
19
96

A
J 

 1
12

.1
59

5E
 

THE ASTRONOMICAL JOURNAL VOLUME 112, NUMBER 4 OCTOBER 1996 

STAR STREAMS AND GALACTIC STRUCTURE 

Olin J. Eggen 
Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatories,1 Casilla 603, La Serena, Chile 

Electronic mail: oeggen@noao.edu 
Received 1996 February 13; Revised 1996 July 2 

ABSTRACT 

The Solar Circle Star Stream contains three stellar groups and the HR 1614 supercluster with ages (and 
heavy element abundances) of 4 giga years ([Fe/H]=0.1), 10 giga years ([Fe/H]'—0.5), and 15 giga years 
([Fe/H] 1.5). The velocity dispersions a (U,W), are 15 km/s at 4 giga years, 36 km/s at 10 giga years, 
and 75 km/s at 15 giga years. These velocity dispersions over the whole range of group velocities are cr 
(U,W)~0.25V velocity. Possible effects of star streams on concepts of galactic structure are discussed and 
the stellar content of Stream II (the Sirius supercluster) is also reviewed. © 1996 American Astronomical 
Society. 

1. INTRODUCTION 

For 125 years, from its conception by W. Herschel in 
1975 to the beginning of the present century, the process of 
deriving the solar motion assumed that the motus peculiares 
of the stars are at random. At the turn of the century Jacob 
Kapteyn established a fundamental peculiarity in stellar mo- 
tions and found that, instead of moving indiscriminately in 
all directions, as a random distribution implies, they tend to 
move in two favored directions. Between 1925 and 1930 
Ralph Wilson and Harry Raymond, with proper motions, and 
Gustav Strömberg, with radial velocities, demonstrated that 
the situation is more complicated but for stars of intermedi- 
ate space velocities the two Kapteyn streams predominate. 
The stellar content of star Stream I (Hyades) was discussed 
in Eggen (1996b) and stars in Stream II (Ursa Mayor) are 
reviewed in Sec. 2. 

It is here assumed that most stars are bom in batches and 
these batches evolve through three recognizable stages. The 
individual stars in a cluster are on isoperiodic, galactic orbits. 
External and internal stresses may cause small perturbations 
in the U (positive in the antigalactic center direction), V 
(positive in the direction of galactic rotation), and W (posi- 
tive toward the NCP) vectors of the total space motion, 
Vtot ’ which in the first instance, lead to the formation of a 
cluster halo (e.g., Eggen 1993a). One km/s is about a parsec 
in 106 yr so a 0.1 km/s perturbation in a 109 yr old cluster 
will spread the cluster members over a 100 pc radius. This 
small perturbation will be masked by observational uncer- 
tainties in the observed stellar motions so such parameters as 
the convergent point of the proper motions will still be ob- 
tainable with some accuracy. These greatly expanded clus- 
ters are here called superclusters and they are amenable to 
treatment as normal, moving clusters. As the vectors of the 
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space motion of individual supercluster members become 
more perturbed, a tube of orbits is generated with the radius 
of the tube, in ( U, W) velocity space, determined by the size 
of the perturbation. Similar perturbations in the V velocity 
will spread the stars along the tube and this V velocity, of 
what will be here called a stellar group, will depend on the 
period of the stars that arrive at the intersection of our ob- 
servational horizon with the orbit tube. Woolley (1965) 
found that for a 109 yr old stellar group the spread in V 
velocity at this intersection is only ±0.5 km/s and for a 1010 

yr old group it is ±0.05 km/s. Therefore clusters are recog- 
nized by their appearance, superclusters by the size and 
(U,V,W) distribution of the space motion and stellar groups 
by the value of the V velocity. 

Of the four superclusters recognized in the young disk 
population, three (Pleiades, IC 2391, and Hyades) are on 
outbound (+U velocity) orbits. These three superclusters, 
which represent an age range from about 108 yr for IC 2391 
to 109 yr for the Hyades, take part in what appears, in the 
solar neighborhood, to be a general galactic expansion. Indi- 
vidual stellar associations have been found to be expanding 
(e.g., Ambartsumian 1950; Blaauw 1952) but this expansion 
was believed to be symmetric within each association. It ap- 
pears however, that the entire young disk population in the 
solar vicinity, that is on outward bound orbits partakes of a 
general expansion of some 40 km/s/kpc (Eggen 1961; Lesh 
1968). This is most dramatically seen in the Pleiades super- 
cluster where the principle components are aligned along a 
radius vector with the Sco-Cen association some 150 pc in- 
side the solar circle, at the sun, and the Pleiades, the a Persei 
cluster and the Cas-Tau association some 100-200 pc out- 
side this circle. Using a calibration of Strömgren plus H/3 
photometry based on a modulus of 5.70 mag for the Pleiades 
cluster, the U velocities of the supercluster stars in the Sco- 
Cen association are +5 km/s, rising to about ~11 km/s for 
the Pleiades and +15 km/s for the Cas-Tau stars (Eggen 
1961, 1992c). This uniform expansion has no effect on the 
apparent convergent point of the proper motions but the total 
space velocity is complicated by the presence of a variation 
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Table 1. Members of Stream II that are not members of the Sirius supercluster. 

HD 
FK5 

Va/»6 
Ol’OOOl 

v/r 
0’’0001 

Sin A Mv 
PHOTO 

’TOT ? 
km/sec Comp Obs 

Sp.T. HR 

3546 
4502 

11171 
94890 
95345 
97603 

100825 
138716 
151769 
185958 
188512 
205435 
211539 
214396 
216228 
222603 

-2272/-2515 
-999/-831 
-1460/-932 
772/-1275 
144/-157 
1422/-1296 
361/-495 
3077/-2354 
957/-932 
96/-136 
462/-4820 
-233/-941 
-397/599 
-677/-1197 
-656/1248 
-1288/-1551 

FK5EXT 
905 -1227/-1476 

23319 -878/-772 
47220 -373/-490 
61363 -531/-1285 

-217/-328 
190/-595 

119476 538/-122 
214567 -481/-988 

68077 
82870 

FK5 SUPP 
3326 -724/-526 
7374 -270/-255 

43318 -1572/-2201 
74137 19/-977 
87808 159/-627 

132833 270/-226 
144206 585/-5S7 
153653 435/-480 
206067 -262/-816 
218061 -485/-3S9 

Gliese O'.'OOl 

81.1 
173 
291AB 
468 
508.2 
532 
541.1 
659 
665.1 
700.2 

-363/-340 
-223/-207 
-68/-346 
171/-178 
518/-288 
426/-143 
268/-231 
85/-110 
103/-76 
390/-600 

3388/77 
1293/-126 
1727/128 
1487/101 
213/13 
1911/-222 
612/23 
3874/-29 
1330/-128 
329/24 
4821/449 
969/-36 
717/54 
1367/146 
1410/-12 
1961/88 

1919/-4 
1169/26 
616/-17 
1388/86 
393/-5 
601/-64 
549/-56 
1099/11 

892/74 
371/8 
2705/27 
977/-6 
144/-75 
352/-11 
S27/-58 
647/-23 
S57/-9 
622/-14 

0Ü001 

436/-26 
304/-13 
353/0 
247/-4 
592/-31 
449/13 
354/-15 
139/-7 
127/-13 
715/32 

0.023 
-0.097 
0.074 
0.068 
0.061 

-0.116 
0.038 

-0.008 
-0.096 
0.093 
0.093 

-0.037 
0.075 
0.107 

-0.008 
0.045 

-0.002 
0.002 

-0.028 
0.062 

-0.013 
-0.106 
0.102 
0.010 

0.084 
0.022 
0.010 
0.006 

-0.116 
-0.032 
-0.070 
-0.036 
-0.010 
-0.022 

-0.060 
-0.042 
0.000 

-0.017 
-0.052 
0.029 

-0.042 
-0.050 
-0.100 
0.045 

0.999 
0.997 
0.963 
0.990 
0.736 
0.620 
0.997 
0.944 
0.839 
0.838 
0.711 
0.996 
0.750 
0.691 
0.955 
0.851 

0.999 
0.982 
0.720 
0.700 
0.811 
0.719 
0.771 
0.900 

0.797 
0.996 
0.771 
0.807 
0.856 
0.994 
0.971 
0.991 
0.678 
0.626 

0.970 
0.961 
0.798 
0.978 
0.930 
0.824 
1.000 
0.976 
0.696 
0.960 

+ 1I?32 
-0.06 
+2.95 
+ 1.12 

0.00 
+ 1.00 
+ 1.60 
+ 1.05 
+2.96 
-0.58 
+3.15 
+0.79 
+ 1.35 
+0.05 
+0.57 
+ 1.75 

+2.85 
+0.51 
+0.34 
+ 1.50 
+0.30 
+0.10 
+ 136 

0.00 

+ 2.50 
-0.38 
+3.90 
+ 1.25 
-1.05 
-1.15 
-6.52 
+2.04 
+ 0.90 
-0.10 

+3.93 
+ 10.14 
+4.45 
+7.46 
+9.95 
+8.39 
+433 
+ 7.33 
+ 4.06 
+5.90 

4I?32 
3.97 
4.67 
4.58 
5.50 
2.57 
5.20 
4.64 
4.62 
4.29 
3.70 
4.00 
5.64 
5.05 
3.50 
4.50 

5.70 
4.58 
6.10 
5.50 
5.80 
5.42 
5.50 
5.75 

6.05 
5.86 
5.62 
4.78 
5.50 
5.50 
4.72 
6.58 
4.86 
6.08 

6.42 
10.34 
(530) 
9.16 

10.60 
8.92 
6.46 
8.83 
6.60 
6.99 

64.0 
39.3 
18.0 
35.0 
12.7 
30.1 
15.3 
95.9 
13.5 
14.7 
29.6 
20.1 
32.7 
93.8 
27.0 
38.8 

33.8 
36.8 
57.5 
59.3 
28.9 
45.9 
22.7 
81.8 

27.2 
31.3 
28.3 
23.5 
71.2 
35.9 
45.1 
24.9 
37.1 
81.0 

67.0 
16.4 
33.8 
26.2 
45.6 
29.4 
44.7 
13.5 
27.8 
58.3 

+ 2.3 
+3.0 
+3.8 
-15.5 
-8.6 

-23.6 
+ 1.2 

+28.5 
+7.4 
+8.0 

+20.9 
+ 1.9 

+21.6 
+67.9 

-8.0 
+20.4 

-1.8 
+7.0 
-40.0 

-83.6 
-23.9 
-0.9 
-0.2 
+6.0 
-20.0 
+5.2 

+47.7 
+0.2 
-21.0 
-39.8 
+7.2 

+ 19V 
+8.2 
-12.4 

+ 10.2 

-29.8 
+9.9 
-7.6 

+42.3 + 39.8 
+ 16.9 +7.1 
-81.9 +12.6 
-14.4 -6 Var A1.5 V 
+35.6 -20.V G8II 

G8 III 
K1 IIIp 
F2 IV 
K1 III 
K1 III 
A4 V 
F0 V 
K1 III 
F5 IV-V 
G8 Ilia 
G8 IV 
G5III 
K0 III 
K2III 
K0 III 
A7 V 

F0 IV 
K2III 
Kl HI 
K0 HI 
G9III 
K1 III 

163 
215 
531 

4273 
4291 
4357 
4466 
5777 
6243 
7488 
7602 
8252 
8505 
8610 
8694 
8984 

41 
1143 
2480 
2939 
3200 
3814 
5162 
8618 

+ 16.4 +13.5 
+2.9 -15.2 
-18.0 -37.0 
-13.9 -2.0 

Am 
B8 III 
F6 V 
K0 III 

-36.7 +10.9 K7III 
+3.9 -14.9 

+3.5 -11.0 
-3.1 

M0 III 
B9 III 

+27.3 -34.5 
+ 63.2 -15.1 

-33 Var A5 V 
K0 III 

+ 16.3 
-4.5 

-20.3 
-5.5 

-25.5 
-16.6 

-6.8 
-7.0 

-21.7 
+2.7 
-23: 
-44.8 

+3.4 -14.1 
-2.9 +1.6 

+20.0 -14.7 
+ 16.4 +19.8 

K4III 

G5 
Ml 
G2V 
M0 
M0 
MO 
G8V 
K8 
G3V 
KO V 

151 
364 

2233 
3441 
3977 
5590 
5982 
6317 
8277 
8783 

HD 
(Name) 

11964 
-11.916 

HR3064 
G63-36AB 

+35.2439 
+50.2030 

125184 
+54.1861/2 

156365 
164922 

in the V velocity, dictated by the requirement that the super- 
cluster stars are isoperiodic, 

dV/dX=-(A-B), 

where X is the galactic radial distance from the sun and A 
and B are the Oort constants of galactic rotation (Woolley 
1965). 

The total effect of the expansion term and the rotation 
(isoperiodic) term on the total space motion, VTC)t , depends 
on the relative contributions of U and V to that total. The 
three young disk superclusters give (Eggen 1992c, 1996b): 

U 
(at the sun) V 

IC 2391 +20.8 -15.9 
Pleiades +11.6 -20.7 
Hyades +40.4 —16.0 

VTot 
+27.4 +0.038X km/s 

+26.1 +0.025X 
+43.5 +0.045X 

The apparent absence of the expansion term in the one young 
disk supercluster with an inbound (-U) orbit is discussed in 
Sec. 2. In discussing stellar groups the presence of an expan- 
sion term is obviously not determinable but the group paral- 
laxes will depend on the relation 

V=A + BX. 

The assumption that stellar motions were completely 
mixed plagued the solar motion search for over a century and 
we may be still making the same mistake. It is possible that 
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an understanding of stellar structure and its evolution will 
depend on an understanding of stellar streams. Two ex- 
amples of this possible dependence are: 

(1) The presence of stars born of heavy element enriched 
material that are now found to have ages from less than 108 

yr to more than IO10 yr (e.g., Eggen & Sandage 1969; Eggen 
1995b) indicates that nearly complete enrichment of the disk 
took place at its formation. However, the Pleiades (~108 yr), 
Hyades (~109 yr), and HR 1614 (~4X109 yr) superclusters, 
all with [Fe/H]=+0.1 dex, are in separate streams with IC 
2391, the Pleiades and the Hyades in the young disk on 
outbound orbits, and the HR 1614 supercluster in the old 
disk and nearly permanently at the solar circle. 

(2) The young disk and old disk stars (e.g., Eggen 1989) 
are easily distinguishable by their motion. However, addi- 
tional population groups, such as “old thick disk” or “old 
thin disk,” have recently been added to the vocabulary of 
stellar structure and these are not distinguishable star by star 
but only by group characteristics. The possibility that these 
groupings arise from combining stars from several streams is 
discussed in Sec. 2. In the present discussion use is made of 
photometric luminosities, determined from calibrations of 
various photometric systems, such as 

Stars 
A 
AF 
GK (MS) 
GK (Giant) 
M (Giant) 

System 
Strömgren, H/3 

Strömgren, Geneva 
Strömgren, Geneva 

Strömgren, DDO, Geneva, RI 
RI 

Reference 
Eggen (1977) 
Eggen (1995a) 

Eggen (1986, 1995b) 
Eggen (1993a, 1994) 

Eggen (1992b) 

The Strömgren photometry is mainly from Hauck & Mermil- 
liod (1980) and the Geneva photometry is from Rufener 
(1988). The DDO results are mainly from McClure & For- 
rester (1981) and the unpublished values of my own and the 
RI photometry is mainly my own. 

2. STREAM II 

The members of Stream II (Ursa Major) are identified by 
the convergent point (A,D) = (20^55,— 38! 1 ), of the proper 
motion of members of the Sirius supercluster (Eggen 1992d). 
This supercluster contains the Ursa Major Cluster but the 
convergent point determinations of the proper motions in this 
sparse cluster are complicated by the circumstance that the 
cluster stars are strung out along a great circle that also 
passes through the convergent point (Brown 1950). The 
wider distribution of the supercluster members avoids this 
difficulty. Stars are accepted as stream members if r/tKO'.'l/ 
sin X, where v and r are, respectively, the components of the 
proper motion in the direction of, and perpendicular to the 
direction of (A,D) and X is the angular separation of the star 
and (A,D). The basic relations for moving clusters are 

77=4.74iV VTOt sin X, (1) 

Peculiar velocity=P.V. = 4.74t£> (pc), (2) 

where VT0T is the total space velocity of the supercluster. If 
we set a limit, for stream membership, of the peculiar veloc- 
ity at 10% of VTot> P-V.=0.1 Vtot, then r/tKO'.'l sin X fol- 
lows from Eqs. (1) and (2). Also from Eq. (1) 

VTOT=4.74rÆ>(pc)/sin X, (3) 

and the values of VT0T can be derived from photometric 
luminosities. The stars of the Bright Star Catalogue (HR 
stars) that are also included in the four catalogues, 
FK5 
FK5 Extension 
FK5 Supplement 
Nearby Stars 

Fricke et al. 1988 
Fricke et al 1991 

Schwan et al 1993 
diese (1969) 

(HR stars) 
(HR stars) 
(HR stars) 
(all stars) 

have been examined for stream membership and the mem- 
bers that are not also members of the Sirius supercluster, are 
listed in Table 1. Only stars with sin X>0.45 and VXOt>10 
km/s have been included. In addition to the photometric lu- 
minosity and the computed total space motion, ratios of r 
and v, values of sin X and the observed and computed values 
of the radial velocity, pfcomp)^ VTOt cos X, are also in- 
cluded. The supercluster members are in Table 2. The mean 
difference between the cluster luminosities and the photo- 
metric values is 0.00±0.15 mag, whereas p(clus)—p(obs) 
= -0.1 ±2.4 km/s. 

The three other well-established young disk superclusters, 
in addition to the Sirius supercluster, are 
SC Stream (A,Z)) 
Hyades I (6Í4, 6!5) 
Pleiades O (5.98, -35.15) 
IC 2391 ••• (5.82,-12.44) 

VT0T 
42.34-0.045X 
26.5 + 0.025X 
27.4+0.035X 

where X is the galactic, radial distance from the sun. All of 
these superclusters (a) have P[Fe/H]~0.1 dex and (b) take 
part in a general galactic expansion of some 45 km/s/kpc. 
The basic assumption concerning moving clusters and super- 
clusters is that the orbits of individual members are isoperi- 
odic, so the V velocity will depend on the radial distance 
from the Sun 

dV/dX=-(A-B) = -0.026 (Woolley 1965). 

The coefficient of X in the expressions listed above for VTOt 
will depend on the ratio of U and V velocities. 

All three superclusters listed above are on outbound 
( 4- U) orbits but the Sirius supercluster differs in two re- 
spects (a) the orbits are inbound (-U) and (b) the heavy 
element abundance is solar, as will be discussed below. Also, 
the supercluster members in Table 2 show no evidence of the 
galactic expansion term in the values of VTOt derived from 
the photometric luminosities, 

HD D 
11428 295 pc 

1227 132 

X UTOt 
197 pc 417.7 
25 418.6 

Sp.T. HD 
KI III 34109 

G8II-III 141003 

D X 
158 pc 86 pc 
45 -27 

VTot Sp.T. 
420.8 A0 V 
417.1 Al V 

Because the V velocity of the supercluster is so small, V, caused by the isoperiodicity requirement, over the range 
U/V~ll, makes it possible to ignore the small deviations in of X discussed here. 
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1600 O. J. EGGEN: STAR STREAMS 1600 

Table 3. Space motions and positions of members in the Sirius 
supercluster. 

HD V 
km/sec 

Y 
PARSECS 

FK5 
33111 

38392/3 
40183 
48915 
78045 
78922 
91480 
95418 
102070 
103287 
106591 
112185 

116656/7 
134083 
139006 
141003 
172864 

FK EXT 
34109 
109799 
110066 
150706 
180777 

FK Sup 
1227 

11428 
32977 
75065 
111397 
140160 

diese 
227 
457 
503.2 
509.1 

9417 

-14.5 
-15.7 
-15.0 
-15.1 
-14.0 
-14.1 
-15.0 
-14.6 
-16.2 
-14.9 
-15.0 
-14.6 
-14.9 
-15.2 
-14.8 
-14.3 
-15.2 

-14.6 
-14.8 
-14.8 
-16.2 
-14.3 

-15.2 
-15.5 
-15.0 
-14.9 
-15.0 
-14.8 

-14.9 
-15.1 
-14.5 
-15.1 
-14.8 

+ 2.7 
+ 1.9 
+ 1.2 
+ 1.1 
+ 1.2 
+ 1.1 
+ 1.0 
+ 1.5 
+2.0 
+ 1.5 
+ 1.2 
+ 1.8 
+ 1.5 
0.0 
+2.5 
+3.2 
+ 1.0 

+ 1.1 
+0.7 
+2.4 
+0.6 
+ 1.0 

+ 1.8 
+2.2 
+ 0.6 
+ 1.1 
+ 1.0 
+2.0 

+ 1.3 
+ 1.0 
+ 1.9 
+ 0.9 
+ 1.4 

-11.6 
-12.2 
-10.9 
-10.9 
-12.4 
-12.2 
-10.9 
-10.2 
-8.3 

-11.9 
-11.1 
-10.3 
-11.2 
-10.7 
-9.0 

-11.3 
-10.6 

-11.6 
-11.3 
-11.2 
-9.4 

-11.4 

-10.5 
-10.0 
-11.0 
-11.2 
-11.0 
-11.1 

-11.1 
-11.7 
-9.0 

-10.8 
-9.7 

+24 
+5 

+33 
+2 
-8 

+ 18 
+ 13 
+ 11 
-13 
+ 9 
+ 8 
+ 6 
+ 5 
-6 

-11 
-29 
+41 

+77 
-13 
+ 16 
+ 9 
+7 

+25 
+ 207 
+49 
+ 19 
-11 
48 

+ 15 
+ 10 
+ 6 
+5. 
+ 8 

-11 
-5 
+ 7 
-2 

-38 
-73 
+ 7 
+7 
-63 
+7 
+ 9 

+ 10 
+ 11 
+5 

+ 10 
+ 14 
+ 87 

+ 101 
-23 
+ 14 
+21 
+23 

+ 74 
+204 

-2 
-73 
-21 
+ 19 

4 
+ 11 
+ 11 
+ 12 
+ 11 

-12 
-3 
+ 6 

0 
-9 

+ 15 
+ 18 
+ 18 
+58 
+22 
+21 
+ 22 
+ 21 
+ 13 
+ 21 
+ 36 
+51 

+61 
+ 19 

+ 128 
+ 14 
+ 11 

-107 
-109 

-11 
+9 

+ 102 
+58 

-1 
+23 
+22 
+ 4 

+21 

The individual values of the U, V, W velocity vectors and 
the X,Y,Z distances are listed in Table 3. X(U) is directed 
away from the galactic center, Y{V) is directed toward ga- 
lactic rotation and Z(W) is directed toward the North galac- 
tic Pole. The mean space motion vectors are 
U V W 

-14.9 +1.4 -10.9 km/s 
±0.5 ±0.7 ±1.0 

The (Mv,B — V) diagram for the supercluster members is 
shown in Fig. 1, where the FK5 stars in the UMa cluster are 
represented by clear circles and the non-cluster supercluster 
members by closed circles. The Gliese stars in the cluster are 
represented by crossed circles and the noncluster, superclus- 
ter members by crosses. The isochrones for f = 4 and 6X108 

yr are from VanDenBergh (1985) with [Fe/H]^0.00. The 
distributions of the stars in the catalogues are as follows: 

Stream Supercluster %SC 
FK5 35 19 54 
FK5 EXT 13 4 30 
FK5 SUPP 16 6 38 
Gliese 21 10 48, 

and 45% of the stream members belong to the supercluster. 
In Eggen 1996b the possibility that only about one half the 
stars within some 25 pc of the sun are known, was based on 
the absence from the Gliese catalogue of members of low 
velocity superclusters. This is not the case with the Sirius 
supercluster, a circumstance almost certainly caused by the 
fact that half the supercluster stars in the Gliese catalogue are 
members of the UMa cluster and were placed on parallax 
programs for that reason. 

Stream II is shown in the Í7, V velocity space of Fig. 2 
where the Stream I (Hyades and NGC 1901), Stream 0 (Ple- 
iades), and IC 2391 Stream stars are also represented. The 

Fig. 1. Color-luminosity array for the Sirius supercluster. 
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1601 O. J. EGGEN: STAR STREAMS 1601 

Fig. 2. Young disk streams in (U,V) velocity space. 

enclosed region is the domain of the young disk (YD, 
i<2X 109 yr) stars. 

The distribution of values of VTOT=25-35 km/s in Fig. 3 
contains 15 stars, or 18% of the stream members. With FTOt 
near 30 km/s these stream members would be outside the 
domain of young disk stars and so if this excess is meaning- 
ful, it probably represents a stellar group rather than a super- 
cluster. This possibility will be investigated elsewhere with a 
larger stellar sample. The distribution of VTOt values for 

20 40 w 60 80 VT0T 

Fig. 3. Distribution of total space motions determined from photometric 
luminosities of Stream II stars. 

stream members is shown in Fig. 3 where the hatched re- 
gions represent supercluster members. 

Additional photometry of Sirius supercluster members is 
listed in Table 4. The values of the Geneva system param- 
eters B2—VI and the metallicity index m2 are compared 
with Hyades cluster stars in Fig. 4 and the gravity corrected 
CN index, Cm (McClure 1970) is compared with Hyades 
cluster dwarfs in Fig. 5. The small displacement in m2 from 
the Hyades stars indicates P[Fe/H]~0.00 (Eggen 1992d). 
The space distribution of the supercluster members is shown 
in Fig. 6 where closed circles represent non-cluster super- 
cluster members and open circles, members of the UMa 
cluster. 

3. THE SOLAR CIRCLE STREAM 

The stars that make up the HR 1614 aggregate present 
several unique features (Eggen 1992a): (a) those near the sun 
still form a supercluster whereas others are only recognized 
as group members, (b) the former constitute the only super- 
cluster thus far found amongst old disk population stars, and 

Table 4. Additional photometry in the Sirius supercluster. 

HD (B2-V1)0 d m2 (45-48)0 (42-45)0 (Cm)0 I0 (R-I)0 E(b-y) 

1227 O^óll 
11428 0.936 
24160 0.619 
38392 0.593 
38393 0.260 
41593 0.502 
75605 0.574 
91480 0.137 

+59.1428 0.855 
102070 0.647 
109799 0.129 

+58.1441 0.846 
115043 0.356 
134083 0.209 
150706 0.355 
180777 0.105 

(f}499 -0I?202 
0.438 0.028 
0.500 -0.189 
0.378 -0.115 
0.741 -0.472 
0.475 -0.259 
0.544 -0.247 
0.971 -0.496 
0.159 0.092 
0.498 -0.175 
1.044 -0.502 
0.203 0.061 
0.593 -0.410 
0.826 -0.486 
0.597 -0.409 
1.063 -0.503 

1,!1157 O^TOS 
1.320 1.066 
1.165 0.791 
1.110 0.977 
0.958 0.512 
1.076 0.822 
1.126 0.758 

1.169 0.803 

1.023 0.662 

0^174 5.42 
0.260 
0.171 3.48 
0.192 5.37 
0.308 3.33 
0.143 
0.147 4.50 

8.64 
0.214 3.94 

8.29 
8.29 

0.106 

O^IS O’l'OOO 
0.037 

0.317 0.000 
0.340 0.000 
0.160 0.000 

0.000 
0.303 0.009 

0.000 
0.555 0.000 
0.325 0.000 

0.000 
0.570 0.000 
0.570 0.000 

0.000 
0.000 
0.000 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
96

A
J 

 1
12

.1
59

5E
 

1602 O. J. EGGEN: STAR STREAMS 1602 

(c) the members have a Hyades abundance of heavy elements ([Fe/H]~0.1 dex) but the CN strengths are the greatest observed. 
It is probable that circumstance (b) is a consequence of (c), which attracts special attention. The HR 1614 stars form part of 
a stream, here labeled the “Solar Circle Stream,” the constituents of which are characterized by the three stars that give their 
names to the included stellar groups: 

Star 
HR 1614 
Arcturus 
Kapteyn’s star 

ILaljjuô 
o:ooo 

549/-1106 
-1099/-1995 
6570/-5726 

V¡T 
o:ooo 

1234/-29 
2275/115 
8710/278 

P.V. 
(kno/s) 
-1.3 
+ 5.6 
+5.1 

77 
TRIG 
OHIO 
0.097 
0.356 

y tot 
(km/s) 

61 
114 
285 

y 
U (km/s) 

-15 -58 
-20 -112 
-19 -280 

-11 
-3 

-50 

(kpc) 
10.6 6.2 
10.2 3.8 
10.1 0. 

e 
0.26 
0.45 
0.91 

The values of yX0T are determined from tt (Trig) and Eq. (3) 
and the convergent point of the proper motions of the HR 
1614 supercluster is adopted. The values Æmax, ^min* and 
e = Æmax-Æmin/Æmax+Æmin are from the Lynden-Bell poten- 

tial (Eggen et al 1962) with an assumed value of R(sun) = 10 
kpc. Obviously the stream stars spend most of their lifetimes 
near the solar circle. 

3.1 HR 1614 Supercluster and Group 

The HR 1614 supercluster and group contain members 
with (a) the overabundance of the Hyades, (b) an age near 
4X109 yr, and (c) the strongest CN observed in the solar 
neighborhood. The convergent point of the proper motions of 
supercluster stars in Table 5 is (A,D) = (8l?72,-58!8). This 
differs very little from the previous determination (Eggen 
1992a) of (A,D) = (8I)38,-58?3). The total space velocity 
is yXOT=60.7+0.026X km s, where X is the radial distance 
from the Sun. The dependence on X reflects the variation in 
the V velocity necessary to maintain isoperiodicity of the 
members: dV!dX= — (A — B), where A and B are the Oort 
constants of galactic rotation (Kerr & Lynden-Bell 1986). 
The proper motions are on the FK5 system and are mainly 
from the FK5 and its extension and supplement and from the 
Carlsberg (e.g., 1988) meridian catalogues. The group mem- 
bers are listed in Table 6 where the adopted value of 
V= — 59.5 —0.026Z kms/s leads to the group parallax. 

The group and supercluster stars are shown in the 
(Mv,B—V) plane of Fig. 7 where the main sequence of the 
Hyades cluster (Schwan 1991) is labeled. The 4X109 yr iso- 
chrone is from Castellani et al (1992) for (F,Z) 
= (0.27,0.02). The published values of B—V are corrected 

by +0.07 mag (Eggen 1995a). The two blue stragglers are 

HD Mv B-V SpT 
203875 +1.49 0.21 A9 V supercluster 
108846 +3.13 0.47 dF8 group 

Table 7 contains additional (Geneva, DDO, RI) photometry 
of HR 1614 group and supercluster members. The metallicity 
indices from the Geneva photometry, m2, for the main se- 
quence stars are compared with the Hyades values (Eggen 
1986) in Fig. 8. The Hyades and HR 1614 appear to have the 
same heavy element abundance except, perhaps, for 3 or 4 
stars with B2-Vl=0.68-0.75 mag (K5 V). However, this 
color marks the onset of TiO bands and these could be a 
disturbing feature. The HR 1614 giants have experienced a 
different evolutionary history than those in the Hyades so it 
is perhaps more appropriate to compare them with M67 gi- 
ants, whose history is similar, and this is done in Fig. 9. The 
metallicity of M67 is near solar so that of the HR 1614 giants 
appears to match well the results for the dwarfs in Fig. 8. 

The continuous curve in Fig. 10 represents the mean val- 
ues of the gravity corrected CN index, (Cm)0, for field stars 
(McClure 1970). The Hyades giants lie near this relation. 
The CN strengths of the HR 1614 stars are represented by 
closed (supercluster) and open (group) circles. The two la- 
beled stars show abnormally strong CN which, in one case 
(V645 Mon=HD 65953) represents an irregular light vari- 
able. The HR 1614 stars in Fig. 10 represent the strongest 
CN stars found near the sun and about one-half the known 
stars with this strength are group members. The dwarfs in 
Fig. 11 show a similar result. The crosses in the later figure 
represent individual Hyades cluster members (Goodenough 
1966). 

The position of the HR 1614 stars in the (X,Y) and (Z,7) 
planes is shown in Figs. 12 and 13, respectively. The disper- 
sion of stars in these figures may contain information con- 
cerning cluster disruption, which will be available when 
larger samples of group members are obtained. The (X,7,Z) 

Fig. 4. Metallicity of Sirius supercluster and Arcturus group, near main Fig. 5. CN strength of Arcturus group and Sirius supercluster main se- 
sequence members. quence stars. 
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Fig. 6. Spatial distribution of the Sirius supercluster members. 

(B-V)o 

Fig. 7. Color-luminosity array for the HR 1614 supercluster and group. 

The dispersion in V for the group stars (Table 6) is entirely 
the result of the spread in the values of X. The distribution of 
the group members in ( U,W) velocity space is shown in Fig. 
14. The circle that includes these values has a radius of 35 
km/s and represents the tube that contains the dispersed or- 
bits. The V velocity, (-59.5 -0.026X)km s, represents the 
period required to bring the star to its present position. The 
disrupted group members with V velocities more than ±0.5 
km/s from this value will not appear in our limited observa- 
tion horizon (Woolley 1965). 

coordinates for the supercluster members are in Table 8 
which also contains the space motion vectors. The mean 
space motions are 

HR 1614 
Supercluster 
Group 

U V W 
-5.8 -59.6 -11.4 

+5 -59.5 -6 

a(U) <t( V) (t(W) 
±2.0 ±2.0 ±2.0 

±17 ±1.5 ±14 

3.2 Arcturus Group 

The Arcturus group has an age near 1010 yr and an abun- 
dance of heavy elements near [Fe/H]=—0.5 dex (e.g., Eggen 
1987). The best documented group members are listed in 
Table 9 where the adopted modulus is from y=(—110- 
0.026X) km/s. The stars are represented with clear circles in 
Fig. 15 where the isochrones for 7X109 and 13X109 yr are 

Table 5. Members of the HR 1614 supercluster. 

0V0O1 
V/T 

O'JOOI 
AT 

km/sec 
si ni X 

PC 
vT0T km/sec 

M00 
km/sec 

<B-V)0 Mv Clus Photo 
Sp.T. 

12051 
17215 

+2.816 
32147 

+5.1168 
96511 

114092 
115467 
120323 
157881 
181480 
194640 
203875 
210277 
213042 

246/-249 
152/-68 
150/-297 
549/-1106 
573/-3715 
-91/-177 
-42/-64 
-33/-65 
-40/-60 
-574/-1183 
-11/-36 
-12/-521 
16/-169 
86/-451 
227/-816 

427/-17 
166/10 
333/1 
1234/-29 
3756/-150 
199/7 
76/-6 
73/6 
72/6 
1317/-21 
37/-4 
521/11 
170/-1 
4S9/-4 
846/36 

-2.0 
+2.1 
+0.1 
-1.3 
-2.2 
+1.4 
-4.5 
+4.7 
+3.9 
-0.7 
-6.4 
+1.2 
-0.2 
-0.5 
+2.6 

0.834 
0.585 
0.972 
0.929 
0.915 
0.615 
0.978 
0.911 
0.809 
0.730 
0.998 
1.000 
0.935 
0.931 
1.000 

+16.9 
-11.9 
+33.4 
+7.8 
+2.6 

+19.9 
+25.0 
-71.5 
-89.4 
-7.7 

-250.2 
-20.0 
-39.8 
-10.8 
-7.4 

61.5 
60.4 
61.55 
60.9 
60.7 
61.2 
60.5 
58.95 
58.4 
60.5 
53.4 
60.2 
59.65 
60.4 
60.5 

2.00 
3.25 
2.90 

-0.07 
-2.53 
3.00 
6.06 
5.96 
5.71 

-0.22 
7.39 
1.93 
4.20 
2.06 
0.89 

7.15 
(8.05) 
8.41 
6.22 
9.86 
7.15 
6.15 
6.70 
4.1V 
7.54 
7.02 
6.60 
5.69 
6.61 
7.68 

0.78 
0.70 
0.83 
1.05 
1.56 
0.635 
1.30 
1.10 
1.45 
1.36 
1.36 
0.70 
0.21 
0.71 
1.10 

+5.15 
+4.80 
+5.51 
+6.29 

+12.37 
+4.15 
+0.05 
+0.74 
-1.6 

+7.76 
-0.37 
+4.67 
+1.49 
+4.55 
+6.79 

+5v30 
+5.50 
+6.50 

+12.14 
+4.20 
+0.20 
+1.00 
-1.85 
+8.11 
+4.70 
+1.46 
+7.00 

-35.2 
+50.8 
+14.3 
+22.3 
+20.0 
-46.8 
-12.3 
+24.2 
+40.0 
-23.0 
-3.7 
-1.0 

-20.6 
-22.0 
+5.3 

-33.8 
+49.0 
+14.5 
+22.6 
+24.5 
-48.2 
-12.9 
+24.3 
+34.3 
-22.2 
-2.9 
-0.1 

-21.1 
-22.0 
+1.7 

dG7 
G6 V 
K3 V 
M5 
dG3 
K4 III 
K0 III 
H5 III 
K7 V 
K5 III 
G5 V 
A9 V 
G9 IV/V 
K5 V 

+32.360 
-71.156 
G84-23 
HR 1614 
G89-19 
+82.235 
HR 4956 
-14.3683 
HR 5192 
G19-24 
-26.14096 
-31.17597 
HR 8195 
-8.5818 
-30.19175 

HD 17215AB 
HD 32147 
+5.1668 
+82.235 
HD 120323 
HD 157881 
HD 194640 
HD 203875 
HO 210277 
HS 213042 

Notes to TABLE 5. 
Separation near 0.5 arcsec, A V ~ 1.0 mag. Corrected for companion in the 
HR 1614. The cluster parallax is 0.104 arcsec and the mean trig, value is 
The cluster parallax is 0.316 arcsec and the trig, values range from 0.260 
Sp.B., P = 18.9d. 
V806 Cen. 
Trig, parallax is 0.133 arcsec and the cluster value is 0.111 arcsec. 
Trig, parallax is 0.041 arcsec and the cluster value is 0.040 arcsec. 
Blue straggler. 
Trig, parallax is 0.048 arcsec and the cluster value is 0.039 arcsec. 
Trig, parallax is 0.070 arcsec and the cluster value is 0.066 arcsec. 

table. 
0.110 arcesec. 
to 0.311 arcsec. 
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1606 O. J. EGGEN: STAR STREAMS 1606 

Table 7. Additional photometry of HR 1614 stars. 
HD 

(Name) 
(B2-V1)0 m2 (45-48)0 (42-45)0 (CM)0 (R-I)0 E(b-y) HD 

(Name) 
(B2-V1)0 m2 (45-48)0 (42-45)0 (Cm)0 (R*I)0 E(b-y) 

Table 5 
12051 
17215 

+2.816 
32417 

+5.1668 
96511 

114092 
120323 
157881 
181480 
194640 
203875 
210277 
213042 

Table 6 
55 

2140 
9312 

12235 
13403 
13825 
13997 
15590 
17660 
19305 
22403 
28479 

+ 18.683 
33042 
36395 

+ 62.780 
38358 
40020 
40176 
43429 
45067 

0T489 
0.423 
0.661 
1.260 
0.955 
1.251 
0.915 
0.443 
0.007 
0.468 
0.688 

0.673 

0.349 

0.745 
0.955 
0.803 
1.158 
1.083 
1.094 

0.757 
0.732 
0.710 
0.321 

-07282 
-0.332 
-0.011 
-0.302 
0.145 

-0.377 
0.091 

-0.325 
-0.477 
-0.285 
0.042 

-0.379 

0.103 
0.072 
0.034 

-0.156 
0.19$ 

-0.083 

-0.051 
-0.045 
-0.095 
-0.447 

17036 
1.090 
1.122 

1.307 
1.171 
1.317 
1.053 
1.058 
1.131 

1.304 
1.125 
1.003 
1.024 
1.058 
1.018 

1.040 
1.246 

1.230 
1.290 
1.222 
1.233 
1.184 
0.995 

07712 
0.856 
1.129 

1.200 
1.428 
1.266 
0.738 
0.766 
1.176 

1.133 
0.880 
0.611 
0.714 
0.769 
0.645 

0.643 
1.039 

07170 
0.198 
0.366 

0.372 
0.332 
0.360 
0.140 
0.191 
0.262 

0.343 
0.248 
0.152 
0.185 
0.254 
0.158 

0.092 
0.352 

1.407 0.012 
1.162 
0.942 
0.933 
0.560 

0.373 
0.306 
0.318 
0.250 
0.109 

7731 
7.86 
5.42 
7.24 
6.62 
5.51 
2.50 
6.08 
5.90 
6.10 
6.05 
6.71 

7.44 
6.14 
6.20 
5.52 

7.58 
7.83 
7.57 
6.85 
4.92 
7.89 
3.4V 
6.05 
7.47 
4.98 
4.11 
5.15 
5.53 

07000 
07225 0.000 
0.260 0.000 
0.368 0.000 
1.220 0.000 
0.225 0.000 
0.430 0.015 
1.462 0.020 
0.600 0.000 
0.468 0.061 
0.245 0.000 

0.000 
0.245 0.000 
0.376 0.000 

0.425 0.000 
0.457 0.016 
0.280 0.000 
0.190 0.000 

0.000 
0.000 
0.000 

0.220 0.000 
0.446 0.000 
0.630 0.000 
0.245 0.000 
0.365 0.035 
0.965 0.000 
0.589 0.030 
0.850 0.000 
0.630 0.000 

0.060 
0.359 0.011 
0.360 0.000 
0.359 0.000 
0.195 0.000 

65953 
+ 10.1857AB 

C 
+ 81.297 

84035 
90711 
97457 

106569 
107325 
108846 
112164 
117267 
118742AB 

C 
119217 

-44.8976 
122443 

+30.2512 
126583 
132345 
136834 
139997 
141477 
146388 
158633 
159809 
164326 
166796 
167576 
178445 
183955 
191584 
206097 
215704 
219263 
222013 
222804 

1.063 
1.030 
0.765 
0.715 

0.328 
0.727 
0.234 
0.362 
0.736 

0.838 
0.460 
0.843 
0.622 
1.135 
1.194 
0.472 
0.654 

0.868 
0.879 
0.847 
0.496 
0.769 
0.507 

0.153 
0.015 
0.078 
0.071 

-0.424 
-0.054 
-0.481 
-0.369 
-0.048 

0.093 

0.096 
-0.303 
0.063 

-0.061 
0.177 
0.160 

-0.322 
-0.122 

0.046 
0.132 
0.039 

-0.252 
-0.001 
-0.247 

1.251 

1.057 
1.053 
0.993 
1.199 
1.000 
1.225 

1.280 
1.121 
1.384 
1.216 
1.157 
1.022 
1.169 
1.274 
1.171 
1.264 
1.084 
1.225 
1.070 
1.247 

1.279 

0.802 
0.782 
0.581 
0.974 
0.616 
0.913 

1.039 
1.024 
1.383 
0.946 
0.915 
0.678 
0.941 
1.053 
1.427 
1.046 
0.842 
1.009 
0.879 
1.011 

0.252 
0.234 
0.127 
0.300 
0.183 
0.342 

0.406 
0.334 
0.239 
0.286 
0.269 
0.189 
0.320 
0.362 
0.355 
0.359 
0.248 
0.331 
0.258 
0.373 

3.31 
7.94 
8.57 
8.08 
7.05 
7.26 

(9.90) 
6.50 
4.63 

5.50 

8.34 
9.11 
7.20 
7.48 
4.65 
7.52 
3.10 
2.40 
4.82 
6.72 

5.51 
8.05 
4.14 
5.19 
9.14 
7.31 
4.78 
8.65 
5.87 

0.544 0.033 
0.740 0.000 
1.025 0.000 
0.465 0.000 
0.405 0.000 
0.279 0.000 
0.242 0.000 
0.170 0.000 
0.365 0.000 

0.000 
0.000 

0.350 0.020 
0.000 
0.000 

0.555 0.000 
0.270 0.000 

0.020 
0.515 0.000 
0.240 0.000 
0.398 0.040 
0.334 0.000 
0.660 0.040 
0.698 0.040 
0.370 0.006 

0.000 
0.324 0.000 

0.000 
0.000 

0.395 0.049 
0.555 0.000 
0.630 0.075 
0.370 0.040 
0.276 0.000 
0.265 0.000 
0.386 0.020 
0.260 0.000 
0.342 0.040 

Fig. 8. Metallicity of HR 1614 supercluster and group main sequence 
members. 

from models with (7,Z) = (0.20,0.01) (Green et al 1987). 
Additional photometry for member stars is listed in Table 10. 

The metallicity parameters from the Geneva photometry 
are compared in Fig. 4 with those of members of the Hyades 
and Sirius superclusters and they indicate a value of [Fe/H] 
 0.5 dex (Eggen 1986). McWilliam (1990) found [Fe/H] 
= —0.6±0.14 dex for Arcturus (HD 124897). The CN 
strengths, (Cm)0, are compared with those of members of 
the Hyades and Sirius superclusters in Fig. 5, where they 
support the relative heavy element abundances shown in Fig. 
4. 

The distribution of the stars is shown in the (X,7) and 
(Z,F) planes of Fig. 16, where the majority of the group 
members trail the sun in the direction of galactic rotation 
( Y). The distribution of the stars in ( £/, W) velocity space is 

Fig. 9. Metallicity of HR 1614 supercluster and group giant members. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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1607 O. J. EGGEN: STAR STREAMS 1607 

Fig. 10. CN strengths of HR 1614 supercluster and group giant members. 

Fig. 13. Distribution of the HR 1614 supercluster and group members in the 
(F,Z) plane. 

Fig. 11. CN strengths of HR 1614 supercluster and group dwarf members. 

Table 8. Galactic velocities and positions of HR 1614 supercluster 
members. 

HD 
BD 

MOD U V W 
km/sec 

X 
parsecs 

12051 
17215 

+ 2.816 
32147 

+ 5.1165 
96511 

114092 
115467 
120323 
157881 
181480 
194640 
203875 
210277 
213042 

2^00 
3.25 
2.90 

-0.07 
-2.53 
3.00 
6.10 
5.96 
5.71 

-0.22 
7.39 
1.93 
4.20 
2.06 
0.89 

-7.0 
-3.7 
-6.0 
-6.4 
-5.1 
-6.6 
-1.1 
-9.7 
-8.0 
-5.4 
-7.0 
-4.9 
-5.8 
-6.7 

mean -5.8 
a ±2.0 

-59.2 
-59.3 
-60.4 
-59.5 
-59.2 
-59.7 
-60.7 
-56.8 
-56.5 
-59.6 
-53.1 
-58.8 
-58.4 
-59.7 
-59.3 
-59.6 
±2.0 

-12.2 
-11.4 
-10.5 
-11.7 
-12.7 
-9.5 

-14.1 
-12.2 
-12.9 
-9.7 
-3.9 

-11.4 
-10.2 
-9.5 

4L8 
-11.4 
±2.0 

+ 17 
-12 
+33 
+ 8 
+ 3 

+20 
-8 

-71 
-89 
-8 

-280 
-20 

-40 
-11 
-7 

+ 15 
-30 
-10 
-4 
-2 

+ 26 
+ 7 
-79 
-86 
+ 4 

+ 60 
+ 4 

+ 37 
+ 14 
+ 3 

-12 
-30 
-15 
-4 
+ 1 

+ 23 
+ 162 
+ 114 
+ 63 

-3 
-91 
-13 
-43 
-19 
-13 

Fig. 12. CN strengths of HR 1614 supercluster and group members in the 
(X,F) plane. Fig. 14. HR 1614 group stars in (U,W) velocity space. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



Ta
bl

e 
9. 

M
em

be
rs 

of
 th

e 
Ar

ctu
ru

s 
gr

ou
p. 

1608 O. J. EGGEN: STAR STREAMS 
1608 

51 O 
a. o 

rlill 
ins. (M(Min(\jKim'4>roo^ «-inQCinrvj>o«-Kif\J>4-inina:v llTS?SiÊ~?Ç?3^?iSg^ 

7 -<N« + + £ . v ■ m <vi + + roin + *-tM + +iiíñrv¡ + 7 ' 1 1 .... + , 

► >« f\j -.> — >> > > ~ > > > ~ 
SSS 5iôaSSS8Sïïï5SS88SÔ*SSS§SSSsaS§8SSS 

c W in Sie S5K!SSSR3i0i?! SiQS85SS§S!3 5 
T t ? Çf tïvrpi'fŸÿîf '$-îsHH-ii’7 7 

SieSStSRigSRsSiCSaSiSäSt'giGS/stNiSSKStiSCSSjgK 

* ^ m in 
«SSRS 
o o o o o ^«sgssäijSsRscsiQaaa^sfesfessssgRea 

"00000 0*“C30r-000*-*“00^00000«^000«^00 

3K¡!5SR8 5;SgíS8fegfeS|í|§3§í:8S§5iiS8:8Sa85K£:RRiS8 eo O' >o o co vo eo >o CO o o >o 00 sf >o oí co o ^ cd N.* sf >o s-V N.’ hJ isj o! ^ ^ ^ 
fO 
^ t07e?"!r!i;?°?i75?*0-'?-$a«SRi'r5'?5S$t;fü!R¥5 • f • . + .. + 1 I 1144.,, 4. 

in ^ ^ m «.Am ^ 

a 5Ki~Î!§SÎ«t8S0!i:«^-«?a7'f>Sf2 8:ft-sS!n5tSSRiM'0 

SSâa8CS5e5ÎSaRjgS88SiiQiicse8 58f:S!Sa?;!23R = 

'O O OCK li>«-O(MC0h»>000C0inirtN>«-N> • • . .' • • . . . ■'OON'O'O«—or^^ofooooojsd-o0 

8RS!9'?&S¡|f72KR2^Sg¿°^Vao:?:|¿|¿¿<s¿?-?-og¿ 

in c\j N- sj- «- (M O' K 'Í’ *- 

S ^S8! •- «“ *— (M ( 
f . O' ) ^ in ) vt ro 

>0(M '0 CO 0'00'8í$N.(^¡ »- COÏT» CK 
^S77^7g:73Ri;l77 32fcSR§7nJii|K,a;o 

’ ' ' • “-* 1 • • * • « i . i I i i , , O' • ■ rv i . ■>- 
O K o >t «- m 

srcotMNV^v-öcö^-KjfvjS^. _. N'in'OçoLnoosrcOinmfvjin .- _ r\j N- m . ^,.-,M. 10 w >o . o ■ O' «- >î ro m o«-ro»-r\j(\j'0'0 
tcâi 

ï >*• ><■ m m I 
) m m rsi o 

s îv ^ S 5 ® î O g M O' m «- 
ÍM 

^ ^ ^ ^ M (A (0 (A OOOO f- <- t- C_ <0 <0 (0 fl} 

OL ^ ë ^ ^ (A (A (A CA »OOOO > C- (- C- l_ CD CO (Q CO IQ 

OOOO CA • • • • •^OOOO 
< CA (A CA CA 
g. >< X X X fl) fl} C0 CD 

'522223 
ë 2.2.äs.« 
S-L-U^C.* CA CU O 0) fl) Il 

0> ,, 
Ë? ?■ g 
CA L- 

-n <0 
« 2 

P 

ï * O C 
Ji 
s a 

s s s s s°- s 
ü o o o o _ (- CQ 4-1 fl} fl) fl) 4) fl) • O _ -c x: x: x: û. t- . >0 )- >- t- »-</)< 1 

- .uñlh t\ . -1 «» S ^ F 

|o.88!8)CS5S 'PcNjincoincO'j-in'O 
Pi'oa^gss'st 
gÇgfg ss 

American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
96

A
J 

 1
12

.1
59

5E
 

1609 O. J. EGGEN: STAR STREAMS 1609 

Fig. 15. Color-luminosity array for the Arcturus group. 

seen in Fig. 17 where the radius of the tube of disrupted 
orbits is twice (—70 km/s) that of the HR 1614 group mem- 
bers (Fig. 14). 

3.3 Kapteyn’s Star Group 
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The most certain members of Kapteyn’s star group are 
listed in Table 11. Most of the proper motions are from 
Carlsberg meridian circle catalogues (e.g., Carlsberg 1988). 
The group members are shown in the (Mv,B-V) plane of 
Fig. 18 as closed (variables) and open circles. Also, the fi- 
ducial sequences of M3 (Sandage 1970) are shown by 
crosses with a cluster modulus of 14.90 mag and E(Z?— V) 
= 0.00 mag. A few blue stragglers, known to be cluster 

Table 10. Additional photometry of Arcturus group members. 
> (B2-V1)0 m2 (45-48)0 (42-45)0 (Cm)0 i0 (R-I)0 E(b-y) 

3266A 
ADS497B 

6734 
-10.249 
10785 

+ 33.529 
19735 
21543 
24616 
62301 
65583 
80811 

+48.1829 
90508 
94518 

102212 
104556 
108754 
121849 
124897 

G166-57 
134088 
145417 
149161 
153075 

153334 
176021 
177758 
181720 
196866 
199288 
208998 
213415 
219215 

+20.5292 
221830 

0T561 -0T284 
0.357 
0.909 
1.001 
0.379 
0.311 
0.451 
1.014 
0.367 
0.366 
1.134 
0.562 
0.430 
0.427 
0.882 
0.364 
0.520 
1.077 
0.352 
0.409 
0.379 
0.342 
0.361 
0.918 
0.359 
0.356 
0.471 
1.168 

-0.423 
-0.068 
0.118 

-0.447 
-0.499 
-0.370 
-0.113 
-0.439 
-0.469 
0.117 

-0.283 
-0.384 
-0.388 
-0.052 
-0.482 
-0.302 
0.169 

-0.470 
-0.376 
-0.470 
-0.484 
-0.463 
-0.022 
-0.475 
-0.455 
-0.332 
0.162 

11T17 
1.060 
1.033 
1.312 
1.030 
1.100 
1.059 
1.115 
1.017 
1.029 
1.357 
1.120 
1.063 
1.050 
1.277 

1.092 
1.350 
1.018 
1.025 
1.011 
1.016 
1.268 
1.011 
1.007 
1.071 
1.353 

0T785 
0.719 
0.642 
1.250 
0.622 
0.752 
0.719 
0.778 
0.619 
0.596 
1.297 
0.789 
0.713 
0.691 
1.026 

0.785 
1.315 
0.593 
0.626 
0.575 
0.591 
1.655 
0.596 
0.581 
0.769 
1.401 

0T105 5T70 
0.069 

7.75 
5.99 
6.58 
7.70 
8.25 
5.96 
7.92 
2.30 
8.41 
7.61 

0.288 
0.059 
0.060 
0.080 
0.095 
0.099 
0.060 
0.179 
0.065 
0.050 
0.077 
0.158 -1.12 

9.55 
7.61 
6.98 
3.38 
6.54 
6.60 
7.19 
6.80 
5.67 
6.14 
6.71 
9.14 
2.47 

0.090 
0.263 
0.078 
0.084 
0.077 
0.076 
0.189 
0.080 
0.088 
0.091 
0.269 

0.365 -0.438 1.024 0.599 0.067 6.36 

or ooo 
o.ooo 

0T325 0.000 
0.000 

0.210 0.000 
0.000 
0.040 

0.250 0.000 
0.300 0.000 

0.000 
0.275 0.000 
0.316 0.010 
0.820 0.000 
0.235 0.000 
0.213 0.000 
0.735 0.000 

0.000 
0.262 0.000 
0.237 0.000 
0.420 0.000 
0.630 0.000 
0.210 0.000 
0.330 0.000 
0.621 0.020 
0.225 0.000 
0.22 0.000 
0.198 0.000 
0.230 0.000 

0.000 
0.395 0.082 
0.223 0.000 
0.205 0.000 
0.275 0.000 
0.805 0.000 

0.000 
0.245 0.000 

Fig. 16. Spatial distribution of Arcturus group members. 

members (e.g., Sandage & Katum 1982) are also repre- 
sented. The luminosities in Table 11 are based on the cluster 
parallax from 

V= — 289—0.026X km/s, 

where X is the radial distance (parsecs) from the sun. The 
agreement with M3 in Fig. 18 is excellent except for a slight 
displacement of the subgiant and HB stars which may result 
from a slightly different age and/or metallicity. Table 12 
contains additional photometry of the stars in Table 11 and 
the Geneva photometry (B2—V7, d, m2) is shown in Figs. 19 
and 20. The d parameter is the luminosity indicator in that 
photometric system and, as seen in Fig. 19, the main se- 
quence, subgiant, and horizontal branch (HB) stars are well 

Fig. 17. Arcturus group members in (U,W) velocity space. 
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Table 12. Additional photometry for Kapteyn’s star group. 
~HD (B2-V1)0 d m2 (45-48)0 (42-45)0 (Cm)0 T0 (R-I)0 E(b-y) 
Name 

13979 0.461 
-30.1121 0.518 

21022 0.684 
G38-1 0.948 

25532 0.436 
33793 1.192 

-30.8626 0.534 
-4.3208 0.218 

G104 0.498 
110621 0.253 
111721 0.507 

G60-48 0.296 
-13.3834 0.376 

130095 -0.119 
161817 -0.004 
181007 0.498 
181743 0.266 
186478 0.625 
188031 0.249 

G24-3 0.283 
193242 0.519 

-62.1346 0.490 
208069 0.468 

G18-54 0.305 
215601 
215801 0.237 

-0.4470 0.464 

0*913 0T553 
0.735 -0.518 
0.877 -0.432 
0.291 -0.060 
0.926 -0.515 
0.247 -0.089 
0.878 -0.505 
0.857 -0.587 
0.476 -0.488 
0.800 -0.573 
0.638 -0.457 
0.688 -0.569 
0.601 -0.528 
1.664 -0.572 
1.605 -0.566 
0.661 -0.472 
0.676 -0.557 
0.852 -0.485 
0.801 -0.585 
0.712 -0.554 
0.717 -0.515 
0.745 -0.495 
0.705 -0.518 
0.731 -0.563 
0.848 -0.593 
0.474 -0.439 

1T086 O'î'493 
1.100 0.610 
1.200 0.671 
1.057 0.533 
1.313 1.584 
1.116 0.564 
0.957 0.416 
1.097 0.622 
0.966 0.451 
1.106 0.675 
1.004 0.472 
1.046 0.548 

1.103 0.657 
0.982 0.469 
1.154 0.623 
0.960 0.441 
0.981 0.461 
1.108 0.621 
1.068 0.647 
1.093 0.602 
0.984 0.479 
1.133 0.642 
0.973 0.429 
1.066 0.673 

-QF030 8T56 
-0.026 
-0.101 8.42 

9.62 
0.014 7.71 
0.069 7.00 

-0.040 8.87 
0.098 9.60 
0.003 10.73 
0.095 9.50 

-0.006 7.15 
0.045 
0.011 10.17 

-0.015 8.54 
0.079 9.36 

-0.120 8.10 
0.105 9.69 
0.095 10.05 

-0.027 8.24 
0.050 9.15 

-0.033 8.10 
0.084 10.25 

-0.038 7.75 
0.081 9.63 
0.001 9.33 

0T321 OTOOO 
0.020 

0.404 0.000 
0.600 0.000 
0.242 0.009 
0.815 0.000 
0.340 0.015 
0.200 0.000 
0.320 0.000 
0.195 0.015 
0.330 0.025 

0.000 
0.257 0.015 

0.040 
0.000 

0.305 0.080 
0.205 0.000 
0.463 0.000 
0.212 0.015 
0.207 0.010 
0.355 0.010 
0.290 0.000 
0.463 0.000 
0.214 0.010 
0.335 0.015 
0.196 0.015 
0.324 0.000 

Fig. 20. Metallicity calibration for Kapteyn’s star group members. 

+0.1 
Cm 

0 

-0.1 

Fig. 21. CN strengths of Kapteyn’s star group dwarfs (closed circles), sub- 
giants (crosses), and HB (open circles) members. 

0 0.2 0.4 0.6 0.8 1.0 1.2 

Fig. 18. Color-luminosity array for Kapteyn’s star group. 

X o « 
ST LEO 

csS® X 

O KAPTEYN’S STAR 
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w 

Fig. 19. Luminosity calibration for Kapteyn’s star group members. Fig. 22. The distribution of Kapteyn’s star group members in (U, W) space. 
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differentiated. The metallicity parameter, m2, is shown in 
Fig. 20 where the HB and subgiant stars are separated from 
the main sequence. The main sequence stars show a value of 
Am2~ 0.125 mag compared with the Hyades dwarfs. 

The labeled stars in Figs. 19 and 20 require notice. The 
Geneva photometry for HD 181743 in Fig. 19 needs to be 
confirmed because the equivalent diagram —y) of 
the Strömgren photometric system shows no discrepancy for 
this star. Also HD 13979, which is displaced in Fig. 20, 
shows no displacement from the other subgiants in the 
equivalent diagram, {[m^^b-y) for the Strömgren photo- 
metric system. The metallicity of these stars will be dis- 
cussed in detail elsewhere in connection with the Ross 451 
group of halo stars (Eggen 1996a). 

The CN strengths, Cm, are shown in Fig. 21 where the 
continuous line represents Hyades cluster dwarfs (Fig. 11). 
Both the giants and dwarfs in the halo population show a 
distinct difference in CN distribution, compared with disk 
objects. This effect was noted previously (Eggen 1990, Fig. 
3) and discussed on the basis of the differences in the envi- 
ronment at the birth of old disk and halo stars. The fact that 
this effect is seen in both giants and dwarfs eliminates the 
possibility that it is of evolutionary origin. The effect also 
identifies both the Arcturus group and the globular cluster 47 
Tue as old disk aggregates (Eggen 1990, Fig. 4). It is inter- 
esting to note that DDO photometry also enables young and 
old disk stars to be separated (Eggen 1995b). Explanations of 
these distinguishing features, which may depend on CN 
and/or CH abundances, will have strong influence in the un- 
derstanding of galactic structure. 

Fig. 23. The dependence on age of the metallicity (upper panel) and disper- 
sion of the {U,W) velocities (lower panel) for Solar Circle Stream stars. 

The distribution of the ( U, W) velocities is shown in Fig. 
22, where the cross sections of the HR 1614 group (Fig. 14) 
and the Arcturus group (Fig. 17) orbit tubes are also repre- 
sented. The ratios of the radii of these tubes is HR 1614/ 
Arcturus/Kapteyn’s star=35/70/160 and the radii doubles 
approximately every 5 giga years. The dispersions in the 
velocities are 

Group 
HR 1614 
Arcturus 
Kapteyn’s star 

[Fe/H] 
+0.1 
-0.5 
-1.5 

Age 
(yr.) 

4X109 

10X109 

15X109 

U 
+5 
-9 

+ 13 

V 
-59.5 

-110 
-288.5 

W 
-6 
-9 

-16 

<T(U) 
±17 
±36 
±82 

<r(E) 
±1.5 
±1.0 
±6.0 

a(W) 
±14 km/sec 

±36 
±67. 

The dispersion in F, of course, only represents that in X. The 
metallicity of the members of Kapteyn’s star group is uncer- 
tain (e.g., Eggen 1990) but [Fe/H]= —1.5 dex has been 
adopted here. The dependence of the enrichment of the pre- 
stellar material and of the dispersion of the ( U, W) velocities, 
on age is shown in Fig. 23 (e.g., Sandage 1987). 

4. SUMMARY 

In today’s vocabulary of stellar structure, the solar circle 
stream contains old thin disk (HR 1614), old thick disk 
(Arcturus), and halo (Kapteyn’s star) objects. The material 
that formed the oldest of these groups presumably was 
plunging toward what was to become the galactic center, 
along a path that would become the flattened disk and, 
although the stars continued on their highly eccentric orbits, 
the pileup of pre-stellar material caused a circularization of 
its orbit, reaching £ — 0.5 some 5 giga years later when 
the Arcturus group stars were formed and £ — 0.25 another 

6 giga years later when the HR 1614 group stars were 
produced. It is of some interest that stellar production in 
the stream apparently ceased after the birth of the uniquely 
strong CN stars of the HR 1614 group. Young disk stars 
with F—0 km/s are rare (e.g., Eggen 1994, Fig. 23; 1995b, 
Fig. 15). An interesting question is the possibility that the 
unique feature of strong CN in the last epoch of star forma- 
tion in the stream is connected with the lack of subsequent 
production. 

It can be assumed that events within a stream are influ- 
enced by the parameters of the presidiar material. The stars 
in Stream I (Hyades steam) reached [Fe/H]=0.1 dex only 
109 yr ago whereas those in Stream 0 (Pleiades), only 108 yr 
ago, and in Stream II (UMa), reached solar metallicity only 
5X109 yr ago. Our concept of stellar populations is based on 
the combined conditions within several streams and more 
multiple group streams, such as the Solar Circle Stream, are 
necessary for a clearer view of the situation. The search for 
such streams is an ongoing project. 
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