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ABSTRACT

We present new high-precision Stmgren photometry and Ca H and K spectrophotometry of HD 192263.
Based on radial velocity variations detected previously by two groups, this K2 V star was thought to host a
0.75M,,, (minimum mass) planetary companion in a 24 day orbit. Our photometric observations reveal periodic
variations that match the purported planetary orbital period, while the Ii€and K emission fluxes are modulated
on half the planetary period. This suggests that rotational modulation of the visibility of stellar surface activity is
the source of the observed radial velocity variations. Therefore, HD 192263 should be removed from lists of stars
with well-established planetary companions unless further observations and analysis can support the existence of
the planet in spite of the star’s intrinsic variations.

Subject headings: planetary systems — stars: individual (HD 192263) — stars: late-type — stars: rotation —
stars: spots — stars: variables: other

On-line material: machine-readable tables

1. INTRODUCTION further for line-bisector variations correlated with their radial

. - . . velocities but did not find anything significant (their Fig. 3).
A planet with a minimum mass of 0.M,,,in a 24 day orbit ; . ;
around the K2 V star HD 192263 was ann(gunced independentIyHowever’ Vogt etal. (2000) remained somewhat cautious, saying

; “we are not yet completely convinced of a planet-companion
bbeaIntos etal. (2%00.) ar&deogt etal. (2000).\1/’ab|e 1 ?"Eggég‘;interpretationyfor the \F/)eloci)t/y variations.” P P
orbital parameters derived by the two groups. Vogt et al. P )
found a somewhat larger eccentricity than Santos et al. (2000), Both planet search groups contacted us to inquire about pos

but thei iod loait ; litud dmini sible photometric variations in HD 192263 before announcing
utthéir periods, velocity semiamplitudes, and minimum masseS o pianetary companion, but the star was not yet on our ob-
are all quite similar.

The stellar properties of HD 192263 are discussed in SantosservIng program. In this Letter, we report the results of our

X subsequent high-precision Stngren photometry and GaH
et al. (2000) and Vogt et al. (2000). Thdipparcos meanV :
magnitude of 7.79, th-V color index of 0,938, and the par- and K spectrophotometry. These observations strongly suggest

allax of 50.27 mas (ESA 1997) imply the star is an early K that the 24 day radial velocity variations are due to rotational

dwarf. Strangrenubvy photometry (Olsen 1984) reveals the star mggurlgftllgg rlr?ottig?] :ﬂﬁ'fggé 8; Zt(;lllgges;:rrza(éinﬁgg\éli%/n'rather
is slightly metal-poor compared to the Sun. Of particular interest
is the star’s relatively high level of chromospheric activity; San-
tos et al. (2000) givéog R/« = —4.37 , compared to the Sun’s 2. OBSERVATIONS AND ANALYSIS
mearlog R;x = —4.89 (Baliunas etal. 1995; Henry etal. 1996). 2.1. Photometry

Both Santos et al. (2000) and Vogt et al. (2000) noted that ) ] )
surface magnetic activity in young stars can lead to observed The photometric observations were acquired between 2001
radial velocity variations. For example, Queloz et al. (2001) April and 2002 July Wlt_h the T11 0.8 m automatic photoelectric
found radial velocity variations with an amplitud¢ = 83  telescope (APT) at Fairborn Observatdifhe T11 APT mea-
m s in the young GO dwarf HD 166435 that were, at first, sures the difference in brightness between a program BJar (
interpreted as the signature of0e6 M,,,  planet in a 3.8 day and nearby comparison sta€l(andC?) in the Stiengrenb
orbit around the star. Later photometric and €£a4 and K andy passbands. The observing procedures and data reduction
spectrophotometric observations showed clearly that starspotdechniques employed with this APT are identical to those for
producing a photometric amplitude of 0.05 mag were the causeour T8 0.8 m APT described in Henry (1999). Comparison star
of the observed radial velocity variations. Both Santos et al. 1 (C1)isHD 193328Y = 7.48 B—V = 0.12 A2), while com-
(2000) and Vogt et al. (2000) concluded that starspots ware ~ parison star 2G2 ) is HD 193225/(= 7.35 B~V = 0.29
the likely primary cause of the velocity variations in HD 192263 FO0). The external precision of our differential magnitudes, de-
because the estimated stellar rotation period predicted from itsfined as the standard deviation of a single differential magnitude
mean activity level was much shorter than their radial velocity from the seasonal mean of the differential magnitudes, is typi-
period and because thtipparcos photometry (ESA 1997) did ~ cally arognd 0.0012 mag for this telescope, as determined .frqm
not reveal any light variations. Santos et al. (2000) checked Observations of pairs of constant stars. The standard deviation
of the C2 — C1) differential magnitudes are somewhat larger
than this £0.0024 mag) because HD 192263 lies near the ce-

* Also Senior Research Associate, Department of Physics and Astronomy,
Vanderbilt University, Nashville, TN 37235.

2 Also at Mount Wilson Observatory, 740 Holladay Road, Pasadena, CA  ° Further information about Fairborn Observatory can be found at http://
91106. www.fairobs.org.

L111



L112 FALSE PLANET Vol. 577

TABLE 1
PUBLISHED ORBITAL PARAMETERS FOR HD 192263b
Period K M sini a rms
(days) (ms™) e M) (AU) (msH) Source
24.13+ 0.09 ...... 62+ 2 0.05+ 0.04 0.73 0.15 13 Santos et al. 2000
24.36 = 0.07 ...... 68+ 11 0.22+ 0.14 0.78 0.15 4.5 Vogt et al. 2000

lestial equator and thus is observed through somewhat larger ai{Baliunas et al. 1998). In that program, measurements of the
mass than usual. Our 244 individual photometric observationsCan H and K lines of several thousand stars are made as a
are given in Table 2 and are also available on the Tennessegroxy for surface magnetism.
State University Automated Astronomy Group Web &ite. The observed quantitg is the flux measured in two 0.1 nm
The photometric observations in the combined Bfycen passbands centered on the H and K lines normalized by two
(b + y)/2 bandpass are plotted in the three panels of Figure 1.2.0 nm wide sections of photospheric flux centered at 390.1 and
The low photometric amplitude makes it advantageous to averaget00.1 nm. A nightly calibration factor is determined from mea-
the b andy differential magnitudes to reduce the scatter in the surements of a standard lamp and standard stars (Baliunas et al.
light curves. We used the method of Vaelc(1971), based on  1995). The night-to-night rms precision of the lamp is on the
least-squares fitting of sinusoids, to search for periodicities in order of 0.5%, while the standard stars have an average standard
these three light curves. The resulting power spectra are showrdeviation of~1.5%, which limits the lowest amplitude of var-
in Figure 2, where we plot the fractional reduction of the variance iability that can be detected to approximately 1%.
(reduction factor) versus trial frequency. Further details on the The Can H and K observations of HD 192263, acquired at
application of this method can be found in Henry et al. (2001 three different epochs, are listed in Table 3 and plotted in the

and references therein). The resulting periods288 + 0.8 , top panel of Figure 3. Our power spectrum of the third cluster
23.7+ 0.5 and 24.5=+ 0.5 days. These periods closely match of observations, which has the largest number of measurements,
the radial velocity periods a24.13+ 0.09 an@4.36= 0.07 is shown in the second panel of Figure 3, where we find a

days reported by Santos et al. (2000) and Vogt et al. (2000),period of12.2 + 0.1 days. If active regions on the surface of
respectively. Our photometric periods have somewhat larger un-a star become fairly uniformly distributed in stellar longitude,
certainties than the radial velocity periods in part because wethen the amplitude of rotational modulation becomes quite low
have fewer cycles included in our analyses. The peak-to-peakand the dominant period often shifts to half the rotation period
photometric amplitudes range from about 0.01 mag or a little (Henry et al. 1995a). Because the bright plage areas observed
less in the first two light curves to about 0.04 mag or a little in H and K emission cover a larger area than the dark starspots
more in the third. Because of the higher photometric amplitude

and greater coherence of this third data set, we take its resulting

24.5 day period as our best measurement of the photometric — . . . . . . . —
period in HD 192263. The light curves look very similar to those 0.51 | 3

of other active stars (e.g., Henry, Fekel, & Hall 1995b), and we & : . :" 1
interpret the 24.5 day light variation as the rotation period of the = °°% | * . s E
star, made apparent by rotational modulation of the visibility of & 453 F ° - c . " E
a nonuniform distribution of photospheric starspots. 3 Foe LAY . 3

Strassmeier et al. (2000) also placed HD 192263 on their 0.54 - -
photometric and spectroscopic survey of activity in 1058 late- 5200 so010  sz0s0 . 2080 52100
type stars. Based on 24 photometric measurements, they found

light variations with an amplitude of 0.03 mag and a period

T T T T T T T

of 23.98 days, in agreement with our photometric results. @ 052 1 o . ]
L * ° ° 4
/; i o. :: . g . L] .o ]
2.2. Can H and K Spectrophotometry Lossp :;‘: 3 ‘st o * . *
S’ o L] .. ' L ] L od
From 1999 October to 2001 September, 113104 and K < : * K] 1
measurements were made on 37 nights with the 100 inch tele- 054 | | , , ) , ) , s
scope at Mount Wilson Observatory as part of the HK Project 52160 52180 52200 52220
1 v T T T T T v T B
4 See http://schwab.tsuniv.edu/papers/apj/hd192263/hd192263.html. 052 E . .. : :" 3
QL os3k * ® }r 3
TABLE 2 S osa b % "! . ¢
PHOTOMETRIC OBSERVATIONS OF HD 192263 z 0'55 _ e © .l l. _
N— : E [ ] 7
Heliocentric Julian Date (P — C1), (P — Cl1), (C1 — C2), (C1 - C2), < 056 F %! :g.. E
(HJD — 2,400,000) (mag) (mag) (mag) (mag) 057 b 4 E
. L 1 1 1 " 1 L 1 1 1 |
52,020.9783............ 07788 0.2885 0.0117 0.1413 52380 52400 52420 52440 52460
52,022.9700............ 07793 0.2944 0.0071 0.1349 :
52,023.9680............ 07699 02820  0.0101 0.1369 Julian Date — 2,400,000
52,025.9669............ 07621 0.2761 0.0121 0.1379 ; )
52.027.9535............ 07645 0.2785 0.0089 0.1357 Fic. 1.—Stramgren photometry of HD 192263 with the T11 0.8 m APT at

three epochs over the past 2 yr. Light variations due to rotational modulation
Note.—Table 2 is published in its entirety in the electronic edition of the of the visibility of photospheric starspots is seen in all three light curves, with

Astrophysical Journal Letters. A portion is shown here for guidance regarding  amplitudes from roughly 0.01 magpp two panels) to about 0.04 magdapttom

its form and content. panel).
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TABLE 3
08 F I I I I 7 Can H AND K OBSERVATIONS
o6 I P = 26.3 days ] oF HD 192263
! Heliocentric Julian Date

5 (HJD — 2,400,000) S
0
< . | : | . | ) 51,464.639............ 05219
S 08 | _ ] 51,464.6411............ 06213
= o8 L P =23.7 days | 51,464.6431............ (5013
g A4l ] 51,471.6094............ 06698
e gg 3 51,471.6118............ 06074
o 0.
3 o0F : . . ] Note.—Table 3 is published in
o] [ " T ' T ' T ' I i its entirety in the electronic edition
~ 08 P = 24.5 days 7 of the Astrophysical Journal Let-

ters. A portion is shown here for
guidance regarding its form and

content.
0 ' 0.2 ' 0.4 ' 0.6 ' 0.8 may have occurred at times of relatively high activity. We note
Frequency (c/d) that ourlog R« Vvalue and the age-activity calibration of Don-

ahue (1993) result in an estimated age of 1.1 Gyr for HD 192263.
Fic. 2.—Period analyses of the photometric data in the three panels of Thus, HD 192263 turns out to be older, more slowly rotating,
Fig. 1. Unc_ertaintigs i_n the periods are gpproxir_nately_half a (jay. T_herefore,‘the and less active than estimated by Santos et al. (2000)_ Our mea-
stellar rotation period is equal to the radial velocity period within their respective sured rotation period is consistent with its activity level and
uncertainties. . . : L e .
matches the radial velocity period within the uncertainties. This

(by analogy with the Sun) and are seen with greater contr:’;\stpl"’_‘lf:;]aS tzze gzxistence; of the_23f daly plan(_ethin douﬁt. di f
than spots in broadband photometry, the H and K observations_ '€ ay rotation period, along with a stellar radius o

can detect active regions that are invisible in the photometry. 0-77 Ro computed from thélipparcos V magnitude,B—V
During epochs of low photometric variability when active color index, and parallax (ESA 1997), gives an equatorial ro-

regions might be more uniformly distributed in longitude, it is tation velocity of 1.6 km s', compared to the measured pro-

not surprising that the photometry would detect only the largest /€¢ted rotation velocity, sini = 1.8 + 1.2 km's, of Santos
spot concentration and therefore vary on the 24 day rotation

period while the H and K observations might detect active _ . T . T . . . T
regions on opposite hemispheres of the star and thus vary on ;
a 12 day cycle. Therefore, the true rotation period of the star :
from the H and K observations 4.4+ 0.2 days, in close g 055 F
agreement with our photometric rotation period. The third : .
group of Camn H and K observations, phased with this stellar H i
rotation period, is replotted in the bottom panel of Figure 3; 045 F * 3
two minima and two maxima can be seen per rotation cycle. 51400 Ble00  s1800 . 82000 52200

Vogt et al. (2000) performed a period analysis of ti&sinea- Julian Date — 2,400,000

surements derived from their spectra and found a weak indication
of a 26.7 day period, which they noted was “uncomfortably close
to the observed Doppler velocity period of 24 days.”

e
o
T

L 1]
L 1]

- . .
s %

«®ed®®

ods®e o

05 [

P = 12.2 days

T
08

3. DISCUSSION

The rotation period of HD 192263 determined explicitly from
our photometric and CaH and K observations closely matches

Reduction Factor

the radial velocity period of Santos et al. (2000) and Vogt et al. 0 0z 014 Y 0.8
(2000). This rotation period is much longer than expected by Frequency (c/d)

Santos et al. (2000), who estimated a rotation period of 9.5 days , , : ,
from theirlog R« value 0f-4.37 and the rotation-activity cal- i P = 24.4 days ]
ibration of Noyes et al. (1984). However, our 113 €& and 06 Fy o . HE
K observations resultinamebog R,  ©#.558 on the Mount 055 E — 8,0 T H
Wilson system, which predicts a rotation period of 21.3 days : T M ]
from the Noyes et al. (1984) calibration. This is much closer to 05 . . 7
the observed 24 day rotation period. Without explicit comparison 045 |
to the data of Santos et al. (2000), it is difficult to judge the 6 : 0'2 . 0'4 . 0'6 . 0'8
origin of the disagreement between their valudagf R/, and | " Phase '
ours. The Mount Wilson value rests on measurements taken with

the instrument defining tHe/,,  scale and averaged over 2 years’ Fic. 3.—Top: Cam H and K spectrophotometric observations from Mount
data. Figure 3 displays a substantial variance owing to activity Wilson ObservatoryMiddle: Power spectrum of the third group & mea-

: ) : : surements, which gives a period ®2.2+ 0.1  days, representing half the
in the star's Can H and K flux. One possible explanation for stellar rotation periodBottom: Third group ofS measurements replotted and

the diﬁerence_ betwee_n our averdog R and that of SantoSphased with the resulting 24.4 day rotation period of the star. Two maxima
et al. (2000) is sampling bias; the Santos et al. measurementand minima can be seen per rotation cycle.
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et al. (2000). Since HD 192263 is rotating more slowly than tween activity and rotation (Noyes et al. 1984). Thus, the em-
previously expected, the improbably low inclination of°30 pirical models of Saar & Donahue (1997) and Saar et al. (1998),
suggested by Vogt et al. (2000) is no longer needed to explainbased on spot filling factors and projected rotational velocities,
its low v sini value. The low equatorial rotation velocity and predict somewhat lower radial velocity dispersion than the re-
consequent low sini  may explain why Santos et al. (2000) lationship of D. Paulson et al., based on photometric dispersion
failed to resolve bisector variations in their observations. With alone. It is clear that more detailed investigation of the relation-
few resolution elements across a line profile, the determinationship between radial velocity dispersion and stellar activity is

of line-bisector variations is subject to additional uncertainty needed. In particular, high-quality radial velocity and photometric

(but see the further discussion of stellar activity and radial data sets are required, along with detailed modeling, to under-

velocity dispersion below). stand the sensitivity of radial velocity dispersion to photospheric
Santos et al. (2000) and Vogt et al. (2000) both cited the lack spots in stars with low sini
of photometric variability in theéHipparcos photometry as sup- Finally, we note that Vogt et al. (2000) were puzzled by the

porting evidence for a planet around HD 192263. However, fact that the rms of their velocity residuals to their Keplerian fit
Henry et al. (2000) point out that the vast majority of low- for HD 192263 was only 4.5 m§ much lower than the expected
amplitude variables found with the APTs have no indication of radial velocity jitter from the models of Saar & Donahue (1997)
variability in the Hipparcos Catalogue. Their survey of 187 G and Saar et al. (1998). If the radial velocity variations were due
and K giants demonstrated that a star is very unlikely to be listed primarily to a planetary companion, the orbital fit to the radial
as a variable in thélipparcos Catalogue unless its photometric  velocity data should have exhibited an rms of 10-12 tas
amplitude is 3% or greater. Our photometric observations of HD more. Therefore, we can say that at least part of the observed
192263 show that it often has an amplitude of only 1%—2%, so radial velocity variability in HD 192263 must be due to surface
it is not surprising that its variability was not detected Hiyp- activity on the star while the contribution from a possible planet
parcos. Knowing the true rotation period of HD 192263, we has been overestimated. Furthermore, since the stellar rotation
searched thdHipparcos photometry for periods in the range period and the radial velocity period agree within their uncer-
1-100 days and found the strongest periodicity at 12.9 days withtainties and the dispersion of our photometric observations suc-
a peak-to-peak amplitude of 0.02 mag. This is close to half the cessfully predicts the velocity dispersion based on the D. Paulson
rotation period of HD 192263, as detected in our1iCH and et al. (2002, in preparation) calibration, we suggest that most, if
K observations, and so may represent a true detection of vari-not all, of the radial velocity variability is due to stellar activity.
ability, but such a claim could not have been made with any Additional evidence for intrinsic variability comes from a careful
confidence from thédipparcos photometry alone. examination of Figure 1 of Santos et al. (2000), where small
The only radial velocity measurements of HD 192263 ex- systematic differences in the maxima and minima of the radial
plicitly tabulated in the literature are those of Vogt et al. (2000), velocity variations can be seen from cycle to cycle. Clearly,
acquired with the Keck | telescope and HIRES spectrograph. HD 192263 should be removed from lists of stars with well-
The rms dispersion of those velocities is 34 thizefore removal established planetary companions unless further observations
of any periodic signal, compared to the typical precision of 3 and analysis can firmly establish a planetary-reflex contribution
m s* with that instrument. The empirical models of Saar & to the radial velocity variability.
Donahue (1997) and Saar, Butler, & Marcy (1998) predict a radial
velocity dispersion due to dark photospheric spots of only We thank Lou Boyd and Don Epand for their support of the
~10-12 m s* for HD 192263, given its lowv sini of 1.8  automatic telescopes at Fairborn Observatory. G. W. H. thanks
km s and modest photometric amplitude of 0.04 mag. However, Frank Fekel for helpful discussions. Automated astronomy at
D. Paulson et al. (2002, in preparation) show a relationship be-Tennessee State University is being supported by NASA grants
tween radial velocity dispersion and photometric variability for NCC5-96 and NCC5-511 as well as NSF grant HRD-9706268.
six single, solar-type (early G to early K) dwarfs with spot- S. L. B. acknowledges support from AFOSR grant F49620-
induced, radial velocity variations. A linear fit to these six stars 02-1 0194, NASA Jet Propulsion Laboratory contract 1236821
gives a slope of 3.3 m™$ mmag® with an rms of only 4.8 (under theSpace Interferometry Mission), and a grant from the
m s *. HD 192263 falls on this best-fit line with virtually zero NASA Massachusetts Space Grant Consortium through Mas-
residual. Althoughv sini is not included explicitly in this re- sachusetts Institute of Technology. This research has made use
lationship, itis included implicitly through the relationship be- of the SIMBAD database, operated at CDS, Strasbourg, France.
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