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" Abstract

% Our goal
Type la supernova rate at high redshift (z>1.0 )

* Method - :
Classification of SNe — SNe EX CC SNe (Ib/c or II) |

_'_.—+Usmg light curves . ° _. ‘
* SXDS$'Observations (Morokuma+2008a)

-~1000 variable objects in SXDF (Subaru/XMI\/I Newton Deep Fleld) |
( They mclude aII of SXDF varlable objects in 2002,03 and 0 e

- ~200 are SN- like objects (foundin2002) . . :
' 50SNela (SXDF = 5 fields of V|ew of Subaru/S Cam)

% Rates e
Obtained SN la rates gradually |ncreasmg in hlgher redshift
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Type Ia supernovae

* Unlque propert|es

-+ Very bright (Mg~ -19 rhag) ;
.— Observe SNe la at hlgh Z (z~1)
Very similar

-“— Every SN la has a similar light curve A
* and aspectrum. ° B |

Type la supernovae are standard candles in the universe.
— SNe la are useful to measure cosmological parameters !




HQ-W‘_to detect SNe ?

Example of a SN la at 2= 0 606 (Morokuma+2008)

_Reference . Another Imade Subtracted Image 3

@ From'Spectr'a_ (Conrfirmed meth__Qd) 3 | @_From Light-Curves (Our Me_théd)’. g
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SN Ia rate study

Motivation
SN la rate is the clue of progenitors of SNe la

Recently, wide delay: t|me distribution of SNe la are: shown by rate studles

Delay tlme — trme |nterval between star formatlon and SN explosmn S

T SL  Sullivan+06- * Two populatlons of SNe la 2
y results B (Mannucci+2005, 2006) '-

. :appéllarc,f - "‘Prompt” Short delay time (~0.1-1Gyr)
- =l “Tardy” Long delay time (~1' 10Gyr)
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High-z rate IS important!!
& It is difficult to measure that
from current SN surveys

— SXDS data set is useful
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SXDS Subaru/Suprime-Cam observations
SXDF consists of 5 fields of view of Suprime-Cam |
= 0.918 deg?

B Observing Date 2002.9.30.~12.10. = about 70days
B (iobs.)5~7 epochs — Light curves
(R and z obs. ) 2~4 epochs — Color

final ref.
in Jan, :

7epochs ( 0, 33, 34, 37,41, 60, 69 )
5epochs ( 0, 33, 34, 41, 61)
5epochs ( 0, 33, 34, 41, 61)
6epochs ( 0, 33, 34, 41, 61, 69)
7epochs ( 0, 33, 34, 37,41, 60, 69 )

Got i-band LCs
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@ Select SN-like light curvesEE = OVEY - (CINMERE R EIE
Criteria | | . e
(@ Bright in 2002"and under detection limit in 2003:and 2005
@’I\/Io:re than3 points of light curves are >50c. Hmit . i

Classify by LC fittings Remc')yekTy'pe‘ II_'_supe_rribyaé-
g [ype la supernove are identified .

& - .. 5
= -

3 Correct the number o Type la supernoae | |

B @ Time & Volume calculation
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Light curve

SN2000ca B-band —a—— [T T T T T T

SN19828 B-and —8— Altavﬂla et al. (2004)
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Every SN Ia has a S|m|Iar LC |

D) SN19930 B-band —e— - -
M) SM1991U B-band —e—

= e | SM1997Y B-band —m— |

- SM1992P B-band —+—
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Width of LC  narrow=>

The relation of peak magitude and width of LC

Width of LC = Stretch Factor



LC fitting Method

* We classify SNe into type la and type Il
by fitting observed LCs with template LCs.

: S : Obs. — T : -
[ x2 fitting] Reduced x2= 3, (——amor—2/f.0o.d.."

(2) Day of Maximum light

| | —
z=0.921, Spec-la (SXDF)

i— (3)sf —,
(only la) .
%(4) z (from gal photo-z)

- Observing data i
— Best fitted template (1a)
] ] ]

40 60 80
B Observing date [

Magnituae (')




Tempiate_(1 of la and 12 of Il)

e.g.) lamade atz=0.9 SNe Il ( 7 of SDSS samples )
Il made at z=0.5 1IP (1999em, 1999y

/ lIL (1979C, 1980

|a (Takanashi+2008)
> With intrinsic diversity

\

>¢Hard to observe rising phase
— Correct by the spectral templates (Nugent+2002)

0 20 40 60




.SNe in SXDF
~200 SN-likeobjects were discovered in 2002.
—>5O are SNe-la. The othérs are SNe Il or AGN

(not yet classified)
All of 9 confirmed spec-la samples are |dent|f|ed as Type la..

73 . by the LG flttlng

O :Type 'II-_ |
_ Ex.2 1-045(?)
z=0.921T i"'max=24.16 1 ’ z=0.625 i"max=7?
23 1 Fitting result = la 23 ——— Fitting result = Il (2005Ic)
z=0.90, sf=1.10, day=46, mag=24.2 z=0.60, day=38, mag=24.7
24 ... 4 24t .
E o N S
25 — ..'. ~g’~, ] 25 | 'i»i [] ]
26 | _
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27 ; 27+ | .
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Raw number of SNe Ia In SXDF

—
_-_

Poznanskl+07 22) |0 (<0.5) (0.5-1.0) | 10 (1.0-1.5) | 3 (1.5-2.0)
(SDF)

Dahlen+08(56

(GOODS)







‘Simulation
% Make light curves in the observed I'- band using templates
- High-z SNe la (z~1): — observed I'=restU -B

- Limiting magnitudes ~ 26-mag (50, 3600 sec exposure)
* Maximum magnitudes of SNe ~ 22.0~ 25 5 mag Sz -0.3~1.4

* Input four parameters _.-
Redshift, Maximum- Magnltude Date of Maxrmum Stretch Factor i

* Example of artlflcral Ilghtcuryes -

Date of Max =0
=20 B
=40
=60

Make ~100,000 light curves of SNe la apd ] : -
—Check “Completenéss” (ID cOnfi’den-ee)-_an_d‘“Contamination”




Correct SN number from Contamination
Type Il rate ( «<SFR ) (Botticella+07) |EEEE.. |
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Compared W|th the other results

At the highest redshift,

| | | | .
Dahlen+08 (spectroscopic sam{p.le')’""

-
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_ Not‘.obtalned by our results

/

lhara+09

Flat rates from z~0.8t0 1.2 7 _.%*
- 7,0\ | | (SXDS)
' - 2
Ihara+09 (Photometric sample) =~ —/—/—/—»—> I g i (DGagce)r[l)'l'SO)S %
y LT |
é R:antes increasing " - 1 | Poznanski+07
s L T [eoR)
> )
Y L . | | Neill+06 (73)
o | 1 | (SNLS) z=0.47 %~
g . \ " “ X :' Dllday+08_(17)
ey (SDSS) z=0.12
Dilday+08 | h

The nearby rate is well fitted | SN la rates trace star formation rates
‘04 06 — With short delay time (<~2-3Gyr)

by our fate

Redshift |




Summary & Future Work

% SNe la in SXDF o

- We classified SNe in SXDF by Ilght curve flttlng

= Out of 50 SNe Ila, 19 SNe la are high-z samples (z>1). -
— We can-get hlgh z SNe la.with a ground telescope (SUBARU)
* comparable by the search by HST (Dahlen+2008) &
*. Rates . <! - , ..

- We UULcuﬁUU he ldteS

S
but the rates'in SXDF.are

O o =,
VO, .

Cll

irmiar to Dahle |
increasing to hlgher redshlft &
— EX|stence of SNe la Wlth short delay. tlme (<~2 BGyr) S

-(FutureWork ) CoEe _
- Suprime-Cam z'-band survey is on- gomg (PI Furusawa) |

(But the weather condition was very bad until how...)
— We expect to obtain highest-z-SNe la-at z>1.4.







