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Abstract

I briefly introduce the current status of MOIRCS, Multi-Object Near Infrared Camera and Spectrograph, which is another next-generation instrument for Subaru. Then I discuss how efficient and effective for studies of galaxy evolution in cluster environments to execute the FMOS & MOIRCS joint observation, especially for clusters at the redshift of >1. 

Introduction: MOIRCS

MOIRCS is the other “second-generation instrument for Subaru” as well as FMOS. The name “MOIRCS” is the acronym of “Multi-Object near-InfraRed Camera and Spectrograph for Subaru”: namely MOIRCS shares the basic function as a near-infrared spectrograph for multiple objects with FMOS. But the actual performance is widely different. MOIRCS is the instrument on Cassegrain Focus, and is designed to sample the FOV of the cassegrain focal plane (~6 arcminutes diameter) as efficiently as possible. MOIRCS entries two 2048x2048 Hawaii-2 HgCdTe array, and works as dual camera and spectrograph system. For the control of Hawaii-2 arrays we have developed our own special system called TUFPAC (Ichikawa et al. 2002). The detailed performance of the Hawaii-2 arrays on TUFPAC has been extensively determined in Katsuno et al. (2002). The optical design of MOIRCS is described in Suzuki et al. (2002). Instrumental overview of MOIRCS including the Slit Mask Exchange System for MOIRCS is extensively described by Tokoku et al. (2002)
.

One of the most outstanding characteristics of MOIRCS is its performance as an imager. The covered field of view is 6’ by 4’, which is the widest among currently working near-infrared instruments for 8 to 10m-class telescope. For example, MOIRCS FOV is about 7 times wider than that of CISCO on Subaru, or about 5 times wider than that of ISSAC on VLT. MOIRCS enables us to execute a survey having both the depth and width with high efficiency.

The other and the most important aspect of MOIRCS is its multi-object spectroscopic ability by cooled slit masks. The maximum number of slitlets per mask is about 50, and the maximum number of slit masks that can be housed in a cooled slit dewer is 24. Namely, MOIRCS can take the spectra of about one thousand objects per night nominally. The slit masks are cooled down to 155K, allowing us to take high-S/N spectra up to the limit of K-band atmospheric window. The whole wavelength coverage is 0.8 – 2.5um(zJHK ). Currently we have two set of Grisms with the resolution of R=500 and 1300 (under 0”.5-width slits), and in the near future R=2000 Grism will also be available.  Table 1 summarizes the essential performance of MOIRCS.
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FMOS and MOIRCS:

Both MOIRCS and FMOS have near-infrared spectroscopic ability for multiple targets. But in the scientific point of view, of course there are a number of differences among them. A clear difference is the FOV and the number of objects observable at a time. FMOS can put the maximum of 400 fiber units across the 30-arcminute-diameter FOV (Maihara et al. 2000). Basically targets should be randomly scattered over the field. The number density of spines is 0.57 / arcmin2., which is suitable for objects like Extremely-Red Objects, Submm-bright sources, Lyman Break Galaxies, and so on: namely FMOS is suitable for objects that are sparsely distributed and is not too rare. On the other hand, MOIRCS can put the maximum of ~50 slitlets across 4’ by 7’ FOV (should be much tighter in practice). The typical number density of the potential targets should be around 6/arcmin2 or more. Thus basically we may say that MOIRCS has the advantage for dense environment like clusters of galaxies or star clusters.

FMOS entries the OH suppressor which greatly improves the signal to noise ratio of the spectra. The improvement of the observing efficiency in JH spectral window by OHS is significant: roughly four times’ gain is expected. Other important difference in the current spec of both instruments is the spectral resolution. FMOS high spectral resolution mode will reach to R~2700, while the current design of MOIRCS is R~1300 (but will be ~2000 in near future). For low-resolution mode both instrument has similar spec (R~500-700). High-S/N & high dispersion spectroscopic performance of FMOS will be effective for kinematical studies for individual galaxies, or for studies of fainter galaxies. 

If an observer requires some spatial information across the targets as well as the spectra, slitlet spectral performance of MOIRCS will be greatly useful. Other important advantage of slitlet spectroscopy is that it enables us to achieve very high sky subtraction. In near-IR window, the variation of the sky is significant. Sampling sky spectra using both sides of the target and interpolating the sky to objects is the most reliable and accurate way to do sky subtraction. FMOS may also be alble to do a similar way by putting the adjacent spines to the sky region at very close to the object, but such spine rayout will reduce the number of observable targets and forces much sparser target selection across the FMOS FOV, leading strong limitation of the science.

FMOS is the only instrument that can cover the whole FOV of Subaru Suprime-Cam. In other words, there are no other efficient instruments that can execute the spectral follow-up observation for targets detected by Suprime-Cam. Such potential FMOS observers may want to do photo-z analysis to their multicolor data for target selection.  Wide-field (comparable to SupCam FOV) near-IR data will become essential for such accurate photo-z analysis. Though WFCAM on UKIRT may be the good instrument for the aim, the number of WFCAM time available for Japanese community may be significantly limited. Wide-field and fast imaging performance of MOIRCS may become more important for many possible FMOS users, though the size of the MOIRCS FOV is still significantly smaller than the FOV of Suprime-Cam. 

From the scientific point of view, the FOV of FMOS is very attractive for extragalactic deep general-field survey. It is well known that the major problem of the current deep near-IR field galaxy survey is the tiny field of view. The result by small FOV is easily affected by the cosmic variance, i.e., the effect of the large-scale clustering of galaxies. The result by blank field survey across the MOIRCS FOV may still significantly suffered by the effect. This effect, however, can be significantly suppressed in the FOV of FMOS/Suprime-Cam. After a careful selection of the FMOS spectroscopic sample by photometric data, FMOS general field survey will be a significant impact especially on sciences such as large-scale clustering or the cosmic star-formation history at z>1. For small-scale clustering study or the study of the galaxy environment , the tight target sampling ability of MOIRCS from a wide continuous area will be extremely useful.

Studies of cluster environment at z>1: Ideal target for MOIRCS-FMOS joint project

Considering the above arguments, I propose to execute the MOIRCS-FMOS scientific project for the study of cluster environment at z>1. There are typically hundreds of galaxies lying in ~1 Mpc diameter region around a rich cluster. Such rich cluster tends to reside in a large-scale structure extending to ~10Mpc or more (comparable to FMOS FOV at z~1). The number density of galaxies in such distant supercluster region is not so high but just suitable for FMOS, and they are rather spreading (see e.g. Kodama et al. 2001). On the other hand, the size of high-density region including the cluster core is typically a few arcminutes at z>1, just suitable to the FOV of MOIRCS. 

Galaxy properties in cluter environment are a strong function of galaxy density. There are famous Morphology-Density relation (e.g. Dressler et al. 1998). Galaxy color distribution also changes rapidly as a function of galaxy density (e.g. Kodama et al. 2001; Pimbblet et al. 2002). The origin of such transformation of galaxy properties in cluster environments is still highly unknown. Especially at z>1 clusters are still dynamically young and generally follow many subsystems around them. Violent merger of clusters with similar mass may also happen more frequently than today. Galaxies in such merging clusters may be strongly affected by such dynamical disturbance through cluster tidal field. On the other hand, small subsystems around main cluster is also important for galaxy evolution. Galaxies in group environment tends to be more gravitationally influenced due to its low velocity dispersion and high galaxy density. If galaxies in such environment are gas-rich young system, it may easily cause intense star formation. Through such dynamical events we may also expect the morphological transformation in such outskirts of a cluster, namely supercluster regions.

MOIRCS will reveal the complex dynamical structure of the core region of such young cluster at z>1, where galaxy density is too high to do spectroscopy by FMOS. The whole structure of a supercluster is too large for MOIRCS but just suitable for FMOS FOV. The availability of OHS on FMOS will be extremely powerful to measure recent star formation by absorption lines, which is important to know how and where galaxies start ceasing the star formation by mechanisms such as suffocation, tidal effect, etc. 

I am now conducting the study of such large-scale structure at z~1.1 by Subaru. This superstructure is traced by a group of 23 QSOs extending over 2 x 2 degrees (Crampton et al. 1986; Tanaka et al. 2001). Our Suprime-Cam data shows that there is indeed a structure of red galaxies that apparently traces the distribution of QSOs. Spectroscopic follow-up has executed for only a part of densest regions, and indeed confirmed that these red galaxies and QSOs are at the same redshift of 1.1 (Tanaka et al. in prep.). I personally propose my superstructure region as a target of such MOIRCS-FMOS joint project. Such joint project led by instrument groups should strongly be encouraged in order to make maximize the performance of the Subaru telescope.
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Table 1. Basic Performance of MOIRCS.
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