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Super-Kamiokande

50kton JKF L a7 HER

2kton fiducial volume for SN

0" PMT photocathode

. charged -
~ ((inner)  coverage partigle <4/

ISK-1 11,146  40%
5,182 19% \/
11,129 40%
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HBEHE2IREFE/N—RX @ SuperK

events/32 kton

g Neutrino flux and energy spectrum from Livermore simulation
ey £ L (T.Totani, K.Sato, H.E.Dalhed and J.R.Wilson, ApJ.496,216(1998))
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10 | ~360 1°0O NC y events
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Super-K: = #ft 5T D &7 AVEATF

Assuming a supernova at 10kpc.
v,p 2e*n events give direct energy information (E, = E, — 1.3MeV).

Time variation of event rate Time variation of mean enerqy
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KamLAND

1000 ton Liquid scintillator at Kamioka

V BV UTHRRKX
vV ETRI)LX—RR{E: 400keV

V IRIIF—5REE 7.25%/\/E/(MeV)

VETkR=Za2—rY/ (BBEE)
FREINSSNEZRE(10kpe)

~300 ev (Inverse beta decay)
~60 ev (**C CC)

~20 ev (ve elastic scattering)
~300 ev (v+p—v+p)

Spectrum
v, ~ 300 events (10 kpc)
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unique for KamLLAND
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HALO

Helium and Lead Observatory at SNO lab. (Canada)

ve + 28Pb — 207Bi + n + e’
CC . +208pp _, 206Bj + 2n + e-
vy + 208Pp —s 207Pp + n
NC . + 208pp — 206pp + 2n

v/ HALO-1 : 76 tons of Pb
v 8554 F from SN@10kpc

3He thit Pt H 58 * 65 neutrons through CC
+ N R—Ay * 20 neutrons through NC
SHe+n—p+T vV T IE ~50%
15F (573keV) v/ ~40 events from SN@10kpc
M) Fr9 L\(191keV) v HALO-2 : kton R4 — )LD JFEEHEHE T

ZLLBIET N E TR
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XMASS 800kg Liquid Xenon detector

Ll

ARG NCaE—L 2 REREL

Vx + (N,Z) — Vx + (N,Z)
t N
13.5MeV LI RFI%

REEMRZ 5
XMASS(832kg) TEAfF SN b A N MK

Supernova model d=10kpc

Livermore 15 events
Nakazato (20M, Z=0.02, 100ms) 3.5 events
Nakazato (30M, Z=0.02, 300ms) 8.7 events

Nakazato (blackhole) 21 events
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| [snasera
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SKDSRNIFEZRIZHEITB/\vIH 59K

NC Elastic

“reactor + solar”

Decay electron

“atm. muon neutrinos ”

Ve CC

“atm. electron neutrinos ”

Wi
“u/r production from
atm. neutrinos ”

—

¥ — €

“Visible short muon track ”



SRN#FEZ @SK

WEDANIMNZYEHEFRT EL
HARNUES T IILEYBGEIZHIEZMNTTLVS,

SK collaboration, Phys. Rev. D 85, 052007 (2012)
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GADZOOKS!

Dissolve Gadolinium into Super-K
J.Beacom and M.Vagins,
Phys.Rev.Lett.93(2004)171101

0.1% Gd gives

100% -

3
>90% efficiency
S for n capture T~
44 0
9 80 /o For 50 ktons this means
.‘33_ ~100 tons of water soluble
m o GdCl] OF (;d'_;(SOJ')'1
O 60%
40%
20%
0%

0.0001% 0.001% 0.01% 0.1% 1%
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(Evaluating Gadolinium’ s Action on De
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EGADS’C‘/,J cNf-FEEZFE

Cherenkov light left at 15 m for EGADS detector
Blue band: SK-III and SI?}IV values.
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After loading 0.1% of Gd,(S0O,),, the Cherenkov light left after traveling
15 m in the EGADS tank is still within the typical SK values:
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Gd,(SO,), concentration: 200 ppm (B1% 5MD1)
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SK+GdIZH[THSRNE=
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> | T=8MeV
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SRN model : S.Horiuchi et al, Phys. Rev. D 79 (2009) 83013
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GADZOOKS!EEBFTEVv/N\—X
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events/bin
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Determination of the SN direction

GdIZ&AV. VDO EET. 200 |
faE S EEE(SN@10kpe) g ., | tag eff. = 1.0
IH4E3ECE ET B, : N g o e
=] ~3.3 degree
V. VEsBIEE DA E LB 515 | J T tegelmo0 .
PN N N ‘
RO Ve DRAROMLEES =1 | -
H&EYEREIZ S, 0 [ =i
25 _ _L - -
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Expected number of event

~168000 ev (inverse beta decay)
~2300 ev (*°0O CC)

~7000 ev (ve elastic scattering)
~8300 ev (*°0O NC)

at 10kpc, 4.5MeV energy threshold

1 10 10° 10°
distance{kpc)

SKELER T 205D & 2



Hyper—Kamiokande

Determine starting time with

~0.03 msec precision.

24000
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2 3000
= 2500
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Cummulative supernova rate [/yr]
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Distance [Mpc]

S.Horiuchi

6

—1 v 0.2~0.6 SN/yr @ 4Mpc.
V' 18MeVERE (%HERE:

BGZIR) TOERH
0.37~0.83 @4Mpc.
accidental BG:

0.00656
EAmESR - 3

1~56%

(N=1) @4Mpc

15 %/3-10%

= from

SN@4Mpc
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ﬁ'f% fE ;ﬂ' j—tﬁ%ﬁ' E Hyper-Kamiokande

s 2] —n+/ 0.2~0.6 SN/yr @ 4Mpc.
§1.8.‘ r
1.6} V' 18MeVRERfE (%BHR:
2144 1 BGZERR) TOEZRH
22 ] 0.37~0.83 @4Mpc.
Sost [ accidental BG:
£ 0.6 e ~ 0.00656
i 0.4 1 e
0.2} v, IV BBIFEE : 31~56%
%o 12345678910 (=1 @4Mpc

Distance (Mpe) /' 1ZE%/3-104 from
SN@4Mpc
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ﬁ'f% fE ;ﬂ' ﬁﬁ%ﬁ' E Hyper-Kamiokande

Detection Probability (%
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Hyper-KMSRNIZXxt 3 AR E

w/0 neutron tagging, w/ spectrum information

N,,.(20-30MeV) ng LMA SRN model, 100 trials are averaged.
300 8
250 /
6 - x1p
200 ; iy
150 4 x5
3 »— x?’u
100 " / -+ x10
50 1 xTu(>20MeV)
0 0

0 2 4 6 8 10years0 2 4 6 8 10Years
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Angular resolution vs. distance

—~ 3
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Distance to Galactic supernova

SN Probability distribution

D.08 -
0.06
0.04 -

0.02 -

Mirizzi, Raffelt and Serpico, JCAP 0605,012(2006),

astro-ph/0604300

Based on birth location of neutron stars

£¢=4, u=1.25 kpc |
Type la ]

Core collapse tj

r.-m.s.: 4.9 kpcj

mean: 10.7 kpg

q)e

0 A 10 15 25 3

1 t dikpe)
0 10kpc 20kpc

7% probability
< 3.16 kpc
> x10 statistics

16% probability 3% probability
<5 kpc > 20 kpc
> X 4 statistics < 1/4 statistics

o
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Limit on number of events

Upper limit from SK
b

o4 SK-1/11/111
06  combined
08 likelihood

-1

2-dim. Limit

-dim. Limit___---

combined
90% c.ll

P <

*
6 MeV

30 35 40 45 50 55 60 65 70 75 80
TvinMeV

logLikelihood

-1.2

e* candidates>16MeV/22.5kton year
N w i Oy N 0 WO

-1.4

-1.6

-1.8

2 2 3 4 5 & 7 :
ev/yr interacting in 22.5 ktons o 3
combined 90% c.l.: S 2|
<5.1ev/yr/22.5 ktons f.';j :
< 2.7 [cm?/s (>16 MeV) =
(using LMA model prediction (Ando et.al, 2005) 2 -
. :

25 3.0 35 40 45 50 55 6.0 65 7.0 75 8.0
TV in MeV



Angular resolution of SK (e-scat.)

AN
o

w
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Angular resolution (degree)

N
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| | | | | | | | | | |
5 10 15
True total electron energy (MeV)



Number of events / 10 us
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SRN with n capture
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Super-Kamiokande

~ 6 hits/IMeVIZOTYU T IFENWZR A E B A
IRILF—R5—)LIE. LINAC /DT Z{F->T 0.5% DEETRE

i | Detector performance
1 Resolution@
| 10MeV EFER (B3R

ne)
vertex 55cm hit timing
direction 23deg. hit pattern
energy 14% # of hits.

Ee = 8.6 MeV (kin.)
0SOsun = 0.95

a L] el o i} i
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Current SNvdetectors

ilceCUBE

Giga-ton detector

Snow Layer

lceCube

: /B
* !
- - T/
|
-

~km long string Water Cherenkov detector

at the South Pole
v/ Nominally multi-GeV energy threshold,

but can see burst of low energy 3¢’ s as
Increase in single PMT count rates.

@ 20 MeV
positrons

F" ice uniformly illuminated
¥~ detect correlated rate increase
. 1 met
on top of PMT noise I



Current SNvdetectors

~km long string Water Cherenkov detector
IceCUBE at the South Pole

Giga-ton detector v Nominally multi-GeV energy threshold,
but can see burst of low energy 3¢ s as
Increase in single PMT count rates.

: v/ Cannot tag flavor, or other interaction
[ el info., overall rate and fine time structure.

500 I Onset of neutrino

iceCube F—- emission Halzen, Raffelt
~ : 3 o L arXiv : 0908.2317
! & 400 -3msec precision
4 e = a0 r
: E 200 7 10 kpc
i E 100 g
Q
100

-0 -5 a S 110 15 20 25 30
Time posi bounca [ms) 39




events/bin

events/bin

Super-K: simulation of angular distribution

60 |

40

N
NV
o u m

- .
(¢ ]

~—events/bin

-
N
(3]

100 |

80}

v+e

ar

Energy =10-20 MeV

SN at 10kpc

n 1.||1 !
melu i

20 |

Vet

Direction of supernova can
be determined with an
accuracy of ~5 degree.

4 05 0 05
cos(6gy)

| Energy = 30-40 MeV

1

Spectrum of v+e events

{| can be statistically
1| extracted using the

direction to supernova.

Neutrino flux and spectrum
from Livermore simulation



Distance to Galactic supernova

SN Probability distribution

D.08 -
0.06
0.04 -

0.02 -

Mirizzi, Raffelt and Serpico, JCAP 0605,012(2006),

astro-ph/0604300

Based on birth location of neutron stars

£¢=4, u=1.25 kpc |
Type la ]

Core collapse tj

r.-m.s.: 4.9 kpcj

mean: 10.7 kpg

q)e

0 A 10 15 25 3

1 t dikpe)
0 10kpc 20kpc

7% probability
< 3.16 kpc
> x10 statistics

16% probability 3% probability
<5 kpc > 20 kpc
> X 4 statistics < 1/4 statistics

o
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