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    rl"he observed spectrai energ.y distribLitions of' hits. h- and iow-•niass youn.g, $tel]a, r objÅëcts

<YS()s> are ahnost a inodi{lecl blackbody-like one at f//tr-inA'arecl (I;II<) to niillin}eter

xtti. veleng,ths. "!"hc.se e.misslons ar'e prodttce.cl a.t the outer enx,'elopes oi"\SOs and the spectra

are. representÅëcl by thÅë l?IR co}or niade by the IRflS fiuK. c}ensities at 69 uiid IOO /etm,..giv and

.ftoe. For the nearby star-frormin.c.T regions ki Per-C)B2, 'I"atirus, Orion, Vela, ancl lo-

Ophiucu$ rnoieculm- cloucis. we seiected cold IRf'IS point sources eorresponding to \SOs b>'
usin,g the color criterion of.flie >.f/itha,, and. censtructed FIR I'{-R dia,cr.rams o{' 5['SOs, i.e., the

luminosity of' 60fxn} vers.us the coior Iog <fieo(fl-io) relation. X'Ye a}s,o examinecl the visuaE

counterparts of' the.se "\'SO$ on the POSS print$. 'l"he l?Il< ff-l< diagrams for the inclivicluaE

star-forining x'e,.ff.ions shoxv coininon properties in the lt}nili)osit>•'-color relation an(l the

lecat,ions ofthe extrcrn]e Ciiiss I XrSO$ ancl the active Ii'tf'SOs, "I'hÅë f/vinclan'ientai line on the

1?Il< E/{-R diagrain is a co. nstant e.nz;elope mass segttence (CIIiPv,{S) alon.g, "thich YSOs niove

following the cvolutienary chang('t in the luminesity ot' {}}e central object. From analysis of

the IrlR H-R. cilagrams, we sug'gest that the extreme Ciass I YSOs have alrea• dy stored most

otrmaterial ofsteliar niass ln the cctntral part ancl are forniln.g s. tars through a slow' accrctien

of tl)c/' niateriEd.

g. gntrgdiacSiogR

    in a star lh. rming molecular cloud, there are many youRg stel}ar objects (hereafter

\SOs) with various masses in various evolutionary stages (e.g., .X'iv. eys et al. I987;

S{rom, Strom & Merrili l9. 93). Our knowledge about evolutionary process ofYSOs is
st{ll incomplete in t.he sense that we do iiet know observational parameters specifying

both the evolutioiiary stage of such YSOs and the resultant stellar mass which is the

funclamental parameter of stars.

    Hydrodynamical studies claixn that rnolecular cores collaspe with increasing of

luminosity, aRd the mass concentrated iikto the central pa. rt forms protostar ttncl the

surroundin.cr disk (e.g., Larson 1977; Teyebey, Shu & Cassen 1984•; Shu, Aclams &

Lizano 1987). YSOs radiate mainly infrared emission with broad spectral enctrgy

Clistribution. s (SEDs) with the varlety in extension shortward oÅí mid-!nfrared
wavelens,th ; the emissions at mid-- and near-infrayed wavelengths come from the inner

objects cDnsisting ofstar and the surrouRdiRg disk and the SgDs spread towards shorter

wkcve}engtks with time, as the inner objects evolve and the euter envelcpe disperses

<e.g., X•'Vynn-X'Ni'ilEams l9. 82 ; Chini, .Krgge} & Kreysa l986 ; Aclams, Lacia &• Slriu 1987 ;
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Lada I987; Myers et al. 1987; Shu et al. I987; Kenyon, Calvet & Hartmann i993).
The SEDs are thus considered to indicate evolutionary stages of YSOs ; the indicators

proposed so far are the slope between mid- and near-infrared wavelength (Lada 1987)

and the mean frequency (Ladd et al. 199I).
    It is recently recognized that the observed YSOs spectra from FIR. to millimeter,

i.e., the longer wavelength part of the broad SEDs, fit a modified blackbody radiation

with a peak around }OO ptm for both high- and Iow-mass YSOs (e.g., Beckwith et al.
I986 ; Chini et al. 1986 ; Davidson 1987 ; Wilking et al. i989 ; Walker, Adams & Lada

l990, hereafter XiNJAL ; Ladd et al. 1991) ; that is, the fiux densities are proportional to
i79B.( T), where B.( 7) is the P}anck function for a temperature TN20 to 50 K and yi3 is

proportiona} to a dust emissivity with rsNl to 2. WAL interpret the observed spectra

of 12 star-forming molecu}ar cores by a model of isothermal dusty envelopes, by
adopting probab}e values ofthree parameters, T( :25 to 6} K), rs (==e.87 to 1.79), and

apparent size. Figure } shows that the XAvJAL's temperatures of 11 objects, for which

WAL performed the fitting for the spectra measured at 56 to 3,350ym, are correlated
with the color [IOO-60] i'ma: Iog (flioo/f6o) for the IRAS fiux densities at }OO ptm and 60 ptm

and the color temperatures for rs ==1. Figure 1 suggests that the IRAS color [100-60]

represents some average temperaiure of the outer envelope ofYSOs (Ellis et al. 1990).

    When a dust grain in optica}Iy thin envelope ofYSOs is illuminated by radiation

from the central objects, its temperature, Td, depends mainly on the Iuminosity, L*, of

the central objects and rad!us, r, of envelope as

        Td== [L*T*fi/(}6rr6r2)]il<`-"re, (1)

Fig. 1.
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Color temperatures ofYSOs, T}oof6o, derived from IRAS flux densities at

60ptm and 100jum versus clust temperatures, Tpt,AL, derived by Walker,
Aclams & Lada (l990). The flux density ofdust emissien is assumed to
be preportionai to p/9B.(7), where B. is the Planck function and 13 ls a

constant. The color temperatures are derived for rsme l, while Ti•yAL were

derived for fitting of the spectra measured at wavelengths of 58 to 3,350

"m, in which the va}ues ofP and dust temperature are free parameters.
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where P is a constant in dust emlssivity of oc ;Y3 and the value is 1 to 2 (Hildebrand

l983), T* is the effective temperature of the central object, and 6 is the Stefan--

Boltzmann constant (Scoville & Kwan 1976s Beckwith et al. I986). During the
coliapsing phase, L* remarkably increases with time, while the radius ofouter envelope

is nearly constant (e.g., Shu l977 ; Terebey eÅí ai. 1984). Therefore, evolution ofa YSO

ln the collapsing phase may be traced by a iocus on Td-L*, plane, along which Td and

L* both become higher with time. The values ofL* and r both are larger for higher-

mass YSOs and the loci of YSOs on the TdwwL* plane separate with YSOs' mass.
    Numerical caluculations of radiative transfer in spher!cal, dusty protostellar

envelopes were carried out by Scoville & Kwan (l976), Rowan-Robinson (l980), Yorke

(1980), Yorke & Shustov (1981), Adams & Shu (}985), Ggrtler et al. (l99I), Kenyon et

al. (l993), and others. The main parameters are stellar (or central object) mass and

luminosity, dust properties, and mass and density dlstributlon of envelope. The
resulting spectra in FIR to mi}limeter waveiengths are similar for probable values of

these parameters and always show a peak at FIR. The slopes ofSEDs at 'v IOO ptm to
1 mm correspond to those for P"- I (Yorke & Shustov 1981), and the color temperatures

do not change at 50 to 100#m with wavelength and thus the spectra look llke a
blackbody in spite ofoptically thin envelopes at these wavelengths (Rowan-Robinson

l980). These features are consistent with the above-mentioned observed features. As

the envelope rnass is less, the FIR peak moves toward shorter wavelength (Yorke 1980 ;

Kenyon et al. I993). Ifthe envelope mass is fixed and the luminosity increases, the

FIR peak moves also toward shorter wavelength (Kenyon et al. I993). The effective

radius at FIR does not change with time during the evolutionary phase with optical

depth of },OOO to IO at O.I#m (Yorke & Shustov 1981). Based on the radiative
transfer calculations, Chini et al. (l986), Churchwell, Wolfire & NiNJood (1990), and

Kenyon et al. (l993) found the structures ofthe envelope and central disk reproducing

the observed SEDs.
    These observed and calculated spectral features ofYSOs at FIR suggest that a FIR

H-R diagrarn ofYSOs may describe early phase of evolution ofYSOs, although any }EI-

R diagram has been considered to be impossible (Beichman et al. 1986 ; Adams 1990 ;

Lada 1991 ; Myers & Ladd 1993). In this paper we propose a FIR ff[-R diagram of
YSOs for each star-forming regien by using IRAS fiux densities at 60#m and 100#m ;
the color is [IOO-60] gilog (fioolf6e) and the luminosity is L6oiiffd2f6o, where d is the

distance to the star forming region. The reasons that we use these parameters are as

follows :

    (1) The emissions at 60ptm and 100ym originate at almost the same region in

outer envelope of a YSO ; the envelope extends outside a near-infrared photosphere

surrounding the central objects (e.g., Stahler, Shu & Taam 1980) and the color
[100-60] represents some average dust temperature at the envelope (e.g., Chini et al.

1986s Butner et al. 1990; Ellis et al. I990). We call the region the FIR emitting

envelope. Note that the color temperature corresponding to [100-60] follows a change

of a total luminosity of YSO (see equation (l)), rather than the FIR luminosity which

depends on dusÅí mass in the envelope as well as its dust temperature.
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    (Lt) II'he I?IR eiinitting envelepe ls opÅíicit lly t}}in at 60 Itm and 100 ,tzni (e.g. }{[ayvev.

et ai. I9. 79 ; Kenyoll et al. I9{ 3 ; N-atta et a}. i993), and thus its fluxes are inclependent,

on the geometry ofY.SOs, althougi) the observed features in near-IBfrarecl wavelengtk

depeBd on the g'eemetry.
    (3) 'I'}}e flttx densities at 60 pam is more free frem cliiTuse component t'han these at

lOO Ltm, ancl sensiti.ve]y change "•,ich dust teiinperature becatise 60 ,ctm tentls to be at the

slde of the N'N•'ien distribtition oÅí the modifie.el blackbedy-like SIt'Ds.

    (4) IRAS' })rovides us unbiased survey data of YSOs in almost all nearby star-
t'ori:ning regioRs.

    In g2 we construct }?' Il< }'I-R ciiagrams ofYS()s for nearby star-{brm2ng reg2ons and

descr;be preperties of the l4'IR. H-R diag'rams. In sg3 we discuss mass of the IIR

emittln.g envelope and an evolution. ary trE/ ck of YSOs on the FIR. K-R diagra}:n. A

summary is given gt}.

2. Yar-gzzfrarerk g-R suagyage}s ef YSOs

2.i. Selectien ef Star-geormpsing gegio?zs and Cegd fltwiS Point Soasrces

    \SOs are detected ac s cold IRA;S' point sources in star-{'orming regions (Beicliman et

ai. 1986; X'Vood & C`,httrc,kwel} 1989). In a st.ar--forming region, YSOs form in some

mass range and Åíi}xie span tm{iler sUinilar environment. X'Ve tkus coRsidei' that a FIR K-h

R diagram fo}' each star-forming reg'ion cent'c'reins essential igformat'ion of evolutiofi of

Y,SOs. X'N•'e l}ere treat six well-known, nearby star forinlng re.gions in I'erseus-OB2,

I'auyus, Orion A ai}cl B, Vela, and p-Ophiuchus molecular cloxids ; t}aese are wlth2n 700

pc iR clistance ai}cl each contains 50 or moi"e c;o}cl IRAS point sources.

    We define colcl iRAS point soLirces in IRAS l'oint Source Cata}og (IRAS PSC) Rsing

the flux densities at 12 and 60fim; the co}or cri{erion isfiL)<.f?3o ail(l tke source is so

bri.crht that.fgio has good er }:g}ocierate {'lux clua}ity <Y'Qt3o>! ). [lrhe color criterion se.lects

all kinds of YSOs such as '1" Tauri stars wit}} residua} eRvelope, massive YSOs with

compact H II region, and other YSOs em}.)edded in melecu}ar cloud cores (e.g.,
BeichmaR et al. I986 ; Emerson l987 ; Harris, Clegg & Htig-hes 1988 ; Wilking, Lada &

Yeung l989 ; X'Vood 8e (llhurchwell }989). We cl}ose the cold IRAS point sources sti}1

located on the parent CO clouds. XSJe also made a visual search for optical counter-

parts ofthe seiected sources on the POS'5' pyir}ts ; the procedure is simiiar with Yamtada

et al. (}99. 3) in searching tbr iRAS ga}axies. Ifa souy(;e is associated with a gala, xy or a

planetary. nebu}a in our vlsual inspectien or if the association with non-YS( s,. including

main-sequence st2{y, is denoted in literati}re, we: omit it from our sampie.

    "'rhe Lipper llmit, 2', in size ef /RAS point source.s at IOO Itm (IRAS ExplaRatory

Supplement l988) corresponds to O.1 pc aÅí the nearest star forming regions in Taurus

and lo-Ophiucl'}us "rhere lew--mass stays are forming'. T}ie sizes o{' extended

componen{s of YSOs ancl T-Tauri stars in these regions have beeB measurecl using
molecttlar lines ttnd millimetey continuum, and they are smaller thkcn e.02pc (e.g.,

Andre et al. 1990 ; Okashi et al. I991). ri'he radius of' the F'IR emitting region derived
frora ecluation (l) is 4.3Å~IOrm'"(T.*f[Zld)P/2(3e/T,f)2(Lii{/L@)i!`2 pc; for 7"d=20-jcreK,

T* =300H600 K, and f3 =1ww2, tke radius ls ahxiost less t}>aR O.lpc ibr LJfe<20L@.
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Thus isolated 'StTSOs bri.crhter than the sensitlvi{y iimiÅí oflRAS observati.ens are tletected

as "rlllAS point sources, and some coRfused sources ixiay be icientifiecl as extendeci

sources. At the Orion molecular clouds whose distanee is about SOO pc, t}ie criticai size

of IRAS point sources is O.3pc and !t ls comparabie to the typicaJ diameters of
CSU=2-1) molecular cores (I.Eda, Baliy & Stark l991 ; Tatematsu et al. I993). rlfhe

rac dius of the FIR einitti!ig region is Iess than O.3 pc for Lllt<2eOL@. IN/lost ofYSOs in

Orion ate thus identified as IRAS peint sources. The brighest infrared sources O}vlC1

and OMC2 in erion A are, respectively.. an IRAS extended source and an IR. AS polnt

source with an upper limit fiux deRsi{y at 60 ,ttm and are not conÅíained in our ob.}'ects.

"These are complexes oftwo or more YSOs (Mezger, Win}< & Zylka 1990). 3"he Vela
star forming region is at 70epc (Liseati et al. I992).

    T, he most luminous infrared sources in each star formin,g .region o{'{en correspond to
ciustering of YrSOs where the pro.iected surÅíace densities oÅí ltiSOs are up to '"v lOe pcww2

(e.g,, Lada et a.l. 1991b; Strom et al. I993; Carpenter et al. I99S). Some oi' these

objects are identified as IRAS extencled sources, such as OA'IC.l. The beam slze e!'

IRAS observations at IOO ,um is O.3 pc at the Orien and O.4pc at the Vela, aRcl it is still

possible that some brightest IRxÅÄIS point sources selecte{il are tlae comp}exe,s ofseve.ral or

more YSOs. We examine the complexness ofsuch fRx4S point sources by uslng IRAS
I'SC and literature.

    The se}ecte.d star-forming reg'ions are summarlzed in 'I"ab}e 1 as we]l as the adopte(l

extents in Galactic coordinate and tke numbers of the seiected IRAS point source.s.

rl"he sky distriblitions of the seiected sources are shown ii} F;.g,ure 2. }r! orde}' to avoid

contamlnation by objects in acljaceRt star--forining regions, we res{ricte{il the ran,cr.c of

Table 1. The Selected Star-Forming Regions and Number ef Cold iRAS Point Sources

IN4Tame
Galatic coordinate

linin) lma.x bntin7 bmax

Area
(deg2)

 dl)

(kpc)
Num}.)er2' (ac'lt."i!'g

PER-O.B2

rl'AIJRUS

ORION B

ORION A

VEL.A

/3-Oph

1 5 6, l 6 {.).

169, 177

2e4, 2e9

205, 215

260, 266

351, 359

-24, -l6

-19, -l2

-17.5. -12.5

-21, -IZ5

-o.r), 3

 l2, 20

 9.6

36.2

}3.jr

24.3

l6.3

l7

O.35

e.14

o.t-)

O.5

O.7

O.12S

     84
( 8:27; 8:41)

     54
(19:l9:12:4,)

     89
(IS:19:l9:36)

    i47
<3e:29:40:48)

    l79
(42:38:38:61)

     84
( 4• : 25 : l2 : zl,3)

8B

 1..5.

6.7

6.0

1}.O

Jr.e

1) rl'he distances are adoptcd fellowing Ungerechts and Thaddeus (1987) for Per-OB2 and
'l"aurus, }vf,acldalena et al. (l986) for Orion .A and B, 1 .iseau et al. <1992) for X" ela, and de

Geus, Bronfraan, and Thaddeus (1990) for lp-Ophiucus. 2) "{'otal iiumber oÅí the selectecl
sources with fso>,fim, ancl good or moderate flux cluaiity at 60vcim, Fg2b6o)2}i2; these are

classlfied into four gt'oups basecl oii the Sux cluaiity at IL7 anc{ iOOItm, i.e. (FQioe,

l;Q}2) =(>2, }it2),<>2, 1), <1, 22), and <l, l). The number.s ef the sourccs for four
.groups are denoted in parenthesis.
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eac}a star-forming region within the area where there is a single molecular cloud in the

line of sight (Sargent l979 ; Dame et al. 1987 ; Maddalena et ai. 1986 ; Ungerechts &

'I"liaddeus l987; Wouterloot & Brand i989; de Geus, Bronfman & Thaddeus 1990).
    We list the data of the individuaURAS point sources in Table 2. The IRAS polnt

sources are divided into two groups in each star-forming, region by the flux quality at

lOOptm, FQioo; the first group is for FQieo>2 and the second for FQioo-uml. In the

present paper we use mainly the data ofthe first group. The data ofthe second group

are iisted for more complete study in future. AII ofthe IRAS data are taken from IRAS

PSC. The parameters in Table 2 are as follows:
    Co}umn 1: IRAS name.
    Columns 2 and 3 : Galactic coordinate which is transformed from the equatorial

coordinate of meAS PSC.

-15

71.

91-

12m

'lk

-23

I)ER-OB2

e
opt,

N..••

   i-
e. '.e
  -i --
     e    - di
    .

aeete'}.

e ee
     .

163 l61 159 15?
LONGiTUDE

-li

31-

5l-

7l-

•i

GALACTIC

-l9

TAYRBS

e

ig e

"
.e

"
t

.

:
•

<g.e
     "

CRION-A

.

e

-14

. .

o

i55

e

-   -

,'vvt rTv"17rTT't'r'TvrITrx

1•77

-16

Bl'

o2-

i-

-22

-24

•a ;
' tv

ies

ORION-B

i?5 173 17a
GALACTIC LONGITUOE

169

' '
i)III]l

,V e-

   211 209 2e7
OALACTIC LON61TUDE

205

-l3

41-

5i-

61-

"l

-I?

215 Z13

-e-

Q

""
"2i  

  2:

2"'i
.;

}

,

-- -

'iI.i5iN

'e

209 208 207 206

CALACTgC LONGITUDE

205 204

Fig. 2



4

VELA

A FAR-Ir!slFRAREDH-R DIAGRAM OF YOUNG STELLAR OBJECTS

                   M[O-OPI{

il'

3

2

1

o

-1

-2

bl
 ;+

 :o -"
 ., ••IR

:. 'e '
o.o.

i':i

20

203

6Q
1

:
'

:

'
.

i';iill;lililillisi..,:.  .

,d

'

i8

t6

14

li"

12

.

.

.' • lllkl}i

;

    .Ie>E9

  .

,

 .+i

0

.

.

•el

  2S6 Z65 264 263 262 261 26o 359 357 355 353 351
          GALACT(C LONGITUDE GALACTIC LONGITUDE
Fig. 2. Sky distribution of all of the $elected IRAS point sources (i.e., cold YSOs) iR the six

      nearby star-forming clouds. The fi11ed circles are invisibie sources, the circies with

      cross are seurces with visib}e stars, and the open c;rcles are sources whose optical
      ceunterparts are uncertain ; ali ofthese sources have reliable fiux densities at 60 and 100

      "m. The sma!l dots are sources with upper limits ofthe fiux densities at 100ptm, and
      are not usÅëd in the FIR H-R diagrams ofFigure 8. The vertica! bars indicate that the

      sources show some active features such as molecular outfiow, H20 maser, and HII
      region. The contours indicate the i2CO intensity fol;owing Sargent (1979) for Per-

      OB2, Dame et al. (1987) for Taurus and Vela, Maddalena et al. (1986) for Orion A and
      B, and de Geus et al. (l990) fortFOphiuchus. The outermost contours indicate the
      aRtenna temperature of2.5 K for Per-OB2, the intensity of5 K km snd i for Taurus, Ve!a

      and 1FOphiuchus, and i.28Kkmswwi for Orion A and B.

    Co}urnn 4 : Flux qualities (Fgl}) for IRAS four bands in order of 12, 25, 60, and 100

ptm; l "upper lirnit, 2==moderate quality, and 3=high quality. The values of
columns 5 to 10 are obtained even in the cases of FQz=1 by using the upper limit
values.

    Column 5 : Color [60-12] defined by logCX76o/fi2), where fk is the color-corrected

fiux density at Aptm (IRzlS Exp}anatory Supplement). We define cold IRAS point
sources by this color so that the values are positive for the original values offi2 andf6o in

IRAS PSC.
    Column 6 : The upper is color [100-60] defined by log (.fiioo/f6o), whieh is used as a

parameteroftheFIRH-Rdiagram. Thecolor-correctedfiuxdensitiesareused. The
lower is dust (color) temperature derived by equation (Emerson 1988a),
                    41.66
                                                                     (2)        Td=             [100-60]+O.222(rs+3)
for P=1. The value is denoted for the first group only.

    Column 7 : Uncertainty of the color [leC60], calculated from the uncertainties of

f6o and fioo. This coiumn is blank for the second group.

    Column 8: The upper is logarithm of {he luminosity at 60#m defined by
L6o =d2f6e, where dis distance in kpc to the star forming region (see Table 1) andf6o is

the color-corrected fiux density in Jy. LogL6o is reiated with logarithm of the



"l-
zt

l.)
}e

2.
 C

oi
c,

{
IR

A
S

P
o{

nt
S

{,
>

ur
c,

es
 o

l'"
th

 c
'

S
lx

N
c'

a'
ti'

}.
>

x,
S

.{
E

ir-
F

or
m

iE
ks

,
R

es
.i{

/>
i}s

IR
A

S
 :i

tm
aI

E

   
(1

)

1 (2
)

b (3
)

F
Q

C
4)

60
-1

2

 (
5>

1O
O

--
6O

  T
d

  {
6)

U
nc

,

(7
)

lo
gL

S
O

  l
og

Lf
  C

8)

V
ne

{9
>

. L
ffL

m
 le

gM
en

. v
   

(I
Q

)

oc (1
1}

S
F

.D

{1
.2

}

gX
ct

/l,
v1

r>
r

  <
X

3>

O
eh

er
l'a

m
e,

 C
14

)

C
om

m
ae

pL
t$

R
e'

ffe
re

ne
es

   
<

15
}

 <
n,

 E
R

-•
O

B
2>

 •
03

22
0"

30
35

03
22

5+
30

34

03
23

5+
30

04

03
24

5+
30

02
e3

25
3-

-2
93

e

03
25

4+
30

50

03
25

7+
30

34
03

2S
8+

3X
•0

4

03
26

0d
e3

11
k

03
26

5"
30

14
e3

27
1+

30
13

03
2S

2Å
Ä

30
35

03
28

4-
31

32

03
28

7+
31

28

03
32

3+
30

49
03

32
6-

31
.1

3

03
33

9-
3C

29

03
35

S
-3

15
0

03
36

3-
32

07
03

36
8"

32
10

03
37

3+
32

07

03
3a

l+
32

23
03

38
2"

31
45

03
39

3+
.3

14
g

03
39

S
"3

05
9

03
zi

21
+

32
2S

03
42

L,
+

31
5S

lli
i

iii
lli

i.
si

lli
lg

lii
i

lli
i

iii
11

iii
lli

iii
ii

il
lll

lli
iii

ii.
li

ii
il•

lli

ll
ii

11
ill

ll

1i
i

lli

ii.

ii

'il

1•
i' ; 1 1 k Å

}

gH
.2

0

H
20

,

O
,H

20
,

e,
I{

2o

}il
l g

}I
II H
X

I

R
IO

X
3,

 L
.1

44
8-

M
R

$1

LX
44

8-
IR

S
3,

 B
--

Z
iX

.,N
IS

R
.N

O
15

F
IR

Lk
H

--
a 

.3
25

}•
lH

7-
1 

.Z
 <

B
)

sv
s 

3,
 B

--
zt

x.
M

s

•1i
 3

 l. I   7
  ; 7

l3
,

,1
8

,3
6

2S

7,
22

22 7 7

l7 ,2
6

'i ll



iii
li tii
il

((
),

oi
iL

tii
iu

ed
)

t2
I'

ab
}e

R
e'

fe
re

nc
es

(1
5)

N
ar

ne
,C

om
m

en
ts

O
th

er

(l4
)

A
ct

iv
tty

<
i3

>

S
E

D

<
X

2}

Lf
!L

m
 O

C
lo

gÅ
}lj

en
v

 <
Z

O
} 

<
11

}
U

ne
,

<
9}

lo
gL

60
  Å

}o
gL

Å
í

  C
8}

U
nc

.

<
7}

iO
O

--
6O

 T
d

  <
6)

60
-l2 <
5}

!L
-Q

<
4)

b (3
}

i <
2

)

N
A

/M
E

Z
R

A
S (1

}

7.
15

,3
1

7 2,
7,

13
,1

8
7 2,

7

7 7 l, I,

N
eb

.
IR

B
5-

IR
S

I,

Ll
44

8-
IR

S
2

S
S

V
13

H
H

7-
-1

1(
A

),
B

P
 +

30
e5

49

32
6

Lk
H

-a

o O
,?

{2
0

o

1

li
>

1.
 -

-o >
2,  -
1

>
•]

-.

 -
1.  i'  -
1

>
2.  -
o

>
.1

.
 -

-O >
i'  -
e

8 ,5
3.

6 .x
o

4 ,0
8

4• ,6
7

o .6
8

7 JS
O

4 .7
4

o o o o o

,0
4

.0
7

,0
7

,0
2

.0
3

o o

.0
3

.0
4

-1
.lg -O

.2
6

-O
.7

4
-u
O

.1
5

-1
,1

0
-O

,4
0

O
,2

6
 O

.S
7

-i.
07 -O

.2
5

-k
.i2 -O

.3
2

-1
.2

6
-O

.4
0

l 2 l 1

11
1

 <
4

<
12

.9 .o

<
1.

2

<
8.

5

<
7.

6

 <
2

<
IS

a6 .5

Il.
'li

ill

o o

.1
3

,1
0

o o o o o

.1
2

a0
6

.0
6

.0
7

r0
7

1 o o o o o o

.0
5

22
-

,6
tl

27 ,7
9

25 .O
l

4S .9
4

23 ,9
1

23 .9
9

22

O
.3

4

O
.8

3,

11
33

k1
33

O
.4

3

O
,9

4

O
.4

7

O
.4

2•

O
.2

S

11
23

33
3r

3

11
33

i1
32

11
33

iii
i

ill
ili

ill
i

ill
ii"

ii'
1,

,1

-•
 l7

 . 
.1

 2
1

-iT
.2

52

-1
7

-l6 -I
S

-•
i6

-•
16

.S
50

,8
44

.B
S

6

.7
00

.IS
7 'i

li
ili

ii"
ii

16
0

16
0

16
1

16
e

.3
35

,6
70

.2
2S

.5
47

16
0

.B
36

16
0

.7
17

16
0

.8
06

li/
il,

il
1l

jt
1t

i1
ill

i.

03
42

9+
32

37

e3
43

7+
32

19

03
44

4+
31

40

03
44

5+
32

42
O

34
5k

l"3
23

O

03
4S

5+
32

42

03
47

5+
33

04 ig
iii

ili
ii

il-
iii

'
ig

i
ik

i'



T
a}

)le
2.

 (
C

on
tin

ue
d)

IR
A

S
 N

A
fV

IE

   
<

i}

l {2
)

 ) :
 (

F
Q

C
4)

60
-1

2

 {
5)

10
0-

60
 T

d
  {

6}

U
nc

.

(7
)

lo
gL

60
  l

og
Lf

  (
8}

U
nc

(9
}

. L
flL

m
 lo

gM
en

v
  <

10
)

oc (1
1)

S
E

D

(1
2>

A
ct

lv
lty

  (
13

)

O
th

er
N

t a
m

e,

 (
14

)

C
o[

nm
en

ts
R

ef
er

en
ce

s

   
(1

5)

03
42

6+
32

01
03

42
6+

32
14

03
42

7+
32

06
03

43
9+

32
33

03
44

6+
32

54
03

44
9+

32
40

03
45

2+
32

45
03

4S
4+

32
57

03
46

4+
33

01

 <
T

A
B

R
U

S
>

04
1e

l+
24

50

04
16

9+
27

02

04
18

1+
26

5S

04
20

0+
27

59

04
20

6+
24

49

04
23

9+
24

3a

04
24

0+
25

59

04
24

8+
26

12

04
26

0+
26

42

04
26

3+
24

2G

04
27

2+
29

23

04
27

8+
24

35

04
27

9+
27

01

04
28

g+
24

17

04
29

2+
24

22

04
29

5+
22

51

04
29

9+
29

15

04
30

2+
22

47

04
31

3+
22

54

04
32

5+
24

02

04
32

8+
22

48

04
33

7+
24

07

'i
ii

lli
i

11
1

ig

ii
ii

I-

li
ii

li
iii

ii

li
li

ii

i'
lii

'i
li il

il
/l

ili
li

i8
'i

16
i-

iii

ii
lli

lm
ii

l'

<
3.

5

ii
li

11
11

i
11

il

ii

l : ; i 1 2

o g E o o :
   

D
'i

 D ;
g

B
5 

IR
S

3

:i
N

eb

N
eb

F
T

 T
au

IR
 N

eb
,

D
G

 T
au

B
21

7,
H

H
 3

1

H
A

R
O

6-
10

,

Z
Z

 T
au

H
K

 T
au

, I
R

H
ar

o 
6-

13

IR
 N

eb
.

L1
53

5.

H
P

 T
au

IR
S

2
,N

eb

IR
 M

ul
t,

M
ul

t.

IR
 N

eb
.

,(
H

B
C

41
4,

41
5}

2

3
1

g

gg:: g

2,
g,

g,
i, i

.

2,
8,

13
,3

2

2,
10

,1
3

2,
10

,3
3

2,
8

8,
24

6 6,
24

,3
6

?;,1
1

10
,

6
3

t

4
2

ge



T
ab

le
 2

. (
C

on
tin

ue
d)

IR
A

S
 N

A
rV

tE

   
(!

>

 } :
 <

 > :
 (

F
Q

 6
0-

12
 1

00
-6

0 
U

nc
. I

og
L6

0 
U

nÅ
ë.

 L
flL

m
 O

C
 S

E
D

 A
ct

iv
ity

   
   

   
  T

d 
lo

gL
f

   
   

   
   

<
6>

 <
T

} 
{8

>
<

4>
 (

5)
   

 lo
gM

en
v

<
9>

 U
O

>
 {

11
>

 {
12

} 
{1

3}
O

th
er

 N
am

e,

   
   

{1
4}

C
om

m
en

ts
R

ef
er

en
ce

s
   

<
l5

)

04
35

3+
26

04
 1

.7
3 

51
2 

-1
3 

68
9 

33
33

 O
 4

8 
O

.0
5

   
   

   
   

   
   

   
   

   
   

   
   

  4
4

04
36

1+
25

47
 1

73
 8

53
 -

-1
3 

74
6 

33
33

 1
 3

3 
-O

.0
8

   
   

   
   

   
   

   
   

   
   

   
   

  5
2

04
36

5+
25

35
 1

74
 0

59
 -

-1
3 

80
8 

33
33

 1
 4

4 
O

.0
5

   
   

   
   

   
   

   
   

   
   

   
   

  4
4

04
36

8+
25

57
 1

73
 8

23
 -

13
 5

26
 1

33
3 

1 
83

 O
.G

l
   

   
   

   
   

   
   

   
   

   
   

   
  2

8
04

36
9+

25
39

 1
74

 0
73

 -
13

 7
03

 3
33

2 
O

 1
9 

O
.3

9
   

   
   

   
   

   
   

   
   

   
   

   
  3

3
04

38
1+

25
40

 1
74

 2
34

 -
13

 4
77

 3
33

3 
1 

33
 O

.1
3

   
   

   
   

   
   

   
   

   
   

   
   

  4
1

04
39

0+
25

1T
 Z

74
 6

81
 -

13
 5

61
 3

33
3 

O
 4

0 
O

.7
e

   
   

   
   

   
   

   
   

   
   

   
   

  2
6

04
39

5+
25

09
 1

74
 8

55
 -

13
 5

56
 3

32
3 

O
 1

2 
O

.5
5

   
   

   
   

   
   

   
   

   
   

   
   

  2
9

04
43

5+
24

24
 1

76
 0

41
 -

13
 3

29
 1

12
3 

O
 2

3 
1.

08
   

   
   

   
   

   
   

   
   

   
   

   
  2

1
04

45
4+

25
51

 1
75

 1
57

 -
12

 0
98

 !1
33

 O
 4

6 
O

.4
8

   
   

   
   

   
   

   
   

   
   

   
   

  3
0

04
16

6+
27

06
 1

69
 8

28
 -

16
 1

32
 1

33
1 

i 2
9 

O
.5

4
04

18
1+

26
54

 i7
0 

21
7 

-1
6 

e3
3 

23
21

 1
 1

4 
O

.2
3

04
18

8+
27

48
 1

69
 6

46
 -

15
 3

06
 3

33
1 

O
 3

8 
O

,0
5

04
18

9+
26

50
 1

70
 3

95
 -

15
 9

39
 3

33
1 

O
 6

7 
O

.1
9

04
21

6+
26

03
 1

71
 4

27
 -

16
 O

16
 1

33
1 

O
 5

0 
O

.3
6

04
26

4+
24

33
 1

73
 3

42
 -

16
 2

13
 3

33
1 

1 
06

 O
.2

2
04

26
7+

26
00

 1
72

 2
64

 -
15

 2
01

 3
33

1 
O

 3
1 

O
.3

4
04

27
4+

24
20

 1
73

 6
64

 -
16

 1
95

 3
33

1 
-O

 0
3 

1.
13

04
29

6+
25

46
 1

72
 8

87
 -

-1
4 

86
9 

33
31

 O
 2

6 
O

.0
4

04
30

0+
24

03
 1

74
 2

95
 -

15
 9

18
 3

33
1 

O
 2

4 
O

.S
8

04
30

6+
25

14
 1

73
 4

46
 -

15
 0

56
 3

33
1 

O
 X

7 
e.

2e
04

30
8+

22
44

 1
75

 4
63

 -
16

 6
37

 3
33

1 
O

 4
4 

O
.0

6
04

31
5t

22
32

 1
75

 7
23

 -
16

 6
47

 1
13

1 
O

 3
7 

1.
20

04
31

8+
24

22
 1

74
 3

21
 -

15
 3

95
 3

33
1 

O
 4

6 
O

.9
6

04
32

4+
24

08
 Z

74
 5

87
 -

IS
 4

49
 1

33
1 

O
 1

8 
1.

15
04

38
5-

25
50

 1
74

 i6
9 

-1
3 

29
4 

33
31

 O
 7

2 
O

.4
4

 <
O

R
IO

N
-A

>
05

25
9-

03
22

 2
06

 2
32

 -
19

 9
61

 li
23

 O
 4

5 
O

.7
7

   
   

   
   

   
   

   
   

   
   

   
   

  2
5

05
26

1-
-0

41
8 

20
7 

13
6 

--
20

 3
53

 li
32

 O
 5

4 
O

.9
8

   
   

   
   

   
   

   
   

   
   

   
   

  2
2

05
26

2-
-0

45
7 

20
7 

77
5 

-2
0 

61
9 

11
23

 O
 4

3 
O

.9
1

   
   

   
   

   
   

   
   

   
   

   
   

  2
3

05
27

5-
05

00
 2

07
 9

73
 -

20
 3

65
 I1

23
 O

 4
6 

1.
30

   
   

   
   

   
   

   
   

   
   

   
   

  1
9

05
27

9-
02

27
 2

05
 6

27
 -

-1
9 

08
8 

li2
3 

O
 7

6 
O

.8
8

   
   

   
   

   
   

   
   

   
   

   
   

  2
4

05
28

3-
04

12
 2

07
 3

32
 -

19
 8

09
 1

33
2 

1 
26

 O
.6

6
   

   
   

   
   

   
   

   
   

   
   

   
  2

7
05

28
9-

04
30

 2
07

 6
79

 -
19

 8
10

 3
33

2 
O

 9
6 

O
.3

2
   

   
   

   
   

   
   

   
   

   
   

   
  3

5
05

29
5-

05
48

 2
08

 9
82

 -
20

 2
82

 1
13

2 
1 

17
 O

.6
6

   
   

   
   

   
   

   
   

   
   

   
   

  2
7

O
.0

8

O
.1

0

O
.1

1

O
.1

0

O
Ji

O

O
.0

8

O
.1

2

O
.0

9

o.
og

O
.1

0

O
•.

12

O
.1

2

O
.0

7

O
.1

6

O
.1

3

O
.1

3

O
.1

2

O
.1

0

ll

11
1

iii
11

i
il

li

'l
ilk

/i

O
.0

4

O
.0

5

O
.0

5

O
.0

3

O
.0

4

O
.0

3

O
.0

4

O
.0

4

O
.0

4

O
.0

4

O
.0

7

O
.0

7

O
.0

4

O
.0

8

e.
o6

O
.0

5

O
.0

5

O
.0

4

11
1

il,

ii
iii

ii
   

>

'I
il

ll
'ls

'i
il

il

iil l ii'
:

'i

E g

ii2 l,

O
,H

20

o o o o o

D
O

 T
au

T
M

R
-1

, I
R

 N
eb

.

T
M

C
IA

, I
R

 le
b,

L1
52

7,
 IR

 N
eb

J

Ic
2o

87
, X

R
 N

eb
.

T
M

C
I, 

IR
 le

b.

V
99

5 
T

au
.H

B
C

42
2,

D
P

 T
au

42
3

D
E

 T
au

F
S

 T
au

 &
 H

ar
o6

-5
b

IQ
 fr

au
F

X
 T

au
U

Z
 T

au
 E

&
W

G
H

 T
au

 &
 V

80
7 

T
au

D
L 

T
au

, I
R

 M
ul

t.
C

I T
at

t

A
A

 T
au

D
N

 T
au

H
ar

o 
6-

33

IA
iii

il,

,2
4,

36

,3
6

,2
4,

36

13 ,3
6

.2
4

  o
  1 ;

   
 3

   
 3

E
o l

'i

8 si 4B

iil
lg s



rT
ab

le
2.

 (
C

on
tln

ue
d)

IR
A

S
 N

.o
cn

E

   
a}

i <
2>

b (3
>

F
Q

(4
)

60
-1

2

 (
5)

iO
O

-6
0

 T
ti

  (
6>

V
nc

.

<
7)

lo
gL

60
  l

og
Lf

  {
8}

U
nc

(9
)

. L
flL

m
a

 lo
gM

en
v

  (
10

)

oc (H
)

S
E

D

(1
2}

A
ct

S
vi

ty
  (

13
)

O
th

er
N

am
e,

 (
i4

)

C
oa

rm
en

ts
R

ef
er

en
ce

s

   
(1

5)

O
S

30
0-

04
53

05
30

2-
05

37

05
30

4-
04

35
os

3o
s-

-o
so

s

05
30

6-
-0

52
e

05
31

1-
06

31

05
31

9-
05

51
O

53
!9

--
O

54
2

05
32

2-
04

43

05
32

4-
03

19

05
32

7-
04

57

05
32

9-
06

28
O

,5
33

4-
03

37

05
33

S
-0

64
5

05
33

8-
-0

62
4

05
33

8-
05

29

05
34

0-
06

03
O

53
41

--
O

35
i

05
35

3-
-0

64
4

05
35

4-
04

38

05
35

6-
05

41

05
35

6-
-0

53
0

05
35

7-
06

50

05
35

7-
05

48

05
35

8-
09

07

05
35

8-
07

04
O

53
6O

--
O

9O
6

lli
i

lii
iii

lii
i

ii'
ei

i
iii

li
iii

iii
i

lli
i

iii
i

iii
i

ii
lil

l
li

iii
E

,i

li
iii

il

li

ll,

ll
g'

ii
gi

il
: o

l

iii
i

i'

o ff2
0

o

O
rl. H
H

83

V
80

1A
--

w
es

C

!R
S

,

O
R

;

V
57

7 
O

ri,

M
64

1-
N

,

H
D

37
35

7

rw
S

K
 8

1

V
88

3
O

ri,

K
M

S
 1

2

x 2
O

ri,

C
l.

H
ar

o

m
t

13
A

4B
,1

3

1 1

o
3 l

.2  1
3,

34
,3

7

2 2 i

gg ili
'



IR
A

S
 N

A
C

vt
E

   
(1

}

05
36

5-
07

35

05
3S

6-
09

02

05
36

7-
03

27
05

36
9-

07
28

05
37

0-
05

i3
05

37
5-

a9
24

05
37

5-
e7

3!
05

37
8-

-0
75

0

05
37

9-
07

58

05
38

0-
09

30

05
38

0-
07

28

05
38

4-
08

08
05

38
6-

04
26

O
53

87
--

og
24

O
53

89
--

O
75

6

05
39

1-
e5

37
05

39
4-

04
45

05
39

8-
04

43
O

54
O

O
--

O
8O

O

eS
40

3-
08

18

05
40

3-
06

06
05

40
4-

09
48

05
40

9-
-0

62
3

05
46

9-
-0

95
3

e5
26

3-
-0

23
6

05
27

3-
02

11
O

52
S

1-
-O

25
9

05
28

2-
03

34
05

28
6-

02
13

05
28

7-
05

43

>;
 { il

lii

's
'g i

ii
ill

il

'i
/i

'i

T
ab

le
2.

 (
C

on
tin

ue
d)

 ) g
 (

F
Q

(4
}

60
-1

2

 {
5)

10
0-

60
 T

d
  <

6)

U
nÅ

ë.

{7
}

)o
gL

60
  l

og
Lf

  (
8)

U
nc

(9
)

. L
f!L

m
 lo

gF
te

nv
  {

le
)

oc {1
1)

S
E

D
{1

2}

ii
'ii

'g l
'i

/1
11

il,
ii

i
'i l

iil
,

ii
iii

il

li
'i l

iil
l 'g

iil
ll

iil
iil

ll
/1

11
1i

11
11

i

/1
11

11
ill

6
iii

lll
i

iii
ill

iii
ll

iil
io

iii
g

/1
11

1

iil
lli

11
11

i

11
11

i

iii
llL

11
11

11
 >

S
.2

 -
O

.4
7

 >
3.

0
  -

O
.3

8
 >

5.
4

  -
O

.3
1

 1
1.

3
  e

.o
6

 >
4.

0
  -

O
.3

0
 >

2.
9

  O
.C

5
>

16
.7

  O
.2

2
  1

.5
  -

1.
45

  L
2

  -
-O

.6
2

 >
2.

5
  -

O
.3

8
  L

O
  -

O
.0

6
 >

9.
7

  -
O

.3
7

 >
3.

4
  -

O
.3

1
  3

.5
  -

O
.8

l.
 >

3.
9

  -
O

.6
1

 >
4.

9
  -

O
.4

4
 >

4.
6

  -
O

.2
5

  6
.3

  -
O

.3
1

  2
.3

  -
O

.4
8

  L
9

  -
1.

22
 >

6.
5

  -
o.

e7
  3

.9
   

O
.2

2
 >

6.
1

  -
O

.2
7

 >
1.

9
   

O
.0

6

I  
E

iil
ll I

A
ct

iv
ity

  {
13

)

o O
.H

20

N
.O

o o: o

O
th

er
l a

m
e,

 (
14

)

C
om

lu
en

ts

H
ar

o
4-

25
5

L1
64

1 
-•

S
3

Li
64

1-
S

,

L1
64

1-
S

4

Li
64

1-
S

2

R
50

R
ef

er
en

ce
s

   
(I

S
)

2,
13

13
,1

6

5r 25 g f13
,3

1

iil
li g



g
(C

on
tin

ue
d)

2
T

ab
le

R
ef

er
en

ee
s

N
am

e,C
om

m
en

ts
O

th
er

A
ct

lv
lty

G
5>

(1
4)

{X
3)

S
E

D

(1
2}

Lf
lL

m
 O

C
io

gM
en

v
 <

10
) 

{1
1)

U
nc

C
9}

lo
gL

60
  l

og
Lf

  {
8)

U
nc

{7
)

iO
O

-6
0

  T
d

  {
6)

60
-1

2

 (
5>

F
Q

(4
>

b C
3)

1 {2
)

N
A

ev
lE

IR
A

S C
l)

l l
K

tV
lS

32
H

H
I,

H
20

3 i
o

1

14
A

IR
S

I
,H

ar
o

43
H

H

 4
 3

 6
 1

 3
l•

ci
.

H
ar

o 
4-

24
9

L1
64

1-
-C

en
te

r 
IR

   
   

   
   

'
H

ar
o 

4-
25

4
V

59
9 

O
ri

O
 H

20
:

 '

2
er

i
V

35
0

l/"

'I

<
8.

5

<
2.

8

<
8.

6

<
8.

5

<
3.

1

<
5.

8
<

1.
5

<

<
5.

7

<
l7

.
 <

5.
3 8 ii I

 <
6.

 <
7.

<
11

.

4 6 7

<
1

<
1

.4 .5

ll
tl

ll
ii

ii
li'

'l
11

ils
ii,

ii
lii

li
ii

IL
i

ig
i

i!
il

ll
8o

i
lii

ili
1t

i
ig

il



T
ab

le
 2

.
(C

on
tin

ue
d)

IR
A

S
 l 

A
tV

IE

<
1}

1 {2
)

b (3
}

F
Q

 6
0-

12
{4

)
{5

)

X
O

O
-6

0
  T

d
  {

6)

U
nc

.

{?
}

io
gL

60
  i

og
Lf

  <
8)

U
ne

(9
)

. L
f/L

m
 O

C
 lo

gM
en

v
   

(1
0)

 (
11

}
S

E
D

(1
2)

05
38

5-
09

07
 2

13
.1

97
 -

19
.7

79
 3

33
1

05
38

6-
06

15
 2

10
.5

02
 -

18
.4

64
 i1

31
05

38
8-

08
58

 2
13

.0
94

 -
19

.6
46

 1
33

1
05

38
9-

07
52

 2
12

.0
49

 -
19

.1
31

 1
32

1
05

39
0-

08
44

 2
12

.8
97

 -
19

.4
78

 1
33

1
05

39
1-

08
36

 2
12

.7
88

 -
19

.4
03

 3
33

1
05

39
1-

08
05

 2
12

.2
75

 -
19

.1
87

 3
33

1
05

39
2-

-0
80

9 
21

2.
36

5 
--

19
.l9

0 
33

21
05

39
3-

08
22

 2
12

.5
89

 -
-1

9.
26

0 
33

31
05

39
4-

-0
80

2 
21

2.
27

8 
-1

9.
09

6 
13

31
05

39
5-

-0
63

2 
21

0.
87

0 
-1

8.
40

0 
13

2i
05

39
7-

07
01

 2
11

.3
55

 -
-1

8.
57

6 
li3

1
05

39
9-

10
01

 2
14

.2
23

 -
19

.8
49

 3
33

1
05

40
1-

10
02

 2
14

.2
69

 -
19

.8
06

 3
33

1
05

40
i--

08
34

 2
12

.8
55

 -
-1

9.
17

X
 l1

31
05

40
4-

08
39

 2
i2

.9
81

 -
19

.1
41

 3
33

1
05

40
5-

09
52

 2
14

.1
47

 -
19

.6
39

 2
32

1
05

4e
5-

08
34

 2
12

.9
01

 -
19

.0
83

 1
32

1
05

40
5-

06
47

 2
11

.2
20

 -
18

.2
96

 Z
13

1
05

40
6-

09
56

 2
14

.2
24

 -
19

.6
58

 1
23

1
05

40
7-

08
4S

 2
13

.1
07

 -
19

.1
28

 1
33

1
05

40
7-

-0
83

0 
21

2.
87

4 
-1

9.
00

9 
13

31
05

40
7-

05
22

 2
09

.9
18

 -
17

.6
08

 i3
21

05
41

0-
O

S
23

 2
09

.9
67

 -
17

.5
50

 3
32

1
 <

O
R

!O
N

-B
>

05
36

9-
O

03
7 

20
5.

06
0 

-1
6.

23
9 

11
32

05
37

5-
O

04
0 

20
5.

17
6 

-i6
.1

24
 3

33
2

05
38

1-
O

13
9 

20
6.

15
1 

-1
6.

45
1 

12
33

05
38

5-
02

47
 2

07
.2

60
 -

16
.8

93
 1

22
3

05
38

5-
02

12
 2

06
.7

12
 -

16
.6

36
 3

22
3

05
39

1-
02

Z
7 

20
6.

85
5 

-1
6.

54
2 

33
33

05
39

2-
•0

24
9 

20
7.

36
6 

-1
6.

74
8 

33
22

05
39

3-
O

15
6 

20
6.

56
2 

--
16

.3
40

 3
32

3
05

39
4-

02
53

 2
07

.4
47

 -
16

.7
59

 3
33

3
05

39
8-

03
04

 2
07

.6
71

 -
16

.7
45

 3
33

3
05

39
9-

O
12

1 
20

6.
09

8 
-1

5.
92

5 
13

33
05

40
5-

O
l1

7 
20

6.
11

3 
-1

5.
76

'
8 

33
32

05
40

7-
H

02
12

 2
06

.9
81

 -
-1

6.
15

1 
11

23

05
4i

3-
O

I0
4 

20
6.

00
5 

-1
5.

48
2 

12
33

iii
ii

ii
ill

'ii
'l O

.6
4 

1.
04

 O
.4

3
   

   
 2

2
O

.8
0 

O
.7

6 
O

,1
3

   
   

 2
5

1.
35

 O
.7

9 
O

.1
6

   
   

 2
5

1.
33

 O
.4

7 
O

.1
0

   
   

 3
1

1.
16

 e
.7

4 
O

.1
8

   
   

 2
6

1.
8B

 O
.2

7 
O

.0
8

   
   

 3
6

O
.9

3 
O

.6
2 

O
.1

6
   

   
 2

8
1.

42
 O

.6
5 

4.
40

   
   

 2
7

1.
17

 O
.3

4 
O

.1
3

   
   

 3
4

1.
09

 O
.6

6 
O

.1
3

   
   

 2
7

1.
94

 O
.2

9 
O

.1
0

   
   

 3
5

O
.9

3 
O

.7
3 

O
.IS

   
   

 2
6

i.0
4 

O
.9

0 
O

.1
3

   
   

 2
3

1.
87

 O
,S

3 
O

.0
9

   
   

 2
9

iii
11

1
iii -O

.6
1

  O
.3

0
 O

.0
7 

O
.0

5
  O

.7
5

 O
.4

0 
O

.0
7

  1
.1

0
 O

.4
6 

O
.0

5
  O

.9
4

 O
.8

3 
O

.1
0

  1
.5

0
 2

.5
3 

O
.0

3
  2

.9
2

 O
.2

1 
O

.0
6

  O
.7

8
 3

.2
9 

O
.0

6
  3

.8
8

 O
.5

3 
O

.0
7

  O
.9

4
 O

.1
4 

O
.0

7
  O

.7
4

 O
.7

7 
O

.0
5

  1
.1

6
--
o.

os
 o

.e
6

  O
.6

0
-O

.2
0 

O
.0

5
  O

.5
8

 O
.6

4 
O

.0
4

  1
.1

5

<
o.

s i l i <
1.

7
<

1.
1

<
2.

4
<

2.
7

<
7.

0

O
. 0

7 
>

3 
6

   
   

 O
 0

3
   

   
 2

6
   

   
 O

 O
I

   
   

>
9 

9

il 1 2V
:

>
10

. 1
  -

e.
46

  2
.6

 1
  -

O
.1

8
 >

7.
e 

1
   

O
.0

9
>

24
.5

 1
   

o.
oz

   
   

 1
  O

 4
2

>
59

 1
 -

-O
.3

2
 6

.8
 1

  O
 7

2
10

 1
 2

V
N

  l
.2

5
 3

.2
 1

 -
O

.2
0

 2
.4

 1
  2

.9
6

 3
.8

 1
 -

-O
.5

S
 4

.8
 1

 -
O

 1
7

   
8

A
ct

iv
ity

(1
3)

o: O
 H

20
 ' o: o: e:

 H
2o

  '

O
th

er
N

am
e,C

om
m

en
ts

(1
4)

R
ef

er
en

ee
s

(1
5)

N
G

C
20

23
,IR

 C
I.

N
G

C
20

24
10

ri-
-B

IR
 M

ui
t.

1 4C 4C 1 1.
25

,3
5

,IR
 C

I. 
13

,1
7,

35
25 25 16

,3
3,

25

> iii
lll

i 8



T
ab

ie
2.

 (
C

on
tin

ue
d)

IR
A

S
 N

A
J,

fE

   
(l}

i C
2)

 ) :
 (

?i
 (

60
-i2

 (
5>

10
0-

60
 T

d
  (

6)

U
nc

.

<
T

>

lo
gL

60
  l

og
Lf

  {
8)

U
nc

(9
)

. L
f!L

m
 io

gM
en

v
  (

10
>

oe <
11

}

S
E

D

{1
2}

A
ct

lv
lty

  {
i3

>

O
th

er
N

am
e,

 (
i4

)

C
om

m
en

ts
R

ef
er

en
ce

s

   
(1

5)

6
1

1
o

-
7

2
4

5
o

6
3

2
o

-
9

2
4

5
o

5
1

o
o

-
5

3
4

5
o

i
o

o
o

m
7

3
4

5
o

4
5

o
o

-
5

4
4

5
o

5
o

1
o

+
7

4
4

5
o

9
1

o
o

+
e

5
4

5
o

7
3

o
o

+
!

5
4

5
o

6
1

o
o

+
3

5
4

5
o

5
3

x
o

m
t

7
6

4
5

o

8
1

1
o

-
l

6
4

5
o

4
2

1
o

m
2

6
4

5
o

6
o

i
o

+
4

6
4

.5 o

6
4

o
o

-
8

7
4

5
o

8
3

1
e

-
2

8
4

5
e

7
1

o
o

"
4

8
4

5
o

3
1

i
o

+
7

8
4

5
o

7
2

o
o

-
o

9
4

5
o

1
2

1
o

+
4

9
4

5
o

ll
iii

1!
lii

l4
19

lli
lli

1
7

3
4

6
e

2

2
2

6
.

7
o

2

5
3

5
.

5
o

2

2 g; gg;
5

7
4

.
4

o
2

4
9

a
.

5
o

2

9
2

9
.

4
o

2

2
7

2
'

5
o

2

5
2

o
.

7
o

2

a
o

8
.

6
e

2

6
1

9
.

6
o

2

5
5

6
'

4
o

2

2
3

5
+

6
o

2

8
6

3
.

7
o

2

3
6

1
.

6
o

2

3
4

8
.

4
o

2

5
8

3
.

6
o

2

o
o

8
.

4
o

2

IA
i

ll
l,

i,i
1!

lli

ii 'i il
'i

lk
i

li
ll

li
li'

iii

ii
ll'

lli

il

2
3

3
1

iii
k,

i2

il
lli

ii
lii

lli
ii

ii
ii

li
li

li

11
i

li

li
lii

lli

iii

iii
lii

'

ii
lli

ii
lk

li
li/

ii
ii

iii

ll
ii

lii <
6.

9

  <
9

  <
6

 <
26

  <
6

 <
13

<
15

6

io

T
2 'i

   
   

l
ll

g g o:

H
20

H
H

26
 IR

N
G

C
20

68
H

20

N
G

C
20

71
-N

13 13
,2

7

gi 5 : 1

e ll'



:/l
i iis

(C
on

tin
ue

d)
2

T
ab

le

R
ef

er
en

ce
s

(1
5)

N
am

e ,C
om

m
en

ts
O

th
er

{
14

)

A
ct

iv
ity

(1
3)

S
E

D

{1
2)

Lf
!L

m
 O

C
lo

gw
te

nv
 {

10
) 

{R
}

V
nc

.

{9
)

lo
gL

60
  l

og
Lf

  {
8}

U
nc

.

(7
>

10
0-

60
 T

d
  (

6)

60
-1

2
(5

)

F
Q

b

{4
>

(3
)

1

{
2)

N
A

iM
E

IR
A

S (
o

13
,

13
,

4A

19 16
,2

1,
35

1

'

14 5

C
l.

IR
H

H
24

N
G

C
20

71

D
C

26
0.

8+
O

.2

M
ul

t.
IR

13
,

X
R

S
V

M
R

O
,H

20
O

.H
20

,H
IX

o

1

iil
<

3 <
4

<
2

.5 .5 .6

<
3.

8

<
5.

5 !, l
i`

'

iil
'ii

ii

'ii

i

>
2.

6
--
e.

Io
O

.7
-1

.0
1

>
3.

6
 O

.0
3

4.
0

-O
.3

8
>

8.
8

 o
.e

g
2.

3
 O

.4
7

3.
4

-O
.2

8

O
.0

6

O
.0

4

O
.0

5

O
.0

4

O
.0

4

o o

.0
5

.0
3

-o  o -o 1

 o  1 -o

.3
2

O
.4

4
.5

5
O

.8
9

.1
9

O
.5

7
.0

3
1.

39
.3

7
O

.9
7

.9
5

2.
30

.0
2

O
.5

9

O
.1

2

O
Ji

O

O
.1

1

O
.0

9

O
.i2

O
.0

9

O
.0

8

iii
iil

'i
/1

1i
li'

l
lli

o o o o o o o

.8
7

24 .1
6

40 .8
7

24 .2
2

38 .6
7

27 .1
9

39 .6
8

27

O
.6

4

1.
04

O
.7

6

1.
56

1.
32

1 o

.3
6

.9
0

lli
i

'i
'il

ll/
/1

1t
i

'ii
iil

lii
i

11
/

11
23

33
33

li3
2

33
33

11
23

-o
.

19
6

O
.2

48

--
o.

23
5

O
.1

94

O
.4

11

33
32

22
33

O
.1

15

O
.3

43

lli
iil

ll'
lli

ll'
i

ll 26
0.

33
2

26
0.

15
1

26
i.

02
9

26
0.

78
1

26
0.

48
1

26
0.

92
6

26
0.

63
2

lii
'il

ll'
lii

i
lli

lii
iig

ii
'il

'i  <
V

E
LA

>
08

34
3-

40
52

08
35

5-
40

27

08
36

3-
4i

26

08
37

3-
40

59

08
37

3-
40

37

08
37

5-
-4

i0
9

08
37

5-
40

4S



T
ab

le
 2

.
(C

on
tin

ue
d)

!R
A

S
 N

A
M

E

   
{i)

l {2
)

b C
3)

F
Q

(4
)

6O
--

12

 (
5)

10
0-

60
  T

d
  (

6)

U
nc

.
 '1

'F
('7

)

lo
gL

60
  l

og
Lf

  (
8}

U
nc

(9
)

. L
ffL

m
 lo

gM
en

v
   

{io
)

oc {1
1)

S
E

D

(1
2)

A
ct

iv
ity

  {
13

)

O
th

er
N

am
e,

 {
14

)

C
om

m
en

ts
R

ef
er

en
ce

s

   
{1

5)

08
37

8-
41

44

08
38

0-
41

00

08
38

1-
-4

aD
l

08
39

3-
40

41

08
39

8-
41

2S

08
39

8-
41

04

08
40

0-
40

07
08

40
4-

-4
05

4

08
40

4-
40

33

08
40

8-
39

31

08
41

2-
40

4!

08
42

4-
42

10
08

41
5-

-3
93

4

08
41

6-
42

22

08
41

6-
40

58

08
41

7-
40

40

08
42

1-
43

06

08
42

1-
39

44

08
42

7-
41

24
08

43
1-

-4
22

0

08
43

3-
-4

12
5

08
43

5-
41

05

08
43

8-
42

01

08
43

9-
41

47

08
44

2-
43

28

08
44

8-
43

43

08
44

S
-4

23
3

li
iii

iii
iii

li
lll

l
i-'

ii
ii

iii
iii

ii
il

lii
il

ili
lli

ii5

ili
g'

il
ii'

lli

ii

il 
 ,i

ii'

11
lll

il

lii
lii

'

ii'

iii

ii'
ii

li

1 1 1

o; o: o o

V
M

R

E
S

O

IR
S

 6
3

31
3-

-N
.1

O

V
H

E
21

A
,

vr
nR

 IR
s

B
B

W
18

2
 1

7,
 IR

N
eb

.

9,
14

2,
S

.2
4

14 S
,1

4

x il



IR
A

S
 N

A
S

V
IE

   
u)

e8
45

5-
41

05

08
45

6-
43

27

08
45

7-
42

29

08
45

7-
41

24

08
45

8-
43

32

08
45

9-
43

38

08
46

0-
42

23
08

46
6-

42
24

08
46

6-
41

19
08

47
0-

-4
32

1

08
47

0-
42

43

08
47

0-
42

08

08
47

1-
43

46

08
47

6-
43

06

08
47

6-
42

47

08
47

6-
42

12

08
47

7-
43

59

08
47

9-
40

58

08
48

5-
44

19

08
49

i-4
31

0

08
50

0-
44

14

08
50

0-
42

54
08

50
0-

42
37

08
50

0-
41

43

08
50

4-
42

41

08
50

9-
43

25

08
5i

l-4
22

9

l (2
)

b (3
)

lii
i

is
ii

iil
ii

lli
ll

'il
ii

T
ab

ie
 2

.
(C

on
tin

ue
d)

F
Q

(4
)

60
-1

2

 (
5)

10
0-

60
 T

d
  (

6>

U
nc

.

(7
)

lo
gL

60
  i

og
Lf

  (
8}

U
nc

(9
)

. L
flL

m
 lo

gM
en

v
  (

10
)

oc (1
1)

S
E

D

(1
2)

ii
iii

lli
li

iii
iii

il
ll

iii
iii

il
'il

iil
iil

iii

/1
11

iil

ii
ill

iil
ill

iii
iil

iil

ii
ii

ll
iii

l

: 1 1 1 1

A
ct

S
vt

ty
  {

i3
)

o: o o o: o:

O
th

er
N

am
e,

 (
14

}

C
oi

nm
en

ts

:x V
M

R

V
M

R

V
M

R

vr
vl

R

IR
S

IR
S

g l

IR
S

 2
0

IR
S

 2
1

Z
R

S
 2

2

IR
S

 7
1

R
ef

er
en

ce
s

   
(1

5)

14

t lg 5,
14

5 5,
14

4,
9

'ii
ilG :



T
ab

le
2.

 (
C

on
tin

ue
d)

IR
A

S
 N

A
M

E

   
(1

>

 ) :
 (

b (3
)

F
Q

(4
)

60
-1

2

 (
5)

1O
O

--
6O

 T
d

  (
6)

U
nc

.

(7
)

lo
gL

60
  l

og
Lf

  (
8)

U
nc

(9
}

. L
flL

m
 !o

gM
eR

v
  (

10
)

oc (1
1)

S
E

D

{1
2)

A
ct

lv
tty

  {
13

)

O
th

er
N

am
e,

 (
14

)

C
om

ln
en

ts
R

ef
er

en
ce

s

   
(1

5)

08
51

3-
42

01

08
51

6-
43

38
08

b-
i9

-4
23

9

08
52

0-
44

12

08
52

5-
42

06

08
52

7-
43

57

08
53

3-
44

17

08
53

4-
42

31

08
54

S
-4

25
4

08
55

1-
43

44
08

55
5-

-4
41

2

08
56

3-
42

25

08
56

5-
43

18

08
56

6-
43

i3

08
57

4-
42

54

08
57

6-
43

34

08
57

6-
43

14

08
57

8-
43

00

08
5S

7-
44

19

08
33

9-
-4

05
6

08
34

2-
-4

03
3

08
34

3-
-4

10
6

08
34

3-
40

39
08

34
8-

40
40

08
35

8-
40

46
08

36
8-

41
02

08
37

0-
40

40
08

37
3-

-4
04

9
e8

37
9-

-4
O

56
08

38
6-

40
51

08
38

7-
+

40
14

08
38

9-
42

15
08

39
0-

-4
01

5
08

39
2-

42
00

08
39

3-
41

10

'i

iii el
IA

I
li

7
2

2

ii
l,

is } lk
ll'

ll'
io

i

ii
lli

lli

ll'
lll

lll
'

ii 3
3

1
1

ggg: ii

3
3

2
1

ll
ll

lll

lii
ll

il
il

lil

ii
il

IA
11

lll

li
l'

11
1

iil

'l
iil

li

15
ll

A
l

li

il
li

ll

lli
il

ii
il

il

'i

1
.

7
< <

4.
6

1
N

3 'i

i

N
E

A

  N : 1
i,

1
IA

i

o: H
II

o:

,H
20

O
:,H

20

o:

V
M

R

vr
vl

R

R
C

W

V
M

R

IR
S

IR
S

34
,

26
fl,

2

73
/1

,

G
26

4

IR
S

31
11

H
er

bs
t 2

8

R
C

W
vr

vl
R

36 IR
S

 3
3

2 29
2

,2
,3

5,
14

9 4 
20

 ' 5,
14

2 2,
1.

4,
20

5 14

g



ill
k E
il

(C
on

tin
ue

d)
2

T
ab

le

R
ef

er
en

ce
s

N
am

e,C
om

m
en

ts
O

th
er

A
ct

iv
lty

S
E

D
<

15
>

<
14

)
(1

3>
<

12
>

Lf
lL

m
 O

C
Io

gM
en

v
 U

O
) 

<
11

>
U

nc
.

<
9>

lo
gL

60
  l

eg
Lf

  (
8>

\n
c.

<
7)

10
0-

60
 T

d
  {

6}

6O
--

12
F

Q
b

1
N

A
rV

IE
IR

A
S

(5
>

<
4>

<
3)

<
2>

<
1)

40
76

IR
S

w
w

R
1

iil
l

<
15

.8
<

41
.5

<
8.

9

<
6.

3
<

1.
5

<
4.

5

<
3. <
5.

3 o

<
6.

<
7.

<
5.

9 6 6 gig : <
15

.6

<
1.

4

<
3.

7
<

10
.0

<
5.

8

<
8.

9

<
8.

0

ig
iii

iii

ii

11
i

iil
ill

ig
ii

iil
iil

   
 -

iil
iii

iil
iii

l
iii

iii
iii

iil
ii]

iii
i

iii
iii

i
11

1
iig

ig
is

i
/li

/1
#

il
iil

1t
i1

ii'
i

iil
i

iig



T
ab

le
2.

 (
C

on
tin

ue
d)

g

IR
A

S
 N

A
M

E
{1

}

1 {2
)

b {3
)

F
Q

 6
0-

12
(4

>
{5

}

10
0-

60
 T

d
  (

6)

U
ne

,

{7
)

lo
gL

60
  l

og
Lf

  <
8)

U
nc

{9
>

. L
ffL

m
 O

C
 lo

g}
fe

nv
  {

10
) 

(1
1)

S
E

D

{1
2)

A
et

iv
ity

<
13

}

O
th

er
!a

m
e,

(1
4}

C
o[

nr
ne

nt
s

R
ef

er
en

ce
s

{1
5}

ili
lli

il
li

1;
li

ili
il

.ll
1:  <

p 
-O

ph
.>

16
14

5-
23

52

IS
17

7-
23

26

16
20

0-
22

51

16
21

4-
24

36

16
22

8-
-2

41
1

26
24

0-
24

30
16

24
3-

23
11

i6
25

0-
23

02

16
25

e-
22

48
16

25
3-

-2
42

9

16
26

1m
'2

24
9

16
26

5-
-2

3S
O

il
il 35
1

98
5 

1.
S

07
35

2 
O

.7
24

89
0 

1.
97

9
81

2 
O

.4
14

09
9 

1.
00

0
68

7 
1.

35
7

04
4 

1.
08

1
54

0 
O

.6
97

B
69

 -
-O

.3
90

51
3 

O
.8

34
23

8 
1.

22
1

45
2 

O
.3

08
21

8 
O

.5
1S

50
0 

1.
14

8
74

9 
1.

X
48

27
4 

i.7
07

80
3 

1.
30

2
25

0 
1:

81
7

2S
9 

2.
0i

2
24

6 
2.

19
8

09
3 

1.
47

3
97

7 
1.

59
4

33
6 

1.
39

3
26

8 
1.

44
4

81
3 

O
.9

8S
46

3 
1.

46
5

92
8 

1.
07

S
65

3 
1.

38
0

ll
lli

li
lii

i

.9
57

 1
8.

69
6 

11
33

35
2.

35
3

35
2

35
3

81
6 

i8
.4

40
 1

12
2

.6
55

 1
8.

44
4 

11
33

.5
09

 1
7.

03
3 

11
32

.0
49

 1
7.

07
5 

32
23

35
2.

35
4

35
4

99
9 

16
.6

52
 3

33
2

.0
86

 1
7.

47
1 

11
23

.3
12

 1
7.

46
3 

11
33

35
4.

35
3

35
4

48
6 

Z
7.

60
5 

11
23

.2
11

 1
6.

44
3 

11
33

.6
59

 1
7.

39
6 

11
33

35
3.

90
6 

16
.6

73
 1

13
2

ll
ll

il
lii

i
lg O

.6
3 

O
.9

8 
O

.0
9

   
   

22
O

.9
0 

O
.8

2 
O

.1
0

   
   

24
2.

49
 O

.8
2 

O
.1

2
   

   
24

1.
17

 O
.7

8 
O

.1
3

   
   

25
Å

}.
39

 e
.6

7 
O

,1
6

   
   

27
O

.7
i O

.4
7 

O
.2

S
   

   
31

1.
11

 1
.0

3 
O

.2
1

   
   

22
1.

19
 O

.7
7 

O
,1

2
   

   
25

O
.8

2 
O

.9
4 

O
.1

2
   

   
23

i.0
5 

O
.7

6 
O

.1
3

   
   

25
O

.7
8 

O
.9

3 
O

.1
3

   
   

23
O

.9
0 

O
.8

6 
O

.n
   

   
24

ii
il

il

ii

lii
'l

li
ll

<
6.

4 :g <
3.

5
<

2.
1

<
3.

2

<
51

.6

<
2.

9
<

8.
0

<
1.

1
<

2.
1

'l

O
.0

5 
>

2.
9 

1
   

   
--

1.
30

O
.0

6 
>

4.
3 

!
   

   
--

1.
27

O
.0

5 
>

25
.0

 1
   

   
-O

.7
8

O
.0

7 
>

6.
3 

1
   

   
-1

.2
0

O
.0

8 
10

.2
 i

   
   

 O
.1

4
O

.0
7 

1.
4 

1
   

   
-O

.2
8

O
.1

3 
>

10
.0

 1
   

   
-O

.6
2

O
.0

5 
>

7.
2 

1
   

   
-1

.2
7

e.
e6

 >
4.

1 
1

   
   

-1
.1

3
O

.0
5 

>
5.

1 
1

   
   

-1
.4

2
O

.0
6 

>
3.

8 
1

   
   

-1
.2

6
O

.0
3 

>
4.

2 
2

   
   

-X
.3

1

1 1 1

V
M

R
IR

S

L1
68

6

rv
Li

6

32
11

,2
5 9 22

"i il x s



IR
A

S
 N

A
M

E

   
(1

)

16
26

6-
23

01

16
28

1-
25

14

16
28

4-
-2

41
8

16
28

B
--

24
50

X
62

93
-2

42
2

1S
29

3-
-2

35
8

16
30

5-
24

25

16
31

3-
24

39

16
33

5-
24

19

16
36

9-
22

47

16
37

5-
24

39
16

38
4-

-2
2O

6

16
41

7-
21

S
5

16
42

1-
24

04
16

42
6-

21
29

16
43

0-
21

28

16
46

0-
23

58

16
14

9-
23

38
16

15
3-

23
27

16
15

6-
23

58
16

16
1-

24
19

16
16

4-
24

35
16

17
3-

24
22

16
18

4-
24

52
Z

61
94

--
25

00
16

19
4-

24
10

16
19

6-
24

43
16

19
7-

-2
35

8
i6

20
1-

24
10

X
62

02
-2

42
7

16
20

3-
23

32
16

21
4-

23
45

16
21

9-
25

14
i6

21
9-

23
44

i6
23

4'
"2

43
6

16
23

8-
23

i7
16

23
9-

24
38

 ) ;
( gEg 'i

'i
'i

4
5

3

'l
li

ii
'g

'l
'i

'i

il
ll

lli
i

/i
l'

b (3
)

lli
lii

lil
ll/

il

'l
li'

T
ab

le
 2

.
(C

on
tin

ue
d)

 F
Q

{4
)

60
-1

2

 (
5}

10
0-

60
  T

d
  {

6)

U
nc

.

(7
}

lo
gL

S
O

  l
og

Lf
  {

8)

U
nc

(9
)

. L
flL

tn
  l

og
M

en
v

   
(io

)

oc al
)

S
E

D

(1
2}

iiii ki
ii

ii

ii i
l,

lli
il

ii
lii

i
14

i

ll'
1!

'

lli
il

11
i

ii
ii

'i
  -

/li
ii

ii

iii

il
ii

li
ii

li

ii 
,

'l
il

'l

IL
i

iii
'ii

il
'ii

iil

lli
iii

li
   

 1

<
2.

0 g :
g

il

1

A
ct

lv
ity

  {
13

)

g H
20

O
th

er
N

am
e,

 (
14

)

C
om

m
en

ts

W
S

B
 7

1

Li
70

9

pO
ph

--
S

,
Li

68
7-

N

S
R

 2
4S

 &
 S

R
24

N

R
ef

er
en

ce
s

   
(1

5)

2 13 12
A

,1
3,

19

2

'il
li,

. g



l /:

(C
on

tin
ue

d)
2

T
ab

le

R
ef

er
en

ce
s

   
{1

5)

N
am

e.C
ol

um
en

ts
O

th
er

<
14

)

A
ct

iv
ity

  (
13

)

S
E

D

(1
2)

Lf
lL

m
lo

gM
en

v
 {

10
)

oc (1
1)

U
nc

.

(9
)

lo
gL

60
  l

og
Lf

  (
8}

U
nc

(7
}

lo
o-

6e
 T

d
  (

6)

60
-1

2

 {
5)

F
Q

(4
)

g
l C
2)

N
A

ev
:E

X
R

A
S {I

>

2
30

E
l

2
O

ph
V

S
53

L1
70

9B
2

74
W

S
B

&
73

W
S

B

2,
li

<
2.

3

<
1.

4

<
5.

3

<
2.

9

<
7.

4

<
l.1

iil
,,

iii
ll

iii
ll

11
11

1

iii
g

iii
lk

iii
ll

iil
i

ill
l,

iil
ll

iii
li

iil
k

iil
ll

11
11

11
iii

li
iil

l
iil

iii
ll

iii
ll

iii
iil

i
ii

iil
i

iil
i

iii
ll

iii
li

iii
i

iil
l

i1
3,

'ii
i

iil
L

ill
i,

13
,

iil
l,

iii
ll N

ot
rE

s 
:

R
E

F
E

R
E

N
C

E
S

: (
•i)

 IR
A

S
 P

S
C

, (
2)

 W
ei

nt
ra

ub
 1

99
0,

 <
3)

 G
re

go
rio

-H
et

em
 e

t a
l. 

19
92

, (
4}

 "
la

rq
ue

z-
-L

ltu
on

. L
op

ez
--

M
ol

in
a,

 &
 C

ha
va

rr
ia

-K
19

92
, (

4A
) 

}V
tr

am
S

ha
rd

ja
 e

t a
l. 

19
89

, (
4B

) 
W

ira
m

ih
ar

dj
a 

et
 a

l. 
IB

91
. {

4C
) 

W
ira

m
ai

ha
rd

ja
 e

t a
l. 

19
93

, (
5}

 L
ts

ea
u 

et
 a

l. 
19

92
,

<
6)

 K
en

yo
n 

et
 a

l. 
I9

90
, (

7)
 L

ad
d,

 L
ad

a,
&

 M
ye

rs
 1

99
3,

 (
8)

 M
ye

rs
 e

t a
l. 

19
87

. {
9)

 L
or

en
ze

tti
, S

pi
no

gM
o.

 &
 L

is
ea

u 
19

93
.

{le
) 

R
uÅ

ëS
ns

ki
 1

98
5.

 (
11

) 
K

en
yo

n,
 C

al
ve

t, 
&

 H
ar

tm
an

n 
19

93
, (

12
) 

W
ilk

in
g.

 L
ad

a,
 &

 Y
ou

ng
 1

98
9,

 (
12

A
>

 L
ad

a 
19

91
, (

13
} 

F
uk

ui
 i9

89
(1

4)
 W

ou
te

rlo
et

 &
 B

ra
R

d 
19

89
, (

15
} 

B
e!

ch
m

an
 e

t a
l. 

19
86

, C
16

) 
W

ou
te

rX
oo

t &
 W

al
m

sl
ey

 1
98

6,
 (

17
) 

W
ou

te
rlo

ot
, B

ra
nd

, &
 F

ie
ge

l
19

93
, Q

8}
 C

es
ar

on
a 

et
 a

i. 
19

88
, (

19
} 

P
al

ag
i e

t a
}.

 1
99

3,
 {

20
) 

B
ra

z 
&

 S
ca

H
se

 1
98

2,
 (

21
) 

C
hi

nt
, K

ru
ge

l, 
&

 K
re

ys
a 

19
86

,
(2

2)
 B

ac
hi

ll.
er

, M
ar

tin
-P

ln
ta

do
, &

 P
la

ne
sa

s 
19

91
, (

23
) 

M
or

ga
n,

 S
ch

lo
er

b,
 &

 S
ne

ll 
19

91
, (

24
) 

M
or

ia
rt

y-
S

eh
!e

ve
n 

et
 a

l. 
19

92
,

(2
5)

 W
ou

te
rlo

ot
, f

fe
nk

el
, &

 W
al

m
sl

ey
 1

98
9,

 (
26

) 
B

ac
hl

lle
r 

et
 a

l. 
i9

90
, (

27
) 

E
dw

ar
d 

&
 S

ne
ll 

19
84

, {
28

) 
R

og
er

 &
 D

ew
dn

ey
 1

99
2

(2
9)

 M
cC

ut
ch

eo
n 

et
 a

l. 
I9

91
, {

30
) 

lle
nn

in
g,

 e
t a

l. 
19

92
, (

31
) 

H
ey

er
 e

t a
l. 

19
90

, (
32

) 
Le

in
er

t &
 H

aa
s 

19
89

, {
33

} 
Z

ln
ne

ck
er

 1
98

9
(3

4}
 C

he
n 

et
 a

l. 
19

93
, (

35
} 

La
da

 e
t a

l. 
19

9i
, {

36
) 

T
am

ur
a 

et
 a

l. 
19

91
, a

nd
 (

37
} 

S
tr

om
, M

ar
gu

M
s.

 &
 S

tr
om

 1
98

9.



        A FAR-INFRARED H-R DIAGRAM OF YOUNG STELLAR 'OBJECTS 221

luminesity at 30-75 pam as log (L3o--7.slL@)=logL6o+O.15 (Emerson 1988 b). LogL6o

is another parameter of the F{R H-R diagram. The lower is logarithm of the FIR
luminosity in solar unit obtained by equation (Emerson 1988b),

        Llx O.31d2 (4.57 8f3o+ l.762fi oo)Lo. (3)
The va}ue ls denoted for the first group oBly.

    Column 9: Uncertainty oflogL6o, obtained from the uncertainÅíy offse. This
column is blank for tke second group.
    Co}umn IO: The upper is tl}e iuminosity ratio of FIR (30 to 135ptm) to rnid-

infrared (7 to 30ptm) given by Emerson (1988b), l.e.,

               (4.578f6o+1•762fioo)
        LLf/Lm"(2o.6s3f,2+7•538f2f))' (")
For the first group, the }ower limiÅís are shown for the'sources with FQ{2ww- 1 and/or

FQ2s" l, whiie for the second group the upper limits are shown only for the sources

with FC2E2>2 and FQ2s>2. The Llf]iL,. features are indicated in the left panels of

Figure 3. The lower is logarithm ofmass of the FIR emitting enveiope in solar unit.

The va!ue is assumed to be IOO times dust mass obtained by equation (5) in g2.3 for

rs== 1. The va}ue for fi= :2 is }.7 times the valtte for rs== l. The value is denoted for the

first group only.

    Column l 1 : Optical image taken by our inspection and optical counterpart taken

from literature ; 1=:invisible, 2 = visible star, and 3==uncertain because there is a very

faint star or some field stars or a bright nebula within l' ofthe position of the IRAS point

source. These features are indicased in Figure 2 and the right panels ofFigure 3. The

meanings of the additional leÅíters are AE--Herbig AelBe star, E =emission line star,

N= bright nebula, T=" T Tauri star, V==variable star, and wT =weak line T Tauri star.

The co}on means probable feature.
    Coiumn 12 : Infrared SEII) Ciass taken from literature ; l ==Class I, 2 "C}ass II,

and 2D "Class IID.
    Column 13 : Active feature taken from Iiterature ; HII "=H II region, H20=:H20

maser, O=CO outflow, and O: =CO wing or broad CO line. The features are
indicated in Figure 2 and the right panels of Figure 3.

    Co}umn 14: Other name and comment. The comments are IR Neb.==infrared
nebulosity, IR CI.==cluster ofinfrared stars, Mult.=two or more stars are associated

with the IRAS point source, and B-ZAMS= B-type zero age main sequence star.
    Column l5: Reference for the features cited in Columns ll to l4 (see footnote of

Table 2).

2.2. FIR R-R Diagrams
    NNXe construct a FIR H-R diagram of YSOs in each star-forming region. The
abscissa is the color log(]fieolfr,o)ma[100-60] and tlte ordinate is logarithm of the
luminosity at 60 ym defined as log (d2fso) i!! log L6e, the values ofwhich are, respectively,

iisted in Coiumns 6 and 8 in Table 2.
    r]rhe FIR H-R diagrams of the six star-Åíorming regions are shown in Figure 3, in

which we plotted on}y the sources belonging to the first group in Tabie 2 (i.e.,
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Fig. 3. FIR H-R diagrams of \SOs for the six star-formiBg regions at distance d kpc; the
   ordinate is legarithm of the 60 ptm luminosity, log d2fso ilbl log L6o, and the abscissa is the

   FIR color, log (flieo!fse) ii! [lOO-60]. The L6o is related to the luminosity for 30 to 75 "m

   (Emerson 1988b) as }og (L3{)..7sfLo) =:iog L6o+O.I5. 0rion A altd B are combined in a
   diagram. The uncertainties are f{le.2e in [IOO-60] ancl f{:O.}O in logL6e. The left
   Panels : The $ymbols show the luminosity ratio ofFIR to mid-infrared, Ly7'L. ; the fi11ed

   squares are the YSOs with LylL.>4 (the extreme Class I YSOs), the open squares are
   the YSOs with LLffL.<4, aBd the dots are the YSOs whose vaiues ofLLf/L. are unceytain
   wheter the values are larger than 4. The horizontai dash-dotted line in each diagram
   representsfso = O.5Jy, and the inclined linefioo== l.5Jy, which are the IRAS sensitivity

   limits. The selid lines show the constant envelope mass lines and the numbers shown
   are logarithm ofthe envelope mass in solar unit (see text). The i'ightpanels : The same as

   the left panels, except for the symbols. The fi11ed circles are invisib}e YSOs, tke circles

   with cross are the YSOs with visible stars, and the open circles indicate the YSOs whose
   optical eounterparts are uncertain. The vertical bars indicate that the objects show the

   active features such as molecular outflew, HII region, and H20 maser. The big-
   dashed circ}es shew the objects associated with infrared ciuster.
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FQioo>2) and having the uncertainties <O.20 in [100-60] and sgZO.10 in logL6o (see

Table 2>. The YSOs excluded by the uncertainty criteria are 16 in total (60/o of the

Åíotal of the first groups). The error bars in Figure 3 (not indicated) correspond to their

mean uncertainties ; these are O.12 in the abscissa and O.05 in the ordinate. Since the

FIR H-R diagrams ofOrion A and B are similar to each other, we combine them in a
diagram. The col'or temperatures for P" l are indicated on the upper abscissa. The

ternperature scale for P= :2 shifts by -O.22 in the abscissa. The hoyizontal dash-dotted

lines representf6e =:O.5Jy and the inclined ones representfioo =l.5Jy, which are,

respectively, the sensitivity iimits of the IRAS measurements (IRAS Explanatory

Supplement).
    In the }eft panels of Figure 3, the symbols of plots lndicate the Iurninosity ratio

LLflL. between the FIR and mid-infrared }isted in Co}umrn IO of 'I"able 2. The fiIIed

squares are the YSOs with L/L.>4. In this paper we call those the extreme Class I
YSOs, because the YSOs witli the spectral index cr-mmO have Llf/L. :l and they are still

Ciass I objects. The extreme Class I YSOs are youngest among the se}ected YSOs.
The open squares are the YSOs with LLf]XL.<4 and the dots indicate the YSOs whose

values of LLf]tL., are uncertain whether they are larger than 4. In the right panels, the

symbels show the optical counterparts and their activities, which are Iisted in Celumns

1i and l3 ofTable 2. The filled circles indicaÅíe invisibie YSOs and the circles with

cross are the YSOs associated with visible stars, while open circles indicate the YSOs

whose visible features are "uncertain" in our inspection. These features are deneted in

Column l 1 ofTable 2 as l, 2, and 3, respectively. The associations ofvisible stars have

beefi also taken from literature (e.g., Weintraub 1990 and otheys). The circles with

verÅíica} bars lndlcate the objects shewing Åíke active features such as molecuiar outfiow

(e.g., Fukui l989), probable embedded outfiow (e.g., Wouter}oot 8e Brand 1989),
cempact H II region, and H20 maser (e.g., Wouterloot & Walmsley }986 ; Palagi et a}.

I993). A cross--correlation between the LLf/L. and optical visibility is shown in Table 3.

    Abou{ half of the selected YSOs have FQioo=url, as shewn in ['ables 1 and 2.
Figure 4 shows the FIR K-R diagram for a}I of the selected YSOs in Orion A and B,
wliere the circles and crosses indicate the objects witli FQioo>2 and -ww l, respectively.

Mos{ of the objects with FQioo>2 have the coior [100-60] =O to l.2, while the objects

with FQieo=:1 tend to have higher color values due Åío the upper limits offioo. These

trends also appear in the FIR H-R diagrarns for the other four s{ar-forming regions.

Table 3. CorrelatioR between Optical Visibility and LJILmi>

LLfi'Lm >4 <4 Uncertain <42)

Invis;ble

Visible star

UncertaiR

eg ig ;z i;
l) The YSOs, except for those in the last column, are

all plotted in the FIR H-Rdiagrams ofFlgure 3. 2)

The YSOs with FQioo=1 in Table 2.
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Åímerson (1987) deduces that cirrus confusion becomes severe for [100-60]>O.8. But

we found that the mean number of the cirrus fiags (CIRRI) for the sources with
F9iooxHs not different from that of the sources with FQioo)}r2. We infer that the

upper Iimits offioo are due to the relativeiy smaller flux densities ofthe sources. Chen,

Tokunaga & Fukui (1993) made IRAS co-added images in the Orion A region, the
sensitivity of which is 2-3 times higher than that of IRAS PSC. They found reliable

fiux densities at 100#m for l4 IRASpoint sources with FQioo= 1 in Table 2, although

their uncertainties are still relatively large. Such YSOs are shown on the FIR H-R

diagram in Figure 5, on which the piots for the co-added data are Iocated certainly on

the permitted region for the YSOs with FQioo)}r2 in Figure 4. Thus, we consider that

the sources with FQioe>2 shown ln Figure 3 form a samp}e of cold, bright YSOs in

each star-forming regioR.

    Some brightest IRAS point sources in each star-forming region are often detected at

the central part ofinfrared clusters, where the projected surface densities ofYSOs are
up to NIOO pc-2. In Orion A, Strom, Margulis & Strom (1989) showed by a deep 2.2

ptm imaging survey that IRAS 05338--0624 (L1641-N) contains 20 stellar or semi-stellar

objects. IRAS PSC's fiag indicates that Ll641-N is an extended source boÅíh in l2 and

25ptm. In Orion B, Lada et al. (1991 b) found many near-infrared sources in NGC

2023 (IRAS05391-0217) and NGC 2024 (IRAS05893-Ol56). NGC 2e24 is not plotted
on the FIR H-R diagram due to its large uncertainty in color [IOO-60]. Liseau et al.

(1992) reported that in Vela, ESO 313-N*10 (IRAS 08404-4033) is a cluster of 13 stars

and VMR IRS 18 (IRAS 0847e-4243) a cluster of three stars ; the latter is also an
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extended source in IRAS 12ptm emissien. Such IRAS point sources thus contain
contribution from several or more YSOs. Those sources are indicated by bigger
dashed-circles in the right panels of Figure 3 and are excluded from further analysis of

the FIR H-R diagrain-

2.3. Fundamental ProPerties of the FIR H-R Diagrams
    Dust mass in the FIR emitting envelepe is evaiuated by assuming that the envelope

is optically thin in FIR and the dust is heated by the central source (Hildebrand 1983).

Following Hildebrand and VvJAL, we assume that in envelope the density ofdust grains
is 3 g cm'3, the grain size O.} ptm, the dust emissivity 7.sÅ~ }Oww4 (-il!IE}f!!lll-25 )rs, and the dust

grains emit blackbody-Iike radiatlon with a temperature Td at FIR to millimeter
wavelengths. Then the dust mass is estimated from the fiux density at 60#m and the

dust temperature as

       Md =l.4Å~10"6(O.48)Bd2f6o(e239'81T"-1)Mo, (s)

where the distance dis in kpc and the fiux densityf6o inJy. Td is a function ofthe coior

[IOO-60] and P (see equation (2)). Mass ofthe FIR emitting envelope, Atl,., is given in

Column 10 ofTable 2 for each YSO, assuming a gas-to-dust ratio 100 and P :1. The
solid lines in Figure 3 indicate the constant envelope mass. The slope of Åíhe line is

independent en the values ofB and gas-to-dust ratio, and the envelope mass for P== 2 is

1.7 times that for P :1. Comparing those with WAL's envelope masses, which were
derived from tke fitting ofthe spectra from 56 to 8,350 ptm ofthe eleven YSO's, we find a

mean mass ratio, M,.,/AtlwAL=:dex (rmO.06 t O.23).

    The spectrum ef M,.. is shown in Figure 6 for each star-forming region, where Åíhe

fraction of the extreme Clat ss I YSOs (i.e., the YSOs with LLf7XL.>4), is illustrated !n

each bin. The spectrum of LJm is aiso shown in Figure 7, where the fraction of the

extreme Class I YSOs with active features aye indicated in each bin.
    The FIR H-R diagrams ofFigure 3 are very sirnilar to each other, although the FIR

luminosities considerably differ among the star-forming reglons, as shown in Figure 7.

We recognize the fo}lowing common properties of the FIR H-R diagrams :
(a) The colors [100-60] of the YSOs range from O to }.2. Especially, the brightest

   YSOs in each star-forming region are in the range of [100-60]=O to O.5.
(b) The active YSOs are most luminous in each star-forming region and its colors [1eO-

   60] are less than O.5, i.e., 45K>Td>30K for rs= 1.

(c) In each star forming region, the more luminous YSOs the higher dust
   temperatures, Td, as deduced in gl, nearly along the constant "envelope mass"
   iines. MJe consider that these lines representa funclamental sequence on the FIR

   H-R diagram. We can it constant enueloPe mass seeuence (CEMS).
(d) The extreme Class I YSOs (filled squares in the left panels of Figure 3) tend to

   belong to the higher CEMS. The property is alse illustrated in Figure 6, where it

   is clear that the higher iif,., has the higher fraction of the extreme Class I YSOs.

(e) The extreme Class I YSOs are mostly invisibie. On the other hand, the YSOs
   with LLflL.<4 tend to be associated with visible star as compared with the YSOs

   with LLf/L.>4. The trend is shown in Table 3.
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    The property (a) has been well-known (Beichman et al. 1986; Emerson 1987;
Wouterloot, Walmsley & Henkel 1988). The property (b) has been also recognized.
The active YSOs are most luminous in the individual star-forming regions (e.g., Fukui

1988; Myers et al. 1988; Snell at al. 1988; Cabrit & Andr6 1991 ; Chen et al. 1993).

The IRAS point sources with CO outflows are Iisted in Berrili et al. (1989) and Fukui
(1989) ; the luminosities mostly range in 1 - 105L@ and the average value and standard

deviation of the colors [100-60] are O.18Å}O.22 for 31 sources with reliable IRAS flux

densities in the former sample and O.27Å}O.19 for 102 sources in the latter sample.
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Wood & Churchwell (l989) find the IRAS color [IOO-601 of 30 ultracompact H[ II
regions to be O.26Å}O.I4. Wouterloot & Walmsiey (1986) show that IRAS sources with

H20 masers mostly have [IOO-60] ="O to O.6. The properties (c)-(e) have been partly

recognlzed ln relation with YSOs evolution, as shall be shown in g3.2.
    Besides the similarities mentioned above, we also notice the following differences

among the FIR H-R diagrams of the individual clouds, which are mainly related to the

YSOs masses and their evolutionary stages:
    (i) The FIR luminosities Lf and the masses M,., of the FIR emitting envelopes :

The difference ofthese values among the star-forming regions are c}early seen in Flgures

6 and 7; the peaks of both Åíhe log M,., and log Lf spectra become less in order of the

Vela, Orion, Per-OB2, lo-Ophiucus, and Taurus. The peak values are listed in Table 4

and plotted by open squares in Figure 8; both the values, except for Taurus, are
proportional to each other in an order of l.5, i.e., (M,.,, Lf) = (l.8Mo, 5.6Lo) in Vela to

(O.056M@, O.18L@) in p-Ophiucus. For Taurus, the deviation from the correiation
may be due to the higher fraction of evolved YSOs, i.e., the lower fraction of the extreme

Class I YSOs (see Figure 6). We consider that the median of M,.. for the extreme
Class I YSOs in each star-forming region represents a typical Men. of the highest-mass

YSOs in that region, and the median of Lf for the active extreme Class I YSOs
corresponds to a typjcal luminosity in the inost luminous phase ofsuch YSOs. These
values are also listed in Table 4 and plotted in Figure 8 (filled squares), except for lo-

Ophiucus. These log M,., and logLf decrease nearly linearly from Vela to Taurus,

i.e., (M,,,, Lf)=(2.5Mo, 158Lo) in Vela to (O.elMo, O.3L@) in Taurus.
    (ii) The fraction of exÅírerne Class I YSOs : In Taurus the fraction is clearly iess
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Table 4. Characteristic FIR Luminosity and Envelope Mass ofYSOs in the Five Star-Forming
        Regionsi)

Per-OB2 Taurus Orien Vela io-Oph

!og Lf at peak

log til(f,.,• at peak

7 index of mass spectrum

Fraction of extreme Class I

Median of log Lf2>

Median of log fuI,..3)

7 index of mass spectrum3)

-O.25

-e.75

-L8
 e.24
 1.2 (4)

-O.4 (8)

-l.O

-2.25

-l.6

 O.16
-O.56 <4)

-2.0 (5)

 O.25

-O.25

-L7
 O.54
  1.6 ( 9)

-O.l5 (4r8)

-1.5

 O.75

 e.25

-1.6

 e.63
 2.2 < 8)

 O.4 (49)

-l.5

-O.75

-1.25

-1.6

 O.38
 1.2 ( 1)

-Ll (ll)

}) See Figures 6 and 7. [Irhe luminesity and mass are in solar units. 2) For the extreme Class I

YSOs wlth active features. The numbers in paranthesis are the YSOs' number. 3) For the
extreme Class I YSOs. The numbers in parathesls are the YSOs' number.

than in the other star forming regions (see Figure 6 and Table 4). This difference must

be related to the evoltttionary stage ofstar formation iR the individual clouds. But the

sÅíatistics in each star-forming region are imcomplete due to existence of many YSOs

with FQioo =1 (the second group of Table 2) and probably many colder YSOs with
FQ6o--1 and FQioo>2 which are no{ taken into aecount in this study.

3. Piscussien

3.1. Mass ef the FIR Emitting Envelope
    The mass spectrum of molecu}ar cores in a star-forming region has an index
between -1.7 and -1.4, which are different from the index ofsteliar mass of rm2.35

(BIitz 1991 ; Tatematsu et al. 1993). [rhe mass spectra of the FIR emitting envelope

shown in Figure 6 have indexes of7 =-1.8 to -1.6 (see Table 4). The indexes are
also evaluated for the mass spectra ofthe extreme Class I YSOs in Orion and Vela and

their values are both 7= - l.5. Those are similar to the indexes of molecular cores.
    Chen et al. (1993) measured colttmn densities of i3CO(J "= 1 -O) with a beam size

of2.7' on IRAS point sources in Orion A. r]]hey also obtained the IRAS fiux densities

by making co-added irnages. By using their flux clensities at 60ptm and 100ptm with

the uncertainties less than 500/o, we found values of [100-60], L6o, LlffLm, and Menv of

the point sources. We illustrate in Figttre 9 the correlation between the M,., and
N(i3CO) for the sources with N(i3CO)>O.4Å~lei6 cm-2. Figure 9 shows that Menv of

the YSOs with Ll/L.>4 increase with N(i3CO), whiie the YSOs w!th LYL.<3 deviate

from this corre}ation which must be due to decreasing ofdust mass and molecular mass
with evo}ution. The correlation seems to be N(i3CO)ocM9,;,9. The molecualr core

masses of three objects in Figure 9 were derived by Chen, Fukui & Yang (}992) and the

masses are several times larger than Menv.
    We show in Figure iO a correlation between M,., and Lf for the YSOs plotted in all

efthe FIR H-R diagrams ofFigure 3. We find in this diagram that the more luminous

YSOs which are making higher mass stars tend to have the higher enveiope mass, but

tke sequence of the YSOs with LLf)XL.>4 (fiIled squares) separates from that of the
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            }og Menv

IO. A correlation between the envelope
   mass ancl the FIR iuminosity for the
   iRdividuai YSOs plotted in t}}e I?IR
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   squares are YSOs with LLt/L.>4, the
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YSOs with LylL.<4 (epeR squares). The YSes move from the !ower sequence to the
upper one as they are evolving. As shown in the mass spectrum efeach star forming

regien in Figure 6, the YSOs decrease the envelepe mass by a half to one order of

magnitude with evoiution from the phase ef 4/L.,>4 to <4. Ifthe decreasing of Lf
aiso occtirs wiÅíh a rate similar to tkat ofM,.,, the separatien ofsequences in Figure iO is

not realized. If Atl,,, decreases without decreasillg of Lf, the separation between the

two sequences in Figure 10 means that the Men, decrement is about ene order of
magnitude for YSOs with L/f"v IL@ to }OL@, and the rate seems to be }ess for the YSOs

with higher Lf. This is consistent with the results deduced from Åíhe mass spectrum of

each star-forming region. Andre & Montmerle (}994) found a similar trend from their

l.3 mrn observations of YSOs in p-Ophiucus.
    Assuming Åíhat the resulting stellar mass is -"O.5M@ in Taurus and N4M@ in
Orion aRd tlie typical efivelope masses are the medians of the extreme YSOs shown in

Tab}e 4, we obtain jVi,n,IAtl,t.,--O.02 and NO.2 for YSOs in Taurus and Orien,
respectively. Since M,..1?V(,t.,<1 even at the extreme Class I stage, these YSOs

seem te have already stored materials of stellar mass at the central parts in this

evolutionary stage (ARdr6 & Mentmerle 1994). •

3.2. Evolutionairy Seguence
    The FIR H-R diagram describes the evo}tttionary sequence of YSOs which are
usualiy accepted based on many observational and theoretica} works. The birth ef



        A FAR-INFRARED H-R DIAGRAM OF YOUNG STELLAR OBJECTS 231

pyotostars begins by infaliing ofinner part ofrnolecular cloud cores. The main feature

at this first stage is the increasing oÅí lumiRosity and the growing of centra} objects

<starml-disk). TheradiationisemittedmainlyatFIRwavelength. Thisevolutionary
sequence of YSOs is represented by the CEMS on the FIR H-R diagyam, i.e., the
commoR property (c) ; the YSOs move upvitard aleitgtke CE}v!S with increasing the 60

ptm iuminosity, raising the temperature of the eRvelope, and keeping the mass of the

FIR ernitting enveiope neariy constaBt. The iRcrease of mass and luminosity of the
centrai objects lndtice at lasÅí {'he activities such as molecular outfiow, ff[20 maser, and

compact }E{ II region (the common property (b) of the FIR ff[-R diagrarns). During

and after the active pl}ase, the (dust) mass ofthe FIR emitting envelope reduces and the

SEDs ofYSOs extend toward mid- and near-infrared wavelengtks as well as decreasing'

the FIR ittminoslties, and the central stars become visible. rl'he trends appear in the

FIR H-R d2agrams as the common properties (d) and (e).
    To de}iReate specifica}Iy t}ie evolutienary sequence in the early, pre-active stage

ai}d a}so post-active stage, we examine the FIR H-R diagram of each star-forming
region (Figure 3) using other observational clata of YSOs.

Per- OB2 '    In the Per-OB2 both }ow- and hig'h-mass stars have Åíormed (Bachlller, Martin-

PinÅíado & Planesas l991; Lacld et al. 1998). Ti}is appears also 2n the FIR H-R
diagram in Figure 3. The five luminous sources with iog L6o>O.4 are tl}e high--r:nac ss

YSOs with M,..NIM@, wliile the others are low-mass \SOs. The three luminous
YSOs, SVS 3 at ([IOOww60], logLcso)":(O.24, l.82), RNO 15 FIR at (O.29, O.77) and

L1448 IRS3 at (O.85, e.45), are associated with H II regions (refSerences are shown in
Tab}e 2). RNO 15 FIR shews a CO outflow with "age" 2.2Å~ 104 yr (Fukui 1989 and

references therein). Roger & Dewdney (1992) suggest that SVS3 ls B3.5 ZAMS.
L1448 IRS3 is B3 ZAMS with outfiow of "age" "'v3.5Å~I03 yr (Ang}ada et a}. I989 ;

Bachlller et al. I990). Their Att,,,,IM,t., are thus -vO.2-e.3.

    Bachiller et al. (l99I) found outfiows in IRAS 03271+3013 and 03282+3035
asseciated with T Tauri stars ( lrTSs) ('v 2-3M<s>) ; the latter is located at (O.79, -O.57),

and the outflow is yottng (-- I.6Å~ I04yr) and unusualjet-like (v"v70km!s). About ten

YSOs with M,..A'O.IM@ and logL6o<-O.5 are mostly invisible and probably the
exsreme Ciass l YSOs ; they may be young, except for a T ["S LkH-cr 325 at (O.93,

rm 1.09). The YSOs with M,,,<O.}M@ and Td>30K for fi =1, on the other hand,
tend to l}ave L/L.<4, and they are older. One of these is a TTS RNO I3 at (O.38,
-O.30) showing aR outfiow with "age" 2.3 Å~ I04 yr (I?ukui 1989 and references there!n).

Taaras

    In the Taurus star-forming region, the YSOs luminosities at FIR are most}y lower

tltan those iR Per-OB2 (see Figure 7). T Tauri stars have masses less than IMo in

Taurus (Beckwith et al. 1990) and "w2-3Mo in Per-OB2 (Bach.iller et al. 1991). The

FIR H-R diagram indicates that most of tke YSOs in Taurus have LLf7'L.<4 and the

fractioii of visible stars is higker than in Per-OB2. Futthermore, the selected YSOs

wlth FQioo =i in Taurus (the second group in Table 2) are mostly the TTSs with the

Class II SEDs. Thus, the YSOs in Taurus are in the }ater evolutionary stages than



232 T. DJAMALUDI)IN and M. SAITO
those in Per-OB2.
    The embedded YSO (IRAS 04368+2557) assciated with L}527 is at (O.61, -O.46)
on the FIR H-R diagram and presumably the youngest active YSe in our sample of the

Taurus. The value of LLflL.>19.5 is very Iarge and its SED shows a single peak

modified blackbody for T=30K with Li"fR=l.8L@ (Ladd et al. 1991). L1527 is a
dense NH3 core with a radius ofO.08 pc and a core mass of2.4 Mo (Benson & Myers
1989). The core mass is "w20 times larger than the M,.,, implyng that the molecular

core radius is one order of magnitude Iarger than that of the FIR emitting region.

    Ohashi et al. (i99}) detected CS (1=:2ww 1) emission associated with LI527 and

also the bright YSOs with the higher dust temperatures, IRAS 04169+2702 aÅí (O.02,

"-- O.49), IIthS 04240+2559 (DG Tau) at (O.08, mO.12), and IItaS 04361+2547
(TMR-1) at (rmO.08, rmO.09), but not detected for the Iess bright TTSs, IRAS
04189+2650 (FS Tau) and 04306+2514 (DL Tau) with logL6o=:-O.86 and rm1.55,
respectively.

Tabie 5. T Tauri Stars with Slmilar Mass in Taurus

Trrs IRAS Name [IOO-6e] logL6o log Lf log Menv rvf'(Mo)i) Iog (age)i)

DG Tau
Hare 6-13

HK Tau
DP Tau

04240+2659
04292+2422
04288+2417
04395 -F 2509

e.os

O.14

O.34

e.55

-e.12

-O.85

-1.29

-l.8e

 O.20

-e.52

-O.88

-1.28

-1.88

-2.46

-2,40

-2.38

e.56

e.55

O.55

O.60

5.47

5.le

5.94

6.20

l) Star's mass in selar unit alld age in year of Beckwith et al. (1990).

    The mean ages of TTSs of Beckwith et al. (l990) are 9.2Å~ 105 yr for three TTSs

with coler [100pm60]>O.3 and 7.9Å~!05 yr for five TTSs with color [100"60]<O.3.

Especially, when we compare four TTSs with siniilar stellar mass in Table 5, the

posiÅíions of tliree TTSs on the FIR H-R diagram move with age toward Iarger
[100-60] and }ower log L6o. These facts suggest an evolutionary path of the l]TSs

stage on the FIR }EI-R diagram that both the 60ptm luminosity and the dust
temperature of the envelope decrease along the lower CEMS.
    There is other observational evidence supporting this trend on the evo!utionary

path ef pre-main sequence stars. CIark (i99I) examined 205 nearby IRAS point
sources, which are thought to be pre-main sequence stars, and found that in accordance

with increasing of the separation from the molecu}ar core, presumab}y with age (Myers

et al. 1987), the co}ors [leO-60] increase from O.2 to O.85 and the infrared luminosities

decrease about one order ofmagnitude. Beckwith et al. (1990) find from the }.3 mm

continuum emission of TTSs that the circumstellar dust masses do not decrease with
age up to 107yr. They also show that the 60ptm flux densities decrease with

decreasing dust temperature and the older TTSs tend to have lower dust temperatures.

Beckwith et al. (1990) and CIark (l99I) suggest the reasons of these trends as due Åío

decreasing of their Iuminosity and their energetic activity, such as accretion, with time.
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Orion

    There are two brlghtest YSOs with logL6o>2; one is IRAS 05391-0217 (NGC
2023) which is an lnfrared clusÅíer and an extended source in IOOptm emission, and

another is IRAS 05327-0457 which is probably the most massive YSO in our sample.
Exciuding the two objects, the YSOs in the FIR H-R diagram seem to be divided into

two groups by M,.,. Wiramihardja et al. (I991) show that both high- and low-mass

YSOs co-exist in the Orion cloud.

    The YSes along the CEMS ef M,..N5M@ are the extreme Class I and thus are in
early evolutionary stage. The brightest of these is NGC 2068 H20 at (O.34, 1.77)
which has an outfiow with the "age" of2Å~I05yr (Edwards & SnelH984). IRAS

05335-0645 at (O.85, O.37) is assoclated with three TTSs (Weintraub I990), but it has a

high LLffL. (>8.1). Around the CEMS ofM,.,-v lM@, there are five visible YSOs with

LLf/LmS:4 (open squares on the left panel). One of these YSOs is a Herbig Ae/Be star

N'SK 8} at (O.78, O.IO). Those YSOs are probably high-mass YSOs evolved frorn the

extreme Class I YSOs with MenvN5Mo•
    There are many invisible extreme Class I YSOs around the CEMS ofM,.,-" 1Mo,
while the YSOs with LLfi'L.<4 are distributed nearly along the CEMS ofM,.,NO.2Mo.

One of the visible YSOs, IRAS 05464+OI06 a{ (O.64, pse.21), is a TTS (Gregorio-
Hetem et a}. }992), and three other visible YSOs around the CEMS ofM,.,--O.2Mo are

likely to be TTSs (Wiramihardja et al. I991, 1993). These TTSs are probably YSOs

evolved from the extreme Class I YSOs with Me.,NIM@.

Vela

    On the left panel in Figure 3, the ext•reme Class I YSOs (fiIled squares) are

distributed along the CEMS of 'wIOMo and '-'IMo. These are high-mass YSOs in
the early evolutionary stage. The most rnassive group contains a Herbig AelBe star

RCW 34 at (O.I9, 2.82) which is associated with H II region, bright nebula and H20

maser. The brightest YSOs inVela, IRAS 08576-4334 at (O.27, 3.62) is associated with

a Herbig AelBe star, H II region, brighÅí nebula, H20 maser and probable outfiow
RCVNJ 36; this is an extended source at the IRAS four bands and probably a complex of

massive YSOs. Liseau et al. (1992) claim that the most massive stars in the Vela star-

forming region are the early B-type. Thus the M,../M,t., is close to unity for such

masslve stars.

p-Oph
    The YSOs in this star-forming region are most}y less luminous and have cold
enveiopes. The envelope masses are larger than YSOs in Taurus (see a}so Figure 6)

but the FIR iuminosites are simiiar to YSOs in Taurus (see Figure 7). Kenyon et al.

(l990) show that the luminosity function for Class I and Class II sources in lo-Oph is

similar to that in Taurus-Aurigae, but the fraetion ofClass I sources is larger in p-Oph

than in Tau-Aur. These also suggest that M,., oflow-mass YSOs reduces by one order

of magnitude during the evo}tttion from the extreme Class I stage to TTS stage.
    The two brightest YSOs with logL6o>O.4 seem te be more massive than others.
One ofthese IRAS 16293-2422 (13-Oph--S) at (O.61, O.60) has Llf]XL.>158 which is the
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largest value in our samp}e of YSOs listed in "]rab}e 2. For this YSO, Andr6 eÅí al.

(1990) obtained M,..NO.tAMo from the observation at 1.3mm, and XJViiking et al.
(}989) give the infrared emitting mass to be 2 21ti@. Lada (1991, and reference therein)

showecl Åíhat its SED fits a singie temperature modified blackbody (T :35 K for S = 1.5),

and suggesÅíed that the YSO is associaÅíed with edge--on bipolar outfiows.

    !n tl}e fou}' FIR H-R diagraiTis, except for that ofTattrus, the extreme C}ass I YSOs

are more at [100-60]>O.5 than at [1OO-60]<O.5. The trencl lmpJies that the lii'e tlme

in the cold, iess ILiminous extreme Class I YSOs stage is comparable to or rather ion,ger

than that in the }uminous acÅíive phase. This resttlÅí diffeys from tha{ of the spkeyical

symmetric infaliing medei (e.g., Yorke i979l Stahler et a{. 1980), and supporÅís the

moClel that the g'as accretioR onto t}ie ce}3tral star slowly occurs through the
circumste}lar di'sk (Terebey aÅí al. I98"; Sku et al. 1987).

G. SRxmmary

    The I;IR g-R diagraiT}s o{N YSOs are constructed i'or each of six neit rby star-

forming regioBs by using the IRAS fiux densities at 6C ai}d IOOptm. "l"he FIR I'I-R

diagyams are characterized by a censtant enve}ope mass sequence (CEMS) along which
YSOs change the tlusÅí temperaÅíures in t}}e enve}ope in acc,ordance with the lunainosities

of the central objects keeping the envelope mass an(l radius llearly constant.

    The evolution of the YSOs is traced aleng the CEMS ; ( l ) in the early phase YSOs,

i.e., the extreiifie Class I YSOs, m. ove Lipward along the CEMS with increasing the
}timinosity of the ceBtral object and the dttst temperature o{' the enve}ope, (2) the YSOs

become active at the brightest phase and reduce the mass of envelope, and (3) after the

active phase the FIR luminosiÅíy decreases with time ac nd the dust temperaÅíure of the

envelope becomes lower, i.e., the YSOs move downward along the lower CSIMS.
    Analyzing' the FIR ff-R diagvams oÅí the nearby star-forming regions, we suggest

the extreme Ciass l YSOs have already stered most ofthe i:naterial ofste}lar mass at the

central part ancl aye feyming stars by a slow accretion of the material.

    We may use the FIR H-R diagrams to specii"y Åíke evo}utionary state ofa YSO and

the resulting steilar mass. The FIR H-R diagrams must be made in future by FIR
observatioxxs with higher sensitivity and spatial resolution for many oÅíker star-forming

reglons.

    One ofus (TD) thanks theJapanese Ministry ofEducation, Science, and Culture
for tke scholarship.
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