MeV




MeV

J MeV

(SNv)
>

(SN Relic v)
>

SN average

Neutrino Flux per sgq-cm per second per MeV

10- b o o sy
0 10 20 30 40 50 60 70 80 90 100

(G R B V) Neutrino Energy (MeV)




(SN1987A)

SNIBATA MARGCH 1987 T9E4




—RBFOIXILF— (MeV)

H———T T '

30F ;

20 L 1

WF My bB9oE o o - . 1
; f i i | I | 1 i ] 1 ! i PR | I 1 ] i ]

=60 ~30 0 30 60

4
A&EEE 2 A2381685359335% (£ 14) S
g Zy VigRes 2 A230 73/ (L1 )




KAMIOKANDE 2-P

NUM 9

RUN 1892
EVENT 139372

TIME 2/23/87
16:35.37 JST

TOTAL ENERGY 19.8 MeV

TOTAL PE. 51(0)
MAX PE. 4(0)
THRES P.E. 0.2(1.0)

KAMIOKANDE 2-P i 2

) w B ! v Y
NUM 9 ;

RUN 1892

EVENT 139372

TIME 2/23/87
16:35:37 JST

TOTAL ENERGY 198MeV

TOTAL PE. 51(0)
: MAX PE. 4(0)
~ THRES PE. 0.2(1.0)
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L (SK-D)

S ik Outer detector
/E - . _18670f8"PMT

S
o gL

Inner detector

= R LN 11146 of 20” PMT
== 1km(2700 m.w.e)

50kton

stainless steel tank e—————,
R oG 1o G 1 I

Photo coverage 40% Fid. Vol. for solar v 22.5kton
Sensitive to all types of neutrino

Real-time energy, vertex and direction measurement
Resolution (10MeV e°) Pos : 87cm E : 14% Dir : 26 degree
Dead-time 0% even if less 30,000 events (distance > 1.1kpc)
GPS timing < 1us
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livetime efficiency
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\ (E>6.5MeV)
\
= E
4
Time-cluster search (3 for 0.5 sec / 4 for 2 sec / 8 for 10 sec)
S0 E
149 time-clusters were found

a

Spatial distribution Cut (Mulipulicity vs Rmean)
4

Final candidate
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Detection efficiency
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J SK-I

4
100kpc
0.49SNe/
8.5kpc)
Dec.85—Apr.90 3.18
Dec.90—Aug.92) 1.08 4.26

0.26SNe/
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SK-I

< 10 min

6.5 MeV in SK-I = 8.5 MeV in SK-II
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Number of events in SK
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Solar 8@ |Constant SN rat (Totani et al., 1996)

Cosmic chemical #volution (Hartmann et al., 1997)

LMA v oscillatiog (Ando et al., 2002)

SRN
/predictions _
Atrhospheric v

Fsen =2 -54 ve cm™ sec”

Neutrino Flux per sq-cm per second per MeV
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J SNRv

Number of events / day / 22.5kt / 0.5MeV

SRN
predictions

10

-1} SSM(BP2000) * 0.4

=

e e
O After 1st reduction
A After spallation cut

¥ After 2nd reduction

SMeV energy range

Maigly Spallation events

: X-O- O After gamma cut
F V- Coo,
B oA Co, ~10
E V- A O
F o Ay, o
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TR

E (efficiencies are considered)

| e
Fi®od,
i
— ]
EIS | é | I1IOI | 1|2I | I1I4I | I1I6I | I1I8I | I20

Energy (MeV)
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SNRv

SNRv

18MeV
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Jd Sub-event

* Super Kamiokande K

> T 50-
140MeV

>

decay elegctrony -

Vu

»> SK 1 o)

(gate
window 1.3usec)

> U 34% “parent muon
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L
E.>18MeV

* Eup':' Kamiokande :*

1] 5513
EVENT 1658597
DLTE SE-Jan-17

IME ~Zr=33:

TOT FE 569

L
Cj) Il

42<

TH< 140MeV

n on/‘@ }\\

* Super Momeokonde &

BB
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Cos(Sun) Distribution of SBRN Candidates (E 34 mev)
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d SNRv

Spallation cut |

Cherenkov
angle cut

kton / 4 MeV
—k
|rM T T

<

5

ay// 22

Solar direction cut

/

Final Efficiencies

—
o

For E < 34 MeV,

e=47%+0

For E > 34 MeV,
e=79%+0.5%

4%

Observed events / 1496

SRN

-
Q

predictions

Energy (MeV)
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d
, M [oeA)+(BeB)t(yeC)-NJ
X B | = '[‘jl:lﬂt:a2 T Usysz
Total B.G. a 0 | Total background

+90% C.L.
SRN limit

1 (Atm. + decay e)

| Decay electrons

225 kton / 4 MeV —
=) ra

Event Rate / ye

Atmospheric ve

20 30 a0 50 60 70 80
Energy (MeV)
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J SNRv

> u (Michel electron)
& Best fit - 174%+16 events
& MC - 145443 events
> (Vo)
& Best fit - 88+12 events
& MC - /523 events
/
1
Best fit o
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J SNRv

909%C.L.
(IL:-IJ
F - Npx1T X J‘H Ev) o(Ev) e(Ev) dEv

. Ny 1.5>1033

e T SK-l livetime 1496 days = 1.29x<108
« f(Ev) SRN

« o(Ev) 9.52><10-4E_p, cm?

« Ev 19.3-83.3MeV
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J SNRv

Rule out

Theoretical SK SRN SK SRN Predicted
Model Rate Limit | Flux Limit | SRN Flux
Population <32 | <130 44
S’}‘ﬂthESiS Evts / 22.5 kton yr| Ve [ cm? sec | Ve/ cm? sec
Cosmic <28 | <32 5.4
Gas Infall Fvis /22.5 ktonyr| Ve/ cm? sec | Ve/ cm? sec
Cosmic Chemicall <3.3 | <25 R
Evolution Evis /22,5 ktonyr| Ve/ ¢m? sec | Ve/ cm?® sec
Heavy Metal <3.0 | <29 <54
Abundance |ewsj225kionyr| Ve/ cm? sec | ve/ cm? sec
Constant <34 | <20 52
SN Rate Evis /22.5 kbonyr] Ve /{ ¢cm? sec | Ve/ cm? sec
LMA Neutrino <35 | <31 | _ 11
Oscillation Evts /225 ktonyr] Ve/ cm? sec | ve/ cm? sec
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SK SRN Flux Limits vs. Theoretical Predictions

SRN /sg-cm / sec
1301

1201

1101
100 1

901

801

701

60 -
501

40

30+

201

10
0-

Population Cosmic Cosmic Heavy Metal Constant LMA MSW

Synthesis Gas Infall Chemical Abundance SN Rate Oscillation
(Totani et al., 1996) (Malaney, 1997) Evolution (Kaplinghaetal., 2000)(Totani et al., 1996) (Andoet al., 2002)
(Hartmann et al., 1997)

| SK SRN Limit (90% C.L.) [ll Predicted SRN Flux




d 19.3MeV

SK SRN Flux Limits vs. Theoretical Predictions
(E > 19.3 MeV)

SRN/ sg-cm/ sec

3.57
3.
2.5-

2] }

1.5

g } l1/3~1/4!

0.5+
0 — - . . .
Population Cosmic Cosmic Heavy Constant LMA MSW

Synthesis  Gas Infall Chemical Metal SN Rate  Oscillation
(Totani et al., 1996) (Maaney, 1997) EVOlUtiOﬂ Abundance (Totani et al., 1996) (Andoet al., 2002)

(Hartmann et al., 1997) (Kaplinghd et al., 2000)

[] Predicted SRN Flux m SK SRN Limit
(E > 19.3 MeV) (90% C.L.)
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J SNRv

SK-1 1496

18MeV u

0.2-3.1v.cm=2s-!
90%C.L.
1.2v.cm-2s-1

Const.SN rate
1/3—1/4

Ve+tp—e+(n)—
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GRB MeV

d GRB
> GRB

» GRB ?

(Hypernova? NS

> GRB

Model-independent search
(independent of energy spectrum)
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GRB MeV

J

BATSE GRBs

» SK data samples:
& Low-energy (LE) sample (6.5—80 MeV)
# High-energy (HE) sample (0.2—200 GeV)
# Upward-going muon (Upmu) sample (2—10°>
GeV)

» GRB times from BATSE:
#® 1454 GRBs (April 1996 - May 2000)
@ Triggered and non-triggered
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GRB MeV

J GRB

>

&
® (LE HE )

» Time correlation search (LE, HE samples):

& GRB trigger +10s, =100s, =1000s
window

& time-correlated

» Time+direction correlation search (upmu
sample):
& $1000s time window 15° direction cone

» Non-coincident search (ALL samples):
# GRB trigger 1hr +Jlday
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GRB MeV

(LE+HE)

n 3 ]
& (@) 73
(V) E 2? =
20

of GRBs

No.
5

of GRBs

0
Z
1 2 3 4 5 6 7 9 10 0 1 2 3 4 5 6 7 8 9 10
2 10 (LE) GRB correlated event o (HE) GRB correlated %z?nt
g 105— -8 e "’s.a 10{— =+
o= == E B
9wk z} w0f &
C; 1 ;— &}-‘ 1 % °
210 1— 10'1;—
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B 104 (LE) GRB correlated eventg 3, (HE) GRB correlated %??nt
3 e
g 1020Lg & ™= 107 =.=¢
== e
B 1 e w0k =
6 1 § 1 ;— ° +4--+5 hr
Zpt 10 1*
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(LE) GRB correlated events (HE) GRB correlated events
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GRB

B
d

E.I:Iﬂi- fa] 3 E:ni- b 3
u-:-. < u.;r_-' + & 5.. .,-‘ ,-_ 3
EH:- ----------------------------------------------------------------------- : EH:—_ 3: IR I h'..."'l 3
o | o[ . " ! .
Eu;- 3 Eu;- .h. :f L S
g'ui_ E g.ui_ .. Il.ll * -
E -1.;— @ = E .1.;2' . . ] _
3.t 1 3. N E
- T - T o
E-'i'-:-:-:- Ty / 00 1000 i o Ty 3 )
EX Eima - TEE Filas [mac) EX Eima - HATOE ftima (mac)
Expected BG 0.67 +24hr

One single upup was found in GRB window.
Consistent with the expectation from the BG.

Within ==24hr, no cluster of muons were found.
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GRB MeV

D Ngg - 90%C.L. limit on total number of v interaction
N : number of interaction target
o(Ev) : total cross section as a function of energy
> - ¢(Ev) : detector efficiency as a function of energy
A(Ev) : normalized neutrino energy spectrum

/@ _ ~ Noo
MO B .
PE) 5(E’y - Ey)

»>Model-independent fluence Green’s function - ®(E,).
»Calculate fluence from Green’s function:

[ MEY) -1
"= U @(E:;)dE”]
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GRB MeV

J Fluence limit
“Green’s function”
for LE, HE and

upp

12

o~ 10
'E 10M (LE} * Ve
9, O v,
10" Y v

® (E,)
=y 7

7 8910

[ em 2
-
=]

P (E,)

»*
O‘E'.'

< O
"l:{ O{I

=

10 10° 10° 10" 10°

E, [GeV]
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GRB MeV

J Fluence Limit

» E-2 neutrino spectrum fluence limit
> GRB
X -z =1, Ewot = 1033 erg, isotropic emission
E. range Fu.lcm=7 Fi.lcm=2] F;;P[cm—zl F,;p [cm—2] Prediction
7..80MeV | 4.44%x107 9.52x10° 2.65x10° 2.65x%x10° 1.4
0.2...200GeV | 1.66x102 2.97x102 1.39x102 3.00x102 1.7x107°2
2...10°GeV 3.83x1072 496x10~2 1.1x103
» Fluence limit ~108(LE)

104 (HE) 30 (upmu)
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d SK-I MeV
4
d 100kpc
0.49SNe/
0.26SNe/
d 19.3MeV

1.2v.cm=st
Const.SN model
~1/3

d GRB MeV GeV

d SK-II
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