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ABSTRACT 

Radial velocity studies for five bright blue stragglers are 

reported and cluster membership is confirmed for four of them. Two 

of the stars show no significant radial velocity variations on a 

timescale of about 75 days and two others show no significant vari- 

ation on/ timescalesof 15 and 30 days respectively. The star for 

which cluster membership is uncertain may be a velocity variable. 

The data do not support the theory of blue straggler production in- 

volving mass transfer in a close binary. A spread in formation time 

of the stars in a cluster is shown to be a plausible explanation of 

the blue stragglers studied. 

I. INTRODUCTION 

This paper reports a test of the binary mass transfer explanation 

(e.g. McCrea 1964, van den Heuvel 1968) for blue stragglers (cluster 

members found above and blueward of the cluster turn -off in the H -R 

diagram). Strom and Strom (1970), using the image tube spectrograph 

on the KPNO 84 -inch (2.13m) telescope have studied the blue stragglers 

in NGC 7789, and conclude that all of the stragglers observed are 

velocity variables. While they derived no periods, the Stroms deduced 

that the data indicate periods on the order of one month or less and 

velocity amplitudes of about 20 -30 km /sec. To obtain more accurate 

results we studied the blue stragglers in NGC 6633, NGC 6475, and 

NGC 752, which are sufficiently bright that moderate dispersion (63A /mm) 

spectra can be obtained without an image tube. 
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II. THE CLUSTERS AND BLUE STRAGGLERS 

NGC 6633 -H32, NGC 6633 -H66, and NGC 6633 -H159 (numbers from 

Hiltner, Iriarte, and Johnson (1958) were selected for study on the 

basis of photometry and proper-motions. The HR diagram published by 

Hiltner et al. (1958) shows that these three stars lie above and 

blueward of the cluster turn-off at B-V a 0.22. Vasilevskis, Klemola, 

and Preston (1958) obtained relative proper-motions for stars in the 

region of this cluster, which indicate that the probability of member- 

ship of H32 is 0.82, while that for H66 is 0.73. H159, lying at 

the edge of the cluster, was not included in their study. Wallerstein, 

Westbrooke, and Hannibal (1963) quote a velocity of -22 km /sec for 

NGC 6633 -H116, one of the red giants in the cluster. 

NGC 6475 contains two blue stragglers which are K26 and K56 

in the list of Koelbloed (1959). Stromgren photometry obtained by 

M. Snowden (private communication) places them, respectively, 0.9 

and 0.45 magnitudes, in (u -b) blueward of the cluster turn-off. This 

color index was used instead of (b -v), as it is more sensitive to 

temperature for stars of early spectral type. The cluster radial 

velocity data of Abt et al. (1970) indicates that both blue straggler 

candidates are members. While their data indicate that the radial 

velocity of K56 is constant, they suggested that K26 might have a 

variable radial velocity, but could find no period. We, therefore, 

obtained 21 spectra of K26 in an attempt to confirm the variation 

and establish a period. 

One of the best known blue stragglers ij NGC 752 -Hm 209 (number 

is from Heinemann (1926) ). According to Roman (1955) and Ebbighausen 
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(1939) this star's spectroscopic parallax and proper motion both 

indicate that it is a cluster member. Rebeirot (1970) obtained a 

cluster velocity of +9 km /sec and a radial velocity of +8 km /sec for 

the blue straggler. 

III. OBSERVATIONS AND RESULTS 

The spectra for stars in NGC 6633 and NGC 752 were taken with the 

Cassegrain spectrograph and air Schmidt camera on the Steward Obser- 

vatory 90 -inch (2.3m) reflector. The dispersion used was 63A /mm and the 

spectra were widened 0.6 mm and 0.3 mm for NGC 6633 and NGC 752 respec- 

tively. Data for NGC 6475 -K26 were obtained with the Cassegrain spec- 

trograph on the 36 -inch (91 cm) telescope at Cerro Tololo; the spectra 

were widened 0.3 mm at a dispersion of 62A /mm. The lines used in 

the radial velocity determinations, depending on spectral type, included 

Xa 4471, 4026, and 3819 of HeI, the Balmer lines from Hy to H8; and the 

calcium K line. The stars were all fairly sharp lined, indicating slow 

rotation (V sin i < 80 km /sec). Radial velocity standards were observed 

each night during the observing program and indicated that no systematic 

corrections to the velocities were required. 

To obtain a cluster radial velocity for NGC 6633, we obtained 25 

spectra of 10 motion members, including three red giants. The 

average velocity was -24 ± 2 km s -1 which agrees well with the value 

of Wallerstein et al. (1963) for the single star. 

The radial velocity data for the various blue stragglers are 

presented in Table 1. On a night of observations usually two or three 

spectra were taken of the same star and a nightly mean velocity was 

then obtained. The number of spectra taken on a given night is denoted 

by N; and V and a are, respectively, the average velocity for the 



night and the standard deviation of velocity of the N. spectra. When 

only one spectrum of an object was obtained on a night the internal 

probable error is given as an estimate of a. The heliocentric Julian 

date is a mean value for the N spectra. Table 2 gives, for each 

blue straggler: the mean velocity V, averaged over all nights of 

observation, the standard deviation a- , of the nightly velocity 

values about the mean value, and the average value of the nightly 

standard deviations, < a >. In calculating the values in Table 2, 

each night was given equal weight; the values obtained by weighting 

each night by N produce essentially the same results. The value 

of the cluster radial velocity, C, is also shown in Table 2. For 

stars of constant radial velocity a- 
v 

should be of the order of <a >. 

As may be seen from the data in Table 2 NGC 6633 -H32, NGC -6633 -H66, 

NGC 6475 -K26 and NGC 752 -Hm209 are all definite cluster members on the 

basis of radial velocities. 

Comparisons of a- and < a > indicate that NGC 6633 -H32 and NGC 

6633 -H66 show no significant velocity variations (within the errors, 

3 km /sec) on a timescale of about 75 days. NGC 6475 -1126 shows no 

significant velocity variation on a timescale of 15 days. The constant 

velocity of K26 is consistent with previous measurements by Abt et el. 

(1970) where some small evidence of variability had been found, and 

with earlier measurements summarized by Abt and Biggs (1972, K26 HR6647). 

NGC 752 -Hm209 shows no significant velocity variation on the four 

nights it was observed and it has nearly the same average velocity as 

found by Rebeirot (1970) from his five spectra in 1968. 

NGC 6633 -H159 was observed on only two nights, but < a > is much 

smaller than the difference in radial velocities between the two 

nights. We therefore conclude that its radial velocity may be variable. 
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The second night's radial velocity coincides with the cluster velocity, 

so the star may be a member. 

Stromgren photometry of NGC 6633 (Hintzen and Scott, to be published) 

indicates the NGC 6633 -H32 (b -y = 0.091 + 0.007, a = 2.809 + 0.025) and 

NGC 6633 -H66 (b -y = 0.068, ß = 2.767) have log g values compatible with 

their apparent positions on the cluster's main sequence. Photometry for 

NGC 6633 -H159 has not yet been obtained. Also, Hensberge and van den 

Heuvel (private communication) report a log g value close to the main 

sequence for NGC 6475 -K26 while Strom, Strom and Bregman (1971) obtained 

a main sequence mass for NGC 752 -Hm 209. 

IV. DISCUSSION 

The spectra and gravities of the blue stragglers we have studied 

indicate that they are "classical" blue stragglers, apparently similar 

to those studied by Strom and Strom (1970) in NGC 7789. However, 

whereas Strom and Strom found velocity variations of order 25 km /sec 

on a timescale of 30 days or less, we have found a significant velocity 

variation in at most one of the five stars studied. In addition, the 

evidence from earlier data suggests that NGC 6475 -K26 and NGC 752 -Hm 209 

have had constant velocities for several years. Our result is consis- 

tent with the findings of Abt et al. (1970) for NGC 6475 -K56 and Hensberge, 

van den Heuvel, Conti and Stickland (1974), for NGC 6475 -K26 and for 40 

Cnc in Praesepe and 68 Tau in the Hyades, where no velocity variations 

were found. 

Typical parameters appropriate to binary mass- exchange blue strag- 

glers have been conveniently summarized by Refsdal and Weigert (1971), 

who suggest that a "typical" blue straggler might have a period of about 

35 days and a velocity semi -amplitude of about 10 km /sec. It is, of 
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course, possible that the four blue stragglers with apparently constant 

velocity which we have observed are indeed binaries but have orbital 

planes inclined at a large angle with respect to the normal to the plane 

of the sky or are binaries of very long period (years) and very small 

velocity amplitude. We suggest that this is unlikely and conclude that 

there is not yet definitive evidence to suggest that all blue stragglers 

are binaries. 

Since the stars here show main -sequence gravity characteristics 

the explanation that they are highly evolved horizontal branch objects 

may be ruled out. The most plausible explanation for the HR diagram 

positions for the stars we have observed is simply that they formed 

later than these stars which presently populate the turn -off point 

region in the HR diagram. 

In Table 3, tc is the age of the cluster deduced from the value of 

(B -V) at the turn-off point. The Teff (B -V) calibration of Morton 

and Adams (1968) was used together with Population I evolutionary tracks 

from Iben (1967) and Hejlesen, Jorgensen, Petersen and Romcke (1972). 

The values of t are in good agreement with estimates by Hiltner et al. 

(1958), Conti and van den Heuvel (1970), and Arp (1962). Our values do 

not agree with the low figures quoted by Barbaro, Dallaportd and Nobili 

(1967) who fitted the sparsely populated giant branch. 

We have calculated the approximate ratio of the ages of the blue 

stragglers and their parent clusters, tBS /tC, in two ways, by using the 

relative values of luminosity and (B -V) of the blue straggler and the 

turn-off point. The two estimates tBs /tc[L] and tBS /tC[B -V] are given 

separately in Table 3. For tBS /tc[L] we used a main- sequence mass - 

luminosity relation of L a M4 and for tBS /tC[B -V] we used the same 

- 
Teff (B -V) relation and evolutionary tracks as above. For two stars 
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the relative ages deduced by the two techniques are in good agreement. 

For NGC 6633 -H32 tBS 
/tC[L] « tBS /tCIB -V] which indicates that the blue 

straggler is much too luminous for its main- sequence color. We suggest 

that this object is evolved, has exhausted central hydrogen and has re- 

appeared near the age -zero main sequence after its overall contraction 

phase; it is at the place of shell hydrogen ignition. If this suggestion 

is correct then the approximate value of its age can be deduced from its 

value of (B -V) with respect to the burn -off value and a knowledge of the 

time spent traversing the overall- contraction phase track in the HR dia- 

gram. We find tBs /tC - 0.8 - 0.9 by this method. For NGC 6475 -K26 

tBS 
/tC[L] » 

tBS 
/tCfB -V] which indicates that the blue straggler is much 

too blue for its main- sequence luminosity. When compared with other 

cluster members the simple explanation is in terms of relatively very 

late formation and the correct age is deduced from [B -V]. 

The quantity tBS /tC has the advantage of being independent of 

uncertainties in distance to the cluster, chemical composition and 

reddening. tc is subject to such uncertainties. The last column of 

Table 3 gives the "straggle- time ", (tc - tBs) which is the amount of 

time later that the blue straggler must have formed, with respect to 

those members of the cluster which now constitute the turn -off region, 

in order that it has not yet evolved away from the main -sequence band. 

The "straggle times" are in the range (1 -4) x 108y, which suggests 

that the hypothesis of non - coeval formation is plausible. Kraft and 

Greenstein (1969) give evidence which suggests a spread of - 109 y in 

formation time for the Hyades, whereas a spread of about a few times 

108y is indicated for "younger" cluster (Iben and Talbot 1966). We 

note, however, the difficulty of accurately estimating a spread in 

formation time due to uncertainties in estimates of contraction time 
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deduced from stars near the lower main -sequence which may be surrounded 

by shells or discs. We also note that the existence of a "straggle- time" 

can be important in cluster age determinations. 

We conclude that there appear to be some blue stragglers which do 

not show radial velocity variations with the amplitudes and periods 

predicted by the binary mass- exchange theory, and that it is not incon- 

sistent that some blue stragglers were late formers. 

Additional observational data would be useful not only to confirm 

the results found here, but also to widen the investigation to further 

clusters. 

We are grateful to the Director and the Observing Committee for 

allocating us time on the 90 -inch telescope. JW thanks the Director 

and Staff of the Cerro Tololo Inter -American Observatory for observing 

time and hospitality in Chile and also Sres Gonzales, Saa and Czuia, 

with whom he observed, for their assistance. We thank KPNO for the use 

of their measuring facilities and Drs. Abt, Levy and Hoag for their help 

and advice. Drs. Conti, Hensberge, van den Heuvel, Snowden and Stickland 

kindly allowed us to make use of their unpublished data. Discussions 

with Drs. Strittmatter, K. Strom and S. Strom were especially helpful in 

preparing the manuscript. Discussions with Drs. Cannon, Geary and 

Rosendhal generated our initial interest in blue straggler stars. 
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TABLE 1 

RADIAL VELOCITY. MEASUREMENTS: OF BLUE STRAGGLERS 

Plate Hel. JD N V a 

(2441 000.0+) s 1 á 1 

NGC 6633 - H32 

597 abc 870.9 3 -24.6 2.5 

604 ac 878.8 2 -18.2 2.0 
619 cd 885.9 2 -27.4 2.5 
624 abc 912.7 3 -21.8 2.9 
626 def 913.7 3 -28.0 2.7 
629 cd 941.6 2 -27.6 2.6 
636 cd 942.7 2 .17.3 3.5 
641 ab 943.6 2 -22.0 2.2 

NGC 6633 - H66 

597 d 870.9 1 -23.4 3.2 
599 a 871.9 1 -18.5 4.4 
600 abc 872.7 3 -27.1 2.9 
605 abc 878.9 3 -20.5 2.2 
619 ab 885.9 2 -24.9 2.8 
623 abc 912.7 3 -28.6 2.5 
626 abc 913.7 3 -23.0 2.7 
629 ab 941.6 2 -20.5 3:1 
636 ab 942.7 2 -17.3 3.0 
640 ab 943.6 2 -22.9 2.8 

NGC 6633 - H159 

601 abc 872.8 3 -39.0 1.0 
641 d 943.6 1 -25.8 2.5 



NGC 752 - Hm209 

CS 625 def 912.9 3 +10.1 1.0 
628 ab 913.9 2 + 4.4 2.4 
631 def 941.8 3 +15.8 3.5 
643 abc 943.8 3 +14.2 3.1 

NGC 6475 - K26 

A 2664 ab 957.5 2 -12.9 3.7 
2669 ab 958.5 2 -16.6 2.2 
2671 ab 963.5 2 -11.3 4.2 
2685 a 966.5 1 - 7.3 4.2 
2691 abc 967.5 3 -14.3 1.9 
2696 bc 968.5 2 -10.5 0.9 

2702 abc 969.5 3 -17.9 2.6 
2708 abc 970.5 3 -11.8 1.3 
2711 abc 970.6 3 - 9.5 4.1 
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TABLE 2 

VELOCITY PARAMETERS FOR BLUE STRAGGLERS 

Star V t Q> C 

NGC 6633-H32 -23.4 3.9 2.6 -24 

NGC 6633-H66 -22.6 3.4 3.0 -24 

NGC 6633-H159 -32.4 6.6 1.8 -24 

NGC 759-Hm209 +11.3 4.5 2.5 + 9 

NGC 6475-K26 -12.5 3.3 2.8 -14 



TABLE 3 
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AGE PARAMETERS FOR BLUE STRAGGLERS 

Star tC tBSAL] BSjB tBS( adopted) Etc tBS] 

8 
10 

8 
C C C 

8 
10 

8 

6633 -H32 9 0.4 0.7 0.8 -0.9 1 - 2 

6633 -1166 9 0.6 0.6 0.6 3.6 

6475 -K26 3 0.7 0.3 0.3 2 

752 -11m209 8 0.5 0.6 0.6 3.2 
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