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Introduction



Soft Gamma-ray Repeater (SGR)

[Thompson and Duncan, MNRAS, 1995]

• Large flare of magnetic filed of neutron star 
• Possible source of proton acceleration

– p +A N+X+ π+-,   π µν
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ν interaction @ ~10MeV

νe e- νe e-

νe p e+ n

10-43 cm2



ν interaction @ ~GeV
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Current neutrino experiment

• Solar ν
– νe scattering  (Super-K, SNO…)
– Radio-chemical (νeCl eAr) (Davis, Gallex …)

• Reactor ν
– inverse β ( νe p e+n ) (KamLAND, …)

• O(~GeV) Atmospheric / accelerator ν
– νx A ℓX (Super-K, MINOS….)

• O(>100GeV) high energy neutrinos
– upward going µ ( ν int. w/ rock or  ice )(AMANDA…)



3 issues for detection method

• Event Yield 
– vertex-contained: target size is detector, but all direction
– upgoing µ : larger target size than detector. Down-going µ is 

suffered by cosmic µ.
• Time correlation

– Radiochemical method has  several days for time accuracy 
• Directional correlation

– ~20deg νe νe(@10MeV)
– ~20deg νA lX (@1GeV) 
– ~1deg   νA lX (@ 100GeV, upgoing µ)
– no correlation for inverse β, radiochemical



Super-Kamiokande



Super-Kamiokande detector
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 m

39.3 m

50kt water Cherenkov
1000m underground
ID viewd by 11176 PMT
2m thick OD for veto
Fiducial mass 22.5kt
Eth~5 MeV (~7MeV for SKII)

’96~’01  SK-I
’02~’05  SK-II 

(w/ half PMTs)
’06~      SK-III 

(restore full PMTs) 



Ring imaging Cherenkov
ν + e ν + e

ν

Electron 



Particle ID for single ring ν event 
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Super-Kamiokande
Run 3062 Event 475360
96-11-08:12:07:30

Inner: 2305 hits, 7763 pE

Outer: 5 hits, 4 pE (in-time)

Trigger ID: 0x03

D wall: 601.2 cm

FC mu-like, p = 1088.0 MeV/c

 

 

0
0 500 1000 1500 2000

0

110

220

330

440

550

Times (ns)

  Time(ns)
    < 958
 958- 963
 963- 968
 968- 973
 973- 978
 978- 983
 983- 988
 988- 993
 993- 998
 998-1003
1003-1008
1008-1013
1013-1018
1018-1023
1023-1028
    >1028

Super-Kamiokande
Run 3013 Event 149004
96-10-24:19:39:51

Inner: 1763 hits, 4003 pE

Outer: 3 hits, 5 pE (in-time)

Trigger ID: 0x03

D wall: 897.4 cm

FC e-like, p =  463.8 MeV/c

 

 

µ-like event (mostly CCνµ)e-like event (mostly CCνe)

CC ντ (Eν>3.5GeV) looks multi ring 



0

250

500

750

1000

10
−2

10
−1

1 10 10
2

10
3

10
4

10
5

FC νµ
FC νe

PC νµ

Eν (GeV)

FCν PC

Energy spectrum of ν for each event category

up-stop µ
up-thru µ

ν

µ

Through going µStopping µ

ν

µ

ν

µ

0.6/day8.2/day 0.3day 1.1day

9.9x10-5 BGν/sec

Upgoing µ

Atmospheric ν categories at SK



cos θsun Solar ν in Super-Kamiokande

1996 – 2001 

Direction from the Sun

22400 solar ν (~15/day)

~170ev/day (non-solar ν BG)

79.8x10-5 BGν/sec (Eν>7MeV)



Current GRBν search at Super-K
• Time correlation with GRBs taken from BATSE catalog
• event rate in +-10sec, +-100sec, +-1000sec, 1hour window
• No significant excess

Astrophys.J.578:317-324,2002

Fluence (w/ E-2 spectrum assumption)<2.64E6/cm2



Possible ν rate estimation from 
SGR1806-20



SGR1806-20 direction at Kamioka

Just below horizon 



Easy event rate estimation at SK

• 1 TeV ν produces up-going through µ at SK 
• Assuming Eµ ~1TeV, Rµ~1000m

µ

ν

1000m

Effective area S=1200m2 Effective target volume
S x Rµx ρrock ∼ 3x1012g



Order estimation of 
Up-going through µ at SK

• I use Φν=10-7 ν /cm2/s @Earth w/ typical Eν=1TeV 
here (from private communication with Prof 
Nagataki, YITP Kyoto-U)

• σ ∼ 10-38 x Eν (GeV) cm2 10-35 cm2 @ TeV
• Nevt = Φν σ  Nt

= 10−35 (cm2)×10−7 (ν/cm2/s)×1036 (proton) 
~10-6 events/s 

Note that PC events is even smaller by 100

Neutrino flux Φ is estimated as Φ~ Lν÷Eν(typical) here.
Since σ(Eν)  ∝ Eν, this results might not depends on 
typical Eν assumed here



PMT noise: ~1 kHz

AMANDA-B10
(inner core of AMANDA-II)

10 strings
302 OMs

Data years: 1997-99

Optical Module

“Up-going”
(from Northern sky)

“Down-going”
(from Southern sky)

AMANDA-II
19 strings
677 OMs

Trigger rate: 80 Hz
Data years: 2000-

Woschnagg, neutrino2004

The Antarctic Muon and Neutrino Detector Array



Can AMANDA detect ?
• AMANDA up-going µ is only sensitive to 

northern hemisphere.
• Possible sample is “cascade sample “

– Flux limit E2Φ<8.6E-7 GeV/s /sr /cm2

– But Eν>50TeV 

Astropart.Phys.22:127-138,2004



Summary
• SGR1806-20 may possibly emit neutrinos via π

decay from pp collision
• Super-K, at Northern hemisphere, can be the 

most sensitive to it (c.f. AMANDA)
• Very rough estimation of flux based on pulser

wind picture gives ~10-7 /cm2 sec (c.f. Prof. 
Nagataki), which gives negligible event rate, 
~10-6 ν events,  @Super-K

• But a model is a mode. Experiments must keep 
searching. 
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