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« JILFAYVE S —KEEH
- BEHIREEA
e IceCube —1— MV _JEEH
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» Einstein Probe ZZREXAD I A O—F v T (IKRAXS —E1E)
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B (GW) + ERLEEDA

» Good Example: GW 170817. Abbott et al. (2017)
« GRB 170817A
« AT 2017gfo (Kilonova)
- BEREFESHIZ EFIEF
* GW - S EIROEEZEDES
o JLIRINER - TR (AT ML) IR &
« BBIRD GW + JETRIMREAIGI DN R
- 2BIBODEEFEFESHK
- FEFE-T SV IR—ILER
» Other embarrassing events?
s AIRNETDY —ARAEHHll(L. BIIRREOEBGBM R EDIFE (Cw/B
« GW DEIRAMEICIIIFR (CKRSIREREN DD
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https://ui.adsabs.harvard.edu/abs/2017ApJ...848L..12A/abstract

- IR1E

2025/9/2

SIREFRARAATUT b

12U CVWBRIUT

. BRORT7S— RERATUT b

* LIGO/Virgo/KAGRA Public Alerts &= & (C1T7<

HEENATOVUT ~
« EIRAND T E(C [J-GEM planner] TERZEMBEIHAODIEN L A MHMEHEEIN D
* Queue = A7 /s + TriCCS &i5E— R TR Z B iRERENR

Reduction XU ~
« GNUmakefile X—_X
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£+

1.

BRI S — MERATUT

» Grace DB ( https://gracedb.ligo.org/superevents/public/O4/ ) 7 R (C17<

“’JWGI'CICEDB Public Alerts ¥ Latest Search Documentation Login

Please log in to view full database contents.

Event ID

S240716b

5240705at

S$240703ad

5240630t

S240629by

2025/9/2

Possible Source (Probability) Significant urtc

July 16, 2024
03:49:00 UTC

BBH (>99%)

July 5,2024
BB (-99%] 05:32:15 UTC

July 3,2024
19:13:55 UTC

BBH (>99%)

June 30, 2024
BBH (>99%) 10:17:03 UTC

June 29, 2024
14:52:56 UTC

BBH (91%), NSBH (8%)

Seimei Users' Meeting 2025

GCN

GCN Circular Query

Notices | VOE

GCN Circular Query

Notices | VOE

GCN Circular Query

Notices | VOE

GCN Circular Query

Notices | VOE

GCN Circular Query

Notices | VOE

Location

FAR

1 per 4.0307e+07 years

1 per 4.4755e+07 years

1 per 2.6751e+05 years

1 per 16736 years

1 per 100.04 years

Comments


https://gracedb.ligo.org/superevents/public/O4/

SIIRRARAT )T K #1:
BHE7S— KEERAOUT &
 Grace DB ( https://gracedb.ligo.ora/superevents/public/O4/ ) Z# R (17 <

« EHINRET /(S A—-4:
« HasNS: S RIDEERNPEFEZSOHER (T SV IR—ILEFITERT D)
« HasRemnant: £ FEZEHRROYIENSE(CH VR SN DR
« FAR: False Alarm Rate (#8288 CE KA N> b &R UBEEMMEAERH SN D5EE)
* 50%/90% A= TR MDA

 Seimei/TriCCS TOIEEAI I DIt -1T N> ~
* FAR S 108 Hz & iR7Z=mAE < 100 deg?.
 HasNS, HasRemnant > 0 (I S W J/k—JLEITOEFETITZW)
* Visibility /AR LY
- IR, EDKD1E event (FHELN,
« GW170817 (D TCL VVIRFERICOICEEX Do
2025/9/2 Seimei Users' Meeting 2025
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https://gracedb.ligo.org/superevents/public/O4/

ERRAATUT S #2:
HEEIAOUT K
e Queue AT A (HIIREA) [CIRFFE

« B1T/E: . /seimeiGW.py eventid PROPID observerd
s BEIN(CEITTEARLD., EAOKEVS— RERATUT b EERE
s UCHIEEDD, AR MWD TIELUSEFTETTULDINAEA...
- SEOHBOOERIRRI/RE T, BEZ T CEWERER T E

- BEIEVAIROUT boh 5

« ToO DFEE (H[EFIAH EFRITIL: RASTA )

* Main loop

1. J-GEM planner (RZ A= ) W5EREMEIBADIRL L X ~MeEiS (EPEEHT)

R 9 IR0 (RN <. visibility "R <. FEEAISNTLRW) Z1&EIR
TR (ANBSHODAILLE): BRmENETE— FE— R DARBRTE Y —HAT
2 CIBAIZIRNZER| 9D queue IY > R%& queue H—/\—(Tix3
BiRIENEN T TriCCS (g2/r2/i2) DIREELE N FHIASND

LNl
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ToO DOFEY

- BEIERIFB(E)RICESZ [ES] ID2DMEHRLLN
« RAKFRE]: EH web JA—A
* ToO ZMFTCTRWVHEMNDHIE L T<ND. RAKRF: Web T4 — LA
H B FIH: Slack THE) ToO Request Form for Kyoto U. Time
. ToO ZMFTERVWHDEIBIH ES
« BEREDEME ToO BV > TIMIDDHEE L L)
- RAKFE DI NS (4 fmH o

Time:
From |18 ~ | |00 v |tO
Cf. R3CBH:  50.05 - 28:07 | BASZHERE

78308 (k) ~

Kenta TAGUCHI {I{vntu] 12:57
Date: 2024-07-30 20:00 ~ 20:45
PROP-1D: 24B-N-CT10

Pl: HOEX

Comment: Bt TERIL £ 7, Confirm the Availability

2025/9/2 Seimei Users' Meeting 2025 8

finsmsEeA: 19:34 -- 28:39 0.25%&: 22:02

TEEA: 1003 - 20:00 | 0.50%: 24:00

B= - Bt 18:37 - 20:35 | 0.758&: 26:0




J-GEM Planner h'\igit 9 =R X

« B DREMEIIL VY (BUHIXTSRIE < 100 deg?2 D12 )
* TriCCS M FoV (& 12.6 x 7.5 arcmin LM<, CDOET%Z scan 9 DDIFIEIRZERY
- IREMIEAICH D RAZEIERIRET D SV DEEEREIRD
« GW170817 [A#R. ESIEANRD MIERANCIET D EDEERDITEIT B
» J-GEM planner: E/1KA N> b & (CEERERAS ZIRA D X hbzigit
- CDOYURX MMZREWERDE VLRI SIEXR TriCCS Tlmik

(J-GEM: Japanese Collaboration for Gravitational-Wave Electro-Magnetic Follow-up)
1R4EERAT ) X S oDfl: S240615dg

galid eventid prob inserted ra dec dist OptExpected|NirExpected| state obsids updated

2024-06-19 Seimei- 2024-06-16
8.0091 |44.8808{1071.7460|  27.7 5.2 |Observe
21:46:01.982220 ’ Ve Trices 17:50:39.100667

2024-06-19 Seimei-
2385 |45.9047 811.0104 v )bserve
21:46:01.082220 | 2°8° [45:9047) 811.0104 27 Observed| g

2024-06-19 Seimei-
51-46-01.982220 6.794 |46.0536| 902.6792 |  27.3 24.8  |Observe Tri(“(l“‘-?
2024-06-19
21:46:01.982220

2024-06-19 68328 16,3572 8737037 270 i eorved  SCImel- 2024-06-16
1 = s G0.oa/ L ol /U P TS Serve
21:46:01.982220 TrCCS 18:12:24.024992

GL003202+445251|S240615dg| 0.28161
GL002857+455417|5240615dg| 0.055124
GL002711+460313|5240615dg| 0.048759

GLO03644+464922|S5240615dg| 0.04022 9.1839 |46.8227/1000.7425 27.5

GL002720+462126{S240615dg| 0.039475

2025/9/2 Seimei Users' Meeting 2025 9



BT UT N #3:
Reduction XU T ~

« LUF OIS IR—IRILIEZ =T
e Dark 5| =
 Flat E|D
« Sky 5|
« WCS HED&EDOE
« BT L —LARBLENHE

. Pan STARRS1 DF> T L — ~BIE ((J-GEM image server’ &)
BICEKDTIE TriCCS MDA Pan-STARRS KNDELIRBCEEHDKLDE

« GNUmakefile N—X TR UT ~aii{ERk U T
« SR (FEAFE TS (Dark HUISE/HA?) [CEEBIRITTEXDILIICITBFE
« [RREEHGAITE DOMLBE BB TE

2025/9/2 Seimei Users' Meeting 2025
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Bz 1 FElDET;

« 2/9: S250206dm (NS-BH /H* NS-NS)

e TR ERETRIENENE deg? —» 2/8 (C 50% RZEMEIEN 38 deg?

e 8/20: AT 2025ulz
« S250818k (FREMIEIIARES Mo IE. ZTF WNEFRKAZ IS UICDTIEEH))

» A (FRZTRIS < 100 deg? & Yt

SEESPELSTNEL

FEXIFD) ZimlZ I E

C/he=<7EDEA

S IRA N2 D

FOONIEE (T30

— B&h ToO - BEIEITHEEDBMEMEERERERDN R TL VR0
LAIE (C threshold ZF T3 (S wvOR—ILTEITL) REL T,
RAINRNEZHF MRA AR ZE T D FE

- SR

2025/9/2

DE
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lceCube —1 —

“ad—hkUJ:ED1DDVILFAYVEOSDS v —F
e IceCube: MR (iR NI
e IR FDIKA[Z

FFRTS

° Eﬂjj,&d)

BEVAIR DU e,

(FFEDE

=X EAAF

N AR FOEEA

Rl SR
HARBXFIEO—1— Y _JEHEs
—a1— kU JDAI—Gvw B KU Cherenkov iE{RE LT

S Ok Raaya=1] 1P

SREDEIRND Blazar %z TriCCS O g2/r2/z Tiwif 9 B,

. i_f 1 SR DB EERA
+ 11/28 1C140125_41215060
+ 3/9 1C140626_1288692
+ 4/7 1C140752_31006975
+ 5/4 1C140824
+ 8/20 AT 2025ulz

2025/9/2

Seimei Users' Meeting 2025

12



KA~ —E1x: Einstein Probe
KAEDTAO—7v T

» Low-luminosity GRB (LLGRB) £ E3H &%
JB > 7= ToO #HAl (since 2025A

\\—I—

« LLGRB i &I R/IF+—=—1— KU _JZ=4R
L/‘CL\ZD_J““"* MHMEfEESNTLD
> NILF AV —FHT LLGRB Z}H> TD
ELACEDFEA TND

- LLGRB %FF&%&@%%@% EEZBND.
Einstein Probe BIE2#REDXAEZIE RS
FY% SR

. %%PH2J50404a: GCN #40074 (¥ 24 531&(C GRB
Hl
« EP250828a: GCN #41582 (R XS R)

2025/9/2

Seimei Users' Meeting 2025

TriCCS #®R&RE— RZHU\/Z Low-Luminosity
y #R)\— X bDBIRIET G RADEEEE

HAOfEX REPAZEREILRKIZA) on behalf of a larger collaboration

Abstract
Low-Luminosity GRB (LLGRB) (&M y #/ (=2 I (GRB) & Df Z 1§ DR THD. LLGRB D GRB K DFAESAENZ L\ ET
A5 2D TN UN\U. 2024 FICHT5_EFBSNIZERME X $RE21=8E Einstein Probe (EP) D ZOBRNRESN. FERIES
LLGRB NEREND EEXS5ND. €T THA (& TrCCS MKFE— REMT EP BEROEREXAFEEHAL TS,

1. Low-luminosity y #&/\—2X k& (LLGRB) & (&?
#%)(—2 | (GRB) (BFHICHIT S 5> L ETRILF—DAZRIBEDIRFHAR TH 5.
JEBFRE (< 100 — 1000 #2) (C. 1050 — 1052 erg s~ (HZ5H: =)
ED y BIEENS, GRB DS SRR (> 2 1) BOIE long-GRB &
BN TS, Long-GRE (480 EOEHEMR LREL T\ 5= ENRIBNLED. <0
B y SIS TR jet LR B EBR SN TS,
BENBEDLD 4153 y BEEDNEVEONEEL. TNSE low-

F3H1E EARTE

£2 RN "

. SE(FBEHD GRB LD failed?
yr! t}&:&éﬂ(b‘% [1]. D&% D LLGRB (&:#&ED

5%, LLGRB (HEHDBIHEIRF &

Luminosity (erg s™1)

{] lg?i)i’JLI?b‘CL\QU 2023 FFETDIBE 25 FHIT.
SBIAMTIONTZBABEIRRAR(S 5 B LDMEL) (GRB 080425 = SN
1998bw. GRB 031203 = SN 2003lw. GRB 060218 = SN 2006aj. GRB 100316D = SN
2010bh, GRB 171205A = SN 2017iuk) » Swift/BAT ODARHPRFR(E 10-9 — 108 erg s~ cm
3D, LLGRB T3 150 Mpc DIEEEICHIGT D, CORFIEBET(E. #FFSNSD LLGRB D
BRI TO RN D T2 )o
COFsh. (1) LLGRB DRIFFK. (2) LLGRB FEDESIHFELT v SENETZDN?
Za— kU DERERDN?, 72E LLGRB (CBIT BARAN R
AHMESNTLRNDHY 3. LhL. CORRIL 2024 1 BIC
1585 h' D /= Einstein Probe OEISIC L DBIK [CEiEE N3 = Eh RSN

3. Einstein Probe (EP) D&%
2024 #£ 1 A. Einstein Probe (L{F EP) i’T5&Hh o1z, EP (JILREFD X #REE:
. R 3 arcmin) CIBFMEBAIFAD X # 5 (FXT. 3/
4%(; WXT ( 95 (3600 deg?) h'D. BR X #% (0.5 — 4 keV) g/ \«
2024 £F 8 AFRKGRT 27 B X #REFERMAND EP F—AICKDIRESN.
10-19—- 10 erg s cm2 &, BN Swift £DE 10 553 T N ERSNTUNS,
E(CEKD T, 0% erg s~' O LLGRB T#%> TH. 500 Mpc F THRHIATIAEE
22 8H(C 100 Gpe3 yr' & event rate ‘E{&EL}TB EP LJC@
(F 6y BENHEEN. S
EP DEHS(C LD T, BHME(C{IET S LLGRB &SRR RN RS
Hr’fﬁb"ﬁf:%éﬂ 3. &z LLGRB DS GRB & D soft THDZ ENMEISNT
0 [2]. soft X #RIC3H #5D EP DMENBEN TS,
SEPR EP 240414a = SN 2024gsa S KU EP 250108a = SN 2025kg @ 2 Kk(&E, 59D
BHEFTRRESNTHSD. GRB I LLGRB LiBHiE L DEHMRILE ENTLS [3,4].

Luminosity (erg s™1)

B flox (£

._.
2

100 206 300 200
Distance (Mpc)

1: (k) Swift RD GRB DS 5. HIHENBIAD

s
5%, (F)EP DBIHICKD., B
HJRERR LLGRB 1 Swift & D1 #BINS 2 AT ENS.

4. 34 D LLGRB Z#&5TE
34 (& Seimei/TriCCS (C LB IMKEVR & Gemini/GMOS (C LB HER & &MBHEDE
2),
riCCS ZfL\/Z LLGRB D] LR ADIFE
EP 0775 — &S (3T TriCCS MIKE— K (g2/r2/i2) ZAVVCEBAIEITS. EP (&
A%, TriCCS M 1 RFTH/\—TES. 123 LLGRB (FLEEEVAFE
CAIREL TLD EFBEND. CDiERE (u < 38.5 mag) TIRREHELY
(23 AB mag) ;Oﬂﬂgb\t%xbk% EP [CLD
EP/FXT DR FAIEA(C
PS1 DIRBEIRAINFET 31N> M. LLGRB Ojﬁﬁﬁh‘mﬁmb\&%‘x?)hém‘c‘
ToO Z4SF(CHIMBHICHREN T D,
ATHA (S 10 HED EP RAEBHAUL TH 0. ZDS5 EP250404a (FENEFHA
(EP DFRES 24 51%) LRI LTz, AXKGEFED GRB THOEh', EHAERM UL [5].
Ffz, BETIE EP250828a O i = 22.3 DIGF A% R ISR THE L TS [6].
2) Gemini/GMOS Z 3L \/=4)
_TrCCS (& D LLGRB DELEMSRAN KR S/ZEL, Gemini/GMOS T ToO %
BIFEDINT NLZEYS L. LLGRB ETOIERZERET D
£\ Ic BUBITEDPTOY T F1 T DX, IRREORRERE

Magnitude
N
N
o

Days after the burst
[1] Liang et al. (2007), ApJ, 662, 1111, [2] Pian et al. (2006), Nature, 442, 1011,
[3] van Dalen et al. (2025), ApJL, 982, 47, [4] Srinivasaragavan et al. (2025), ApJL, 988, 60,
[5] Taguchi, Maeda, Tanaka (2025), GCN Circular #40074,
6] Taguchi, Tanaka, Toshikage (2025), GCN Circular #41582,
7] Lien et al. (2016), ApJ, 829, 7, [8] Campana et al. (2006), Nature, 442, 1008,
[9] D’Elia et al. (2018), A&A, 619, 66.

500 Mpc (353 LLGRB 0SB =1
SN 20064j [8]. SN 2017iuk [9] &L
1 BRI 3 GRB N &, 2 ERIIES
I BBINE EOMFER L (FHS,




EP250828a: GCN #41582

« 2025/8/28 07:32:33 (UTC) R
« 2025/8/28 10:51:02 7> > K

» 2025/8/28 13:20:39 #AIRIG. 18.5 D FEHLZ g2/r2/i2 TITD T,

—i2 =223 AB mag DX LK AZFHRE U TE—IREIT D ENHEKE
* g2, r2 Cl& non-detection,
- HROMDOF—LHS5E. ENTHRSEHN =N/,

- FSFRITICKD. KT —HTD 50 [BFR AB FHifli: 22.3, 22.1, 22.5 (g2, 12, i2)
« $F(CiI /U RICEAUTIE, TriCCS MM Pan-STARRS KDEREWT—4 (RAXAS1 R)
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 YIVFRAYVE S —KXEFEH
- EBHREERA
« 3IDDAROUT h=EBEABELTLS
1. ENET7S— RERIAOUT <
2. BEEAXIUS S

3. Reduction XU ~
o« ZEI/IEIT AR RMIHVDRWDT, SRIGBOOERIRE (CEGxiEsHBEE ToO DR E

* lceCube Za1— kU JBEH: EHEOBEBEAXATIUT hE(FFTDEFERD

B9 370> T0
« Einstein Probe ZZEREXAD I AO—77v T (RRASF—E1R): ETF=L)

 TriCCS DiFE: 18.5 DEH - i /{2 KT Pan-STARRS KDRL\FT—4
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BN e OkayamaObservatory
KYOTO UNIVERSITY 't::? Kyoto University

Current Status of Multi-messenger Astronomical
Observations Using Seimei Telescope

2025-09-02 Kenta Taguchi
(Department of Astronomy & Okayama Observatory, Kyoto University) ¥ =




Contents

* Multi-messenger Astronomical Observations
* Following-up Gravitational Wave Events
* Following-up IceCube Neutrino Events

* Related Project
* Following-up Einstein Probe Transients (Poster)

2025/9/2 Seimei Users' Meeting 2025
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Gravitational Wave (GW)

+ Electromagnetic Wave

* Good Example: GW 170817 Abbott et al. (2017)
« GRB 170817A --
« AT 2017gfo (Kilonova)

— turns out to be a NS-NS merger
* GW — masses before/after merger 0
« Optical —» elemental abundance (spectra) J

* More GW + optical observations needed @ | ‘ ’
« 2nd NS-NS merger | e
» 1st NS-BH merger
» Other embarrassing events?

* Optical surveys are necessary to identify the counterpart of GW
 GW has a large uncertainty in direction
2025/9/2 Seimei Users' Meeting 2025 20



https://ui.adsabs.harvard.edu/abs/2017ApJ...848L..12A/abstract

For Following-up Observation of Gravitational
Wave Events

* We have prepared three scripts:

1. GW Alert Monitor Script
» Checking LIGO/Virgo/KAGRA Public Alerts

2. Automatic Observation Script
* For each GW event, “J-GEM planner” lists galaxies in the uncertainty region of direction
— Imaging galaxies in the list by the queue system + TriCCS imaging mode

3. Reduction Script
« Based on GNUmakefile

2025/9/2 Seimei Users' Meeting 2025
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Script for GW #1:
GW Alert Monitor

* Check the Grace DB ( https://gracedb.ligo.org/superevents/public/O4/ )

“’JWGI'CICEDB Public Alerts ¥ Latest Search Documentation Login

Please log in to view full database contents.

Event ID Possible Source (Probability) Significant urtc GCN L ocation FAR Comments

July 16, 2024 GCN Circular Query
S240716b BBH (>99%) ) 1 per 4.0307e+07 years
03:49:00 UTC Notices | VOE

July 5, 2024 GCN Circular Query
S240705at  BBH (>99%) 1 per 4.4755e+07 years
05:32:15 UTC Notices | VOE

July 3,2024 GCN Circular Query

S240703ad BBH (>99%) 1 per 2.6751e+05 years
19:13:55 UTC Notices | VOE

June 30, 2024 GCN Circular Query ;.
$240630t BBH (>99%) 1 per 16736 years
10:17:03 UTC Notices | VOE

June 29, 2024 GCN Circular Query
S240629by BBH (91%), NSBH (8%) 1 per 100.04 years
14:52:56 UTC Notices | VOE

2025/9/2 Seimei Users' Meeting 2025


https://gracedb.ligo.org/superevents/public/O4/

Script for GW #1:
GW Alert Monitor

* Check the Grace DB ( htips://gracedb.ligo.org/superevents/public/O4/ )

* Important parameters:
* HasNS: probability that progenitor binary has at least 1 NS (ignoring BH-BH)
« HasRemnant: probability matters from NS ejected
 FAR: False Alarm Rate
» Spherical angle of 50%/90% error region

« Events that Seimei/TriCCS follows
« FAR <108 Hz & error region < 100 deg?.
« HasNS, HasRemnant > 0 (not a BH-BH event)
» Good visibility
— To date, no such events has been discovered
« GW170817 was a really rare event

2025/9/2 Seimei Users' Meeting 2025
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https://gracedb.ligo.org/superevents/public/O4/

Script for GW #2:
Automatic Observation Script

* Depending on the queue system (by Maehara-san)

* Torun: ./seimeiGW.py eventid PROPID observerd

 To run automatically, connected with script #1 (GW alert monitor)
* However, since there are no good events, it is unknown if the scripts are connected well.
— Tests with lower criteria will be planned.

* The contents of automatic observation scripts
 Trigger ToO (Open-use time is not supported, next slide)

* Main loop

1. Get galaxy list from J-GEM planner (next next slide) (updated on each loop)
Choose a galaxy to observe (high “host-probability”, good visibility, not observed)
Check safety (prevent accident): telescope is in remote mode & human sensor is off
Send queue commands to observe the galaxy chosen in 2 to the queue server
Telescope moves & start exposure by TriCCS (g2/r2/i2)

LNl

2025/9/2 Seimei Users' Meeting 2025
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To Trigger ToO

* |t is good to declare to trigger ToO (just) before automatic observation
« Kyoto University Time: web form
* The system judge if ToO may be triggered Kyoto University Time: web form
o Open_use Time: Slack ToO Request Form for Kyoto U. Time

« Difficult to classify ToO is allowed
« Difficult to know higher priority observation is running

— We prepare Kyoto University time at first

Proposal ID (H§4REREE—5):
25B-K- 0001 v
Date:
Open-use Time: Slack 2025/08/31
Time:
From |18 ~ [: |00 v [tD|18 v |
Cf. RXEH:  50.05 - og-07 | BOEZHE

78308 (k) ~

Kenta TAGUCHI (Kyoto) 12:57
024-07-30 20:00 ~ 20:45

PROP-1D: 24B-N-CT10

Pl: HOEK

Comment: IR TE&HBIL &F 7.

BUBEHA:  19.34 - 28:30 | 0.25%: 22:02

R 0.50%: 24:00

B% - Bt 18:37 — 20:35 | 0.75%: 26:04

Confirm the Availability

2025/9/2 Seimei Users' Meeting 2025 25




Galaxy List Provided by “J-GEM Planner”

« GW has a large error region (even though we limit to < 100 deg?)
 FoV of TriCCS = 12.6 x 7.5 arcmin — non-realistic to scan the whole region

— We limit to image galaxies within the error region
» Like GW170817, we assume GW events are accompanied by galaxies.

« J-GEM planner provides a galaxy list of ‘host probability’ for a GW event.

— TriCCS exposes galaxies one by one, starting with the highest probability.
(J-GEM: Japanese Collaboration for Gravitational-Wave Electro-Magnetic Follow-up)
Example of a galaxy list: S240615dg

galid eventid prob inserted ra dec dist OptExpected|NirExpected| state obsids updated

2024-06-19
21:46:01.982220
211123;]28?220 7.238545.9047) 811.0104) 27 24.5  (Observe f:gg 1;:04&:111011;:“4
2024-06-19
21:46:01.982220
2024-06-19
21:46:01.982220
2024-06-19
21:46:01.982220

Seimei- 2024-06-16
GL003202+445251/S240615dg| 0.28161 8.0091 |44.8808{1071.7460|  27.7 5.2 |Observe
’ 012dg ’ Ve Trices 17:50:39.100667

GL002857+455417|5240615dg| 0.055124

Seimei- 2024-06-16
GL002711+460313|5240615dg| 0.048759 6.704 |46.0536| 902.6702| 27.3 24.8 |Observed T

TnCCs 18:18:34.686420

GLO03644+464922|S5240615dg| 0.04022 9.1839 |46.8227/1000.7425 27.5

Seimei- 2024-06-16
GL002720+462126|S240615dg| 0.039475 6.8328 |46.3572| 873.7037 27.2 24.7 Jbserve I

TriCCS 18:12:24.024992
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Script for GW #3:
Reduction Script

« Standard reduction:
» Dark subtraction
* Flat fielding
« Sky subtraction
« WCS mapping
« Combining multiple frames
« Template subtraction using Pan-STARRS1 template (using ‘J-GEM image server’)

» Be careful that TriCCS may become deeper in some cases.

 Script runner is made based on the GNUmakefile
* To do:

- Automatic run after observation (after getting dark or morning?)
« Measuring limiting magnitude
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GW-related Observations in the Last 1 Year

« 2/9: S250206dm (NS-BH or NS-NS)
« At first error region ~ several 100 deg? —» 50% getting smaller (38 deg?) on 2/8

e 8/20: AT 2025ulz

« S250818k (Error region is large; however, ZTF reported a transient in the region)

* There are no GWs that satisfy our requirement
— We have not been able to test if ToO & script run automatically
— We will soften the criteria (observe even BH-BH, etc.) in Taguchi’s time to test.
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Following up on IceCube Neutrinos

* Neutrinos: another kind of multi-messenger observation

* |ceCube: the largest neutrino detector under the South Pole.
 Utilize the glacier as a target for neutrinos and a Cherenkov radiator.

* The automated GW observation script can be used almost similarly.

 Blazars within the error region are imaged by TriCCS g2/r2/z.

* Neutrino-related observations within the last 1 year:
« 11/28 1C140125 41215060
« 3/91C140626 1288692
« 4/7 1C140752_31006975
« 5/41C140824
« 8/20 AT 2025ulz
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Plan for Exploring Optical Counterparts of Low-

Poster: Following up on  |SEtastiau et ri i

Abstract

Low-Luminosity GRBs (LLGRBs) are a class of y-ray bursts (GRBs) with luminosities approximately four orders of magnitude lower than typical y-ray bursts. LLGRBs
should occur more frequently than typical GRBs, but their extreme faintness results in very few observational examples. However, the high-sensitivity X-ray telescope

| | |
Einstein Probe (EP), launched in 2024, is expected to improve this situation, leading to the discovery of several LLGRBs per year. Therefore, we are conducting follow-up
observations of transient objects detected by EP using the TriCCS imaging mode.
1. What are Low-luminosity y-ray Bursts (LLGRB)?

y-ray bursts (GRBs) are the most energetic stellar explosions in the universe. During a GRB,
extremely high-luminosity gamma rays are emitted over a short duration (< 100 — 1000 s), reaching
energies of 1050 — 1052 erg s~! (assuming isotropic radiation). GRBs with longer durations (> 2 s)

. . are called long-GRBs. Long-GRBs are known to be associated with supernova explosions of
| I | I massive stars, and their high-luminosity y-ray emission is thought to originate from relativistic jets.
. O O fo r OW_ I l I m I n O S I ty G R B G R B fro m Among GRBs, some show y-ray luminosities ~ 4 orders of magnitude lower than typical GRBs;
these are called low-luminosity GRBs (LLGRBs, Fig. 1). Due to this low luminosity, only about a

dozen LLGRBs have been observe: detail to date. However, the scarcity of LLGRB
observations is just an observational bias due to their faintness; their actual cosmic event rate is

estimated to be ~ 100 — 1000 Gpc-3 yr-', over 100 times higher than that of typical GRBs [1]. In

other words, LLGRBs are a far more universal phenomenon than typical GRBs. Therefore,

LLGRBs are important astrophysical phenomena since they link typical supernovae and GRBs.
L]

2. Observations of LLGRBs until 2023

Observations of supernovae associated with LLGRBs have not progressed significantly. Over the
past 25 years, up to 2023, only five supernovae corresponding to LLGRBs have been observed in
detail (GRB 080425 = SN 1998bw, GRB 031203 = SN 2003w, GRB 060218 = SN 2006aj, GRB

] L] n ]
. - 100316D = SN 2010bh, GRB 171205A = SN 2017iuk). It is because the detection limit for Swift/BAT
is 107°-10"® erg s™' cm™2, corresponding to a distance of 150 Mpc for LLGRBSs; at this limiting

-1

failed?

Luminosity (erg s

distance, the expected number of observed LLGRBs was extremely low (Fig. 1).
Therefore, fundamental questions regarding LLGRBS, such as (1) the progenitors of LLGRSS,
2) how LLGRBs explode and radiate gamma rays, and (3) whether LLGRBs are the source of

"
high-energy neutrinos, remain unresolved. However, the situatiol expected to improve
I l e l | rI I l O S dramatically with the laus of the Einstein Probe in January 2024.
3. The Launch of the Einstein Probe (EP)

In January 2024, the Einstein Probe (EP) was launched. EP has a wide-field X-ray telescope (WXT,

. . angular resolution of ~ 3 arcmin) and a tracking X-ray telescope (FXT, angular resolution of ~ 20
% O m e m u I - m e S S e n g e r p e O p e a re I n e re S e arcsec). WXT features a large field of view (3600 deg?) and high sensitivity in the soft X-ray band
0.5 — 4 keV). As of late August 2024, 27 X-ray bursts have been reported by the EP team, with
typical fluxes ranging from 10-'° to 10-? erg s~! cm~2, which confirms EP has a sensitivity ~ 10 times
greater than Swift.

The high sensitivity of EP can detect LLGRBs up to 500 Mpc, even if their luminosity is 104 erg
s~' (Fig. 1). Even assuming a conservative event rate of 100 Gpc=3 yr-', the discovery rate of

- LLGRBs by EP is expected to be ~ 6 yr-, with half of these observable from the northern
. hemisphere. In other words, the launch of EP began an era in which multiple LLGRBs
associated with supernovae can be observed annually. Furthermore, the radiation from K 100 500 300 200 500 600
LLGRBs is known to be softer than GRBs [2], which has high similarity with EP’s strong sensitivity Distance (Mpc)

in soft X-rays.
In fact, EP 240414a = SN 2024gsa and EP 250108a = SN 2025kg have been discovered with

L] [} ]
counterparting supernovae, and the relationship between GRBs, LLGRBs, and supernovae is being Figure 1: (Top) GRBs detected by Swift with known redshifts
discussed [3, 4] [7]. The three particularly faint (< 10%47 erg/s) colored blue
- are LLGRBS. (Bottom) Zooming up of the top panel. With EP,
T the number of observable LLGRBs is expected to increase
4. Our Plan for EXplO”ng LLGRBs by an order of magnitude compared to Swift.
We plan to combine Time-of-Opportunity (ToO) observations of imaging with Seimei/TriCCS and

spectroscopy with Gemini/GMOS (Fig. 2).

1) Identifying Optical Counterparts of LLGRBs Using Seimei/TriCCS
. e S l | S Following EP alerts, we conduct follow-up observations using the TriCCS imaging mode (g2/r2/i2)
The single FoV of TriCCS can cover the entire positional uncertainty by EP. Note that LLGRBs are

expected to be associated with relatively nearby galaxies (d < 500 Mpc). At this distance (u < 38.5
mag), even the faintest galaxies (—15.5 AB mag) are expected to be brighter than the PS1 limiting

Luminosity (el
=
3

H
2

GeminiToo | | |

magnitude (23 AB mag). While most alerts triggered by EP are likely to be non-LLGRBs, events
L] \where PS1 nearby galaxies exist within the EP/FXT error region are considered the most
. a O S e rV e ikely candidates for LLGRBs. Therefore, ToO observations should be initiated particularly "F’*’
u aggressively for these events. . . + ¢

At present, we have conducted follow-up observations of over ten EP objects. Among these,

EP250404a was successfully observed immediately (24 mins after the EP report). This object was

[]
a standard GRB, but an afterglow was detected [5]. Furthermore, most recently, we were the first
in the world who discover the optical counterpart of EP250828a with an i = 22.3 [6].
(2) Spectroscopy Using Gemini/lGMOS
After TriCCS detects the optical counterpart of an LLGRB, a ToO observation is triggered with

" Gemini/GMOS to obtain the supernova spectrum and determine the redshift of the LLGRB. In 0=
. P 5 O 8 8 a [ ] C N #4 1 5 8 n e t particular, for objects down to magnitude 21, it is possible to distinguish subtypes of type Ic
I 2 2 ( ; 2 X S I e supernovae and determine the expansion velocity of the explosion.
- 2pyT 100
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Magnitude

Figure 2: expected light curve from an LLGRB at 500 Mpc
(compared with SN 20064aj [8] and SN 2017iuk [9]). We
specifically aim to image the GRB afterglow, which ends
within one day, and the supernova that appears about two
weeks later.
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EP250828a: GCN #41582

« 2025/8/28 07:32:33 (UTC) discovered
« 2025/8/28 10:51:02 announced
« 2025/8/28 13:20:39 start observation. g2/r2/i2 exposure for 18.5 minutes.

— We discovered and announced i2 = 22.3 AB mag counterpart to the world
« Non detection by g2 and r2.
» Other groups in the world reported the same object being delayed from us.

* 50 limiting AB magnitudes: 22.3, 22.1, 22.5 (92, r2, i2)
« TriCCS data are as deep as Pan-STARRS (next slide)
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Comparison of Pan-STARRS and TriCCS

* I-band image of Pn-STARRS (left) and TriCCS le




Summary

* Multi-messenger Astronomical Observations

 Gravitational Wave Events

* We have 3 scripts:
1. GW alert monitor script
2. Automatic observation script
3. Reduction script

« The number of GW events that satisfy the criteria is small
— Script will be tested under Taguchi’'s observation time with softer criteria.

* lceCube Neutrinos: the same script as GW can be used.

» Related project:

» Einstein Probe Transients (Poster)
* TriCCS’ depth: 18.5 minutes exposure gives 22.3, 22.1, 22.5 (92, r2, i2) limiting magnitudes.
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