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al Observatories diharmer�noao.eduSummary. A radial velo
ity (RV) survey to dete
t 
entral stars in binary systemswas 
arried out between 2002 and 2004. [5℄ reported that 10 out of 11 monitoredstars exhibited strong RV variability, but periods were not dete
ted. Sin
e otherme
hanisms, su
h as wind variability, 
an 
ause apparent RV variations, we moni-tored 4 of the 10 RV-variable stars at e
helle resolutions to determine the origin ofthe variability. Although RV 
hanges are 
on�rmed for all four stars, none of them
an be as
ribed to binarity at this time. However, only for IC 4593 is wind variabilityable to explain most (though not all) spe
tral variability. For BD+33 2642, no windand no pulsations appear to be the origin of the RV 
hanges. Finally, M 1-77 andM 2-54, both known to be irregular photometri
 variables, exhibit dramati
 RV andline shape variability of the hydrogen and He I absorption lines, as well as large RVvariability of weaker lines, whi
h do not 
hange in shape. There is no satisfa
toryexplanation of this variability, though a 
ombination of wind variability and pulsa-tions is still the best guess at what makes these stars so variable. We suggest thatluminous 
entral stars are ill suited to dete
t spe
tros
opi
 binaries, be
ause winds(and possibly pulsations) are pervasive and would mask even strong periodi
ities.It it likely that a sample of intrinsi
ally faint 
entral stars would more readily yieldbinary information.Key words: binaries: spe
tros
opi
 � planetary nebulae: general � stars: AGB andpost-AGB � te
hniques: radial velo
ities � white dwarfs1 Introdu
tionThirteen out of ∼100 
entral stars of planetary nebulae (CSPNe) were found to bebinaries ([3℄) with periods smaller than 3 days (though most have periods smallerthan only one day). These are all post-
ommon envelope (CE) binaries dis
overed viaperiodi
 photometri
 variability 
aused by irradiation e�e
ts, ellipsoidal variabilityor be
ause e
lipses o

ur. The predi
ted post-CE binary period distribution 
hangesdepending on the assumed value of the CE e�
ien
y parameter (e.g., [17℄, [6℄). Fromthese predi
tions, we expe
t ∼25-65% of all CSPNe to be in binaries with periodssmaller than 3 months, that 
an be dete
ted by RV surveys.
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o et al.A RV survey 
arried out by [5℄ reported 10 out of 11 monitored CSPNe to beRV variables. For none periods 
ould be found, but the 
aden
e of the monitoringwas not ideal. Sin
e wind variability 
ould be the 
ause of RV shifts we initiated amonitoring 
ampaign at e
helle resolutions to s
rutinize line shape 
hanges whi
h
ould reveal the origin of the RV shifts.2 Observations, Redu
tions and AnalysisOur Kitt Peak 4-m teles
ope 2005, May 22-27, and 2006, July 18-24, e
helle spe
-tros
opy a�orded us a resolution of 4.5 kms−1 over the wavelength range 3900�5575 Å. The weather and seeing were very poor. The signal-to-noise ratio (SNR) ofthe single exposures varied between 20 and 40, su�
ient for BD+33 2642, be
auseof the numerous lines in this spe
trum. For the other three stars, with fewer and/orbroader absorption and emission lines, we averaged three exposures a
hieving a SNRin the range 40-70.To determine relative RV shifts we used the 
ross-
orrelation te
hnique imple-mented by the IRAF task fx
or, whi
h Fourier transforms two 
ontinuum-subtra
tedspe
tra, after applying some user-spe
i�ed �ltering. In some 
ases we 
hose spe
i�
wavelength ranges where lines of interest resided. This is useful when di�erent linesexhibit di�erent behaviors and need individual testing. Relative RV shifts are 
on-verted to absolute ones (shifts with respe
t to the laboratory line 
enter) by measur-ing the wavelength of the lines of interest in the template spe
trum using Gaussian�ts, 
orre
ting for the helio
entri
 systemi
 velo
ity (measured from the PN lines)and helio
entri
 
orre
tion.From the PN lines we 
an assess that the wavelength 
alibration is a

urate to
∼0.5 kms−1. To this we add in quadrature the un
ertainty from �tting the 
ross-
orrelation fun
tion. The latter is determined using a Monte Carlo test similar tothat adopted by [2℄. Details will be given in De Mar
o et al. (in preparation).3 ResultsBD+33 2642 is a well known photometri
 standard ([10℄). [13℄ dis
overed it to bethe 
entral star of a 5� halo PN, and determined Teff=20 200 K, log g=2.9, a spe
tro-s
opi
 mass of 0.560 M⊙ and R = 4.40 R⊙. [16℄ analyzed its UV spe
trum and deter-mined this obje
t to have a weak wind, with a mass-loss rate <4.7×10−8 M⊙ yr−1,large for this type of star.The e
helle observations 
on�rm the RV behavior reported by [5℄. In 2005 (Fig. 1)we see a 
lear trend with a seemingly periodi
 �u
tuation with a 6 kms−1 amplitude,but 
entered at ∼5 kms−1 instead of zero, as would be expe
ted for a binary motion.In 2006 this trend is not obvious and all data points are o�set by about �10 kms−1with respe
t to the 2005 data (making the mean RV shifts 
lose to zero - Table 1).Fitting the entire data-set does not return any believable period. A �t to the 2005data returns a period of ∼4 days, but with low 
on�den
e.The absorption lines show no line shape variability, whi
h 
ould be as
ribed towind variability and 
ould 
ause the RV shifts. Pulsations are not likely to 
ause
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Fig. 1. Absolute (with respe
t of the lines' laboratory wavelengths) RV shifts forthe absorption line spe
trum of BD+33 2642. The helio
entri
 systemi
 velo
ity wasmeasured from one PN line (Hβ) to be �93 kms−1.the variability sin
e this star is not photometri
ally variable above ∼0.01 mag [10℄.It is at this stage impossible to determine what 
auses the variability in this star.IC 4593 is an O5f(H) star. It was analyzed by [12℄ who found it to have Teff =(40 000 ± 4000) K and log g = (3.5±0.2). [14℄ found it to be a wind variable fromUV line pro�le 
hanges. The 12�-PN has two ansae (jets) protruding in oppositedire
tions and suggesting that if this star were a binary, the line of sight would benear the equatorial plane.The spe
tra are extremely variable. We measured RV shifts by sele
ting outthree line sets: (i) the three He II absorption lines λλ4200,4542,5412, (ii) the He IIemission line at 4686 Å, or (iii) the spe
tral range 4620�4680 Å, whi
h 
ontainsC III-IV and N III emission lines. The �rst two line sets show large RV amplitudevariation (50 and 60 kms−1, respe
tively), while the third set, likely to be the leasta�e
ted by wind variability, show very little variation (amplitude about 5 kms−1)although the trend of this variation is similar to that of the He II line at 4686 Å. Fromthis latter line set we dedu
e that this star is not a binary to within the pre
isionof the observations (unless, of 
ourse, the orbital plane is 
lose to the plane of thesky - in 
ontrast to what one might imagine looking at the PN morphology).It is odd that all shifts of the He II absorption lines are red of the lines' 
enters,sin
e, typi
ally, absorption lines a�e
ted by winds are shifted to the blue. It isalso strange that at some epo
hs, the He II emission line is blue-shifted, again notexpe
ted from wind theory. In 
on
lusion, while the line 
hanges in IC 4593 appear tobe due to wind variability, winds do not readily explain all of the 
hanges. Pulsationsmight have something to do with some of the 
hanges, but, as we will dis
uss later,the relationship between pulsations and RV 
hanges is not a straight forward one.M 1-77 and M 2-54 have similar spe
tra. They are 
ool 
entral stars(Teff ∼25 000 K) of low-ex
itation (no [O III℄ lines are present) small and youngPNe ([15℄, [1℄). They are photometri
 variables. M 2-54 was found to have twomulti-hour periods. [8℄ and [9℄ as
ribe these variability to pulsations and 
laim thedis
overy of a new 
lass of pulsators, whi
h they 
all the ZZ Lep stars. [11℄, however,
all these stars irregular variables, not being 
onvin
ed that the variability, whi
h
hanges over months to year time-s
ales, is due to pulsations. Winds are also notthought to be the 
ause of the irregular photometri
 variability, sin
e for one starin this 
lass (IC 418), IUE spe
tral variability did not 
orrelate with photometri
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o et al.variability. The IUE spe
tra of these stars show no emission lines, indi
ating thatthe winds are not strong.We only took e
helle observations of M 1-77 and M 2-54 in 2006, resulting in5 usable spe
tra per star with SNR=40-65, ea
h 
reated from the average of threeexposures. The spe
tra display Balmer emission lines due to the PN, as well asBalmer absorption lines due to the star. We also observe a wealth of absorptionlines due primarily to He I and O II, as well as a handful of weak emission lines,su
h as C II λ4267. Sin
e the hydrogen and He I line shapes are extremely variable,we measured the RV shifts by sele
ting wavelength ranges 
ontaining only O II andother weak metal lines, whose shapes remained approximately 
onstant in time.In Fig. 2 we show a sele
tion of lines and their 
hanges over the 5-night observingperiod. Hydrogen and He I absorption lines vary extremely between a day and thenext, with their absorption pro�les splitting and 
hanging in strength. There isalmost no variability on a time-s
ale of about one hour, judging from the individualexposures. Weaker metal lines do not appear to vary in shape to within the SNR ofthe observations and we use them for our RV measurements. In Fig. 3 we show thatthe absolute RV shifts of the weak metal lines have quite large amplitudes. Theseshifts are di�erent from those that we would obtain if we measured the He I lines.Binarity, wind variability or pulsations do not readily explain the RV behavior ofthe weak metal lines, although it is probable that the interplay of pulsations andvariable mass-loss might, in the end, explain these spe
tral 
hanges.

Fig. 2. A sele
tion of lines from the spe
tra of M 1-77 taken on 5 subsequent nights.4 Con
lusionWe have no 
on
lusive results as to the binary status of these 4 
entral stars.BD+33 2642 is a real mystery, with very little, if any, photometri
 variability, yet a
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Fig. 3. Absolute (with respe
t of the lines' laboratory wavelengths) RV shifts forthe weak metal absorption lines of M 1-77 (left) and M 2-54 (right). From the PNlines of these two CSPN we measured helio
entri
 systemi
 velo
ities of �68.4 and�67.7 kms−1, respe
tively.Table 1. Variability diagnosti
s for the 
entral stars.Star Mean RV σRV Mean Error # data Lines Used(kms−1) (kms−1) (kms−1) pointsIC 4593 3.8 13.5 4.0 14 He II abs. λλ4200,4541,541211.4 18.1 1.6 14 He II em. λ46861.5 3.0 0.95 14 C III-IV, N III em. λ4630-4665BD+33a 1.5 5.4 1.2 34 Entire Spe
trumM 1-77 7.2 10.4 1.3 5 Weak Metal LinesM 2-54 �6.8 12.5 0.93 5 Weak Metal Lines

aBD+33 2642non-periodi
 RV amplitude of ∼10 kms−1. There is also no line shape 
hange whi
hmight betray a wind origin for the variability. IC 4593 is the best 
hara
terized 
ase:there is a very strong RV variability likely due to winds. Some of the emission linesleast a�e
ted by winds show almost no variability, 
on�rming that this star is likelynot a spe
tros
opi
 binary. There remain however doubts as to why some of theabsorption lines are shifted to the red of 
enter and why some of the emission linesare shifted blue of 
enter (both behaviors are 
ontrary to wind theory).M 1-77 and M 2-54 are almost identi
al stars. They are thought to be pulsators bysome ([9℄), but not by others ([11℄). So the pe
uliar and extreme He I and hydrogenline variability might or might not be related to the photometri
 variations andmight or might not be due to pulsations. The RV variations of the O II lines, whi
hdo not vary in shape as do the hydrogen and He I lines, and whose RV shifts arenot 
orrelated with those of the hydrogen and He I lines, are even more di�
ultto understand. The RV shifts of the weak metal lines are not periodi
, but have adistin
t trend. In 
on
lusion, these stars' spe
tral 
hanges while not easy to interpret,
ould be due to the interplay of pulsations and winds. Binarity, however, 
annot yetbe ex
luded for these two stars.It is likely that wind and pulsational variability would be small or non-existentfor hotter and dimmer CSPNe. The presen
e of winds is a strong fun
tion of thestellar luminosity and pulsations in the hotter CSPNe is limited to the hydrogen-
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ient atmospheres of PG1159 stars ([4℄). A sample of hot and dim, hydrogen-normal CSPNe would make better targets for RV surveys aimed at dete
ting the
entral star spe
tros
opi
 binary fra
tion. Unfortunately, these would also be appar-ently faint, and su
h a survey would ne
essitate 8-m 
lass teles
opes.Referen
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