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OPTICAL IDENTIFICATIONS OF THE ISOPHOT FIR SOURCESYuko Kakazu1;2, Takashi Murayama2;3, Yoshiaki Taniguchi2;3,D. B. Sanders1;2, S. Veilleux2;4, Min S. Yun2;5, Shinki Oyabu6,Kimiaki Kawara6, Haruyuki Okuda7, Toshio Matsumoto7,Ken-ichi Wakamatsu8, Yoshiaki Sofue6, Hideo Matsuhara9,Yasunori Sato6, R. D. Joseph1, & L. L. Cowie1ABSTRACTWe present optical follow-up observations of the FIR sources found in our 175�m deepsurvey in the Lockman Hole (Kawara et al. 1998) using ISOPHOT on board The In-frared Space Observatory (ISO). Optical and NIR observations were made using ESI andNIRSPEC on Keck II, IRCS on Subaru, the 8k mosaic CCD camera on the UH2.2m,and VLA-B 6cm continuum observations. We have identi�ed optical counterparts for 35ISOPHOT FIR sources with redshifts in the range 0.03{1.6. We discuss their observa-tional properties.Subject headings: infrared: galaxies - galaxies: starburst - galaxies: evolution1. INTRODUCTIONDeep surveys at far-infrared (FIR) and sub-milimeter wavelengths have been performed toinvestigate the nature of dust-enshrouded galax-ies at high redshift. As a contribution to this�eld, our group made a deep FIR survey using theISOPHOT FIR camera on board ISO (Kawara etal. 1998; Matsuhara et al. 2000). Mapping at90�m and 170�m of two 440 � 440 �elds in theLockman Hole, a region of the smallest Hi columndensity in the sky (Lockman, Jahoda, & McCam-mon 1996), resulted in the detection of 36 and 45sources brighter than 150 mJy at at 90�m and170�m, respectively. Given the relatively largesize of the ISOPHOT beam at 170�m (�9000), wehave obtained opt/NIR images and spectra us-ing telescopes on Mauna Kea and 6cm radio con-tinuum maps using the VLA (Yun et al. 2002)to identify the most likely source of the 170�memission. Here we report our initial identi�cationsof the brightest of the ISOPHOT 170�m sources.Unless otherwise stated, we assume Ho = 75 kms�1Mpc�1, qo = 0.

2. RESULTS AND DISCUSSIONRedshifts of 35 FIR source candidates were de-termined using optical spectra obtained with ESIon KeckII during three observing runs in 2000March and 2001 January. To detect Balmer emis-sion line, we also took near-infrared spectra offour sources with redshifts greater than 0.7 withNIRSPEC on KeckII in 2001 March. Infraredluminosities, Lir(8 � 1000�m), were then esti-mated by using the ISOPHOT uxes and assum-ing an SED similar to that of Arp220. Table1 and Figure 1 show the distributions of red-shift a and infrared luminosity of the ISOPHOTsources. We found one hyperluminous infraredgalaxy (HyLIG: Lir > 1013L�) at z = 1:6, 11ultraluminous infrared galaxies (ULIGs: Lir >1012L�) at 0:3 < z < 1, 12 luminous infraredgalaxies (LIGs: Lir > 1011L�), and 11 galax-ies with Lir < 1011L�. Except for one LIG atz = 0:365, all of the galaxies with Lir < 1012L�)are at z < 0:3. The mean redshift for all sourcesis 0:31� 0:31.Optical spectra are also important for prob-1Institute for Astronomy, University of Hawaii, 2680 Woodlawn Drive, Honolulu, HI 968222Visiting astronomer, The W. M. Keck Observatory3Astronomical Institute, Graduate School of Science, Tohoku University, Aoba, Sendai 980-8578, Japan4Department of Astronomy, University of Maryland, College Park, MD 207425Five College Radio Astronomy Observatory, University of Massachusetts, Amherst, MA 010026Institute of Astronomy, University of Tokyo, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan7Institute of Space and Astronautical Science, Yoshinodai, Sagamihara, Kanagawa 229-8510, Japan8Department of Technology, Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan9Gunma Astronomical Observatory, 6860-86 Nakayama, Takayama-mura, Gunma 377-0702, Japan
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Table 1Results of spectroscopic identificationRedshift Numberz < 0:1 100:1 � z < 0:3 120:3 � z < 0:5 60:5 � z < 1 6z � 1 1Infrared Luminosity (8{1000 �m) NumberLir � 1013L� 11012 � Lir < 1013L� 111011 � Lir < 1012L� 12Lir < 1011L� 11Activity NumberAGN 2LINER 10H II galaxy 21Early-type galaxy 2

Fig. 1.| Distributions of infrared luminosity and redshift of the ISOPHOT sources.
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Fig. 2.| Optical (top two panels) and NIR (bottom panel) spectra of a quasar at z = 1:6 with infrared luminosityof 4� 1013L�.ing the nature of the luminosity source in thesefaint FIR galaxies. The low-resolution ESI spec-tra were used to determine the optical spectral-type of the candidate ISOPHOT sources. Follow-ing procedures used by Murayama & Taniguchi(1998), the spectra were classi�ed into four types{ AGNs, LINERs, HII-type, and early-type (with-out emission lines). The results are displayed inFigure 3. The HyLIG at z = 1:6 was found to bea quasar (Figure 2). One ULIG had an early-typespectrum and 10 ULIGs are HII galaxies. Among
the remaining 23 lower-luminosity sources, therewas one early-type galaxy, one AGN (Seyfert 1.5),10 LINERs and 11 HII galaxies. Thus, based onour low-resolution ESI optical spectra most of theISOPHOT 175�m sources appear to be poweredprimarily by star formation, consistent with theconclusion reached from an analysis of ISOPHOTnumber counts by Matsuhara et al. (2000) thatmost of the ISOPHOT sources are star-forminggalaxies at z < 1.REFERENCESKawara, K., et al. 1998, A&A, 336, L9Matsuhara, H., et al. 2000, A&A, 361, 407Murayama, T., & Taniguchi, Y. 1998, PASJ, 50,241 Lockman, F. J., Jahoda, K., & McCammon, D. 1986, ApJ,302, 432Yun, M. S., et al. 2001, in preparation
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Fig. 3.| Low-resolution emission line diagnostics of ISOPHOT source candidates.


