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PAN-STARRS1

* 1.8 m telescope on
Haleakala, Maui

e 1.4 Gigapixel camera
& 7.2 5q. deg. (0.258” / pix)

¢ Median image
FWHM=1.13"

e Full survey operations
began in May 2010
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SURVEYS KEY PROJECTS

* Inner Solar System

3Pi 59%
Medium Deep  24%

e Quter Solar System

e Low-mass/young stars

sweetSpot 570 e Stellar transits
Transit Survey 4% e Milky Way Structure
M31 2% il
P1/Sids /STARE 6% e SN progenitors (Smartt, QUB)

e CIVET (Stubbs, Tonry, Riess)
e Galaxy properties
e AGN and high-z QSOs

* Lensing

e Large Scale Structure
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MEDIUM DEEP SURVEY
(MDS)

10 fields across sky
(each 7.2 sq. deg.)

4-5 observed
nightly

~3 day cadence for
each filter
Limiting mag ~24
In griz

Table 3
Pan-STARRSI Medium-Deep Survey, Typical Cadence

Night Filter Exposure Time

I gprand rp 8 x 113 s each
ip| 8 x 240 s

; Pl 8 x 2408

Repeats. . . oy g

FM = 3 VP 8§ x 240 s

Notes. Observations taken three nights on either side of tull moon
are done only in the vpy band.




HARVARD/JHU TRANSIENT
PIPELINE
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Template Image Difference

Nightly MDS stacks downloaded from IfA

Subtractions vs. template images performed using
photpipe

Typical limiting mag of ~23.5 AB (in difference images)

In 2011: 1,450 likely SNe, 160 spectroscopically confirmed




SPECTROSCOPIC FOLLOWUP

e We're finding ~150 new transients per month

e ~10% spectroscopic completeness (in
between PTF and LSST)

e Most spectroscopic followup from MMT/
Blue Channel and Hectospec (PI: Berger),
also Magellan and Gemini




300 spectroscopically confirmed
supernovae so far, mostly SNe Ia

Number

60 T T L
Type <z>

= SNIa 028
SN Ib/c 0.12

40 SNII  0.12
UL SN 0.96
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THE ADVANTAGES OF PSI1

=24} | | /’/b;talina\ /,L’/}PTFI o
* Deep limits let us = e
_29 e @7 o |
[ Pan-STARRS/

push to high redshift

MDS

e Observe rest-frame
uv P

Absolute magnitude
N
o

® Ultra—luminous |

Type Ib/c
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{5 ' S
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e Multicolor light e

Berger et al., in prep.

curves for free

* Find red objects




Absolute u-band AB magnitude

Absolute Magnitude
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A DIVERSE POPULATION

SN 2006tf
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OUR FIRST
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Relative F, + Constant

Chomiuk et al., 2011
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e High luminosities (Mpol ~ -22.5 mag)

e No H, He in spectra (SN 2005ap-like; Quimby et al. 2011)

¢ Erad ~ (0.9-1.4) x 10°! ergs




WHAT POWERS THESE OBJECTS?

e Radioactive decay? No! Peak luminosity

inconsistent with shape of light curve (Mg <
Mni)

e Shock breakout through dense CSM? (e.g.,
Chevalier & Irwin 2011) Requires a circumstellar
medium with ~6 Mg within 3 x 1015 cm.

e Magnetar spindown? (Kasen & Bildsten 2010;
Woosley 2010) Fit with: B=3x 104 G, P=1.2 ms

(near maximal spin), M =5 Mg

Chomiuk et al., 2011




BUILDING A SAMPLE OF UL SNE
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A DIVERSITY OF SPECTRA

z=0.422

.

4000 Rest Wavelength (A) 6500
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PS1-10afx
(z=1.388)

PS1-10awh
(z=0.908)

MM/MN PS1-11bam (z = 1.565)

...................................................
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o Afew very
luminous SNe IIn

e Most at highest
luminosities
(M<-21.5 mag)
are UL SNe Ic




A NEw, UNIQUE PS1
DISCOVERY

PS1 i band
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A HIGH-REDSHIFT SN

Flux (f, x 10")
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UNIQUE SPECTRUM

SN 2005ap-like objects: Quimby et al.
2007,2011; Barbary et al. 2008; Pastorello
et al. 2010; Chomiuk et al., 2011
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Other ULSNe are bluer, lack
Ca II H&K P-Cygni at early
times (or have H)




WHAT POWERS THESE OBJECTS?

e Radioactive decay? No! Peak MWMN
luminosity inconsistent with i1
shape of light curve (Mej < Mni)

PS1-10awh
(z=10.908)

e Shock breakout through dense PSS gm(A?---;s;;n:gfwch;;i;;lgvkg-;
CSM? (e.g., Chevalier & Irwin L ;‘-'.' e |
2011) Can interaction produce W o4t
spectra with P-Cygni absorption ~ ;=* | * + |
profiles like those observed? i AR |

Rest Frame Days After z Peak

e Magnetar spindown? PS1-10afx
rises too fast for its peak
luminosity (M ~ -22.5 mag)

;Kasen &
. Bildsten 2010
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A VARIETY OF HOSTS
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Absolute u-band AB magnitude
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LIGHT CURVES
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SUMMARY

Pan-STARRS1 has been in full operation for
almost 2 years

~150 transients/ month in MDS
We are finding an UL SN about once a month

These objects exhibit a diversity of
properties, but some sort ot CSM interaction
may be best explanation




=S1 SNE IA TDES

PS1 + GALEX discovery of a tidal

Calibration uncertainties dominate cosmology! : ; :
disruption event in an early-type galaxy

PS1 can do z=0-0.7 with one well-understood
photometric system 0
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