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Fr v IHEPEGH, FF200L oy v -
¥y THBEPRR SN, K6, BRIAK
DTHERRY > 2 s F e v TR R FEEICHBET
ZEEERT[22]. KED DS FHERRY >~ 2 -
Frv 7, XAM)YZHE0IEF v v THE

HFH15E Hs5eE

WABES 2 C e osbd 3. HfREy v T X2 b
V>, B S XA RFE Yy TORT OE|
GoEL, Fnb Ktz ey v 2HEL, Fev
FRLHE OB H 2 HEI3/NS . Z2 Y
VI ¥y FTAETIE, BRI Y
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BRSO RPN 72 25 (b3 1 2 D TR s %
Z, ThPHRRY v 27 - Fr v T LTRISh
TVReEZLNG. &z, KR Y7 TREY
FHERRAEAINE X Z MIC & YIS 3 2
Y OHRF Yy 7 LTRA TV 2HENEDL &
%.

4.2 OphIRS 48 3%

DS IR D & 72 PRI B R TR © iR,
Oph IRS 48 B IZERHBEDO—DTHZ. D
&0 M REREREZ b OTId RV, X R
DALMAY —_A BN L 2 ¥, BB LR
FERCEIK O JR IR E R RO 5 6, 10% R &L
HFOMC K E 278 (320 auw) ZHROEBMETH
% [23]. X 712Oph IRS 48 FI#IC B 3 & 2 b
HKE I o < v 7 ¥ CH;0H, H,CO, *CO ffz o
<y 7R Y. ym X A b COMRMY ¥ IR
Wi LT3 —77, mm& R MEmEhicosa=
HARCOHLT0 2, 2 S 2 0FRKETH
2 IR TE )0 % b 5, S EREEIC mm
X2 E oD EEIZLNTVE., ZD&
5 7Z2mm& 2~ ORFERZSMOFRERIE, ALMA
DY R D—>TH - 72 [24].

I 6, T ORMKD RO ALMA 8l T,
CH;OH ¥ H,CO» mm &Z 2 DA v & { —#
T3 DS IR o 12 [25]. CH;OH ¥
H,COlZ, & 2 kEifi kT COWKER A
TR2IETHERAMNREIKE L TERTZEEZ
LNTWVWAE®, LicdosT, K& mm& 2
b ASEEREEICIREE L, KO FHEIC & Y CH,OH
¥ H,COmH R Shic e B2 2 O HR
ThaH. i, CSrSODOBEH» S, mmE =z k
JEEEREI T CS/SO LA 1 L W /NS vz e by -
. IoZrld, BECEALK (D%HHO
K2 CO,K) DFIFECEBHTH 2 [26]. LLE
ORERIE, &2 DT EE I FER
W52 5 e RHIORL TR Y, BKE

U,
5. EH bHIC

MAPSIZ & 2 ALMA 75 T BERRE ] 0> 2£ [ 57 fif
AELZ0.15-0.3" (~15-50au) THH, 2N LD D
K S 72 2 — v PN E O FE/ A5 MAPS 12 &
DG 27 5 7o, WEEBENICH S B s e
JWST FHf i & 2 /RVMRBIANC & b, P
W (<5aw) OEEHH S D H,0, CO,, NH; 7%
CDORRAZ 787 FRRO T EIIPTRE T H 5. 3.1
ficfiiiiic k512, Ke v ofc X2 FHILE
FIA~BH L OKHRIEST 2 2 ic kb, BN
WCENR T O CEMARAB AL 5 5. JWST €
MAPSOF—2%&b¥ 3 v, HEekolt
PRSI ¢ RN T OFFEMEYIE O ik 0 Gl A5
LB RSN,

—/ T, COZ Y O CEFICOWTIE, HREER
Tu7 s ANVENTT 22T, MAPST—%%
5 0.1" LI OFEREEE O PR A HEET 5 2
ENTE B (27]. M2 (313 775 —E
L CW20T, HLELLOHH Fy 75—
WE (DT 7 74 0) ERIGOT S C
YCWHHER 5 TH B, MAPSTHIN S i
2CO, BCOZ DA E iR D © 13 47 A RS
DHEEFTRETT H 2. PR NIRED O IR 79 1613
JWST 75 & O RN BN ORI ERHTH A 5. —
75, PRI TR A R A (7)) I VIRTE
FINCREL 2 Y, DO S RZ %735
CEWEIE D ALMABIIIC L W bro TS
PN o %38 T O 7 2 O BN 1%, ngVLA
PRV & Y ERERT o8BS THEETH
A9

MAPS ORI FF 20 A 0 JHE GRS € LTIk
STz, AFTEMNG 2B TIRL»oT:
73, PIRJE (28] < PR 4 2 DREfl A d RS (7
75—l 6 D3 N) [29] OFFTHRER bRy

# H,COWH AP TOLYKIETHAERS NS 25, H,CO/ICH,OHMEELLS1 LY L/hS v s, H,COY
CH;OHIZ ¥ bIC X R RIS TER SNz e £ 6505,
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Chemistry in Protoplanetary Disks
Revealed with ALMA: The First Results
of MAPS Project

Kenji FUrRUYA', Yoshihide YAMATO?,

Gianni CATALDI"” and Yuri ATKAWA®
'National Astronomical Observatory of Japan,
Division of Theoretical Astronomy, 2-21-1

Osawa, Mitaka, Tokyo 181-8588, Japan
’Department of Astronomy, The University of
Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan

Abstract: In this article, we introduce astrochemistry
in protoplanetary disks, focusing on the first results of
Molecules with ALMA at Planet-forming Scales
(MAPS) project, which is one of the ALMA Large
Program. Within the MAPS program, more than 20
different molecules have been observed toward 5 pro-
toplanetary disks with high spatial resolutions (15-50
auw). Molecular emission lines provide a wealth of in-
formation such as chemical composition, temperature
distribution, ionization degree, and gas dynamics in
disks.
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