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Abstract. Itis proposed that the gap observed in the horizontal The presence of a gap in such a variety of physical condi-
branch sequence of many globular clusterd3at V' about tions, and at the same location in the CM diagram, is difficult to
zero is due to a surface phenomenon. Stars on the hotter sidderstand in terms of some peculiar feature in stellar structure
of the gap <T.g = 10000 K — have an atmospheric chemicair in the mass loss process, as it has been recognized by all
composition altered as in peculiar A and B stars. The appearanesearchers on the subject (see, f.e., Sosin et al. 1997, Ferraro
of a convective regime in the surface layers at the temperatetel. 1998)

and gravity of the gap cancel the peculiarities: itis proposed that

the ensuing changes in surface physical conditions give originpossible origins of the gap

to the observed gap.
gap 2.1. The gap and mass loss

Key words: Galaxy: globular clusters: general — star§f mass loss during red giant evolution gives origin to the gap,
horizontal-branch — stars: chemically peculiar the mechanism should be finely tuned with [Fe/H], since the gap
is located atB — V' ~ 0 in clusters with different metal content
and the HB mass at a given colour is a function of [Fe/H].

1. Introduction Also the indifference of the gap to cluster central density

argues against an origin from mass loss. There are by now clear

Non uniform star distributions are evident in many horizontg)gications that the environment in the cluster has a substantial
branches (see, e.g., Crocker et al. 1988). Here we examineifiigience on HB morphology. A dense environment appears to
gap atB — V' ~ 0 that shows up in the horizontal branch (HB}ayour mass loss, at least in the sense of increasing the spread

of many clusters. A detailed example is described by Walkgfyards the largest losses (see Buonanno et al. 1985; 1997 and

(1994, Fig. 13) for M68: a group of eight HB stars are distinctlysferences therein). Therefore, if mass loss is enhanced by in-
separated from the remainder (S1) of the blue HB membefg;actions in dense cores, it appears unlikely that a gap in mass
with the gap occurring @ — V'~ 0.0, ranging fromV = Vi could be mantained in the horizontal branches of post-core col-
+0.5t0Vup + 0.7 (see Fig. 1). lapse clusters such as M15 or M30. If some physical effect,
A similar gap, that is, at about the same colour and Wilfiive during the red giant evolution, requires the formation of
the same magnitude width, shows up in a wide variety of Hgq gap aBB — V ~ 0in the HB population, the mass loss due to

morphologies, as it appears from the list of the clusters in whighy jndependent mechanism of gravitational interactions should
available photometry allows to recognize its presence (Table dnear it out.

We notice some facts:

— the gap is present in clusters of very different heavy elemeh. The gap and stellar evolution

content, from the most metal poor (NGC 5053, M68) to
intermediate and metal rich (M13, NGC 1851); Ithas been suggested (Newell 1973, Lee et al. 1988) that changes

— the gap is present in clusters of very different total mass aWothe evolutionary pattern for stars leaving the zero age HB can

degree of central concentration, from the small and spa%}ée origin to the gap mentioned above. In our recent compu-

NGC 5053 to the massive and post-core collapse M15; tations (Mazzitelli et al. 1995, Caloi et al. 1997) we did not

— the gap is found also in a cluster (Terzan 8) belonging 1diqd obvious pattern changes at temperatures alifug (cor-

satellite of the Milky Way, the dwarf spheroidal galaxy "{espondlng toB — V = 0) for all chemical compositions. In
any case, in all available tracks for very metal poor structures

Sagittarius; 42 7 <310-Y) th . h in th |
— below the gap there may be few stars or large part of the I-Q%) < Z = 3107%) there is no change in the patter_n along
population. which the models evolve out of the zero age HB at the indicated

temperature. So at least for very metal poor clusters such an
Send offprint requests 1. Caloi explanation is not applicable. Given the strict similarity among
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Table 1. A list of clusters which show clearly a gap in the HB star distributioBat V' ~ 0. The values of [Fe/H] are from Zinn 1985, except
for Terzan 8 (Da Costa & Armandroff 1995); total visual magnitudes are from Djorgovski 1993; central concentrations from Trager et al. 1993.

Name [Fe/H] M, c Ref. CMD

NGC 288 —1.40 —6.63 0.96 Buonanno et al. 1984

NGC 1851 -1.33 -8.39 2.24 Parise et al. 1994

NGC 1904 —1.68 —7.90 1.72 Kravtsov et al. 1997

NGC 2419 -2.10 —9.53 1.40 Harris et al. 1997

NGC 4590 M68 —-2.09 -7.73 1.64 Walker 1994

NGC 5053 —2.58 —-7.07 0.82 Sarajedini & Milone 1995

NGC 5897 —1.68 —7.27 0.79 Ferraro et al. 1992

NGC 5904 M5 —1.40 —-8.82 1.87 Brocato et al. 1995

NGC 6205 M13 —-1.65 —-8.51 1.49 Arp & Johnson 1955; Paltrinieri et al. 1998
NGC 6341 M92 —2.24 —7.92 1.81 Sandage 1970; Buonanno et al. 1985
Terzan 8 —1.99 -5.01 0.60 Montegriffo et al. 1998

NGC 7078 M15 —-2.15 —-9.00 2.50 Buonanno et al. 1985

NGC 7099 M30 —-2.13 —7.61 2.50 Buonanno et al. 1988 (Field 1)

gaps in clusters of widely differing metal content, we tend to
exclude such an explanation also for less metal poor systems.
There is another difficulty for what concerns stellar evo- °
lution. Let us consider M68 (Walker 1994) and the tracks by |
Mazzitelli et al. (1995) and Caloi et al. (1997, but see also Dor-
man etal. 1993, Sweigart 1987, Lee & Demarque 1990)fer
0.0003. The comparison with the CM diagram of M68 in Fig. 1
(from Figs. 13 and 16 in Walker's paper) suggests star masses
below the gap of about 0.645-0.88., while above the gap &
masses appear to be0.665M . A similar mass gap of about
0.015M, has been estimated by Walker (1994) on the basis of
Dorman (1992) tracks. 2k
The dots on the track for 0.644, are placed at the position
ofthe zero age and atintervals of 10 Myr; the track ends atan age
of 67 Myr, when central helium abundance is 0.10 (by mass). [ .
In the extreme hypothesis that the clump of 7—8 stars below the [ 168 Walker 1984
gap is due to the evolution of one single mass, we would expect 3 (=¥ = 1523 E(B-V) = 0.07 1
to find in the gap 2-3 stars. A mass spread up to 8/65wvould [ 770003 ¥ =024
be sufficient to fill completely the gap. We are dealing with the .
statistics of small numbers, but al clusters the gap appears ° B_vV 0 !
neatly defined (devoid of stars). In particular, this is the case of

NGC 5053, in which the gap isolates a small clump of 8 StaI@Q- 1. The HB of M68 from Walker 1994 with superimposed tracks
exactly as in M68 (Sarajedini & Milone 1995). from Mazzitelli et al. 1995; tracks for the lowest masses (0.645 and

Clusters with a substantial population below the gap, rea 665Mo) shown in th? figure have been computed for the occasion.
ots indicate steps afo’ yr.

ing high effective temperatures (such as M15), could develop a
zone of avoidance (but not as clean as the observed ones) if the

mass distribution on the HB would present an interruption ¢ the surface layers which alter colours and magnitude in stars

3. The atmospheric connection 3.1. Some properties of CP stars

If dynamical or structural causes for the avoidance of the HB give an idea of the situation we expect, we recall briefly some
region aroundB — V) ~ 0 are excluded, we are left witlt- properties of Population | chemically peculiar (CP) stars.

mosphericphenomena, characteristic of conditions prevailing Chemically peculiar stars are mostly found among main se-
at these temperatures. This means that we look for disturbangeence members of spectral type A and late B. It was early rec-
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ognized that the changes in atmospheric composition indugadnt appears to barely reach the solar abundance, while much
by element diffusion may affect stellar photometric propertigsgher abundances are generally found in Pop. | peculiar stars.
(Deutsch 1947). The main observed effects are an ultraviolet Also the continuum depressions are not evident. So the main
flux deficiency (Leckrone 1973), because of the increased opdiscrepancies found in CP Pop. | stars seem to be absent, but we
ity in the ultraviolet spectral region, and the formation of broathave to stress that the level of precision reached in the analysis of
continuous absorption features &at4200, 5300 and 6300 A main sequence CP Pop. | atmospheres has not yet been attained
(Maitzen & Moffat 1972, Adelman 1975). in the case of hot HB objects. In any case, there are some hints

As a consequence, the overall flux distribution of a cherof discrepancy among temperature estimates from photometric
ically peculiar star may depart from the one of a normal maindices, UV continuum, visual continuum and Balmer lines.
sequence star with the same total flux. Many photometric imhey will be discussed later, after a brief description of current
dices are altered, due to the strong blanketing originating froriews on the causes of chemical peculiarities in HB stars.
the ultraviolet flux deficiency mentioned above and to the broad
depressionsinthe continuum. In particular, the broad depres
at 5200 A is reported to alter the flux in theandy filters (Ger-
baldi et al. 1974, Hauck & North 1982, Stepien & Dominiczak
1989); the effect on the continuum of peculiar stars is showdglium underabundance is generally understood in terms of he-
f.e., in Adelman (1975). lium sedimentation (Greenstein et al. 1967), while a radiative

For all these reasons it may be necessary to distinguish beeeleration larger than gravity accounts for — at least in prin-
tween effective temperature, which is a measure of the totiple — the overabundance of the heavy elements (Michaud et
luminosity of the stars, and the temperature of the line forrat. 1983). The situation expected in HB stars is illustrated by
ing region, the latter being the temperature that must be usedviicthaud et al. (1983) foZ = 0.0001 and” = 0.20. For the 0.74
atmospheric modeling and abundance analysis (Wolff 1983));, model ([.x = 6300K, logg = 2.9) the effects of helium

Ithas been known for along time that Population Il stars ma}ffusion show up on a time scale comparable to the HB lifetime
present the same peculiarities in chemical composition found@bout10® yr), while the surface helium abundance in the 0.66
Population | Bp and Ap stars (Sargent & Searle 1967, Baschek\d, model (¢ = 8400K, logg = 3.4) declines substantially
Sargent 1976 and references therein). The Pop. Il stars involedbout107 yr, even in presence of some turbulence. For lower
were field blue horizontal branch objects; a general helium an@sses, the efficiency of sedimentation increases.
carbon deficiency is coupled to an overabundance of a variety As for the heavy elements, the radiative acceleration on them
of heavy elements such as Si, P, Fe, Mn etc. is found to be much larger than gravity, mainly because of the

As expected, also hot HB stars have been observed to exhilsilerabundance with respect to the sun. This fact desaturates
similar peculiarities. Helium underabundance has been foundfie lines and leads to large radiative accelerations: large over-
HB stars of the cluster NGC 6752 (Heber et al. 1986); for ordundances are therefore possible (a faidy (Michaud et al.
of these starsTi,z = 16000 K) the underabundance has bee983). Detailed estimates for the various elements as function
confirmed by Glaspey et al. (1989), who found also a strowfjstellar mass and surface temperature are not yet available. Be-
overabundance of Fe by a factor of at least 50 compared to #iee the theoretical difficulties, one meets with the uncertainties
cluster metallicity. No anomalies, or at least not as strong, were the depth of the hydrogen and helium convection zones, the
observed in a star in the same cluster Witk = 10000 K. Also amount of turbulence, the rotational velocity, the efficiency of
Lambert et al. (1992) found a composition consistent with tiass loss etc. According to Vauclair et al. (1974) diffusion be-
cluster metallicity in a star witi.g = 9000 in NGC 6397. gins to be effective at a temperaturel0000 K. Michaud et al.

At variance with the situation in Pop. I, no substantial UY1983) consider most unlikely the formation of large anomalies
deficiency has been observed in hot HB stars. For the chemicétly T.¢ < 6000 K; more stringent constraints are prevented by
peculiar halo HB star Feige 86 (Sargent & Searle 1967), thee lack of knowledge quoted above on the status of motion of
T.g estimated from the visual spectrum (17500 K; Baschek e outer stellar layers (see also Charbonneau & Michaud 1988).
Sargent 1976) turns out very close to the one determined from Some estimates exist for the effects of meridional circu-
the energy distribution in the wavelength interval 1200—-3000IlAtion on diffusion efficiency. Michaud (1982) finds a strong
by thelnternational Ultraviolet Exploref18000 K; Hack 1979, decrease with decreasing gravity of the maximum rotational
1980). velocity still allowing helium sedimentation (90 ksn! if log

The availabléUE spectra for globular cluster blue HB memy = 4.4, 4kms~! if log g = 3.5), in the case of main sequence
bers (Heber et al. 1986; Cacciari et al. 1995; de Boer et al. 1985rs. Similar calculations are not available for HB stars, but the
show minor deviations (if any) from the predictions of Kurucztualitative behaviour should be the same. Glaspey et al. (1989)
models (1979, 1993), for temperatures determined from (or cdimd, for the hotter star in NGC 6752 (¢ = 16000 K),v sini
sistent with) the continuum level in the visual range and Balmer 15kms~!, and for the cooler on€l{g = 10000K), 30 ¢
line profiles. Substantial deviations in the UV like those ol0) kms~1: actually, as mentioned above, Fe overabundance is
served in Pop. | stars (Leckrone 1973, Stepien & Dominiczakserved only in the hotter object.

1989) are not encountered, probably because the metal enrich-

SPY Theoretical interpretation
of chemical peculiarities in HB stars
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4. Above and below the gap not correspond to the composition peculiarities observed in the

star, the estimates for temperature and gravity may turn out sub-
In the accurate photometry by Walker (1994) for M68, the g antially different from the estimates with model atmospheres

Cponing 1615 = 11000 K (Kurcz nansformations 1993 o 00N the cortect (observec) compositon.
P g tolemr = ( As a general feature, helium deficiency tends to compensate

[Fe/H] = —2). Moehler et al. (1994) find indication for a low . S
temperature aap in the HB of NGC 6752 at LG 4.08 for metal over—abundance effects, so that various combinations
peralure gap | G ~ <. of under— and over—estimates are possible. In particular, when

(1.2000 K). Of the_ two stars .S.IUd'ed by Glaspey etal, the % atmosphere shows a strong metal enrichment and a slight
without substantial composition anomalies lies above the 9R,

atT.¢ = 10000 K, while the one with a strong Fe overabunda Qium depletion, both temperature and gravity are underesti-

lies below afl’.; = 16000 K. Other clusters confirm the positior?ﬁ)ated' For star HD 175362, with 10 times the solar metallicity

of the gap: Crocker et al. (1988) estimafe; ~ 11-12000 K andny./niot = 0.05, the temperature obtained assuming in the

S L atmospheric model the observed composition is 14600K (in-
for NGC 288, while in M15 the gap is given @t ~ 10000 K . :
(Moehler et al. 1994, 1995). stead of 13600K, solar composition). As for the gravity, the

So there are indications that: the gap is located at a te(fnStlmate of log) moves from 3.45 (solar composition) to 3.70

. e ) _~(observed composition).
perature for which diffusion in HB stars begins to be effectiv The estimates by Heber et al. (1986) and Caloi et al. (1986)

and stars afl.4's lower than this critical one do not develop how that, in the (exclusively) blue HB of NGC 6752, helium
abundance anomalies in the atmosphere, while stars with hig &rjndanc’e decreases with increasing gravity i /(7”;H "
Teq’s do. Thg gap itself would take ongin by theldlsappear_ap%e <)=0.03 for logg = 4, y ~ 0.0003 for logg > 5). For star
(through mixing) of surface composition anomalies. The mixi 83 in this clusterl.q = 16000K, logg = 4), Heber et al. give
would be induced by changes taking place in stel_lar structure. 0.03. and Glaspeey et al (198,9) estima{te aFe enh;';mcement
and atmosphere when, during evolution, the effective tempe & 30 to 150 times the original cluster abundance ([Fe/H] =
_ture becomes Iowc_ar th"?‘” about 10_120(.)0 K. Such changes 9‘TS): sSo we are in presence of a strong metal enrichment and
include an increasing size of the convective zone(s), an mcre:g\%sr%"d helium deficiency, as in HD 175362

in turbulence and mass loss, a decrease in surface gravity, etc. - .
9 y We can assume that an atmospheric analysis performed

We suggest that CP stars exhibit sufficient “iregular feFi‘/\'/ithouttaking into account such chemical peculiarities is likely

tures in their photometric and spectral properties that the retlt|(r)n ive results deviating from the behavidliis vs log g ex-
to normality may imply observable discontinuities not only, as g 9 ff 99

obvious, in their spectral characteristics, but also in the pho ected in blue HB stars, in the sense remarked by the authors
N r spectr P € PO ®ioted above, that is, gravities too low at a given temperature.
metric ones. It is possible that some such discrepancies in

e . . . .
atmospheric properties of HB objects located below the 988e normal behaviour of B subdwarfs with their large helium
have already been observed.

pletion is also understood in this context, given the compen-
Many authors have found that blue HB stars tend to lie abo?%ﬂnﬁeiﬁﬁ:ﬁeeﬁgﬁsn metal enhancement (supposedly present)

the zero age HB locus, in the plaifigr—log g. The shift appears Y.

on the average more pronounced for temperatures greater than _

~ 13000K; for temperatures about 20000K (the subdwarf® Conclusion

region) the discrepancy disappears (Crocker et al. 1988, Rqpd proposed that the origin of the gap observeBatV about

& Crocker 1988, de Boer at al. 1995, Moehler et al. 1995). ¢ i the horizontal branch sequence of many globular clusters
In their analysis of blue HB stars in M15, Moehler et alg q,e t aratmospheriphenomenon. The stars below the gap

(1995) derive temperatures from the Balmer lines which aggye their flux distribution altered by the chemical peculiarities

systematically hotter than those derived from the Balmer contiffy,,ceq by settling and radiation pressure. The disappearance of

uum, with differences up to 4-5000 K (in the range 16-20000 {050 peculiarities, due to the mixing of the atmospheric layers

Balmer line scale). Regarding M3, Cacciari et al. (1995) comgt 5 gyrface temperature of about 10000 K, gives origin to the
pare their values df . derived from the UV continuumE avoidance region in question.

observations) with estimates by Crocker et al. (1988) using the Admittedly, the reasons in favour of such an explanation for

continuum and the Balmer lines, and find that these latter OnRs gap atB — V =~ 0 are at present rather speculative. The
are on the average hotter of about 1400K (in the range 197

= ) -Ttypothesis can easily be verified with the acquisition of high

15000 K). Fr_om_Crocker etal’s dataitis not possﬂqle to deci persion spectra of objects just below and above the gap.
whether their higher temperatures are to be attributed to the
continuum or to the lines. Acknowledgementd. would like to thank the referee Dr. Allen
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