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An Analysis of Near-infrared Light Curves of o6 Scuti Variable BO Lyn

Ji-Hye Lim"? and Jungjoo Sohn"*

'Department of Earth Science Education, Korea National University of Education, Chungbuk 28173, Korea
’Heungdeok High School, Chungbuk 28415, Korea

Abstract: In order to investigate the light curve difference in visual and infrared wavelength of & Scuti variable Bo Lyn,
observations were performed using BOAO 1.8m reflecting telescope and an infrared detector, KASINICS, with J, H, and
Ks filters. Infrared light curves of total 7 nights were obtained between March and April in 2011, and those were
compared to the V-filter light curve to examine the differences in period, time of maximum light, amplitude, and shape.
From the periodic analysis of infrared light curve, a single frequency of fi=10.712 cycle/day, P=0.09335+0.00002 days
was obtained, and there was no difference in the period along different wavelengths. In the infrared light curve, a
frequency of 2f; was detected. This frequency well explains the asymmetric shape of light curve, one of the
characteristics of high-amplitude & Scuti variables. We compared the locations of the measured infrared maxima and the
predicted maxima of V-filter, finding that the times of maxima were delayed about 0.3 phase at infrared wavelengths.
Amplitude ratios were adopted to be AJ/AV=0.328, AH/AV=0.216, and AKs/AV=0.211, with the range of variation being
smaller at longer wavelengths. It seems that the differences in the times of maxima and amplitude occurred because the
changes in brightness of a pulsating variable star are mainly caused by the change in temperature.
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2 9 6 Scutid WF4 BO Lyn®] o] mE Fre=d Afolg dopir] fsix HEMHTE 1.8m WP
A 7%7] KASINICSE o438 23 A58 Fasialth. 20119 39 2695H 49 19714 F 797b] #35 A=

2 ], H, Ks¥E FE=FAE do] 7|&d| B VEEA ] Fuqast vlaste] 7], Suid, 1F, Jeo g
Aol2 Yolmgith AN BT M F7] BA Azt vl Fules) £=10.712 cycle/day, 7] P=0.09335+0.00002
days®] 7S d9oH, vl wE F719 Aole Yehix 1 stk AXeME 2fdl sldshe FI7F AEEUE
g, o] IXF § Scutid WHFAF 54 HujAAl FudAe FeE & dysEt. FEe AXE Hlwd 4
rJr 741 Hel VEEY d SidEn B2 o Suid 1 AA F719) oF 030 sjFsles HE 9 =4 etk
FEL AJIAV=0328, AHIAV=0216, AKs/AV=02112 3pFo] ZAojAFE wge] o] ¢ 2| Jepstnt. o4 M
Sde] A HFE Aol WEHBAY 8] et F2 2] 7)s] il AoZ oA
F201{: BO Lyn, § Scuti®d 334, o)A, =2
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dutd oz 002004 025Y Alole] #He F7|E
zh=t, olgfg 7] WHIZHE H-R= ol § Scuti
3 FHo EAI8l= roAp, y Dor, RR Lyrae®} 7+
T2 W3 EHe] o] 7hsstth(Breger, 2000). &
Scuti®d W] W7z 7|EHoR Agol=
WP 2o gEA o WEFr] Bk et
Fo] BAURAE AT & Ug T FF ol
stdddel o] S0 AT WEEA Hrt, o]9f
ol § Scuti® WFAQ] WE 712 & gEA 3
2AE W RE9f FEE AAsE 81lo] FoA|

mEo] BE Wz optS Hols Wi FEo] 2

WAV (radial) H5S ke A
HE 2ZZ § Scuti¥ (High Amplitude
S HADS)lZh= &9l #7 /idel =AY
(Poretti, 2003). & Scutid W34 FlA Ved ¥F
Zo| 03 mag °)Fo]H HADSE HEHF3AY =&

HADSTIME HgZo] HjFoa aA vephs
A% thBreger, 2000). WAME wWES =
HADSE © F7]0|AY o]FRE WS 3, 7]
2wl 34 13} overtone RE7F £ vehdt)
oJE2 Al ARIFAo] ofd vt 9] Fm=A
S HOItHKinman, 1998). 71% WA} ZEof v)wk
AP REZF HElAA depe AR et 29
B4 AFo] Ze § Scutidd ¥ FARE Zlog
Helt}, AT, 2po]H& HADSHA S BlAMY &
T WP BEof Hlg) ufe- 2 %S ZH7] o

AEERS B =1

ol FEIFA Al 21FF} F7)¢] HIlE 7 o=
22 AeoZ B 4 Qlth(Poretti, 2003).

WEwEsde] ool mE FEFA Afole Elst
(1978l ofafl Ao =2 A=t SX Phedl U,
B, VZH SthAlztel] ztel7b veh, UZHS V
ZEl9] StiAIZ ztele W 7] 9w 1%
HAHAGT SATHEIst, 1978). ©1F, o] ZoF
FE FAZEe Aol Yehes et 6
Scuti¥d H3goNA AN, 53] HADSAA
2 YePES 15159 K (Rodriguez, 2004). 7|2 2=
o] Alsjole HFoNME 7HAFA T A9 Aol
o] $PF Aol YERSITH(Soszynski et al., 2005). H,
KZE9] S-S vEHe] Sthlel vlel 97de] oF
0.2014 0.4l sk v Ao YEH, %

AAe] Aew F719 AV gles w3k w3
Ase|= WFAelA TAEA el ek 2H 9 g,
H, K¢ ZZH](4/40)5 Blasiis o, Wd 7717t
A4S FAEFNE ¢ FopHti 3 tH(Soszynski
et al, 2005). Jin et al. 2004)0Me Ved 4=
o gk 2Ae F9 Iewel HBFH(A/AV)}
2gAgoME 092, WEHFIME 0.6322 1
ERdth Agsislon, olfdk EAS ol8siA 4
HFA WEeHdds EFIE st et al.,
2004).

BO Lyn®| #3£(J2000)= 273 08h 43m 01.23s,
9 +40°59'51.8"=, A=go]2HE] (Lyncis)ol] &oh= ®
B % i, tE °]FoEZE GSC (Space
Telescope Guide Star Catalog) 02985-010447} 1T}
(Lasker et al., 1990). Kinman et al. (1994)0l4] BZ
H F7]= 0.093 days, I 0.32 mag= YERSLTE
Z12]3 Kinman (1998)014 VEE F7]& 0.0933584
days, V=2 H7F 11.85-12.052 <F 0.2 mag®]
WHEES vEbi o, AU 37k B 718 54
S 93] F2 vt F=(old disk population)e]l 3l
Gal= HADSZ EHEATH BEgk ok 91de] S
ol olojA= v e SUHEYG o ¥ty
31 tH(Kinman, 1998). Hintz et al. (2005)2 Kinman
(1998)] VZEH #= Ag0lA e FhdS A,
of7]ell VEE 7} #2072 AL 177he IS
HallA 0.09335759 daysthe 3718 43, O0-Ce
Z 58 -1.5x10™" days/daye] F71¥3}71 vehdtt
I HSIT g A WA Fo(f)e] A GRSt
U Feapde] FEE BokE o Ut o] &
A 7Fs2dol dthal AFsior, d&E S A
ole] XZ wWslE: Uepie AN T f=
15.81 ¢/d, f=13.60 c/d7} AZHATHL W3 THHintz
et al., 2005).

BO Lyn2 Kinman (1998)3} Hintz et al. (2005)<]
BIE|¢} VEEE o8¢ 73 A5 At e
U Ao #=S 53 F= 4 A7 vHE
BO Lyn> HADSZE EREHJAN, F7F Foro] &
A AF7E o}A e ghobr AP A AP
&< dh= HADSRIA oUW WhApalFol| HlAMY
W0l Hallxl HADSSIAlE #HskA] om, 7]
o} F1Zo] W3l qiw 2 dx] ol ). welA
B Apoe HoiM FEFHeM HYxE BO
Lyn®| 545 #9stal, ov feA e 7HEA




0]%1]77}%]«1 g
o]folfom, oA Al e wluwd A
A8l LA %lxl att weby 71 ThAA
o A #F A¥E Hyw w3 =TF
S40 ik B} 2 ol & + U 2t
ZlgjEeh =8, 6 Scutid WFAe F
T shte S A5S FE W Fle W
29| ¥islE YolHe Aol7] WH—‘Er°ﬂ ANAE Fe
e de AMCER ou] Sle dA77F 2 ZloH,
ol H3 st FAN A AL A5l
3| FEe EhRske A4
(The VVV templates project, Angeloni et al., 2014)
oﬂ}ﬂl: ;Q:L_Q_H 2= o];}q}\r/]_

—rZ% 23k HAEH] 1.8m wAPEE A 9]
A 7%7] KASINICS (KASI Near Infrared Camera
System)®] J, H, Ks ZEE o|-&3}] 2011 3¥ 26
AFE 20119 49 1978 T 77 25867170
Ax HEH 94 6408, HEE 9% 6307, KsZE]
D 630 F1,90089] FFS E3Ut. KASINICS
£ 5123512848 7Y, 3k 039"2 AA #=
4L 3.3%3.39°]t} ©]5gk(gainyS 2.56 (e-/ADU),
7] #g(readout noiseyS 39e-o]w, . ALoA A}
&35k J, H, KsZE9] FA9Ee 747t 125, 1.64,
2.15 um, W= Z& 7474 0.16, 0.29, 0.32 zme|t}
(Moon et al.,, 2008). &= 7|7+ 59F =2/ 7k |2
51 30-60%, HZE 15- 4()}_, KsZE 30-60%°]H, A|
EHE]: 1.5-2.0"]{T}. Fig.1& AA #=d" [H

U= BO Lyndt 3V JJrZ"é‘l.ﬂ el Eof
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Table 1. 2MASS Data for BO Lyn and Comparison star

5 Scutis] HZA BO Lyn?| 2XM 2N EM

201 10326/ampBOLyn 031 flts

Y pixels

X pixels

Fig. 1. J-filter image after preprocessing (0.39" per pixel).
The Comparison star labeled as C1, C2. Each circle around
the star shows the aperture size (2FWHM) and the radius of
the sky annulus (4FWHM-7FWHM) for measuring the
brightness of the background sky.

Variable Stars)E ©]-834 &<1s$12H, BO Lyn¥t
HlaA o] H 9 (2MASS) TEAHE Table 19 A
28kt

H5 A5 Age 7RHoE 5 FY
E(NOAO)?] IRAF (Image Reduction and Analysis
Facility)S ©]&-3l5ith. AAggAol 71714 54
o ogt FIFS AAT Foll, A5E FFES A= w)
T Ao wAskse WIE AAS] Wl
Fig. 18] ¥45 B9 Yoy #50= Hol #od
ARA7F e Xq—oi bt 2l SR1E 4= Qirk =
g s ek PN FFE I 29 o
i °§@13 deluil7] Wizl @del A2717F 512
512 spirTh Fopdnh. PA5EE S8l 779 2
7] ®sgl] wWE FEH FEeAte] ®sE a#=
(aperture growth-curve method)2 13 & 714 %
st 149 A71E 2 FWHME, wijAsk=9] mlAgh

RA DEC J mag (1.25 zm) H mag (1.65 um) Ks mag (2.17 pm)
BO Lyn 08h 43m 01.21s +40°59'51.7" 11.343 (+0.023) 11.218 (x0.021) 11.215 (£0.021)
C1 08h 43m 05.73 s +40°59'41.0" 11.998 (+0.021) 11.595 (+0.024) 11.491 (£0.018)
C2 08h 42m 5855 +41°01'06.3" 13.702 (+0.025) 13.094 (+0.022) 12.930 (£0.027)
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Fig. 2. J-filter (top), H-filter (middle), Ks-filter (bottom) light curves of BO Lyn. The filled circles denote the observed data

(Am) and the solid lines are computed with fi+2f:.

wsh} FEAQ a%e] TS AA] A g
(annulus)] =715 FWHMS| 4ufolx] 7] Alo]&
AR E5EE T8 2 ¥ BO Lynd)
717150lM vwAd Cle) Z71SEES wA 2EE
%(Am)a A& ABeH, olE 7+ FHE(, H,
Ks) ZoJA F=3402 Fig. 20 Yepo) #e3
oM 7ol A Skl ARAoR BAE ©
Aes SAR] Abiel sl o(m,—m,) =
J(@,) +(c,) 2 ANl FAgT A &
A JZECA 0.002-0.023 mag, HZEOIA 0.002-
0.012 mag, KsZE{eIA] 0.003-0.013 mage LERSEOH,
BHOAE 0004mag oIZ AA FFHSIE 0.1
Ho} Zopx] HAHQ] SEHsh F7Iwsle] A4
FEE FA ok Jow =t

77| 24
27 $HE AEURe] BA 2 ASEE

Period04 (Lenz and Breger, 20058 ©]&314 J, H,

Ks ZEHZ 43313t} Period0d= HSA|7HHID)
I Asew(Ame YEsH, AAYE FEFAE
ol Hetsle] ALFre} 9] AHERYS 9
oh ke ZHERA Hof 39S Hole A WA
°o

rulo

FA(hE o2 Br wdol W, AR
] %‘SH gra %,}oﬂ 7].74 PR uL‘— ;qE_‘,} _r])\l-h_ ;-5
. #& AR fol sFsl= sind g A ABIL,

2 geiag o8l o) o) AR e e

olmj, Htf IS Hole F WA FI(f)e] SN
HIE JEsle] o] Sl FukrsiEial AAA™ f

3} 5 BT olgsle HFZ e et ol9f
2 HEE WEske 21 WSt 2 (prewhitening)
olglx sl=d), o]gjd WS ol&sA FuEE
A, XJ%Jr A ghe el 1 4w ol2
At} Fig. 32 F7184

QoA s ol b @ A9 KsdEe 9
9 @4 949 29ERS BE otk Breger

- (1993)°]] m=R SNH|7E 4 o] gl FIphg:
she B o7IXR, HeH BEe) 54S 3
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Fig. 3. Window function and Power spectrum (Ks-filter).

Table 2. Results of frequency analysis for BO Lyn using Period04

filter Frequency (c/d) Amplitude (mag) Phase SN
£1=10.71240.002 0.03650.0007 0.661+0.003 20.0

J = 4.065+0.008 0.00670.0007 0.029+0.016 4.0
f=17.440+0.011 0.00540.0007 0.689+0.019 4.0

£1=10.71340.002 0.0233+0.0006 0.629+0.004 174

H f=3.093+0.011 0.0047+0.0006 0.984+0.019 38
Jfi= 1.270+0.013 0.0037+0.0006 0.874+0.023 33

£=10.71240.002 0.02310.0006 0.626+0.004 19.5

Ks = 0.256+0.011 0.0048+0.0006 0.910+0.020 44
=21.43240.018 0.0030::0.0006 0.738+0.031 34

Zalo] 4 olsle] FEE 7153t Table 20 S/
N7 7P 27 vehbe FuoaiE sMdE 2

B 7y FoeE 1=,

Fo B4 A3E =EHE £=10712c¢d (SN=
20.0), f;=4.065c/d (S/IN=4.0), f=17.440c/d (S/N=
40)2, HZHE £=10.713 ¢/d (SIN=174), £=3.093 ¢/d
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Fig. 4. Phase-magnitude diagram using the frequency of 10.712 c/d.

(SIN=3.8), f=1270c/d (SIN=33)Z, KsZHE fi=
10712 ¢/d  (SIN=19.5), £=0256¢/d (SIN=44), fi=
21432 ¢/d (SN=3.4)2 AT} AT, Foker) vf$-
we 71 #7119 e fad dE aEE] oy
, 2 AFNA 04 c/de] FIEElE o TR
B A23 F 7d7te] #AFe R Qs A

ddsto] o] 9l Fulrel R AEshA] eskth &
&, JEEe A f7F AEEon A9 ER
A 2fi8l e FElsiAl EElEe] vEhA 3%k
o Aoz ok HEECME fint FolmE sl=
o7tk KsZES] A, fie W TR 8] A
EA7] Wil dHHoR =& SNUIE 7R fist
2fell sFske f7F AEEUT. I, H, Ks Al 2H
B SRR s Fukrell(f)te e 7 A
o, QApHS] Welx Al FHe| F7le B 2

e,

HEHoE AL £=10.712 c/dE o8& 2 #=
AE] e 8l 9 2718 seH 20114

EE A4S TS 2945 Fig 40 YE)
gE EF HADSS 549 wA% 3xe]
ot B=o] a7 vehle vgPA %
o) Fev} el ekt Ao nol 21l
S A4 & ik B8, 7 454 s

=
T AAAQ FmHslel] A JFe FA Fon,
o 5

ao)
T

>

i of

i

=

B A, bl Wolld 27 w3 9 F
T3 £i=10712 o/dE BJATE 712 FAFE A
B8 F708l 1S deH, F7193H gy 2k
Aol 8l g=olf =FHF A FF R T3
Ak 2 A3, A F7lEE 0.09335+0.00002
days2 YERGTE 2 ApolMe HFA B3| 9lof
7dolgls A7) AEAR] #HES TR A
oM Aoz A FUIEE AATL A
At o]de] AT A BuE spARAY F7)9)
£ A7E B 42 A F71E Table 39 A
k. 7HIBAB, V)Fge 719 A9A(, H,
Ks)@ ol F717F 2APH9] Welld BF dX]sk= 4
S 31T F 9

TR Aeade] e 57 ztel7t YERA|
= 4uARL #7171 2ol Fulde X tEA
Ueld 4 ok webA Hintz et al. (2005)2] 2Jo2
R dEE ZHAERA(V) ST AARIgE 2 ATl
oM A& B3 42 7 EHE(, H, Ks) S0
o] YAE H|ws) Table 40 FElsHATt.

o) A= AAwke vlwsiix JEE S
BT} KsZEC FhE2 0.0016 days, & HA| F7]
o] <F 0.020] sFshe v o =A depdth wet

Table 3. Visible (B,V) and Infrared (J,HKSs) Period of BO
Lyn

Wavelength Period

Filter Reference

(¢m) (days)
B 0.44 0.093 Kinman et al. (1994)
v 0.54 0.0933584 Kinman (1998)

’ 0.09335759  Hintz et al. (2005)
! 125 0.09335
. + .

1.64 0.00002 This study

Ks 2.15
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Table 4. Time of maximum light of visible and infrared light curve for BO Lyn

Time of maximum light (H/Dmax) 2,455,646.0+

oyele(E) V(a) V(b) J H Ks
82620 1.0048 0.9876 1.0328 1.0337 1.0344
82621 1.0981 1.0810 1.1262 1.1271 1.1278
82641 2.9653 2.948] 2.9933 2.9942 2.9949
82642 3.0587 3.0415 3.0867 3.0876 3.0883
82652 3.9922 3.9750 4.0202 40211 40218
82653 4.0856 4.0684 4.1136 4.1145 4.1152
82662 49258 4.9086 49538 49547 49554
82663 50192 5.0020 5.0472 5.0481 5.0488
82673 59527 5.9355 5.9808 5.9817 5.9824
82674 6.0461 6.0289 6.0741 6.0750 6.0757

V(a): H/Duw=2,447,933.8007+0.09335759E (Hintz et al., 2005)

V(b): HJDma=2,447,933.7988+0.09335880E-7.2x10""E" (Hintz et al., 2005)

Al 3ol ZojdrE FujAlzte] AAdEdE AS
Rl 5 v &g, FIIRSE eskA] ¥
V(a)o] StiAIZ A9 Stinzat [dAF7]9] oF
0.30] siFsls Zolg Hole W F7HsE I
g V(b)e] StiAZRE Ao SoiAA HAF7]
o] oF 0.590] |Fsh= ZolE HSAT} Soszynski et al.
(2005)°] A=lol= WP AFAFAE BHH, 0]
Ad=EE Ame 3719 WAV flem 2AA(,
H, Kyt 7HA334 (V) St 9% &fole= tizk 0.2
M 044=R vepdth 7ERE WS ke
HADS= Al#|o|= wgAds) @g7]2te] Zrhal of A
7] wjize] olof - AE gt Mt
7HAA Abololl tigF 0349 FUIA 4 Aols
Uel= V(@] o] 9 AlZglsitiar & & 9l
t}. w2bA Hintz et al. (2005)914 <153 BO Lyn
o] F7IHshk= WA ede Z1oR Helth

2 A7E B8 e A wREe EHCA
0.0820 mag, HZEJSA] 0.0540 mag, KsZE{lA] 0.0528
mag= UERITE o] AolA] HaE JHAIEAM W
FEI B AN ek A WEES Table 50
At o] Ldojd4E WHFFo] o oA
= A& T F A

Jin et al. (2004)°] wEW w50 W] W3t
= T2 2xHsle 7Qlel] wiiel A& 9
Aol HZo] o FA vERdTAL Skt B o]
gt WEmaAo] Eog lsle] s xExjo)r}
2gAe] AeEt o 3A Jepdtal s,
7B 49l Ve WEZe ik 2N 4
ool e HAZH|(AIAVY} 21H3 A E 092,

[.

Table 5. Visible (B,V) and Infrared (J,H,Ks) Amplitude of
BO Lyn

Wavelength ~ Amplitude

Filter Reference
() (mag)
B 0.44 0.32 Kinman et al. (1994)
0.2 Kinman (1998)
v 0.54 .
0.25 Hintz et al. (2005)
0.0820+
J 1.25 0.0010
0.0540+ .
H 1.64 0.0008 This study
0.0528+
Ks 2.15 0.0008

=)

EHBA NN E 0.6302 eIt Agsht 9
58k, Soszynski et al. (2005)141= logP7} 1.3
o} 22 Alglo|= WA AJAV=0.39, AH/AV=
032, AKs/AV=031%2 JER}™, logP7} 1380+ &
AlFlol= WHFAL AJAV=0.45, AH/AV=0.40, AKs/
AV=04022 YeRdtia sigich. F717F dojdrE
7HAIAe] gl Hejale] FENE f AZIte A
olth. & ATolxe TS A wEEH|
7} AJIAV=0.328, AH/IAV=0.216, AKs/AV=0211% 1}
ERdT). HADSE Al¥lo|= WaAdwT} #7171 o &
7] el FZHE o AA ek A0 HolH,
o] Soszynski et al. (2005)2] S1T-Aze} Ax|5H}.
BO Lyne] 7M334 FeIMold oA 9ake] =
tdo] olojA]= vy 1] SoiREY o it
BE Bz} Jk(Kinman, 1998). o]& F WA F3}
()l EA o8] FrpAe] WPt vepdtia

=
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B Zo|t}. Hintz et al. (2005)4% F%=
B2 Kol F7p Fulrh TAIR 7hedel
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