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Abstract. Previous studies of visible-region high-excitatiorthe strong overabundance of the rare element gallium (Z = 31).
lines of Gai in HgMn stars have usually concluded that thesEhe story of the discovery and analysis of B optical spec-
lines (\\4251-4262 and6334) yield abundance estimates fotra of HgMn and related stars dates from the work of Bidelman
gallium~1 dex greater than the UV resonance lines. Of the eix- 1960, as reported by Jugaku et lal (1961) and Bidelman &
planations proposed in the literature, we find that the preser@erliss (1962).
of hyperfine structure (hfs) in the lines is the most likely. We  Authors of several recent studies of abundances in HgMn
analyse Lick HamiltorEchelle CCD spectra by spectrum synstars have commented on the apparently intractahldex dif-
thesis with the code UCLSYN. Using the Bidelman & Corlisgerence in the abundance of gallium deduced from the UV reso-
(1962) measurements of hfs in @aand the calculations givennance transitions of Gaand Gair and that deduced from the
by Lanz et al.[(1993), with the oscillator strengths by Ryabchtiigh-excitation €; ~ 13 — 14 eV) lines seen in the visible re-
kova & Smirnov(1994), we determine a difference in abundanggn of the spectrum (Lanz et &I 1993; Ryabchikova & Smirnov
(visual-UV) of only 0.2 dex. Of this difference, about 0.1 deX994; SmitH 1995; Smith 1996a). This is especially noticeable
can be explained by the simplified approximation to the trig stars with the highest UV Ga abundances (Takada-Hidai et
hfs, which can be estimated theoretically, and the remaining @1/1986, their Table 4). Lanz et al. considered the effects of
dex can probably be accounted for by the stratification of Ggperfine structure on6334 (4s5s°S;—4s5p3P5) in detail,
found by Smith[(1995, 1996b). We conclude that the visibl®ut concluded that the LTE abundance difference deduced from
region and UV abundances are in agreement within the erresgl and ultraviolet transitions remainedl dex, with the UV
of the determinations, and that the anomaly previously foua#hservations consistently giving the lower abundance. Ryabchi-
by several investigations is an artifact of the simplified atomi®va & Smirnov considered both the 2B0—-4f3F and 4d D—4f
line structures assumed, or results from the use of very differépt (\\4250-4262) and th&6334 lines with revised oscillator
gf-values from those adopted here. strengths and concluded again that there was an abundance dif-
ference ink Cnc of more than an order of magnitude between
Key words: stars: abundances — stars: chemically peculiartheir results and those of Takada-Hidai et/al. (1986) in the UV.
stars: rotation — atomic data Although Adelman[(199Z, 1994) did not comment directly on
the UV-visible difference, the Ga abundances given in his pa-
pers and in Ryabchikova et &l. (1996) lend support to claims of
1. Introduction a difference which ranges up to 1 dex in the stars with the

] strongest lines. These data suggest that the difference falls to
The HgMn stars are considered by many researchers a nearly 3 gex in stars with detected but weak Géines.
ideal natural laboratory in which to study the effects of radiative Smith [1995) re-examined the problem of the derivation

diffusion and gravitational settling in relatively quiescent steb—f Ga abundances from the UV resonance lines ofiGad

lar atmospheres without complications due to rapid rotatiogam and demonstrated that @a\1495 shows an anomaly
high microturbulence and strong magnetic fields (Vauclair ﬁ" its profile when analysed under the assumptions of LTE and
Vauclair[1982; Smith 1996b). They may also be useful in es bmogeneous abundance with depth, but that this anomaly is
mating atomic data (Lariz 1905). During the evolution of su moved when one relaxes the assumption of homogeneity and
stars, their surface abundances change in striking ways, 'ea‘ﬂﬂ&Ns Gato be concentrated in a cloud with a lower base around
to abundance enhancements of some rare elements by factoggo;lower ~ 0.0 and an upper bound arouRd (+ = T5000). He
10°~, and to more subtle anomalies in many of the more abul), onsidered whether his stratification model could account
dant elements (Smith & Dworet§|<y 1993; S,m't,h 1996D). O'?Sr the difference between the UV and visual-region abundance
of the best-known and well-studied anomalies in these Star§dsyits and concluded that it cannot. In a second paper on the

Send offprint requests 1M.M. Dworetsky (mmd@star.ucl.ac.uk) ~ abundances of Ga from IUE observations of HgMn stars (Smith
* Guest Observer, Lick Observatory 19964), he demonstrated that stratification could not account for
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differences of more thar 0.1 dex, which falls far short of the Table 1. Stellar parametets
discrepancy.

It would help to give a name to this stubborn anomaly; letStar HD  Ten logg & wvsind”
us call it “The Gallium Problem.” It is the reported difference of — 7 (1*;)150 (cm Z 02) 70
about 1 dex between abundances for Ga derived from UV res@- ~S¢ : ' :
3 Tau 27295 12000 4.25 0.0 6.5

n;nce I!nes and from V|§ual Wavelengt'h features'. Explanqt|92/§Lep 33904 12800 385 00 155
0 ere_d |n(_:lude stratification effects, which according to Smﬂh_ HR 1800 35548 11050 3.80 05 30
mvestlgatlo_nS cannot be the cause; non-LTE effects, for wh|(_:lg3 Gem 49606 14400 3.85 05 220
no calculations have yet been done; and the neglect of hyperfings 2676 53929 14050 3.60 10 250
structure, as suggested by Smith (1996a), although Lanz et 8dr 2844 58661 13460 3.80 05 27.0
included it explicitly yet the Gallium Problem remained. x Cnc 78316 13500 3.80 0.0 7.0

In this paper we follow Smith’s suggestion by analysing36 Lyn 79158 13700 3.65 20 49.0
our CCD échelle spectra of the HgMn stars of the Smith & v Her 144206 12000 3.80 0.6 9.0
Dworetsky {1998) sample under the assumption that hyperfine Her 145389 11650  4.00 04 101
structure in the\A\4250-4262 and6334 lines needs to be mod- 28 Her 149121 11000 380 0.0  10.0
elled explicitly, in order to see if it could account for the Gallium HR 6997 172044 14500 3.90 15 360

o . 112 Her 174933 13100 4.10 0.0 55

Problem and resolve it without resort to any other expl::matlonr_|R 7143 175640 12100 4.00 10 50
We show (or)cg a further allowance is me}de for bleqdlng fgaHR 7361 182308 13650 355 0.0 8.2
tUrES) that this is indeed the case. RyabChlkova & Smirnov—in §6 Aq' 186122 13000 3.65 0.0 3.0
note added in proof to their paper—have already suggested thak 7664 190229 13200 3.60 0.8 8.0
the reason that Lanz et dal. (1993) did not reach a similar conclu4r 7775 193452 10800 3.95 0.0 0.0
sion was due to their use of a much smafiérvalue. We find 3 Scl 221507 12400 3.90 0.0 25.0
that the mean difference between UV and visible abundance$Ad parameters excepisini and those for 112 Her are from Smith
around 0.2 dex, well within the range of explanation by a con§-Dworetsky [1993), whose sini values were revised during this
bination of different sources of atomic data, errors in the Ugnalysis. Parameters for 112 Her from Ryabchikova et al. (1996)
analyses, minor inadequacies of our simple line models, and th& S
stratification effects on the lines described by Smith (1996a).

the Ford CCD whenever it was available. It also has excellent

flatness characteristics as evidenced by mapping during focus
The list of observed objects is given in Tallle 1. These inclugettings (Misch 1995). With the slit settings used, the combina-
nearly all the HgMn stars of the original Smith & Dworettion of spectrographs and CCDs gave resolutifirs 46 500
sky (19938) IUE sample of normal, superficially-normal, antdr the HES, and slightly less(44 000) for the UCLES. Flat
HgMn stars. We observed with the Hamilt&ichelle Spectro- fields were made using polar axis quartz lamps and wavelength
graph (HES; Vogt 1987, Misdh 1987) at Lick Observatory, fechlibrations were obtained with Th—Ar comparisons.
by the 0.6-m Coud Auxilliary Telescope (CAT), during runs  Theéchelle spectrawere extracted and calibrated using stan-
in November-December 1994, July 1995, May 1996, and Malard IRAF extraction packages (Churchill 1995; Valdes 1990).
1997. The only objects not observed war€ep (too far north Earlier measurements (Allén 1997) showed that there were no
for the CAT) and stars south ef35°. Of the latter, all except HR measurable effects of parasitic light (scattered light) in the line
6000 were observed (in the blue region only) for us by servipgofiles provided that general scattered light in the adjacent in-
observations at the Anglo-Australian Telescope (AAT) usirtgrorder spaces was taken as the subtracted background. In prac-
the UCLEchelle spectrograph. Shortly before our observatiotise this means that scattered light was less than about 1 percent.
in 1994, some of the HES optical components were replac&hme examples of unmerged single-order spectra@ific are
improving the resolution and instrumental profile, and makirghown in Figs[1236.
it possible to use the full field of the 2048 2048 CCDs to
maximum advantage. We used both the unthinned phosphgr- .
coated Orbit CCD (Dewar 13) and the thinned Ford CCD (Dh(tegi Atomic data
war 6), depending on availability as the latter is shared with tiée four Gat lines in the 4250-426% region were observed
multi-object spectrograph on the 3-meter telescope. The spigcthe laboratory with very high resolution (dispersion 0.86
tral range for the observations was 3800—9@0®xcept for ,&mm‘l) by Bidelman & Corliss|(1962). They detected struc-
the AAT data which was only obtained in the range 3700-47@@re and hyperfine blurring in three of the four lines, which, as
A with the TEK2 CCD. Typical S/N per pixel in the centerdhey commented, contributed to the confirmation of the iden-
of orders ranged from 75 to 250. The Orbit CCD is cosmetification of the somewhat fuzzy stellar features in 3 Cen,
cally very clean, with very few bad pixels or columns, while th€nc, and 112 Her. Following a suggestion by Guthrie (1984),
thinned Ford CCD contains several column defects but offersve model our blue Ga lines on their observations, using their
much higher detector quantum efficiency in the blue. We usegvelengths and taking as few liberties as possible with their

2. Observations
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Table 2. Adopted model lines among the components according to their relative intensities.
Clearly, this implies that we should derive abundances 0.64 dex
Wavelength ~ Excitation  logf smaller from this line than did Lanz et al., but the situation is not
Potential satisfactory as there exists no direct measurement of the oscil-
4251.108 .11 —0.33 lator strength of this line. Conclusions based on this line should
4251.156 14.11 0.25

be regarded as preliminary until the question of the cogéet
value is settled.

4254.032 1411 -0.70 ) . .
4254082 1411 —0.41 The damping parameter for each line is calculated as the
sum of radiative, Stark, and Van der Waals damping constants
4255.640 14.11 0.00 at each optical depth in the model atmosphere throughout the
4255.704 14.11 0.10 line forming region. For the four blue Galines, we adopt
4255.768 14.11 0.40 I'r = 13.5T"; based on the measured lifetimes of the upper and
4255.902 1411 -0.30 lower levels and for the red lind, = 22I'.; (Ryabchikova
& Smirnov; Ansbacher et al._ 1985). For Stark broadening we
4261.995 1412 0.98 use the calculations of Dimitrije@i& Artru (19886); for \4254

and\6334, not included in their work, we use the approximate
formulae of Griem (196€8) for ions with modifications described
data in doing so. The study of the spectrum ofiGay Isberg by Cugier & Hardorpl(1988), and with Gaunt factor approxima-
& Litz én (1985%) provided data for a wide range of wavelengthtipns as implemented in UCLSYN (Smlth 1992). Van der Waals
but with much lower dispersion mm~1 in the blue). We add broadening is expected to be small; we adopt the approximation
a fifth, weak transition at 4255.98Mot reported by Bidelman given, e.g., by Warnef (1967, eqns 2, 4, 6 and 7) when the up-
& Corliss but observed by Isberg & Lign [1985) at 4255.98; per and lower angular momentum quantum numbers are known.
we adopt a wavelength appropriate to its calculated wavenufihe final abundances are insensitive to the precise values of the
ber difference rather than the reported wavelength as this gidesnping parameters; we find thAtlog A(Ga) < 0.05 if the
more precision for this weak feature and the resulting fits to theopted values are varied by a factor of 2.
stellar observations of the stronger adjacent line are improved
as a result.

Oscillator strengths for the four lines are taken from the
branching ratios of Ryabchikova & Smirnoyv_(1994; their TaOnly in those stars with very high abundances of Ga can the
ble 1). They employed beam-foil lifetimes measured by Andevisible-region lines be detected and identified with certainty.
sen & Sgrensen (1972). Three of thgivalues agree, within We assumed an arbitrary lower limit o5 mA for the strongest
0.1-0.2 dex, with the Bates & Damgaard (1949) calculations offtical Gai1 feature \4255, and calculated the threshold abun-
Jugaku et al[(1961); the other line4254, an intercombination dances for detection assumilog g =4.0. The limit for detection
line, was not reported in that paper. We derive our simplifigd- 5.0-5.5) is plotted as a function &g in Fig. 1 along with
models for the hfs of the lines as follows: fad251,\4255, the mean optical abundances (or upper limits) deduced for each
and\4262, we adopt the component wavelengths given by Birogramme star in Tablg 1. (Throughout this paper we refer to
delman & Corliss and their component laboratory intensitiezsbundances in logarithmic units whéog A(H)= 12.00.)
and divide the totabf-value of each line among its compo-  The previously published abundances (Srmith 1996a) in the
nents assuming a linear intensity scale. The weak Ga feature@éctroscopic binaries HR 4072l up and: CrB and the south-
4255.9024 mentioned above is treated as a blend with agbbg  ern hemisphere starPhe are all much lower than their respec-
—0.30 crudely appropriate to its given intensity. Pot254, we tive limits and these stars have no discernible trace ofi @a
simulate the reported unresolved hfs (hazy, shaded longwasdj optical spectra. We could only obtain upper limits in HR
by arbitrarily assuming two components with an intensity ra-800, HR 2676, 28 Her and 46 Agl. Detections in 87 Psc, 53
tio of 1:2 separated by 0.050with a mean wavelength which Tau, 33 Gem and 36 Lyn were marginal, with the abundances
best fit the stellar observations (4254. (Ki&ompare 4254.075 obtained being around the threshold values; only the strongest
by Isberg & Litzen and 4254.04 by Bidelman & Corliss). Oumnf the five Gat lines studied could be observed in these stars,
models for the blue Ga lines are summarized in Talille 2.  and the reliability of these marginal detections is affected by

For the strongest red line of Ga A\6334, we adopt the vsini and S/N of the individual stars and their spectrograms.
calculated structure and relative intensities of hfs components All abundances presented here were deduced by trial-and-
given by Lanz et al[{1993). These authors gafre2.29 froma error fits by eye of synthesized UCLSYN spectra to the ob-
calculation with intermediate coupling and some configurati@erved spectra, taking into account known blends. UCLSYN
interactions. There are no experimental lifetimes in the literis a spectrum-synthesis code developed at UCL by Smith &
ture, so Ryabchikova & Smirnov estimated the lifetime for thBworetsky [1988) and Smith (1992), with an extension for bi-
upper level for\6334 by extrapolating measured lifetimes fonary star spectra, called BINSYN, coded by Smalley (1996). We
the same levels in the analogues ofiGaamely Init and Tlir.  adopt full-width half-maximum (fwhm) Gaussian instrumental
They derivedgf = 10.0. We adopt their estimate and divide iprofiles based on the resolution measured from our study of Th-

Abundance analysis for Gal
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Fig. 1. Detection limit and mean Ga abun-
dances. Filled circles: calculated mean Ga
abundances for visible-region lines of Ga
Open circles: UV abundances from Smith
(19964a) for stars with Ga abundances below
the detection limit. Upper limits are shown
by filled circles being joined to unfilled cir-
cles (inthe case of HR 1800, these two points
coincide). The solid curve shows the detec-
tion limit (the abundance for #4255 equiv-
alent width 5r) atlog g = 4.0. The dashed
| lines above and below this curve show this
limit at log g of 4.5 and 3.5 respectively.
S The horizontal dashed line shows the so-
lar Ga abundancedg A = 2.88; Anders &
N Grevesse 1989). The four isolated unfilled
I N circles represent the UV abundances of four
10 11 12 13 14 15 starsnotstudied here because their Ga abun-
Teff / 1000K dances are too low.

Log Abundance

Ar arc lines taken during the Lick coédbserving runs, which 1.100
consistently giveR ~46 500. The abundances for Fe, Cr and I
Mn listed in Smith & Dworetskyl(1993) were used as starting 1.00
points in the synthesis for separate unblended features and iter-
ated until a fit was obtained. In this way a velocity correctiof
was also obtained for each spectrum. The stellar paramefgrs '
used are given in Tablg] 1. Some of theini values in Smith 2 I
& Dworetsky [(1993) were based on studies of lower dispersif% 0.80
photographic spectra of mixed quality. All of those values wefe i
checked and revised where required during synthesis of the Fe,

Mn and Cr lines in order to give the best fit as judged from su- 0-701 \ | \ ]

perimposed plots of synthetic and observed Lick ésigectra. i Fell FelMnll Ga Mn 1l

Thus the values for the stars listed in Table 1 supersede thosd® €0l . . . . . ..
4250.0 4250.5 4251.0 4251.5 4252.0

earlier ones.

The main blending species for the four blue iGknes are
Cr1 and Cni, Mn1r, and to a lesser extent, Fand Fai. In  Fig. 2. Synthesis of the Ga4251 line inx Cnc. The blends include
order to account consistently for Fe, Cr and Mn blends withe lines Fer A4250.437, Fe A4250.787, and Mt A4250.904 and
the Ga |ineS, the |0@f values of the blending lines given in)\4251.717. Thereis a cosmic-ray defect on part ofiPel250.437.
the Kurucz|(1990) CD23 list were adjusted in order to produce
the same abundance for all lines of each element in those st{gwn in Figs[1Z36 which show the fits to the five lines for
with low vsini and low Ga abundance where the lines couldnc. The observed spectrum is shown as a histogram and the
be clearly seen. In this way, by fitting the lines of these speciggthesized spectrum is shown as a solid line. The marks for Ga
which remained unblended in stars with highein: and high  components are representative of their positions and approxi-
Ga abundances, we were able to account for the effects of iigte relative strengths, but for clarity the strengths of very weak
blends within the Ga features. A similar exercise was carriegomponents have been exaggerated.
out for the Na blend at\6334, especially for the stars of highest
v sini. The abundances deduced in this exercise have no special
significance other than to allow us to reduce the number of frée
parameters in the Ga study, by fixing the strengths of individual 34251, The adopted hfs structure gives a good fit to this
blends in the syntheses. line in most of the stars studied. Potential blending lines

The calculated abundances of gallium for each line synthe- are Far A4250.437, Fe \4250.787 and Mm A4250.904,
sized are shown in Tabld 3. The individual lines are discussed \4251.717. It is relatively unblended in all but the stars
below. An example of the synthesis fitted to the observations is with the greatest rotational broading and in those with very

Wavelength (&)

l .
. Individual lines
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Table 3. Gallium abundances
Star Gai Abundances (log N(H) = 12) Mean o Pub.
M251 M\4254 )\4255 )\4262 )\6334 uwv
87 Psc 5,60 <6.0 5.55 5.80 5.65 565 0.11 5.45
53 Tau 555 <57 5.60 5.40 5.82 559 0.17 5.65
wlep 7.15 7.00 6.75 7.60 6.75 6.93 0.18 6.50
HR 1800 <4.8 <4.8 <48 <48 <5.0 <4.8 0.09 4.80
33 Gem 5,60 <5.0 ~53 <55 <5.0 <53 0.28 5.20
HR 2676 <4.3 <5.0 <43 <47 <40 <45 0.39 4.00
HR 2844 7.18 7.15 6.95 760 6.85 7.03 0.14 6.75
x Cnc 7.00 7.00 6.83 6.70 6.72 6.85 0.15 6.60
36 Lyn <6.3 <6.5 <58 <57 580 <6.0 0.36 5.10
v Her 6.43 6.32 6.14 6.25 6.20 6.27 0.11 6.05
¢ Her 6.22 ~6.3 5.75 6.1b 5.82 6.04 0.24 5.70
28Her <4.8 <6.1 <47 <52 <5.2 <5.2 0.5 4.75
HR 6997 6.82 7.00 6.68 6.50 6.40 6.68 0.24 6.45
112 Her 6.62 6.62 6.36 6.38 6.25 6.45 0.17 6.35
HR 7143 6.75 6.81 652 660 651 664 014 6.35
HR 7361 6.90 6.87 6.66 6.70 6.58 6.74 0.14 6.35
46 Agl <4.4 <55 <45 <46 <44 <47 047 3.85
HR 7664 5.85 5.90 5.70 5.55 5.60 5.72 0.15 5.60
HR 7775 6.66 6.73 6.38 6.65 5.90 6.46 0.34 6.35
3 Scl 6.55 6.70 6.35 6.35 — 6.49 0.17 6.25
log(A/Ayis) +0.12  +0.18 —-0.09 -0.04 —0.15 — — —0.22
2Smith [1996k)°Gar A4262 badly blended with Gr line.
1.2 B 1.10 ]
1.00 SR
X > i ]
X L ]
o Z 0.90 -
2 g I ]
"c-s‘ = L il
° S 0.80 ]
[ | , o F 4
0.6 ) i ]
I \ N " 070 ]
Cril Mnli Ga CricCrlli gl ‘\‘ ]
0.47 “““““ e L 060 . . . . | ‘G‘a‘ 1
4252 4253 4254 4255 4255.0 42555

Wavelength (A) Wavelength (A)

Fig. 3. Synthesis of the Ga4254 line inx Cnc. The synthesisincludesgig 4 synthesis of the Ga4255 line inx Cnc. The synthesis includes
the lines Ci1 A\4252.632 and\4254.522, Cr A\4254.332 and Mm the weak lines Mo A\4256.014 and Cn \4256.108.

A4252.963)4253.025 and\4253.112. A wide cosmic-ray defect in
the order shown does not seriously affect the Ga line.

near-threshold abundances of Ga this line was not observed.

high Fe or Mn abundances. — M255. This line is the strongest of the four blue lines

and was blended to varying degrees in nearly all cases.
— M254. In a few cases this line is blended for the same The principal blends were Mm )\4256.014 and QCn

reasons as discussed for thé251 line. The adopted hfs  \4256.108. Again, the worst blending occurred for stars

structure is ouad hocfit to the slowest rotators. The blends  with relatively highv sini and/or high abundances of the

are Cn \4254.332 and Gn A\4254.522. The\d254 line blending elements.

is the weakest of the four blue lines, hence for stars with
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LT T Table 4. Equivalent widths
1.00 - i Star Equivalent Widths (#)
, A251 A4254 )\A255 \A262 )6334
x i | 87 Psc 5 — 13 55° AL
o 090 7 53 Tau 2 — 4 42 8
o i 1 ulep 46 20 68 8h 80
3 0.80 b HR 2844 146 50° 98 110 136
& OeUr ] K Cne 41 20 84 58 118
i ] v Her 16 8 28 58 35
0.70 - i ¢ Her 8 4@ 10 67 14
i \ \ \ \ ] HR 6997 109 22 67 58 97
I ] 112 Her 22 9 35 2 44
CrliGa?
ool . . crliGa? ... | HR7143 23 11 38 &2 44
4261.0 42615  4262.0 42625 42630 _r7361 41 20 2 65 111
Wavelength (A) HR 7664 9 3 17 23 22
Fig. 5. Synthesis of the Ga4262 line inx Cnc. The synthesis includes HR 7775 13 6 19 72 10
the lines Crr \4261.847 and\4261.913 and the unknown blend at 8 Scl 17 26 37 63 —

M\4262.090. We have not synthesized the weak\@&261.51 line as it “Blended 20-50%:Blended>50%
can only be seen in a few stars with the very strongest Ga lines and has
no measuredf-value.

110 T 4.2. Equivalent widths
i | We provide in Tabl€4 measured equivalent widths of theiGa
1.00~ wﬂw lines we have analysed by spectrum synthesis. These widths
y L should be used cautiously, and are provided mainly as a guide
3 0.90 B B to the strengths of the features. When equivalent widths refer
° - to footnotes in Tablel4, these indicate that the blending features
-% i | are incorporated in the measurement and that we estimate that
o 0.80F N they contribute at least 20% of the total strength; in many cases
& i o ] the blends are dominant-60%). Nearly all the other lines are
0.70L ‘U ‘ i blended to at least some degree. The least-blended lines are
L A4251 and A4255. Some comparisons with published equiva-
i Ga Nel | lent widths (Ryabchikova et al. 1996; Adelrmian 1992; Adelman
0.60L. . e e———— 1992) show that our results are in good agreement with these
6333 6334 6335 6336 authors but diverge when one or the other set of measurements

Wavelength (A) involves attempts to deblend the Gdeatures via line fitting.

Fig. 6. Synthesis of the Ga6334 line inx Cnc. The synthesis includes This effect is seen particularly in4255, where our measure-
the line Nex \6334.428. ments include the Ga A4255.902 line and other weak blends,
while Adelman and collaborators appear to have used deblend-

is li L .ijng methods to exclude them when measuring.
— M\262. This line poses more of a problem as it is heaV||yg xclu w uring

blended in many stars with @r\4261.847 and4261.913.
In several stars it also shows a definite blend4262.090 5. Discussion

which could not be identified. No correlation of the . fh b ff involved. i
observed unknown blend with the strength ofiFecrr;, " View of the number of free parameters involved, it was not

or Mnit lines is found, indicating that the blend is due t(gelt reasonable to assign a formal error to the fits for each line

some other element. The Kuruéz (1990) CD23 line list dodk €a¢h star. We formed the impression that, in the best cases

not contain any plausible candidates, and the line rema SGa—rich sharp-lined _stars, the fitting errors were very .small
unidentified. Alog A = £0.02), while for more rapid rotators having lines
with blending problems, the errors were of the ordet-6f10-

d 0.15 dex, in the sense that test syntheses with abundance varia-

part of the spectrum. In about half the stars studied this (i}8"S Of these magnitudes produced results that did not fit as well
shows a blend of varying strength with N&6334.428. We by eye as the values given in Talile 3. Perhaps a better appreci-

were generally able to allow completely for this blend in aﬁ‘t;?nho_f thle(;)vebrallhef.rr(_)rs can be ga(tjhered frogn the values of i
except the stars with highestini. which include both fitting errors and scatter due to systematic

differences inog gf. These may be compared to the last line in
the table, which gives the mean deviations of each line from the

— A\6334. This is the strongest of the Gdines in the re
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individual mean optical abundances. These are of attlefl,, apparent from our results that part of this difference is due to
and represent, to a good approximation, the typical systemadlieir assumption that the line is unblended, whereas we find
differences. The abundances from th251 and\4254 lines that this line is blended by Newhich adds about 20 Anto
are, on average, greater than the mean abundance whereaghthebserved equivalent width. The remaining difference is due
abundances from th&4255,A4262 and\6334 lines are less to different adopted values for radiative and Stark damping pa-
than the mean. rameters, which have a significant effect for this strong optical
As can be seen from Tallé 3, the results from this anakgail line.

sis give gallium abundances that are only marginally greater We have shown that the Gallium Problem can be explained
than those that have been published for UV resonance linestirely in terms of incorrect allowance for these effects, or—in
with a mean difference of only +0.22.03 dex, much less thanthe case of the study 0f6334 by Lanz et al[{1993)-by the
that previously claimed for the discrepancy between the visitddoption of a radically differergf—value. The final resolution
and UV lines. We note that Guthrie[s (1984) differential curvesf the Gallium Problem for this line must await measurement
of-growth analysis took hyperfine structure into account amd its oscillator strength. Nevertheless, the difference between
he derived results for several objects that do not differ greatlye mean Ga abundance from visible-region lines and that from
from those found here, although there are large differencesUi resonance lines is reduced to 0.22 dex under the assump-
a few cases. Smith_(1996a) indicated that one might accotinh of homogeneous models, with a further reduction 12
for a systematic difference of 0.1 dex by stratification effectdex if Ga is indeed stratified in the atmosphere along the lines
The remaining difference of 0.1 dex might be accounted fproposed by Smith (1995). This remaining discrepancy is very
by possible systematic errors in opticgtvalues, by fitting er- likely explicable by the use of the rather crude hyperfine struc-
rors, and particularly by inadequacies in the simplified hfs thtatre models we adopted.
we adopted for the lines. Some preliminary tests with more de- Our basic conclusion is that the Gallium Problem may be
tailed hfs theoretical models for the @a\4255 line appear solved by taking fully into account the hyperfine structures of
to indicate that this might account for the entire remaining Otlhie Gai1 lines; this removes nearly all the discrepancies claimed
dex discrepancy. Future work should include considerationiofearlier work, and we conclude that there is no need for exotic
complications due to the existence of two isotopes of Ga wiglxplanations. There is an urgent need for an accurate laboratory
somewhat different nuclear magnetic moments. oscillator strength for tha6334 4s58 S, -4s5p®P; transition,
as well as a need for a laboratory investigation of the hyperfine
structure of the Ga lines studied in this paper. In the mean-
time, further refinements should be possible by use of theoretical
We defined the Gallium Problem as the apparertdex dis- calculations of hfs, and we intend to investigate this.
crepancy, found by previous authors, between Ga abundances
deduced from the UV and the visible lines. To investigate thtgknowledgementsie thank Dr. Keith C. Smith for helpful com-
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