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ERFNECTEERINEBL D BHEEZLTHEHENLL VL, LWL ODLDHEHPSRBINT NS,
—F. ERVIETEAEEAMNPEE EBHIZE VR Y NYab R —IEnNs HARENNL D
HEREINTVWS (e.g., Mayor & Queloz 1995) . HEDERIIEDL K IO THEZR LT
WzZ e, BHERFZE ERINEOHEHED AL Ry MY a X —DFEEIZMET 2 Z &2
FEriohd, Txld, ERPEE SEREICIZBEEMEDH 5 £ E X %, Toyota et al. (2009) 12 &
b, HEZLIHEE ADS 3085 A ¥ ADS 3085 B XA DEHERF AN+ K ENE Do Tz,
COEREMERIZ. TNETNRMOERERMET 2005 Lvawn, FK4ld, 2007 &£ 12 Ao
2009 412 HE T, ADS 3085 A & B ORUREEZ 7+ 0 —7T v 7 U7z, HHREE O &R H
5, ADS 3085 A ¥ B ZNZTNOMMHEE X, 7.7 HEAME 5.2 HEAMWTLET 2 AlfetE»H 5,
ADS 3085 A ¥ B X £12, ¥MEBIEHNERTHZ L, Ly /LA ADHET — X REN 2R
Zens, HERED Cool spot DHEEE EHIZBEIL TWE EEX 515, ADS 3085 A T,
PikEE & P ETEE 2R < BT 2 DT, S EL T ORFIXEZEOIEEIZH 5, ADS 3085 B
TlE, HFLHEZH » WRETEESOMHBE 2L Z LI TE R o203, Gk 28 H E 25 8
RN B ATREE IR LR,

Abstract

Some observations have indicated that the binary frequency of pre-main-sequence stars is
higher than that of main-sequence stars. Several hot jupiters which are gas planets with the
orbital period of days are discovered in the main-sequence stars (e.g., Mayor & Queloz 1995) .
Most of the main-sequence stars may be formed as the binary system. The difference of the

binary rate between pre-main-sequence stars and main-sequence stars may be consistent with
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the frequency of the hot jupiter. We think that a binary formation correlates with a planet
formation. Toyota et al. (2009) indicated that the standard deviations of the radial velocity of
ADS 3085 A and ADS 3085 B are twice larger than the typical uncertainties of the velocities.
The radial-velocity variation with the primary and secodary component may be caused by the
orbital motion of the unknown companion object, respectively. We follow-up the radial velocities
of ADS 3085 A and B from December 2007 to December 2009. We searched for the period of the
radial velocity with the Lomb—Scargle algorithm (Scargle 1982). The radial velocities of ADS
3085 A and B may have the periodic variations with 7.7 d and 5.2 d, respectively. In both A
and B, the cool spots on the surface of the star are moving with the stellar rotation because
the chromospheric activity is active and the Hipparcos photometric data shows the magnitude
variation. Since the radial velocity of ADS 3085 A strongly correlates with the chromospheric
activity, the radial-velocity variation is caused by the stellar activity. In ADS 3085 B, although
we do not show the correlation between radial-velocity variation and the chromospheric activity,

the stellar activity may explains the radial-velocity variation.

Key words: Visual Binary — Spectroscopy — Radial Velocity

1. A4>vha¥%o>ay

MR, FRC 1E»SEBEOMELSRIZEERTH S, W O00BHNIE. KBEO X 5 2 EZE DR
R 27227 LW U7z (e.g., Duquennoy & Mayor 1991), RiFERFIETIE, EFRMNE LD EHERZRTHE
BEOBIZZ W ERET ZEHE H S (e.g., Ghez et al. 1997), FERFIBRED HPE CIX, AfEMAEH & i
UHIFEIWA Y Y a R —LIFEN S HAREPVS DB HERAINT VS (e.g., Mayor & Queloz 1995), +
RINBPEOHIME DL L FA DO THEZZRLTWEIZ 2R, BiERVIEL TRV EDOHEHEDAE L Ry b
VaV A —OREEIIHETEIZIENEZOND, L, INOARFHETHIRHIE, EEEK L RERRKIC
ZBEEMED D B L AT E B,

WL O OBHNE, HETRADOERKDMH % iKA T E 72, Toyota et al. (2009) 1k, EHLEE 13 KK
DOUFREE % 5 FEFE=XZ— L. 4 DDOHEHEDPHREENKE S LHTH I L ZHSNIT L7z, Toyota et al.
(2009) DRERKIE, X 512 5 FHFREEZ BB S, H7-I22 2000 ERE L, BEEEZ2RRT 5%
i1 RIK, BREICATABEZREFET 2 1 RIEDFEE S 172 (Katoh et al. 2018), Z DD R RIKIZDNWT
H, REIOMERKOIFENETE S,

ADS 3085 A & ADS 3085 B X, GO IV & G5 IV OlEEN R ~1450AU TS 582 TH 5, Toyota
et al. (2009) ¥, ADS 3085 A & BIZDWT, Ml DEHEMRZ X 40m/s &0 /T < Bl & 1]
R EBE R S e G Uiz, i, 38 R 2T OSKEE ORI, Skl & o Jl ek
JEL AR, 252 KE\W, LA T, ADS 3085 A & B OMAREEIZIE, RADERADER I HEKT S48
OHE OZBDFEL THEAREFETIEARY, Fixld, ADS 3085 A & B O EEZE2 7 r0—7T v 795, 2
FTIE, ADS 3085 A & B OBIHI L fENTIZDOWTEHKT 5, 3 HICTHIRZME L. & 4 =T ADS 3085 A
& B OMRGEEZH OEJFIZOWTHEMRT Do
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2-1. SOHEDSER

PIRREE 2 IE T 5728, S ez £ U7z, ARREIE, EFER ADS 3085 A & ADS 3085 B T
»H% (Table 1), BEITIX, RELRAYIRERIAT O 188cm LR & 2 # 4 et HIDES (HIgh Dispersion
Echelle Spectrograph: Izumiura (1999)) % L7z, HIDES i%. 2K x 4K @ CCD ¥ v 7% 3 H#&# L.
RED cross-disperser #{#fH3 % Z ¥ T 3750-T500A DB BHITE 2, WEMREEL. 2V v MEZ 200
u m(0”.76) £ LT, R (A\/JAX) ~60,000 TH 3, ADS 3085 A & B OFEHHETIX L £12 1800 FhTd b, i
Bk 7 - 74 A (S/N) 15200 2725, ADS 3085 A OFflIX. 2007 4 12 A5 2009 4E 12 H &
TORNZ 1-24 HIZ 1 B O TEF 13 [F47 > 72, ADS 3085 B D& HIIX, m%ﬁﬂoﬁ 1 |47 -5 7z,

FRLHEZDOMIE X, I — N)b (I Z)b: Kambe et al. 2002) Z Wz, I—RNE)ViZIa vEHAZHAL
7247 ARIVT, REPSDNHIZ I — RV ERZIZEEI NS, lﬂ‘:bi‘o THUU A7 M, HE
ARY PVIZATEARY MUV ER - DERE, 72, HEBEE=X—%2HL. 3¥E T HIDES O
2Dy MZABREDP S DNEREZHE Uz, ZONEDEAD SFERR O izl 2 8l Uz, Higko#EH)
PMED BT R OERGEE X, TEMPO Y027 54 ZHWT, BEOREORREZTEH L 72,

Table 1. Targets.

Object V [mag] Sp. types Separation [arcsec]  [mas] V sin i [kmsT!]  Mass [Mg)]
ADS 3085 A 6.33 GO IV 45.28 4.3 1.01
ADS 3085 B 6.96 G5 IV 65.5 45.24 3.9 0.87

References: de Medeiros & Mayor (1999), Nordstrom et al. (2004). The value of 7 in Gaia DR2 (Gaia
Collaboration 2016a, 2016b).

2-2. fRIRREDAIE

AR MVF—=RIZTRAF OV 7 k9 27 8w r— V% HIWTIELE N, % 13 3800-6000A DWERDF—
XA L 7z,

PFAEEZFHBE T 572012, HEARS MVWCEREDLE I VEZORIGRE R EORAEL UTHHL -,
B 1. 5000 6000A D EMRCHMHEZE U, CORERTIE. AX2 MUZS L OEL THWI
D FEORIFRE . ATEH D OEEKRLKDBNERATFIET 5, SIFEE DR IZIE. Butler et al. (1996) (252D
W7z HIDES 5 — Z D 2— K (Sato et al. 2002) ZMi L7z, D I—Rid, ARXZ hLESA JLDE
AV MIDEL, FXITAYMITARZ MLVERD XS IZET VAT B,

I\ = K[AN)S(\ + AN)] + IP, 1)

AN FIVHEOTY TV —FAXRT ML, § () FAROE 2T REREART ML, AA =X\v/cBXENT
NRKY, NIEE, o FEREOHBGEHE, ¢ 13BEE, FFa R a—a v, IPIFEEITER S 5 RINHR

I http://pulsar.princeton.edu/tempo
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DEAEZNENZEKRT 5, Sato et al. (2002) DHFIEIZ L2\, FTHRARYZ MLz HWTEEIS N2 X
RZMVT (N 258 (N) 2EHEERLEZ, T (N oIP2573 R)a—varyl, avEOTY T —
FART MV ERET D ZETHEHEARZ M ETZHIET S, W<DHhD T (\) RHHEHEARS MLz
WU, ZOFHARZ MVE S (N) AUz, TPIE, N(1) TEFTNVARS MVEBJIARS MVIC#EE
SHEDILICEoTHEL Tz, HFEEIE. X (1) DETIVART MVEBHIANRY MVOEREVRNE 725
ANDPORE LTz, HE T AV FNOBRREEDEME, 7V X LA RIFAEDW 2 FETHRONG, 7 VR

LEREL, TV ay M)A XS HEL -, RiEREK. RO AIETKRD T, X7 AV NTlElE 5A DF
FEROE 0.3A ZUHBICY 7 N &t SRS 238 Uk, BIRICY 7 b 8T R = BHERE & 9
DR EDEZEH Uz, TOEDFEHEREL T AL NDORMKEAE L AL LTz, &t 7 AV N ORIHRLEE D
EHAZHWT, ~200HDE 7 A > b b S EKGEE DO INE L2 FH Uz, Z OV % 62 O GIREE &
ALY, FREEORICHE X, FEEE L f 4 DX 7 X v b TROGERGEE L OEERETH 5,

Fx k., Toyota et al. (2009) TD ADS 3085 A & ADS 3085 B TNZNDF — & b i CHEHE % 315
L7z, ADS 3085 A (ZD\W T, FHDHRIEHED 8.6m s~ T, 2003 4 9 HH 5 2009 4 12 A £ TIZ 32 @D
BIHBEE T — X 2T L 7z, ADS 3085 BIZDW T, FHOHIEREEAH 10.6m s~ T, 2003 4 12 HH 5 2008
10 H £ T2 13 I OBIFEE 7 — X 2 HifF L 7=,

3. ®BR

ADS 3085 A & ADS 3085 B DR H#E % Fig.1 & Table 2, Table 3 (233, F 4 Ik, Lomb-Scargle 7 )L 3V

A I (Scargle 1982) 2 L T, FlREE T — 225 U CHiE 7 — V) =20z X 2 AN 247 > 72, NASA

Exoplanet Archive’s Services? 23¢9 % EXOFAST DFH# 2 — N (Eastman et al. 2013) ZffifH L. ADS

3085 A & B @ periodogram % & U7z (Fig.2), MM CRO M, BvMEZ 1 H, &KREZ RIAED

BUHA & U7z, Zechmeister & Kurster (2009) Df#Mr=NIZ U 7223\, priodogram [ TY— 2 % KD JiHIZ
DWW, False Alarm Probability (FAP) ZEHE U7z, FAPIE, RO KD ITKRDBIENTE S,

FAP = 1-[1—-eap(—2)" (N > 50), (2)

2z _ N-3
ZER (v <) ®)

FAP 1—[1—(1—

2 \FFABONRT — M = Af/6f. N IZHRREED T — 2B E ThThKT, Af & periodogram O Gt
., 6f X —7DIE%EZTNEFNRT, Table 41X ADS 3085 A & BZNZEND N, b\ —2 %KD
W, zoFMOAT = M, 8LV FAP 2R3 2,

3-1. ADS 3085 A

ADS 3085 A %, ZOHKREEICLEBZ/RT, SHEEORHERE 01X, 15.6m s™! TH 5, periodogram I,
}%,ﬁﬁ 7.7 HIZEREHNE — 2 2/RT, £72. periodogram (Z1%, HEH U7z FAP 2/R9 % (Fig.2 i), Fig.3
. ADS 3085 A DRFHEDEFZOWT, 7.7 HE 1ML T MM TR LUz, ADS 3085 A OHRLHRIEE
—EDAMTEE T L WRMEN DS, I ORMEELZFDEPIIZONTIE, 4FIZTHMT 5.

2 http://exoplanetarchive.ipac.caltech.edu/index.html
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Fig. 1. Radial velocities of ADS 3085 A and B. The horizontal axis represents the Julian date. The vertical
axis represents the radial velocity. The filled circles show the observed velocities. ¢ is the standard deviation

of the radial velocity.
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Table 2. Radial velocities of ADS 3085 A.

JD Radial Velocity [m s™!]  Uncertainty [m s™!]
2452913.25941 -4.5 5.1
2452955.20848 -3.0 7.6
2453001.94946 -28.7 13.8
2453002.06918 -34.8 7.2
2453055.91063 -23.2 5.8
2453215.26268 5.2 9.4
2453307.10631 -1.0 6.8
2453332.09943 -2.0 5.1
2453338.12788 9.8 6.3
2453360.99705 -7.2 5.5
2453375.14875 18.6 8.0
2453378.14727 0.8 8.1
2453442.95358 22.6 8.1
2453696.11851 12.0 4.7
2453808.98218 -11.3 7.1
2454016.34439 -13.3 6.2
2454054.21955 7.6 5.6
2454128.11879 24.5 6.1
2454350.31779 6.2 10.8
2454453.00510 6.6 10.6
2454455.20950 -12.8 12.2
2454500.01993 12.3 10.4
2454528.96110 13.2 12.1
2454561.92566 -3.2 14.4
2454742.34544 16.8 6.7
2454743.21278 13.8 7.8
2454766.32934 5.7 11.9
2454767.19054 22.3 10.3
2454824.12389 -26.6 11.1
2454874.99291 11.5 11.3
2455158.20937 -13.2 7.4
2455185.19765 -15.9 9.9
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Table 3. Radial velocities of ADS 3085 B.

JD Radial Velocity [m s~!]  Uncertainty [m s~!]
2453002.09078 -26.4 9.0
2453055.93223 59.3 6.6
2453078.92501 -17.7 9.2
2453215.29875 -26.0 9.9
2453216.29181 47.1 11.9
2453307.12252 -5.2 9.0
2453332.16779 19.1 6.7
2453338.15065 20.2 7.1
2453361.02599 17.7 13.9
2453376.14722 -40.9 18.2
2453378.17059 72.5 12.9
2453379.15031 43.2 12.6
2454743.23695 -14.2 11.0
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Fig. 2. Periodograms of ADS 3085 A (top) and B (bottom). The horizontal axis represents the logarithm
of the period. The vertical axis represents the power. The period at the strongest peak is regarded as the
period of the radial-velocity variations. The red dash lines represents the FAP of 0.05% and 1.00%.
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Table 4. Periodogram analysis.

Object N  Period [d]  Power M FAP [%)]
ADS 3085 A 32 7.7 8.053380 13.105554 0.03
ADS 3085 B 13 5.2 4.915625 3.491278 0.07

3-2. ADS 3085 B

ADS 3085 B X, ZORKGEE IZEE%2RT, ok, 36.5m s TH 5B, periodogram 1k, JA{ 5.2 HIZHED
WY —2 %87, F72, periodogram 21k, EH L7z FAP 233 % (Fig.2 2/8). Fig.4 2, ADS 3085
B OHFHEDEFIZONWT, 5.2 H% 1 AL T HMHTERLZ, ADS 3085 B DAL, —xE D]
TEHT SRR H 5, ZOMBMEEZBHOEFIZOVWTIE, 4 HIZTHEMT 5.
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5 oF . . . . -
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S I X . .

m B . . -

o . ]
1 . 2 A R 1 . x . 1 N . z N [ . L . 1]
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Fig. 3. Phased variation of radial velocity of ADS 3085 A. The horizontal axis represents the phase with

the period of 7.7 d. The vertical axis represents the radial velocity.
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Fig. 4. Phased variation of radial velocity of ADS 3085 B. The horizontal axis represents the phase with

the period of 5.2 d. The vertical axis represents the radial velocity.

SE A
4. Exim

£ L. ADS 3085 A & ADS 3085 B OFFRHEZ BN KM D 3 (AD NLEENZELNT 57 51E, ADS 3085
A O 3 KIFR/INEE (Mminira sin 4 ¢ FPUEMGERA) 2304 KEEE, PUER D 0.08AU & 725, ADS
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3085 B O 31, BuNEED 1.4 REEE, JudRFEN 0.06AU 725, LA LA S, ADS 3085 A &
B & Ursa Major Moving Group (ZJ&9 2 F## A 300 Myr & £ WHE TH % (Soderblom & Mayor 1993), #i
WE Tk, HEOREFEEWIEHLR 72D, ERA Cool spot BWEHET 5, L7zd- T, HIEEIZE H 4 Cool
spot WEEE LZ2BET 2 212k 0, Al ORKEELRBIEE 5, Feld, ADS 3085 A & B O
HEEFHEROIEEN RN T 2 2 HEmT 5,

4-1. EEDOBIEICEEHERIEN

16 B RE TOESIEE)L. Cool spot 24T 5, MLOIEENE TG IEE & HE T 5, Call OREREHRE X,
EEOEISE 2 RT, F4ldk. ADS 3085 A & ADS 3085 B ZNEFNDARY MVIZEIT S Ca H BEFRDOIRE
ZRE LTz, WEE Sy 1 VT 7 ATRIN, RO XS IZED S (Sato et al. 2013),

Fy

= =, 4
Iy + I'r )

SH

F 3, HEESZ DL E L7z 0.66A IBOMRT 5y 2 2 Th 2, Fp & Frld. 2N HERD» S £1.24
NEWEERLY L 11IA BORT 5y 2 2%%T, ADS 3085 A £ B O Sy &, ZhZH 0.60 & 0.82 T
b5, Fx OB S, HEIEEVIIRTR R 2R EE 3 Vir Tk, Sg=0.27 TH 5, ADS 3085 A £ B &
H1Z, CaMIROBENRL . RRBEIHVERTHLLEZOND, L -> T, WEOEEEEEL. EX
72 Cool spot WMFEAES B ATREMED B 5,

Cool spot BWHEZIZ L HRWBEIT 272 51X, HEOEKAM» A E —3 5, ADS 3085 A £ B
DWT, By LI ADHET — R 2 AW AN IZ, ThZN88HE 82HTENT S I L 2/RET S
(Fig.5), ADS 3085 A & B O HIEHE (v sin 4) 1X 4.3km s™1 & 3.9km s~! (Table 1 2[f). &L 1.01 X
Bt e 0.89 KF5ff% (Gaia DR2(Gaia Collaboration 2016a, 2016b) & W 28) TH b, L7zh->THEERE
HORKEIX, TELHEEZENTN119HE 115 HE 45, ADS 3085 A & B 21z, ZEH & iz
M—E3 5 aRet: I H 5,

4-2. HIRREEZHODOELIR

ADS 3085 A & ADS 3085 B 132 Cool spot 25, HEEIZAED Cool spot OBENZ & B HEEALHRH 5
EEZ 6035, Cool spot DIHEM ETOBEIX, TDOEDHKERE IZENTOLE %252 %, ADS 3085 A
DZEYCEIA 8.8 Hik, MUSEE RO ZFFMA 7.7 HIZEW, ADS 3085 A Tl, 2007 4 12 H 5 5 2009 4F
12 HX CRBIEHE Sy % 10 FHIE U7z, Sy & HfkiEE OBl E & OMHEZ 372 (Fig.6) . MHBEIREUX
0.87. Significance % 99.6%TH . M%7 L7z, L7hio>T. ADS 3085 A OBHEEOZH T, 10
EOIE#IZERT 5,

ADS 3085 B OZ M 8.2 Hik, FMHENL R DB A 5.2 HE —8, LAV, £72. Sg OHEIEIX, 2008
FI0HD 1 EDOATH S, ULALENS, HEOIEE)E A Cool spot DIFFEZ R L, Cool spot DFEEIHH
REeFZEZONDENDIFEINRBI NG, L7zdi->T, ADS 3085 B ORI L Z B D FJH A & 162 OIEH) %2
PRZE L 22w,
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Fig. 5. Phased variations of Hipparcos magnitude of ADS 3085 A and B. The horizontal axes represent
the phase with the period of 8.8 d (top) and 8.2 d (bottom). The vertical axes represent the Hipparcos
magnitude with the real value (top) and the offset value (-6.4 mag : bottom).
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Fig. 6. Correlation between Sy and radial velocity for ADS 3085 A. The horizontal axis represents the

radial velocity. The vertical axis represents the Sy. The two quantities are correlated.
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5. 5k

Toyota et al. (2009) D7 1 —7 v 7& LT, 2007 4£ 12 HA*5 2009 4F 12 H £ T ADS 3085 A & ADS 3085
B DR E 2 E =X — U7z, SHGEHEDFE X, Toyota et al. DEH A B O TIT -7z, ADS 3085 A Tl
2003 9 D5 2009 4 12 H £ TIZ 32 O HFEE 2 HIE U, FHOREKE X 8.6m s~ THD, ADS
3085 B Tl&, 2003 4 12 HA*S 2008 4 10 H % T2 13 (A FRGEE 2 e U, SFH ORI IX 10.6m s~ !
Thb,

ADS 3085 A ¥ B ZTNFNIZDOWT, HEEEN 7.7 HAM L 5.2 HEMCEET 2 aEMLH 5, ADS
3085 A ¥ B O¥EIEFEIX, Sy H0.60 & 0.82 EEWMEZRL, IEHRTHLH I LIHR B, BREDE WG
1Z, MR REIZ Cool spot DIFIEZRRIET S, By LI ZDRNET—& LD, ADS 3085 A & B &b IZHiE
IZRES Cool spot DEENDIRIN & ZE X 5NBEENDHERTE S, ADS 3085 A IZDWT, #HMEE L Sy H9k
<HIBET 20T, Sl ELZBORFIXHEZEDIEENZH 5, ADS 3085 B (ZDWT, HfEELE) & ¥ EIHE
DOMHBEZFANRD Z L IZTE R o 7208, HREE LB HE2EBC KNS 2 AT getEidRE LR,

ADS 3085 A OFERN S, HEIEFMIERK TLN 2 /R TIHE OURGEE L)X, HEZIZMES Cool spot DF%
FTRKT 5 LRI N5, ADS 3085 B OFFEEZHIZDOWT, HEDIEH & OMHEZMHE T 572012
I, EEE C EEOEHE A2 7 A0 —T v T 5R0ERH 5,

Z O, ENIRXE (NAOJ) ANEE U T 7= (L RAEEIHFT (OAO) THIllE T —RIZHD
WTWET, Fi7zbid, OAO DA XY 7 DERRE ., W27\ % O TERITEHBL £, 20X T,
Exoplanet Exploration Program O F, KEMiZEFHFE (NASA) LAY 74 V=7 TRKZEIZEL >
THE TN T2 NASA Exoplanet Archive 232443 % periodogram OFI I — K & EXOFAST (Eastman et
al. 2013) ZHHLCTWET, ZOMETIE, 1 VRIITATRIT T T4 AN a—T R BAT—RDTT 1
& TdH % TOPCAT(Taylor 2005) ZHHL £ Lz, ZOWETIE, 7IVADANTIAT—)LD CDS IZ& -
THEE TN TWS SIMBAD 7—X X—2 & VizieR Service ZFIFH L TWE T, ZDRFFETIE, WO FH R
(ESA) @ Gaia X v 3 (https://www.cosmos.esa.int/gaia) DT —XZFHLTVWET, Gaia DT — X,
T— XM B KO3 Y —2 7 4 (DPAC, https://www.cosmos.esa.int /web/gaia/dpac/consortium) (Z
XoTHINTWET,
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