and survey depth
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Optical evolution of red supergiant supernova

—optical flux

P
time

Tominaga et al. 2011, Moriya et al. 2011, Nakir & Sari 2010, Rabinak & Waxman 2011

Time evolution: ~ R™%¢ ~ E/M~0.00
Brightness: ~ R E/M
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Shock breakout:
Tominaga et al. 2011 vs Nakar & Sari
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Expected SBO peak detections

10¢

101

10" £

10-*

Shock breakout constraints
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Excess emission at early times:
high density (confined) nearby CSM?
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See also Gonzalez-Gaitan 2015, Khazov et al. 2016
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Excess emission at early times
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Other science
DECam SOl DECam conv. Difference
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. Alessandro Razza:
5. Combining Decam with
i4%.i¢  other telescopes

Gustavo Medina:
Most distant RR Lyrae in the
galaxy

Jorge Martinez:
Classifying every transient
object, astroinformatics

450 Histograma de Distancias Asteroide-Sol [U.A.] (acercamie

Main belt

José Pena
Detecting and
characterizing asteroids

Trojans |




Quimal archiving system

Juan Carl 0OS Quimal ; :Dashboz Lomgedes o

i My Account Data Explorer
Maurelra BREE NER O R M L\‘EH |EEEERID

» % decam Name Permissions Modified Size Kind
Data Explorer o tmb i size read and write Sep 14, 2016 06:12 PM 13b Plain text
DECAM #README# read and write Jul 12, 2013 03:37 PM 66 KB Plain text

My Datasets

My Shares DECAM-13A DECam_00185668 fits.fz read and write Mar 12, 2013 10:32 PM 278.40 MB Application

4 decami3a-mt DECam_00185672 fits.fz read and write Mar 12, 2013 10:38 PM 271.48 MB Application
decamiZa-process DECam_00185675 fits.fz read and write Mar 12, 2013 10:41 PM 27138 MB Application
decami3a-process_xtalk DECam_00185676 fits.fz read and write Mar 12, 2013 10:42 PM 271.41 MB Application
T DECam_00185677 fits.fz read and write Mar 12, 2013 10:44 PM 271.38 MB Application
frmmi DECam_00185680.fits.fz read and write Mar 12, 2013 10:51 PM 271.40 MB Application
HITS_followup DECam_00185681 fits.fz read and write Mar 12, 2013 10:57 PM 646.30 MB Application
amusing DECam_00185683 fits.fz read and write Mar 12, 2013 11:02 PM 646.18 MB Application
supernava DECam_00185684 fits.fz read and write Mar 12, 2013 11:04 PM 646.08 MB Application

D sp DECam_00185685 fits.fz read and write Mar 12, 2013 11:06 PM 646.13 MB Application

DECam_00185688 fits.fz read and write Mar 12, 2013 11:13 PM 645.88 MB Application
DECam_00185696 fits.fz read and write Mar 12, 2013 11:25 PM 434.77 MB Application

DECam 00185697 fits.fz read and write. Mar 12, 2013 11:27 PM 425.51 MB. =
‘decam/DECAM/DECAM-13A items: 388, size: 124.30 GB

N N, B 4

Dataset

Files LTO6 - 2.5 TB raw, 6.25 TB 2:5:1 compression

LTFS - Linear Tape File system
PKI - Public Key Infrastructure

Volumes

- 2.5TB native 6.25TB compressed
Linear Tape File Systqm. - 160MEB/s native 400MBa ‘::ompressed

Tapes




Summary

First real time high cadence survey with DECam (Mar 2014, Feb 2015)

No shock breakout (SBO) detections, but 100+ supernova candidates found, some during
first days after shock emergence.

Tominaga et al. 2011 models cannot be rejected for the most likely SN 1P IMF
distribution, Nakar & Sari 2010 can be marginally rejected.

Excess emission at early times seen in the data, high density confined CSM?
Study of excess emission in SN la in progress.

Analysis led to modified exposure time calculator including the effect of airmass
(http://www.github.com/fforster/HiTS-public)

HiTS public catalogue 2017 (calibrations!). Many astronomical applications.

Future: physical params. from early light curves. One day cadence + multicolor strategy
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