
spectroscopy w/ WISH?

slitless spectroscopyの検討
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1

12010年2月8日月曜日



slitless spectroscopy

メリット
+ 無バイアスサーベイ
+ 天体数を稼げる
デメリット(スリット分光と比べて)
+ 限界等級が浅い
+ 近くの天体とのスペクトルの重複が起こる
+ 波長分解能をあまり高くできない
+ シーイングで波長分解能が決まる

(東大天文M2大野くんの修論より)

1.2 すばる主焦点全面分光の概要 5

図 1.3 スリットレス分光の様子．撮像で左のように写る天域は，スリットレス分光で右のよう
に写る．我々のグリズムで得られたデータである．

2. 2つ以上の天体のスペクトルが重なること (contamination)が多い．
3. 波長分解能をあまり高くできない．我々のグリズムの場合，R = 30–50である．
4. シーイングによって波長分解能が決まるため，厳密に言えば観測夜に波長分解能が異なる．

1.2.3 先行研究

これまで，NICMOS Grism Parallel Survey (McCarthy et al. 1999)や STIS Parallel Survey
(Gardner et al. 1998) を始めとする多くのプロジェクトが輝線銀河などの探査のためにスリッ
トレス分光を用い，成果を上げてきた (Kurk et al. 2004; Yan et al. 1999; Teplitz et al. 2003;
Drozdovsky et al. 2005; Shim et al. 2009)．中でも我々が本研究を構想する直接のヒントに
なったのは，GRism ACS Program for Extragalactic Science (GRAPES; Pirzkal et al. 2004;
Malhotra et al. 2005) である．これは，ハッブル宇宙望遠鏡 (HST) の Advanced Camera for
Sueveys (ACS; Ford et al. 2003; Pavlovski 2006) に G800L グリズムを付けてスリットレス分
光することで，4 < z < 7 の銀河 (LBGs や LAEs を含む) を研究するプロジェクトである．
Hubble Ultra Deep Field (HUDF; Beckwith et al. 2006) における銀河のサンプルを提供した
(Pirzkal et al. 2006; Xu et al. 2007)．現在，GRAPESは Probing Evolution And Reionization
Sepctroscopically (PEARS; Straughn et al. 2008, 2009; Rhoads et al. 2009) に引き継がれて
いる．

HSTの ACSと「すばる」の Suprime-Camには，いくつかの違いがある．まず，「すばる」の
口径比と有効視野はそれぞれ 34′ × 27′, F/1.8ゆえ，HSTの 3′.4 × 3′.4, F/24と比べて，視野は
極めて明るく 100倍近くも広い．更に，HSTがスペースから観測するのに対して，「すばる」は地
上から観測する．地上望遠鏡は夜光の影響をもろに受けるため，skyがスペースより数 mag ほど
明るくなってしまう (Windhorst et al. 1994)．従って，我々はグリズムの波長分解能や波長範囲
の選択に細心の注意を払った．このような主焦点全面分光は，口径 8m級の大型望遠鏡では初の試
みである．
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science w/ slitless spectroscopy
- high-z supernova: type identification
- gamma-ray burst: continuum, Lyman break
- galaxies: (Lyman/Balmer) break, emission lines

Table 4.18 As in Riess et al. (1996), we require for robust fits of
light curves that SN photometry commence no less than 10 days
after maximum, although in practice degeneracies in light curve
fits for late-commencing SN Ia photometry are also alleviated by
flux limits from the preceding epoch (typically 3 weeks earlier
than the discovery point in the rest frame).

In Figure 6 we show the Hubble diagram of distance moduli
and redshifts for all of theHST-discovered SNe Ia in the gold and

silver sets from our program. The new SNe Ia span a wide range
of redshift (0:21 < z < 1:55), but their most valuable contribu-
tion to the SN Ia Hubble diagram remains in the highest-redshift
region where they now well delineate the range at z ! 1 with
23 SNe Ia, 13 new objects since R04. This territory remains
uniquely accessible to HST, which has discovered the dozen
highest-redshift SNe Ia known, and its exploration is the focus
of the rest of this paper.
In the inset to Figure 6 we show the residual Hubble diagram

(from an empty universe) with the gold data uniformly binned.
Here and elsewhere we use uniform, unbiased binning achieved
with a fixed value of n!z, where !z is the bin width in red-
shift and n is the number of SNe in the bin.19 In Figure 6 we use
n!z ¼ 6, which yields seven bins for our sample. Although bin-
ning is for illustrative purposes in the Hubble diagram, there are

Fig. 5—Continued

18 Although a new version of the MLCS2k2 algorithm is currently under de-
velopment with an expanded training set (Jha et al. 2007), we used the same ver-
sion used by R04 to maintain, as far as possible, a consistent and tested process to
measure all available SN Ia data. However, tests comparing the R04 and Jha et al.
(2007) versions of the algorithm showvery good agreement when applied to high
quality data. In addition, we have found and corrected a minor numerical error in
our calculation of K-corrections, which affect a few SNe Ia at the few percent
level. In the future it will be valuable to reanalyze all available data consistently
with continually improving algorithms, and wewill attempt to provide updated dis-
tance estimates using updated versions of data and algorithms at http://braeburn
.pha.jhu.edu /#ariess/R06, or on request to ariess@stsci.edu.

19 The last bin ends abruptly with the highest-redshift SN; thus, its n!z $
value is smaller than the rest.

RIESS ET AL.108 Vol. 659

Riess+2007
highest-z spec-ID SN Ia
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science w/ slitless spectroscopy

GRAPES spectra, 1680 spectra have a computed net signifi-
cance greater than 10. This number is close to the number of
objects brighter than 27 mag and demonstrates the tight rela-
tion (on average) between an object magnitude and the quality
of its spectrum (Fig. 6).

9. SAMPLE SPECTRA

A few spectra from GRAPES are shown in Figure 7, where
we present spectra of 10 objects with z magnitude ranging
from 18.3 to 27.1. Table 2 summarizes the properties of these
objects. These were obtained by averaging the five epoch

Fig. 7.—Spectra of some objects with zmagnitudes ranging from 18.3 to 27.1. The individual object iAB (F775W) magnitude, zAB (F850LP) magnitude and spectral
net significance are listed in Table 2. (a) and (c) show hot stars with H! absorption, (b) is a cool star, (d) is an elliptical galaxy at z ! 0:6, (e) through (g) and (i ) are star
forming galaxies at intermediate redshift including object ( f ) at z ¼ 0:66, which shows H" as well as [O ii] and [O iii], (h) is a Lyman break galaxy at z # 5:8 and has
been previously published (Stanway et al. 2003 and Dickinson et al. 2004), and ( j ) is a faint continuum source near the detection limit of the GRAPES grism data.

TABLE 2

The ID (from the UDF Public Catalog 1.0), iAB (F775W), zAB (F850LP),
and Computed Spectral Significance (N ) of the Spectra Shown in Fig. 7

Object

in Fig. 7

ID

(UDF Catalog) iAB zAB N

a.......................... 2150 19.13 18.32 1940.94

b.......................... 1147 19.17 19.04 1896.97

c.......................... 9230 20.00 19.89 1897.03

d.......................... 1960 21.53 21.23 1139.54

e.......................... 8576 22.30 22.39 353.77

f .......................... 5569 23.32 23.20 749.32

g.......................... 2927 23.45 23.84 207.24

h.......................... 2225 26.83 25.29 59.38

i .......................... 2241 25.86 26.22 35.62

j .......................... 5888 27.17 27.13 20.59

Fig. 8.—The five individually extracted spectra of a dwarf star. The five
extracted and calibrated spectra from the five GRAPES epochs listed in Table 1
are plotted in different colors on this plot. The wavelength and flux calibration
agree very well up to 9500 8, where flat-fielding of the spectra becomes the
main limiting factor in the flux calibration of the GRAPES spectra (see x 4).

HUBBLE ULTRA DEEP FIELD SPECTROSCOPY 507No. 2, 2004w/ HST/ACS G800L grism Pirzkal+2004 (GRAPES), 92000 sec

z=18.3

z=27.1

z=19.0

z=19.9

z=22.4

z=23.8

z=26.2?

z=21.2

z=23.2

z=25.3
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WFC3-IR G102
TV3 ground calibration; simulated point source

Target position
on direct image

0th order +1st order
science

0.8-1.1µm

+2nd order

1014 pixel (full size)
~130 arcsec

Combined dispersed + direct image

from Harald Kuntschner’s slide available at website
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slitless spectroscopy on board JWST
- NIRCam
+ grismの搭載は考えられていない

http://ircamera.as.arizona.edu/nircam/features.html

- NIRSpec
+ 当然分光を行う
+ Micro-Shutter Array (MSA, 3.4’x3.6’) or IFU 
(3”x3”)での分光

http://www.stsci.edu/jwst/instruments/nirspec/
+ R=100:  132 nJy, 3.0µm, S/N=10, t=10,000 sec
+ R=1000: 5.72e-19 erg/s/cm2, 2.0µm, S/N=10, t=100,000 sec
+ R=2700: 
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JWST/NIRSpec spectroscopy
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JWST/NIRSpec sensitivity

R=100

http://www.stsci.edu/jwst/instruments/nirspec/sensitivity/index_html

R=100
continuum flux
10000 sec
S/N=10 per 2 pixel

100nJy : 26.4 mag

500nJy : 24.7 mag

300nJy : 25.2 mag
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slitless spectroscopy
instruments FoV m_lim

(exp. time, S/N)
λ [µm] R

HST/WFC3 123”x136”
NICMOSより
少しいいくらい?

0.8-1.7 130-210

HST/ACS 202”x202” z~27.2
(92000 sec, 5?)

0.55-1.05 100

HST/NICMOS 51”x51” H~20
(10000 sec, 10)

0.8-2.5 200

JWST/NIRSpec 3.4’x3.6’ JHK~26
(10000 sec, 10)

0.7-5.0 100

Subaru/S-Cam 27‘x10’x2 i~23.9 (EWobs~530A)
(18000 sec, 5?)

0.62-0.85 30-50

WISH 1000□’ HSTくらい? 1-2?3?5? 50?
200?

8

NICMOS Grism Parallel Survey (McCarthy+1999)

GRism ACS Program for Extragalactic Science (GRAPES; Pirzkal+2004)

Probing Evolution And Reionization Spectroscopically (PEARS; Straughn+2008)
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spec. of WISH slitless spectroscopy
- 波長範囲

+ 1-2µmは必須に思える
+ 2-3µm以上も必要か?

- 限界等級
- 製作可能性

+ ~100mmx60mm, 厚さ5-10mm 

- 視野
+ 全てのフリップ式フィルター? 部分的に?

- 分解能
+ スペクトルの長さ/重なり、confusion
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slitless spectroscopy simulation

http://www.stecf.org/software/slitless_software/axesim/

The Slitless Simulation package aXeSIM

As part of the ST-ECF support for the spectroscopic modes of Wide Field 
Camera 3 (WFC3), the slitless spectroscopy group of the ST-ECF has 
developed a dedicated simulation package applicable to WFC3. Whilst the 
package was initiated for exploitation of WFC3 slitless grism modes, it is 
equally applicable to other slitless spectroscopy modes of HST, such as 
ACS and NICMOS.
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