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B CCD Btk (2019) CMOS B3¢ (2016~ )
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A>H—J1—R USB2/FHAI/F(SUT7)L?)  USB3 2%, 10 GbE (i) SATRE Y D ERERIX

KSZIF PC/NTP SiUNPCOMIGRs DX FTTZIZ GPSEI s g re o - peagssone
(Moravian-T)

@ CCD RN 5-10 e-: KAF-8300 7 —%4>— K : RN =8-9 e-. SBIG STF-8300M ¥=1.77)L
@ CMOS RN 0.7-2 e-: ASI2600MM Pro “Ultra-low 1.0 e-" /IMX571 Sony spec (0.7 e- median)
(3 CCD QEs60 %: KAF-8300 QE VS5 J = E—%7 55-60 % /'Sony ICX285(Peak 65 %)
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Ll Emmee lman
G2-8300 C2-46000 ASI294MM Pro

- KAF-8300 Sony IMX492 Sony IMX492

£ (mm) 18.0 x 13.5(x1A 22.5) 19.3 x 13.08(x4 23.3) Binl : 19.1 x 13.0(x4/ 23.1)
Bin2 : 4144 x 2822 / 4.63 um
Bin1 : 8288 x 5644 / 2.315 um
Bin2 : 66 ke- (Gain 0)

Bin1 : 14 ke- (Gain 0)

B3R & EvF 3326 x 2504 5.4 um 8336 x 5648 2.315 ym

Full-Well (FW) 25 ke- Gain0 (1x) : 18.5 ke-1

. Gain0: 7.1 e-1 Bin2 : 7.4 e- (HCG ON)
sl e s e Gain 500 : 529 e- Binl : 2.7 e-
SED AT -45 °C -35°C -35°C
ADC Ev & 16 bit 14 bit 14 bit
Gain /\SXA—% BE%E (0.5 e/ADU) Gain Number 0-500... HCGE— R{I# (Gain 120 = Unity)
- bin2 (4.63 pm) T — . .
A = - )L ~MZ Bin2 (4.63 um / 14-bit)
BT _ IHEDTILAT—)L ZB5R - Unlocked Binl (ZEAREZHS FW | RN

+ GainZ 0-500 T7X kU,

FW 50 % & RN/ \VEE Y — REEBLRND T

C2-46000/C1+-46000 R/ % : Gain 0 — FW 20 ke-. RN 1.3 e- [C2/Cl1+ AASNR—2]
ASI294MM Pro ¥=1.77JL : Bin2 (=HCG ON - Gain120) FW 66 ke- /RN 1.2 e-, Unlocked Bin1 FW 14 ke- / RN 2.2 e- [ASI294 Manual]

Moraviantt D5 HCCDTEHBFL b R 2 7 —7/>7=H DD —D

A oA 74— —XHY A4 XOKAF-8300 #FFB L 7=/4FCCD A X 7 G2-8300
ICX L CIRITOCMOSE Y —% st d 5 & IMXA92% KB B H X Z 12k
ESCH

DATA—H—PBETEH77—LT7zT7ICE>THERLCMOStE Y —%1F > 7
HWA T THERERGANKEMEIZTEHL > TEET

L7zA->T, BANCESEIICYU — K/ A XDHA, Full-well DR R A FEZR L T
REXEZRHE. BETILENHY £T

IMX492 D=5 4 4
Moravian: Gain Number ~ 2000 (5.8 dB, x1.95) {HEA" 1 e-/ADU,
ZWO: E7E({E 120 © HCG (High-conversion-gain) E& ON,
ADCEy b XA FIv LYY
ASI294 Bin2=14 bit T 13 stop. Binl=12 bit T 12.5 stop fH3,



2. 5 1 KAF-8300 = 4/3" CMOS \DE SR LLEFR




3.4512 G2-1600 (9 um CCD)
— "9 um > RX" CMOS EEZ#X LEEL
i, s
EMETIL 9 um 9.0 um 7.5 um 9.0 um

BRIRE 1.6 Mpx 1.7 Mpx 2.0 Mpx 1.8 Mpx
Full-Well 100 ke- ~100 ke-! 73 ke- 97 ke-

Read Noise 10 e- ~10.7 e- RMS 0.8 e- 3.3 e- (HCG)
ADC bit 16 14 14 12

Sy wys— AB Global Rolling Global

7RED AT -50 °C TEC —42 °C TEC -35°CTEC 1

GPS ZIED - o (-T) — —

FIREM — 7% + GPS s QE90% - IEA1" FWA/20O—/UL

BER BETEEE
FIER — FWZHD53 RNif  PlayerOnell 2 #1%3
D

IMX428 : FW 20 ke™/RN1.3 e~ (native) — 2x2 /n— K &> T FW x4,

RN %y 4 ~60 ke, 0.7 e~ (Sony spec + Moravian&#%})

ASI432MM 5 — % > — k : Full-Well 97 ke™, HCG (=Gain=80) T RN=3.3 e",
LNG (={&Gain) T RN~6-7 e~, ADC 12 bit

ASI432MM %514

JA—=NILy vy Z—T1ms BXAIYE—,

ESHDI-DIEERN CCD £V 1-2HmL = F/MEMEVERE® 60 s U E5E
K TlE TEC B06& or AT 7 — 7 — % BRG],

HCG (High Conversion Gain) ON T RN 3@, 7=72L FW 9 %, ATl
Gain 80-120 »* =R,

IMX533 bin3 $£FHEH

ER 74—~y b TRIBAL RN,

FW (£ 17 ke E1EWA RN 0.6 e- AT, BXAZELHNTERTIA TV AAE,
BARERH (S/N~F%H)



3. 4512 G2-1600 (9 um CCD)
— “9um IS X" CMOS ESHEX
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= _ CCD : KAF-8300 CMOS : IMX492 Ees =
NSA=5 (AT max = 45 °C) (AT max = 35 °C) Al

== _T A= o == se -1 Av— o

s ‘("_‘:"Zﬁ 7377) 31°c E‘?‘;g J2lm24 e AT %5 30 % I2ERE L

mE AT SO0 e w205 SNUREBTNE >
BEER 0.02e px's'@-10°C 0.002e™ px'sT@-10°C  CMOS H'#) 10x &KLY

’ 0.009 &~ @ -15°C 0001 &~ @ -15°C S EBATE /AR 7

J— R A KT
B /M 60's x 20 4% 20-40 s x 40-60 4% , 5EESR BT
SIFL—3>EaLL

- 30K (50% FW) FW @ ~80 % BRI % R

1 : FW 60 k — 48 KADU 80 % TEE X TEMT
FAFZvoL2Z/)—RIAZXD

71> 72 0.5 &7/ADU Unity £1 (1 e7/ADY)  gimic 053 CRAID]

S — BF HARAEE D X o0

>ryy XN (<3s43) (Global / Rolling 1 s &]) DefocusX (32 7= C BA E A2 F006¢

H—=0 | TS5Y b BEMKTFDH RE + 5> KT 4« > &I Bias / Dark B2
PC4Ms GPS — SIPS T Moravian Ze | oL 3

GPS BSZIZIED PC BSZIRIE (10 ms) AT GPS +1 ps R - BIRZEN T 1-3 HiEER L

S/N200 % 60s LUNICES T A EZBIELI-/NTA—KEZTEXLELE L
7=

oY EESTRENGELL /AN HRUOCMOSE Y —TChOF v 74+ —H A&
Tld. CCD& Y 5/ 2 MEuns TG
BRENSWASLT7+—HALTHINFEFTLYBES L., EFEZENL TR
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ENN TEIMNNE (CTR D ELHER

. - mUSB3 7/R— MHVEE
PC& Os Win10/UsB2 5552 64-bit Win10/11 (SIPS 2.x / ZWO Native 3x)

RS-1){ & ASCOM ASCOM 6.4 LIRT (BRFTOSICHIE?)  ASCOM 6.68B% / NET 3.5

—_ . o C2/C1+ (& bodyPIEkF],
T IWIRA—IL IMTFF 1.25"/31 mm 7WO EFW HisE

IS5y MNr—/LF1—8  4/3'# APS-C (IMX571) A _EA DA (3 EID&KE MM

2.3-3.8 ym —
B RAOASEHEE
-+ RAO—THEmaiEREx 1.5 #E52
- RINS A—SDIEIE

B4 RéE/OAG EotIL 5-9 um A8E

CCD! ﬁmLﬂ\f:PCb*‘CMOSL:ﬁﬁSa“é IR DW=, BiEEICOWNT
j:qT]E 75‘/ \

2019 £ O Windows TIZUSB2A E 7%

H=HASCOMIRIEAH X A 7@PC IBERTEHRWIEDLDH D
Moraviantt & D H X Z (33U — X2 & Y EFWD R fig/ AT 1 /BT AR AR £ %
LZHAECMOSH X FICEHT 5 2: TE Y —H—ZANAKRELBRDHEIIHFESR
DL DEEYE (BAEEBRVCELBLORTRE) 2HERT X

CMOStE v H—DE T A ZXHNNIWNWT EIZLDIHA FOFREEIZ/NE L
LhZEHLdHD
HARBDASTOEFRE LLIEAA R RI—TOFEHF. HEWIEHA KT X —
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2015 G4-16000 H¥ AAVSO "Choice of the Year" &  SBIG #&fkie—— X% H/\—
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[(EHEHZEAN LW EWH DIFAELRBENTY, ZOBEBNZEIRT 52720
DHXTEE7A—%FBLF LTz, COBNDI-DHICHDOHTHINHXTEA
FLEOETRAAICIEETOSEICL TWELEZTZWEBWET,

17



9.1 ZHAEF R =0 D E/RBEE ()

FEDZFEEZ KT U TELMTTZLY
RARE RS>y RO T MMIEMUEEL
RIRXDEBWKAEEZRD DOBRPEEIR LT
2 - BHREORHCE/IRZED Z0)
INRE - FEEfRERE LTV
ZREIDFTRAS - ZERARTT —IEZELTWVS
HBEDV DI N - MDHMEZEIRUIZL)

o YILF/)\> REIF(BVRIED: ) CEZE(LZFMTLIZ0N

O ISENEREZME L TELDITZW
MAL Y ETEDERIZ KT 7=
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ERiGERIER CEHED)
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Paxton BMPIMES > THRE UZ—RTEEEEEY 21—/l THD,

=TIV =R THY. EEMNTEY 21—/ ESNTULNDDT,
v BEDTOTS AERES T TRET BT EMEES,

Installing MESA

e BRI EAR AR DIBEL S E T8I T DEANEY —

Module documentation

o IV CHD, BEDRERIXTR. Ofn, WIEREDBREERI DD

Changelog

S SRITDFENUETHDIN. CNIFIEREIC

Contributing

N AENJY—REBRT D, —RITTHEED

Known bugs

News archive X%Bﬁég-'_%a-élj_—ZD\\_ﬂQBg—é‘%éo

Reference
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Test suite

httos://docs.mesastar.org/ https.//news.ucsb.edu/2021/020203/accidental-astrophysicist




O EAIRIEEE
R Jupyter
S AT MESA Notebook Phoebe
Windows A* @) @)
Mac O @) @)
Ubuntu O @) @)

*x . MESAHE TIIDocker&ZEZ £ > TUNBD. FAIIVMWareZ{EAR L TCL\D
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MESA O1DETIVTER LU TNDRIEIRCHRT NEEEEET /L] T, EAITDI4DDIIREIN
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O 5TEREROFFE 1

6
11
16
21

® GDKDINANVHEEBZET —HIN 2

31 ¢

model_number

—RESOETFRA DT 7 I)LDED y pn

star_1_mass
\ lg_system_mdot_l
é n 5 eff_xfer_fraction

jdot_ml

point_mass_index ¢

@ T TERELT., RTETin 3

1.8128331305168197E+002
1.0000000000000000E+000

ﬁ@ C (/ \ 5 ﬂ:z_éj_\‘\— & é*ﬂ}fﬁ L/_C(J \ -9.8999999999999986E+001
AN SEE Python [CKD3T —H@PHULY =LA

BESNZOT. CNERNATS T~

o BEEDPERIHEKD PGSTAR &£ VDWYW—)U
N RILENTULDBD. Mac TIESEL LD
LWNSEDD ., Python BhRETEDIT S ITEFED

# extra tne s

ages = h.data('star cge')

ages = h.star_age

2
7
12
17
22
27

age

rl 1

star_2_mass
1g_system_mdot_2
J_orb

jdot_1s

7.4416000000000000E+005
1.2846914762054187E+000
8.0000000000000004E-001

-9.8999999999999986E+001

import mec<o
Lmport eS

import mesa_reader as mr

h = mr.MesaData('LOGS/history.d

act the star

L)

i~ 1+ mAare cucreinetl v

reager To mar

3
8
13
18
23
28

period_days

rl_2
1g_mtransfer_rate
1g_wind_mdot_1
Jdot
jdot_missing_wind

4.9998763143955111E-001
1.1601902356566174E+000

-9.8999999999999986E+001
-9.8999999999999986E+001

e 1ts classes accessible

- ~ba MocaDAatn AR er M ” T
# MAaGRre a Mesavata object jro 7 NSt )
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evolve_both_stars €=
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A )
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plt.figure(figsize=(12,5))
plt.subplot(1,2,1)
plt.title('Radius')
plt.xlabel('Star age')
plt.ylabel('Radius 'r'$R_{\odot}$')
plt.ylim(0.7,1)
plt.plot(hl.star_age,rl,c='r',lw=0.7,label='Star 1')
plt.plot(h2.star_age,r2,c='b',1w=0.7,label="'Star 2')
plt.legend()
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plt.
plt.
.title('Inside starl Density 'r'$\rho$')

plt

plt.
.ylabel(r'$\1log\,\rho$')
.plot(ql.R,ql.logRho,label='0.1 My',c=colst[0],1lw=0.9)
.plot(ri_3,q3.logRho,label="'38.3
.plot(q4.R,q4.1logRho,label="44.7
.plot(q8.R,q8.1logRho,label="49.7
.plot(q12.R,q12.1ogRho,label="50.
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plt
plt
plt
plt
plt
plt
plt

HEDEHE BE
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MESA ~"—A
https.//docs.mesastar.org/

MESASDK Web page
http://user.astro.wisc.edu/ townsend/static.ohp?ref=mesasdk

MESA raeder (Git Hub)
https://github.com/wmwolf/py_mesa_reader

MESA DfRERZE (by Paxton)

1. Modules for Experiments in Stellar Astrophysics (MESA) part1
https://arxiv.org/albs/1009.1622

2. Modules for Experiments in Stellar Astrophysics (MESA) part2 : Planets, Oscillations, Rotation,
and Massive Stars https://arxivi1301.0319

3. Modules for Experiments in Stellar Astrophysics (MESA) part 3 : Binaries, Pulsations, and
Explosions  https.//arxivi1506.03146

4. Modules for Experiments in Stellar Astrophysics (MESA) part 4 : Convective Boundaries,
Element Diffusion, and Massive Star Explosions  https.//arxivi1710.08424




[{d#%] MESA DO%E (Ubuntuk®-1)

« Web page

httos.//docs.mesastar.org/en/latest/H

¢ |nstall

Quickstart

Installing MESA

https.//docs.mesastar.org/en/latest/installation html&installing—-mesa

Using MESA
Module documentation ==
About MESA 1 . MESA_SDK ODDRKF_

Changelog

i B Eonduc http://user.astro.wisc.edu/ townsend/static.ohp?ref=mesasdk

Contributing

N 1,-.!:!:
/
Developing MESA 2- E EB

FAQ

i MURDY—=)bax1 VA F—=)LTFD > sudo apt install **x*

News archive

— binutils, make, perl, libx11-6, libx11-dev, zlib1g,

MESA Summer Schools

Zlib1g-dev, tcsh




[{d#%] MESA DO%E (Ubuntuh®-2)

4. MESA-SDKDA D >vO—k

http://user.astro.wisc.edu/ townsend/resource/download/mesasdk/mesasdk-
x86_64-linux-24.7/.1targz

Quickstart

Installing MESA 5 . I\/I ESA_SDKGDEZ‘E >§
Using MESA
Module documentation tar xvfz mesasdk-x86_64-linux-24. 71 targz -C
About MESA
Changelog 6 . EQE
MESA Code of Conduct
- MRMDIT7Z bashrc (810
eveloping M
FAQ export MESA_DIR="/Astro/mesa-24.08.1 HHHH MESA ZANICIZFA
::Wb:g; export MESASDK_ROOT="/Astro/mesasdk
Refariancs source SMESASDK_ROOT /bin/mesasdk_initsh H&#H #EEDIVYY R

MESA Summer Schools

export OMP_NUM_THREADS=2
export PATH=3PATH:$MESA_DIR/scripts/shmesa

Test suite




[{d#%x] MESA DO%%E (UbuntuhR-3)

7. 0042 UBEIEMESA-SDKO#MEAEIIT T
8. MESAKEDASD>O—F

https://zenodo.org/records/13353788/files/mesa-24.08.1 zip?download=1
Quickstart
Installing MESA éE\1$—C Z.ZGB % @ gg—

Using MESA

Module documentation 9 . Zl P@ﬁn )E

About MESA

Changelog == ==
MESA Code of Conduct 1 O . i’/ﬁPﬁGDURKE

Contributing

R export MESA_DIR="/Astro/mesa-24.08.1 HHHH MESA ZANIZIHM

FAQ

el 11, DVINAIL

News archive

parmmcn cd SMESA_DIR

MESA Summer Schools

Jinstall




[{vEx] MESA D3%E (Ubuntuk-4)

1 2. MESADETT
https://docs.mesastar.org/en/latest/using_mesa/running.htmlifrunning

o ESRON=IESROE

e 1 3. Test_Suite O/EHA

Using MESA

Vodule documentation EIBDDT 2 LI IC star XD binary D test_suite D05,

About MESA

N NWANBR3IE—-LT O rAS—TIOAINIEFEHTIE—) |

Contributing

G inlist Z2@3AICLYU> T, EIZLUTNET,

FAQ
Known bugs ./m k

News archive

Reference ./rn

MESA Summer Schools

Test suite
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Anaconda3 4 > X —JL

«— www.anaconda.com/download
| PN 9 @ 89 =

{2 ANACONDA. ) =

« = C O 8 https://www.anaconda.com/downloac

Distribution

Free Download*
Provide email to download

Register to get everything you need to get Distribution
started on your workstation including Cloud

Notebooks, Navigator, Al Assistant, Learning Email Address:

and more. by

Agree to receive communication from Anaconda
regarding relevant content, products, and services. |

understand that | can revoke this consent here at any -
0 Easily search and install thousands of data science, time.

machine learning, and Al packages
By continuing, | agree to Anaconda’s Privacy Policy and Terms of
Q Manage packages and environments from a desktop Service.
application or work from the command line

@ Deploy across hardware and software platforms S k| p reg |Strat|0n
@ Distribution installation on Windows, MacOS, or Linux
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Windows

Python 3.12

b 64-Bit Graphical Installer (912.3M)

Download

s

Mac

Python 3.12

b 64-Bit (Apple silicon) Graphical
Installer (704.7M)

b 64-Bit (Apple silicon) Command
Line Installer (707.3M)

b 64-Bit (Intel chip) Graphical
Installer (734.7M)

b 64-Bit (Intel chip) Command Line
Installer (731.2M)

0

Linux

Python 3.12

Y 64-Bit (x86) Installer (1007.9M)

Y 64-BIf (AWS Gravito
Installer (800.6M)

b 64-bit (Linux on IBM Z & LinuxONE)
Installer (425.8M)
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install

> cd Downloads
> bash Anaconda3-2024.10-1-Linux-x86_64.sh

AR =)LIE TIHILEFTITD
conda IREA (& no TLYK



_}'L —

Jupyter notebook M & TE

Jupyter-notebook @ install 35Ff

~/anaconda3/bin Z CIZ PATH Z@9

Jbashrc 7 74 JLIZENNYT S
vi.bashrc > aad<Y2 KT

export PATH=SPATH:~/anaconda3/bin ZB/i03 %



jupyter notebook M E1T

774 5—THRITIAEMETRBEBLTH L
imAR 2z U b <
> jupyter-notebook
New D TILE DA a—hib
Ptthon3 % #E1R

~ Jupyter
File View ettings Help
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: Jupyter 20250427 Last checkpoint: 2 minutes ago o

File Edit View Run Kernel Settings Help Trusted
B + XO » m C » Code v JupyterLab [ python 3 (ipykernel) O = B
import phoebe
import numpy as np

PHOEBE: passband "Bolometric:900-40000" has a newer version available. Run phoebe.list passband online history("Bolometric:900-40000") to ge
t a list of available changes and phoebe.update passband("Bolometric:900-40000") or phoebe.update all passbands() to update.

PHOEBE: passband "Johnson:V" has a newer version available. Run phoebe.list_passband_online history("Johnson:V") to get a list of available
changes and phoebe.update_passband("Johnson:V") or phoebe.update_all_passbands() to update.

b = phoebe.default_binary(contact_binary=True) # ¥ Tdefault binaryZHEHAL

b.flip constraint('pot', solve for='requiv@primary') # Z¥ % ¥ >y LiIC
b.flip_constraint('fillout factor', solve_for='pot') & ZHEN 7> v /LD SFEEIC
b.set value('fillout_factor@contact _envelope@component', value=0.1) # 0.6472'50.1/1C7 35
b.add dataset('mesh', compute_times=[0], dataset='mesh@l’')

b.add dataset('lc', times=np.linspace(®,1,101), dataset='lcOl")

b.run_compute()

afig, mplfig = b['lc@l@model’].plot(show=True) # HEHEXT

afig, mplfig = bl 'mesh@l@model'].plot(x='ws', show=True) # FLZHHS

100 | [ | 101/101 (00:12<00:00, 8.11it/s]

2.2 A

2.0 1

1.8 A

1.6

W
mZ

flux [

1.4

1.2

1.0 A
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New Console for Notebook
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Save Notebook As...
Save All
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Reload Notebook from Disk
Revert Notebook to Checkpoint...

Download

Save and Export Notebook As
Trust Notebook

Close and Shut Down Notebook

Log Out
Shut Down

- Y

Settings Help

Ctrl+S
Ctrl+Shift+S

Ctrl+Shift+Q

2.2

2.0 1

1.8 4

1000" has a newer version availabl
thoebe .update passband("Bolometric
newer version available. Run pho:
"Johnson:V") or phoebe.update all

iinary=True) # #EME Tdefault binar

24 A LIRS T

%

i

pU

i'requiv@primary')

- .
L Wfy =S4
BEXTIHT A7

%

1t
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Asciidoc
HTML
LaTeX
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Markdown

PDF

Qtpdf TR ERD -
Qtpng
ReStructured Text ):12<00:00
Executable Script

Reveal js Slides
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« Phoebe svn (http://phoebe.fiz.uni-lj.si/) TN
« Phoebe, ver0.32 svn (Prsa, A., & Zwitter, T. 2005, ApJ, 628, 426)
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