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Abstract
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DOMFHE LT, I0FHOEHOIRXLF =R TIaFAMAINDE L VWS EANDH D, ZOHKE
BELOMRE, FH 77 A~ COMKTRAE O — B EOMRIZ D W BETH S, L, 3+
FHHTHY, BHTHE#HZ 52523 LW, 22T, TRIXVRALEENS, a0 FHTREGDHIC
KZSNTFNIMER (1 HE) GERTIATOEIIFEET 5, EBE. 70 I 20 ZRIIZEEHPBIE
THEH., TORHBRLEIES 52 LT, a0 FNAME~NDOREIFOND LHffEND, ZTOHELLZD
. BEGEE SN Z CTIRE ORZE S FRICBHIT 2 22 Th b, Zckh, BEOREEDOEED S
. ZTOWBHEMIEERE DN E S Dbh 0, RE & BRREE ORAHAED S 1k, 7 O AR 2 E1E B D
LEbhd, o BEOKRKMZ(,»S, EFABEL TART AN T —IAMINI B2 L5252 LD
T& %, Okamoto et al. (2015) Ti&. #EBHIC X 2 HEMMMRAEDOBH T — 2 123D S B 0ES) & 151
DFAFHIE 247 5 7225, IBEHBRIC O W TIIBET — X IcE W ZHWH D TH 572 (AT ~ 10000K), F7=
Suematsu et al. (1990) Tix, 71 I 3 ¥ 2D BN & 2 HMHE L IREZHORKHEILTWE 50
D, 7ANVLEROCT W72, Wi DML HHR T E 213 CIREHE ITHEIZ LA 572 (AT ~ 600K),
WEIOME 2T 2121k, BEOMEL D EBEOEVREHENRD 5N B, Tk, 2016 £4£10 A 16
H. FEBRFERBR A N — LV AKRGEEROAES N EANT e I A 22 BM L7, ZOBHT
13, G - EIRESREET, Ha (6563A), HB (4861A), Ca II (8542A) @ 3 J#£ T CCD I & % [l
P& TV, IR & RO O HEF IR 2R 28 6% & & X 72 (AT ~ 100K), TR OIRE) & i O AR

o, BT OIMRAERE L LA EEALOND,

1 Introduction

Kz S i (100 ) THEZIn S, <
DMBBERENRIFERTH D, —DDRFHE LT, 2
1 DB D T 3L F —H3EGR LT3\ F g
INBHEEZONTWS, KEKR&HF TORIHR
DIRIE, FH 7T X~ HT O — M 72 B o B f#
WZEDRVBDEELD, InFEFETH I
WL 6252 3L, 22T, aaFfiz
FPATOIA VAR S, TH I AV AR
WEERTIAIDETH D=0, Wiz s x, B
REWRT 2 ITIERERARTH 5,

70 I 3 Y ARE OB ORESE IE, 1930 4FIZ wink-
ing filament (Kv 75— 7 hOFET, Ho T
T4 TAVIPESDHATDTE) BELRS
Nz Z 2B E S (Dyson, F. 1930), #f#HE T
~ 20km/s OH1FE % % D large amplitude oscillation

BFER S (Hyder 1966), < OREIZ7 L 712 & -
THERINTWD Db D Tz, 747 A MEH
DERHZH 25 ULREINE 5 X 5N T2 (Isobe
et al. 2007), — AT, RO 70 I X A TR
~ 2 — 3km/s DHFE % D small amplitude oscilla-
tion A& 5 X 6N 7z (Harvey 1969, Tsubaki et al.
1986, Lin et al. 2007), ZDIRENZDOWTIZFEL W
JERNIRAEI T H 2,

ZLUT, ALERIZEZBHP HEL L, 703
A Y AHIZIE MHD A EL, Thai7 eI ry
AR anFOMBIERLTVNE I b Do TE
7z Schmieder et al. (2013) Ti&, 71 I & > A DR
G ER A E IR T DMt (RKEK) 225
212U T3, 72, Okamoto et al. (2015)
T, 7O Ix AT (T VT — Vi) &
5 A, 2008ET—4% (Call Hy SilV) &4
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T—2 (MgI) &b, HERNTEIB(L, TH
ISRAVADNLFHEPS 8 HIEAIBINT VWS Z L
ERIBLTWS, Hi#H CIXTREZLOAHEE S
5. BETIZT U I AV ADEBSETH FTOE) X H
5. MDD E W L TV B,

©ZAT, MERDEE . D0, FEMEED IR
PP DOWTIE, IRE O AINE L OA K Z Z EHER
HIWRICH 5, F D72 I3 FEM IR HEE AS R B
T, 2RI B D FIEX 15, Suematsu
et al. (1990) Tl, 7 JEBUHITHURLELE & IRE D[F
WiEE 247\, SIROEE CIMREI R R S vz, IREE
Tl 500K FE OHRIE CIREIA R SNz DD, i
EHEEDREMEL (AT ~ 600K). #REINEEL
BWZEhoTz, ZTRIZDWTIR, 7 4 VABHIT
Hol-ZEPRERERELTEI OGNS, KIZE
EOIRENAER THNIE, EMEEDD 2P %2 ATV
LT E D, 61T, HRGEE & O EE
Mo, EEEMEE D, DF 0, TRILF -
EINTVWBD), FIIZEEESTVWEDNYE
ShEHMTHIENTE S,

AT, TNETITRVE WVEE CEE 2
E L.

1. B CTIRE D D 5358 1ITIE T IRE D H
O, FEMIMEDRD B9 &5 NS

2. 52, MHEDEDAIEDS 71 Ik A
IS DB T 2085, 2% b, T
FIVF—DEEXINTVWBEDNE S DR S

ZerHEEE U,

2 Observations

Tz i%, 2016 4E 10 H 16 H 8:26~9:53(JST). 7’
BiRSCA R — LV AKBGSE5EsE & AKER T, 7
DAZHBELTWAETrI A A (K1) 2, AV
v NEETBEIL 72, BRI Ho(6563A), HB
(4861A), Ca I (8542A) D 3 ETH %, CCD &
A Z (Procillica GigE) 3 %R XH, 3 KRR
2T — REUF L 7z,

B 1: 2016 4210 A 16 H, 759Y ATHBIL TW 7
03I AZBRILZ (Ha ). ARIZAY v b,

3 Analysis and Results

9. BRILZET Xz LT, EERERL
72ODOX =N, BELSEMET ST Y ML
MEfTo72, TUT, #BRELEZED R 721z, A
Vw b ETT7E IRV ADKDR RGO AR
NEBERLE, 205 ZLTFy ) TL—vay
Efio7= 707 7AW, iEHEE R OMEON

I = S[1 - exp(—7)] 1)
T = Tgexp (—W) (2)

T, 3IRERAIZT 4y T4 2795 (S:source func-
tion, 79:7 A > HULNT® optical thickness, Ag:HH/D
BE. AXRNYTI—=Y7 b A\p: Ky 7T —I8),
ZTORE, 3WETRY 79— 7 b EELiREHELLE,
Ha & HB TRy 7' I —lEi@, RFHEI L SD
EEEE U7z, T512, CaD Sk, ZDOTF4 VDA
DT 4y T4V TRES-HMBINRETHEE L, &
OTIWRAR T 1y T4 T %707, 2T &b 4
DDNRIA=RDRP_ESL, Nv7I7—T7 LD
MEENRED, 72, BRIEEDHTDI AV
(H. Ca) 23 &, UTOR :

AN 2T
— - 4 62

X Vom
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T2 ODORAE (GRE T LELRHEE &) MkEsZ
EEHVWTIRE#HEZT>TWS (m IIHETFOEE,
kxR < Ve,

72, Ha & HB O GZ2EBIL 7-D1%, HEHE
ADZEBEET S LT, MELNSHFHESZ
EHEIZRDBZ LN TE, NIA—RDENL N L
WZEBT7149 T4V ITOREWZBRST-HTH 5,

BB, KETIER. Ta 7 7 A VOELNIRT, 7
OIRXVAIZERY)BPRWEIRETE 2HETE2EA
TW3,

EJEIN
AN I

TOIXVADRKY TI5—=T5L%K 2

dopplergram
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2: Ny 75 —=27F L, MR RFRER, Kk 2
Dy MAFOEREEZRL TWS, SfEE CHRE L
TWABERF DB DN 5,

B & ZIRIE 2km /s GEOEE TIREI L TW B Z & A3
b, ZOLGFTRESFREL. BHREE & R
78y fhUAEEDEM3ITRT, 2TDOT5 7% Fh
TR AN 10 Lz 02 7oy hLTW
%, HET1 ~ 2km/sF. HETH 200K FREDIET
REILTWA XD ICHZIF NG, X522 DIRENC
DWT FFT (Fast Fourier Translation) f##f% 47>
e A, SOEE, LEX I, 2.8 AR
Y—20H 5 ehbhotz (H4, 5), b, FfkhE
JEDHRNE, JAMIZEE U Tk Tsubaki et al. (1987) T
AR RDPE ST WS (R 0.8 ~ 1.4km/s.
JARA 2.6 47, Bl Z A X Call H),

4 Discussion

F9, FREE L IREOIRBNEREN Y S NERT
%, 2.8 DOIRBENNE TR0, IZITEHIZZ>T W
%R CREUEZ & RO T2 FE R, FEE T Av ~

temperature[K]
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B 3: I & MRGEE DR HZ D 7T 7, WX
e, BRER, BIRUEEE 3, STy bLT
W5,

doppler velocity FFT analysis
0.20] T T T T
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4: BIKGEE D FET TR, MEld S7 — B
fiflid log (AEHED £ LTV, N7 —2HmKDE
Bk (5 2) &, BHIKRFEA 10 2 W2 &
NOABTIE AW E WL 72,

0.2km/s &7 o7z, 7z, RETIX 10 U KR
HT— 20 URBRZEH L 722 Z A, AT ~ 100K
Elgolz, FIRHEE DHRIEIZ 1 ~ 2km/s > 5Av, i
JE DHRIE X 200K ~ 2AT 75722 &0 5, fifgs
EOREIIAR., BREORHLHIBEFZTHD
CHIlr L7z, TNX D, SEIBHHL 72 O3 EHEED
HBEPETHBE VR B,

PIZIREE & B S OALAZE D 12 5, B
TEHEEITIIMAHZEDN 0 B X 721X 180 &, EET S
BEITIZ 90 BTk b, #MMHZRO T, SHEEBHEIL 72
BIEWTE, 2F D TR NF =PRI N TWBHE
BEeozxEIZOND, TOIXVADEGED
HIZEZ6NTWEZ 2B FE 2, BAFED
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temperature FFT analysis
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L TWB 225212 EZ6N5,
Sl 3B & ARG W OIREN LS & & 5
AT ER G, B E &0 FEMICHEET 512
. BB S5 S NS T E ETOMER %
MMAGHLEEZHBETHD, T/, T80 FINEL
MBEICRBEZ 522 X5 BRFEOX VY T L INEGE
DEHHELLZX D721, 65X TAIX VA
BRIPRDHNB,

5 Conclusion

2V w b EEE LB S, TeI R
DIEE T, 1 ~ 2km/s DIRIE, 2.8 2 FH O
Fre oAz, £72. BETH. § 200K DHRIE.
2.8 FEMADOIRE % & 5 2 72, FHREE OIRIEIX 1 ~
2km/s > 5Av, TE DML 200K ~ 2AT & 78>
=2 e s, SIRREE OIRENIE R, REOIKRES
HEIREERTHL LYWLz, 7z, HlfEE L
TN AHDBRIZH o7, BAEX D,

1. IRETIR#RASNLZZ 16, [FEiEEod 5
WEBRLAZEEZONS,

2. HIRGEE LR DOBERIZH D Z 05,
PEHRLTWD, EVHEINEX, T2 F =27
EINTWEEGE2 L LA EEZSND,

CRERU Tz, St RiET — X Lok, Lha
O MAMEIIRRE 5 X5 L5 WBRE L5 X D
Iz, ToRLBHPIKRDSND,
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Abstract

KBTI, FTEBAEONXEKRE D &, BEL» SHNZ FEARKOVE - 203 0/ivE@RTthd s, ZUdIEE
R ANZ AL X > THRFEINTVERTTHY, ZOAHNZALDOEHERFHE LT EENT & 5 hn#y
NBhd, ZOHROEBHNGNERZ7-OIZ, RKRTOFEHICIZTRIVT—T 7y 7 AOMENEETH
%, Kanoh et al.(2016) (&, AW TODTE IRIS &2 CHRKHIOGIRE RE OB ZT7-7-, £L
T, HIREBBE T CTAAVX—T I v 7 A2 HEL, BEMBWI AR XVT—H1HORT 5 Z & 2R
U7z, 2O & BN, Fai A A Bl X h 2 RARRO AT b TE Y, KO BIO#HL W
75—V a2 i TIRAITONT WA, FDH, 75—V atlETOD T IRIS fEDRBEN 2T\, ¥
BTOIANKF—HAREEZ AMED I LB ETH S, AT ZORIERE LT, OO TIZ L2 HKRED
W% 1T > 72, AFETIER, ODTORNEDNT — X Z2HNT, JERIZBWT, 7L 7 RV Ik
L7z, KRG SNz (0 =56°) 75—V 2 KT, EREEOMRAEE (71 T > A 22s) OIRBEIHZ2 1T
W, 3 OOYELE (Ny 7T —dEE - GRRGES - BIRE) ORMAZBEIZNEL 72, Zh o OAHBE GRS
5, TXNVX—T7 5y 7 ADHEIZEERRET— NORKEZE Lz, R LT, BERTRVWIhoyig
IZEWTHH 5 HOAMKIREIVN R oNk, £/, MEEOMMZEZ. Ny 77—l L BEmE? —90°
R 7T E L BHIBTRE A —90°, AR L BIBTREA 0° TH o7, Z OAMHBRIE fast-mode DE
WK THDZ L %2mRET 5 (Moreels & Van Doorsselaere,2013) %, EEDAFZE TIIEEKTOD fast-mode D
BEROD» > TWiaew, ZOMHEBEFREARONEZFREE LT, SROBMEIKREG LI SN TS Z

EDEZOLND,

1 introduction

KERATIE., THARKRTHANEREDE EEX
KD - a0 FDIED BEIRIZE>TWS (K1),
BIEIIKPGAEICH B DT, W@HOBRETCIIHEE

BEE — ans
.IUS_ K____
o
= 105 1
w
a iz =B
Wt |
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B 10 KBRS DI EERE

EFITAEVREDHAT B Z MM, 2Ok
IR KREHEIIER I NN, DED, ZOREIX
B A N = A LT K> THERF ST wB Z ki
5, ZOANZALDENRHE LT, NEENZ X
LI Db D, Tk, HEROEB DRI %
DB TEANMEEL, BULT 22 1Tk o
TEEBEDOND L VIHTH D, ZDFHOBH
HIREIL % 153 5 72 D12 1%, KKK OKENIZ &5 T
INF—T 59 I ADOHENEETH 5,

Fujimura & Tsuneta(2009) (&, 0O TZHNWTY
7 — ¥ 2RI B B LERE O IRENEI Z T\, W
HEOIRE N 5 WE€— NORE, JeEkmcox *
VWX =TTy 7 A&HEEL, ¥E - 30 FOmEuc+
N RIXNF =TIV IANHEI L E2REL T,
UL, ZHEEERE TOBMIL 25> Thnz
b, EERKCEBRIZENAD T 3V F — B’ H
ST SR o7, £ I T, Kanoh et al.(2016)
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IR ERIZ DWW T 21T\, OO TTOYEEKE
BN A, IRIS 2 TR JE OB % 17 5 7=,
ODTE IRIS OFIRFBIHIZITS Z & T, JEEKIH &%
ETOIXINF—T I3y I A2 ZTNTNEEE Y, ¥
ETOIZANVF—HRZHE LIz, T LT, HEalg
WEZRORETIZ, BEOMBWZ 272t 3L ¥ —
BURD D 5 L AEGRfT 1T 72, O-DT & IRIS DIFEIREELH]
B EFEERBEIRIZOWTOALMTONTWRND
T, TOMDOMEHIZEHLTEHE I D& S 2175
WBEDRH D, KRR TIE, 77—V il icB1 5
OO TE IRIS OFRIKEHIOFIEME L LT, 0D TIZ
& 2 YRR BB 2TV, TALF =TTV I A
OHEEIZEE R WENE — NORE2ITR 57,

2 Energy flux estmation

2.1 energy flux

IANVF =TIy AU TFORTEREI NS,
(Kanoh et al. 2016)

F = pév*i,— (67 x B) x 6B (1)

ZZT. poB.oT, ZENEIVELE, B, EE, B
HEERT, AOE 1 HEIE - #HT RV —T Ty
JARRTIET, BEHLERA VTV T T7T9 0
A%RTHTHD, £>T, FHOZAXNF—T Ty
I A OREEITIZEE, HWREIGRE, WL EED
RiE, 2 U CREERE & SYHERORE Ao Mig%E
ROIUL I\, FEEE & YR OHRE) 17O BEFR
BT — NIZk>o T ES D, TRXLF—T TV
7 ZADHWREIZEWTIHFHTE— FOREIZIHEETH 5,

2.2 Mode identification of the wave

HENE — F I35 EOHRIE & LY & O AAMHBER %
PFRBZ L THRETZ2Z LN TES (Fujimura &
Tsuneta,2009),

9. BEOIRIFEIIK FOHEE2R L TWELDT,
EERIFEDO K E X 2R D Z & TIEMK & FEIEHMEE
ERFBIENTE S,

S OIEMIK TH o 126, W & BEOIRE O
FifHEAfR % R 5 Z & T fast-mode & slow-mode 2

HTBIENTE D, ML EEIT TN ENERT
EHAEIZHIG L TW S O TIREIAFEMAHTHNIE
fast-mode. W iAHTH NI slow-mode TH 5,

T/, BELHIBGOMMHEE LD Z 212 &> THEST
BE—REEHRE-—RIZDTZINTES, IR
BHY Bl sin BOWHITH B Z & 2KE L MHD
FRATRAT B &, EITROG A & E DAL
FHZEP 0B ULLIE 180 a5 edbhd, —
Fi. BHEIRDOGE IS & EEDAAHZED 90°H L
<IX-90°2 %43,

AR TR, EfETHNEY —— VW, FHEE
e chIEF v 7 EARE L (H2), 72, HF
FHZ N EARE T 5 & U RIS & B E DM %
£#D (Kanoh et al.,2016) DT, f#HT TIXEE DR D
DU TR D iR & ALAHBISR & VT, BT —
RZ2RE L7z,

l.o.s.

2 (J£) ¥ 2B () Y —t— VK

3 Observation

BANE 2015 4 2 H 12 H 12:20-13:30 UT 12, K%
HUDNBIET (x, y) = (7477, 3677). & 56 12 ALE
T35 —Yaf il TiTo7-, OO TIZHEEI /=0
Bl BB (SOT) @ spectro-polerimater(SP)
12 & o TR BRI 247\, 6301.5A, 6302.5A (2
H5 Fel DIENFRD A N —27 AT A =X 1,Q,U,V
T 7y ANVEE L, HEIE 3 <827, ZEM R
fEIX 037, 1 TF Y RAE 2B CBE T, (X
3)
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3: (ff)g-band THEE L7274 VR T T T, ik
3 SP Oy, NS I OMRNTHEIK, (4)SP D
et D,

4 Results

ST 3 DEBDORN (17 x37) 2 FH LT —
REMNTL, SYEEERD -, X 4 EGIHRRSG
JE, SRR Y. R E DR HZ2 e Ta oy b
LEEDTHDB, 72720, KGREOMEL LR
&k B EMMARZFZED RS 72012, B & DOIFH
TRT7 7 ANDS 16 & (352 ) O BEPEEE G
ThHb, WVTNOYELEIZH FMKNZRIREA R S
5, ZOREOEFEEEDZF/ANE-HICT7—) T
EWERL, ST —ART ML ERD, TDOHR
B 5, M5H5 3 00YHETHEDEREE S
D= NH Y. TORBEEITH 3.3mHz THD Z
EDbhhrb,

Wiz, SYEOMNMHBEREFANZ, K61, 2D
OB EOH EMEEKTHS, K625, [ B
DOMEMBREIL. A LS 7 WinE EITHRkME
ZHR->TWBHDT, 2 DOYHEDMMHZEIX 0° TH
beEZoND, £/-v & I OMEBEMEREIZ. X
ALTTWENEEZIZ0THo7N, TIZIEDXA L
SURERDEMRTKELSRD, L AW (755) D
HIZHO TRRIZE>T WS, TDH v OAFEIE T
DAFICHEART BN TWE EEXO6ND, Xz,
v & B OMHEMBEREIL, v & T OMAMHBEREK S

B(Ri3%)

Velocity[km/s]

Y. || BN S e S B L e
0 500 1000 1500 2000 2500

Time[sec]

Time[sec]

ISR ED)

W,;%M\[‘v

“"0 500 1000 1500 2000 2500
Time[sec]

w

|
ISEEEN)

81/1[%)

|
W

4: ZYPEORMZ b, EHEZ X blue shift Z1E&
U7z F 72, WRIDUKR OO HU8 58 13 555 Y6 O i B o
DSEIE THMAL L 72,
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5: ZNENDYRLED /KT —ART b )b, FRMLIE
3Do0YEETHEDOHEEEZL O -2
— ¢y~ 5
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6: ZYHEEOMHEABERE, FR1 I — B, fiR
No— I, BiEA v — B OMEMBEEREXT, *
T2o RALT T2 ODOYEED S bEBAILE X7,
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FIEFAKROEELTVEM, XA LT TDVRNEE
CHBIRBMIETH S Z & &, MHBIRED R AIZ A
BRALTTHN IEMEDBAIVI NS v B
DAL T RiTHDLEZS5ND,

5 Discussion

F9. M5 250VTHOFKEHR T 7 7 1L T
33mHz D& ZAIZE—INRoNEI NG, 20D
¥'— 213 MHD ##C L BRI 2R L TWDHEER
55, 7o, NETTRE OIRIE A ER G U T
N—t v MEE L KRERIREAR SN2, JHE)
WBEMR, ThbbY —k—YETHEEEZON
%, £UT, X6 ODNAHEAGED? &, T & B OAFHZE L
0° THo7=Z &5 fast-mode TH D EEZ HND,
Tz, v & I DRIMHAED 5 THoZ o, TD
WITEFERETHEEEZOND, MEDZ EF L
HbdE, SHFERINREI fast V—E—VE—
FOEFEKTH B LiEmiirons, LirL, &fr
METROP>TWBEY —t— VKT slow-mode D
AT, fast-mode XA DD o TRV, SHIDE—
RBROD - 72 K E UT, 75 TRk
B M WA E TEEl B Thh = Z 2oL, &
B OZETIZRER O SEEN A E CHH L -2
ENEZ 65N B, Moreels & Van Doorsselaer(2013)
12k % &, slow-mode Tld, ¥ EIIHEIEEIZIA-
7= AENZHREN S 5 2%, fast-mode TIIWHE & |34 RS
2o T2 AN A, BERE DEIE AN H K E L
BT 5, 2D, WREZH»SBIIIL 7255,
Thbb, Y ATOENZIT>725E, slow-mode D
BIFFER I NIZL <A D, fast-mode DIFAH DD
I RBEEFEZOND, Lo T, HEILITHET
IE R 5N h o 72 fast-mode DIFEHVERI S Nz & F
Zohb,

F7. v & BOMMHAIRZ L RETHO, T 5D
AVRR S NIz, T 0O DA VIFETRRD 2 &K
7=, fast V—k—VE— NOEFIK L F U BIRK
HHOEITHEBFEAET 22 LGN, £/2, 0D
HETEPEME TH T v & T DMMHED 25673
NBETEN, SEIEZE D Lo TVWRWDT, I D
HrfEbRnwk IHETHEEERXONDS, £oT,

SEOIRBO I, F 27 E— NOETE S
ERCR AR XA AN

¥z, NEPEOZMIZ L EBIZERER LR
NX R 570, NEFEPZET S e, BIL TV
% Fe I OBNERPTER I NS EES E T 5, B
HIS 25 EENILNT B LG CEESET 5720,
FEEITIZEF A E L T Wi TH B2 BIREID A
5%, Fujimura & Tsuneta(2009) 12 &5 &, A&
HEDZEMMIZ Ko TRMNT EORESENREL L L &
X1 & B ORS00 1270, 5 OB Of R
E—HT 5, TDRD, SEHBH S N BE O —E
. AEHEDOEHHIZL>TH o INEZEDTH
2 ATREME A E N

6 Future work

SE DR TIE, fast YV —k—YVE— RDOEHF I
MREI NN, BITMETIEIZOE— FOWFHIZR
DIPo TV, ZTOKE LT, ZiTmsETldt
BRI AP D R WAL B CRUIID T b vz 2 &kt
U, S EOWZETIEARBGH LA S B 7247 & CEU
ULizZ e %EFERT, TNEREEZ, 5BIFY LI
TOHWP & KEGHLDE L DBl Z 2N Z TV,
fast-mode D HE DG & KT 2 SREHNICTAR 5
PBENDH B,

F72, SENTO DO TIT & 2 EERTE O IR EEHI L
THNTWIRW=, RO IRIS IZX 5 ¥R T
WEBIHE 1T BERD B,

X512, OO TE IRIS TOEUAL TSR DR
ZEY)ITAT o 7212 Kanoh et al.(2016) D FiER Y
EFRHOVWT, BREEEEOZANF—T Iy I A%
FNENHEL, BETOI XL F -tz 7E
HEE5BEND B,

Reference
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Moreels,M.G., & Van Doorselaere, T. 2013, A& A 97,310
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AT R (EACRAF R T2 7e R
Abstract

Texld 93K BRDET — 85 6 KB AERZEH (Solar Wind Charge eXchange, SWCX) A X b
DRFREZ T\, 2005 £ 8 HH 5 2015 4 5 HETD 3055 T— 8225 90 D SWCX A Xv b & L 72
(Al RXe BEFER 2012, PR KXYe BEEE 2017). 2 OB XMM-Newton £ TD R
TARA (Carter et al. 2008, 2011) & [FAfR, KBaiG@ie RSHBIL T, Lo L, BENIREE & KR 7 7 +
V7 7y 7 ADGRD T SWOX MBI A M TORAERIZR &z d > 7. T4 Robertson et al.
(2006) D SWCX DY S 2L —va v EPETHRERTH B,

1 Introduction

HREED S O X OFE L (Lisse at al. 1996)
% E o0 KGR E R 5CHR (Solar Wind Charge
eXchange, SWCX) 251EH S tuf o 72, KBp)alc &
FNDWMFEL EDLAliA A v DB G D kKA
CEFNZKER TR EOBFEZHERD , XA
(0.2-1 keV) OHifEZ I L\ 9 RIETH 5. SWCX
B3 ROSAT B OEKRY —XA TH SN TWw i
Ny 275 v FORIEZE) (Snowden et al. 1994)
ZHEI L, MXMT SO ED L LTHIHEH
INT05, RERLASZ ERMmELR T AICHRIET 5
728, HIBROHEEERK TH 5 5HE % £ o s %
WoHi-ioghe U CHOEBLEHZR T

SWCX it BN X, BNy 7 757 v Fipo
lkeV AP TRV I A LF —DREZEE2 T3
XIS2SE L TE D, 2N F THIBRKEHE TOHRV SWCX
A XY PRI NTE % (e.g. Fujimoto et al.
2007). 413 2005 48 HH*5 2011 9 HE TD
2031 7— % ZfEHT L, 38 D SWCX A X | Zfih
L7 (Al RXEe BFER 2012). BEBIIRG
T INACIA L TE D, XMM-Newton 2 TO R
PR (Carter et al. 2008, 2011) & FIRROM@EHIAIZ /R L
Tz, Fo4 i3 2011 4F 10 HUARED 7 — % Zfghr L,
&< fRORT— %12 Xk %5 SWCX it offiit
1 20 A 2 A7 o 72

2 Analysis

Bz ld 5 T &< #ED 2011 410 HA 5 2015
fE5 HETD 1024 77— 8 ZRHT L 72 (Tl RS
BFES 2017). SWCX NI HIBRZ LD PAEe A
FIE TN 2 720, BT 2 BRI > T0 5.
B2 LRI Z B L T 2858, SEFN OIS R
BEHT 2083 H 5. A IIBESUREICEE D R X BRI
MZEHZAHL T, 2hoDT—=F25 SWCX 4 X
v hEBINY 2 FiEZMEL L 72 (Ezoe et al. 2011).
BRI T O 3 EIETT — 5 Dl 217> 7.

2.1 Light curve

EF—=FIZHLTXISL DA RV 774D 5
0.5-0.7 keV D XFrA X =L Z/ERK L, BN DN
v 777y NS 74 b A =72 L (X
1). XIST IR RV ¥ — @ XFRITH L TRREDE <
SWCX i DEFHERR (0.5-0.7 keV) DFHICHR)
TH5. M LEIA A — T ORE % 2 BiE
CTHHli L, 2 DEHMED <10 %D b D% G R A H)
ThHLERBLE BREREHIPRONIT—FIC
XL C, WIND #2 ¥ 7213 ACE 22301 L 72K
B7a by 77y 7 A EDWEEET, WiEOHE%
HECHIB L 72 (4 2).
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Dooom o4 s a8 1 E 3 i 5 L H S o1

1: 0.5-0.7 keV D XA A =, HOFEH LA % 3. BEGIRG & SEEERF O XA A —P D H.
Ny 775 v RHEBEER L.

C band lines CV

| |

BB TR .
} Ny 99590 RO XK (0.5-0.7 keV) >
0.1 ++ ++ [Cts s—]] — :g
wf 4 Jr+++ booH " tobpg | é
* . ‘++ *+ t ++ ++I++ +++-|-IJ[++ Jf'f'++ ++. Tyt §
ABRZOMYISYIA E
2x10° [cm’z 5’1] ] %
£
10° =]
=
46‘.9 417 47‘. 1 47‘.7. 47‘.3 471.4 47‘.5 47‘.6 47‘.7
Day of year in 2014 Energy(keV)
2: Ny 775y FEBOXEIA FA—7 (L) 4: WCIZ X DELC AT P L.

LRBR SO R Y75y 2 2 ().

2.2 Image 2.3 Spectrum

KR E RO R SN F—2Ic LT, K2 KR EERRRRZEZRS e 7= 2 I LT,
D &I XIEDEB) L TV 22 e, EH T Ny 7 777 v FHEED o B L OPRER D AR S
H LRI 2 RER EERL, ZTNFNDA X =P%  PAZME L7, 20 ZF oD% LS 2 ETHEL
TERL LU 7z, BEIRG & SRR TA X =Y DE D B 2T ICEDECART PAZKET L, Bodewits et al.
W, FEFNORE L T 2 E R L 72 (K13). Ny (2007) © SWCX HifEEEZHWT7 4y 74 7L
775y REERT >2 0B R o, SWCX 72 (K4). EA X v DTNV F Yy RF7V—=E LT,
DB RRICIED 5T B 2 ED3bh 5. WIND BRI ) BB Z BE L. 512, ~0.25
R ACEfMiIRIZLI ZRBL TV 70, X keV ORETZFHBT27DICH 7L 7y EMAT
NI RKBRDOEEDHBRICEET 5 T ~1 K2 w5, x?/dof =61.08/45 &0, BTk DAL
5. X EKBZEOMH LM %GR U fER, KB 72 A7 P SWCX BEIC X 25D ThHhE I L%
JEDZEB KT LT ~3000 FHEN T ~0.7 D5 HER L 7.

WHHBEI L & 7.
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3 Result

2011 £ 10 H225 20154 5 HE TD 1024 7—%
% ENT L 75 R, S22 52 © SWCX 4 R b
PR L. $42bb, T3 #REOEMAR D
423055 7 — ¥ H1 90 7 — ¥ T SWCX /B D hH Iz
BRI L7 2 82k 5. & D L OBINEUT R IEE)
ErRdRAMERCHBEL Tw L2 L, Solar
Magnetic (SM) FEEERICE T B 7 — & DEIFR ST
M3 X IZIE R TH D, WERERGE I L 7R
RN o7:.

4 Discussion

SM JERELR IXHUER Dl 7 1 % » iy, HbER & KB %
FESTT%E -2 HNIZ & D, h AT e £ OREERES
ZIRIEEDHENRT I ENTE S, BV
FREPHL 7N DB GEIS ©H 5 H R 7 Clk, Kb
JELSR S PE D SR FEDSE A D T SWCX BEHTRIE DR < 7%
5L PHIN, ZOMFABEIERATEZ 61 5.

(1)

1
Pswox = —aPswNu [ph em ™2 57! str!]

22T, ald SWCX DEELMTHITE, Psw (2 KB
D77y 7 A Ng 3T IROKEREETH 5.
SWOX T LA O 8 S O 8 2 B B 729,
Ezoe et al. (2011) [, OVII #if# (0.52-0.6 keV)
DXMERBR 70 b 77y 7 2% 22 TRED
SNBRIAZMIEL T, BERT74vy T4 v 7Lk
(I 5). EMRDOMEE X SWOX BEH, Y R 13 FICH
S OB E TR L Tw5. (1) & D BRI
Ny HRIELT0 B0, A7 % &R BEE R
¢ k233 &EFIN 5. I 512, Robertson et al.
(2006) D SWCX D T 2L —v a vicBW»T,
BERUER TR ~20 f5HBEH DR 22 D, A R 7T
TZOHADPHEFICR NS, L L, &6 hitt
KOS Z D X ) REAIZ RS Naho
7. Ko 7a by b4 v lBEL B E
DAEWD &b 203, DRI NARAE L 72\ o]
HEE DR X iz,

0.05

0.04

0.03

0.02-

0.01

0.52-0.6 keV Xi## [cts s']

1.0x10* 2.0x10*
ABRZ7OM»7Fv 2R [10°cm®s7]

5. KBga7a k> 7 F v 7 28§ 3 OVII Kk
(0.52-0.6 keV) DXFEA 7~ FL—F.

5 Conclusion

Tzl T HED 2011 £ 10 HM gD 7 —4
BIENTL, H17212 52 D SWCX A RXv b ZHH L 7.
iU T EL ) HE DA 3055 7 — ¥ DRFEAD
YL EZERL, Z0BMHEEIL 90 &2oT:.
ZNFHUTK LT SWCX it % sk od 72 il 3, fisct
O AN S T Th 2 MREENRE S I,
INFTOVHEFIET HHEREZ /7.
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Abstract

KEGOWEMES L2 TIZanF LA Y e WIS BEERUIZLVIRBNE NS, 20501 VIZEM TR et
ko TauF THERINAMREEED A AWM, ERBHEFMNTRGRANLE FT2HKEEZ SN
TWb, ZLTaaF L1 UhBiEE 26T 52 BHSNTWED, 0O EAKKR 27—V R
BRIZHSIZZR>TWARY, AEETLEZI0F VLA UHRREEEORE - BREZNEAT S Z L 1RE
DHETHEONIT R o7z, LALENS, T30V LA VA OMEIT X)L ¥ — % 8Ub$ 3 B4R 2R
BRI Do TV, AR TIE SDO fEICHEHINT WS ATA O o FHEifkE RIS f2IC & 550308
T—RARCAY w bV a—HfEEflabbEdZ LT, ¥E - EREREIBIZ2I0 LV VDN A
DB & T DHEER D X O %217 > 72, ZOFEE, RIS #ED 1400 A 2) v b Y a—@ifficB T3
BFNL =R FERAPRZ, 5T UL - Ry I =27 "R T—RIZBWTHE
RTE, ZOK, ISV A VOEFHEDH 90 km/s FREL HFHE D HFHITHNZ L3 D207z,
ZHIZEDaaF A U TRAKEEERTESE - MALZI LT, REPFELEZL WS KNREEGKE
RETZEMNTER, ISIZIRISHED Mg 112796 A, SiTV 1394 A, C 111336 A DAY M LERTIE, *
D5 XHH 25 RO AT — VTEE L T\We, ZHARERNLEZBEOanF L1 UHE LTS5
BED BB AT — V%, I FHETHAMPERINBRHE AT -V EKMLTWEEEZX 5N, T
NLAVDHAML DDEIN 22 Mm BETHD L RS SN, /a0 F L1 it & > TRBEICH

X5 T3V F — I W BUEHE & EREMNAD ESE 5 THHMTRETH 5 Z L3I0 h o7z,

1 Introduction

KB 30 513 100 75 % 48 2 5 IR @il 7 Sk
LLTHIS T WD, LALRA S, a0 fEskicE
ETBEETDTIRAINIDEL I RERTH D L ITR
5%, UEIRED TS XAHIFET S, aaFilLA
VIEED LD RRREEE R TIAID 1ETH D,
MWEERI A — v caa iz RS, EROL—
THEEIZIR > TE TN T 2 DM TH 5 (Antolin et
al. 2012),

auFIL A Vi, IR FHERICE T S RAY
EVEICRERLUTHRET S EEZSNTWS, ThHD
B, a0 F 2B S BT EID BRI b, &
EBHPEZ B Z e canF iR 7S X<t
X5 (Muller et al. 2005), #&> T, BURNALE
MOREIZaoFNA T O 2 L EHICHEELTH
D, IrFNLALVORMEESMCTAZ LD
O F ORI L DR b eEZ5NT WS,

F-avm A YOEIE Y AIZEWTIE1970

FELES S DA XY b BRESNTE D, KigH
EDARY FOFEITAFITRDETIZLA LD
oo TRIFTVEFILL A UHBFERITNE S BEOREE
ThHH, BHREDIAVFITAIPENZ EPKRER
JRRTH B, ZHIZH LT Swedish Solar Telescope
(SST) ZHWZ=BHIZ L > T, £< D on-disk IH
FLA VPBIHIE 7z (Antolin et al. 2012), F
7z 2014 £EZHT B B & 72 & Interface Region
Imaging Spectrograph (IRIS) (2 & 28Il 7— % %
AWaZ 2T, Bamicagr vt URNE L
FEOYE - EBREZ RS B Z L AMIPIL 7 (Kleint
et al. 2014),
INXTOWEN S, I FILL A DG
EHLTWBIEDNANoTWED, TDOAT—)L
DIBUEM & T 5 2808 D 22 [ 43 fil e & [FIFRE A
FNEODBHNIVAEIZ, EZETNIBRAT =N
HBDPEID> TR, £, auFibb1y
ZE DR - EBEOMBUBRIZOWTIRELED X
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D EFZE DA TV,

Argeclid, IRISHEDOEHH T —&ZH\wWCan
FLLA YDA — L ERDB L EHIZ, O
OFNLLA YR FERENESITRILF—D RS
D &7\, BN ZE ORI ZIS MZTE I L
ZHWNE T 5,

2 Instruments and Observa-

tions

AWFZETlE, IRISHE L SDOHREIZE > THEL N
72 G EhFEIE NOAA AR 12042 OEHIFT— 2 2 L
72, BUHEARIX 2014 £ 4 H 24 H 10:00-11:15 (UT)
THb, IRISTEIFAY v b ERE, 2D v b
DT 4 VE—A A=V % HBE LTS, R
119”7 x 119" THH, AV v MEIX 07.33 T2/
fREEIZ 07.166 TH 5, SDO HREICHEH I T WD
ATA BASHEHED 7 4 VE—A A=V &G LT
Wb, HALUZEEREEBEEMIER1OED TH
%, IRIS 52 13 THOP250 12 5D\ T af i Bl A Ik
% sit-and-stare € — K CBHI 21T\, 1400 A & 2796
A2V y by a—ififke 3 OO8HR (CI11336 A,
SiIV 1394 A, Mg II k 2796 A) DT — & % HliE
L7,

F 1 PR & B A

HiE WE[A] | log, T | ¥ |
IRIS/SG 1336 4.3 CII 5.6 s
IRIS/SG 1394 4.8 Si v 5.6
IRIS/SG 2796 3.8 MglIlk | 5.6
IRIS/SJI 1400 4.8 Si v 11s
SDO/ATIA 171 5.8 Fe IX 128

X 1 RIS OE » T — 22y MilTH B, K
BT 1 B B IEEIFEIK NOAA AR 12042 DefTH
AN IRIS FEOHMEIZEENT WS, AV v b
WBEREBHEERSL IS ICELPNTVS,

(a) AIA171 10:30:23

(b) AIA171 10:30:23

o5

2
(d) $J11400 10:25:10 (e) $J11400 10:25:44

zzzzzzzzzzzzz

B 1: L AR

3 Analysis and Results

X 1(d),(e) KROND X512, BRDOT TR (~
10° K) HV— ROKREE (FERR) %728 > TR
HABEL T\, ZORKOEITCITIEESRTD
BEEAH D, IRISOAY v MIZDHEREER->T
Wiz, $722075 A DEE) & FTHIE LV Yy
R 7 MRS T —RIZBWTHHERI N
(4 1[f]-[h])s

MBLURKLUEZBHKLTH 5,

2(a)-(c) IXHKDHT — X OREMAZ LERLTE
D, (d) EAV Y hYa—ERORZLEZRLTY
%, M2z E, V—TROEEIZH>THERL
TERTIARRLEDEAY Y MMI@EIZBEL
DEREHZ, PHTF—R2THEXNIETELYy KU 7 b
CHOEHHERTED Z S, MiHDREREN &
DHAREIZ D h B, F 77 1800s < t < 2500s (2B WT
%< DauFI LA UPHE - FETRTLTED, TS
K72 AT DL 25 km/s, Ry 75— 85
km/s BETH 72, ftoTamFi b1 v OEEH
JEIZH 90 km/s &72 0, EBBEEEICSIT S EHE K
DETDITENZ DN B,

UEXb, BEERTEFNLULZBEEEED 7I X
ROBHEEEE UM L2 D305,

RIZ, FNCOME & FHMIZHARS DIz 2 —T
Ly M ziT->72 (K3), K 3(a) IZBE Ry 7
T—=Y 7 MELTOVRWVERS (GEFKD) DORFHZ
LIZDWTOFRERTH D, (b) lELy KT MR
DWTDFRERTH B, EH TIEK 3 70D Bt
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(@) Mg Il k

®)Cli © Si IV (d) SJI 1400

i

4000

3000 3000

Time [sec]

2000

1000

0 100
Doppler Velocity [km/s]

0246 8
Distance [Mm]

X 2: ARZ FLE AV w b a —E{HORFHZAL
(a)-(c) IXBNT — R ORMZ(LEZRLTEY, (d)
EA) Y N Y a —EGRORZ I ERL TS, it
fifllXHERE T, 10:00:28 (UT) %t =0 & L7z, (a)-(c)
O Ry 7o —#EL L, EOEAL Yy KV 7
MIMHYT2Z, 2ZTREINXT—XDS>5, BEEBE
MR T 5878V 0T—X %L THA
LT3, (d) Ol R 0 OfF#Ec. X 1(d),(e)
WHEAR TR LU TV B IV — TIROFEEIZH > THE D
Hmhofllo7-E#Th 5,

PEHPHIE R IZRATWS, 7285 5D
BPWTH, a0+ A A%< oz 1800 B
25 2500 # E TORTIX, 25 FFEE DRI A
F=IVDOEAHEL Roniz, ZhianFil o
YD1 D1 DA LT\ 5 R 2 K 2 — L
ThdeEZOND, BHIZERESL > 723#E (90
km/s) ZFRTNIE aaF b1 v OHEEIFRK
ET (EY) M22MmRETHL L EBED NG,

(a) Mg I k steady component

(b) Mg Il k redshift component.

Period [sec]
Period (sec]

0 1000 2000 3000 4000
Time [sec]

3: Mg II k intensity 24k z—T Ly h 37 —
AR NT A

BB DIET 2 FET 5720, HBEERE
B (M4), FET2o08RL 5 MEMENGEES
HZEHHHALIZZD, 74 VR =N TENTE

NenEEL72> AT, HBZFIR LU, BWAT—
MZDOWTIE, EHRDTHL Y FY 7 bR ICE
WTHBIZIFAERHZEE LT Wz (K 4]a),[c]) . 1
L R REEAMER WV (10 FEE) ThY., Mgz
EDSMIZIE L TW L BF 2 DT E TWRnef
etk e, BEMGEZR->7Zaa LA VRN L
TWA 7202 THEHIIEE L TW2 ATtk D 5
BEZS5NG, —S5T3HOEMHEAIE Mg [Tk —
CII = Si IV OEIHBEL TV (4. Zh
ETFADPSIICHELTWS Z &R LTED, B
WD 3 RN AMARE LR & 72 0 gL - BT
HEUTWwWasEDEFZ 6515 (Tian et al. 2014),

Steady with High-pass filter  Steady with Low-pass filter ~Redshift with High-pass filter

Mgllk - SilV
Mgllk - Cli

I
40 20 0 20 40
Lag [sec]

40 2 0 2 40
Lag [sec]

40 20 0 20 40
Lag [sec]

X 4: FHERREIDAHBEIEAEL, 1EDMEIX Mg 1T k 235647
LTEEELTWAZ R RLTWS,

T/, R2EARAIRV MBI angFLL 1Y
DY EDHEEETH 5,

* 2 HEEEDOE LD

W 90 km/s

R AT —)V | 25 sec
BX 2.2 Mm

i 580 km
biihis ~10° K

4 Discussion

2 OHEMMN S, IuFIN LA VOB DIRE
LTVWAEH ANV -2 HEELZ N TE S,
(Antolin et al. 2015) TWEHEINTWB, TEEH
EIRELUZROaaFIL LA v OEFEEZHNT,

1
Eyop = §pv2(7rrL) ~ 10*erg
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COEEZ ALY - THRATIILF—I28Db 3
CARELUT-F, TOETaw A UTEERED
DMEERNE TR DD W BT IR D2 EZ D, 5.
BUzk->TEEOIRER 10 K 225 10° KIZ kT3
DIZBBERIANVF—Z2HAFEE -7 2 A, WliHLE
HIZ 10 erg FRE LD, EHONEERTHER
MERD D Z LITH RN T2,

5 Conclusion

AWFRTIE, aaFlL A ORI EZ A 2.2
MmEETHE I 2REATr— IV o#ETE 2
DRz, ZHITEITHSEIC B W THEG T — X h
S5RDIAERE L —BLTWD,

—hTanu A U ENET 5 Y HEiE
e UTid, ML HRATHEOES HDX DK
ELHEELTWAEDZ2IRDDEZ LITHELR 17,
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Abstract

7000K &0 HEARNREZ B OEENETE, NREIEREINTE D, REAT — VB, 22/HA
T=VE Mm O 7 =alb—yayveiFEnsg, RERBMOERHKVELTWEEERX NG, FT7=a
L—a vOlHid, HEDODNRI A -2 - EBIZBRLTEY, /7 2alb—YavlkeERAOSNSEE
DR DO EF R E AWT, HEORMEN ZIRET S Z LIZYI LTS (F.A.Bastien et al,2016),
LD U, WD FGETIE, Hx ORRBEOEHEZBDZ e TET, RMOMEBEAEZMETEZLIXT
ER\V, £IT, MEMI Uy MREMROZLEMHEANT, 7722l —Y a3 VEBRITE 5 A6EM
MHRE X N7z (A.Chiavassa et al,2017), U2 L. T Tk, BFEAIHES KTV v ) 4 XFERT
OMRETFTREMN D, 75 22—V DREIPEMD R A LAT —VNREZ ZHEBIZONWTHRTWRY, ZZ
T, REIETI, B AT 7Yy 6 ER2 ANLEMAR I =2 —YavETLOYIalb—Ya
VEHRWT, NI UIUy NEFOSWEHRE L, MRMAUCEREOY A X, FIZal—avDRA LA
T VDB EZ BB RPNz, £/, 7722 —YavDRALAT—)VEEEKE LT, ek
N7V V) A XFIETT, BHONREFHEL, K7V Y I A XOKREI LRSS Z LT, BRI BER

T — R D FHRE % PN T,

1 Introduction

1.1 >5=ZalL—T3v

HEOMIZ LS L, 7000 K & b HEA%0R
& EDHEBEDOHNETIE, MFREFEEI N TS
LEZLNTVWD, MiiE T, i BRI & /R
TRENEIVIROAAZ =V 2K LTEY, ERH
& NRERDIRE DENIE-> T, KE I Mm BE
D FUROFEEZ B L T WS, ITNDRDRBETH
D, BERBEDERRK 2 7S =—al—Yarvi\nd,
Jo5-al—yarvoliHickde, Fo5-al—
VavItHRTANEROE o L, BEODY— 2
B Vpnaw OENTIE. 27—Vl 0 o iy DD 32
D, 4, Kepler iZ&L BT —ART N T LTF—X
ZE-o T, ZoOBRIFMRINTE L, KEUAD
HEIZBWTS, BEMIZIZSSzal—varvn
FEIEIPD N T WD,

BENSY Iy MRAERVESS =
1lb—2a v

1.2

N —=ZART N T LDENIZE->T, 759 =2
L= a Y OFEPHER I N, O IEH % M H
LT, HEDORHEEHNZRED/AT A —=XHRD 5N
T\W5 (F.A.Bastien et al,2016), — /AT, /A7 —2X
RN T LOFRERT > S 13 MH 2 ORCRBED THHILE S
Ny, foT, KEIEDRIRBDEAMEE % AR
L elETERY, FIT, BEMT VYUY bDY
EiiREHREHWT, =22l —yaryERET
& 2 ATREMEAVR E 17z (Chiavassa et al,2017), Z D
X TEL L, 3RO AN R ERE & ] E L.
3D HESTRIA D — R 2o Ty Ial—bUHEHEZ
FAWT, bI U Yy MRERIREZER L, ms %5
HTAHILT, Ay bVavix—Dr50Vy hC
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Line-depth Ratios and Teff Relation of Red Giants in APOGEE
H-band Spectra: Metallicity Effect

Jian Mingjie (OO OOO0O0 OOOOOO)

Abstract

Eleven line-depth ratio (LDR) — Teg relations are derived from APOGEE H-band spectra and catalog.

Line-depth ratio are useful for measuring effective temperatures of late-type stars. This method has been

used mainly for optical spectra, while relations between temperatures and ratios of lines found in the

2MASS H waveband were recently reported, but based on only ten spectra. Here we investigate a large

number, ~ 20000, of H-band spectra from the Apache Point Observatory Galactic Evolution Experiment
(APOGEE) to confirm and improve the relations and to discuss the metallicity effect. We found that

the metallicity actually affects the line-depth ratios and ignoring this would introduce some amount of

error (=~ 400 K/dex), and saturation of lines cause this effect. We provide the temperature relations

including the metal-dependent terms re-calibrated with the APOGEE spectra and temperatures in their

catalogue.

1 Introduction

Usual methods to determine the effective temper-
ature (T,g) works only on stars whose foreground
Lind-depth ratio,

which utilizes the ratio of two different lines as the

extinction is not so extreme.

probe of the effective temperature, can eliminate
the effect of stellar extinction because the lines suf-
fer the same amount of extinction. While LDR is
useful to determine stellar effective temperatures,
most previous studies only considered using optical
spectra. Recently Fukue et al. (2015) found 9 line
pairs in H-band, for the first time for this wave-
length.

To the first approximation, the LDR only weakly
depends on metallicity and other parameters. How-
ever, it is important to characterize the metallicity
dependency and to make a correction of this effect
if possible or consider the effect as an error source
in case we don’t know the metallicity of the target
in advance. The number of stars studied in Fukue
et al. (2015) is limited: eight calibrating stars and

two metal-poor stars which seem to be slightly off-

set from the others.

Here we consider a large number of H-band spec-
tra collected in the APOGEE project (Majewski et
al. 2015). The APOGEE spectra include 8 pairs of
absorption lines among 9 discussed by Fukue et al.
(2015, see their Table 4).

2 Data and Methods

We use APOGEE data release 12 catalog as well
as H-band spectra to derive LDR-T.g relation and
then quantify metallicity effect. 21040 stars are se-
lected among 163278 and they are well separated on
a wide range of parameter space: —0.6 < [Fe/H]| <
40.2 dex for stars among a wide range of tem-
perature, 3800 < Teg < 5000 K, corresponding to
around G5-K8 in spectral type. Applying 11 spec-
tral line pairs with high and low excitation poten-
tial, line depths are measured by fitting lien profile
with parabola function. LDRs are derived by di-
viding depths of low and high excitation potential,
and LDR-T.g relation is fitted using second order

parabola function with metallicity terms involved.
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Second parabola function is first used to compare
our relation with (Fukue et al. 2015), then we use

least-squares fits of:

Tog = a(r — T0)2 +b(r — 7"0) +c
+ d[Fe/H] + e[Fe/H](r — 70) + f[Xiow/Xhigh]

where metallicity-dependent terms are included.

For line pairs only containing Fe, term f is omitted.

3 Results

Solar metallicity fitting result is consistent with
that from Fukue et al. (2015) (O 1). Distribution of
stars in the figure is curved thus indicate parabola
fitting is necessary. By dividing the sample into
various metallicity bins, a shift from lower-left to
upper-right corner is presented in 0 2. Comparison
between T1,pr and Tapoggg shows no bias and only
small scatter (o ~ 56 K). Further, our temprea-
ture is compared with photometric standard tem-
perature, and the scatter (= 160 K) is the same of
the scatter achieved by APOGEE DR12. Adding
more lien pairs may reduce the scatter. As a re-
sult, new relations containing metallicity is estab-
lished and the temperature predicted is consist with
APOGEE’s temperature. By inspecting the metal-
licity term we confirmed the existence of metallicity
effect.

4 Discussion

The reason of metallicity effect is revealed
through model prediction of curve of growth (CoG).
Synthetic spectra generator MOOG is used to pro-
duce model CoG of each line and then LDR. Model
CoG clearly shows most of the lines, especially high
excitation potential line, are saturated in APOGEE
parameter range. Saturation differs the slope if
CoG from 1, thus preventing the cancelation of
metallicity effect when dividing two lines, so metal-

licity effect is remained. [0 3 shows an example
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O 1: LDR-T.g relations of solar-metallicity. The
number on the bottom-left corner indicates the

source number of each line pair.

K11516840/Si115376.89

Fo=00=001 Fo=0Z=001
[Si1=02x001 =022001

O 2: Panels of relations for samples with differ-
ence abundances. Blue line is the fitted curve, and
orange dash line is the solar-metal result. Here pre-
sented are the relations of the K /Si pair for samples
with different [Fe/H] and [K/Si] values, while simi-

lar plots for other relations are available.

of model CoG. High excitation potential Fe line is
saturated at —1 < [Fe/H] < 1 in all T.g range,
Thus, it is

clear that there is a range which metallicity effect

so it cause the uplift in subfigure (c).

is not 0 in high temperature and high [Fe/H] range.
For APOGEE H-band spectra, neglecting this ef-
fect will introduce an error of ~ 400 K/dex, so in-

troducing metallicity terms is necessary.
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O 3: CoG and LDR-[Fe/H] dependence of line pair
4. (a, upper left): observed (points) and model
(lines) CoGs of low excitation potential line; (b,
upper right): observed (points) and model (lines)
CoGs of high E.P. line; (c, lower left): LDR scatter

and histogram plot of various [Fe/H] and Teug; (d,

ILDR
d[Fe/H]

various [Fe/H] and Tog

lower right): scatter and histogram plot of

5 Conclusion

Using the effective temperature given by
APOGEE DR12, relations of LDR and T.g with
metallicity term are derived. The relation fits with
the past result given by Fukue et al. (2015). Com-
parison with Tapogreg shows that internal scatter
is just around 55 K and T1,pr have the same scatter
with Tapogrr when comparing with standard star.

Fig. 2 shows that the LDR-T,g relation differs
when the value of [Fe/H] and [Xiow/Xnign] change.
Uncertainty around 400 K/dex will be introduced
if metallicity terms are not considered. Satura-
tion causes metallicity effect, indicated by synthetic
spectra generated for covering a wide range of pa-
rameter range.

When measuring the effective temperature of a
star, this empirical relation can be improved by get-

ting the metallicity of the star. The internal consis-

tency will be very well using this method, but due
to the adoption of other method, external consis-
tency may not be as good as internal and depends

on the method used.
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Abstract

M2)

TV T IHERRE TR 2IBRERTH 0. ERWRBED 2 R ERE CHREIE 15, o, aIEseT
BRI NZ 7L TOZEEHBET LT WD, EE, mAROKEZ LT D 10 ~ 10,000 {50 T3V ¥ —
EROA—N—=TLT7H, KBME (G HRERINE) ITBWTHBNX T LT & UTEEHKA I N7z (Maehara
et al. 2012; Shibayama et al. 2013), % U C. #EHNRMITIZ LD, RGEEOHBNA—1—-T L T D
TAIVX— (B) &Mk () ORMOBRIZ 1 oc E°3 2 WS BIRAH 5 Z & 30 h - 72 (Maehara et al.
2012), Z DOFEFEHIH, K57 LT O - 8 X KROBUAI (Christe et al. 2008; Veronig et al. 2002) & & X
LTWBZens, 7T DOIRNF —FIGERICB W TR RN RBREI NS (Vaxsyavick
LR T AV F — D) . KBMEA—NR—=TL 7RG 7L 7 e HIEL, WIS TE3Z 2 28
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O HMI(A#HESDE) OF — X % HWTH 50 O BEE T L 7 OEHENT &2 175 72, @81 2 .
AGIZBT2HEHT L TIE, MO RBIHI UTHEARFH NI TH o7z, I T, 7L TIZEV
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T IA=NRN=TV7] PRI >TVWEIENRERS
N7z (Maehara et al. 2012; Shibayama et al. 2013),
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2 Analysis
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mic and Magnetic Imager (HMI) & B X @il 2
Reuven Ramaty High Energy Solar Spectroscopic
Imager (RHESSI) %\ 7z, 7z, 2011-2015 F F
TOM-X2ZJ A7 V7T, MEHEREEIZS T 58
T—RDPIFET D DT, TOHTHERT LT H
HMI THi6 2 5T W AH 50 D 7 L7 & 44z
L7z,

KBEDOBEENT VT OREIFSEERENZN U T+
<. 7V TIC X BN D A AT B DA RE
THholz, T I T, JeAFH% (Kuhar et al. 2016) %
SEIT, N7 LT ORI X SO K <



2017 £ 25 47 [0] KX - RIKYHEEFE OFK

IS LU TW3 (e.g, Krucker et al. 2011) Z & % %
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3 Results

X 6 15 EIOMEFcEoNIARTH S, KD
MPKBEOAMET LT T, ROV SRR 4 7
e 1. TFAUIR A HREE 30 2 OB T — &I
FOoTHRINIZA=—N=TLTEERLTWS, R
Thbhd &5z, PADORESFEAIAG 7L T HE
B7V7T (1 2WHEDEE) THEVEDS LW &
Wahotz, —H, FRIZK LT, XKBoH®EE7 L

Lightcurve 23-Oct-12 02:45:30.000

5><1UA§
4x10°F
3x10%

2x10°%

Count[/45sec]

1x10%F

W,
‘H\"M Py

e

“1x10°%
1400

1800 2000 2200 2400

Time[sec]

1600

M 4: K7 V70740 v—7, BfEAEE, &
FRIZEE X AR, RAEIR X e RLTED, ThEh
HEXETZLTDAD Y METREB LI TWS, Z
DEIIT, BEX MR Bk MXBOIETE — 20
BT NG Z LB SNTWS (Neupert 1968),

7 O EIE, HE 7 L7 OREJH]H S HF X
NEEOLIDMIMTRENZ B ho7-, — 5T,
KEOHEXT LT ORHORE T ZHFL 7 I
2, HEA—=X=T7 L 7D 30 S HEESfREED T — &
PELTWSEZ e Ebh b, 7EIDXSEN
BEEFNTVWBEONZU TN TEHEMmT 5,

1000.0 3 ' ' ' '

— ]

£ 100.0—E 3

B 1004 .

i T ;

8 1o i

® 10y | :
3 o KBOB&ENT L7 (45sec)f
1 O 2—/87 L7 (nin) .

011 + 287 L7 (30min)

102 10%® 10%2 10* 10® 10%
ILF7DIRILFE— [erd]

B 5: B3 DI RI)LF— L kRIS S 7125 g
WL KBORBY (Fs) 278y FLELD,



2017 £ 25 47 [0] KX - RIKYHEEFE OFK

4 Discussion
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2 Observation and Data Anal-
ysis
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