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Flux Variability Detection

+ PSF photometry: ZJ¢2@bulge, globular cluster’a &£.. ;B ATEBEDYZ L),
+ image subtraction: ZJ}2(Alard&Lupton 1998), B 2/AGN (TM+2008)
+ profile fitting: nearby AGN (e.g., Bentz+2006, Sakata+2010...)

G < Matsunaga+2009
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(Alard & Lupton 1998, Alard 2000)
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- FUNORERREZEBLC

(MACHO, OGLE, QUEST, SDSS,
MAGNUM, LOSS, PTF, ...)

- KOFELEEKRDdeep surveyT—
4 (HDF, UDS, SDF, SXDS, ...)&f# >
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- HST Treasury Survey
Cepheid distance of nearby
galaxies
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w/ Suprime-Cam
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*SXDF W HSC

~1040 objects
Future projects
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SDF/SXDS

Subaru Deep Field
(SDF)

Subaru/XMM-Newton Deep Survey
(SXDS)
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project SIS SXDS
FoV 0.25 deg?2 (1 FoV) 1.2 deg?2 (5 FoVs)
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GALEX, KPNO/MOSAIC,
HST/NICMOS&WFC3,
KPNO/NEWFIRM, UKIRT/
WFCAM, Spitzer/
IRAC&MIPS, ASTE/AzTEC,

XMM, GALEX, CFHT/
MegaCam, CTIO, HST/
WFC3, UKIRT/WFCAM,
Spitzer/IRAC&MIPS,
Herschel, JCMT/SCUBA,
ASTE/AzTEC, VLA
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Supernova Surveys

@ SDF & SXDS

- TBRERAKE). ZH(EIZLKXSE). Perlmutter(LBNL), Hook (Oxford),

Lidman (ESO), Pain (LPNHE), ... (Supernova Cosmology Project)

- Suprime-Cam + HST/ACS&WFPC2&NICMOS + 8m&HST/ACS7 %
- 2002FFf: £EE AintensiveEBI+SXDST'OY T 0 &SR
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Variability Surveys
@ SDF & SXDS

ERP70Y O ELTDOT YRS TEBHnormal proposal C:ENIETH!

@® Supernova Rate (Poznanski+2007)

@ Variable Object Survey (TM+2008a)

@ Variability-Selected AGN (TM+2008b)

@® Delay Time Distribution of SNe la in early-type galaxies (Totani, TM+2008)
O z~7 LAE: IOK-1 (lye+2008)

@® High Proper Motion Stars 1 (Richmond, TM+2009)

@® High Proper Motion Stars 2 (Richmond, TM+2010)

@® Supernova Spectra w/ FOCAS (TM+2010)

@® Delay Time Distribution of SNe la (Okumura, Totani+2010, in prep.)
@® Supernova Rate (lhara 2010 PhD thesis, lhara+2010, in prep.)

@® SN la Cosmology (Suzuki+2010, in prep.)

O z~7 LBGs (Ouchi+2010)



Variability Survey @ SXDS

@ Variable Object Survey (TM+2008a)

@ Variability-Selected AGN (TM+2008b)

@® Delay Time Distribution of SNe la in early-type galaxies (Totani, TM+2008)
@® Supernova Spectra w/ FOCAS (TM+2010)

@ Delay Time Distribution of SNe la (Okumura, Totani, TM+2010, in prep.)
@® Supernova Rate (lhara 2010 PhD thesis, Ihara+2010, in prep.)

@® SN la Cosmology (Suzuki+2010, in prep.)

THE SUBARU/XMM-NEWTON DEEP SURVEY (SXDS). V.
OPTICALLY FAINT VARIABLE OBJECT SURVEY! 2 4 b I'
Tosors Momokiaes, ™ Masosu Do’ Naosa Yastoa,* Masavesa Axavass,” Kazouro Sn.;-..u'u_l.' ’ y rs a Se I n e
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Hisanokt Fostsawa,” Yossmmo Upoa,® Tomosost Torane® Takesie Opa, Touxy Naaao,”
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Nowusart Kassaxawa,” Taxasio Morayases,” Masas Ovoe, ™' Mixe G, Warson,

Mickaer W, Ricvesonn, ' Crmsstoesier Lionaax,” Save Perian l{i‘k." = 8- -I O epOChS
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- 1040 variable objects over

ABSTRACT

We peesent our survey for optically faimt vanable obgects usang multicpoch (8- 10 epochs over 2-4 years) i'-band O 9 -I 8 d e g 2
imaging data obexined with Subans Supnime-Cam over 0,918 deg” in the Subana/ XMM-Newron Deep Field (SXDF) f
We found 1040 optically vaniable obgects by image subtraction for all the combinations of images at differemt epochs
This is the first statistical sample of varable objects at depths achieved with 8- 10 m class telescopes or the Hubble n 2 5 5
Space Telescope, The detection limit foe vanable components is i/ ~ 25,5 mag, These variable objects were classs- By I < . m a g
fied into vamable stars, supamovae (SNe), and active galactic nucher (AGNs ), based on the optical moephologaes, mag-
nitades, coloes, and optical - mid-infirared colors of the host obyects, spatsal offsets of vaniable components from the host .
obgects, and light curves. Detection completeness was examined by simulating light curves for perniodic and imegular - o~ -I O O b I t ~4O O
varability \\cbnk‘h.\!ndl‘{lu‘.\l variabibity for 36% = 2%(51% + 3% fora hngt.l tunplc withs” < 24 4 mag) of i-u) Va rl a e S a rS ’
sources i the fickd. Number denssties of vamable obpects as functions of time imtervals Ar and vanable companent
magnitudes 1, are obtained. Number densitics of vanable stars, SNe, and AGNs are 120, 489, and 579 objects deg ™=,
u'\;cx'm ¢ly, Bimodal dsstribations of vanable stars in the color-magnitude diagrams indicae that the \."uhlt:g\lll S u pe rn Ova e ’ Copd 5 OO AG N
sample consists of bright (I ~ 22 mag) bluc vanable stars of the halo popalation and faimt (F ~ 23.5 mag) red
varable stars of the disk population, There are a few candidates of RR Lyrae providing a possible number density of
~10 % kpe 7 at a distance of >150 kpe from the Galactic center.

Subject headings: galaxics: active — stars: vanables: other — supemovac: general — surveys




Supernova rates (SXDS)

Ihara 2010 (PhD thesis), Ihara+2010 in prep.
50 SNe Ia by photometric typing from TM+2008s sample
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Delay Time Distribution of Type Ia Supernova
in early-type galaxies (0.2<z<1.4)

65 SNe Ia from TM+2008a’s sample (Totani, TM+2008)

SN Ia progenitor: white dwarf(s) in binary system
single-degenerate (SD) vs double-degenerate (DD)

SN Ia rateldt”-1(CbA (e.g., 17-0.5@Pritchet+2008, t"-1@Maoz+2010)
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Type Ia Supernova rate dependence on
host galaxy properties

50 SNe Ia from Ihara+2010s sample (Okumura+2010, in prep.)
SN Ia rate = (stellar mass(C ttB 9 2Rk 7) + (SFRICEEHIT BB 7)
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Optical Variability of AGN

- INTOONE)AGNIZ AR T(EDRKRH TH)ZE I (Hawkins 1993,

Hook+1994, Giveon+1999, many SDSS studies ...).
- BEWAGNIF £ X E 7Ramplitude TEJE
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§. 02 All Doto, Scoled
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[Bow]

Rest-frame time lag [days] B8 Absolute magnitude [mag]
Optical variability can be a good tracer for low-luminosity AGN.
- Subaru (Suprime-Cam): Totani+2005, TM+2008a,b
- HST (WFPC2, ACS): Sarajedini+2000,2003,2006, Cohen+2006
(low-luminosity) type-1 AGN (up to z~5)
~580 AGN / deg?
significant fractions (750%) of AGN w/o X-ray detections



AGN samples

obscured unobscured?
(type-2) (type-1?)

238 (36) 89 (35) 122 (9)
<z>=1.48 <z>=1.82 <z>=1.32




properties of variability-selected AGN

differential flux
between max and min

26

24

low differential flux
~ low AGN flux

22

- X-ray undetected
optical-variability-
selected AGN
i'~band [mag] i'~band [mag] - not optical color

lecti
total flux (incl. host) i
~0.5 (e.g.Totani

20

variable component 4’,, [mag]

- faint AGN in bright elliptical galaxies at z

+2005)
- flare-up? radiatively inefficient accretion flow (RIAF)?
- radio-mode feedback? nearby LINER analogous?

- “10"8Mo SMBHs. ending phase of mass accretion?

- 5-10% of bright galaxies show variability

—> several tens percent in fotal?

(unknown detection efficiency...)

photo
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Supernova Shock Breakout
Massive Star (>10M,,)

e-capture SNe (8-10M,,)
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Supernova Shock Breakout

SN 20069y (z=0.02: Smith+08; Kawabata+09)
- Mg~-22 (M(®6Ni)~15Mg,, or CSM*B 8 1EM)
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Peculiar SNe (FB TIE7ALY)
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Supernova Shock Breakout

SED+iFEHEL DIEFRET IL: Tomlnaga+2009 SNLS SuperNova Legacy Survey
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Supernova Shock Breakout Survey w/
Suprime-Cam Archival Data (and HSC)

BB DIBHE [lday]

NEBRT—H

- Suprime-Cam

- HBDEEFERLITFZEVW Y E@TE: B, 9, V, 1, Re, ...
- 28:&f CEAl

- 1BDP TELICESIE>TULD or 3,40FR&EK: CER
- SDETBTSVST YL, s s
- DN AEVWT = ERR L [FTRLY, L

#18 (Schawinski+08; Gezari+08,10; Soderberg+08) ¥EHET /L (NT+09) Eﬁ,tﬂu é n%ﬁﬁﬁ = @ﬁﬁﬁ%
F— DI E @7=10B-band LR YD Al R ais =

Peak magnitude E(B-V)..,=0.02mag

E(B_V) ost:O a2
E(B—V)h05t=0.fhlmag 1 per day per FoV

E(B-V),,=0.14mag
(SMC: Pei 92)

Survey area [degreez]

~26.4mag

~27.6mag  lhour exposure limit
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Faint Quasar Surveys at z74

- SDSS, 2dFE&ETKE&Rquasarty > 7)LiEZE (Richards+2009, ...)

- E@(Fcolor selectionTiE3 (BEL\quasar& 883 LWLBGH X TE 7R L))
- 22U, high-z (>3)72&£BBWVWBD(EH D

- SMBHiE{bZ38 3 [Cl&faint-endHEE

--> 4-TOMIR+LREF DA S DEE

<J=—P—NERE @~4>
lkeda+2010, in prep. —
- 8 quasars @ z~4 L ‘.
- COSMOS field 1

- Suprime-Cam gri selection
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High-Redshift Low-Luminosity Quasars

~ '_"[:“l—r:._‘-\"l 4 S e — S
- i LTI
Moss -

flux [ADU]
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gllquasarzFRZE 2> &L T B &, Dropou’r"‘ IFBHD WLBGHEATUE D
--> A ZE) CTquasar/ [T Z #ElF

- 8-10 times over 3 years
- B-dropout & optical variablity@SXDS (~1deg2): 5 candidates

s i;22-22m+ag+. ok g SDF, GOODS-N, COSMOS, CDF-§,
- Asray delecliofEiclo N . 2 Lockman-Hole, SSA22, ...

- 4 objects spectroscopically identified. all are z74. F—H AT

- M1450 © -23mag 4 il



Real LAE? Just A Variable Object?

(Oz~7 LAE: IOK-1 (lye+2006, Nature)
EIREE: 2-NB973>1.0
z: 2002-20044, NB973: 20054

- pEngay

Nvari: [BRFEIZSRAEE DEAFEFE], Ntarget: B¢
(Nvari > Ntarget) or (Nvari ~ Ntarget)
BDFIRED. "real’H & S HIEEITH
286, IEBZEC K BartifactHhH LALARL)

In order to be more confident...
- DHERIC K DHER

- BUKERIC & o Te T —H & {E > TH > —/exces

- I) b\ L/G)T 9 %%T ﬂfd)ﬂ% Faﬁﬂib%ﬁ% 2o 9,6500b$erved v?igl)ength (A) P Pom



e aArs

Hyper Suprime-Cam (HSC): BxBSZERA = “legacy survey”

3 layers: wide/deep/ultradeep
- supernova (Ia, IIn, shock breakout)
e (C\
- GRB (orphan) afterglow
- solar system
- high proper motion stars
- variable stars

collaboration meeting, WG(HSC-transient) T
20114F first light --> 20124F HERSIREVAIZ 5 — K2




e aArs

- Subaru/Hyper Suprime-Cam (HSC)
- supernova la
- supernova shock breakout
- low-luminosity AGN
- WISH: NIR wide-field imager
- dust-free supernova Ia
- Kiso/Kiso Wide Field Camera (KWFC)
- supernova Ia/CC
- supernova shock breakout

wide-field imagerld R D75 DIETE
follow-upBHEI UK 5 VWEE

(fELVP© 9 U\ )pre-imagen'ds 5 EFERIC DL L L



Summary

- Subaru/Suprime-Camic K59 (5B 7O 7
SDF, SXDSD T — ¥ Z I E 77 &l

- FIC. supernova. AGNICEET 2 KFEIZEIRA

- 7—Hh+A T F—% % {E> Tsupernova shock breakout,
high-z quasarz D17 &2 & WS M

- S 3 (Follow-upBH EH T2)H o & well-organized 75 &7 Al
%o Subaru/HSC, WISH, Kiso/KWFCTDH —~XA1, pre-
image=7—N+1 7 DFRAHEE,

[T




