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Abstract

Optical spectroscopic observations were carried out for transit events of hot-Jupiters HAT-
P-16b and HAT-P-39b with 2m Nayuta Telescope and a narrow-band imager and spectrograph,
LISS. We have observed HAT-P-16b for 229 minutes including 184 minutes of the transit event,
and HAT-P-39b for 390 minutes including 251 minutes transit event. We used a very low
resolution grism and a 10” width slit, and obtained spectra with the spectral resolution of 12.
Nearby stars were also observed simultaneously as a reference star. Transit events are detected
for both objects in the wavelength between 620nm and 885nm. Transit depth is 0.01204+0.0006
and the radius ratio of the planet to the star is 0.1097+0.0029 for HAT-P-16b. Transit depth is
0.0093+0.0007 and radius ratio of the planet to the star is 0.09667%:993% for HAT-P-39b. We
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do not find clear evidence for wavelength dependence of transit depths for both planets.
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1. XL ®IC

ﬁ&if 3000 fEH A ED KBFRANEENFRINT VDS, Fx BWRGRARED NRHDER EE< 1205

BEMNMEE (FDE) D—HERTIL2HD, 2O, HEOWHD I IEXDOTNIHES Rd, 20D
ﬁ%%b%yyvbﬁ%tww‘%@%éi%é@*%t@%@*%@%@ﬁ%t@éo%bk%%%%iﬁ
KEDDH D56, BHEDFELRDFIZE B RIND DI EEIZ L > THEENRER S, N TV I %2 O3
HF 2 L PRI L DWARERIMNY | ZOWRERIIRNE RO 70 TOEE JiND LN TE D, BifEE
TITHY 20 RIRIZHU Th 0T b R8BI R S v, KA RS W TS 72,

Lendl et al. wnnmwmﬂwmm%b7///b PICBIIL . RAREDRGHMEE Haml 72, WASP-
103b [T AR HIAY 0.9 H, #HLUEEREEL 0.02AU, BEN 149 KREEEDFY N YVa¥&X—Thd, Billlx
£ 8.2m DY = I —YEHHE GMOS 20688% AV, 550nm — 980nm DK EHIF T E D MRAE ~400 D AR
7N )& BT, RTOFEER. % 590nm & #) 760nm Th 72V MIZ& B N ENZ E BN ooz, BREK
RUZEBEENDEF RV T LEA) T ARI NG OPEEBONE RINT D720, NIy s BES BHE WG &
EZHLND,

WASP-52b TIFBERZUZENH D Z LW T 2Dy b 5HBIHINS 535> 72 (Chenet al. 2017), WASP-
52b I NFRFERIAY 1.7 H, #uEREEEA 0.03AU, BEN 046 KEBEDOKY N YVa¥X—Thd, BillzO
££10.4m OAHF Y 7 KEEBEE OSIRIS 47 Y688% VY, 522 nm — 903nm OH#IFH T, WESEEE ~1000 D A
Nabwéﬁto%ﬁ®#% FRU DT LADENUZED N TV I b BB BoTWBENRH D A3, M
ETIEN Y YY N OBI RFIE—REE> 72, 5 1%, Imbar DEEIZENH S 1 IEDOKGEEREOKKET
Ve, FhU Y A@WE&HX(&ELL%’C}\ SUVUW N OEINFREIZES B VE WD FEHENSIHTE % &
U7,

NZYYY N DORRBHITERERKDOMBEPHERI NADT VDD, TDE D B KGR EIZ KD
1%uT?b@@m x%%%f%@ﬁ%mm:¢um#%&w%uﬁofwmﬁéom%ﬁm@Hmrmé

B, RRUCEZEND FH R0 TORMND7ZDIHARIT LS , MERRUIFNEDLH D 56, WOLRILH
WEHT—ETHD, DNBITHALEROWEMFNEE RKDD Z & T, HEORKLKHMER., EVWEDLHKE
FARE NG, 5F TOMIETIZ RO Eﬁ%%D\W%ﬁ%%ﬁﬁ@ﬁ@lN7FW%ﬁfﬁtob#b\
KIGRIEED KLUTTROIRINE RO H AP0 0352 550, ENH D HEITIE, KD AT N b
L TERAKEDKRLZZ FARND Z B TE S, Z0D&D REINZSH *&5(75%&\71 yﬁ“ﬂ—)l/// A4 ANEL &
D, NAROERETERERKRE HEETE D,

AWFFEIE, AR T B N TR WKEGRIARED N 72 Iy N RSB BIE 170, ot
KOPEMAFMEND BEO KK HEEE HET D&% HNE U 72,

2. £A

BANZIZPEIEY) £ RXAIZH D O 2m DT B 7z Liwin| & Pt o % & LISS(Line Imager and Slit
Spectrograph) Z iU 7z, LISS IFH I KF KR A EMEL Y 2 —D L E, EHEN AL 72 B
$E T (Hashiba et al. 2014), JRHHIHT 1 V& —PHHET ¢ V&2 —% FO GBI K808, 8BRS
B BN T X B . ABIITIXBE T Y AL (75 K /mm) & O Y ZSA 7 4 )VE — (JEER 600nm BT
D& A N EFMAHL 72, AY » M IXIED 107 TEI 2% 240" OY% FHWz, ZOAD W N IZiie ohoedy
WCEEBIEAD 1" WO AR HD, 25Uty T4 2712k 600 nm — 900nm O FH#iFH T k&7 iR
BEDY ~12(AN ~53 nm) DAY N V% 1§72, BIITIZARY NV (—56) DMIZ, 0 KD FREHRE 55
% (K1),
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HAT-P-16b I& HAT-Net(Hungarian Automated Telescope Network) (Z &k V) FERI Nzhy b Va4 —
T (Buchhave et al. 2010), FED V FEfHIE 10.8 FH TH S, Buchhave et al. (2010). Pearson et al. (2014),
Turner et al. (2016), Ciceri et al. (2013). Sada et al. (2016) IZ & > THEBFIA X T WD, F 72 Turner
et al. (2016) TIFEEDFHIRE 1500K TABE FHU #%E Fi> KQETIVHBMERS Nz,

2016 4 11 A 16 HIZ HAT-P-16b O#H% 17572, b 7V Vv b O F#IELIS 23:33 - 26:37(JST) T.
BEEN ZV Yy N OFIBIFT 61 %, NIV Yy N O TIFT 31 72> 72, HAT-P-16 25 150.14" #fdv,
V EEAY 11.96 D TYC 2792-1778-1% SRR U THRHIEREU 72, 22:08 25 KIKDE A% 7\, 22:14
12T A% AR, 22:57 18D A —N A X —DFfE%E BlMEL 72, 0 —F5 — X OREEMHEIR 177 L U 72, B
WG 22:14 — 27:13 . FHFERHIAY 305 — 120s DEfR%E 216 7L — AEFU 72, 0 RAED L AEEIZ BT
BEAIED 22:14 T 24" 122 Jo, & BB OEHOREIBEESBILE—R, BV I NRNAT 1 V& — A
Dw N U CTREZ L., 79V N 7L —Ak U7z, 3512, HEKIEMAD Hg, Ar 7Y 7% @BIESRT)
AL, 10" EOT Y 7 AV W b T4 VR =L THBIRE T2 0.5 BRSO TlREL 72,

HAT-P-39b (& HAT-P-16b & F#kIZ HAT-Net (2 &) BRI N2k b Va4 —ThHd (Hartman et
al. 2012), FED V Ffkik 12.422 FHETH D, 2017 £ 1 H 31 HIZ HAT-P-39b OBIHI% 7072, N T
Vv N OFHIELNE 22:21 — 26:32(JST). FEIXN 2Py N OBHBIIZ 63, b > Yy b O THIZ 37
FE72 5 7z, HAT-P-39 25 96.39” Bz, V kA 10.07 FHkD TYC 1364-1960-1% SHRZEL U TRIRHI By
FoU 720 2145 D RAKDEAZ 17\, 21:47I271) AL% A, 21:55 M5 7 —h JI 1 X —DOEIfEE BAAL 72,
0 —7 —& QR #IE 43 E725 72, BIIRREIE 21:49 - 28:19 T, FEHFEHAY 55 s — 100s D% 228 7
U —LHRU 72, 0 RSED B S BLHIBALAR D 21:49 T 2.4" 25 7=, F 72 B4 O WA O BRI KD 85
HE—R, BV I NAT 4 VA — Ay N U CTKEZ YL, 79y N7V =AUk, V)Y U7
L — A% HAT-P-39b OB 78I EgU 7=,

3. fEMNT

RMTIZIZ IRAF 2 W=, 9. BT =800 A—N—AF v V%28, BRALAZ7IY N 70 —ATHi
B Elo 2, Iz, HIERE ZBED 0 JOEOHEL%E daofind # A7 THIY . BELOD x JEEE 17 2V v kD
HUDO x BIEY HU < B2 XD ICEITFBEIX 2, ZAUTLD 1 RNEDART N IVE B ET5, 2L T,
10" gD Y 77 2 w N 3 fEfrd D 17 EAY v b THHU ZERIES > 7D ARY N IVD 10 AD ffifie
FAWT, IEDIIEZ 7o 7/7, X512, 107 IEDT Y Z AV Y N WH S ST, 22 RIEDE > TV HE
EETLV—LIIBWT AR FEIBRICIEEL 2L 51\ 2, B2, apall & A2 % FAWCTEMARIZIEDY Db
5 RIKDART N V& 1256kl 72,

RO E 175 & HIERDANRY NIV BIED AR N )V THIERK KDY RIZAL H3
Ho7m, ZORNITFEEHNDNFERIZEDDNARES ZIFERIEIZEDE DEE ZEZ L N DB IEREIZIE DM
572\, TNk FMIETD 720, HIRKKOBEDS T ANV RRE 4 DOV R 2 HNTHERERIES
17272, HAT-P-39b OB{HITIX, 21:55-24:55 CTHELEYL ZHENA) v N NS ANT WD Z L Baho 7z,
0 D KARKER?S A1) MIZ A TWD NEE BEEY . AT N IVONEE fiEL 72, 3 TL 72
HIER DAY N N IEHIER K KO R EBO AN EENT VWS, ZHUIHIEZED AT N Vg BIRED A
R NIITHB Z & THRIEL 7=,

RIZ, 620nm-885nm DHIPHT 26.5nm 323 5 U THEDMEED 53nm IRTANRY N V& L 72, Z
DOP RAFFBORED Y% 2TOT L —LTRDZ~, TU T, J{PERFEOEEDFIED 30 6 sz d
D% BREL 72, X512, HAT-P-16b DBHTIERTIL —LDBEEZ N SV IV MO0 7L —LE N TV
TR BD 107V —LOEOEEMETE /-, HAT-P-39b DB TIIEZETIL —LDMEEZ N SV Iv 4
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Fig. 1. An obtained image of HAT-P-16b after subtraction of the counts in the overscan region. Zeroth
order images and 1st order spectra are clearly shown. The lower images are those of HAT-P-16b and the

upper images are of the reference star.

D207V —LDEHETE> 72, ZAUZEY b TV Iy b ADFRED 1IZ RIS iz,

WEDTT —% RDD /2D, RTDARITNIVOEEE L 572 (TV TV —h ART N IVEIER), &7
V=0TV TV =M AR RN NTELZ I TITT—% KD/, BEARINIVORIFEHRD 1o % BEOT
7= U7,

4. #HR

BREALL 72 BENS N TV Vv N =T % kb2 728, WEB ¥ b O EXOFAST % fii- 72 (http://astroutils.astronomy.ohio-
state.edu/exofast /exofast.shtml) . BT « VA2 —FZ ATU FZEEFITENT 1 VA —% FEAK, 620nm —
673nm, 646.5nm — 699.5nm, 673nm - 726nm, 699.5nm - 752.5nm, 726nm - 779nm & Johnson-R.
752.5nm — 805.5nm, 779nm — 832nm. 805.5nm — 858.5nm. 832nm — 885nm (& Johnson-1 TH D,
HAT-P-16b OB TIE 620nm — 885nm IZHWTHh TV VY M &2 METE L NTE A (K2), b TV
Vv N OHET OFEIE 0.01204:0.0006, FEE BEREOPELLOFEIX 0.1097+40.0029 & KE > 72, KRBT
KO/ EREE K LICE L DT,
HAT-P-39b OBMITIX 620nm - 885nm iIZHWTh TV Iy M &2 MIETH e N TE A (KM3), b TV
v b OHES DOFYIE 0.0093+£0.0007, EREE BEDERLLO T 0.09661 0 & RE S 72, AFZET R
O E £21I2F L D,
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Fig. 2. Light curves of HAT-P-16b. The horizontal axis shows Julian date - 2457709. The vertical axis
represents the normalized flux shifted by 0.05. The solid lines are the fitting light curves obtained at the
EXOFAST web site.
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Fig. 3. Light curves of HAT-P-39b. The horizontal axis shows Julian date - 2457785. The vertical axis
represents the normalized flux shifted by 0.05. The solid lines are the fitting light curves obtained at the
EXOFAST web site.
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Fig. 4. Radius ratios of the planet to the central star for HAT-P-16b. Filled circles show the ratio in this
work and the other symbols show the ratio obtained in the previous studies. The solid line represents the

model spectrum of 100 % water vapor atmosphere. The dotted line shows the model spectrum of Turner

et al. (2016) and the dashed line shows the model spectrum of thick cloud atmosphere.
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Fig. 5. Radius ratios of the planet to the central star for HAT-P-39b. Filled circles show the ratio in this
work and the open circles show the ratio obtained in Hartmann et al. (2012). The solid line represents the

model spectrum of thick cloud atmosphere.

5. BER

LATHIRTROD S N7z HAT-P-16b KU HAT-P-39b D%tk E K 12125 2 -, TOME, KiTHi%L —
T FERFE —BL BRWEESLH - 72,

Kz, WEB ¥ b @ Planetary Spectrum Generator(2A# PSG) % FIWT (https://psg.gsfc.nasa.gov/index.php).
IKIELEDY 100%DET N E JFNEDET IV MEKL 72, HAT-P-16b D4, KIRLH 100%DE T IV E fEKT
B OIZ ASIU 7285 A —& 1%, BEDOER=185500km]. EREDARY M VE=G ® BEkGEHKTS
BF=Hy0, DFDEFEHEE=100%E U7z, BVEDETNEEHRT DO AN 2T A —&F, REDE
££=184306km]. EERDANRT M WM=G R BERKOME=22. M#HEROFMEE=100%L U /=, & 7z Turner
et al. (2016) THERI N BERGET NVE AR EREOILERE U 2, ZHdRGE FU &EEE FFoEh
RRET INVE KT, AFEOBIHKERIFFEN KRS VDT, IS DETIVIZHIRE MA D Z & IXHL W,

HAT-P-39b (26 L TH PSG TRWEDETIVEERL 72, BWEDH D ET V& EKT D 720D AT
UZZNo A =203, BEDOEA=195426km]. BERKKDME=2, MHEOFEEE=100%L L /=, FVEDE
TIFBHFE RO TS —OHFHNTH S, —J5 T, 750nm ¥ 860nm TIXEEDLENKE WHREMES HD .,
HAT-P-39b O 4% 1 Hartman et al. (2012) T 1752K & KOS T WS, Z NI EEEDOFHEEIC
FME 2, BEEEDOIHEARY N IWZIEH 750nm (ZBIENF VD AL Y 7 A, BAEF XV ORI,
860nm (ZELF & >V DIRKIPANY R R d, ZNo DR FHBERKUCTFETD AREME HD, LY HOEE
HE BRI, PRIEDIARMIEE Y KX WGBS, V1) —8ELIC L D I EROLRILDOERZ L THRTE S5~
O, BEREVPEVWEIZHODN TR VWAREERNENI L2 RTIENTES,

AR FEOBHRERIF RO T T =N KRE Do 72, PREUDOLTT —% /NI 5720121k, LY S WH
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Table 1. Transit depths and the radius ratios of the planet to the star for HAT-P-16b

wavelength transit depth radius ratio reference
620-673nm  0.0128+0.0008  0.113217 0538
646.5-699.5nm  0.0122+0.0006  0.110377903;
673-726nm  0.0110 +0.0006  0.105870:0037
699.5-752.5nm  0.0118 +0.0005  0.108570 0033
726-779nm  0.0125+0.0006  0.111677 0058
752.5-805.5nm  0.0124+0.0005  0.1113%0:093:
779-832nm  0.0119+0.0005  0.108970 0035
805.5-858.5nm  0.0120 4 0.0006  0.109570:003°
832-885nm  0.011940.0007  0.109074:0033

U 0.10586 £ 0.00088  Pearson et al. (2014)

U 0.10645 4+ 0.00067  Turner et al. (2016)
R 0.1032 £ 0.0005 Ciceri et al. (2013)

i 0.1071 £0.0014  Buchhave et al. (2010)
I 0.1062 £ 0.0008 Ciceri et al. (2013)

I 0.1085 £ 0.0009 Ciceri et al. (2013)

I 0.1058 £ 0.0008 Sada et al. (2016)

I 0.1116 + 0.0011 Ciceri et al. (2016)

FREZREZ BT ZENEZAL NS, HIF) EFRLEPSBHTE D, RGRINEKEDFIENERT,
200" AT V RN 11 &Y IS WSHRENH D Z L 2 bl §5 & V ERD 10 FikdE D IS VB
WNEIE 3 RikH B o

6. F&&H

PEIEY & RXEBD 2m B 7= Bia i & Pefivididndg /o 62 iE LISS % L T, KGRI E&E HAT-P-16b &
HAT-P-39b O o] S GEK /3 8L Bl % 175 72, @IEAEHIY ALE—R, 10" By 7 AV v h, vy
INAT 4 VAR =% AL, HERENS 200 BAUNIZH D B BEE BRI DL 72, TOFEE, 600nm -
900nm DWFEHIFH TIHFEDREE 12 DAY N V% 872, 620nm — 885nm DHFFAIZHE WTHIEEDN 7 VY
%ML 72, HAT-P-16b Dk 7> Vv b DI IZFEHIT 0.012040.0006, F LI FEIT 0.1097+£0.0029
& RE o7z, FefT5E (Buchhave et al. 2010, Sada et al. 2016, Ciceri et al. 2013) O A FHDEBLHINS 135
NTEREEE D £ REWEDE OB o 72, HAT-P-39b Dk 7 v Vv b DX X 0.0093+£0.0007, F£ELE
DFHE 0.09661 %005 & K& > 72, JeATHFSE (Hartman et al. 2012) T3ROS N BRLE P 725 72,
KA 100%D KRET VR BENVED KKET V% MERKL 7228, HAT-P-16b OB FIZE T VI HilfR%E D
13213 E DREEIEF> TWARNo 72, HAT-P-39b OB RIZEANNF I AL BILFZ Y. Y T AN
BRRUCEEZND & B RE ST E 2 aHEMEd H2D D, EREDTT -2 EX DL EDHDETINERE
TERV, &Y EOIEESE BUIIL . EREAARIEE D KEWIEE, LAY —#ELIC & 2 FIREF O &L
DRZE FRTED-D, BERKGDEVEIZEODNTORVWAFEENENI L2 RTIENTE S,
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Table 2. Transit depths and the radius ratios of the planet to the star for HAT-P-39b

wavelength transit depth radius ratio reference
620-673nm  0.00979 4 0.0006  0.0989 + 0.0030
646.5-699.5nm  0.00872 £ 0.0006  0.093470 0033
673-726nm  0.00847 +0.0007  0.0921F-003%
699.5-752.5nm  0.00912 = 0.0007  0.095570 0035
726-779nm  0.00978 +0.0006  0.098970 0053
752.5-805.5nm  0.00959 4 0.0006  0.09797 0557
779-832nm  0.00918 +0.0007  0.09580:0055
805.5-858.5nm  0.00943 +0.0007  0.0971%4:0032
832-885nm  0.01000+0.0009  0.099970:00%
1 0.0993+0.0025 Hartman et al. (2012)

LISS FA¥Z )V — 7 Th % R RFD L RERL, DA, #HIK — KK KEBKICEHU F9.
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