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1. Title of Proposal
Cosmology with High-Redshift Type la Supernovae

2. Principal Investigator

Name: Doi Mamoru

Family Name Given Name Middle Initials

Institute:  Institute of Astronomy, School of Science, Univ. of Tokyo

Mailing Address.  Osawa 2-21-1, Mitaka, Tokyo, Japan

E-mail Address.  doi@ioa.s.u-tokyo.ac.jp

Phone:  0422-34-5084 Fax: 0422-34-5041
3. Scientific Category Please select a valid scientific category
[[] solar System ] Normal stars [] Extrasolar Planets [] ster and Planet Formation
[C] Compact Objectsand SNe O milky way [[] Local Group [] 1sm
g Nearby Galaxies D Starburst Galaxies EI AGN and Quasar Activity D QSO Absoption Line and IGM
[] Clusters of Galaxies ] Gravitational Lens ] High-z Galaxies [] Deep Surveys
] Large-Scale Structure Cosmological Parameters [C] Miscelleneous

4. Abstract (approximately 200 words)

The current Type la supernova Hubble diagram and CMB observations argue for a flat universe with some form of
““dark energy" accelerating its expansion. Studies of distant supernovae can probe the expansion history of the
universe through our current dark-energy-dominated era back to a matter-dominated era, making them one of the best
current methods to study the amount and nature of such dark energy. We use Suprime-Cam which is uniquely suited
to reach back in time to find supernovae when the universe was still matter-dominated. Here we psopose to carry out
spectroscopy with FOCAS to get spectra of distant SNe and to carry out J-band photometry with CISCO to measure
rest-frame oprical colors of supernovae together with lightcurves with Suprime-Cam. The observations will be backed
up with other telescopes on earth and in space (with HST and Keck time already allocated) . This coordinated effort
takes advantage of participation in the Supernova Cosmology Project (SCP) international collaboration. This work will
place an important constraint on the nature of the dark energy, a critical check on the CBM measurement of curvature,
and a set of checks on systematic effects such as grey dust and supernova evolution.

5. Co-Investigators

Name Institute Name Institute

Naoki Yasuda NAOJ Saul Perlmutter LBNL

Nobunari Kashikawa NAOJ Isobel Hook Royal Observatory, Edinburgh
Ken'ichi Nomoto Univ. of Tokyo Reynald Pain LPNHE, Univ. Paris

Kentaro Motohara Univ. of Tokyo Christopher Lidman ESO

Tomoki Morokuma Univ. of Tokyo Ariel Goobar Univ. of Stockholm
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Pages 2 and 3 will be used for technical review by support astronomers. Please provide here detailed and clear Proposal ID
information for these purposes. The entire proposal including scientific justification will be passed to support

astronomers for preparation of observations upon acceptance. S02B -
7. Title of Proposal (same asitem 1)
Cosmology with High-Redshift Type la Supernovae
8. Observing Run
Instrument # Nights Moon Prefered Dates  Acceptable Dates ~ Observing Modes
cisco 6.0 Gray early November late November imaging
FOCAS 4.0 Dark
Total Requested Number of Nights 10.0 Minimum Acceptable Number of Nights

9. List of Targets (Usean additional sheet if this spaceis not sufficient)
[ ] I do not want support astronomers to see the target names for the technical review.
Target Name RA DEC Equinox Magnitude (Band)
SNe in SXDF region 2h 18m -5d 00m J2000 ~25.0(1) ~23.8(J)

10. Particular Scheduling Requirements

The success of this project relies on coordinated observations between numerous observatories. It is crucial that we be
contacted prior to scheduling to insure that the search is properly timed. Note that precise choice of fields will also depend on the
final coordination of telescope schedules.

11. Particular Instrument Requirements

12. Experience
We successfully found and followed more than 15 SNe with Suprime-Cam, FOCAS and other telescopes/insturments. K.M. was
the support scientist of CISCO/OHS and has enough experiences to use CISCO. Also the members of this collaboration have
used the techniques outlined here to discover and follow up over 100 supernovae using photometry (in optical and NIR
wavelength ranges) and spectroscopy from telescopes all over the world, HST, Keck, VLT, Gemini, WIYN, CFHT, CTIO 4m,
1.5m, KPNO 4m, 2.1m, YALO, Lick 3m, Lick 1m, McDonald HET, 2.7m, 2.1m, 0.9m, and many other telescopess.

13. Backup Proposal in Poor Conditions (specify object names)
If conditions are poor, we will follow lower redshift SNe. If new SN searches are not successful due to unusual situations, we
take spectra and NIR images of host galaxies of high-z SNe we found in previous runs. There is important science to be
obtained by observing imaging with FOCAS at the locations of SUBARU SNe in order to be able to subtract out the host galaxy
light now that the SN has faded. Also some of the host galaxies are almost invisible in I-band, it is quite interesting to take deep
NIR images of host galaxies.
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14. Observing Method and Technical Details Proposal ID S02B-

Describe your proposed observations. Please explicitly state the instrumental configulation (filters, grisms, slit width, readout mode), intended exposure time,
and required sensitivity to achieve your scientific goals. If you propose AO observations, please describe the nature of the targets (extended or point source)
aswell asthe guide star properties (separation, brightness, acceptable minimum Strehl ratio). Please read the Call for Proposals carefully.

The basic requirements of our SN la search and follow-up programs are deep I-band imaging at two epochs separated by ~3
weeks (for detection via image subtraction), spectroscopy a few days after the second epoch, and deep photometry for the light
curve and the rest-frame color. Here we use the Subaru Observatory "Big Project" fall (SXDF) runs which will eneble us to find
and to follow distant SNe in 4 Suprime-Cam fields (13 nights are allocated). Some of the invesitgators of this proposal are Subaru
telescope builders and are also working for the Big Project. Then spectroscopic and photometric follow-up observations will be
made.

Our experience from 2001 and 2002 Subaru Suprime-Cam search shows that we can find three high redshift (z ~1.0-1.2) SNe
along with a comparable number of SNe at somewhat lower redshifts (z~<1) in 4 Suprime-Cam fields. For follow up spectroscopy
with FOCAS, we use the 300R grating with the SY47 order-sort filter. Our past experiences (S01A-79 and S02A-174) shows that
about 3 hours exposures can go deep enough to obtain reasonable S/N to determin the type and the redshift of SNe at z~1. We
request four nights for FOCAS spectroscopy to follow up 3 SNe at z~0.9-1.2 and 3 SNe at z~<1 considering the weather robustness.
After spectroscopy, we will carry out follow-up photometry.

We request six nights for CISCO imaing in J-band. This will enable us to obtain rest-frame B-V color of the SNe at z ~1.2,
combined with optical follow-up observations. J-band magnitude of la SN at z~1.2 is about J=23.8. In order to get the necessary S/N
(>=15) for the SN at z~1.2 at reasonable obserational conditions, about 8 hours of observation time is necessary. We request six
nights to follow up 3 SNe at z~1.0-1.2 and 3 SNe at z~<1.

Optical (i-band and z-band) follow-up photometry of confirmed candidates can be made with Suprime-Cam (through Big Project
and with two nights from ToO substitutes of S01B-103) for lower redshift SNe and with HST (telescope time to follow three distant
SNe is allocated) for higher redshift SNe. The basic goal of the optical photometric follow-up is to measure the peak magnitude and
light curve width.

In order to make sure that we can carry out the weather robust runs, we are asking telescope time of other 8-10m class telescopes.
We already have four nights of Keck spectroscopy time approved and we are asking telescope time of GEMINI(GMOS and NIRI)
and VLT(FORS and ISAAC), too. Those telescope time will enable us to get complete follow-up of more than six pre-maximum
type-la SNe found with Suprime-Cam.

15. Proposal Status

|E| The proposed observations are a continuation of previous observations or previously unsuccessful observations with
Proposal 1D S02A-174 and Title Cosmology with High-Redshift Type la Supernovae

16. Previous Use of the Subaru

Please describe your previous use (in recent 3 years) of the Subaru telescope and the status of data reduction/analysis and publication.

Year Month P-ID Pl Status: data reduction/analysis Status:publication

01 05 S01A-079 M.Doi finished IAUC7649, full paper in preparation
02 03 S01B-103 M.Doi finished / in progress

02 04 S02A-174 M.Doi in progress

0103 S00-022 K.Nomoto finished Two papers submitted/in press

02 02 S01B-009 K.Motohara finished

02 04 S02A-115 N.Kashikawa in progress

17. Thesis Work
[] Thisproposal islinked to the thesis preparation of

ThesisTitle

18. Open Use Intensive Programs
[O] Thisis aproposal for Intensive Programs.




(Additional Sheet for List of Targets) Proposal ID
10. List of Targets
[] 1 do not want support astronomers to see the target names for the technical review.
Target Name RA DEC Equinox Magnitude (Band)
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	Name-Family: Doi
	Name-Given: Mamoru
	Name-MI: 
	Institute: Institute of Astronomy, School of Science, Univ. of Tokyo
	Address: Osawa 2-21-1, Mitaka, Tokyo, Japan
	EMail: doi@ioa.s.u-tokyo.ac.jp
	Phone: 0422-34-5084
	Fax: 0422-34-5041
	Categroy: Stars&Galaxy
	Abstract:   The current Type Ia supernova Hubble diagram and CMB observations argue for a flat universe with some form of ``dark energy'' accelerating its expansion.  Studies of distant supernovae can probe the expansion history of the universe through our current dark-energy-dominated era back to a matter-dominated era, making them one of the best current methods to study the amount and nature of such dark energy.  We use Suprime-Cam  which is uniquely suited to reach back in time to find supernovae when the universe was still matter-dominated.  Here we psopose to carry out spectroscopy with FOCAS to get spectra of distant SNe and to carry out J-band photometry with CISCO to measure rest-frame oprical colors of supernovae  together with lightcurves with Suprime-Cam. The observations will be backed up with other telescopes on earth and in space (with HST and Keck  time already allocated) . This coordinated effort takes advantage of participation in the Supernova Cosmology Project (SCP) international collaboration. This work will place an important constraint on the nature of the dark energy, a critical check on the CBM measurement of curvature, and a set of checks on systematic effects such as grey dust and supernova evolution.  
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	Title: Cosmology with High-Redshift Type Ia Supernovae
	Instrument-1: [CISCO]
	Instrument-2: [FOCAS]
	Instrument-3: [ ]
	Nights-2: 4.0
	Nights-3: 
	Moon-1: [Gray]
	Moon-2: [Dark]
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	Experience: We successfully found and followed more than 15 SNe with Suprime-Cam, FOCAS and other telescopes/insturments. K.M. was the support scientist of CISCO/OHS and has enough experiences to use CISCO. Also the members of this collaboration have used the techniques outlined here to discover and follow up over 100 supernovae using photometry (in optical and NIR wavelength ranges) and spectroscopy from telescopes all over the world, HST, Keck, VLT, Gemini, WIYN, CFHT, CTIO 4m, 1.5m, KPNO 4m, 2.1m, YALO, Lick 3m, Lick 1m, McDonald HET, 2.7m, 2.1m, 0.9m, and many other telescopess.  
	Sche-Req: The success of this project relies on coordinated observations between numerous observatories.  It is crucial that we be contacted prior to scheduling to insure that the search is properly timed. Note that precise choice of fields will also depend on the final coordination of telescope schedules.
	Instr-Req: 
	Backup: If conditions are poor, we will follow lower redshift SNe. If new SN searches are not successful due to unusual situations, we take spectra and NIR images  of host galaxies of high-z SNe we found in previous runs.  There is important science to be obtained by observing imaging with FOCAS at the locations of SUBARU SNe in order to be able to subtract out the host galaxy light now that the SN has faded.  Also some of the host galaxies are almost invisible in I-band, it is quite interesting to take deep NIR images of host galaxies. 
	TechnicalDetails:    The basic requirements of our SN Ia search and follow-up programs are deep I-band imaging at two epochs separated by ~3 weeks (for detection via image subtraction), spectroscopy a few days after the second epoch, and deep photometry for the light curve and the rest-frame color.  Here we use the Subaru Observatory "Big Project"  fall (SXDF) runs  which will eneble us to  find and to follow distant SNe in  4 Suprime-Cam fields (13 nights are allocated).  Some of the invesitgators of this proposal are Subaru telescope builders and are also working for the Big Project.  Then spectroscopic and photometric follow-up observations  will be made. 
  Our experience from 2001 and 2002 Subaru Suprime-Cam search shows that we can find three high redshift (z ~1.0-1.2) SNe  along with a comparable number of SNe at somewhat lower redshifts (z~<1) in 4 Suprime-Cam fields. For follow up spectroscopy with FOCAS, we use the 300R grating with the SY47 order-sort filter. Our past experiences (S01A-79 and S02A-174) shows that about 3 hours exposures can go deep enough to obtain reasonable S/N to determin the type and the redshift of SNe at z~1. We request four nights for FOCAS spectroscopy to follow up 3 SNe at z~0.9-1.2 and 3 SNe at z~<1 considering the weather robustness.
 After spectroscopy, we will carry out follow-up photometry.
  We request six nights for CISCO imaing in J-band. This will enable us to obtain rest-frame B-V color of the SNe at z ~1.2, 
combined with optical follow-up observations. J-band magnitude of Ia SN at z~1.2 is about J=23.8. In order to get the necessary S/N (>=15) for the SN at z~1.2 at reasonable obserational conditions, about 8 hours of observation time is necessary.  We request six nights to follow up 3 SNe at z~1.0-1.2 and 3 SNe at z~<1.
  Optical (i-band and z-band) follow-up photometry of confirmed candidates can be made with Suprime-Cam (through Big Project and with two nights from ToO substitutes of S01B-103) for lower redshift SNe and with HST (telescope time to follow three distant SNe is allocated) for higher redshift SNe. The basic goal of the optical photometric follow-up is to measure the peak magnitude and light curve width.  
 In order to make sure that we can carry out the weather robust runs, we are asking telescope time of other 8-10m class telescopes. We already have four nights of Keck spectroscopy time approved and we are asking telescope time of GEMINI(GMOS and NIRI) and VLT(FORS and ISAAC), too. Those telescope time will enable us to get complete follow-up of more than six pre-maximum type-Ia SNe found with Suprime-Cam.
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