F’rov\&mrs A &Lme-o\omam
as&ropkvsms |

" | ~the i intermediate Palomar Transient Factory
and the Zw:cky Trans:ent Fac:llty |

Co& e Me,u.‘

ere Nif e







Time domain

Brealthroughs

* Variable stars (Cepheids, RR-Lyrae)
- yardsticks for Local Universe
e Pulsars
- Tests of GR
* Vv’s from SN87A, AGNs, GRBs,...
- physics of compact objects, collapse,..
* Supernovae
- H,

Excitements to come soon (amen!) include:

= @Gravitational wave sources (+ EM radiation!)
= Galactic SN neutrinos (+EM)

= Everything we have not (yet) thought about!



Trawnsients @ 0é£¢:at

wavelengths

Our knowledge/discovery potential is limited by
survey parameters:

» flux sensitivity
» cadence (how often a field is revisited)
» Wavelength range
-- Surprises may wait around the corner
-- need to push the observational boundaries!
(c.f. supernova cosmology)
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SNe Ia: SDSS 1 Yyr
+ SNLS 3 yrs
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Where do iPTF/ZTF ik n?

- The low-z universe

~ Kavli@Tokyo
0caa - - E SR _
+ friends at LBL,Carnegie =~ : | 2 =
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i
PA8 Mool ..
survey telescope

" P60
~ ~classification

telescope .
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100 Megapixel CCD
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(L)PTF Searching the sky
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‘PE,F?@.LEM@. Flow Chart

processing

3 min

Rawnata

(Palomar -> Caltech -> LBL)

ID: 66468689 Examine , 226973 Zoom-Sub

RB2:0.64
Mag: 17.33
iPTF 13bvn

Nearby PGC53578
Abs Mag: -14.24

7 Matches in iPTF DB before tonight
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Spectroscopically confirmed PTF/IPTF SNe

Il (469)

O

@ 1b(32)
® Ic(47)
@ Iblc (10)
@ 1c-BL (19)
@ SLSN (21)

® la(l411)

Total:
1837 (2009-2012)
232 (2013)




Spectroscopically confirmed PTF/LPTF SNe

10°

10° |

No. of PTF la SNe

0.001 0.01 0.1 1
redshift

la (1411)

Total:
1837 (2009-2012)
232 (2013)



CiPTF/ZTF and Type Ia SNe




- PTF/ZTF and Type Ia SNe




Cadence & Survey area

 SDSS-II 150 sqg.deg every 3-4 days
 SNLS 1 sg.deg every 3-4 days
* iPTF >500 sq.deg, (now) multiple times/night

=>» Ideal for studying the local universe and discovery
transients extremely early (=soon after explosion)!

=>» Discoveries (<21.5 mag) can be followed by a large
number of instruments — difficult for e.g. DES, HSC

=>...in a very wide range of wavelengths
=» Host galaxy environment can be studied in depth




SNIa and the challenge of
Darlke Enerqy

Union2 data-set

Al Target:
look for deviations
from )

0.1
Redshift
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(< brighter) Amg

Applied corrections are large
- lack understanding
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SPSS-11 cadence and S/N
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A “&Wamt” LPTHF SNia
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OVERVIEW  PHOTOMETRY SPECTROSCOPY FOLLOWUP OBSERVABILITY FINDING CHART 4= EXAMINE PA
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Nature of progenitor system
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log,, bolometric luminosity
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Warning! Open symbols imply magnitude estimates without image subtraction.
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log,, bolometric luminosity
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Early discoveries - ideal for detailed
spectroscopic follow-up studies

Na ID — tracer of dust in line of sight

Change in column
density as function of

time?? About 1 week |
between obs.

45lO 560
Wavelength [nm]




SNIa ac:»smooi.c;gv WOoTk A progress

* R-band (still optical, but longer than currently used for cosm.)
-Hubble diagram up to redshift 0.1
- high statistics/low(er) systematics?
- explore local expansion rate (“Hubble bubble”)
- Bounds on anisotropic expansion
- peculiar velocities and the matter density field
- path-finder for higher-z surveys targeting longer wavelength

* NearlR
- cosmology without dimming by dust
- anchoring point for studies of reddening by dust at
optical wavelengths



Prel LCs Palomar+NOT+RATIR

(+Swift data not shown)

13asv
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NEW SUB

First spectrum “just” after explosion!

S
16 P -18
v -16
g <
-14 S _ ) A
-12
0 4000 6000 8000 10000
r=16.0 (0.2 d) | Upload New Photometr z=0011855 |

DM (approximate) = 33.51 :



News:"SED Machine”, low resolution spec:&rum
within 30 minutes! (P&o)

Spectral range [365- 980] nm,
27" fov w/0.675” resolution
R=AA/A=100

6'x6’ images

Robotically triggered!




The “"New” Transient Universe

t=0 ms

S. Rosswog |

log temperature [ MeV ]



chmpm:& merqgers and GW

 LIGO & VIRGO are being upgraded, accessible
volume for stellar mass compact objects
enhanced by > x1000 (2016)

* Rates are very uncertain: 0.2 — 400 yr, poor
localization (~100 deg?)

 Merger GWs as “Standard sirens”?

* Properties of EM counter parts are also very
uncertain. But! Shorter time scale (a few days),
relatively faint and red... fall into the “unexplored
domain” box!



The landscape of optical transients
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Firsk candidatbe?
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Finding the EM tom\&er“[oar&

?T’OO'{ O‘f conce " & (Singer et al 2013)

Discovery & redshift of a GBM GRB in 71 deg?

: : . -
‘PTF13bxl LAT " PTF field 3486, chip 11 « Co-added reference image
GlI
\ / Gl a




Finding the EM counter-part

PT’OO O“f CC‘)M&?QE (Singer et al 2013)
Discovery & redshift of a GBM GRB in 71 deg?

_ reference image
1
17 22
A‘ {' [
18 21 " 4
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Latest addition:
_ rFast Radio Bursts?

FRB 110220

/\./\/V\/\/"’VW"\/\MN

FRB 110627

FRB 110703

FRB 120127

Thornton et al, Science, 2013;
Also Lorimer et al 2007

4 bursts at high galactic latitudes,
inferred distances from time structure
vs arrival time, z=0.45-0.96. Inferred
rate: 0.1 Hz.

Suggested origins:

Primordial BH- evaporation??? (Rees
1977)

Core-collapse supernovae?

Merger of compact objects?

Failed GRBs?

Infall into supermassive BHs?

Optical counterpart wanted!
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ZTF will survey an order of magnitude faster than PTF.

3800 deg/hour = 31 survey in 8 hours PTF ZTF

Active Area |7.26 deg?| 45 deg?
Readout 36 sec 10 sec
Time
. New ZTF camera: Exposure
16 6k x 6k e2v CCDs Time 60 sec 30 sec
Relative Areal
Survey Rate 1 14.7x
Relative
Volumetric 1x 12.3x

Survey Rati

For Type la SNe

MOSAIC 12k
>200 exposures/field/year (“whole” sky)

Existing PTF camera



dimension| 9.2 x 9.2 cm
6.1k x 6.1k
pixel size [ 15 micron

pixel scale 17/pixel

[CCD231-84 is illustrated here; CCD231-C6 is similar]

~600 Mpixel , 40 x 40 cm? focal plane



J Y v\ | - v.' ./"

e Eian A
N Summar:j .

~.
' > )main astrophysics is experiengi
idevelopment — FoV+timescale -
o discover new kinds of transient
- ° .
S ntely improve the measurements
nes, e.g. Type la supernovae t :"
‘ ."-" .
yZIF are showing the way: SNe ¢
# d within few hours from explosion
* Theorists: nin h Ho with
o F ‘i n .
time-domain o

\



-




| ! | | “ ‘ | ; | /»/. /
i ‘ o '
| (i TR ) Thank youl
\ | HERRA IETRULRRUAR

" —
N
~
N
o
S|

C w1 Arcavi




