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[3] :ﬁtzg?.zaki, M., Mihara, T., Serino, M., et al. 2011, PASJ, 63,

[4] Is(nga;muro, T., Ueda, Y., Shidatsu, M., et al. 2018, ApJS, 238,

[5] I%Izifoi, K., Ueda, Y., Hayashida, M., et al. 2013, ApJS, 207, 36.

[6] Nolan, P. L., Abdo, A. A., Ackermann, M., et al. 2012, ApJS,
199, 31.
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[1] Tsuzuki, T., et al.: 2016, Proc. SPIE, 9908.
[2] Tsuzuki, T.: 2019, Appl. Opt., 58, 3247-3251.
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[6] Taniguchi, K., et al.: 2018, ApJ, 866, 32.

I Scientific Highlights | 011



TLR AU & 5 Ta BUEE R 2 O R ZEREE | 03 4 il IR

xR FAMIANO, Michael A. PEEF
(LR CH B (T2 AF Y - IVH YRS (ESELA S ERZER TS HRAS)
EHENSS GARNAVICH, Peter M., MATHEWS, Grant J. DIEHL, Roland
GES ) (V= PV F LKE) (Rv 2 A - T5 v 2 W)

LEUNG, Shing-Chi, ¥FAR#E—
CREUR)

AR IOREEOBRBR THL LEZ LN T,
LW, FOBBEEIIWELZHS LI > Ty, B
DL Hh, FRIZETZEN Y F ) FIERE LG5
T2OFTE L. ZNZ1single-degenerate (SD) 7 1) *.
double-degenerate (DD) 51 # LIFIEN TV 2%, SDT F
JF TR, BREEICHEE»SHEENSEE L. BLEED
HEDST ¥ P — VIRFICEDSEBIEICEL LS
%o —HDDY ) 4 Tld, ALBEEERGRIBIER
BERITEEINS, EE5D0YFY LI LTD., REE
BOBFED L O TRAMEREOERE R R /T A—F L L
TEDT I & CEMICHIZEDHEAR LG D TV 5 A%, Ta BT
BB 2 IET 20T L 2 2R IIRFEINT
WEWZ EPHIRTH 5,

KAFFETlE, BHIEBREIC LA TESHICL > TEDE
G HEEa R L2[1]e Ny TIVFEHEEEY
HW7EFEOBIINC & - T, BEZEH1000H0 %8 2 B E VL
B AR AL & IR O T B [2-6]0 7D X 9 7 JERE AR
3 7Co D ARIE CEEII272H) R3Fed A3t (1000
H) ko Tz A VF—PHfEENL EEZ LN TS
O, FOBID5CoRPFe DK EF RFED 52 L 25T
Ebho FITHAIZ, BHNCE->TRBLONAZINGD
FEA DL R & BHE STV 2B L, SRR
HIRZ T B 2 & Z b7,

F 7o, EBHEOILREROFHMO—21F, HLEED
BWEEIL L o CTETMERLASEA, T8 72 5T
AR ENSLZETHD, PHTEEZEOEREL. H
IRRPLEOEE, T hbbBEEOERE LHEEZHSZ
ERMIFENSL, FITHRA I, LEBTEOHBET TV
[7,8] % FHW T FEB P TR O£ E L B O
HEOMBEE TR0 ZORE. HCr OERE DT I
JEIRAET B 2 EHI L2 (K1), HED & ZA%Crd
AR OB 2 A D VITFEEL 2V, b LIS A0
FHETERT A2 LD TENL, LIBHEDHEDIEE
RLIBFEEO MOV THRWHIRZFIF 2 2 & TE D
EEZBND,

012 | I Scientific Highlights

zi N
- Al
- 1D Al NN
. Al ey,
= i NN
= SR
%Z _4} \\\\\ SN
= r N
O C N\
< L
w_ -5
2 B 3D
BPIA
-7 NN
IR SN I D D D DU D P I
0.5 1 15 2 2.59 3 s 35 4 45 5
p (x10” g/cm”)
X 1. aBBHEOHBE T VB B3CroA . Ml h oo
W EET
BE W

[1] Mori, K., et al.: 2018, 4ApJ, 863, 176.

[2] Graur, O., et al.: 2016, ApJ, 819, 31.

[3] Shappee, B. J., et al.: 2017, ApJ, 841, 48.

[4] Yang, Y., et al.: 2018, ApJ, 852, 89.

[5] Graur, O., et al.: 2018, 4Ap.J, 859, 79.

[6] Jacobson-Galan, W. V., et al.: 2018, ApJ, 857, 88.

[7] Nomoto, K., Thielemann, F. -K., Yokoi, K.: 1984, 4ApJ, 286,
644.

[8] Leung, S. -C., Nomoto, K.: 2018, ApJ, 861, 143.



Ta BUEHT B\ 00 9 2 8 LW R AL RS BUS TR D A > 7327 K

R
(E K Ch/ HERF)
H T HEBTE
(LA AT R )

L EEH 2L - MEMAOREOIRBEETH Y,
ZO R RIIPCH2CHRE SIS L o TH &I S5 &
ZEZ BN TW5h, RCH2C RSO WA LTI b7z -
TIETFRFERRIC & o THMED A SN T E72A5, RIKWHL
WCBWTEELKIAVF—FHBIIBT 57— 7 OHFFHIC
W L7-DIF2018ED T & TH B [1]o = DI O EERAE
B3, EK AV F-HBICBWTCEHOIEIHFIEL . ¥
FUSEPRERANCS N2 D DI THWAT ST & 2RIE
LTWwWb, A TIZ. S0 &9 %12C+H2C ISR OE KR
MlaBBHRI G 2 288 % | FFICHBEREEE SRR
OBHRBISITEH LTI~ [2]

HEEEER ARSI L &, RO/ S WIERDW
Lo THIEE N, FEORICHEENEZ T 5.
b LZOREEIZL > CERERREDIRED T/ EAET,
IRFERRE DS K TIELASEDIE, R TEEDHL
TEWEENRIY ., CORIBWIHEREZRT, —H.
b LERREORED LA L CREMBAEER CHAT
bl BEFE - BEUNAOKREIIME - A4 - w7/ RV
LAENIEWEN D, TOWE. BTHERSICL > TET
WL BHEBREA TR0 TEEAZZON R D, hETAE
NEFIET D, BE DT F ) 4 1T accretion induced collapse
LI TV 5,

KEERASEDIEROODL Y REVWET L L, '
FHMAO KL ERREIIRT T4, 20720, Af
EEEARTLYDPUTEANERELR T R0, @8
BEEEPREILILSRDEEZOND, 22 THA L.
BT O R FRRVE FUGEED O MKRELFIHE L. HERE
HEAGROHAY I 2L —Ta v Bl iTo7e £
DFER BB DR & B BRI OFEA SR L E R
OO A Z LY LT, 72, HOEREEED R
EEFTEREDI/NT A =7 ZERIZBWT, 4 DRIED L
I b a2l FRSBEERUGEICL o TED LD
BEREEZTAEPERRDLZENTE (K1),

B, REVEMAEWHBICBY 5 XEIRCHRIE
A5 2 2 REMEIIETMIEICBW TSN TE
[4-6]o 20184F 1256 S N FEBHE R [N UATCEHB S iz
Wl IR AV F — SIS IEDFTEERNET 5 &
I ZEDPITONTELD, N5 OIGE S N7z LA T
DR A S RETDH 5 IR I N TV o
7o T2 THEA I, 15 O D Wigner IR & IF-IX 1L 5
HIR A W72 9 00 & ) hERER Lz, ZOMR. JITHIET

P

=

FAMIANO, Michael A.
(W2 RAT v - IVH R

gy
ERESa=VE RS 23 PO I P VS

TANG, Xiaodong

(Hpr LRk 2 BE i AU BT S E 7T )

IR5E E N7 3RE O —ERi3, BT M OB S S FENE
ZIZ WZ EEHLMI LT,

11 T T T T T
AlC

0.9 \%

0.8 Y% AIE i
2

Mz/Mo

0.7 AlE AlC AlIC A

0.6 - MWD |

0.5 | L L \
0.5 0.6 0.7 0.8 09 1 11

M/ Mq

1. FEEEM, HEEEMOOGEEERESGEOE{LOW 2%
£y, HOHEIL, RO REERE G E w7zl S12ELo
WL RAEDDRERT.

SE

[1] Tumino, A., et al.: 2018, Nature, 557, 687.

[2] Mori, K., et al.: 2019, MNRAS Lett., 482, L70.

[3] Sato, Y., et al.: 2015, ApJ, 807, 105.

[4] Cooper, R. L., Steiner, A. W., Brown, E. F.: 2009, 4pJ, 702,
660.

[5] Bravo, E., et al.: 2011, A&A, 535, A114.

[6] Bennett, M. E., et al.: 2012, MNRAS, 420, 3047.

I Scientific Highlights | 013



> — N /§'§ Yoy C K /§'§» -
/N ¥ T U EIGIREE O Eﬁﬁj FZE|IZHT 5
A Y ‘l:[:‘\ —X _“ ‘\
1.1 mm 25 55t 987 155 kB R A
PrIBEZESR 2, A, ANEREAMS, B ORAR, E e, fHARFI 7, MULLER, Erik3
TKEFHEA A8 A AL T3, ORPERIATS, fRHEEREY, BOT, Caroline''. RUBIO, Monica!?, 7L{# j;¥4

K %£¥4, AUSTERMANN, Jason E.'3, f&)/E 7234, ARETXAGA, Itziar'*, HUGHES, David H.'4

J1138 BLSF- 134 WILSON, Grant W.'S, YUN, Min S.'5

1R, 2: BRORERSY, 3: BV RLE, 4 REMRRFRART, 50 TFRERY, 6: FEEEKRS, 7: LiEERS, 8: Joint
ALMA Observatory, 9: KFRFFIZ K, 10: % diE K%, 11: Universite de Strasbourg, 12: Universidad de Chile, 13: NIST, 14: INAOE, 15:

University of Massachusetts

h~¥T7 v ER, BKEEE ~1/5Z) OEMYEEZFL.,
G387 BN 2 /R 3%/ Tah 1) . HiEEL 960 kpe
RO TEEICHDZ b, EMWEOER 2R
DYt 2A%¥59H) 2T, BELGRETH S, KEEETBHKD
BHK & 72 2 BERGTFEOTREBIANIL. NANTEN 4 m ZiE i
2BV T COU=1-0) i DEABIM A/ N~ ¥ T » ELMH
WAThNTBY ., 20 %82 5 ERGFEI M ST
L [1]e 2t ¥ A PBURSHZ X 25 ERE TS
RESN, DAY ET VELTIIB WV TAME DS T EORI
EHMELTVWER]e LALERES 0T =1 Tid, /D
<~t5 U EIE (NE) FHBIZB VT, NANTENIZ &L - T
BRENID2OOERGTEARBT LI LN TE LD
2o TNHDORMKIZ, D NANTEN CO KIKIZHERTER
BIEEIASIE S Tl 7z, v 7 A MR MR %
D720, =S TOR S N7 R EE Tl Bl i
R TE L olzlcbbEZ6ND, ZD0, K4t
L0 B L mm BB LN~ ¥ T VENEHICE
WCEREL 720

BIHNE. ASTE EE I S N HEFE /7 2 7 AzTEC
BlIC Lo TiTh7z, KUCHE SN2 mmiEE~ v 7
Yo #1060 IS CORMKEE DML, BUEIFHIIC
BUWT20KMADFE S 7z, 22D NANTEN THiH S 7z
FERDFEIL, #RFN22E3003 %27 F 21 1mm K
RTHER SN TB Y, ASTE & [A4-# g D Mopra ZiE §i T
TFONEBMC BN TES N R[4] & —3 L Twis
F& % 1%, Markov Chain Monte Carlo %% Fi\ 72 4 A 24
WOARYZ MV A IVF =404 (SED) DN % AZTEC,
Herschel, Spitzer D7— % % IV TIT\, ¥ A M=, IR,
BRI HIRAFEO RS R HEE L2, /v ¥ T Y ETH
B A F A NE=IL1000%KE L TH AEE% KO
72l Ah, EREOART o 2 12REEZBRVIZ8RAT, 7
AE DS X103 - Tx10*Mp ¥ A MRE & RO X
ZFNEN, 18-33K, 09-19TH > 7o F72. SEDEN TR
Wiz HAEREE, CONEINYET VETHRN L EE
ZHARE x 102 em2 (Kkms ) T2 5E L CEM L7247 A
aEr B LSRR Cnon 772 5 2508 c—
B COREIEL MYEITVEOFTEZRETLF

014 | I Scientific Highlights

FE LTy K DEKE, RO T I bk #i A
FHTHDLZERREL TS,
AWFFEIL. Astrophysical Journal 5512 B\ TH#ds S 172 [5]0

—72°15' &

0.02

Dec (J2000)

I |
1700™00°

P | 0.00
56700°

0"55™00°

‘ 57"0‘q - 57"”0S ‘
RA (J2000)

59m00°

ay,

1. A~ ET VENEFHEOLImm BE~ v 7. L EOSERII,
FNZENAIZE TRE 2 7211 mm KK & NANTEN 12 X - TH S
N72CORMEERT.

BEXW

[1] Mizuno, N, et al.: 2001, PASJ, 53, L45.

[2] Takekoshi, T., et al.: 2017, ApJ, 835, 55.

[3] Wilson, G. W, et al.: 2008, MNRAS, 386, 807.
[4] Muller, E., et al.: 2010, ApJ, 712, 1248.

[5] Takekoshi, T., et al.: 2018, ApJ, 867, 117.



— IR BT COMRT R E AT &
Tsallisfist DO FTO VY v Z NV TTEEK

H MEICE
(AR BN R

MATHEWS, Grant J.

(BN RCH/ — MV E WRE)

— e D B — s TR A DV T IR B IRRI R R Y
FLF DRBUENZ BV B A%t 546 B EE 52 Ak L 72 (1.
Maxwell-Boltzmann (MB) 434f & —#% (25 72 % Tsallis 534
[21% B & L TERD o AR EE 0 5545 B 35S Tsallis 53745 & (3
BLbZ xR L. ZLT BEEILELZRKD, Thr
HAwTEy 7Ny el (BBN) StE L1772,

BBN O T4 25, 12 D% $ g TRk & 15 Tsallis
SR EEEO R OIF, BUHAME & —3K L2 ERE 2 2
572012 qDEIZICHEVGLENS S LI SN TV 5 [3].
W, 2RSSR OE R % Lz R I L 0 BT
HBMBGIA LY ALY 7 Mok kO L STLIHK O
AR B 2 EHGH o T 5 [4]s

MR AT B S D IE L WERILZ 1T\, fEskoifsE
THWOHNZRORDY [3,4] 278 L7z 285U DB
JBFNL (ov) = [ [dvy f(0) [dvy f(2)] (B TH- 2 BB, &
CColdUCKITHMRE ., v X UCEE i=1 £ 20 MY ML,
SO ZiOHE (X7 M) SR v=|v — vyl 1T
i E=w?RI3E LR (CM) TOEET AL F—, pul2
FROWEEETH L. MBHA DA, X AN
DB LECEE ORI S & AR HEE O BIERIC /0 © &
%o ZTOIRBLURIOWIZE THRE SN TW72[2,3]e L2 L,
Tsallis 734 & & & —# D H—R T2 A OV T Z 05
AT REZ2 DT TlE 22\,

X1iZ. Tsallis 578 DZE i g=1.075D 35 & O AR H B 43R
ZELATORE T A F—EDBEE LTRLTWA[],

B — 4 T BE 43 A S Tsallis 34 T5- 2 1L 5 B FUE
REFH L, FNEHAVTBBNOYEROFHE %17 - 720
ETOEELRBVETHEOMK O, Efig ~DOKE % #il
WM L7ze A DR BBNHERERIC L B & 450
MEBOLETIZ L 52 Be & OHI[4]12, HEkEZ2z5NT
W72 [3,4] & 0 BRI, HEo Ty ARWILI OB FRLK
AT LIEIELDEEL Y, LAL 1XD BE»ITK
EVgOMHEIIDMRF NS, Lz L cmlsE 5,
CO¥E. WBEMBOBIIMHIEE 0B &HIIRAICE S
[1]o

MBS
(RANTRE /BRI E HIEKRF)
LUO, Yudong

(ERZRIE S HHRUR)

—
7
Epeﬂk/Tf ("Be)

e
0.01 .

q=1.075

previous
assumption,

Al WAL AL el sl el el el mal mALL mALL s s

10 P L

\

-

... Maxwell

Tsallis

connd o vood vod vl ceind ol ol vod ol ol o od ol

5 10
E/T

15

o
o

B 1. Tsallis 5347 25 50 g=1.075 D35 & O #E 534 % LR COEE) -
ANVF—EOREKE UORT[1]. FEM R O s SHAR 1 Tsallis 7347
DY EER Ly LS FARISEFEOBRmHON (4,,42) = (1,1),
22) (—HB), 43). 32). @D, G, (LDICARET S, W
FUEPEROERAISHIG T 5. ML MB 534

SEH

[1] Kusakabe, M., et al.: 2019, Phys. Rev. D, 99, 043505.

[2] Tsallis, C.: 1988, J. Stat. Phys., 52, 479.

[3] Bertulani, C. A., Fuqua, J., Hussein, M. S.: 2013, 4pJ, 767, 67.

[4] Hou, S. Q., etal.: 2017, ApJ, 834, 165.

I Scientific Highlights | 015



BHrE—a— MY BREORNER

H T &EBTZ CHEOUN, Myung-Ki KIM, K. S.
(NANYRE/BENRLER)  (NANREENRLER SV Y IVKE) (2 k%)
HASHIMOTO, Masa-aki ONO, Masaomi NOMOTO, Ken’ichi

LM k) (FAL2ERRZEHT) (HHTkE)
SUZUKI, Toshio He BP0 MATHEWS, Grant J.

(EZRILE HAKRS) (NANZREEVRILE/ FRKRE) (EVRXG S/ — MV ARE)

Za—1M1 2/ (v) B A e RS K OBHT R = 2 — b e '(qh(l:‘?)(immh
) REBAEE L, BCEFEESUIRARERL o oo (ﬁ,“c?(ﬂ};’m‘;;?)’: ;

7o Za— MY VIREISEHEIEHE TOLL, "B& A —
BAZ KA TR 2 FE ISR, By TOEREDOE 108}
BREANOIKFIZEEZ 4 T2 1] viBRIZL K OB D4R

4He(v e+ n)3H (CCy——
4Heé‘/e e+ 2n)2H (CC)y——

LA BV CEE R BREO—OTh 5 [234]- 10} ]
Za— ) HEREP TR S S i S NE O 2 (21 :
TLHER, 7L == L L 12C L4HeD =2 — M) /12 1012} ]

LW USRS e % T o —a— M) J OEERE
WIHFEIE D3 e v DFTEA L > b UGN ML, "B 10MF
ENCZETHFRBROMBATEMS 5 WHERE DY

10" 107 10°
. P DR L Y MUSEN ML, Lik"'B% & WP
T BRI O AT %6 10° =TSR
1 (Eosston) &, 979 V2 8E8M, =45M;D 107k R
(preSN) ——
JBTO, v He S IZ & 2 4He ML ZE AL [dY(*He)/dd D ol d ((Egm— i
AL % 7R T[] o0l 70 frosny—— |
B O 6 R VST R T A T D AL % R - f—
EF B0, Lis TBe, 1B, NCORHEIHEL SRS - S AN
%of Li & B OSRILEHEA LI v B 0 &R (KA % 3 g 1
DINCEET 5 UEDR D 5, 1072 i
1 (Fo7840v) & M, =4.5M, D& TORMK DK 10"} 1
AL 2 7R3 [1]o o™ ]
H2id. BHERDOLI &L Be (ED/3% V) RUNB ENC o ‘ ‘ N o
(GD/SHIV) OEEE M, OB LCRT 1] 10? 10" 10° 10’ :?:) 10° 10* 10° 108
K1, 9790V 208M,=45M, DB TO, vi*He G & %*He DAL
AR |dY(4He)/dtW)H¢F'EhE1[C (L) (1] ERITNERSRE,
SIS, BRI = — Y /%)F@m\ﬂw BHIET 5.
7] L JE C A% O B ] 1 L mmw\m . ERE SR Z
= ZJATOBHRER O LR & FI 725 <1> T AEON =il
Bk AV 7-a (2).
BE W
[1] Kusakabe, M., et al.: 2019, ApJ, 872, 164. e ‘ ‘ ‘ w0 ‘
[2] Domogatskii, G. V., et al.: 1978, Astrophys. Space Sci., 58, 273. U metallicity e i3 | metatticity
[3] Woosley, S. E., et al.: 1990, ApJ, 356, 272. o OTE 760 N ot
[4] Yoshida, T., et al.: 2006, Phys. Rev. Lett., 96, 091101.
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[1] Arimatsu, K., et al.: 2017, PASJ, 69, 68A.
[2] Arimatsu, K., et al.: 2019, Nature Astronomy, 3, 301.
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[1] Hanaoka, Y., et al.: 2018, ApJ, 860, 142.
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[1] Akahori, T., Yoshikawa, K.: 2010, PASJ, 62, 335.
[2] Kato, Y., et al.: 2015, PASJ, 67, 71.
[3] Akahori, T., et al.: 2018, PASJ, 70, 53.
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[1] Akahori, T., et al.: 2018, PASJ, 70, R2.
[2] Akahori, T., et al.: 2014, PASJ, 66, 65.
[3] Akahori, T., et al.: 2018, PASJ, 70, 115.
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[1] Nakajima, T., et al.: 1995, Nature, 378, 463.

[2] Bastian, N., et al.: 2010, Ann. Rev. Astron. Astrophys., 48, 339.
[3] Pirzkal, N., et al.: 2005, ApJ, 622, 319.

[4] Ryan, R. E., et al.: 2005, ApJ, 631, 159.

[5] Ryan, R. E., et al.: 2011, 4pJ, 739, 83.

[6] Burgasser, A. J., et al.: 2015, ApJS, 220, 18.
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SNR <C_SNR T % H & ENDILUTE

7272 UARE R 0 8 72 i s st B35 12 & o TGALA @
%R (APD) OERESILFHEINL 720, 20
WBEREBLTCSNRETFH L 2 ITNER SR, Fia
AR JE P OB EE % 1 L 722 MeV B T-HL K% 150 MeV O
W 1% % APD IZHRST L. TERSTIK T — & 2 5 O 12 -
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kA, 7TFUyILy bu=s AEYa—)V (AEM)
DA XDOFEFHMZ B &, GALA OFMHFERDSH 72 S 1
LI LEMENDLIENTES (R SNR<C SNR, 1),

T T
simu. waveform —+—
1.8 | : filter out s _|

: signal wave

300 400 500 600 700

1. A8l nsec. AT OERRY. FHiiZ, 13505 S2-LIDAR O | S2ER RS
BN ZEWE. E—2fE%2 112 A7 — )V L7 (505nsec.).
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1. C SNR & R SNRODMLHEZ. [A~[D]IEALSIE.

criterion [A] [B] [C] [D]

C_SNR 23.2 28.8 202 357

R_SNR 22 22 43 122
Bk

[1] Araki, H., et al.: 2019, Trans. JSASS Aerospace Tech. Japan, 17,
150.
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SISHEAMMEHINT WD, ZOSISHEESD MBI HEM
EFRERBIERIZ BT A SISEATEROZEMEZRTHOT
5o, ERAFEOERITRIIRIICE LD TN D,

Anti-phase combiner

CPW gnd-bridge
1 mm

Membranes

~ Aoy

Cross-Junchon

SIS Juncﬂons

A A A

X[ 1. 13mm x 10mm x 0.4mm® I ¥4 F v FEREE G EEIBLOM
A & PR L 72 5% 3 AN R

BEXW
[1] Shan, W., et al.: 2018, IEEE Trans. Thz. Sci. Tech., 8, 472.
[2] Ezaki, S., et al.: 2019, IEEE Trans. Appl. Supercond., 29,
1101405.
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(Soongsil University) (University of Notre Dame)

ToYF Ry F A - o4 o B SRR
DRI THIT 2 HENEA T T — KV 2 TH Y
[2]. QCDIZBI} 5 CPHMMEDTHEN % T % 72D ITEA
SN2 3]
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Yo EET,
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DA U REOBRERAE R R Lz, ERE. Ts RICH
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SIZIBOzo1, FHTEOEI\EE L TR —ik1
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COFERTIX, 77 ¥4 iEHIBD N E O URCA #FE
DI RELBS>TVE, SO L, T ¥4 B
BB~ 7%y —RAOGHBEE TR E 2 EE DS 5 el
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10*10
10—]2

1074 [

10*16 i
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SEXH
[1] Maruyama, T., et al.: 2018, Phys. Lett. B, 779, 160.
[2] Peccei, R. D., Quinn, H. R.: 1977, Phys. Rev. Lett., 38, 1440.
[3] Kim, J. E., Carosi, G.: 2010, Rev. Mod. Phys., 82, 557.
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BEXB
[1] Maruyama, T., Hayakawa, T., Kajino, T.: 2019, Sci. Rep., 9, 51.
[2] Allen, L., et al.: 1992, Phys. Rev. A, 45, 8185.
[3] Tamburini, F., et al.: 2011, Nat. Phys., 7, 195.
[4] Katoh, M., et al.: 2017, Phys. Rev. Lett., 118, 094801; 2017, Sci.
Rep., 7, 6130.
[5] Taira, Y., Hayakawa, T., Katoh, M.: 2017, Sci. Rep., 7, 5018.
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[1] Hidaka, J., Kajino, T., Mathews, G. J.: 2018, ApJ, 869, 31.

I Scientific Highlights | 033



A —I8— T — ZADE & KA

RGN, NAPRIE—RE, I 24
(ESZRIA)

77T —FHEREICRIRIND RIRE BRI &
D L DA=IN=T = ANFERINTWD, BREHK
1Z2000fE LA EAZDIE D B4 RREBAHS Ik o TE
7oo TOWMTHEICHTL2EERIFHME LT, YA
EOWBERILGAGIBTOND, BPDOA—/I—=T —A
PHIET ARICBWT, D &) REOWERM LA
TAER, B DA—NR—T — 2B R+t 0mE Loy
EFHILIIREE N EDb o TE s L 2 ADHER
DA—=IN=T = APRNEFHIZL B L, A—=3—=T7 =X
ZEARE RN A FR CHLUERE L. SN H0E
FEET LIS IR S N REBL 25, 2F D, BllISN
7o LE R A LA % BB C & %2\ (e.g., Ogihara et al. 2015)0
WD 2 —8—T7 — AW OFHETIE, BUARE RN %
OHEALE TV & U CIFFITHAM R R E EHAHIME ST
Wizo —H T RTOMRMAEEHEIC L2 &, FIARER
MEDSAT L W EMLEEE LD 2 8D TET
(e.g., Suzuki et al. 2016)c Z Z TAWFZETIE. WA EREY 4%
JH xR L7 &) BEN R RELE T VERAL. 20
MR TORA— /83— T — AE & NIEFHEIZ L - Tz,
EHEOME., EROFEHELIIRRD, A—/=T =2
OMfEF COPBEBENIH IR SN S Z LB bh o7z,
FOREF, A—=X=T = 2F—EFIZB Y FLORE L DF
BB I IR SN D L DD, MBS AR ICHEAR
TR TR . R T E S R AR | I AT
BT D2 EADh o721 EBIZHEF A % g
THE, BESNO0AE LCHEBETAZELRENS
(1) 6

0.8
¥ o6 T BAICE > TES IR
= 04 M AL E B LR
02 O AR et R ) N W d0) 1
0
1 2 3 5 10

HuEREMAL

K1 gillshiA— =7 - A0MBERAMLIHE s Iab—2ar
DGR & U TR S Nz WE M oA o0 Jei. kS SR B i i %
EZRE L BENL MEELEZE LA, SR JCH
HT&Twa.

A=N=T = ADFORBE LT, A=/3=7 = AHHE
T2 HHe RAEDHEE SN TV 5, B & PEOW S
PRE S NIREIT, KABEAE/RLEbEL L
T RFL TV A RAEPHEETEZ 5, ZOMITICE S L,
A =28= T — AL FEHIITE B T0.1-10 % F£ 5 @ H/He

034 | I Scientific Highlights

KEEXRIFL TR ERELONTWD, & ZADHED
HE RGBT T IVICE D &, ZA—8—7 — 2T
FICEHONET A2 KBEICTFE ) EEZONTBY .,
B2 B REEN20.1-10% FREORKEZHHT L 2 L8
TER\,

COMEOMEYFE L LT, Tt (IR ERE R o 522
T LY A B E R MR IR, H#EERE o MR EKE)
AR ERTH LMD D 5 I EH Lze MR
WETTH#ILT 2HBTTOR— /13— 7 — A~NDKREE
HErETMEL, RAaELEB)FIRE2FEIT L, £
OFER, MBRERBIEAS T A A — /78— 7 — ANDKREHA
WKHEE L WAL, A—N—7 — 2T KREBDORKGHES
TS ZEDUREETHLI EER LI, ZHUCED,
0.1-10% BEDOHHe KK % T & ) A—78—T — AP
THETHDLZ Ebbro722]0

SEXW
[1] Ogihara, M., et al.: 2018, A&A4, 615, A63.
[2] Ogihara, M., Hori, Y.: 2018, 4pJ, 867, 127.
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SEXE
[1] Shibuya, T., et al.: 2015, ApJS, 219, 15.
[2] van Dokkum, P. G., et al.: 2008, ApJL, 677, LS.
[3] Kubo, M., et al.: 2018, ApJ, 867, 1.
[4] Peng, C. Y., et al.: 2010, 4J, 139, 2097.
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BEXH
[1] Suzuki, A., Maeda, K., Shigeyama, T.: 2017, ApJ, 834, 32 .
[2] Suzuki, A., Maeda, K., Shigeyama, T.: 2019, ApJ, 870, 38.
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[1] Yokoyama, T., Katsukawa, Y., Shimoo, M.: 2019, PASJ, 71, 46.
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ZEX

[1] Yamazaki, D., et al.: 2012, Phys. Rev. D, 86, 123006.
[2] Dolgov, A., et al.: 2001, Phys. Rev. Lett., 88, 279.
[3] Luo, Y., et al.: 2019, ApJ, 872, 172.
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[1] Suzuki, T., et al.: 2018, ApJ, 859, 133.

[2] Moller, P, et al.: 1997, At. Data and Nucl. Data Tables, 66, 131;
2003, Phys. Rev. C, 67, 055802.

[3] Zhi, Q., et al.: 2013, Phys. Rev. C, 87, 025803.

[4] Morales, A. 1., et al.: 2014, Phys. Rev. Lett., 113, 022702.

[5] Koura , H., et al.: 2005, Prog. Theor. Phys., 113, 302.
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[1] Michikoshi, S., Kokubo, E.: 2016, Ap.J, 821, 35.
[2] Michikoshi, S., Kokubo, E.: 2018, MNRAS, 481, 185-193.
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[2] Terai, T., Yoshida, F.: 2018, 4J, 156, 30.
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[1] Kamazaki, T., et al: 2003, Ap.J, 584, 357.
[2] Kamazaki, T., et al: 2019, ApJ, 871, 86.
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BEX
[1] Kim, M. K., et al.: 2019, 4pJ, 872, 64.
[2] Hirota, T., et al.: 2017, Nat. Astron., 1, 146.
[3] Kim, M. K., et al.: 2008, P4SJ, 60, 991.
[4] Goddi, C., et al.: 2011, ApJ, 728, 15.
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(¢) SiOv=4.J=11-105T-# & 460 GHz HEE .
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[2] Yamashita, T., et al.: 2018, 4ApJ, 866, 140.

. . - e R <
77 radio-loud quasars T1&, IIHE TRV R TII S\ [3] Helfand, D. ., White, R. L., Becker, R. H.: 2015, ApJ, 801, 26
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KB EDTREN, ALMAIZ L 2Bl QAT L L
MWRENT, ¥ a2l —3 3y TREFIONITHEE S 5
LNTWB 720, SEDEBRED ALMA B & O i h
HfEsh s,

Redshift

159.07 208 911 913 915 917
Sey - - - - .

1.0

0.5

Flux density [m]y]

0.0,

—O.S.- 1
“aol 'mss ass 897 9
Ohserved wavelength [pm]

1. () ALMA Tl L 72 MACS1149-ID1® [OHI]88 um D A% k)b
%Y. () ALMA CTHII L 72 MACS0416_Y 19 [OI11]88 um D F
SRR AR T, A MU ERET, Ny TVFEHEESIC &
DBl S N RS2 FOTRY.

BEXE
[1] Hashimoto, T., et al.: 2018, Nature, 557, 392.
[2] Inoue, A. K., et al.: 2016, Science, 352, 1559.

[3] Tamura, Y., et al.: 2019, ApJ, 874, 27.
[4] Moriwaki, K., et al.: 2018, MNRAS, 481, 1L.84.
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[1] Ezawa, H., et al.: 2019, J. Low Temp. Phys., 194, 426.
[2] Matsuo, H., Ezawa, H.: 2016, J. Low Temp. Phys., 184, 718.
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[1] Matsuo, H., et al.: 2019, Advances in Polar Science, 30, 76.
[2] Shi, S.-C., et al.: 2016, Nat. Astron., 1, 1.
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& EFEA L7-KaVA (KVN and VERA Array) . & 5 (ZHE
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MHEFEITR SN,

4. K7 T7H L0 O-/NVVLBI

(1) VLBI BUllEA - LEFIH

KaVAICHE O REF65m. B Em26m % L TE L
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W22 GHzZi7 43 GHz i 3L FIFI A %525 VERA/KaVA (2 &
HET4A LOFICFEM S L, GFt22h444. 5 O BLHITR S
BLEoNz, TNOOBIIEERIIHA, BE., 2L TH
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Ml (22, 43GHZHE) AV Whk A ¥ — b L7ze THICET S,
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T &7, P30 (2018) FESHICIFFHO 7)) 71 v«
7 MERHEERA/ GTIERA Y B L, FEHUIC JASMINE
F=PBUBbERINLEDIL, IvavERT -
(Pre-Phase A2) EX[EIC EASA T ENTE, EHITIROME
BT —RNZT v T HIODROERIZEG T TOMEFE
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THRERRZ BT D200 F — F BT - IR FEH L 720

B =Z, JUICEREREE T = X 7L — i EE
(GALA). BIUKEHEY ¥ TV & — V& (MMX)
%% L7 GALABZE TIEDLR & DICDSLET D 72 %
FEBF—< VAN Ty FolUaEEZRE L, EMBZE
X L72e MMXHRET Tl £ % QSOREICHBWTH
AR HADED X H 12D 5 0% X, Phobos JEIRE
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BhE - aams . (2) KR, 3) mcAMEso
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BN - BEEEi e HARDYE L, BRI E 2 RO F 1
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POREDIABILL, KEFTAV TV T 7 e L
TR % S 2 74F 2 S0 L Tl L7z
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BCEL ) LA 72, F 72, NFIRAOS-IRIS Z2i & AT <2
IRISEMEI — 7 1 ¥ I OB EHHET — & & DIt
fEEDIT o 725

- IRIS # %% 0)%?%113%“%

- NFIRAOS-IRIS Z#E & AT (Hh 52N ZF#AT)

- EZBRIR R & T — & O BREEE A

- 2R T — & OSBRE

CHT A %FH%%%&@@HUf&M%

- 160mm f I 7 — O HOT AME., FiEHET

- CADET WV (Inventor — SolidWorks)

CRISER I —F 1 ¥ 750

-KAGRA
FLAZ TR H MR 72 &, KAGRAY A b 2 & HYE
ENAAL U THo720

CEAEEN Y TV AR Y g v OREIEE

RGN Y TV ARY Y g v oikE MR, B
Hh

BT = & — AR E MR

- BRT O3 %

-CLASP2
31 (2019) E4 7 OFEIFRFM MU 72 FrBkgE o 44
Wik 47 b XA W EEBOBET - FEEL &6 CNEHLE
TEEDIHIE R T o 720

CHEAEE - ITRE T IR RS

- IREYFER & AT TV A& R L 72 B HU R R A PR
Ay bRV EEEE - TR - A

- BIMIREH SR - FTH BIPHEIESE SR

-SUNRISE3
I IEER NG T DARFRER AR D W TR - B R R AT

ERECRHELETZE T Ly LT — & & oSBT

Fo7,

- SCIP G225 F-IRFFE M FRAIERET - LA

- SMM-TM FHfll ik Gt - JeF T 1925 - 5 O B i

%, BIIES

- SCIPHEE o - ik - BB AAT
- HEBH SR I TRFEMEEE - I LA
& t‘%?ﬁ“o f:o

2) MLF—24
FETO T 27 MPOLOKEEIZ LD, EFEFHZ &I
bR <RI L 720 HEIZ44E 21X CLASP2, SUNRISE3,
Tomo-e Gozen 7’1 2 = 7 b [T #AEGHICE { OFER % &
W7z,
- TMT/IRISBI# & L T, f&EFTF— 207 o T\ 5 EEK
BRICH 238 U E 21T 5 72
- KAGRA B Cid, BHREE O K/ A4 X oM 4 ik
EEITo72
- IR BIE L CLASP2IE WO H L T L— 1+ (75
4 M) OBfERFTS 72
% 7-. SUNRISE3. FOXSI3[F BN OBEZAT 5 72,0
JFEFEFIHICE L ClE. R RFERCE Y ¥ =2 HER O
Tomo-e Gozen 71 ¥ = 27 b | & L C Base Plate (BP).
Height Adjuster Plate (HAP) O#AE% 52T L7z
C O & D RIED S BRAGERG E T HEEICDT:
BEWED T RTHT L7z

RSN X B SERHS

- Band107 07 7 £ )V Kx— v OFfE

WEAEE S CICHE I T 20 0 F — S BRI LT
WHOT, FFELToOERTHELIYMAAL, (&
B~k

- PEBH SR N R O R E
BEtTF oML, Ak
L4532 EEI L7
© ZOMERH 3 7 — &Ff
WESERE IS8 L 7B RS I TS — B b cah 2
FRITHRIIOWT, ZOREROIEHICE 72720
RICFIHET BEM S v BRI 7 212 T %Lto%w

W FHNT 7 B IR & 7215 ) a v b

AT VA% DMGIFRREHEABIE L TV B YIE] K1) — 24
I YT A MIGE L7z TEMIZIIMTOF2018 (H AR

MRS 2 REEE ) 12

TAEREM R ARTE) 10 TR S R SCH DI LIS % /84
THREE o7,

3) WlEF— A4

RFERE 21 Uod, DL T — & & U SE 22 HE DS W
P2 B EMEOWE TN L7z,

- SUNRISE3

SMM-TM B H X 7 — RV ¥ ORI
+ Tomo-e Gozen

TIHINTAC & % & o3 —HUY A 5 E Y o TR 2
< IAEABLIT CMOS 1 2 7 B 5

LU - R—2AD Y VEE, MEHE

II #WF5e S MR -G8 | 083



- TMT/IRIS
VIR OB E 2 K 2 5B 0 UM E

FRB0FE DI X OMEMRIE B e K118 T

1. The requests in FY 2018

From FY 2017 4
NAOIJ
ATC
TMT/IRIS
ALMA
KAGRA
SOLAR-C,CLASP2,SUNRISE3,FOXSI3
Subaru

—_
— | AN |O Q||

Public Relations Center

External Organizations

ToA, Univ. of Tokyo 5
Univ. of Tsukuba 2
Univ. of Hyogo 3
Total 62
To FY 2019 2

4) FrEEmEA

Bl O mib E L CHrzicsih~y =7+
5 — OBADHKERS I, BAMRESGZ FIIE L 72 A SH
gt (2019) 4EOA % FEL T\ 5%,

TEHENE

- FEO AL, B L OISR R &R
172720

CIHUE T Ty ONEB LU EMR Y ED 7, (LH
13 AR T i)

5) TEREATEAFE

MEY 2y 7TiR7ay 2 b oBREN=— X%
S LTI RE L Bb N B H AT 2T, B A
IR TOREF EAT 5 TV b o FRB0EEE L LUT O FA YR
B 2 MET 21T o 720
CHEBUCHRL L 7Ot R TR O R

KGN EEEICB W OBEZRTICASTT 5 5% iR
BRI AT 2 L A WREE T 5. SR OBEREE:
N OREfERTB X OB EZ A L 72,

- BB EEO L TN X h ERIHRGEAL

et - R 7 & R T L 22N Lo 22, T
b A EEEREAM 2 W HE & 9 A AT ERBE O Bl 4 5 OIS
7 — 27 70— & v ¥ — 128V T L7,
ARIRBREE TR R I AR = 7 = a— %
DA%
BIERLTRNOBIEEICB W TEEERETICH 50
FRTHEOMNBIROIHZ L) 2T a-FOME%

084 | 11 W55 H ORFFERE - WmBHE

2% — k720 FH30 (2018) 4EFEIET » IV EDEH]
BB ATV FHRICED W TEHRBROME 2 BE L7z,

(2) 4J&3D printer & A #ff

FORFATBAIR & LT, &JB3D printer3E A 2SR S A,
% BIE L 72e PR30 (2018) 4E7H FHEAFE, 41T
(2019) “ESHMMAFE. MARIIMESY 3 v 74T TOE
e L, FEL ML, FHO&F— o LH#E L THETE
BIEHIZ AR R 720 R0 (2018) 4R IAT o o #E MR %
PITFISRY

CEREB X O AR O AL B R R E, R
A AR ES

- EGFTHRRO -0 OB T E2FEL A T MEE
- BB BRETE i TS e

EAESRL. A BB ERE
AR S C oA

(3) FEkZEFL= v b

WERIZH &t & IO E 2 flio/ca—T 1 2 7D
URD72ODIBEEREIT o700 SHEEIRGELBIEE
RtV T M T EBEI AT AR T A VT 2 —
A& L. HIRMAS E 2050, FEtroiRdEEc—HELT
TRBVAT A E o7z, BUE, €OFHMN & RIEHEZAT
9 &R, EE =S —OFBELEEZ MG TH S,

(4) AR—AF v Y IN— + AR—AFTTF A4 7 Ay avT
Ik, vy b, ALEEZ2 EEZFH L 72 A= 281
DI OWG & BFREDS, #ITPOT 0T 2 s P ORZ
WoRICB S+ 2 2 THOLNTW A, FH30 (2018) 4E
JEiX, SOLAR-CHEZE P ME > 3 v 7L HHEL T, ATCH
TR MEMN T SN TV L KBl 7a Y = 2
I (CLASP-2, Sunrise-3) DFIFIGEEN % 3238 L7z SRAYVEEFH
WToKRKE¥ RGBS BHIEL TWwbCLASPE 7 v |+
FERFTHE 12D W T3, 2B ORMAFEERD 7 7 1 b W5
XL, INOSOWEFEOHRT, 77 M ARIRD 20
DT T4 MHNR=Y DELENR=F 2 FREFREOT 7 b
HALNRVOBEDT2 D, AR—AF- % v )N— 39 TD
HEPHESCHER E SN0 AR—AFT T T4 7 AT 3y
TOWEBTHSE L 72 WEBIEHGHEAHEH & i, CLASP-2
DI B I L CORGEKIELRET L7z, SEERE
Mo KRIERGIC L 5 BFGEORBHSEBN Y B L v
% Sunrise-35T1H Tl #EM O T 7 b7 LX)V HIE R 2
AR DMED 72, ANR—AF ¥ Y N— 3 v TO%
fEASFIH S 7z,

5) AFF1aHhNvvayTs

TN gy TR, Pkl Y BIER SR O L FEFH = 57
HL., BEEHEED, RO X 27 F v A8 L OHIEM
HREIT o TV D o SFEEOMEENE & FHABEEIZLUT 0



D THhb,
EEREEOT Y S L —F
SolidSpec-3700 1 7] 22 £ S5 72 3418 D E A
KA =W ICHE R LEGEX9 10 DA% 1E
- e g AR R R R B (CFRE30 (2018) 4ES A ~ 41T
(2019) 4F3H)
- MR R 2214
AW 1961 (ATCPIHE @ 1671F)
Bht 25t (AR E Y 5 — o)
- R =RITHIE ST LEGEX9100FH : 2614 (FRE) H £728
H)
WIEE BT B ARG ¢ 441

(6) JeaRyb it tids 7 v — 7

KB O ARIEA A — D —1d, BAEITKE
—HOFFBIZR S, FFFICEMTAFLIH L v, Forld
SR D BEFINEA A —T b o —ZEREIC X ) &
ThHD, SRETIA XYL - F)vh - eFELEY
R % V721280 X 1280 DUTARIMEA A =Tk v —%
RAIEL 2o REFIL, OB LK 4 Xbe EHT L7
O, XM CMOS B 7 b R & W7o/ NER S EE
TR EE L, HHFEMREBEORS R, (2ITHRE ) ok
A L2 EHTEDLZ LD o7z,

(7) BE=ZEHRIIV—T

ALMA ZEHBIS TR o 7o Bl 2 i & L ¢ [
ZEBB] 3o 7Ty s N R RFESOE R ZER
ORI 24T > T b,

ASTES RSN — M) v VF 27 BLOZEBROER
BB LT 720 ALMARBCTHERALZTB NS A4 7%
5% HE L CASTEZEBEH O/ Y FlozERoRfE%
To720 CORFBIIBWTRIEER2LD [ A4 KNy
FHEE | 2R T 5 FEB2B% L7

COMATHERSE, KBUF L RSE, BVHERERED S 4
BT L C v 2 g RO . B Rz
B RS RSO B e A FEAR & 7o TIT > TV A Tmm
ZEEHAEOIIREZIT> TV b,

SOOI HEOTOY 27 OB EE L TATCIC
RSN HMe s o B, RO TE Y 27 PR
o EEANEITL L I 225 1 &R0ELTFERS
LiE. ATCOBAZEPTIHETH Y, /27027 b
DOERARRKRIELT L TOEETH 5,

(8) EfERlL=> }

R ERL =y MIEY)., 5. CERF (a—V F
INRL—%—) OEFIZEIHESHEER, 71—
U= D EEOERSEEM, TE, G, EBRsENRT
[\ 7 SEHEG & IT o T b,

BSOS AE SIS 7 1) — v )b — AP CRR B ESE S 1 g A

LTWA4ED KT 7 b F v 8= 2B LT, HEMBEZH
2L TWARWIRICE L THIS Z 170\, KEZHEOL
BEITV, SISZ ) — Y IIV— ANDREDZE LTz, B
WHIK R ORERE BN L W BERESE T > T D
72T, miE, REEEA T WKEOLIL RV, 7
U= — ADOBERTEREIEE /20T, Hiikko 7 1
Wy —a=y bERIGELGERT - 7 — Y EOHLE
W7, EEN ARLPNIIED &, WIRET AR NDESL
WEEOHRE MEY 2 v 73, 71— )b — L ZEHE
WEVEI) % FEHio

H7o IR SNBSS B (TMTH) 13, £FEBR=E
THHBEE T & 5B ICTEBR AR O R AT
L. KBIZ ) = V= 2O THEDPEfTH, FREERET
BETAOMERD HRLBICEAEDCERM (Z—VFL
INRL =% =) POOEETENIKT L, ERECTCOMH
WUHEE o TWnh, SHITHIY ICHSINACES ~
7 X — FRORE B 258T L IS S fze FISERR
3FMEOKXBERHBE., —HWOERE TILMHEHIHIES
nTns,
EBRERMEFARATL 70T 7 MIE L, LBt
v —. B - KAGRA., TMT. TEHEHFZEER - 7 Bl
BT« HSC. JASMINE. JCiRYMITZEEs. KGRy sEgd (7
AbanNAFaT =y =) NT AP, K5
(0> THRA, SOLAR-C/CLASP2) Tdh b, HEETE
W)= VEELEETL AT NI ) — v — A
RS %0 FEMIFTEDII0T U — 2 I)b— L4 & FSsHR2
FEEI01RZ ) — ¥ )V — L TIXE I - KAGRA BIEL 028
BAZED TNz T2 FR27TFIKETH S RIFITKII L
72 CLASP 2 SR Y . #7212 CLASP2 & LTRSS
2FEEDI0IRZ ) — Vv — A B W CEER DT L.
KENZHEMF Sz,

3. EXTREMR

(1) T™MT

1) RIS (IRIS)

30 (2018) 4EREEICIE. ZERABRORMA MR, 1
v =7 2 — ABEOMEEIZMT 7B, WO EROL
FEFRAT & ROCIRNT . B D S RN OIRE) O 52
BOMRNT, 70 b & A TN K DA RE LR TR O Tif
A E— 7 — ORBEFEOFRE. 165 mm Y7 OKEFE O
TS EM I B 2 ZTNE O BefFSE. B L Hatx o 72
WAL T, BEZETELE Y FOEERERBRL DT
O by A 7R, EREIEEREISE OB E % & E FEH L 72

2) INHB TGO E (WFOS)
CHNETOMF 2T CEL, < VFRY v P HFROS
SR A A T OBREHRFNICBWTIZ, T X N EMEREDONS

II #WF5e B MR -G8 | 085



YAEWD ZEDPSGHORETH o7z, =3 EIFEITH
FHEIT, HEmIIBV Q0% BEDOr FLEFFLT (U
HSC LR L&), L ¥y AohERE/NLT 5, REIZIR
A7+ 7T 05 ATA2REOTRETH LT,
LFEHEIZL TV BETTOI R N OHIRICET) L 72,
<NF Ry NERE T 7 A N=FAD A L TR
FEND, BEHIIE TMTI AL LA TV 2TV F A
Uy PERAMERS N, 61X FKAIE, v VF A v b
FROFREEE LT, A A=V AT A4 —% W/ IFU
MRELTVD, TIELEEFFOCASH A 7 1 —Dfk
Bricko k., 3omEmiEH e LTk, FEFICZ=— 7 2tk
REOFEHZ HIFL T b, kLW PEIRREOH TH %25,
TMT SAC 2B\ T, FIZ2Z B KD Chuck Steidel K2 5 &\
M % 15720

(2) ALMAS{E# (Band 4,8,10) fR5F

HARDBSS., EEEHY L7z ALMA 25E$i0 Band 4. 8.
10550 — M) v Did, %30 F136. BER195 %
QSARJEHICHIFSE T Ly BTE, ShH oG — MY v
TIZALMA Za g I R S L, BHEBIE A AT b
Bo Jedmti L v & — Tld. PHREFEDME, EIEHF
WA U722 ERD — ) v VOREETIEEITo TV 5,
FREI0EE L. AEAD720K 5% S 72 Band 4, Band 1054
1BOZEREBIEL, 57 BB L7, B2 ER
DAREANEIL., Band 420%RE & - —F/REE |, Band 10
BIFTUERETHD . F4ITOVTHEMBSSIHEH, 3
FFEAEH 1T o 720

B202 I % G L 72 FIR244E E 0 S R4EJE £ TD, %
NV FOBEEHEARRGERSE (MPAR, BES
L) DERMERS %R o SFR284E R DI, 1BHLA HL 4R
ARLDTICHER T2 L & b2, WIIRBIZED L Twa,
BRAELL R R E T HBEHOEEIIBED L AR 2
ENTn2 00, 6% FillT 212035 2 MM 24
W\, Bl EFRE, & L BIILE 2 #5201,
ALMA ZEROREAIIH L CRBIZH IS T & % RFR
% e v & — MRS 2 2 L EETH D,

14

Band 4

-
L]

#ZBand 8
®=Band 10

TR
—RELE

[
(=]

oo

REROBELEY

N

B

o0+
H245EE H2SEEEE H265EEE H274EME H284ERE H29EME HIOEME
2. 2387 — b)) v Y OBHEEROHERE.

086 | II #Wf5E5 ¥ ORFFERE - B

F) B OB CIE, Ny FOZEHRTE LA
BADS, Band 4, 8, 101220V T FBICEEL WA ED
WEEET 5720, AN TIEERS TRl > ¥
ZTIR, BMOZEROF 1 —= 2V ICBITARET
. PEREEFEAER T — & RN D A &L ) L CRRRERR
DT, BlEKE . BEICHEETIY G, Mg E
BTELLITIEEIT) o

(3) ALMA B

HfEZex 20y b 7o T 5 ALMA HZER OB
HETHE L DI, ALMAEEREDIFHRETEIZE T 55
MRS L LT, IhmiE. 7oAy, FLTIYLVFE—LA
DIDOEE T HANT UYL U EHOIERERIEE LD T
W,

1) ALMA Band 2215 HER 5

[ALMABand 2+3] &£ LT3 —ua v NERKILE (ESO) F
ECHSE T OZER (BUIE L HRE: 67-116 GHz) 1%, IE
FUZ [Band 2] & L CHE R #D D T L RES NI, H
VRIEIEEE T R =3V PRFEEL VX2V
Fe AR - BSSICEB L T 5,

EVRXETHE - HAREAMLERICTRE Lo
7r—bR—=rBLUPOMT % ESONE L H L. Band 25212
BEATERR L 7o M R STt BR & WEAE S 2 M L 72 IR 204%
BIDBSE T & O IEERORE R, B K LA L
TEBE BN e R R L 72,

Wi v ¥ — 2B W Tld, FEMAKL A0S E
BDTVb, X7 MRy NI =27 T7F 54 5% Hw7z8
Sl AT A RRESE L, L v X AT 2RO PSR
FEBL. BONERE L ABRBLOZEDOL v X
TS SPGB L. MRkl o CTw
bo NHFREFMT S E— A WEHBEICOWVWTH AT A
wRE L., BEMERET LS8,

2) IR

WMEEEICT & & . ALMAZEROT7 v 77 L—F%x H
BL72RF B & OIF LI EHOME % #072, RFILH
B2 B\ Tid. ALMA Band 7+87 (RF: 275-500 GHz)
% A1N—F % SIS I ¥ OWREYGEIZHY ALA 72, WRAESE
FCICHZELCE7-DSB I ¥ 0|z HH L, mikae
K27z o TET ML (Wks) D23 OMES IRE %
FEH L7 UK RIZALMAKC BT 22200FENY FE1
DOIFHTHN=-LAEZL2FEETLIHIOTHY ., #HFR
MOWRTH %, F72. FIDSB I FH OIF LW HIELD
HED. IF 3-22GHz IZ P > TSR Z ZER L 72, &5
(2. RFCDSB I 4B L OMRERE F CICHIZ L -8 kE o
Y R—% v b b EDRF W E275-500 GHz + IF J& % $13-22
GHz ®2SB 3 ¥l R & . BIAHI52SB I F 4
OEMWEEIZE T L7z,



3) T I ZERE

7TV IMEE T AT AEEARNEE (W) #BE
% 924 L 72 SIS I F 9% vy, ALMA Band 105212 4% % 5Pl
L720 Z DR, ALMA DO Z R 72 LT3 2 & 2R
FTrEEHI, BEHCSNTWAJe = 10kA/cm? D4
ICHREDKRER~Y—VVEHFLTWEZ & bMREL 72

4) WIVF Y —LZERK

Fal3MBEO T 27 MIED EFHERA SIS X F
T LA &R L. BB 125-163 GHZ I BV TEIET
LYY TIVTF v TOURWINT A RSIS I FH 2 /EHL
720 FEMIZEMIOME SR, SONT VA F I 3Rt
REARL. K7 0R b= ZfRESEEEIFEIR SN Tv
BHERBISIS I FH L FRIEDMWRETH D Z & HRER L 720
Mz Ty 15dB &V ) mWHEERELSHEONLZ &b,
PN THATIZ & o TER SN2 I 25 F v ThEVIEE
TEHSNTWEILERLTS, INHORRIT, 4
I FMIEDSL ZOIFTNI ) EFICBWTERNT
PR EEFTEHL T b,

5) SISFETFFA%E

VAR EEHART . ND/AING/ND % 48 3% & 3 5 SIS 7/
A AEREMIIEE L TB Y. ERFNICEABREE
= 10-60kA/cm’ D B i G SIS 7 /854 ADMER EN TV b,
BHFEICHEAFMEX—A L LzSISI *HiE, 7Ty 77
L— FdirWtmeGHAERE, SE8FR5(4 70
M ZERTHA SN TV D, HE3K D Nb/AIO/Nb A
IZOWT B OBELEMFIZOVTIRE L ED, HHRE
TLHFE Jo = 1020 kA/ecm® D SISEE A DS HIHME R R S h
TWb, 72, LMty 2 —2 1) = V—a2E61 5
MM LB S LC, B, VI 74 —F LTy F
VBB LCHEYIIA Y TS AR ERL, EHENE
DEMER T O ANREBHTE TV 5D,

EJe X VTN ABIE L AT L CL CFE BB < VT
E—ASIS FHD7DOFEFEMTHD, ) 3 VR
(A TV V) EA®SIS 2 FH 75 ZADfEHIZOWT D
2ODRERERNDH -7, 1DHIZ, ko~ s b
A28y & X0 S HEBEROBERENEATE W T T X <AL
% (PE-CVD) =W/l 70 A0EATHLH, 20H
IXHBI7 94 X~ MZX % Viahole Ty F ¥ 770+t A1
L oT, BATEROE M < 72 ) MR % Bl R D /N
T UADNWRE SN T TH B,

(4) KAGRA

BEhHHE 70T 27 MEREE L ILFE T, KAGRA OH#iBIG
FRBELUOHIRRICET 5% Z1To T b,
WSROV TIE, KAGRAD AT ¥ o — VIR 7
(. FEEINZTRTOI Y R—F v M a#AT T, R
L. BRETEZ, BRI, BiIREEHE % i 2 72 1A A L

/Ny 7))V (wide-angle baffle, WAB) 475 . BhRASAE % fif 2 72
BRAHGEL/N Y 7 )V (narrow-angle baffle, NAB) 475, B L O
#E#JEE = % — (transmission monitor system, TMS) 175 %
INEFNOBEZMOFIIHE L7z WABIZDWTIE, IE
EERD O SEEFIIPIT T o i HIEBOBERE b &
ICEBE ATV, SRERMLL 725 0% HETE 72, NABIZ
DT, FHERBROEEMNAT-TBY, 22 THRLN
HRANB L0 HETE 2, /2. [EFEOLN
EHIE AT, HIERO—HEE Yy 7+ 7T 57200
MHZR4EB %2 TNENONABIZH) fHF 5N s X9 icddE
L720 TMS . KAGRADMGAEREIZER L7299 T D 3km
FHIRICAT RO LD TH o720 EHI12, ZNITMZ T,
LHDOKAGRADFEL D HH . TMS HOFiER (TMS-
VIS) 15 b b T L, HHIZEE L 72c KAGRA O
DTHA MPORBN R AT V2= VOH, Z0LXH%RTF
ENOVERE S & TR O K& REiR (. IFICKiE %
HZONIZ EIIRETREIPERTH L, THEREIZ,
ZBIZBWTD ) 1B D TMS-VIS DA T & Bk b 1T -
TBY. TNEREFEICHTT A2 TETH S,
KAGRABi{RFR1E. THFIE2HET L3I 7 —Hr B
LCHiRT27-00EETH L, ZOPIRRIEE 4 DL
BOBIR7 4 vy — 1L DRSNS, TR, KAGRA
DFEIRTICHC SN L BIREE L, 12IZTTXTIZOWT
ME shop 2Sf& ik at R &, 7 A MIBb-oTEBY . ATC
13 KAGRA DH TR 05 ELFHEE 5T b, ATC
D, ELICEETD D B RKERIEEICOVTIIRIEREE T
T LTS, SEEIIWLOPD R v 5+ v ARiE%
o 72135, KEBOS A DO ) 1 LIEEOHIS % 4T - 720
COBNANZDVWTIE, TEA LI HEA L T 7z98,
KAGRATDA v A M — VIERNIHEE L CT\W5b 2 L 2
L7z TNEENTOREEIUIBEZ L 1IH/>T, Z
NFE TIZATC TE o TEMNAOBED 7 TNy & i
YT ENRTE,

4. FeimiRip

(1) CLASP2/SUNRISE-3/SOLAR-C

ATCIE, KIFEIM 7Y 22 & (CLASP2, Sunrise-3) @
FISSIEBI O . R%EF. MLAN T, MEERBRO S THEL
720 SAVERIE T OR BRI % B3 CLASP-2Tld,
BHOEFR & RS O RER Z L CHERRE T - 720
FONEFZT LTI ER OBEEFHELTLZEI2LD,
FRIBAN B S N2 HEE T & 15 L T %0 KEISERIC
& LR B EIN % 4T 9 Sunrise-35TH Tl TRV T
BIVET 2 WG G B O FFM 2 LSRG L LR T O A%
i & T ELNNFRZTIIPORVTBL O~y v Foddik
RETRER L7z R FET T Y MIOWTIL, BEHRE
WDV TT7 T4 PELTHERENS L OO#EZT- 72,

II #WF5e S MR -G8 | 087



5. XEIFMAEM A & e s&FIMA

ST v ¥ —Cld, EHRMOFMAEEE Lz [
HAH ] B L OEmEf Ly 5 — L odFEEE T T3t
FBZEMIE] & L CHRRFARELZ ZIT AN TV S,

SEREC304FE B AE2 R D[RRI A58 & AT v LRI B FEHF
78 (9fF) B L OTERRFIA (231 & LT AN, Jeinik
it > & — offi % 72 BRI T b7z, REEER
FZE, REEOEF/ID 7Y Yy BXUSHi~vy v 7k
VI —OEAMT CERERELETT L7720, 4D
FEFEFIVHE DO W I 7272072,

WFoefFRE - MR I D Wi, [HiR% O L REFI 4
DOEEIEHEI N TV S, BRIRE IOV TIE, Feumdilt
bt —DR—LR=TTREAL TS,

6. Z Ofth

(1) HSC

REFITHSCICIEFICRELAEAGEIBE L roTz
B T A — RSB RRAE AL & Bob LB AR
HE U720 SHIEMEY 3y FIZHIGLTH b olze EH A
YT VAN A I VOTET S LT, BEER EICED
72w, RIERBEIZOWTIE, 774 N—Fr—7 ), 71
Vs F—, R, B/ 70X =7 —DOFRENET L
SEENSEHTIRD L TFETH o 7205, IR L 7
7o, HRICKH LR HERALL Lce 2 A, BRI
BADYEE SNz FHIT (2019) EWMEIZIGET % 5
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