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In the construction of radio telescopes, it is important to increase the
diameter and frequency of antennas while maintaining the accuracy of the mirror surface in order to
open up new fields of astronomy. In this study, we conducted basic research on "millimeteric
adaptive optics"”, an optical system that can be installed on existing or future ground-based
submillimeter-wave telescopes to compensate for the loss of mirror surface accuracy due to wind
loading, thermal deformation, and gravitational deformation in real time. We proposed a wavefront
sensor using aperture-plane interferometry, which is an application of a native wavefront sensing
technique in radio astronomy, and developed a low-frequency (20 GHz) and small-element (5-element)
wavefront sensor, which was installed on the Nobeyama 45-m telescope. As a result, real-time
wavefront measurement with an accuracy of 8 y m r.m.s. was demonstrated.



B X C—19, F—19—1., Z—19 (F=a®

1. MEABYTOER

WEHFEORKI, Thbb X EOENT - S MBEOHERIE. B SCEOFED KL Z
DHDE, BKDO G CHREDRLE T 7 IV 77~k (R 100 pm-1 mm; L
T, Y7 IUPISH ) BT, HAEEZHRLCEE 7y 72 RAORMLT S 2 ik,
H O T KR EN T2 9 A TEDLOTHEETH S,

ZH 72 L EIREEREO KA - SR E Y 2 v b T 2 ERIZ, EEEEFRABRE O ZIRE S
WA EREDIER T ICH 2, EINHEES T, KAFGGE 2t L CEEINTE LD, 202 8H B
K R—0Z@HT2100F, EREaRAN2ETZ, LEPoT, BHREZISL"OT VT
FEREFRL, ZOHEHMELET um OFECHET 2 2L 222, BREY 7 2 RS A
T ETORETH -7, COHFEZWIRT 27201213, BEHEBLEER Lk EOBECERZ
Ny 7izaytu—)T2572d0RKBEAEMERTOEFEICMA, B HBICHE) ML E
FHHIL ay b e =03 257200 THEEF) EWEND T 7 T« 7 I RE R O3
AHRTH 5,

W2EARERR D B IR F - - B G EEAN . EEFio KA - a2 2 MUIZ R i
Mg cd 5, SPHEN AL, RO RIDEY/RIMREEFI I 72 { FLE S, Fko 30
m RO KB/ R R DORM 2 XA 24 v 7 FIEMiEE & 2572, Lo L, R
RS L B7p D) | BRIERSCE T, IS IEDTIRE 212 SIS 2 WRIK D 2 1F U, CCD
585 D B 7 i R B RIS 2 %R 2 v o v TR O EBL S INEECTH 5, — . BRI
X ZDXA T4 TR > v TERDBD S, Thbb, 2 RHEDETDEERZE % K252
M2 TEBETHE °hs, 7. RRIC K 2L % NS LT 2 0GR EwEkE
LEeD . BREERESHPICTRERI R ZDOLODOMHRETNTH 3,

2. AROBE®N

Dl loibh, EEiioLttkmgs ) S v 28R, B - B U X 3 HEROEETH
%, Z2OEEEBEE L st ., ARG maiE GimElE) 32 2 RELE»E
g, KRS 7 3V IREEEGE DO <,

AWFZEClx, BIFICHEHE L, BEmEHiEoE% L 20 GHz CHE§ 2 5 F 1t v ¥ %k
fEL. 2z ENRCHEERA 45 m B R IcE#ER L <, IRy 7 2 ) eSS HIE T
BEHAEEE (40 pumr.m.s.) & FRBEORE T, JABAMICNT 2R EZLl (RHDoEAR) 235
e Z ERFRET 2 2 L2 HINE L7z, SV IERHEDEE Tl SROBR (57 2 ) AR

iR ZEBICEE, FEEmE GO0 20 ERICE % T TOE 5 ERERR 2 K% ICEH L,
Nk R %2 EIRFETEHIT % & v ) 72t (BRI, aperture plane interferometry) %%
ZEizl7,

F 7o, WRANRSCEDL S FNMWENAE, 74 b =7 R CEL%) O—38IcE CHRIEL
7o BUETIZIA . PESE, FricdEa - BRI ADICHPHE L\, 29 Lz SR
HEITTHBERITOD . TV IEHEDLFRIKONRS WTH B,

TELESCOPE Primary Mirror Optics M

RECEIVER SM Fiber (70 m)
CABIN

Anti Aliasing Filter
(16-24 GHz)

Switching Pattern Reference Noise Genera tor Correlator Power Amplifier
Generator 16-24 GHz (2})
. t

1 1 PPS/10 MHz Ref.

X1 :5RTEEHY AT LAOHER, (a) YATFLADTOAY VK, 16-24 GHz QLTS % F4E
&t (reference noise generator). JXZF L TEFHE (primary mirron)h5 7 « —R/k—> (T & D BH
ZREICEAS T EEEDONEREN U TREBANE  RERTIRIKRS NES 3. BB (correlator)
ILEL->THEDEBEDEEZIS Z & TRRERZZ AT %, (b) B0l 45m BRERFICHIT DK
A AT LADEE.



3. MERDHE

AW, TR TS 1< X 2 ERH ORI > > v VR IGEET 5 70D b R T IR
W27 (R1) 2B L. ERZRCEEII 45 m EHEEEFUCER L T, BHIGEEZT9
el

AR X H T H & E LT (HBE) Law, CoEZ2AML, SHllon N2 MMEomE
b ARG, RIFMESF AaR ~ O IEERE T 2 08 L 72 R8s 2 FA 2, 297
L. — MBI~ AT, &9~ 2 28 L CEBI~MRE, HBZERANBE L OEER 20
U THRRIANE C fRAUIC A L 7o A2 (S0 COMES 2 Wi LIBISR A~ AT L T b & DR
HEMBISE S 2 LT, BERKEZRTEISRHT 5,

DL EZEBT 2720, (1) FiEHIS 2 7 L 0alf & SEBEIC & 1 2 Mg, (2) Bridil 45
m YL L DHERREAMBE, (3) 2 FFUfiL > 3 OfE L BRI 45 m G 5
% WAL, (4) 5 e 3 O & BRI 46 m T YBEEIC 5 1) % Wk
MEH a2 175 2 Lk L,

4. MFER

(1) BEH> A 7 L DFAfE & IS B 1T 2 MR

Johnson-Nyquist #£¥ 2 FIfH U 72 WEEFe A d, BEEM ~ A 7 noe&dias - AL v F -
HAEHEIC L D<A 7 afF 5 HEE S 2T b, MMZEET 74 N — 700, B - i -
BME7 4 — R —> 16-24GHz il 72 )V 2d: & FPGA %z f\w» 7 MBS DBilF 217 -
7oo CORIF, AHRT L 20 N2 MEDEGBIHEHIA AREZR 2 & 28 L7, FRIC, JERA
LIzt g 28D 40 wm %2 53 Tl 2 32 TR RE 2% 2 & 28 L 72,

(2) Bp34111 45 m B EESE L DRk AR

MEL7T7 4 — Pd— v ZERNIRSCEEIIL 46m Bk Ic %iE L. 25 ES 2ty
RIHFAL T, FEHio 20GHz 2 EMTHIE L 72, 1iREF 2 v =K A —ViKIC X 518
SIREEHIE 2 T 72550, HhZEiEeEN 72 dBTHE I L AR L, i, B 2
L=y avilka Pl EBENTH T,

(3) 2 ETF W v DIAME £ BF211 45 m B EEHEIC BT 2 ARSI

B FERIc X 2 2 &7 v 3 23 EL CTERLIL 45 m S ) I SmERIc B L 72, & v
PETIE, EEEPRAE CEE~4m), KO B CEE~17m) ICHREL. 3o Es
FCONKELZE=F L, WAMICHE) LEELZEBE L (K2), 3612, 2 DOXEKE
72 (EDEBFEEEER) 1 X 23000 Talid) oM HURE 2 5Hi L 72555, SRES RO TS > 5 F
X2 R L3S Sumr.m.s. £\ ) B WERENE SN S 2 EX3bho T, BARIZL 2
YR OETE ORI A 7 — ) it, JHIc~1sec DL ETh b, BARIEEEICE 2 5
Bt (DC) M7l ENERFEATE % X 2 2 L hbhoi:,

(4) 5 F A > Y OME & BFi11 45 m BRI BT 2 I R E R
Wit ¥ 2 5 FFICHRL ., WHARLDOA LSS, D 2 XouhEM25HTE 52 2
TLICHRR L 72, Sz MSEEICERE L. b R BaEtl2sag e 2 L 2R L7,

W_gmmﬁwwfﬁﬁﬁ
3 i o :
X 400} 1F
M_BOO BN (BLE ~ 10-15 m/s) BEK (BE ~ 5 m/s) |
Ef§5&“ : o Tr— — : : :
R = 15 T T T T T T T
W @ 10r 1t
5+
mE SL .. . — T
0 10 20 300 10 20 30

K5 (s) K (s)

K2 SEEtYHIcE > TESNIEABREEWL) EEV Y ERUBERICEE UIciEESH A () &
CELE (), AhdERE. AN SBEOAERZR, BEIEL. IEESICLZ2AETIMEINTVWS
B THBREZMCNIRECERLLTVWE ZEDRHEND,



3 1 1 0

Yoichi Tamura, Ryohei Kawabe, Yuhei Fukasaku, Kimihiro Kimura, Tetsutaro Ueda, A. Taniguchi, N. 11445
Okada, H. Ogawa, I. Hashimoto, T. Minamidani, N. Kawaguchi, N. Kuno, Y. Togami, M. Hagimoto, S.
Nakano, K. Matsuda, S. Okumura, T. Nakamura, M. Kurita, T. Takekoshi, T. Oshima, T. Onishi, K.
Kohno

Wavefront sensor for millimeter/submillimeter-wave adaptive optics based on aperture-plane 2020

interferometry

Proceedings of the SPIE 11445IN-1~9
DOl

10.1117/12.2561885

Klaassen, Pamela D.; Mroczkowski, Tony K.; Cicone, Claudia; Hatziminaoglou, Evanthia; Sartori, 11445
Sabrina; De Breuck, Carlos; Bryan, Sean; Dicker, Simon R.; Duran, Carlos; Groppi, Chris;
Kaercher, Hans; Kawabe, Ryohei; Kohno, Kotaro; Geach, James

The Atacama Large Aperture Submillimeter Telescope (AtLAST) 2020
Proceedings of the SPIE 114452F-1~20
DOl

10.1117/12.2561315

Masakatsu Chiba; Ikumi Hashimoto; Nozomi Okada; Hideo Ogawa; Ryohei Kawabe; Tetsuhiro n/a
Minamidani; Yoichi Tamura; Kimihiro Kimura

Wind- and Operation-Induced Vibration Measurements of the Main Reflector of the Nobeyama 45 m 2020
Radio Telescope

Journal of Vibration Engineering & Technologies n/a

DOl
10.1007/s42417-020-00202-9

34 9 10

Satoya Nakano

Characterization of sensitivity and responses of a 2-element prototype wavefront sensor for millimeter-wave adaptive optics
attached to the Nobeyama 45 m telescope

SPIE Astronomical Telescopes and Instrumentation

2022




VIL.

2022
2022

VI. 20 GHz

2022
2022
(MAO)

2021
2022

The Large Submillimeter Telescope (LST

2021

2022




LST

2022

Millimeter-wave Adaptive Optics for Future Large Submillimeter Telescopes

NRO

2021

Large Submillimeter Telescope (LST)

2021

2021

Large Submillimeter Telescope (LST): 7.

2021

2021




Yoichi Tamura

Millimeter-wave Adaptive Optics for Future Large Submillimeter Telescopes

Joint ALMA Observatory APG Advanced Technical Talk

2021

Satoya Nakano

Development of Millimetric Adaptive Optics (MAO): Characterization of Wavefront Deformation with the Nobeyama 45 m Radio
Telescope

ALMA/45m/ASTE Users Meeting

2021

Yoichi Tamura

Millimetric Adaptive Optics: Current Status

ALMA/45m/ASTE Users Meeting

2021

Large Submillimeter Telescope (LST)

JCMT Workshop & JCMT & !

2021




V. 45m

2021

2021

Ryohei Kawabe

Future Large Submillimeter Telescopes: Concept, Progress, and Developments

Joint ALMA Observatory APG Advanced Technical Talk

2021

2021

Large Submillimeter Telescope (LST)

2021




Yoichi Tamura

Wavefront sensor for millimeter/submillimeter-wave adaptive optics based on aperture-plane interferometry

SPIE Astronomical Telescopes and Instrumentation

2020

Millimetric Adaptive Optics: Current Status

2020

Large Submillimeter Telescope

2020

2020

LST B4R/LMT

Nobeyama Science Workshop 2020

2020




2020

2020
V.
2020
2020
I.
2018
2018
. GPU
2018

2018




FY2017

2018

Correlator for Millimetric Adaptive Optics

ALMA/NRO/ASTE

2017

Millimetric Adaptive Optics

special seminar (

2018

45 m

2018

2018




Large Submillimeter Telescope (LST): 4) Recent Progress

2019

2019

45 m @

2019

2019

Millimetric Adaptive Optics: The Concept and Current Activities

International Workshop on Submillimeter Astronomy ( , )

2019

Millimetric Adaptive Optics: Development of Microwave Wavefront Sensor

Nobeyama/ASTE Single Dish Science Workshop ( , )

2017




New 50-m-class single dish telescope: Large Submillimeter Telescope (LST)

A workshop to discuss science/technical aspects of the Atacama Large-Aperture Submm/mm Telescope (AtLAST)

2018

Large Submillimeter Telescope
https://www. Istobservatory.org/

(Kawabe Ryohei)

(10195141) (62616)

(Taniguchi Akio)

(13901)

(Okumura Sachiko)

(32670)




(Kuno Nario)

(12102)

(Chiba Masakatsu)

(10179955)

(24403)

(Kimura Kimihiro)

(Okada Nozomi)

(Ogawa Hideo)

(Minamidani Tetsuhiro)

(Kawaguchi Noriyuki)

(Kurita Mikio)




(Takekoshi Tatsuya)

(Onishi Toshikazu)

(Kohno Kotaro)

(Fukasaku Yuhei)

(Ueda Tetsutaro)

(Hashimoto Ikumi)

(Togami Yohei)

(Hagimoto Masato)




(Nakano Satoya)

(Matsuda Keiichi)

(Nakamura Tomoko)

National Institute for
Astrophysics

European Southern Observatory

Royal Observatory Edinburgh




