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supernova

B N ERIEAIEHTE (CC SN)

IaBYEBHTE2 (SN Ia)




supernova classification
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supernova

» IaBUEHTZ (SN Ia)

- FH:im: redshift z71.5X C

- progenitor system: Single Degenerate? Double Degenerate?
- metal enrichment

» EJEEIREEHTE (CC SN)
- EFERE

- progenitor
- metal enrichment

ASN Ia@WD binary system i

RG2.MS? WD?

©David Hardy




supernova observations w/ space telescopes

» RRUCKEESNTGWEE L o &ial
- AT Y a—)L@ED Dlight curve
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- SNIa@Drest-frame UVIZ. intrinsic scatter’X & dust extinction(& F DL
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supernova observations w/ space telescopes

s ARUCHE SN WRTE L&A
- AT Y a—)L@ED Dlight curve
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- SNIa@Drest-frame UVIZ. intrinsic scatter’X & dust extinction(& F DL
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supernova observations w/ space telescopes

» RRUCKESNBWRE U TC&RA
- AT Y a—)L@ED Dlight curve
» 5 WZER D EERE
- BRI & D
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Type la Supernova

+ HEREDEE R,
+ HFEIFERVIEFREEZE? (single

degenerate) HE & ZE? (double

degenerate)
¢ RN SOHEBRKE? HEEER-

#r2e - 5

+ FrYYRZEN-IINBEICET S
L. BERIGHRE. BRT 2. -
+ standard(izable) candle . o\ . ©David Hardy

RG2.MS? WD?




Type la Supernova

+ IEBICEAS L\ Mg = -19.3 mag 2 5
- R A(z>1)THEHI P EE %:?:k
+ JTCEHBROENMUTNS ; _16;KA§§O-S_E
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Hubble Diagrams

Supernova Cosmology Project (SCP)
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Type Ia Supernova Cosmology

= advantage
- X RIEE (=luminosity distance) D EIHY N E L

- luminosity distance - redshift relation
- FHORMZFLIFICED K FHILE)ERDEERE

- A PERIAE & kRN TE—BFEDO KRR D TEHE
- 0<z<1.5D i \L\redshift&g F ¢&28| B gE

= disadvantage
- AR |C B —progenitor? SD and/or DD?

- dust extinction
- evolution, metallicityffkfF %

- BRERAYENE
- Malmaquist/\-1 7 X

- K-correction
-BHLYAMRICKBIEN,
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statistical/systematic errors. o
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= Union 2.1: http://supernova.lbl.gov/Union/
= 580 SNe Ia from 19 datasets
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Type Ia Supernova Cosmology

= advantage

- AL

- luminosity distance - redshift relation
- FHORMZPLIFTICED S FHINLE)ERDOERERE

- EROAIPERIAIR

- 0<z<1.5D i \L\redshift&g F ¢&28| B gE

= disadvantage
- AR |C B —progenitor? SD and/or DD?

- dust extinction
evolution, metallicityfik 74
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- Malmaquist/\-1 7 X

- K-correction
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universal SN Ia color?

dust extinction 1
Av = Rv x E(B-V)

universal extinction law?



SN Ia Survey w/ less systematics

1. dustDEENNE WERIERTHRAIRSEVERETER LWL
NIRTTDSNIatS—~X1 (Freedman+2009, Krisciunas+2004)

2. dustDEZEHV/ NS LN
&M ERA TDSNIa

RIEDFEHTEZ &R U 72 L)

HST/ACS T D z>13R;A]

tH— A1 (Dawson+2009, Suzuki+2012)

- RDCS J0910+5422 z=1.11‘
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Carnegie Supernova Project (CSP)

= low-z (z<0.1)

- 1001E D 1aBy, 100{EDIIEY

- Swope 1-m: FIfRIETRADZE

Al

- Dupont 2.5-m: 73t
» high-z (0.2<z<0.7)

- 75D 1aEY

- Magellan 6.5-m: JTFRF DA

- AR DT

ST M5

SDSS, SNLS, ESSENCE

I-band Hubble diagram
- INFX Tldrest-frame UBV

- systematic errorDEEH/\:

dust extinction, intrinsically small
scatter, K-correction
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Rest-frame NIR observation
ZDIREEN R RSB,
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Space-based observations for SNe

ERECI = BRI b HST#J15> DR
FHEERE
_BHED &S AEOERICHE <

(1]

- KQDT 70 —=EETEHZNENGL, BREDLSSBYAIVIHNEER
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Problems...

= flux calibration
- bandpass(WD?)DEZY —hUhE

- <0.01 mag HE

= light curve & time-series spectrum templates
- Carnegie Supernova Projectftf

= redshift determination / type classification
- Subaru/PFST DEHRFI 731
- WISH NIR grism73J% (for low-z)
- focusing on early-type hosts (e.g., Dawson+2009, Suzuki

+2012)
- SN photo-z, photometric typing




SN Ia light curves

SN la light curves (Hsiao template)
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WISH SN Survey Strategy

= Ultra-Deep Survey (UDS)
- 3-4/\> R T28 mag AB Suzuki+2012 -

- fAIEC AT TEDH?
- F{EN=5[C
- [AB@(&5-10days@rest x (1+z)

~10-20days@z~ 112 &
- TZNldrolling search TN~ 20[o

-NTlEEXRLKRD N BRERZEAR | 1 mag margin
- visibility & 3 < B{fo . 28.0 27.0
- multi-band (FR1E3/\V R) 2 27.6 26.6

5 27.1 26.1

10 26.8 25.8

20 26.4 25.4




WISH SN Survey Strategy

= rest-frame I-band
- PIID: z7<L.4IF PRI TOK, highest-zIENIR A0

- N=5|o

C (filter 0,1,2,3)

- 2.5 SNe Ia [day”-1 deqg”-2]

-->

peakz H I A &5 EB S &FEEI0 days7

- N=10|0

< (filter 0,1,2,3)

- 1.5 SNe Ia [day”-1 deq”-2]

-=>

N
P
(o]

peakZH S A KD EE S EXEEI0 daysfEfzE x 6[0

= rest-frame H-band
- DIEID: z7<L4IE AR DI TOK, highest-zIENIR A0

- N=5|o

T (filter 2,3,4,5)

- 71.2 SNe Ia [day -1 deg"-2]

-->

peakz B A LD EEDS EXEIL daysn

- N=10[C

C (filter 2,3,4,5)

- 0.5 SNe Ia [day”-1 deg”-2]

-->

N
<
o

peakZz H S Z KD ERES EFEEI0 daysElzE x 60




WISH SN Survey Strategy

= rest-frame B- band (“as high-z as possible”):
color(B-R)D = Ic & S ICRIER TORIFEDINE

- 73JEID: WISH/i’@J:AO(Sm, TMT)
- N=5[0|C (filter 0,1,2,3)
- 73 SNe Ia [day”-1 deq”-2] (z>1.5(F2f&E) <-- NEMEXK
--> peak® H AL DEERD ES
(7600 SNe Ia @1.5<z<3.0)

E15 days7

/I”J



highest-z SN Ia spectra

Riess+2007 o |

HST/ACS grism, 150007 sec
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WISH grlsm sPecfroscopy for SNe

1.2e-08

- 0.8-2um< 5W\WZ H/)N— LTz Ly
- z<1lE b _ER]fRTOK
- 1<z<1.55 AR &R FTBE(Riess+2004,
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SN Ia rate --> progenitor

» FE (progenitor system)& . oH > TLVRLY,
- cosmology|Z & [T BsystematicsiCHEE

= single degenerate and/or double degenerate

Passive Star-forming Burst

® SNLS
Mannuca ot a

SN Rate per unit stellar mass per year

12 11 10 9 8
LOG Specific SFR (Mgyr' per unit stellar mass)

= [SN Ia rate] = [RHREBE(CLLHIT D] + [BHRAIZRZAERICLHIT 550]

= dusty (missing) fraction (Mannucci+2007, 1)

Missing fraction

el Tota
.3 2 7

U e

SN IaRH R DM MEE: metallicity, 2B =. EFBZE (Sullivan+2006, 1)

delay time distribution: 22D 5 IaBIBFTEIRFE T TOELERE (Totani+20087% &)
EE2ERDHEDERERE (Ihara+2007), HEZEEERIRE(SPY; Napiwotzki+2001)
meftallicity effect: high-z IaBYiB#TErate (Kobayashi & Nomoto 2009, =), z>1.5 CIE?/m?

T - SD (this work)
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WiNlensed M4

(1 = UiNpnlensed Y lensed/

CCSN rate

= luminous SNe at z>2 (Cooke+2009, Tanaka
+2012)

= dusty SN search (Mannucci+2007)

= Gravitationally-Lensed SNe (z>2; Goobar+2009,
Stanishev+2009)
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&k 8

» IaBYEBHTE Z AL\ fccosmology dsystematic error ~ statistical errorD R
» dust extinction/intrinsic scatter &t |J /&8 HIDNDE, ZD—DHNIRTD T —XA,
o B ESAICITFEEERMELTWD,
= WISH UDSIF S XK AT Va2 —ILZ T NIE 51000 K AED I BB EZ F R,
» ZZ S bstrategyld3D
- rest-frame B-band: 5 & [AT2E Dsystematic errorZz 5. 1.0<z<3.0
- rest-frame I-band: systematic errorz B RIS B 5, 0.2<z<2.2
- rest-frame H-band: A t, z<1.4
= flux calibrationZz & 59 % H\hHikeyo
= 0.8-2um TgrismitE U WHYREDE D 2 W DY z<1id 3 _E AR TOK,
» B UT—%5 D 5SN rate(z>1.5 SN Ia rate, luminous SN rate, dusty fraction)H CEZ >
» Subaru/HSC'R EDRHRERIBEE R T V21— I ZS5FKABTED &, photo-zigE(F 1/
DREHEHO)ELEICK DR AGEZ RS E 5,




