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Tomo-e Gozen Development Team
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Timeline of Tomo-e Gozen Development
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Overview of Tomo-e Gozen Camera

84 CMOS sensors covering ~20CF
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Overview of Tomo-e Gozen Camera

Specifications

Observatory
Telescope
Sensor format
Field of view
Pixel scale
Wavelength
Filters
Frame rate
Read noise
Dark current
Well depth

5o lim. mag.

Kiso Observatory

1.0-m f/3.1 Schmidt telescope
2160x1200 pixchip
39.7x22"4 x 84 chips

19um, 17189 pix’
350-700nm (peak at 500 nm)
optical broadband (clear filter)
2 fps (max, continuous, full frame)
~1.9e at 2fps
~0.1esec’'pix'at 277K
~6,400e"

~18.5mag. in 0.5sec exposure

Sakoet al. 2018, SPIE, 107020



Overview of Tomo-e Gozen Science
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Developmentin Kiso Observatory

Tomo-e Gozen MFEFEIIANBETHIFTDERIB(CE< A Z
1.05mAE Y 1= v ~EBREE © NEE - FEDEEIEI U
IRMSELAID I (Tomo-e Gozen (& T + JLI ZIEEHEE 1L L)
BiRE(ORERERE © T4 —H BRI (FITRETL)
HERFIBERIZ>0d O 1 U RERAIESRDER
CNZETlCEHFMY—E58- Y E'— MERBIDSERERER S D ETV

" EBTYETETZSIE
BERICEHIS®DEDTY

> I RXFT LDOTH A VIIARBEAFTCOERICEDEZED
MHOFE(CEHTE INE DMNIT—X /N1 T—2X




Policy of Tomo-e Gozen
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Requirements
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Dataflow of Tomo-e Gozen
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Handling of Observations
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Observation Recipes
ERONAEBIETE ITES © AISEH SR CEE

Observer: T. Morokuma

Project: All-Sky Survey

Priority: 0.9400

Time Window: [ '08:00:00.0' , '10:30:00.0' 1]

&RV O T X ~OETEECT D
AT 1—)UICEET BHEK

Operations:
kil A B A SOBEERTIICESTS
- Pointing: { ra: 19.7498221, dec: 29.7107127 } BHCLS—DFET S ISMERA T 0 2 )
- MirrorCover: open TEUT%@E&S*LT(/\Ub\@ﬂ’ﬂg%j't“%gb\

- Wait: pointing, mirrorcover_open
- SetPipeline: [ wcs, stack, neo ]
- SetParameter: { gain: high, tinteg_sec: 0.5, nframe: 18 }
- Exposure: J0118+2942_dith1
- Dithering: [ 0, 1440 ]
- Wait: pointing
- Exposure: J0118+2942_dith2
- Dithering: [ -1980, 0 ]
- Wait: pointing
- Exposure: J0118+2942_dith3
- Dithering: [ 0, -1440 ]
- Wait: pointing
- Exposure: J0118+2942_dith4
Comment:
All-Sky Survey, 120, 2023-12-12T19:23:26.976



Observation Queue System
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Tomo-e Gozen Queue Status Monitor

Current Schedule (pid:sa11/ : Executing Queue Item (i History
bserver | Kiso Observatory Tomo-e Gozen Scheduler | Kiso Observatory i

2024-03-06T20:52:12.021742 | b9ageedf-flcc-5678-b108-8fa30a4a775d

¥ . . . = . 5 . end message "No recipe assignes comment: Shutdown Tomo-e Gozen System 2024-03-06 20:50:03.140649
15:00 18:00 21:00 24:00 03:00 06:00 09:00

Calibration: 16:50/ Start Observation: 18:20/ End Observation: 05:40 Kiso Observatory | Kiso Observatory Y
—_ — — — — — — — — — e — — — — — 2024-03-06T20:50:03.632559 | 109976d0-ebes-5693-8de0-4a17767961¢8

,— = —
- . N First 10 Recipes in the Queue (0wl 0) comment: set telescope lock = False
| Scheduled Observations (il o) | ' P Q [

I | Tomo-e Gozen Scheduler | Kiso Observatory
! | | 2024-03-06T08:49:38.786011 | b8492c46-5c9b-5051-a8b6-750a8ef7de18

| | comment: Scheduled Calibration 2024-03-06 07:40:01.613356

I I | | Kiso Observatory | Kiso Observatory Vi
I I 2024-03-06T07:42:49.749577 | 7a3c9a60-22¢7-560d-9aa3-fo1fcs4besfa

| | comment: start up for observation

| | | Kiso Observatory | Kiso Observatory bt
I | 2024-03-06T07:40:02.268897 | 983819C8-4804-5627-9ffc-4e5/d59c0704

I | I comment: set telescope lock = False

| I Tomo-e Gozen Scheduler | Kiso Observatory
| | 2024-03-05T20:52:12. 358664 | 3645962a-cd85-5ca7-b3bd-d431bcf7ee0s

| | comment: Shutdown Tomo-e Gozen System 2024-03-05 20:50:02.860099

| | | Kiso Observatory | Kiso Observatory 7
| I 2024-03-05T20:50:03.402039 | bo51a7ae-99e5-540e-bled-c7e3Tficcec?

| I comment: set telescope lock = False

| | Tomo-e Gozen Scheduler | Kiso Observatory
I | 2024-03-05T08:50:32.798646 | ad0c326{-1be4-511d-ach4-58e113e5ebch

I | comment: Scheduled Calibration 2024-03-05 07:40:00.511914

| I : I Kiso Observatory | Kiso Observatory
| | 2024-03-05T07:43:01.460335 | 1ba76a67-43f6-502e-b980-f84979e958f2

| | comment: start up for observation

| | | Kiso Observatory | Kiso Observatory ~
| I I 2024-03-05T07:40:01.201629 | 574f309b-e424-5¢e4-3077-0b016c0cd3as

| I/ :J e j_ ) |J | : Eﬁ;{ﬁ\” :x: 1 . : comment: set telescope lock = False

R —_ —_- —_- —_- —_- - —= =

Tomo-e Gozen Scheduler | Kiso Observatory
2024-03-04720:52:02.656724 | 453af204-0d4a-5571-8274-1eb883D498eS

comment: Shutdown Tomo-e Gozen System 2024-03-04 20:50:02.973238



Observation Queue System
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Handling of BIG Data
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BIG Data Transfer
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BIG Data Transfer
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BIG Data Transfer
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Struggles with Data Transfer Problems
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Design of Tomo-e Gozen database
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Handling of Data Reduction
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Toward Automated Data Reduction

N 77 ANy = =
ﬁ)ﬂ”?Em%tﬁ¢$ﬁW§E /:Eg:ﬁ Operatj_ons;
_ - SetFocus: 28.13
stack: BRI - Assert: domeslit_open
s - Pointing: { ra: 19.7498221, dec: 29.7107127 }

WCs: @%ﬁ%%(?ZI\DXl\U) - MirrorCover: open

. val - Wait: pointing, mirrorcover_open
neo: *%@J;E{Zlgﬁﬁﬁ - SetPipeline: [ wcs, stack, neo ]
cube: E}J@}—tht{% - SetParameter: { gain: high, tinteg_sec: 0.5, nframe: 18 }

- Exposure: J0118+2942_dith1
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Data Reduction Flowchart

4

none € pipeline

sanity check

failed

» do nothing
A

basic reduction

Wcs € pipeline
*

wcs calibration

failed

photo

metry

stack € pipeline
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ZETEMT 32 Ot XD worker N 1 —& FRUIE
F 1 —(HEFERIC 2 257 FAE (default, express)
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wcs calibration (& astrometry.net Z{%H

photometry (C[d sep Z{FH (Source Extractor)
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neo € pipeline

image stacking

— archive the stacked image

cube € pipeline

MOP

— archive the moving object data

» temporarily store cube data



Moving Object Processing
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Struggles with Automated Data Reduction
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Safe & Stable Operations
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Safe & Stable Operations
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Software Development
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Key Factors behind Tomo-e Gozen
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Key Factors behind Tomo-e Gozen
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Lessens Learned in Tomo-e Gozen
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Summary

AEBELRIFT Tomo-e Gozen D/\W O LY ROBERESDHNZ DI

&581> X5 L& LT Tomo-e Gozen
KE (~4004) OERAIE 27 1—)UISAD TEEA

BN CSEfET D

K& (~ 10 TB/ight) DF—F&EHDEL/N\ Y REUVTTH
T—HEEIMTETL CHY - I X((ERRIEEARE(C T B

>10 SRS OERRIRE/IMA I ZE R X D
HRE X CEER

ERPERISREA T 1 U )L (BRER - BROBED IR U /B ETL Y X 7 LESET)
BEREISER BN 2 — (BARBDREE DD E DY X T LT YV DERA)
ANBEAPTOREEREARH (7Y TSR/ X VT T VX /XIEEZS)






