TriCCS &R ET— FZAUL\/Z Low-Luminosity
y #R) \— X BOBIRIEXT IO RRDIREETIH]

FH 42K GREPAZERIILLKSEE) on behalf of a larger collaboration

Abstract
Low-Luminosity GRB (LLGRB) (23@%® y #/\— X I~ (GRB) KD #] 4 HHEL\EEE I DER T D. LLGRB (LBEED GRB &K DRESEENZ (IS T2,
g Dfe (CEVRIFIA O TR, UL, 2024 E£(CF B EITSNEERE X #REE1=ER Einstein Probe (EP) (CK D CDIRIANERESTN. SEEIEZUE D
LLGRB W RE N3 EZXS5ND. T THAIETICCS IRIRFRE— RZHULT EP REDZEFR KMARZBEHI L CL\B,

1. Low-luminosity y ##/{—X I (LLGRB) &(&? - - —

y #2/\—2Z K (GRB) @FEHICHIBE2 EEIRILF—DASRMEEDERIRR TH . 3 ' RV AN
GRB T332/ (< 100 — 1000 ) (C. 1050 — 1052 erg s~! (FETH'EAITE LARE LUTIZIHES) 1057 ORE DA ,
EDBHED v BAREISNS. GRB DS SMFEHINE (> 2 7) EDIF long-GRB & SRR Rkt FEY P ‘
F(ENTLVD, Long-GRB (FEWVWEDEHERFELEMFR LU CLWDZEMNISNTHED. €D 0Tk
SICED v HRIET (ST R jet (CKDEZZ SN TULD,

GRB O TH, HEMBREDLD 4 HTFE y BHENMENEDHTFEL. TNS%E low-
luminosity GRB (LLGRB. 1) &5, COIEWREDIZsI(C. FFfliRialbhiThonic
LLGRB (Fi8XE(C 10 HHIFE UNMETELURLY., UM U. LLGRB MEFAIZHVIROER (S,
TR (CKBE/\A V7 XCBEYI . FHICHOITDIERORER(LBEED GRB LDE
100 LA EFELY. 100 — 1000 Gpe3 yr! EHEESNTULVSD [1] DED LLGRB (XiEED

GRB &L D HENCEIBNIRIRKRTHSD. CDZENS5E. LLGRB (S EEDEFERFE LS. Voo
GRB & DRI T DEBRRKIIR THDEEX B, |~ | LLGRB ®
o

)

N
I,“’fz. '

O

-
(@)

Ul

o

e °
°
g
1

8

\

\

\

- ’—
- -
- ”
- -
- ’—
- -
- ”
- -
- ”
” ”
-

-
-
-
-
-
, =
-
-

-
-
-
-
-
-
/’
P 4

-

o
D
(00]

\
\

Luminosity (erg s—*
L 4

-

-
NN
(&)}

2. 2023 L RID LLGRB DO#RAI

LLGRB (T35 9 DB EDELA (FdpEDER L TLVRL), 2023 FEETDIBE 25 ERIT. 1 2 3 4 - 6
LLGRB & 359 2B EDEIN TN /= BERER R IAIZ 5 6 LH'EL (GRB 080425 = SN 1+2
1998bw. GRB 031203 = SN 2003lw. GRB 060218 = SN 2006aj. GRB 100316D = SN
2010bh. GRB 171205A = SN 2017iuk) . Swift/BAT MDi&RHPEFR (L 10°-108ergs' cm2 T
»D. LLGRB TI(& 150 Mpc DiEEEICXTInT D. CDOEFRIERE C (X, BAF=11D LLGRB @D

#EUAIZ (EAmeD TR D Tz (BE1). 10 §

ZDI=&. (1) LLGRB MAIFER, (2) LLGRB [FEDLSICBRFELT v BEKETT 3DH7 ; :
(3) LLGRB (im_;ﬁ)lﬁr——_z NU_ DREEE 2B N, 732E LLGRB (CRI 9 BARAMI 1R
BV U CERERMNESNTUORVWDHIIRIRTHD. LU, CDIRIR(E 2024 £ 1 Bl
K=Y 5Y ) = Einstein Probe DEGICLDEIN(CHEETNDS CENHIFT=NDS.

=

o
NN
O

j—

o
I
00)

3. Elnsteln Probe (EP) &%

2024 . Einstein Probe (LT EP) NI 5dh /e, EP (JILREFD X #RE=RER
(WXT, ﬁﬁq:ﬁb 3 arcmin) SIEMMERAIFAD X #RE=ER (FXT. 73#%8E ~ 20 arcsec) ZHF D,
F5(C WXT (ZEFRET (3600 deg?) i D. EX X #R (0.5 — 4 keV) FiEHADEWVHEZH I D,
2024 &£ 8 A KEF2C 27 BD X FRZEFHE KA EP F—ACKDIHETN. HBIFYR flux (&
10719 —10%ergs'cm=2 &. REH Swift KDE 10 BHDZENERTNTULDB,

EP OFEREICL DT, L=10%ergs' dD LLGRB Tdp> CH. 500 Mpc &£ CHHOJ&EE
ZA5NSB (X1). #ZEZXHIC 100 Gpc3yr! E=D eventrate ZIRELTH. EP [CKD |
LLGRB MFERZE(ZL 6 yr' BENHEAG /. DEFEHILFEkNSEHIn]JgE EZ X 5N D. 10% e =S 200 160 200800
IIRNSE. EPDEIBICELD T, EFMEIC{IET S LLGRB Z i (c{EZEERAInIgE(ICRD Distance (Mpc)

R EIEBESNIEEERXD. F/Z LLGRB DiET(E GRB &0 soft THhDZEMASNT
H D [2]. soft X #RICTRVVMEZFFD EP EDHEBEN TULD,
E[R EP 240414a = SN 2024gsa S KU EP 250108a = SN 2025kg D 2 XK4K(E, X9 B

BIEFX CRESINTESD,. GRB T LLGRB &8BH2 & DORBFZRMNZEF SN TULS [3, 4].

-

o
I
~

Luminosity (erg s~ 1)

-

o
I
(@)

31 : (L) Swift R D GRB D35, FRI5RIENEIAD
BED [7], B TRI 3 XKIE <104 erg s~ E4FICHEL .,
CNS5H LLGRB TH ., (F)EP OFEFZICKD. &
nJHE7R LLGRB A Swift KD 1 HHENN 9 S LHiIfF=ND.

4. 32 D LLGRB #FE&:T1H|
¥4 (& Seimei/TriCCS (C LD IEGZEAI & Gemini/GMOS (C K3 EERAl & = fEAHFahE =
ToO EE/EIJ%_:DTE L CUYD (><2)o

(1) Seimei/TriCCS &R \/= LLGRB (D EJRA IS FAKDIFE B T T T T T G RB 060218/SN 20068 (V)
EP (D75 — 27T TriCCS IRt —  (g2/r2/i2) ZRAAWCGEEAZITD, EP ([CKD :d =500 Mpc GRB 171205A/SN 2017iuk (V)
(IERTEDREMEEEARZ. TriCCS D 1 REFTH/\—TESD. 7245 LLGRB (L&A 19.57 :
(d < 500 Mpc) OD‘EEJ(L_HI‘L LCTWSEFEEND, ZDiEREE (u < 38.5 mag) TldE&BiELY | Gemini ToO l l l
#:78] (— 15.5 AB mag) & PS1 DIEFREN (23 AB mag) KDHBIWLWEE X B5ND. EP ICKD 0.0k
7 =5— bDOKXEP X LLGRB TI(ZfEL) GRB I2&EEZ X 513N, EPIFXT DiRZEmHIEA(C
PS1 DAFEIRPIDNEET SANA> bE. LLGRB OAEMENRESVNEEZISNBDT, 9
ToO ZHICEmMICRE T 3. 3 40
IRFR CTH A (L 10 ZUED EP XAZEBEHI L THED. CMDS5E EP250404a (SEDEFERAL =
(EP D% 24 731&) (CAIh Uz, ARKRIKRITEED GRB ThoEh', FEEZ&RTE LT [5]. © 21.0
X/C. EiILC(X EP250828a M i =22.3 DMK AZIETFR(CHIRITTEHRS L CTLYD [6]. = _
(2) Gemini/GMOS Z U\ e Al 21-5_'
TriCCS (CK D LLGRB DuJ#RIEX ISR MAENFER =N/ZFRIL. Gemini/lGMOS T®D ToO =
FKEHLU CBIFEDANT MLZEUEU. LLGRB X CTOIFEZRTE I D, FFlC. 21 FFXTD 22 0
KAEIRS(EL, Ic BIBREDHTOH I FA T DXEIN, BROESREE ZREN BIEE E7RD. |
I (0
;’%%S'Zﬁk 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, <|2: 500 Mpc (C353 LLGRB h*SHEAF SN D WHEHIED
: 1 aguchi, Maeda, Tanaka (2025), GCN Circular #40074, *E{%x (SN 20063] [8] SN 2017iuk [9] tO)J:t$X) f—l_(c_
6] Taguchi, Tanaka, Toshikage (2025), GCN Circular #41582, 1 BUAIC$ER T IS GRB &yt & . 2 ARFEEL(CHIE
/] Lien et al. (2016), ApJ, 829, 7, [8] Campana et al. (2006), Nature, 442, 1008, I 3BIE S DIEGE T4 (TIBS,
9] D’Elia et al. (2018), A&A, 619, 66.




Plan for Exploring Optical Counterparts of Low-
luminosity y-ray Bursts Using TriCCS Imaging Mode

Kenta Taguchi (Okayama Observatory, Kyoto University) on behalf of a larger collaboration

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 10°0 — 10°2 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
massive stars, and their high-luminosity y-ray emission is thought to originate from relativistic jets.

Among GRBs, some show y-ray luminosities ~ 4 orders of magnitude lower than typical GRBSs;
these are called low-luminosity GRBs (LLGRBSs, Fig. 1). Due to this low luminosity, only about a
dozen LLGRBs have been observed in 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= yr-1, 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.

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 2003lw, GRB 060218 = SN 2006aj, GRB
100316D = SN 2010bh, GRB 171205A = SN 2017iuk). It is because the detection limit for Swift/BAT

Is 10™-107% erg s™' cm™, corresponding to a distance of 150 Mpc for LLGRBSs; at this limiting
distance, the expected number of observed LLGRBs was extremely low (Fig. 1).

Therefore, fundamental questions regarding LLGRBs, such as (1) the progenitors of LLGRSSs,
(2) how LLGRBs explode and radiate gamma rays, and (3) whether LLGRBs are the source of
high-energy neutrinos, remain unresolved. However, the situation is expected to improve
dramatically with the launch 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
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 10-1° 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 10° erg
s~1 (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
LLGRBSs is known to be softer than GRBs [2], which has high similarity with EP’s strong sensitivity
in soft X-rays.

In fact, EP 240414a = SN 2024gsa and EP 250108a = SN 2025kg have been discovered with
counterparting supernovae, and the relationship between GRBs, LLGRBs, and supernovae is being
discussed [3, 4].

4. Our Plan for Exploring LLGRBs

We plan to combine Time-of-Opportunity (ToO) observations of imaging with Seimei/TriCCS and
spectroscopy with Gemini/GMOS (Fig. 2).

(1) ldentifying Optical Counterparts of LLGRBs Using Seimei/TriCCS
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
magnitude (23 AB mag). While most alerts triggered by EP are likely to be non-LLGRBSs, events
where PS1 nearby galaxies exist within the EP/FXT error region are considered the most
likely candidates for LLGRBs. Therefore, ToO observations should be initiated particularly
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/GMOS
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
particular, for objects down to magnitude 21, it is possible to distinguish subtypes of type Ic
supernovae and determine the expansion velocity of the explosion.
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Figure 1: (Top) GRBs detected by Swift with known redshifts
[7]. The three particularly faint (< 10*47 erg/s) colored blue
are LLGRBs. (Bottom) Zooming up of the top panel. With EP,
the number of observable LLGRBs is expected to increase
by an order of magnitude compared to Swift.
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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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