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ltem Specification
1. Observation frequency |787-950 GHz (above the gap freq. of Nb!!)
2. Cartridge IF output 4-12 GHz for DSB
3. Receiver noise < 230 K (5 hf/kg) (over 80% of 787-905 GHz)
performance < 344 K (full band)
4. IF ripple < 4.0 dB/2 GHz, <6.0 dB/8 GHz
5. Gain compression < 5% between 77 and 373 K
6. Amplitude stability 0.05 and 100 sec <4.0 x 107

300 sec <3.0x 106
7. Signal path stability < 3 degree/5 minutes
8. RF aperture efficiency |> 80% at the subreflector

9. Beam squint separation | < 10% FPBW on the sky
10. Polarization efficiency |> 99.5% (23 dB)
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Quasi-optical submillimeter-wave mixers with NbN/AIN/NbN tunnel

junctions

‘Yoshinori Uzawa, Zhen Wang, and Akira Kawakami
Kansai Advanced Research Center, Commmications Research Laboratory, Miniswry of Posts

and Telecommmications, 588-2 Beaoka, Iwaoka-cho, Nishi-Ku, Kobe 651

{ Japan

(Received 26 January 1996; accepted for publication 7 August 1996)

We demonstrate low-noise heterodyne mixing with NbN/AIN/NBN tunnel junctions in the
submillimeter-wave region. The prepared junction size was 1 ym in diameter and the current

density was about 20 kA/em® . supplying a small wC Ry product (@ C Ry

at 300 GHz). The

‘mixer used a lens-coupled log-period antenna and an integrated tuning circuit which incorporated a
radial short stub tuner for resonating out the junction capacitance. The junctions showed good dc

-V excellent

responses and sensitive heterodyne mixing

responses. From 254 to 350 GHz the average receiver noise temperature measured using the
standard Y-factor method was about 250 K double sideband (DSB). The lowest receiver noise
temperature, 200 K (DSB), was obtained around 303 GHz. © 1996 American Institute of Phystcs.

[S0003-6951(96)04242-8]

Superconductor—insulator—superconductor (SIS) mixers
with Nb/AIOX/Nb tunnel junctions are used for all applica-
tions in mi ;ave and submilli aave radio
astronomy.’ because their ultralow-noise performance ap-
proaches the quantum noise limit—Ar/K5.>"" In these
widely used Nb SIS mixers, however. the noise performance
deteniorates rapidly at frequencies higher than about 700
GHz, which is the superconducting gap frequency of Nb.®
AII-NbN tunnel junctions with high gap frequency of about
1.4 THz. on the other hand are promising for the SIS mixers
operating in the submillimeter-wave region. According to
theoretical calculations by Feldman,’ SIS junctions should
exhibit good mixing at frequencies up to twice the supercon-
ducting gap frequency, which is 2.8 THz for all-NbN tunnel
junctions.

Another obstacle in the path to SIS mixers operating at
high frequencies is that tuanel junctions must have small
wC Ry products. This requires the junctions to have a very
small area and a very high cument density. To obtain
wCsRy=>5 at 500 GHz. for example. the Nb junctions usu-
ally need to have an area of 1 um’ and a current density of
10 kA/em”  while the NbN junctions need to have a critical
current density of about 20 kA/em?. Thus, even though the
NN junctions have a high gap frequency there have been no
reports on their use in submillimeter-wave SIS mixers. be-
cause it is difficult to fabricate high-quality NbN tunnel junc-
tions that have a high current density. There are some reports
on SIS mixers with NbN/MgO/NbN tunnel juactions at the
millimeter wavelengths. The receiver double sideband (DSB)
noise temperature is 65-110 K at the 150 GHz band.? 460 K
at 205 GHz.!® and 320 K at 216 GHz.!!

We have recently developed high-current-density NbN/
AIN/NDN tunnel junctions fabricated on MgO substrates.
The junctions have excellent Josephson runneling properties
and submillimeter-wave responses with a large gap voltage,
small gap voltage width. small subgap leakage currents. and
sharp photon-assisted tunneling steps at frequencies up to
762 GHz."""" In this letter we present the first report on the
fabrication and testing of a quasi-optical submillimeter-wave

Appl. Phys. Latt 69 (16), 14 October 1996 0003-5951/96/69)

(16)/2435/3/510.00

SIS mixer with the high-current-density NbN/AIN/NbN tun-
nel junctions. The results of systematically investigating re-
ceiver noise performance. using the F-factor method. from
254 to 358 GHz demonstrate that our NbN/AIN/NbN tunnel
Jjunctions have great potential as submillimeter-wave SIS
mixers

In our experiments we used a quasi-optical structure em-
ploying a substrate lens to couple the 1f radiation to the junc-
tions. An optical micrograph of our mixer chip is shown in
Fig. 1. On a 0.3-mm-thick single-crystal MgO substrate, two
NLN/AIN/NDN junctions i series were integrated with a
single-crystal NbN planer self-complementary log-periodic
antenna and Nb tuning circuits. The procedures for fabricat-
ing the junctions are described in Ref 12. The substrate was
clamped on the back of a 3-mm-radius hyperhemispherical
MgO lens in an oxygen-free high-conductivity (OFHC) cop-
per block. To avoid the excessive insertion losses associated
with dielectric lenses, an offset parabolic mirror was placed
at the proper position in front of the MgO lens. The antenna
had a frequency-independent impedance of about 80 £ over
several octaves. The tuning circuit incorporates a radial short
stub runer and a A/4 mmpedance transformer. The tuning cir-
cuit was designed for @ CRy=4 at 300 GHz. using a spe-
cific capacitance value of 70 fF/ um” estimated by measuring

FIG. 1. Optical micrograph of NtN/AIN/NbN mixer. NbN junctions with
infegrated faning circuits are fabricated with a self-complementary log-
periodic antenma as their ground plane. Each junction is approximately 1 am
n diameter.

© 1996 American Inslitute of Physics 2435
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FIG. 3. DSB noise temperature of the receiver as a function of LO fre-
quency. (No data were obtained below 254 GHz because no LO source was
available. )
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e Spectral survey of NGC 6334| '

e North-south bipolar outflow seen in HDO and CS

e Rich chemical structure not readily seen in beam-diluted Herschel spec '
.

McGuire et al. (2018)
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SIS down- and up-converters

e Frequency down-converter

- SIS mixer
Millimeter-wave

(RF) -

fie
fLO

Local Oscillator
(LO)

e Frequency up-converter

. SIS mixer
Microwave

(IF)
fRF

fe
fLO

Local Oscillator
(LO)

Microwave
> (IF)

Application:
Radio astronomy
Global environmental
monitoring, etc.

Millimeter-wave
(RF)

Application: ?7?7?
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Combination of up/down converters

Up-conversion Down-conversion

— M

Microwave Millimeter-wave Microwave

(IF) (RF) (IF)
fir @ RF=fLOifIF fie
SIS mixer f SIS mixer
(Up-conv.) L0 (Down-conv.)
Local Oscillator

Conversion gain in mm-wave quasiparticle heterodyne mixers

Appl. Phys. Lett. 36, 777 (1980)

T.-M. Shenand P. L. Richards
Department of Physics, University of California, Berkeley, California 94720
R.E. Harrisand F. L. Lloyd

ational Bureau of Standards, Boulder, Colorado 80303

(Received 4 February 1980; accepted for publication 27 February 1980)

‘We report the observation of heterodyne mixing in superconductor-insulator-superconductor
tunnel junctions with significant conversion gain and with a noise temperature comparable to the
photon noise limit. (Double sideband L ~' = 1.40 + 0.14, T, < 1.5 K at 36 GHz.) The mixing
arises from the strong nonlinearity in the quasiparticle tunneling currents at voltages comparable
to the full energy gap. Gain is observed when the onset of quasiparticle current is sufficiently
sharp that quantum effects are important. The observed gain is in good quantitative agreement
with calculations based on the work of Tucker. It should make possible the construction of
photon-noise-limited microwave heterodyne receivers.
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NAD Latest results

e Experimental setup e Results
Noise Noise figure 100 10
source analyzer | 90 -8
@ 4 K stage Isolator < 80 1 - 6
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— .8 50 - o 3
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---------------------------------------------------------------- 0 1 -10
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Frequency (GHz)
Gain ~ 6 dB and Noise temperature ~ 12 K (almost
comparable to semiconductor-based CLNA)
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g—a— F7u 25 3227 (Node-RED)IZ & % IoT ¥ 25 LBE%
EEE

(7K IR VLBI BLHIFT)

B E (Abstract)

Node-RED (X R E 72 2 —TF 1 ¥ 7 QMR 2 LE & i/ NROa—F ¢ > 7 TREIZY AT
LEBAFETE LY —dH D | EESITBN TS 7 1t AT 72 E~OICHAAEA TVWD,
TR M AR5 & &b, BUEIRV A TWAIRE 4B L MQTT %% H L7z IoT &
AT BZOWTHRET 5,

1. LIz

IoT (Internetof Things) &9 SHEEILT TIZEE LTV HiIL/ & 2 A4 72 10T ¥ A7 AWK
LTS, LnLans, WEI0T VAT LaES L Lm0 btanlptr PROT 7/ Fax =20 Y
D= FRT =T 72T T ZENLOFIEY 7 bt o FOTF—2NERLEY 7 U =7 OGS LHE
Thd, "— RV T NHFOARNABUKELRDT20, HBEOBERLEEET 226520,
n—a— Y —/LThs Node-RED %, H/MROa—F 4 7TV INLOT —FBHECE—FD
N FEB T, BfF LT —2 D77 7{b, RE GUI OFER b BELICEBLTE D,

Node-RED (Z X DIREE T AT LADEE L ToT T 5 MQTT (Message Queueing
Telemetry Transport) ZF|H L7z AT ADOREEZ AT,

2. Node-RED (Z-D\T
2.1, =

Node-RED [%/ — REMEHINADEY 2 — L E2EEORNWET7 0 —TY 7 N =T ZFH 2 LN T&
HEVaTNTRT T IV TY=VTHY, /= ReflhbbEd 2 & TlMma— e &< T
b LA TRV AT LERE ST H Z LN TE D,

JEEH & L CIE 2018 4RICA X U 2D IBM /~— X LA B ZEFTC 10T OF — & Ot & rlfifbd 5> —
L& LTHIFE &4, 2019 205 OpendSFoundation ([CBE SN TA—7 2 Y —R(iZ/> T 5, 7
Z v b A— A0 Windows, Mac, Linux, RapsberryPi 72 4 % 72 BREE CEFHA[RET, Nw /7 Vv
K Cl% JavaScript 2NN TV 5,

2.2. B
Node-RED D%z LA TIZAZET 5 1,
o RGN E
D E -5 % EAVEIRIRFIRNL LTI 2 2 & 2N i i B RBL T & 5,
® GUI (/77, /y—virl) OWMENES
dashboard &5 / — RZFIHT 5L 77 U ECTHBICT =207 T 7B TE 5,
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function <° exec / — K% ff 5 & JavaScript, Python, Ruby, C 72 & D 2 — R & E47 T, fEYE
BERE TR Y W 2 Ml 2 D
Xy b EOBELRY—ERLEETED

IBM Watson, AWS (Amazon Web Services), GCP (Google Cloud Platform) 7 & &EL#
T&L/—Fbdb oD,
HAZ L) — REfiz D

HIICAbETCa—YHEN /) — K&o5< 52 & T& %, Node-RED Library TAB ST
B ELL TR ATRETH D,
AN DFE 2 J7 1T

BRI AT TZnE LT RIChha LT O XS ITNEFICHEEE X 5, Node-RED I3
J— REHERE L CTRENOANEF LT 20 TAMOEZICH > TEVHEMFE LTV, TF A
NR—=2DT 0T Z7 I TFIN—TRFER DY . ANHOBE LTV LER>TNS (2B
— X2 OEEICAEDLETND),
N—RE VT O

IoT %6, B (EFEEK) RO N— RO E T — 2T 59— %A1 FTIEY 7
N OFFEP VI L D, Node-RED [3/v— ROFIEI G 7 — ZWMELE 220 Y 7 ML EHHICH
BHHIETE, IoT VAT AR OHELZ FIFT<ND,

3. Node-RED ZHAW-REFZ V2T A

IR 2 27 5% Node'RED M L THET 2 Z L 4lATz, AT LADfkRE LTRIR

JE - W9 (DHT11, Aosong Guangzhou Electronics Co., Ltd.) (ZX 0 &I L., BIfEMEZ /T
4 A7 L4 (8SD1306, SUNHOKEY Electronics Co.,Ltd.) IZFzr~TH5HDE Lz, /2, T —%
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BEDOEDHZ ETUARAT LB/ LT-, dashboard / — Rix Web — \BEELNE L TR, —N
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Introduction to Subaru Telesco+pe
Summit Daycrew - Kaizen Process’
for Daily Operations

Presented By:

Ben Bergin
Sr. Summit Technician / Work Sub-Coordinator

Subaru Telescope - National Astronomical
Observatory of Japan (NAOJ)

+

Professional Background
- Formal training in Toyota Production Systems (TPS), Six Sigma, and 6S Lean
Manufacturing
- Design and Implementation of Complex Electro-Mechanical Manufacturing Facilities.
- 15 Years experience in Manufacturing (Aerospace/Defense, Electro-Mechanical Assembly)

- KAIZEN translates in English as “change for better” but is perhaps better
stated as IMPROVEMENT.

- These can be small or large, from the bottom or the top of an
organization

- Most importantly, building up to something better than before!
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- Adapting to COVID - UPS Replacement
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Safety Systems

- Equipment Updates +
- Replacing old or outdated items
Standardizing safety systems for ease of inspection
- Recognizing changes in procedure which effect equipment needs

+
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Safety Systems

Consistent Training +
- Focus on training new skills as well as routine retraining of all staff.
Emergency Drills and knowledgeable communication
Real World, Role Based Cross-Training

2PN ™ LA I DL/ EADA T p—— The 4 Pillars of OSHA's Health
YOUR WORKFORCE NEEDS
el el 2. Worksite 3. Hazard

REFRESHER SAFETY TRAINING

m
1 " t. Control.
\, Satety traning Bn't 3 onc-and-done intiatrve. Froguent refresher traiming helos workers commt pyRvemed

Important safety knowledge and best practices to memary, keeping workers and job stes safe This means This requires This is the next
everyone within step following
the company Worksite Analysis.
must be safety and health Essentially, this is
committed to not hazards, then taking action
only following come up with regarding all
safety practices, solutions to potential hazards
but also holding control, repair, or that have been
eliminate them identified. This
completely. may require
Managers should
protocols and also review all
enforcing employee injury
practices. OSHA records and
also recommends look for employees,
that leaders commonalities to engineering
implement identify potential projects to install
issues within the safeguards like
workplace.

are able to
provide feedback
and input as well

Safety Systems

New Technologies +

- Theneed to update prévious equipment based on changing technology
-4 Recognizing changes in technology also effect written procedures
- Building in the budget for these updates

37

4. Training.

[SETVN
recommends
at every single
mployee
receives sufficient
and
comprehensive
training to learn
how to follow
[SETVN
compliance
requirerments
Employees
should be able to
access the OSHA
construction
fety manual for




Top Unit. Exchange Process Development

- TUE Crane Bridge Updates
—‘ Lessons Learned in Training

Staffing/Scheduling Lessons

- Online Availability Log
-/ Adapting to COVID
Training for the Future

Process
People

Resident & _ Performance |
workforce needs {

Technology Places ‘o"'s"

ols Locations Standardized  a¢* 3%
ata Workspaces e




Facility Wide Improvements

- LEDLighting Retrofit
-, UPS Replacement
Scheduled Maintenance

Js0W FluorescentTube |

LEDLight |elights 2tubes+Ballast

Lifespan

Power Consumption No
| NG

Initial Bulb Cost
Investment

1 Year of o | 5 ‘ - g (/
Continuous Use g i ] ¥ ‘ PREVENTATIVE
I | s, / i - MAINTENANCE

Cost of Electricity [ 1 4 f i L
i - ] /- ‘ ' SRSl
- - . ‘ e " PREDICTABILITY

Cost Maintenence/
Labaor 1 Year

Cost to Operate §43,774.40 $145,828.00

Savings Per Light $205-00

40W Fixture




ACA GPUZKEtDBFE - V7 + Y = 7 ER _ EOER D #H A

Off/KE ®k T . 2B, il g, /M2 ia
(BAREEVIFERN EY KA 77 ayz 7 )

B
Korea Astronomy and Space Science Institute (KASI) ¥ BV KX BT LV~ 70y =
7 b T, ALMASEEHR 7 2 A< >80 7 LA TBIINCAES 2 9 et O 21T
5> TW53, ZO3HEHNE GPGPU 2w, CUDA 24 77V ¥ C++ 5B THREIN
Y7 YTk oT, 384Gbps DANES %2, ERETUIHET 5, AFERTIE,

DRHETDY 7 bU 2 THFECET S, HALOZOOMD AL £ Z2RKIHT %
Y —JUIZDWTHEIN T 5,

1. A

1.1. ACAF—ZNARY—F 1L 4

ALMA 2iE§%, rKF U HAE O, 25 5000m O 7 X B~ WEICIE T 2 BRERFT
Hb, ALMA BRFEEBR TS 7 T7F 66 B5DS5E, 16 BBHARMPHAE LT VT F T, 20D
6 RICE->TT7RI~ar 7 b7 L4 (ACA, HIBAEY X7 1L A) BT, ACAIZ12H5D 7m
TYTFEABD 12m T YT IO EIN, 45D 2m T YT FE N —Z AT =T L ALk
ME, RIED B2 TL 2BROMEZEEZEICHET 22 2HNE LTV,

1.2. ACAZ¢ET

ACA 73 0EEHE, ACA P =X AT =T LA ZHBRLTVW24BD07 Y TFroDE52 AL
L. A—=7Y7F2BI2REZ OB CHBERRYZ L e REBOMEBMEEZRRZ L, B&
O, 7y T FERBEOT VT FEOMAEMHBERRS e, ERETRDZ AT LATDH 5,
ACA 73 HEHE, 4 R=2ZANY R X 47 7F X 2R X 3bit (BFbE vy M) X 4GHz (B~

7V YL — 1) =5t 384Ghps DRERIIESZ AT L, 4 R=2Z Y F X {4 HHF X 3 RET
X 4-8Byte + 6 Fff X 4 R X 8Byte} X 64 A7 bLw 4 > K X 8192ch X 1KHz = &
K 136Mbps TRV —ZAXRZ bLOM N %1E 2, BB, HHTD T X=X —TH BREX - AR
MV T 4 Y RY - F A - AR ROE Yy bL— 2B RVWE S, BHIERED
fTbihi s,

1.3. Y25 LR

ACA 73 et > A7 2k, FFEBRAUH Z4H 5 ACA Spectrometer Control (ASC) - ACA
Spectrometer Module (ASM) ¥, {JBf3 %. Erbium Doped Fiber Amplifier (EDFA) - Y2 7
Vo R— 32y bT—=T L v FiR%, MEERL T 5,
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1.4. ASM

ASM &, ACA 73t Dt BAE 5 EETH 5, ASM I, FIEHE 205t E# EcEifEs
2V 7 27 REEN, DENDDLEIIE ASM GHEBERL ASM V7 b =7 ¥ LTHRUSY
%, ASM . 15Da— LV RARTZEZLS5EDHD, ZhZzhd ASMiE, 5U 7 v r~v > b
DI DFTERIC, HEEEZET 2 2D DRXP R— R &, HENUE%Z1TS5 4 KD GPGPU K
— K&, BEHLTVWS, I1BDASM P 4007 7TFD1DODR—ZANY ROUHEZHEW, 4 &
WHELL T, 4R—ZANY R X 472 TFFD, DHNHEHZITS,

2. ASMY 7 +V = 7 DBRF

2.1. BARFIE

ASM Y 7 b Y 2 7I2BWVWTIE, Y 2 —WERICOWTHEIEMEIZOWT S, I FER T
ERHBUEDPHEEN TRV NZL DD, TR bRA YL THEEREL TH LR
ENHolee ZDID, ASM Y 7+ v =7 DFIE. RIADR 7Y 22— 0 BED ICIIME T
DA LT ERHVESS S, PREINEIKEREMETITS 2 & L,

T TORBEHEMUMBEORHIL, RTOKEZER L& N2 1EICY ) -7, KiEZH
TEMLTYV—RZEDIKRTIETHS, ASM OHBEE. BH»SHBHEMZY V-3 4 71
El. BVY R AT Y2 —ARENNEESEZER L T, DHIA R EeERA T, BIR e
JIEiZ % B IR D TV 5,

V) =2 WO TEBERILE T2 22T, 7ud=2 NN TOHEHOR 7Y 2 — 1 E2fHA
STBZEDAREL I o T Wb, Ty ETARARETEYV Y - %7528 T, ASAMY 7Y
z7DaYR—F Y RBRBIOMa Yy R—F > beDA Vv F 7L — a vk, BARELUL
HITH ZEHARETH 5,

3. ReEtr=#

ASM YV 7 + 7 2 7BV, KIEEMABIRIC X W &G REZNZNOFEHHEEIEL, 7
0O hXA YR TEEPSFHFAD T 4 — F N 7 (B TON S, &t FEOME
ZHA EEE570100F, 2o ZHAEICERZ CEH L, HESOVIREZROBELH L, T
NEFEBET 272012, V—RAA—=FV ) =200 HEER, TL—VT7FAMNLEIXELROD
b, N—Y a VEHICKZ2EHEOEBEREZ, KARINCITS 22Kl & & Lz, BURITH]
AUy — e RBEXN2MBEERNT 5.

3.1. Doxygen

Doxygen i, ¥ —RXa—FYV—moXEZERTEY—LTHS, FEHT 2EIZ Javadoc
Dk HTML X% PDF G\ ¥ 2 BN 2 Z 3 TZ %, Doxygen ik, ASM Y 7 b v =7
DEETHWS Ct+ FFRICHIBLTED, CH FHDOANY X T 7 A VRV — R T 7 4 V%= T
Ly A= L AR=R + 75 R « WG - HRK - BIR - 280 - ERR Y D ERITOWT, BEfR%E
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%L T, Application Programming Interface (API) XH % HENEK T 5. /oo VY —Ra—
FERZEBLaXy PSINEIAIEICHAAENL D, REITERREZMAS I HTE
%, ASM Y 7 v = 7 TIRAERSI N L CE MG EE LTHHAT 2t e L,

3.2. HTML & Markdown

HTML & Markdown 35 6 FERMN EXEZLR T 270D~ -7 7 v FEETH D, HE
D27 AN ORRENEEY 2 — LV OBRPHINIHIT T ERWIETRO S — 7 Y Ak Y, IR
ErnEnwiketid, HEBARZAMHEAL TXELT i3 TcEd, @Elloid»BnEiciks,
Doxygen ., Y — &2 — FLAZ HTML % Markdown % XXEHICHAATL Z & HAJRETH % 7-
B, WMREPEVEGHZOWTIX, HTML % Markdown TiiRL, Y —Xa—RKY VU —iZ&D
THEMT 5 Z T, Doxygen IZ ko THKT 5 Z & L7, HTML IZ CSS & JavaScript & flAHE
b5 THMLRERZEHT 2N TE 2,

3.3. Graphviz & PlantUML

Graphviz (3. DOT BT I NLXA T 7 J LefiE$ 5Y — 1V TH 5, £/, PlantUML
¥, PlantUML % H FFETa#k L 7z Unified Modeling Language (UML) % ##i# 3" % v — LT,
Graphviz®d7m Y by Fe LTEIET 2, ASM Y 7 b Y 2 7 OFEHIBVWTE, ¥—F v R
M2 I72AK « & 7Y =2 ML ETORRIZ PlantUML ZHWw5 Z 2 & L, PlantUML /5
FECRLIB L7z, DOT E5638 & U PlantUML £ E3813. ¥ — R a— F - Markdown 72 & O —¥
¥ LCRiR s % Z 22 TE, Doxygen I & - T Q@JE"JGZI/ YREY) IR, XECHAATH
%, 7=, Doxygen 23T L 7-MEDORIRICHAHE N, Y —Ra— FIZHOL 77 AR a—
NTT 77 DRI HERNCER S NS,

3.4. Git

Gitix, Y—Ra— R ¥ OLEBIREZGR - BT 272000 ANN—-Y 3 VEHI AT LTDH
2, ASM Y7 7 27D TIE. Y—Ra—Fidbr kb, XEPKZ L —VFF R MTE
W2 eT, Git 2o 7-EHDOBHE N—Y a VEEERREL LT,

4. B e AR

ASM Y 7 by 27 BVWTE, iMBREBEHIITAS 2, —D20OKitfEHO e LTHEATY
%, EOEMKINZIE, TuFII 0 RFX A4 0 ERY Lz, BRSO - 2 5 24K - BIfEH
PEBRP. Linux T2 ERE Lo, BRI - 7o vk —T v s 5 4 - BENESREDE Z
HEMDANTWVWE, TNHDOEZHERD AN 2T 2T, Bk A 220515
LN HNOTFHPEZ TR 270, BORGIPELEDEZ IR 5, BH AR AR
DIEDB, ASM Y 7 v =7 OFIFETIE, WER LD7-D, FFEEIC X 2 BAGABRO R » 5
M. BHEIRRMGERI A > 7 7L =2 a VI X 2 REIOARESRFICHDMHZ e & Lz, LRI
FRALZY =L e EBHINZMEERNT 5
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4.1. Google C++ Testing Framework

Google C++ Testing Framework (Google Test) 1 C++ FaEZHW2 vy = 7 b CTHIKREZ
157V —LU—2ThHb, Google Testid. 7477V & LTHRAEZN. Google Test D7 X +
7 v F—% T 5 main BEE C++ FRETHEL, a MV LR, FETT7 7 A V2T T
% 2 CHIRABR 21T 5, BARRERD T A b7 — 2%, Google Test 23€ 3 % Assertion ~ 27
2O SET R ERIRL, CH BFEOY —Ra—Fe LTiidL, 7rY=z 27 DY —RY
V—IZRET %, RBEEITT 5 L. FEIRL 7/ Assertion v 7 n OFEEHICIH - T, IRESPEE
A, HEINIMRe R h, ABROAEEOH 121G 51 %, Google Test DA D HIJTIE,
BT —a— P EDFEEL oM, JUnit BXD xml 7 7 4 L THEIFTE %, JUnit B
xml EAE RO BEFENTPABSCE ORI H WS Z E DARETH %,

4.2. Jenkins

Jenkins IZHEILY —NT, Y7 PV 2 7HFEICBVWTELR - Bk - 7704 22 HERNC
Tt > 7 7L —2a vy —E R (Cl) 24EH#T %, Jenkin 3% DHGEFH— = A F
THEITEN, 2—F—FWEB A VX —7 2 —2ZN L THIET %, Jenkins i3V AP b YADa
IV FDRAIVIRERICTRY 27 POEL FRRERR EEITV, R WEB A > & —7
=R+ LR=IXE - XA RETHRT 2B TES, HEINICE L RRREBNEITIN
FERMFELSND 2T, TEAMNEALLSGE I, BROBEZ#D ., MEERZE IR
ETDIENAREICR S, ASM Y 7 b7 27 DEEIF, Git VAR PV ADaIy e MU A —
IZL T, eclipse iIC&k 2~y FLRAEL K - Make IZ X % EL R - Hi{fiBR % HEIFITL TV 3,

5. ¥t ¥

ASM YV 7 b v =73, FATRAIRERIEINTHRAREIBI DV U — X 2 HEITAT 5 . BRI DB T
FeMoTW2, FRBELUNADX OAN=DPROEETY 7 by 2 7 2 L. BRI H
BR7ATH5 ZeDAlfEE o TE D, ASM Y 7 by = 7 OGMEA LIZHFS LTV 3,

X7z, ASM Y 7 b Y =2 7 OFIFETIE, &G - £ - o —#EO TRET, HEtozdoy —iu
RBATZIET. ROLSR I RFEFH LTV,

1.V —2a— FEILICXERERT 2 LI, T FHOENREPHHEDHEE:,
2. LERPKE LV TFAMNTRHABRT DI 2IC&D, Y—RAa— R eFRKOER,
3N=Va VERY -V EFHTSILTOD, Y—Ra—F - X&F - RORGZEEDEH,
4. HERABR D=0 D, B5 7%k & Bl aGEt,

5. MEREHIZR eV B L EBROEEAIC X 5 FEMAY TR ORGEHR R O FHT,

ASM Y 7 b 2 7DFFETIE. ThoZ2ERTZ2IL T XEFE X+ V—2Ra— F KR
MO SE R FICED AT WS,

43



KEIGEM DEERKME (Surface Defects on Large Optics)

ket (ENRCHE TMT Ve K)
(Saeko S. Hayashi (TMT Project, National Astronomical Observatory of Japan))

B
SBIEFEFRONTUBLNAEE TR B RO OWT, 2 TIIREDEER 2 &I, Kl
RIpOREZIY BT 5, ZAUIMEFZAETL 0L EATICETL26003H Y | #iEICONT
IR THREL TR ZENTE D, KFERBIONTFa—T 4 7 ICHT HERREICSE L 2D
FEREDF 2~ T, BBEIZ OV TIE, KIaORLER JOMEIDS U EIC LY . REICHI 56
WA B6ND K EET D ENEETH D, REOBAELREMNA R SN 556121%, RGO
HEHMHEITR D,

Abstract
For the long years of telescope operation, it is very important to manage the defects of its optics,

especially the damage to their surfaces. In this report, we discuss the defects of “interest” of the
optics and optical coating, and list frequently referred standards. Detailed inspection and remedial

procedure of the potentially damaging defects are important aspects during the life of the telescope.

1. A7 ARMBORE X

LIEFOBIIEE DN D D FSRIT, BT ZROMER L Ebivd, ZHEIRFEICHEV L
ELTPRERDZ LN TE LD THD, LNLEGRELCTLED &, £ 2O TS & OMERE
BT DENOIFEE LD LR TERWIZD, KERMELELSERD, HDWVIIRTRNE D +5
EHTOIMLEND D, WO THEDY A X EE2HIRT 22 &1k, LK THRICELE LT
ZUTWMDRMEZAMRIC L TR Z LN TE D, 2EVRKICEDRVBDIFIZITIRLRNEN) ZET
b5, (FEERITIE, MRICBEEREEZENR S L2 O TRITIUL, ZTWMA TH A H,) #EHFIZONTIEL,
TR EAED & &b, HBERFICENDIERLRNE D FRIEELZHE L D2MENDH D,

2. HFRORERMIZBEET HIFH
N THNIMETHNIDEF R EED BT, REXMGIZET 2HEREREST 272D 0RMEEZ £ 5
2700 A ZARMTTROBHESIZTE L5235, KA r &) OEFEEN TRV, T O EBME
HEOKETHE LM DN TV DLIEER D 5, HFRBIONFEa—T 4 7T 2R OBI % TREIC
Z21F%, ZZTANSI, ISO, OEOSC, JIS IZZ# 4 American National Standards Institute, Inc.,
the International Organization for Standardization, Optics and Electro-Optics Standards Council,
Japanese Industrial Standards HAFEXERKE TH 5,
ANSI/OEOSC OP1.002-2009 For Optics and Electro-Optical Instruments - Optical

Elements and Assemblies - Appearance Imperfections
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ANSI/OEOSC OP3.001-2001 For Optics and Electro-Optical Instruments - Optical Glass
ISO 9022: Optics and photonics - Environmental test methods

ISO 9211: Optics and photonics - Optical coatings

ISO 10110-7:2008; Optics and photonics - Preparation of drawings for optical elements and
systems - Part 7: Surface Imperfection Tolerances

MIL-C-48497A (1980) Military Specification Coating, Single or Multilayer,
Interference: Durability Requirements for

MIL-PRF-13830B (1997) Performance Specification Optical Components for Fire
Control Instruments; General Specification Governing the Manufacture, Assembly, and

Inspection of

JIS X ISO (ZHEHL L T v | ISO 9211-1:2010 7% JIS B 7080-1:2015, ISO 10110 7% JIS B 0090
(Y95, IS0 9022 (IZHHY -2 JIS MK R o1 bl o7z,

Z D 9 BB R RN R 2% 8 Thirty Meter Telescope (TMT) T, 7 &b 8RS
AV RNaED BT, EICMIL-C-48497A ITIKHL L TW 5, (JE 1 a—F 1 ¥ ZIZOW T A M TRR 72

ETISO ZzERM LT %,)

WIZREHI 22 RISV T ERROREREITR SN TV DB 25T 5,

|

s
i,

CNEERDOKKME B, Aol (HE : ANSI/OEOSC OP1.002-2009)
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M &7 e a—T 1 v 7 D RKMaDF
(H8h - ISO 9211-1:2018)

TMT DT85t 7 A > b Tld scratch & dig 129V T, MIL-C-48497A |[ZHEHL L /- HIAR 231 T\ 5,
Z ® scratch & dig O A& IE scratch (1 m T L72407)-dig(0.0lmm THE L728T) & W o fAsHE
TRT, 72k 21X 80-50 & 5\ % 60-40 &V D DIEF XIED EFRAS 80/60 pm, RV EEAMEE LizL
X DORKER 0.50/0.40 mm £\ H 2 ETH D,

H AR D FE 3EAEAEIM JIS IXERERE SO 12KV TR Y, 2ok 5 REE XMW T

80-50 7% 5/1x0.80, L1x0.05

60-40 7% 5/1x0.60, L1x0.04

L%, MIL BUSITE A FRE LWz, 22X 1fEE LT ISO EREICA L LT-, FRmDTA
RZEY | FRICTFHFRETE 2HE TR DITRLRBDICT H0EN DS 9,

3. RERORERMa%E &5, S H>

FREO &9 RBERE, ISR S AT 5 2O EREIHEARIC K0 AT S, NE SN TWaaamni
VHENT, BEICORDB D7 —AbH D50, Z< D5 IMLESCHESRZ OMOMBOmZEEIZL S
O OG0, INLTHE, WESe Loz X2 RmOHBE TH D, %BEDOHGE, MLEIZHEA
SlEFTVENKD, O TV EIKINOEIR & Rk, S ORH 205 LRz BEIT 2 BRICHET S
B2 = B A BRI O R 72 I & o” T,

B DORMEMAETRONLBEC, BEECTFROIT—T 4 L IRICEWa—T ¢ T EFHP LTS
WORRETRODHEEICONTIE, A XKV EEPLEICR D, EFEE LTI, Ob—"%
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PR L72) BHERAESSH—% 7VEMENC X 2 R RESMThh T\ D, RERICRENET TND
iy, BEESREEEHE S kb V155,

B IL, ATEECHIVIRFE CRITMRRIIZ Y T HER D LRV, EINER ATV
HThbH, TMT E8it 7 AL FOGAE, 7o & ZITKETHEMN T2 L T A&t TOMREORR T
ZWRIZTAT, ZOFBEFITMT V=7 %A STAAINTWAH DT D, NI 7 &2ITH T, £
Na Y BSRRA~OEERREIZETE LTS, BZ A2 ME4bmm OFE S TR Z RiEd 5,

GHE TMT 8t 7 A b WFEK THRONMEREDOEE T  (TMT website)

SC, HEROREE LT, RPN T AT - B8, D, FE (BEREMREIEE D L
H72) RECEDEITNTER, YA AP NSTFIUEE=F — %2k T 52 L TRV, KEW, b
DVNTHAT MR SN A, HEBORSTHAZHI VD Z L1l d, BREDEFRO X5 ITIAI L

VBRI D IO FTANEL L, I A L ARELT DHE, WoZ I RERLETHD, 5
EIDED, S RoOTZHDDENL DT EEZ -0, REIZEUCMNRY T v 7 2 EET-IX
Ty FU T TUHT S, WU Ty 7 ORSPHEH L TWD, HLWEIHEETE TWAEE, =y F
TORECMEIOT A ME—ALEMITHL, ZOBEDRSICEETE LX) LRTLILNTE D,

RBEICEAP ORI ONTa Ay FLTEL, B EEEFIIRE, F—Ax /e —Vy %
BT CBUHIT 272, NN D ORBELZIT D, DmESBEWN D O T, 0D OREY, HDH
(TEEFEIE I KOV R IR B (RO EDOR T, HEARICK2EER b EEGD, 7
ROBEDT-DOI, +37 R EFT S ZEIEEbO TEETHD, THIY FIZbs b0 T
Hif & Vo TC AHBIZEREDB RO OGN LD T, HREPLZEEEELITALEIITEATEIZEND
HLAAHTRETH 5,

AARDIERPEEY T 8 il s 10 ffdd 7=V ETIHEL NN, b EDIRITL B A A, M/
MTOELINFHFITRIZNTOWDBNZHBND X HIZ, T ARMENIARK I WA~ARRFLT 5,
TRICHEMRICHEEGZECSERVEIIEDL I LT, REREROHDL L TH D,
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TIU<EERE - BAR ) — FOBITAEBE~OERERY — /LB ADRS

OMPEY:, Miel, Renaud Jean Christophe, #HEZE, /TG
(ESE RSB - ThA~7Tadzs b

BEZ (Abstract)
T~ LB I L7z Raw 7 — X &= Ra—WFIHCE BT 2 058
Wd Y HKEKF U ToHfl U THRHTALER 2 i L T 5, 7L~ ZESEO B AROHLE (A
AK)—F) TEZOEMOLOHEtEDO—"E#EHA L TWD, REELYV AR —F
XY — EEOEH 2 X MHRO 7=, FERE Y — L OB AL RAH TN D, HERE B
BLOMRE LY — /O TR L 72, HUY #A D BRI KON OV T
T D,

1. BREERY —NVEADYE R
TN~ BT AT Y OEE S5 T A— MO T ¥ H~<WEICHE SO0 12m 77 ) 54 £,
FTm 77 12 BN SN I VK - 7 VR ZBIIATRE 2 KT HECh 5, BLHIT —
ZFZFOF ETIIRFEMARCTRHATE 2V, TZTHA, 7TAU D, a—a v /X FUD4ISENR
L CTHATALER 29T > T\ D, TL~=LmeEio AAROHLE (ZERIX, LIF THA , — K)) TIdf@rid
HHZE L THTEAED Linux = A"Z@EHALTEY, AENRZWI EICL2EHR EOEEZ A TV
5o, FIZIXOS°TA 77 VDT v 7 r— e LT, HENREX 2V T 4 —7 v 77—, EHY 7
N = 7 OFEFRCBINA A NV EFEREE L TV 5, F—BREICR DX IEEEZLI bOD, Y—
NEOBENNL D720 &b BAET D, £z, FlcRfftir— NBINbETH 5, (FELREOCE T
Fha L TWDH2, HYERZR LGS, ERICSIEMEN TERVATBESPBRTE vy, 51T
SBRREDY— DY T —ANTFEINTEY, REIZF UREZHEZE L TO<SHEIZERT D,

2. BREHELBRERY —

MERERR LI, Y7 b =T "= RU =T, Xy MU= R EFERY AT L xE L RREICRD 2
ETHY, BEREEY —VTREREEEZ - NCX > TEBT Y=L Th D, filx DV — &3
HEGL, EHL, EAT RO T, MRERY — V2 EAT L EUTO XD MR EHEbh5,

O MWEOZFY (Y — HEER 1 EIZTED)

@ EHOFM(T v 7T — el 2 AL TE D HLWVREL 1 EICXHSSE 52 &N TE D)

@ HHOEK - Dl AT LO—TTEHNTE D)

@ HBMEOHEN. (T ARy I REZITRY | fERELTZI—RELBOT LN TED)

WERE B Y — V& W2 — SO BREEREEDO TR T, — Ok A il L, Z ONEZ I — 5
HEETW W) FllaZE & 5, REDOKBITEE OV — K L THHELFAETH Y, TOREE, O
QDR ESD Z ENTEDL, = "~OEMEERY — VO Z T CTOITIE@ b EBFARETH 5,
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@OF R Z/F27=0I2IE Git

RENR—T g VEEHY AT L \@ .
N 3 l
i e - %.

D ANPEE 72 HD, H— CHEF

Ansible Chef Puppet Labs

(D) @ﬁﬁ c: 3: a P4 7 D éﬁ lﬁ % J*—EF Monitor Ansible Metrics Drive workflows forward
With Datadog with Chef and xMatters
» PN
AT HZEWAREL R D, Th

FBEAE DV — NI R W

KERRTHD, BB WL e e e e W w e
EEY — N EHWFICh—A
~OEHE S EIEEZIT- T
LES &, = HOREOERZAELIELHHEEE LD | QRFHIZO~DFENFICS <o TLE
DAREMEN D DT, EEPLETH D,

HERSE B Y — I — AT — NSkt L TR A BEMEEE S 2 2 1 70> —/L il 21X Puppet,
CHEF, Ansible 23§8F1 31Tk V| stackshare OEITOEEFER D (¥ 1) 2L % & Ansible 235
N=RR&® %, Ansible DEEREM O K KL, IROEY TH 5,
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Ansible [THFHI ROV —NZTHOT =V 2 oA A F—/L LTEILENR L HREHY —L
DEH I A MIT—Y = FRKERY — /LI TERY, & 512, YAML BT XML E<° JSON
AU~ Fetk, SRk PED @7z = WA LR T D BRIC R & e & 72 D, 72, Ansible 1%
Ansible, Inc.iZ XY 2012 4 2 A2V U —ZZi, RedHat ([ZEIN S 721 OBUE & B A BHEE 3 ke
ENY A= RDOATFUAPSNTN D, HGEHNCHIAT 256, RFPTUNTHRNZ &
B LD, TN DORREZRERNTHE L, AKX X7 Tid Ansible ZEAT5Z & & LT,

X 1 stackshare T® Ansible. CHEF. Puppet ® L8k

3. BREEY — N2 AW — 8RR, BUR & ki

Tz T TREAFOfT R 2 Bl d %) 2 & Z B L T Ansible TH— \BREEAEMN TE 2 X 5 B
HEEDTEY, VAT LRI 2DLEEBY THDH, K2/ED lalma-pl-proc) % Ansible (25> T
R INDT— T MEMECTHWS QA2 Y 7 b U =7 VAT AEH Y AT LD Zabbix =— =
Y, VaT AT a—F 0 Torque O ESILD, 24D [Ceph) IFHAAFL—TTHY | M
BUCH T SN DENTALEE Y 7 R w7 = 7 @ Pipeline-driver (CASA ANE), BV RBRMLERY 7 vy =T
® Torque, fRHTIFAHT —Z2 72 ENRE L Th o, Ll 2 b DIIMNEFHAN—ATRET 5 L0 9
W CTH Y . AT NEFOZNZFLDT= 8 Ansible D ARG IFEHE L TV D, T OFIEIAHRED
FELLEE THEAEEIET XTI TE D REVFIELRH L —T7, UTOLS LiEbLH 5,
O Ty 7 OREIFFT
@ 77 v FMexticns

BIRF R CIE, 2 A B L—U13 Ansible BISOX S L LTS, ZO72DA X FL—V DGy
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EHEMNER->TLED &, LRI

DI O FH N IR E IR yumYURI MU MNSEREBT S Mount Pipeline-driver (with CASA)
S4F5U - YTRILT

=M H S SS9

0. OQOBED LEY T3y | QA2TEW3Y 7k | Y7k 7EAR Build)

7 HbWNEEE b, RIZIEE R

L — U~ R — L B

ALTgE, BEPEEA ML Torque

(/etc/yum.repos.d/ea-arc.repo)

| Zabbix | Torque

— IR LTV B A B~ WA T =2
&/U’C‘ Li 5 7":?5?7)\ 3‘:/{ . 7 7% auto.master.d
HJE LTEBREOEEZRE LI alma-pl-proc Ceph
LW, K2 B~ HRICHER LS AT S8R

E-QD 7 77 RMulX, fi#T

yumYURINUDSEET S *-—-—-—--Q?,—)Y ———————— -{ Pipeline-driver (with CASA) ]

JLBRER 355 0D B 13 A I B o S4T5Y YIRS F
ZEEECH A 5 RS ‘ QA2TAWEY 7 k ‘ Y7 kY PR Build)

D 2 ° B | — oo ]

X Torque
WU TY Y — A& MERT 5 | Zabbix | ‘ l
Z CE ﬂsﬂﬁgfg?) ‘9 N ﬁ@*ﬁﬂﬁ@ Torque
(/etc/yum.repos.d/ea-arc.repo) BTES | | R BEERT— S
HA I SRR IS XF IS S FTRE T b — Ed
B &EZANBRD AT L
New alma-pl-proc —IRFY e (RS T Ceph

pilE. Ceph IZHRFHERE L Tk
SRERHY | HHAFL—Y
WCHRVMETFEER D, [Ceph) A4 7L I AZFE L7=F %, lalma-pl-proc] ¥ — %27 Z 7 K CEIE
SELZEEFRY NU—=T DA T 0l (BRIEOBLRNGIRNEEDE S, FrrYy 7 h o =7
Pipeline-driver I ZARHTALFE I HIF R EOFAEE NIEAT D,

CHHMEEZ I BRNC U AT MERRAEK 3 TH Y | RS L CEHEF CTh D, A — R E
ISLEEZR 7 7 A VL, Ansible TabE—IZ XV EMT DK TH D, E/o, MTLEIZHhEns 7 —
2% TRy e REGET) IC— B L, TR DK T & & HIZ [Ceph) IZRIFT D TH D,

New alma-pl-proc| 38X [—FFZRRAFGET) 3%y N —7BICE# L TWABETH L, 20D
O MRIC LY . Ty I ES T, RITLEERE D 7 T U FMENTRERBRE A2 FH TE 5725 9,

3 BHEMEZZELIZVRT AHER

4. FL
LIb, L Cx7oe B0, Fa T A — OB~ O E LY — LB ADELY F7
WG Lo, MRATALEL Y — SBEIC Ansible ZHATHITL K DFIEAH 573, S HITBEFREEICE £ F
SRV ERNRREABELZEANCIVEBEOT Ny 77 70 MeoEHO RN R Lz,

5. BE3CHR

1) stackshare. “Ansible vs Chef vs Puppet Labs” https:/stackshare.io/stackups/ansible-vs-chef-vs-
puppet, (M 2021-1-10)
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Th<7Falx2 hd Ceph 2 FL—DOFH

O EZE 1, Renaud Jean Christophe Miell, H#f A 2, & W1, /MEHRIG !
AENIRLBET NV~ a7 b, 2EN RKLAEERES 2V T 4 %)

EE (Abstract)
TN TaY el TR A EZEREOBITHE N T —Z OITLER 21T > T\ 5,
BT — 2 fENTE ST — ZIIEFICRESKREREDA L —URRD BN D, Fixld
F =TV = AT PN, MBI AT — VT U ARG A T V=7 A L—
Y Ceph ZE AL, T — DL L TO Y — S BRI AR KA EA FL—U L
LCHRALTWS, KEETIET L ~7ay =7 hd Ceph A b L—UORESE, JEAIC
DNTHET D,

1. HXR

T~ B TR LN HBIT — Z ITFEMIB L 200TB H Y HKEKTF VITHEGE ST « A7
T A VERELCMMTALEE 24TV VB IRGE S IV RIT I 2T — & Bl — EMIRNICRRE L T D, T
N=7uY =y MIAAUOME E LTI OB 2 > T\ D, BRI Z < OFFFRKY Y — 2
B L U, AT LB R I3 GB~E TB I2 b 720 | SRS BITWART D RIAATH D, WATLT
W x L BT — % Ot 21T 5 — )7 T IR R OBIBR bITHD D T2 fRTEREE I3 E O
Prh— N ERBEEDA P — VPRI RDREN RO DN D, L E THNT Y — N3 Lustre &
WO GBA RN —VEEAFA L —28 LTHRIH L TEZZR, Lustre —N127 F 47 2 MIFE—D
kernel TH 2 Z &7 VERM. FAE THIKINDNZ o7, FD=8, fENTERED OS ®Y 7K~ — h® End
Of Life ZBIZ Mk, YRR D H DMITEREZMET 52 L Lo T,

2. Ceph &ix

Cephlt, BHBED AL Ea—4 () — RNbR5A N —VHE 1 DDA NL—U 7 522 —L2 L
TEED, UV LA ML= T =1 T8z 7m y 7 BAL(RBD), 7 7 A /VH{Z(CephFS), 7Y =
7 NEALRASODGW)D A ¥ 4 —T 2 —ATT 7B AARERA b L— V& fitd 5, A—7 Y —AD
DA NL—UY 7 b7 ThD, Ceph (37 —#ZILE(LL T Ceph 7 7 A X —HND J — RITHHEK
A& L, Ceph 7 747> MICRUSH 73 ) X ALKV BE THRMNLEZFHE LT/ — RICE#ET 7
AL, PRI T—FZ0ET D, £72. Ceph 7 7 A X —|TPHMZRE R E OS THETE, &
BET 7 YA MBI ETHIBERRETH D720 ZlIRAEREA ML — VA2 FEBTE 5, Fxlid, Ceph
DM FEE I EGRYE, = TR & 9 R &0 SRITERBE DB 72 R R B A b L— 12 Ceph 280 L7z,
3. Th~vFud=s b®d Ceph X hL—T

3.1. AR

BEEA L TCWA T L~y hd Ceph A hL—T D7 T A X2 —#ipk %K 11257%, Ceph 7 7
AL —=XTHED /) — RTHEREIN TS, 2055, /— K ceph01~ceph05 TiE Ceph D IAR) 72
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— B A & #2592 monitor 77— > (Ceph OHELEH), manager 7 —F L (—EZADEH), osd T —
(T =X DO ZHE@ L. / — K ceph-mds, ceph-mds2 TlZ cephFS #2345 7= D mds 7 —
TR T2 OEH) BB L TS

AFREEIT- 72 2022 4 1 AR TIEL, Ubuntu20.04LTS T Ceph Octopus(ver.15.2.15) %z i#EH L T
W5, KA NL—VOERZIRDT- 2019 4 9 AL, cephO1~ceph03, ceph-mds, ceph-mds2 ® 5 &
D)= R THRLTWR, X=Ya 7 v 7R/ — FOBMN, »"—F v =70k, V7L —X%H
. BUEICED(E D, Fio. Hid 20— SOOI, L2/L3 A1 v F & R— MED
ZVbDICY T —AL, SHIZAAS vTFE2LEILL, TNOEMET v 7 &L TV D,

1
Ceph Clie , | , | almacons
l'd”ﬁ ’EESWU"R ] arc-p proc \(aTC-PI-PrOCcK X | ; o A
(0rac|e Linux) ‘ _{RHELL m ‘ i (Cent0S7) i LESyiich Server

_' cEphE'S |

B

ceph-mds  ceph-mds?2
ZsbbixAgent | | Zabbix Agant

Ceph C,uster

ceph01  [ZabbilAzent

Uty | Octopus )(~ Nauflis Wl ] o
18.04 20.04 (Ver.15.xx) (Ver.14.xx) 580 ] : Dacmon |

X 1: 7A~7aPxZ b®D Ceph 7 7 A X —DIERL

® 1 b—rER

Node ceph01 ceph02 ceph03 ceph04 ceph05 ceph-mds ceph-mds2¢*V
Memory (32GB->)128GB 128GB 48GB 64GB
CPU Xeon E5-2609 8C/8T x 2 Xeon Silver 4208 8C/16T x 2
Disk HDD 3.5"SAS 6TB x 30, HDD 3.5"SAS 6TB x 30

SSD 240GB x 1, 500GB x 11 SSD 240GB x 1, 500GB x 7
Network 10GbE 2 7R— b x2(2x2 R T 1 ) 10GbE , 1GbE % 1 HR—h
0s (Ub18.04->)Ubuntu20.04LTS ¢2 Ubuntu20.04LTS ¢ (*2) (*3)
Ceph version (14.2.xx->)15.2.15 ¢9 (15.2.xx->)15.2.15 9 (*4) (*5)
Ceph daemon mon:1, mgr;1,0sd:41 mon:1, mgr;1,0sd:30 mds:1 mds:1

T ROV L —OXFITMEELHIOMM, (1) BB XY 2021 F 12 AIcN— Ry =7 %Y 7L—2X
3.2. fENTY— NTOFH
TA~wTuY s FTHE, K25 BOMIT— ERA L, T~ ESin b5 LI BUIIT — & Ofif
HHLEE 4T > T D, 2095, ST FESY 7 v =712k D, 15 A28 Ceph 2 b L—UIC
BiL., Ay b= 77 ANV AT AELTHHLTWA(E 2 RN ENEOORD), 7V~ Lix
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FEOBLAITHE DT — Z ORI RIT 1 H 72 D B+ GBRRE T, 2 b DT — & O iLEE D
B HEDLHERZTNEDOTIITBIZH 725, AT — 3% CephFS TR UAY = — A% read/write
ARESMERR T~ v M LT LTV D, Fiz, TSR Y — N(alma-ngaswork) (X CephFS Tfi#
Hrth—NERUARY 22— D—#% read HR T~ D b L, ATRURRERZ T U O — N ZHR%E LT
WAH(K 3), EDfh, BREESLT —2 Dy T v 7 BATORDIZ, Ceph A F L— X 1) RBD Tl
20 U CRIA, BERRICB L, —R72R 7 — 2 RE ST & L CHRIICER L Tun 5,

arc-proc0%
64GB/RH6.4.

alma-proc02 alma-proc03
64GB/RH6.4_0| 64GB/RHG6.4
HDD THDD |

alma-proco4 alma-proc05s alma-proc06
64GB/RH6.4 N 64GB/RHG.4 N 64GB/RHG.4
HDD HDD THDD |
1378 1378

alma-proc07
64GB/RHG.4
HDD

1378

alma-proc08
64GB/RHG.4
HDD

1378

arc-procl0 arc-procll
|_64GB/RHG.4 N 256GB/RH7.9
— ——HDD—— — —
13TBx2 e

14TBx1 Sale

arc-procl2
256GB/RHZ.S
HDD

4678

arc-phprocl3 arc-phprocld arc-pl
256GB/Ce7.9 | 256GB/Ce7.9

a 1 c-pl-proc02 arc-phy
64GB/RHG. 64GB/RH6.3 64GB/RH

Lustre 85TB

12 — GFANW Ceph public NW

]
SRy

gones
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—
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<

{Shared File System)
202/813TiB CephRDB

o20%s?

SaSitotitinst,s
BRSO TRO AR ts
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GoeTe s eres B 0090
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e e ety e ettty et
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oot

CephRDB

o
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== GB-Ethernet 1Gbps e GB-Ethernet 10Gbps

arc-pkprocls arc-phprocls arc-phprocl? alma-
256GB/Ce7.9 | 256GB/Ce7.9 | 512GB/Ce7.9 RH /.9 ngaswaork -
/ / / == |ustre NW (Infiniband 40Gbps)

Ceph Clients l I l I

2: AT —/NTD Ceph 2 F L—OF|H

Imnticephfs/almal # BT H— /5 (rw) #& 2:CASA 5.4.70 SingleDish ZLEEF#H]
L— ga2/
|— PL/ 0S Storage Network | Time(min) Remarks
— claif
— dared_mnt/ RHEL7 | LocalSSD | 10Gbps 106 Single run
L— results/
] RHEL6 | Lustre 40Gbps 129 Single run
— products/ # g4 FERPHEY —/i(r)
L— .. RHEL7 | RBD 10Gbps 112 Single run
[z] 3: CephFS TO~U ¥ b RHEL7 | RBD 10Gbps 122 3 parallel run on lhost
RHEL7 | CephFS 10Gbps 124 Single run
RHEL7 | CephFS 10Gbps 132 4 parallel run on 1host

3.3. MGE

® 1/O MERER L OMEHTALIRREH]

RN — N2V T, 10GIB O 7 7 A LD E X AL T RBD 1% 666MB/s, CephFS T 60MB/s, 27GB
D7 7 A INDiiFirFT CephFS T 220MB/s Th o7z, £lo, T— X OMGATE LT, Tk °ff
H L CW T fEHTERBED Local SSD, Lustre, BifiE#TE5ED RBD, CephFS T iV FUMFHT LEE 21T - 7= AL
B 2 & 2 1287, PR 02T NS < WHNTALIR ZAT > 72358 OEE DR T A 720,

o [ifEF M
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BUE, 7— X ZIUEE 3 THML TnD, OSD 7—E % 1 DfFIE L TH, read/write (2T < |
HEDIFIFEEL LW & 2R LT-, £72. Active/Stand-by TE# L C\»% Ceph MDS 7 —F T
BWT, Active 72 MDS 7 —% > 22145 & AL —XIZ Stand-by 7 —F D FbY | 77 A
NDAZT =2 TFHIE Y DY 2 RET D Z &idkehoT,

3.4. HEH - R5T o ar

o B e

Fx1d, Ceph DRI AT D72
OIZ, Zabbix[2l L Ceph Dashbard
AL, FIHLTWDS, Zabbix
TlE, Ceph 7 7 A ¥ — DS DIE
MR Z 77 o3 LT L Tn

Status

Cluster Status Hosts Monitors 0SDs
183 total

HEALTH_OK 7 total 5(quorum 0,1, 2,3, 4) 183 up, 183 in

Managers Object Gateways Metadata Servers iSCS| Gateways
1 active 1 active 0 total
0 total
4 standby © 1 standby 0up, 0 down

Raw Capacity Objects PG Status Pools PGs

Bo BB LOBE L-BEEE E o N €T e € = S
U ﬁ_&zﬁﬁ%ﬂ%*ﬁfu L/\ 7(_/1/‘1:‘ Performance

Client Read/Write Client Throughput Recovery Throughput Scrubbing

0BIs Active

LD ZZ TR ->TWD, £z,
Ceph ® 7 5 7 A4 » @ Ceph
Dashboard (2L VW 7 Z 7 ET
Ceph DRIOHHELESEETT> T X 4: Ceph Dashboard iZ X% Ceph 7 7 % & —DER

W5 4),

o RS

3.3 Mk - MHFEEME] TR LK DI, TURME TH—E 2RO AMENE N 2D, Z< DS, —
EREZIET D L7, /= ROV —ERORSFEITH 2N TE D, FANIABBRE CHE LT
A NBEECIT > T B ARFBREICER T 5, ZHhETIZ, OSX° Ceph D7 v 7/ L—FK, N—FKvU=x
TSR —Y 77 ST — T 1o T&ET,

& “hIETOEY - RERL

P—E ZEHARBYPINEIAE Y ARICKDEIEARLZES SFP+EY 2 —/LOAEGIZ K D @EREN
Erdhh, AEVOBNMRCEY 2—VORV L2 EE2ITol=, $7208%27 v 77 L—RLEE, &
FTER< R grub OB ZIT o7, ZOR, fERE T 1HEE B/ — 23 1 207 i
LTV, Ceph DY AT ANEND Z Lidiehotz, VAT LE L COEFICRETH D,

4. (L, SHBROFE

Ceph [THEIEMEA R < | MHBEEME G IRV, 7272, FedkME, RN E WG, NTA—FBNSAHY
HfE L E TR, RELORMNBLHICHDL LM, BT, BLETEOENWA ML —UNH0T —
B DBATHED I, CephFS O 7 — VAR RO BWITRBHICEE T 2 MGt D T\ D, £7-8
BOMAE, A ML=V TOMANRAENTNEZD, Fv =7 OILERBEL 2> TW5,
5. BEIM

[1] Ceph, https://ceph.io/

[2] Zabbix, https://www.zabbix.com/jp/
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VE—-MIKLBERY K-

SEEH— EXRXE - BT HEEREAR
(LB 24— ALMAZ{E#F — LGHE)

1. [XCHIZ

ALMA-BAND4% — + U v ¥ (A58 %k - 125-163 GHz = LIFE [BANDAL — RV v ) F£7/201% [h—
FU ¥ E0D) IZ21 0NN ROALAT — Y v VZEHO—>T, TALMAZ7Rr Y h= K] LI
ENDZEMT T4 F A v MCHAAENTEY, ALMA 9iEsi (U TALMA| SMESGAHY) &
T 56 6 DT 7 IS, BHEEficftsh T,

ESZRKE - etz o # — (ATC) -ALMASZ A E#EF — 4% 33 K (BAND-4, 8,10) Oh—Fr U v D
BHEXITV, BIEHEBETII— ) v VDR T T AZHY LT D,

ALMADO R FER 2 2 v F o2 TH 1 AERMBEIE L, EAFEOREEICBAND4AY — U v PHK
BOBENE L TEEREE ol I— R v VOB (AT R) R THHENLRILEA -
Seinitit v 2 — GRS - ZJE) ~OHENE LVRO R, U E— F TOBRYR— N 2{To72,

2. AIMAZBVFIZVFRDAVTFHFURIZONT

BAND4 71— F U » i TALMAZ 0> b=y R EMRENDZEWT T4 4 A v MTFA S L,
ALMAZ AN T 26 6 50T 7 FIE#H I TV D,

TALMAZ v > b= B I3 B IS ER L 2 A 2720, —EOEERFEE (K15000%F

M) OAxv7Fr2x (EHEMLAH) PULETHDH, 20 [ALMAZ7rY by K] AT FhrRiE 7
VT RICER SN 6 6 BN AT ET A A A TITONTEY, HKE LR ZHIZEVEAS
1 CTOSF(ALMA |11 # Jiti #%)- ADE(: ALMA Department of Engineering) ~NiE (XL T 5,

REAEH =RV DDA TF U ADEA I TALMAZ 0y b=y RN L 0 AZHIC X D o
i, BAMNHY 9 5Band-4,8,10% — ~ U v VIXEN KA « “JEATCIZIRSE SVTERZ1T 9,

o - RF(From Sub ref) Band-4 Cartridge
3. BANDAH— k1) v oD ELGEERERR
M

(1] IZBAND4A— U v SHEE LTS =y Swomeni

Plane mirror

A R Y VA 5 v o S i — et Dewar Window -
215 L EBomBIEC h—> > OMT (i ‘;‘:““V fl;
SBERs) >28SBI /Y — >T AV L—HF— > 4K stage :
CLNA (WHEUEHESE T > ) 2R CHAax7 Z20b oo | fpori 258 mixer unit
TFig 5% M7 %, i
INE TICHEMEE OB o - EETE, 2SB 7 ' Cold Low Noise Amp
P — I S 7=SISFE T £ CLNAD /S A 7 A — /3 A 3] 2} Multiplier
THALTWAr—T LD ax s ZERTR 2 R | ;H'LFOOI::';‘:‘
R & LolBfE#o MK TIC LA REAR L, SIS
FTF OB L 2T & A LN -T2, Ll

[X1] BANDAHh— k1) v D&
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4, EEOYHEKR

[(K2] I2H— RV v POBEMUBOEIERIE F LDFRE L TURT,
ALMAZESE AR FERINC A - 721, EEDNBLILICEE) & 72 5722018 £ TOMIZ, BAND4H —
U w2 BEDEBREIT 7208, FNLAFEOEEI T T2,

20204F 3 A 5202143 AAEE T, a2t fmoOOALMAEREIEHMEIH D, O FEEIZIZ
BAND4 — F Y v V2 BEOREENHBA L, LRIDOHERIN TV RESMERF 3 HEEH LA
FHUTZR B RVIRI L Ae o T,

[ALMAZ > h=> R [ Z7 o7 HEEHO66H L, AT ADBRICE LB X 5450706 T
HEH SN TWD, FBANDEO A — M v VOFRFFEHIZT3ETH L3, £DONTOEIZALMAY 1
F=y RIZEHINTEBY, =) o VHEEOART L LTI 3 A LR EBENEE L o7,

+735 BERT
2014 | FT | ox HMEEMD)  Banddh—hJ v BEER
- COREF>

2017 | 8A #HS1BH

2018 | 3AH I =
104 #1168 ﬁzmsﬂzgﬁ e ZE-%01L B J

2019

2020 | 38 4 ALMA ﬂiﬂ:nfﬁf?'JﬁtE%BﬁxJ
. EReELE 140 RS

2021 | 38 YV EABERXEAH)
7HAE| 3BFEESRTE(#H26,#37,467)

9A #26

B (TOUMEIIY—BLOCKA ##)
12H (REISVY—TE S WEREEGE OHEREH THLY)

2022 1A #37TEBRA (SISINA T ANAFRE 5—TJ)L3c#)

(2] BANDAH— k1) v DEEHER

5. BEEXNE
A— Ry VEHLE LTOEEHRBIIRO LB TH D,
1. #S72 CREEEAH)
2. Al (B & PERERRER)
3. TABNUAR— MES KO
HE 2 CRHERD 2L, 1ITRD, FEEMENE TR YIRS,
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6. IEEDOABKH
MO TOREEICIT ZEALMA-ATCZEHTFT — L2121, 323V RENENTT, SARERNEL T\ -
23, BUETIHBBSCBE) e & Tl LT 0, 2021 OBER TR OBANDAT — kU DIEBLRERH &
@é&\2m7w$®%@%£%& WZHY L7214 DHThHoT,
LEO—HOBEIZB T, BEBSEZHERT 21300 TRMBT 2050 H D . Hii-/aiy
FIZH M ) O bER L, RBEBRAFEA TWZZ MERNH T2,
ZZT, AEITELTWAEHIERXTIE, V- vy P 1HICODE, TRROXIRIAZHLETD
F— AEHITLELFE L LT,
1 FHY (EHOBFEME L D)
2 EHEY (i)
3 AR —h (@& s LTS 1 HHOEETIIER)
1 EHORHY T2 EECIIEHRY LAY, 1 BHOEENL EHY, FHHYEO 2 ANES B HTer L
WRAN N iR B iy
EFIOMEEBE L TI— M) v VEHEZHYT I EIIRS>T0DHA, aa M CTHENRELWE, U
EF— FTOYHR— FERLT,

7. BAND4AA— ) v DOFERIZOWNT

EEROE, Kb EELRONEERR MM THD, CNETHWTELZBANDAY— K v 0D
R —REr [R1] 1TRT,

BEYMINOIE [ A4 X%, TE—A4%) LEMEATHDS 2RMOFMRT 2V —2HWNWTED, &
FEHFHIE LY (BUETIE) TACTFURFHIR) EMEATNDS ) A X% L E—LAROETORIELT
2% 3K HDOEfFEED TE I,

(AT F U AFHE R BIEKRD [ A4 ZXF%]), Te—LF%]) LHEEEIGFHITED0OMAEE
2017~20184FIZNTF CON— R Y v P 2 BEDEFIZBWTRE T Lizlzd [ X7 F v 23R DI
MEFFL., T/ A X% & TE—L4%] O200567 = 7 —I13FEIE LTz,

ST A E R J14X%(18) E—LZ(H) ATFOR
FaJ— %
cFa1—=2% 185 A%(Tuning Parameter) {RIREARE (Polarization Alignment) | £ TDHDIEE®
BIEIEE /AR5 (Noise Performance) ‘E—LBEZER (BEAM efficiency) B2
HARN\RS h‘ﬁﬂ:(lmage Rejection Ratio) 1%1&%%‘&& (polarization efficiency)
TAUEEME  (Gain Compression) - AHLFEE (Phase Stability)
(FEHALARJL  (F output power) - ENZRZ E M (Stabilization Time)
- IR % E B (Amplitude stability)
mER% | 2~3H 2~3H 1EREE
(Ex52)

[ 1] BANDAHh— k1w DEHER L BIERE
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8. UE—FTOHR—FF&
VE— hTOHFR— FFEE [R2] L LTELEDE, ¥R — bk TidMicrosoft-office365 D L33k > — /L D
Meams] ZHEH L7z, ZHXENRCAETHEALTEBY RMENEHAIEETH D, WERDOT X THH
RMAPCHEZ RN O HEFREEITo CTHEDTZ, Tv v MERETORD Y OWNERE T A kil DLk
HIEE D,
F£72VNC (Virtual Network Computing) (Z XV . HIHPCOE M Z 8 L TOYR— K bikA7lz, VNC
TR T T7L0a—7 4 7ELARRTH LM, FEEOBRIEITFIEERR D BUH#IF S Z T 5 F L Lz,

1E%I18H #HIT (ERARACHY) T BEET( TARLR—MMER
YiR—bFiE | FED(ETeams TSR AE¥d (X Teams TR - FHELEHER
G E RGN SIEEETR ‘PCHABEZREMNLIETR

CHEBEORESMYE-WLES X
HASERITTEDS
*VNCTIR{ERTRE

[£2])] UE— FTOHYR— +F&

9. F¥&

FERELT, 1BEEHETE (—ELHETLIERLS) YAR—MIVE—FDOATKTL, KO2HH
DIEFIZBITL T D,

Ay bk (EBOENEEAIXEMT-ES)

Mk (3@, fE50) EBERERDN 0 67220, FAERER R TR 72T U B — MR T ILUL R U,
FH LRV EBXIC WETHHEMEEHYFICE Y IoMfEx, ELTHH o HERD, TNANK-S
TLRETHIETD2F LR, IVEIEBINDDOTIETRVWINEBZZTND,

—HBHOBHETIE A EZES L, JHUMMERE M) N—E i Ed, EEEICkATR
E¥EbHoTe, TNICXVRBRBED b Bbid,

1EHEHEOFHY (ASA) 122017-18FDEHZEE L LT O THYEE L TH 0 . M7/
INTHEYE—NTEREAGD2TEEBZTVD, 1HHORHYT2EREOEMHY L o7BEAIKIA
BAND-8BFEF — L ICFHTE L TV =72, BAND4D — bV » PEFBIZSHTE 20 EWEBbn b,

T Ay k

LR ORBESE & A T 2T TH Do CHERT 272 EBIESHEEL L 0 LRI,

T 7 AND=a TVEDFEXAELZBBLZY, FICBOEMER EOYEEE LY TE AR,
N INT E S L TEZ DD LY, BAEWVWA ML RER-7HS b5 L Bbhd,
FEAMN L, WA Y TATRNEZDENHE RN 720 BRI S5 A %I/ > TROLHT
EWIHIELHoT,

- SROEFE-EICONT

Teams D U7 A2 AT A OGMHEIIEFR 725, EMBERIND 721 CILE RS 2T O
SRS T LE D, T—hA T 578 SEE L TEARWEEVIIC B2,

AR LTI DAY, S D A VOB WED IR, ZAULKE & L TEBIY F DM, 1Y
B (EHOFERER) T50RHL 2> TLE S, LA SERO PTHE 2 EHTITH EWVWIHIRNRH D
WEH LZERNEN (FF_— 3 & AR Y —2DAH) OREETH D,
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[E] 3 R ICE emEiit o # — 2B 2BREEREIN T b _EiFES®HEDO
BB O I DOWT

O=Y 4w, e fMEElE (ESRCE embdire > % —)

#ZE (Abstract)

Sl BiiiE v 2 —Clk 2019 TR 3D 7V X —HE AL, BUEIIYIMNL S B
BThD, ZIUIBBMKDIEEDOM S Z L—F - LV iR, HESE. Zh
ZREESE 52 L TREOIREZEY HIIEETH D2, — AR TR & 138 YET
BRPER 5720, WRICHESTEREDR DL, SEIEZED I HEDO—DDEOT I H
L7z, FEEER CIXERH TR ERIREZ(O YA 7V E# KT T2, EE S
NEBICBAO T B 7o DAL T LE O LW IR B D, ANEZ DBOT B2 R,
BT B2 00D T =—ZHONT, WL DD TEREI T =D THET 5,

1. EREEE ORI
- 3D printer ZZEAIK : EOS M290
« A— 01— BARMGAEL : Electro Optical System (EOS), Germany / NTT data XAM technologies
- W% A 7 : Selective Laser Melting(SLM)/Powder Bed Fusion (PBF) type
- BRI AENK : 250X 250 X 325 [mm]
- FiEY T 20-60lum]  (BEHIHKAR)
« L—HW—x A7 | HJj: Yb-fiber laser / 400[W]
- [l ATREZ2RTE ¢ Al SUS, CoCr, Ti, Ni, Maraging (FRFEANE AR A)
- [ ATRE A RHA - Ar, N2 (RFEDSEAF )

2. EBR

1) FEBoHP
4 JER T T UL AR oD PN VAT & B 20k 0 IR 372 0D | HIR B3 o 72 BRI IER & 22 N
NIRTIZE VLT WEN D FHER B D WG N D 72 DIZR— AT L — F & TOREL THHiE
ELRIZADLD, ZNTHEEZORETILETH D,
ZOREOFHER > TENENDOIEN EORETHLINERIET S ZENENTH S,

2) FEBRONE
CWIERR R ARV TR 1y FEIT 2y MEE L, EEHOMEEE LT, T=
—/LIEL . 200°C, 300°CHOZNZEN THEL LT,
BNEER BT TR 1 TR ORIER L, —RIOERIZIBWT 4 DETREIRFICER Lz, £
D, TNENDOEREMTT =— LV EL LAY & Tl LT,
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&

o——
-3 HE TR

ORORE)

©oe

[X|-2.4 KiHF DSy 2 BT

}-2.2 EEVTL2E Y b
(-2 &g
3. FIHAERR
1) &Y T
WIE Y > 7 TR O TSR O B & R ok a2 LTk X M, Y Hh., 45° O =10
Tlty FThD, EEKTR, LEIZTZZ > N TH DD, Mtk DS 2 UM 5 & WO O 7
DIRE N D, ZORY BEIZED X RBAR & 5 hEdi~T, (-2 Z8)
2) 1 SAF
W& T =— VDO ER-1 IR T, ERALEX 2 &y NEAFEROGAITA T LA L, HA
72D HICELE L, 7 =— L% 200°C £ 7213 300 CICHiR%, 4 FEREE L 7O BIFm LT,
3) IV HIE
K0 RITIER B E RO (L o 7R Z N ENICB W TIE L, ZNETh0ESE L D2
ECRDT, FEHURERT =SS NH-3SP Th 5, £V 7 Mo >0 TK-3 DL 5237
A PEL, EHERD, By MRETOEE RO T2, K4 (Wil E O# A 77,
4) PERERO
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HERREZR2 ICEL O, Fy MBI 2T THOME TOVHEL >y b 2K TON

WETH 5,
4) YIHEROE LD

ERGANZ L > TR &I3Re0 ., £F (By FAEH) oF»4ALE (Y FBED XY bK

DISKRENMHADRD D,

CERT AT 457 | X, Y DAY REL 72D,

« 200°CT7 =— /L TTIL Y D 45~65%FE £ TR 2,
«300CT =— L CIIR D EN 20um FREETHEA L, KV OFANKEET 5,

*-1 EEEME

No vk VA=Y T7==JL

A ETF

1 L
B Bt

2 C g L

3 D g 200°C 4h
E kT

4 L
F ALk

5 G g 300°C 4h
H ETF

6 200°C 4h
| ALk
J kT

7 300°C 4h
K ALk

4, BINER
1) B

()
600

o 2 30 60

T=—IEL(E Y b A)

2 3 ) 50 |

7 =—/L 200°C( v k D)

7 =—/)L 300°C(t >~ ~ Q)

-4 W7o E G S O H R
(MR IWrRl : o2, KU « &)

HIHAERR 25217 T 200°C & 300°C TREREWNH D Z L0 0o72, 200~300°CH D it %

HET D7 DBMTEREIT- T2,
2) EHA

B TV T E D ORE o7 Y FRO—D>D I

- 4ODMETER (K5 ZH)

c ENFNONETT =—/VELEFYO2MEE L, W& % ik Lz,

3) ISR
B0 IE s B A -5 1T,
1) EMEBRDOE L

7 ==V L OIRIETIE, B2 THFRIP S ERIZAT TR BRRE 2> TEY,
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EFATEARIIFARELE T, o, ZNTAOMETOIEHOXT 3 %RETH D55, ZiTA)
WIFBROFER L BIRD 120 BN L D) BOBENILT L HIRT 500 TIERwE Eb

o,

ARl D FEBRCIIEVLIE O F HECTOEIZLL T OEY Th 5,
206—236m 115%
202—141pm 70%
214—131pm 61%

- FL  (220°C, 1.5 W§[#)
-FR  (250°C. 4.0 )
-BL  (270°C. 1.5 )
-BR  (300°C, 1.5 WF[H)

5. $¢®

211— -17um -8%

SR ITEBERICE VIER LY o TN O0DSED TO T =— V& L, F O % i
WD ENTE, FETRTIED &Y TH S,

#*-2 HEREO

No |tvk| X 45° Y EH | T=—L No | vk X 45° Y EH 7=—)L
A 338] 282 445 355 5 G -16 -9 -11 -12 300°C
1 7L
B 227 226 365 273 H 157 139 214 170
6 200°C
2 C 272 226| 368 289%L | 100 116 160 125
3 D 174 1e66| 220 187|200°C J -19 -15 -23 -19
7 300°C
E 355 265 471 364 K -21 -21 -22 -21
4 il
F 235 246] 381| 287
BL BR

7 =—)VEL : 214um

270°C., 1.5 BERI{RFF - 131pm

FL

61%

7 =—)VEL : 206um

220°C, 1.5 FFHPREE : 236um

115%

X-5 BIFEREEY TV
T ==L KD OFER

62

| T =—/VHEL . 202um

" 950°C. 4.0 BEI{EES - 141um

7 =—)VEL : 211um

300°C. 1.5 W[ fRFF:-17pm

R

-8%

70%




CASA, Vissage DBA3
JIG ¥ (ENLRCR)

B
ENLRL BTN~ Tayel b avCa—T 4 T N—TTY 7 b= T BRICHE
FLTCWD, ZZ Tk, CASAB LW Vissage L\W9H 250 Y7 b7 BLOZEN
B DOBFAEZEIZ OV TR Lizuy,

1. CASA (Common Astronomy Software Applications)

1-1. CASA &%

CASA (https://casa.nraoc.edu) IFERLEEET — XY 7 by =7 T, F¥HE (ALMA BX W
VLA) 3 X85 (ALMA 35 X OS50 L 45m 8%) 7 — X% O 2479 D Th 5, 2005 F LV |
KEESZERRKLE (NRAO) ZHULICEN KA, BN RKICE (ESO) 72 EA3 /) L CEHEEMN
D HNTWDHA, ZORITEIT 1990 FRUTHHIE SNz AIPSHTH VD . £ 9 W\ o 7o EBRTIFBEIC
FELWIRWERZRSY 7 N ThHDEELE XD,

1-2. Y—RAa—FR

B a2 m IR 2 FF O N Z VW E B S DT, 7 CASA OV —ZXa— RIZOWTHENT 5,
CASA [ZA7F 200 HATLLE, 9 800MB &\ 5 ERART v T LA ThD, 7RI I/ EiEE LT
I, RHEEEIZIE, BREDOIR L ~L 7002 B L Tl C++ (3T RTE Th 5 AIPS+H B 5| Efiku72
HD), TNHEHNDEL~UUEEEIZE L Cid Python THIEINLTWS, =—H—5 Bz CASA
1L, IPython X—Z2DA & 7Y 2 Ta~vr FATIT5HDE, Python £ 2 —/L & LT
SNDHLONRBHLHD, WTNICHE L, =2——(X Python 2 U C CASA #3252 L/ b, 72
B, C++=2— K% Python I LFEFRNHT72b DA T 0 78 LT SWIG, # 27 (CASA O
Lbaw R) OV H 72— RAEHRZ EOFTBRIIE XML BHWHN L7 E LTS,

1-3. BHFE T — &

2022 47 2 ABITE, #34304 (NRAO 728204, ESO LENLKILHEMN 54T D) OF — A THHEE
DTS, ENRKLEBTEICH—ET — 2RISR OB ZHY LTk, 7Ah~Tny=s | -
A Ea—T 4TI N—THEO 54 (FERI JIEE, /L —(Miel Renaud), #REE,
BHME) DL, ERFNR RIS > T B—7 — 2 BB OB IH A EES 2 — Y —FT X |
IZOWTIE, W7 V7 T~ v X —DOEAH N S AICHY L TEWVW TS,

1-4. BRFEIEZ

EARMNC, Wb DY 7 b =T BFO VFET/VICH 5 B THRENSED b T 5, BN RKILEN
YD 8T — ZHRE DG, BRI - BESR - T ANT X b (CASA BHFICHW T
Validation &#9°%) & W o7z BEESITEARS A, %G - BA% - HK/RES T A B (CASA Tix
Verification & #39°%) 13 EFC 5 A DOBREN TH L TEDTWD, Zi1h CASA DY U — R
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https://casa.nrao.edu/

DIREND, VU —ARMMRIIMEKE T3 L2344, solldMRzEFEL T1 22 B0 ) V-2 %
HiEL LTW5,
FEEEOFICIB W TIL, NRAO 2iEHT A4 70y —/b (VY —RA 22— REHL: Git, 8 E 2 : JIRA,
N— 3 VEBE : Bitbucket, BV R/7 A NEHL : Bamboo) ZFIH L C5, I HIZZHITNZ T,
EN KB OB T — LN Tl Redmine Z{5H L CHAIZZ— R L E 2 —%1TV, 22— ROEODIH
IO TWD, BN —B¥% 7 5 & Sphink Z# VT R¥ =2 A hOERETT 9.
CASA PAFET — AT HABKIZAB L TWEH 2 b d o T, 2 n THMLUFTINL U T — M TIEXRT S 2 &
ZIFENTWD, BIRHER OB - & IZITEF A —/1X° Confluence %, F72 Zoom % MV VTl
B =7 4 7 %179, SOICHEIC—ERE, 2 COREEN—ZICEL, HAM&EREITS
LT 72 < Zoom =L e oT), BHEAMOILBESFHIIEGETH L7720, ENLRILBEDOHRBET
T, BE, BAGEICLABBII —T 4 T EITV., SORLIEEOBEEZ K> T\ 5,
1-5. ngCASA/CNGI : ittt CASA
Befrlz, BUE, YEFERE AR CRIRIEEN A E > TV DR D CASA IZoW\W TSN TEL, T—
2 fRATHEAE (ngCASA = Next Generation CASA) & L0 HAMZHHE (CNGI = CASA Next
Generation Infrastructure) TEZQRDAFIBTT HNTWD A, B, 7 v v 7 BB OEMLL 2
Z a7 {bEiED 550 CPU O#)i & ngVLA R EN L 726 ThAH I FERINRS 6207 — 24
A ZDORITHES, JERD CASA IZBWTITE A EITOIVT I 2D o 7ol B &2 AR A E AT
DIEORIBIC AT — REHEZHZLHL 0 ) BONRFETH D, BBFOTA 77 ) 2 KIRIEMT 2
LIS TY—=Ra—NOSEEHL L, #FFEHEZASIZLIEVEV S HNEH S, BUIE C+
THEEINTWD 22— RNid Python THEXE L, Dask Z W CIFFLEL 21T 5 (Numpy 7¢ & Python
Z WA TR E 2 LT b2 K27 T7 4 77 UDIEMNMALRD), TN, N
HCTHWS T —# B MeasurementSet &, fi£3£D CASA table ~—Z 725 xarray ~X— A D H DI
HHEEEND, 2=V =L oTIL bM<, FIRHICL > TE, ATH TH D AIPSHLIK 30 I
Do TCHTHEESNTE L a— RA Python ICEZHZ HND &V ) RO TRE BRI D,
L& BAENR—T 3 2 6 Th D CASA DRD CASAT 7> 5 ngCASA/CNGI IZBATT 5 FHHEI72 > 7223,
FUT TR, FERL LT 02 BIAREIAED CASA6 IZH D AT FEHZZEL L T 5,

2. Vissage (VISualisation Software for Astronomical Gigantic data cubEs)

FAILIESERFH] D 90% % CASA DA% & BIHZEBICHC L TV D8, &Y O 10% % fli> T FITS #ifg
B = — U Vissage D3 %1T> T 5, CASA LT WNAWNWAZ TR ZRBRIZ/e - TR, 26
HIZOWTHAEI LTV,

2-1.JVO 12 L 5 ALMA 7 — % AR — 1 2

B D& SNFIX EN R AT — 2B —NEMAT 5 3—F v LV RILHE T AT A JVO (Japanese
Virtual Observatory) (23 T, PILIZ & 2 5A MK THRIC—BAK LD ALMA @ FITS 7—#
DORE « BATY—EADNS BiF o7, MBEERST-DIXT —F A ANER (FFRIZIZ TB LA
FETR) . o%RoT (ZERIJTIR 2 ROTIIN 2 CTREEEDT MRk OfFH b &de 3 2 L 4 kot D
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T=EXa—T L) ThHI Lol AL ERRT =4 & X 7 m— REHELDTIERL,

(1) Web > % 7 = —2 ETa—H—3HR 2ROy 2l IC Lo, £ ORI ET 2910 LT

ZFoura—KRL, Z0O%, (2) m—WVBREICBWT LY FEMICEIES - ffr 325, W0z 2

32 Z LIC L BT OW CEENL R AT —# & o # —O7L 8+ (4 FF) 35 X O Chris Zapart

RV A Iy AT 5 ALMAWebQL 23BH% S 41, BEIZ JVO ETBHREIT TH D, %E D

HE. BB, m— W VBREICH U m— R L7 HRAV NS e, LINLERIEDT —F X2 —7 2 HE S

H72b®D Y 7 N =7 Vissage RN L TV 5,

2-2. HIY &

ZWRITDRLT —H & fBUTHR D Z LB TE LB IR TEBAL AL T RSN TS Y 7 b

U7 RBRIZIER Y2620 E WS REZRMEZE T~ LED TWD, RIEKDOEHD S

ZxbD0, BICULTOX D eiea FEL TV D,

(1) ZRITKILT — 4 DFR
Z2[H] 2 ROt +JEEL 1 oD B IRILT —F F o —T DERET 4 AT L ARME V-T2 2 Kot D
HETHNYRTSKRRATDICHTE-> T, (BE) RKICFEFLUR LY . JEEE07 W TR T —
A MEET D BESHRER - E— A M), ARG THEILTIE~D (Frri~y ),
ZEf IR A& 1 IRTTICIR Y AR e BT 2 RotA A —2 L35 ((E-HER) R EL2ERTiE
ZHRE L C & 7o, RSP S M OFHR b FF o7 — Z TS BICERRFER SR T 20IEE 5 £
THRW, 5%, ZWET —F 2 HWICITR AL 5 & L b, iR OBIZECHEGRE &
ofe, T LT —FFa—TIZR EANRRNZ—F =N ALMA 7 — % X 2 — 7 2 H 2 b
ZHbDLEEPN. ZDOL ) Ra—F =il > THRRWRLT N HDERMT 5 2 L BANETZLEE
%%, Vissage Tld, W Z &t ALMA OF —# % o — 7 % - BB RBECRRT L2 &
INTE, BEORRDFRZFRFICENTHET 22 bWRETHD (K12, $ZEEIC
i 2 ~< . ALMA DA DT =2 FKROYR— D T2,

(2) JVO ZIX LD & T HRLT —F# P —E R & O
NHT— 2 2 HINTEWFEA S AV (T =T A 7 RILF) (3B - B - B X = L—3 3 Ui
KHADRILFL BTN, 5B IDICHET DI ENTHEEND, Vissage Tl BEIERF D
ALMA 7 —# %I L TIVO BT 2 ALMA ST IX AT — X7 7 B AT Hi¥ie % FEBL L=,

(3) TERIBRE
FITS B 20 IAATEK GaslHEEIcil CE 2 ME Db O) BRI/ TE 28RE LB L
TW5, BUEITH—D FITS B} % eps B TH )T 5 DHIZH BEEE GO AT - 5L -
722 EDEZIAHZEIT RGN L, KV EMRM AR TE 2 X512 Lk,

(4) Python A > & 7 =— A
HYED Python 27 U 7 k)b Vissage Z##AErREIZT 572, Vissage H® Python €3 =2 —/L
P CH D, Hike LTIL, Python ETOMOENT Y 7 hoT7 A4 75 VU L O Vissage
IR — AR v L LT Python I B Hilifi325 2 L2 EAAEE LTV 5, GUI % i
BT HIERLS, Ny 7T 7 RABLE LT Vissage IZX AT 1L Z E L AEETH 5,
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~ e ——
B C:¥User's¥§avataru¥Desktcp#RSdﬁlmel.ﬁts - Vissage -.

File: RScl_line1.fits
Scl [ ALMA Band 7
215 (pix) 01:26:58.9, -32:32:36.2 (J2

RScl_lined.fits
Obiect: R Scl
(pix) 345.791GH
3.6km/s)

1 : Vissage DFE/RmO—Fl, WD/ 1/3 OFEBIALEEER (6 RITZE MR E21T 5 72

DOREIIRER, 2 FZ OZEMEnZ K U ALE-SEEXK) &, A0 2/8 OEICIEFE UT —#

Fa—T oo F ¥ R~y TEEELTND, 20X ) RFRE~ T AL HEBN 2 EME
DHTHEERETH D

ZDf, CASA 72 Sfoofigtt Y 7 & ol ZERIEATOH IR E, ALMA 7 —# %2 —
7 a2 ORI RCLWRICE TR DT — A TRILFIZ L o THREVFNICFERES £ H 7% Y 7 b
VETIZHETTNEENEZEZLTND,
2-3. FERICEL T

H—@ /Ny r—C Linux, Mac, Windows 72k 4 72 BREE CEIET 5 Z & %75 x| Vissage A{K(L Java
THEIEL WD (GUI VX Swing), 723, Vissage 74 2> ~D FITS 77 A VDRI v 7 & Ny
TR DEELEIATY BERED I Fr— A2 FEBT 5720 E Lz Windows JHDZ > /83—
HA71E C# T, Python HOE Y = —/E (4%R72035) Python THEIEL TW4, WHILERIZEI L T
WERTEFEIL L TORWA FRRIIZIFEA L7,

3. ¥¢8
Pl b, AARBEBICHEFRE L CTNWD 250 7 by =7 O 2 SETHEW-, Y7 =7 & LTIH
L« BRSSTEHE « FRAEESTER R B DTH IR, ZhbDRIFMRICESEHSDY 7 h =T
LW EW) SIFETH L, 5% E L EREORECTHEDUEIIE DO TNETZNEEZ TN,
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IRIS HRBRDOBEBEDO R —NRFICKDFEAHL - ALERE OB

OAGE, KiflEz, WRNE, f E3CE, ms, MR,
A, B (ERIRSCR)

Bz
TMT O —HEIHIZEE Ch I ROMRE 7 O2EE IRIS ORMGEIE 7 74 A A% v K
DOHIZH Y | BFREE O OO OB TId, IRIAEFIEE T CRRSCHEN E &2 it
D DITKIMGEAT & R—NFHFH AN D, BUE, 5 I 2 Lb—3 a URORET A 7 v aliRde
E a2 U CREIZR G RR 21T TR Y . T o E RS+ 5,

1. H&

IRIS #pfg s DEREERED 5 5, Cold Stop, ADC, 7 4 VX —HfbliE, AT A — v 7 478, v
w2 —"TlL, KABGA &R —/V 1% W CIEEER O RS & IR ER T 21T 9 o BA I HRIR TOM
e bipntr<U o A3 L Mg %z, R—VEFIE GaAs PHERE Wbk 7 ha =27 2D
HG-106A Z A%, 7 —# v — M LIULRFR— VR ORIKEEREIL—40 °C THHN, ZNETOD
7' kA TR & CHRIRESRIRE COBERER D, A—/VEIEIZFED /) A ADREHE LR AR I
B2 558 | R—/VHFHEREIREERIEER OV IR LOGA - FHRIZH 2 b 00 iE SR
720, ENEIUCOWTRFZED TN D,

2. F—NVRTFOBERELEr /0 AR

4 1 O L 5 SN TR 29 L, B S TRE /2B EB 2 T 5 & | EEIE & R P | S B 7 )
R —/VEEVy = Bl Jen ti’3ET 5, 22T, elIBRHFE. n I EEROF v U 7 EE, t3EHEOE
SThd, ZOHH, BREIKAFT DOIREANIT v U TEESIT Th b, nfl GaAs FHEROLS, R
FPIREE 25 < L OV & AN BRREDS R DI AR — T B & 7 CHiZE LA R 72 5 & | fi
RIEIC TRy U 7 AT S v U 7BENMIE IR bbb, R, tRIAVWIRE TR
—VEEOIRE RV 7 M/ ha< e b, BB RELSOEMEEZF—IZ L, HG-106A D& 5 —fEE T~
U7 Lm0 Mg ORSHRBEE Z5H9 5 &, 77 K TSR & X CTR—/VELEN 11% 7208 L=, i
2 Z OEINERDREEICIHRAE & U, A— VEBEDOIREREITL—0.05%/°C L IEFHIT/NSWZ LT 5,
PEERRI AT O 12X, #Rx R — VB LA ORLEFEDR S Y 5 D, IRIS HREE8 T, B & BREH
(2, AR—IVB T EBEEICE 0, K2 0 X 5 BB, B ORI, R—/VFHE 1O R
D=2 ETHTIZT D, 75 &, K3 OO L S 72 h—/VEEOEENH ) Shd, BaARHR—ILFET
OEIEHIZED EAR—/VBEN0IZRD, ZONEEZEr 7 a A EMES, X 3 ORI 728 H TR
RRESINETTHAREMNENH S8, B r s a 2 80MEIXENHIZEA S W=, IRIS R T
IEINERBEORWERE LTHAT %,

AR VAEVy R A EVy

X 1. AR & R — LB 4 2. JKAREA DRES I 3. Brrnr A
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DO, 7 TAF AL EOINTHR—/VEE _%@hﬁ%ﬁ%%¢ FT, EHT UL D aws
%—F/%xﬁikmﬁﬁ% AD BHa, 0 —/"RAT7 g NE—IZKD A RrE, A7y NEEREE N
STABEZIT 9, £ LT, A—/VELEOREMSBEELL LT, 2o, RIEEOHFSNEL L6, AN
NAEHEEE—aryary be—JICMNT 5, ZHUTLY, BRI A v F EREICEDITHHY 2N T
X %, WS 2 HESHCE D D DIE, Bif R — L FEFN OBV TAR—/VEEN 0 1272 554 & X5
5720 ThHD, LU, Bk LTEWIE TR N EIZ 0 TH D720, ZOHFIETIIBEMES R T
R, ZDTD, Ty v A=l ED X O, MEREFEEIH < THRBWO TEAEALE ZFN ) 72\ BB
N ICiE, A= VEENBELL 2 S ONE 52T X235,

3. B ETMZX BB IaL—vay

R—VEBIEIZED /A RLZEIIRETE e, K3 OFEEOE e 7 o AL TOMEanfEn &/
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UV-enhanced Coating for Telescope Optics

et (ENLRE)
Saeko S. Hayashi (National Astronomical Observatory of Japan)
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Abstract

This report discusses efforts in making telescope optics more reflective in the ultraviolet. Some
ground-based telescope sites have decent transmission of UV light, and ability to observe that range
will benefit the astronomy. Thanks to the UV-enhanced coatings developed for the space telescopes
and astronomical instruments, it is becoming more feasible to have coating that has good reflectivity
from UV to IR. The difficulty for the ground-based telescopes is that the environment contributes to
the degradation of the coating, and re-coating is necessary. The requirements of durability versus
strippability are somewhat contradictory. The waste control, and possible reuse, is another big issue

for TMT, for 20 segments recoat per month will produce large amount of various waste.
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Performance of LLNL Ag-on-Al Coating (Visible)
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Figure 3. Spectral reflectivity for the 18 PM segments after coating
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[2
(3
(4
(5

http://jcoppens.com/ant/helix/calc.en.php.
https://airspy.com/download/.
https://github.com/evanmayer/rtlobs.

AT E AR — BB, 18 HEL 72 BRI S 81 X 2 ) Iz 3R R S
. RICH i, 1989-1990.

(6] AifFHBE—RE. M OFE. =7 )ik, 2002.

—_— e e

2. Advent Calendar ® 2 & X

Advent Calendar & i3+ v & —F v b ECHEY U A~ ARNCITOR S FERETH Y (K
sk Advent Calendar L1135 U A hHETO Y U A~ AZHM I AEDO—>TH D), AAGEED
BEMEIN 2 2 =7 ¢ TRIGEFERY LR D 24 Tn5, Advent Calendar iZ—2D 7 —<I(Z
HLTa—7 4 F—F—=PHFERICH L X —%ER L, ZIMEP BRI ELE FORLT
bHe WL E—=DT—<3kEx THY, EHEOEWHIINCT 1 7T LAZ7ED Tips, 3% - K% -
WAL, PR, RRBR - RIGK Tips 72 Ekkx 22 L o X =L H B> T b, sEIIC D
WTIEFERRIZ TAdvent Calendar] THZE LEEND T2 & 720y,

8 L] ® * *® @ E
28 29 30 1 2 3 4
@ @cBlevaporator @ @supu @ @seigot & @hoshikouki
oK {LHSTb LR LBBF—ARTIE  mihonTOVLI—E
I ABGESEIDIT  EEFLICER
NTHEPDERTS  ELTHA —EZD hE# (B
BEEREEDRES
B3 PEREE
LTHE
s 9 0 n
6 eonusk #§ @simanitchie & @simaniitchie M @intelDtws727 8 Gwhitphx & ©okpingu1os B @nakagam
Python clickDEARS ~ SVGA—R@Python?  [PythonlFIALNE  python LOMSOWE  TSTYTMLUPIL  puthonTosvCBIEE Db (& Apache Derby)
NTLVZLRiE OXhIZESATS = match - BETS—SCEME  ©ourepython BS1
UEFoTNSENS 2RPUADERUTE XOJT  TUESweamitTHD?  HET S(EIRER) =
F LEBETRNE. YD
EWSE
2 3 14 15 16 7 ®
¥ CAskadize @ @abenben @saka212 @ @kurotake @ @vlucposts & @ysinerit Q acsikikatsuragawa
b Python’ LT & ythonfEH EweoBI  BA—ITEFELLC HEERCEPIEE
thonTREI D6 A L-UEFRREID  pwidoensERS SHELTHEEn0 LW ~o9%python  LEBEHBIRUESS (RN (Counterfact
=) ol ETuchPTURE 2l ual 3
B~ TLnEY HY¥B54T5UDic
EEREALEY—
HRCOVTORR
a 20 2 22 23 2
@okatery @ @kaizen_nsgoya 8 @shinyorke (@ en_stencer @ eniie0 © Gtsukumijime @ eBuis
FA=I5==2J@  dockerTpyihon SUSHEAARRAAL  BEEDIAFANG  PuhoTERXEI=  PBnstaller SDEEH  PrhonTERGA)(—
BEEARCEC®Sn ELPython® 2022 PHELTRCTEPD E EENTVS Nuitka @ EFIVFATOIS
ythonJ—Fak&ah LOFBIWiE BOAENIDERS S22

P

7 Python Advent Calendar 2021 &

Advent Calendar TAB SN TWARFEOH ML LT, HIFMICEHAWELZ L TWAERREE
DOEHIHZ IR, T =< ARNE TR EZDOHENOFIIISIONE LRV, Loz
NEDHDONRZ, TN oliddid [7VATAET] LWIHFFDEIY 2 TETEC LW
B ThD,

RIUFIIEREF L OFEEEREHOVOIIRLAI 2 =T ITIFEARER, A6/ &L T
Z 9 TR, B FEDRETE HRMENRCATNEEH Y, FUXIT = v=TitLt -
T e I Thd, FHVof o =7k LT, #lxid MEHRKL Advent
Calendar] TRICFEREENNOmA S ZFHFRTLI2DOEFIEITLEL Y, LWIRBETH D,
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EX—BR7 VY —EEEDOICF Rl

OFEFIERL (ENZRKCH/ HARANR=ZA T — Ria) . MEEZ, A)IEE (ENXRXH) .
& MR Gk o WA TR (R B S maE) | = R (U7 <) |
JEETEAT . FIIUE(RF 2 A2 U —Up R) | FIEHRE (NHK KIRAGER)

BLE (Abstract)

RIS SRR TR O B A — B SRR CEICREL -7 L 2 ) —KZm SOt
A ZAT o7z, 2019 FEEITEBROMEREE & mH S ORE LT 7223, SENTEEES
ROSFREERIM A B & 5, ENLRCE LR v ¥ —0 7 ¢ v —FE a2 Hun
T, BHF R OGP HRAFE, LG T R OBRM R, BISEO EREE 2 1E LT,
Z OLESEIIEIPTIR AR I II LT b DD A OFE ZBIT 2 DI +5y 7o fif g
ThdHIENRINTZ,

1. ZL»ic

A D H BT R IR S O E A — B S KL (1836) ICBUE L7 7 L 2 U — R IR i85
(CAF, EARLES) O Z 5 2 & Th D, 2019 FEITAT > 7oA TIFIBE 00 i kg B
EEPE LA, AlEl (2021 4R 1w 2R OMERERHIEZ A & LT,

EA—E7x (1778-1840) 1% 6 BIZ L DR EEHRAER Lz & S d M, BUFET 5 b O LT
S (158, RIBEAF) . RIS 2 56, KRIRLE) . ZSRNEmeE 3 5. KR+
AR B -EBRE WEHK) 04E6THD, Wb R MESiA: T8l T 57 L 3 ) — KPR
(H£& 60mm) THDH, ZHOHLmBEOPFEIC OV T, BN LA (1937) 23> H T2 TEK Lix
BEOBWEREA WG Lic, B H BIE1998) IZE AL RSE | SHOMRAEZITV, ESITEWE, MSHTEK
M, LR 2D b REEE VWO TH D 2 LAt Lo, Bk (2018) 1% 4 BHD 7 —=—
TAREATV, EFIX /3L OBIHE TH D Z & ad Uiz, #KEFIEB (2019) 1% Zygo LT ¢ ' —F
FEEHAWT 2 SO ESEOEAFE ZHIE L, PV0.67 A O & WV ) FEREHE Lz, 22 0fAT
13 Zygo +H8 NewView 8300 Z JHWV/ZEH S HHIESH, Sq233. Tnm Th o722 & blE S iz,

A B OFRA Tl EIRIRIE B TR O 2 SISV T, 2R ENONEEZ TORER T T < BE
FERROPEREHIE 21T > 72,

2. AIE

FHATIE 2021 4E 7 A 19 A2 B 2 HIEICh 72 » THEN K LR v 2 —Cirbh iz, e E X
7 4 — TV 4D Technology AccuFiz 4 A » F &M Lz, MIEXIGIEERESERIROFE I Ak £ &
BIBEERE CH D, UTICHEE v b7 v 2o TR T 5,

2.1 EEELEROF B EEZE

VATICHREE U 723500 i 2% & RO iR s O I [ A Lt 2 5% i Lz, 2 OB, ISR IC s
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ZRITTERNOZERGER S E 2 /M 2720 SRR FRIOEEZ aTae 22 R Y TS0 TIT - 72 (K 1 7/5),

FHRES RIS 7 FHE U, 64 BIIE O 2 FHmE & Lz,

2.2 BISEDEREEE
SERPNICEIBED B D IRBE TITHIEIZMLEER F DO AF DR - 727290, BISEIZEY 4 L CHEET
HE L (X1 A), FEiE s Lamd & RIS 7 N HRE L, 64 [BHE ) & G & Lz,

CRlZEwy b7 v 7HER&E] CRIER Y b7 v TSR]

/ / BRLRWHE
EATERS | [ masam+ RATERE 74— FBit EARERES
(4D Technology (F3.3PV 1/10) ::[

74/ —F it
(4D Technology
AccuFiz 44 ¥ F)

(PV A/10) $EERER (PV A/10)
AccuFiz 44 >~ F)

1L WEEy b7y 7, () EESGEEEONE, () BISEORORE

3. R
3.1 2ENFEROFHRIE HRZE
Yiwds EREIRSE O 5 &2 Ao TR EE CEiE MR 2 2 HE LR 2 X 2 12RT, PVr OfEIX 1. 76

A, RMS 1% 0.301 Th V. [BIFFFEFISEE (0. 070 4 RMS) IZITJ@ED o T2, 7ok, HEREEN O L v X8
ENTW=72, EZEAT ) IO RSS2 K& MHIT AN H - 72,

AEEH : 2021/07/19 (B) PM ME B : 2021/07/20 (k) PM

i TR 5
56 mm [Zme . L
I .. |
I . . A |
HEEXR>, FA AT—EHkER HERRY, FAE A7—ESRER
_f'*"\_ YT R E— FEAETE H AT 7 b E— FO4ETIE
2 AR O F I i I E AR 3 SEEEET R O P i I E A R,

8.2 EREENLFERD L DT B HHEE
PEIREE 2 PR\ - 8 L BIBE O A OB maR =2 E L7 R 2K 3 1R T, PVr OfEIX .04, RMS
120.101 TH Y, ZOfE S EALLESEORIPTRIAFEE (0. 070 L RMS) (21X @ 7e - 7o, Z OHIE Tk
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UG DORNRICEY F v v Y T A RKIFHEL DS EHEL VO FNET 5,

3.3 BISE DO HEIEE

RIIBED A TR L 7= YR F IR D 2 DR B 21K 412 e
Y. RIS (¢ 9. 3mm) OFEE I EFR 2L PVr T 0. 52

Ay RUS1Z0.0882 L7godz, T OFERIT 2019 FFIZ T - ot il
TEALEEO EHEOM, PVr 23 0.694 . RS 23 0. 134 | : | {
LRERETH D, Eio. SR (¢ 5. Omm) DT -y | i
DOWPEFERILPVr 230.274, RMS 230.0394 & 7257,

34 al—varEROBEH

FE 158 5 SR L7 i R & 5l === (aal
HIERHEEAEOREEZ S EICy Ial—variiio !

TR A b L WER RO EFEZ R 5,

FP. v ab—varoFEZRNAT 5, 7. B HBBEOEITHIZE(1998) D7 — & 10 BREHEN
ATV, EREESEONF T A—2 2 HlT 5, RISV BONZREET NV ENFART A2 %
X 5 173, RITA BRI d a6 Rk L TGS IB Y 7 b w7 =7 4SIGHT ANALYSIS SOFTWARE
ZHWTENL=T B HTDT 4 v T 4 T &ATI 74V T 470D PVAEIT 1622, RMS X 0.28
LED | FHAMELIZIE—B LI, 74 v T 4 U TRERENFERENY 7 MU =7 Optic Studio &AW
TEKLRSE L R URFE T A—F 2R oMARESIC A S LTS L, i ko s B85 (PSF)
ZRDD, TOX L TRE -7 PSF & FHERRCENL K CHE OB T L7z AERICHH 5 L, H
KEFEHFETRADAMMDY I 2 b—ra VBEFR LT, 7ol ERXZEEHFEO oA~ L—L i
0.138 THV, ZDVIalb—ra MYUIBMNZEDOEEITEEN TR,

Bl (R=32) ERR E#(R=502) LEFHE LM BRRET L

B 4 RIIEE D Fx 0D iR e ) 7 il R

251

16.734 |
267.734
[ oEm BRERRETL SRR
B R AR A BERE [mm] 5470.201 53.40 16.66 1712.03
EZFNo. 87.922 27.231
b AR [mm] 60 0.581

B 5 EALEENT ST X — 2T,

Fo ARER UM RF 2 A Z U =Dy XU DIREA X v 7 L1 L CEBOREALZESZ FAv
72 A ORRAG IR Uiz, LT 2021 457 A 19 B 19:15 (JST) TH 0 . AHin 9. 4, 448 987.3” |
FAL179.4 JE, R 36.3 EThole, ZOAMEBDOY MK LTHET 4 v T 47 LTRDIZE Y
YADIRREIFRY 1.57 /pixel TH D, AEBEIE L VI 2 L—2a UREREZR 6 (RT, Him@IgIx
FEIRGEIC LD AU KD GBI CADORENBFICR LN D, ¥ I 2 b—ra URERITGEW S iREET
HbH, HOFRHEREZBT DD DRMBETHD EVZ D,
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X 6 () EALEETHRG SN HER, (F) ¥Iab—a r TRORGEEAET L7 A G,

4. ¢

ENLRSCE e v 2 — 07 0 —FWEtE 0T, 2RO B EAE, DmEF R0
Fm P RAE, BISROEREE 2 A Lz, £OMERMOLTROFGEE AT PVr 1.84 . RMS 0.30
A&7ty THUXEIPTRRAFEEE (RMS 0. 070 A) ITIE TV, v 2 b—r 3 > & EEOBLIN G,
AOREEBNT 2D+ MGETH D Z EPNRENT, ZORETEIN-FEIT, HEREOE
INZAEDRE, B% 72 EDEBEBN LIZBEOBROIRSNT RN 2 5 FEOWE., thoEkK Lk s
DI ZET B D,

AWFFEDWNE DREFRORERIL R F 2 A Z Y =V X NUBERCL7Z NHK BS 7L 7 4 /BSAK T2 X3
v 7 T7rr b (2021411 H 18 BHX) & NHK KERBOERIC L5 TESLER(E]) (2021 4F 11 A 24 A
H) TR ST, AEIO XS RAT 47 L OB IERNL, Fx OWFZEIILERARDEANT ) D m = &
P 27200 TR <L IUAR—IE(1937) TER SN TN D RILFOBEFE WD) REREREFFOLEX D,

BE R

Yamamoto, I., “Kunitomo and His Astronomical Activities in the Pre-Meizi Era.” , Isis 26, 2
(1937)

SN PATISE, BRE—E. 556 |l [RESRARYRCER & BURE ) P asisk (2017)

R, AfRERE, BOFEAN, SOERAL SARSELE, SFRESR. EHE . PARIsE. P B B
HEZ ., BRI, LSO TR RARYE S U T ) — A BB O i) BN KSTE#, 4,
9-41(1998)

AREFIESL, FRELMe7e, EM—, A)IESL, NEFE 7. KEWEE, AT, &HERHE, EiE—
H—BR, EARZ, BEE, mRE, B AR EN BmEE. ANEl— Kb — KILE,
AR R TR SRR O EA — B ER 80 THOMEREREf ) 55 39 RIS
T HHEAT S AR T 4 2019 HEEk (2020)

=
=

o

AR« AWFFRIXENLR R - detm B o 2 — 3R EFRI A CRrE 2RI L CTiThivE Lz,
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OpenModelica Z V= 1 R I alb—va v
1D-CAE using OpenModelica

OTFKFITD. bz, RifEz, WHH8RE (ESLRAE Smbdire o % —)

(National Astronomical Observatory of Japan, Advanced Technology Center)

#E (Abstract)
1KLY I =2 b—3 a3 rAD-CARE)EY A7 Ak w8z L > TEF UL L, 28R
WrEIZ > AT LA LT D% TFETH Y, &7 ot R OWIHABRE <o A3 AT hE

ThLIENLBOTrY b —F 4 T ERHET L FEE LTHEAINTWS., 4
B, 1ID-CAE |2 L7=>Y— /DO EDE L TEHNSD 7 U —Y 7 b OpenModelica % H
W, ARIMLE R LB R JASMINE O RN v 7 ZAMEHE 7 = — X281 HikE
BREt OO OMIET U v 7 2T o7, WEEANRET VTEIE LR o Tnd, £/3
T A= OB ZITO 2 L TRT = — RAOEF~D RN ZohieZ LR TEZ

L1gkEyIalb—vay

Bt - PO T B XZBW T, HEEE - ARERTET DMERAH 7 = — A0 LR Y, i - P
W, HEFEM CRAITHEMZRTE LR HED T 2R RNTH L. ZORFHTrEADOHFT
TS TeRET DI ERZ W72 T GEET 2 FB & L TAS HWNHNTWD Y —u, 3D £7 /%5 Vi
Mry 7 b ECiat #2545 3D-CAE(3D-Computer Aided Engineering) Cé 5. 3D-CAE IR 1T
DR, BMRTIROFE BT 2L TE S, £O—FHT, 7 /VOBIERFHEIZEFRH 3272
5, PIBEE CET Vo TLE D LEEMEN TERLTIREFDORMIZR > TLE D 2 EDHMHN
O, RAERBBKTA 7T L —3 3 URE <AL LERE BRBERSICITE S 20 e WO R b - 7z,

T, EIREEEN O CX 2%E Y — e LT, 1 kv 2 = L— 3 > (1D-Computer Aided
Engineering) 73/AF > T\ 5. 1D-CAE [IEXEHAISOAMfE, BERE, BRI L LT, WFEOAR

Halb A TRBLOWWETY AT s&2kazE7 /MWL L, KT 2 FETHS. HIKIOD 20 B
B COBHNFRETH V R OB FIRE, 70T 7 V72O TRIRRERHIA R AEZERh )3
RS, BRI S AT AN AL S VBB A PR TE 5, BTV OIER O T2 DI BIS: % PR
LT IIER BN OEER OBIRPIRE 572 EORENH 5.
2. Simulink & OpenModelica

ID-CAE B+ 5Y — Lo EL LT, WEET LI I a2 b— g0 MATLAB/Simulink &
OpenModelica 723% 5. Simulink (XETN_X—ZAFH A L Di=bDT v 7HKEETHY, £F 1
— AR —NVDT T 7 NAX U H— R Lo TW5. OpenModelica 1%, #HMeWBET ) > 7D

IZBHHE SNTZHAN—A DA TV = 7 MEMSEE Modelica D77 7 4 IV a—W—A 2 —T =

—ATHD. ZD2ODY—LDRERENE LTRRETNVDERRET AN WIBENDH S,
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Simulink IZREFESNDEREET VIIATIEHNIBRE S TNWDET AL THD. KEBMRIIFEICE
FIND XD RHIEET VT L TWDEN, WEET VEELIBRIIIMEAKEROER 7 —%2% 2%
WEERH Y, & FMDn->TLE D, )7, Modelica IFFEREET AN ETHD. ANEMNINEE
S TWRWIELE T /T L TV 5. IBFF 25 2 2 B2\ O CEBII LT 7 /L ORI ATRE/R — 7,
FHRNE 2 HIE T 5 2 L TE .

ZOMOEVE LTI, Simulink (T2 —WF—$532% < E# A EE, OpenModelica |$4—7" > Y — &
ThOVBEADN— RLBENZ ENRET LN,

3. OpenModelica TDET NMERDFIE

OpenModelica % HWC, 1@IR L2927 1 BHEZROIZA~ ZAETIILVOEN x. HE v, I
W a #i% Modelica CTitik SN 7-MHEE T NV E2AEKRT 5 FIEZ T

(1) RD DL L EE R A KT D

. BN x
N d.
. 1®§v=£
N d d?
. s g =2=22

dt _ dtz
2
. TE B H R m%+kx=ma+kx20

(2) NRIA—HEHRETD

ARIOET NVCIXE Em=1 kg, THRELKk=1 N/m, #5EHx|=1m & L7.

B) A7 V7 MEERT D

Modelica (21T A 7 U 7 MIEH L NRT A =2 ZFET 28K e, FRAZERT 2801 H 0, #r
HRER L FRRICER LB T HRAE R T UNERH LS. A2 U7 FoFliER 1(b)IZR7T.

(4) RN ZAT D

RIS L BHERR A RE L, T EEITT 5.

FHAEEIEL 500 [F], t=0~10s & f%E L7 0N, W, MEEOFHERBELK 21077, BT
H, EE IR, MEEIIRRCH D, BRI X S IIEE Lo RaBrER & LT, B8 LTREL
TR 7 7ie7ny bERD. B 1 (@O~ ADEB) A AR L ExiTsin (6 + D) TR,
X|e=o=1m, T=6.28s DIELKL L7250, X 2 DFiFEREZZRT D LEMD T T 7 ThLEMBIAEL
N TCERINDEFLRK o T D, EHE, MEESZ v = —cos (t +§), a = —sin (t +§)“C“3?> v,
Mgl —HLTnD. Tk, ELSET/HERTE TS Z L3 MDD bV, TR SIE CSV
TrANELTHNTLHZEHTED.

72, OpenModelica DT A 7Z7 VINHEMLTza L R—3y N TOREEDLEL L TET IV
EEDZZLHAETHD. K 3ICM 1(@EFL 1 ARERTRYAET VAR LIZGEOX AT T
TACa—%R_T. AT T T LEERTDHE, A7 V7 NOFERIZT 0 77 ABHBIC AT S,
I LI T A —& LR LOGRRMZTRATIUEL, M 2 LR CHEBRERNGOND. 71477
V&I 25 Z & TR TOET NVAERNPDV AT AORIGULRAIRE L 72 5.
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TEST

=]
B oA B O | Beanmi | Mose | 7xabea- [est |

model TEST

Real x(start = 1.0); ZAx ¥IEAET . B
K Real v(start = 0.0); MEEEv - BRIRE
Real a; IEEa J -
. sy Real m (quantity = "Mass", unit = "kg")= 1.0; L e — #
p er Real k (quantity = "Spring constant", unit = "N/m")= 1.0; _J oA 9(¥§k]

der(x); EEVCETAAER |,
= der(v);  IEEalCHT Bt } PEL:=

O o
(@) 1T~ ZXEF L (b): A7 Y7k
1: OpenModelica #H\ /= 1 HHERITNR~AET L

Kot Aerys Byoh 6 ot

2:1 HHEXRITRA~ATT /L2 EH L= Modelica O fENT R

ax A
ZE0 AE O stanur o [5a7r3uea- [1esn |

ssssss

Loz Ay

3 : OpenModelica D7 A 7 7 U & W\ =T LV OERK

4. ¥EHIZBIT 5 OpenModelica % v 72 & T L DYERK

TRORALIE R SCBLNETE JASMINE < v o = VIR AR v 7 2AOBEEMGET 7 = — 2B\ T, B4
RHEEICEHL TORKND DT CTREERFETDINEIDERIET DILER D > 72720,
OpenModelica % W CTEET VE L OMEET T VOERZITV, T 21T 7.

(1) BET L DOVERL

JASMINE #iHigRAR v 7 2O 2 X 4@IRd. RHESE» D 2 —/4 BT L— h OIRE7S
173K LT, #—~AT7 o —~OEGE 12 W LT Ol 2 72 I HEZ MR D72 DT T L2 1E
5. BPOAT v 7L LT, BEZRHTZWETNC, — FEED, WHE, [EH, AL D8
O E AL LI —~ 7 e —&E L7, RIZ, —~ /L7 rm—|ZH-5% OpenModelica ® 7 A
77V ERNT — RBXOHER & BVRE, BEOa R —x 0 MEEE - #i L, ThEh T A—
BEANTTHZ L TRET VEER LT 4(b)IZ OpenModelica % HWCIER L7=BvET LD X A
T 7T LR
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(2) H3EET LV DOVERL

RHERAR > 7 2B W TIBMT B 2 2R &[RRI — R EAAIREEG)S 160 Hz LA ETH D &0 5 Hil#Y
EIVTTHRENRDD. ZNEFHRD0, 1T~ 2T b a4T\ O iES) RS L OVE & - [k~
U AEERRLTc. LarL7223 5, OpenModelica THEAEEEZ KDL Z LB TE D BWFEI MR
T 9, Python & Numpy ZHWTEAMEEEZITV, Sy 7CWEWS 72 8 O O ~HED K
s L7z,
5. FHEAER

OpenModelica THERL L7=BE T L &2 VY, o—/L K7 4 )V Z — D %2 BHEITIMU DO » 7 LD F &
% 150 mm, 300 mm, 450 mm & L7-3EEICBWT, REIONR Yy 7 LVOEEEZE X550 EEED
B L B\OMN OB AT, TSR E LT, 2=V K7 Lb— FOREZK 5(@), 2—/L K7 1L
Z—DIREEM 5(b), h—~LT =D EE K 5TRT. NRID/N Y 7R RV EHENES
ha— 7 L= b7 4 VW Z—DIREMES RIZ D —T7, HROHEIMZ LY Ny 7 Vs Bislin o
LT DWEH OB TCLENY =T U —~DEGEE~DHKINZD o TLED Z ENaho
To. ZOREREIY, FE-HEDNWEEN - (EIMERBIC KT TREL EMEMICHIE L, RO 7 2 —XDOKEHC
[ 7o BRE s TE T
6. BHYIZ

ATlE, REHT A LRBETHWAS Z LN TE5%FFEETH S 1D-CAE &, 1D-CAE %
KT HY— LD E DL LT OpenModelica ##771r L72. OpenModelica % H W CTERL L 7=
JASMINE fH#88R v 7 ADOEEHRFTET /L Tld 1D-CAE & LW B EAN R ET MZIZEL 2o
7em, WMBET ) U BNEBIATAD Z L EMR LT, A% bEETO—BE L TEHL TV EZL.

oA DBA20211129K* &  Thermalmodelr o B Properties.
R e 747751.‘:4—'\namzmzmmmm;u' [
%/ =
| Ry )L ) % ﬁ ; % il
ORI~ 2 g FrR e o) J% s ils
e @ ! =
TH mec N = o
ig i e
YT E - 7
200 K
Kyt-I7539Y
(a) X ©): BT NVDOHAT T T A

X 4 : JASMINE #H 28R v 7 2D €5 NMAERK

1720 2700

1715\ 2600
z \ g

3
o \ £ 2500 |
51710 z

s 82400 BN\
5 1705 3

g 52300 3

§ 1m0 g
g 5 2200

@
1695

s U P S SRR 10

200.0

0 005 01 015 02 025 03 035 04 045
Height of Inner bafle [m]

0 0.05 0.1 0.15 02 0.25 03 035 04 0.45 0.15 0.
Height of Inner baffle [m] Height o
~+—Thermal flow of Thermal link(H=450mm) ~+~Thermal flow of Thermal link{H=300mm)

—-Cold —+=Cold ——Cold --+--Cold Filter(H=450mm) --»--Cold Filter(H=300mm) --+--Cold Filter(H=150mm)
~o—Thermal flow of Thermal link(H=150mm)

(@ 2=V R7L—brolE  (©) 2=V K74V Z—DiRE () V—~A T I—0EiE
X 5:OpenModelica % F\THERL L7z JASMINE ZVE 7 /L DN o 7 JUJEJE AT Al e
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BEDEEFIE L HEEHEEFIZ OUWVNT ~TAOE AR = I v FEEEDRERD B~

Al SRR CRACR R SCREBE I > & — AR E LT

B =

LB IR OV CIRBAMERRHERF O 7012, BN REOKFIEOFERMLETH D, TD—
DD FIEE LT, —RIICITEE~EEE IS E O B - 5 - BE O TEMTbhd, TAORi=EE
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