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Three generations of “Kamiokande”
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Three generations of “Kamiokande”

Kamiokande
(1983-1995)
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Physics targets
multi-purpose detector

- Neutrino physics

. Accelerator, Atmospheric neutrinos :
neutrino oscillation (CP violation, Mass ordering)

. Solar neutrinos : Non-standard oscillations and
Interactions

- Neutrino astrophysics

. Supernova, Solar, Astronomical objects

.- Beyond standard model

- Nucleon decay

. Dark matter, sterile neutrino, etc.
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Core-collapse supernova

"N oXol

Cooling of Y,
ProtoNeutron Star

Supernova

explosion! Shock wave propagation

— speed ~c¢/30 (~10%m/s)
Neutrino : speed ~c

begins to collapse

Neutrino trapping

(PNS : Proto Neutron Star)



upernova neutrinos N
. ] Average emission
distance scales and physics outcomes Multi-populations (BH)

. . ran ignal
Explosion mechanism Guaranteed signa

Progenitor properties
Multi-messenger
Neutrino physics

Supernova variety 15‘

©M.lkeda (ICRR)
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Super-Kamiokande
50,000 tons of Water Cherenkov detector

Kamioka mine
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History of Super-Kamiokande

Experimental phases Tank refurbishment

5 |
1

SK-Gd
2020.7.14

1996 2002 2006 2008 2019  2022.6-7
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Pure water Gd-loaded Water

‘SK-Gd’ is a broad and general term for the experiment after the start of the Gd-loading
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Supernova burst neutrino

Expected number of events
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Nakazato Nakazato
(SN) (21g))

Livermore

Betelgeuse
(150pc)

16.7-37.7 M 713.8 M 41.8 M

at 10kpc

(Galactic center)

LMC

3.7/6~8.49 k 16.6 k 9.40 k

150~340 o064 3760
(50kpc)
MS1 0.69~1.55 3.0 1.72
(740kpc)
10 1 10 102 10° 32.5 kton, bMeV threshold, Normal mass ordering

distance (kpc)
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SK-Gd

Dissolving Gd to enhance neutron detection capability

Inverse Beta Decay (IBD) Neutron capture efficiency on Gd
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Supernova burst neutrino

Pointing accuracy
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Supernova burst neutrino

Pointing accuracy
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Supernova burst neutrino E
Improve the pointing accuracy in SK-Gd
Neutron capture efficiency on Gd SN simulation at 10kpc
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Realtime supernova monitor

Requirement and goal

Kistler, M., Haxton, W., & Yuksel, H. 2013, Astrophys. J. 778;81, 9pp

SBO duration [sec]

LI Illlll 1 ] nllllll 1 L -Illlll 1 LR llllll 1 1 Illlm

30.024
Red Supergiants .'15
11
~Tmin
\ .16 r
Blue Supergiants :
¢ 0,
5x 10°%erg -
3x 10° erg
.’35
102 108 100 105 109

Shock propagation time [sec]

Probability (%)

FOV diameter (deg)

K .Nakamura et al. MNRAS461,3296-3313(2016)
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Realtime supernova monitor

Flow

Triggered data

Offline

Software Processes

Realtime

trigqger :
R reconstruction

and selection

Processed data

Alarm flowchart

SNWatch - '
Search for V€1‘:nt & cLillSter
event clusters ouna:
Non-Uniform vertex
distribution
Atel, IAU-CBAT, TNS |

Check cluster size Silent alarm

~1.5 minutes al present

(for 10kpc SN)

aimed to be improved >35 >25
to < 1 minute.

notice events > 10

Meeting, experts decide

i the SN is real and Call and mail
manually send to SK experts distribution

worldwide announcement:
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Realtime supernova monitor
Automated GCN notice via Kafka

IR

4 'w @

ﬂ Coordinates

GCN Notice via Kafka Network

A—=N=A=ZFHVF

-4 | %
General \

NS



Cooperation with telescopes .

expandlng cooperation XRISM ~2024
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Realtime supernova monitor

Latency improvement

Observation (in case of 10kpc SN)

’ Data transfer~1min Length of subrunis ~1 min

‘.' Fvent reconstruction~1min Obtain energy, vertex position, and direction

4

for each event

SN direction fitter~10min == New method
Better resolution
Faster! ~few sec

Have a meeting among - Auto GCNNotice ~ sec

experts and confirm signals

~30min \ }
|

SN Golden alert (Originally ~1h) == Current latency : ~ few min

SN
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Realtime supernova monitor

Pointing accuracy

. Recently, we developed a new fitter (Maximum Likelihood+HEALPIx)
for the direction. It takes less than 10 seconds to calculate.
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. The pointing accuracy is 3-7 degrees at 10 kpc in several SN models.

Preliminary

— 30 . ?
§ Nakazato model w/ v osc. (NMO)
<5 25 = ML+HEALPix fitter w/o IBD tagging [Pure-Water]
% B ML+HEALPix fitter w/ IBD tagging [Gd-conc 0.01%] /
‘g? 20 ML+HEALPix fitter w/ IBD tagging [Gd-conc 0.03%] //
o cemmm  Ey, =7.0 MeV 4
o - : //
T s Ey = 6.0 MeV 2
3 Angul ut %
S ngular resolution vy
E . =
. 10 3.96+0.13 deg.
<= —
0 1 1 | L 1 1 1 L | l
0 5 10 15 20

, 25 30
Distance to SN (kpc)



Realtime supernova monitor

Detection efficiency

MC SMC Pre"minary
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Realtime supernova monitor
Recent update -> LLA

. Since December 13th 2021, an automated GCN notice will be sent.

. Golden alarm (isotropic distribution and more than 60 good events)
and the number of IBD tagged events is >10.
-> ~100% for SMC, while 0% above 80 kpc..

. Low Level Alarm (LLA), which has weaker conditions and Is sensitive
to even further SN, 1s prepared for Tomo-e, not open to public.

. We don't want to miss any chance for them even if the possibility is small.

. Most triggered events are background via cosmic ray muon spallation.



Realtime supernova monitor

Galaxies between SMC and M31 (from ChatGPT)

Bootes | (Boo |) — 64-66 kpc (ultra-compact, very sparse dSph)
Draco — ~/6 kpc (dSph)
Jrsa Minor — ~76 kpc (dSph)

Sculptor — ~86 kpc (old stellar-dominated dSph)

Sextans — ~86
Carina — ~105
—ornax — ~ 147 kpc (dSph, with past star formation history)

Leo Il — 200-230 kpc (dSph)

eo | — 250 kpc (dSph).

Leo T — 410-420 kpc (transitional, small but young star clusters observed)

Phoenix dwarf — 415-440 kpc (transitional, with past to recent low-level star formation)

Barnard's Galaxy) — ~500 kpc (active star-forming region in the irregular Local Group.

NGC 6822 (

Kpc (dSph)
Kpc (dSph)

Separate RSG catalog available)
8b — 620-640 kpc (companion galaxy of M31, mainly old stars, low SFR)

NGC

NGC

147 — TRG

B observations indicate =680 kpc (?) (companion galaxy of M31, mainly old stars)
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Realtime supernova monitor

Golden vs Low Level Alarm
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Realtime supernova monitor

e’
I

A Gty

\

i

W=

Observation probability as a function of distance
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Under the criteria of the number of events,
the observation probability is over 10%
up to ~250 kpc. =>canwe goup to Leo | ?



Cooperation with OISTER

multi-messenger of supernova explosion

So far, we are making effort to make partnership
between SK and each telescope

Now we need more cooperation between telescopes
to share information during SN observation
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Example of a target o
Can we see the shock break out?
- Core ~envelop sqrface
%e ' » : | Shock wave travels with
e P ‘I
= Vy ' - | ~1/30 of the speed of
o = '/ light (~104kmisec).
G
> ™ | | Shock breakout happens
3 SBO / " | when the shock wave
£ dlateau | arrives at the surface.
3 4T
3 : v
................ - Neutrinos travel with
I | the speed of light
9 6 3 0 2 0 2 4 6 8 — (3x10° km/sec)

Log (time relative to bounce [s])
K.Nakamura et. al. MNRAS 461, 3296 (2016)
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