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COur world is full of Neutrinos D
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NEUTRINO ENERGY

Expected neutrino energy spectra from various sources.




Neutrino Flux (bv
(PDG'02)

D [Experiment]
Homestake(1960's~) ®\[Theory]
Ve+37Cloe +37Ar 0.337+111%)

(>814keV)
" Kamiokande('80)
HoO: vee —vee~  0.554%1722)

(>7MeV)
SAGE/GALLEX('90)

— *(1 +.138)
Vot 71Ga—se—+71Ge 0.525%1T1%
: (>233av) 0.605%1+120)
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Both (Experiments and
Theory[SSM]) are OK!
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Unknown neutrino properties ?

4p+2e~ —4He +2V+26.73MeV-E,




Neutrino Mass == Neutrino Oscillation
Weak eignenstates :\F Mass eigenstates

4 Ve>\ [cose sin® \ (Vl>\

\ Vu> g \—sine cosO } \V2> }
Time evolution (rest frame):

| Ve(®) = coso ™ Vi) + sine e‘iM3T|V2)

= ™M coso [V )+ sine &M M) ]

P(V.—~V.)= <Ve(0)|Ve(‘t)> s 1-sin’20 sin?(= <1
Vo= amanae

(Lab. frame)
(M1, M2<<E)




SNO [D20]: *B selar 1 detectim
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(Discovery of Ve—Vy !!)['01]

If oscillation, several solutions
to SNP for 6 and AM2.

Large Mixing Angle (LMA) is
most promising...

*Matter oscillation effect (MSW)
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Am? in eV?
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KamLAND
Reactor Neutrino Experiment

Search for Ve oscillation of LMA ;
AMZ2~1072eV2 @ sin426~1







@actor VD Excellent neutrino source for
oscillation experiment !!

Well known for

Fuel elements each element
235U \
+ — ~
239Pu, 2@ 2n Q(~200MeV) i &
SPE NOf Ve

Neutron-rich =) fdecay =)

@ Pure Ve

@® Flux and spectrum of Ve can be calculated ~2% precision
provided the initial fuel components and the thermal power.

=) No front detector is needed for Ve flux monitoring
@ Low energy (S8 MeV) : Large L/E =) sensitive to small AM?




KamILAND Detector
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Kamioka : Best for Long Base Line reactor Ve experiment !

~80% of M, is from reactor power e J ‘“‘\’{g
plants at L=175+40km; 70GWih /\J o woart %

>50% of nuclear power in Japan !
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[Ve detection : Vep—ee*'n}

[Inverse B decay reaction]

0 e WA
(05MeV) - Prompt: Te++2y

[=E,~0.8MeV]

(gSMeV$ W i

Delayed: vy |
~ [neutron-ID]

~ @5

[Ev>l .8MeV]

Background Rejection
® V: only Space-Time Correlation

@ Cross Section: Large ~100xo(vee—vee),
Precisely known Ac/c~0.2%
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Energy

spectrum of single evemts.

(before p-spallation wt) )
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Event selection: (Man%, 62~ 02.6,%)

Fiducial volume; R<tm

Time & Space correlation;
0.51us<AT<660us, AR<1.6m

Spallation cuts
Nobs (>2.6MeV) =54
Neg =121 (%Li/*H)
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observed - ,611+0.085(stat)+0.041(sys) <1 (99.95%CL)

Events/0.425MeV

xpectegliI tion)
no—oscillatio : A R
(5685 6D First observation of V, disappearance !
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'@ Rate only: |

Strongly suggests neutrino oscillation ﬁ
i is the dominant mechanism of SNP.

"“’ﬁ{ ﬁ H ;’iL““";i‘,: All solutions to SNP except for
il lh |i ;

LMA 1s excluded.

@ Rate+ shape:
Further restricts the allowed region.

\ J

Best fit (Eprompt>2.6MeV)
sinZ 20=1.0
Am2=6.9x1(0-5 eV?2

Best fit (Eprompe>0.9MeV)
B 1)1 sl sin220=0.91

0 02 o;:n 2 05 Am?2=6.9x10-5 eV2

Veeo(238U)=4 event

Veeo(232Th)=5 event

suggesting Vgeo, but zero event
is allowed at 95% CL.
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KamLAND
95% exclusion
by rate
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: : N 238U, 232Th decays
Rad heat:
( adlisghieaca ) ~16TW (~40% of total heat flow)

= q Interior dynamics &
¢
Evolution of the earth

Model dependent, No direct measurement.
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_ . New approach to geo-physics
o 1+ 2 3 4 5 & 7 8 may be opened by V!

Positron Energy (MeV)




New Challenge to Solar Neutrino !

Solar V spectrum measurement:
Only E>5.5MeV [8B, SK/SNO] (< 0.01% of the total flux)

JL

Lower energy region:
I—" Gallium F— Chlonne > SuperK
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C KamLAND : "Be solar V measurement)
[SSM]

®d,[7Bel: O, [3B]:
4.77(£10% error)x10° /cm2/s H 5.05(+20%,—16% error)
7.3% of the total flux x106/cm2/s, 0.008% of
Monochromatic: 7Be+e —7Li"+Ve+(y)  the total flux
862keV(90%), 384keV(10%) Continuous: <15MeV
KamLAND: Ve —Ve
; ~260/day [LMA]
[single hit]
C:I Background reduction
by 105~106 1!
Big Challenge !!

0 1 2 3 4 5 6

visible energy [MeV |




Radio—impurities with
Long-life (>10yr);

85Kr, 39Ar; 1Ba/m3
(222Rn—) 210Pb; 0.1Bq/m3

¢

Goal:1uBg/ms3

Remove

KamLAND
1000tonLS

85Kr

R&D for efficient purification
methods underway:;

Distillation, Adsorption,
Filtration, Water extr.,
No—purge with reduced

Filtration N2~ Water press., etc.
purge extraction

[Existing
System]




(Summary) KamLAND: With 1000ton ultra—pure Lig.Scintillator,
Ve—>Vy firstly observed by KamLAND!

We expect: Ve oscillation by spectrum distortion.

First observation of geo—neutrino.
We challenge: "Be solar v detection

Lots of Physics are awaiting !
V is exciting!

ﬁ

[Particle Physics]

KamLAND
1000 ton
Ultra-pure LS

[Solar/Astro—physics]






