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KamLAND

The current statusbf KamLAND

Tohoku umversnty
- Keth Ishlhara

e Solar, neutrlno Drobrem‘f.j_..,__-
@ What IS KamLAND ?
& 1/, from R‘eactor
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L,atest status of Solar neutrino probrem .

o From Super-Kamiokande
g ' hep-ex/0103033
__; O deficit of v,
X distorion of energy spectrum
o X day-night effect
L LMA (Am2 1075 ~ 10=%eV2)
10 -E-QS%C.L.(VE——WM) T P N I LA A I
_93 Zenith Spéectrum and SK Flux r
i But, no positive evidence !
10 N j’i T
e T s Al TR doe to i
'  sin®(20)

Need Artitificé.! Neutrino Source |
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. Can Exenmen usin g Reactor 7 survey all LMA 7

D ~ :5 6 X 1020/ 3 G’Wth — generatmg power of typlcal reactor
Ey N 4M6V o

Exustmg Reactor v Experiment

| masé path Length Event Sensitive lower limit
(ton) (km) (/day)  eV? eV 2
cHooz 5 1 24 6x1073 8x107*
P.alo V_erde 12 0.8 220 8 x 1073 2 x1073
Detector vvlth 10 times greater sen51tlwty 1S
requw’ d !
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~eguirements to investigate
into LMA(~ 5 x 107°eV?) are

e Long base line experiment . e large mass detector
L, ~ 160 km ~ 100 events/year =
- Target mass ~ 100t !

e High power reactor e low background enviroment
N generating power |
B0~ 100GWth |, e

(CHOOZ 8.5 GWth)
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KathAN D

‘Kamioka Liquid scintillator Anti-Neutrino Detector

| ¢ Y ostMev special feature
Ev -1.8MeV 3=~ e Can measure
2 1 0.511MeV Eﬁe(: Enyis + 0.8 MeV)
e can be distinglish CC v than the
. other neuttrino events
O“"\ 2.2MeV .
P e [OW background enviroment
L6 Co |||r'
C_ + 7 L ,.Jqlﬁ.-; 1.4 x 10 /g b
Ve —|—p — el +n - | Th 1.5 x 10 'g/q
4 175 us delay U 42x 10 'g/g

nt p —d+4~ (E =22 MeV)

e background free
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Eleciric Power Development Co. onrna(commermal piant. AUQ 1999
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Ka MLAND Detector

Inner Detector |
e 18m ¢ stainless tank
e 13m ¢ balloon
o L.S. volume 1,200m3 (1 k ton)
transparency 10 m at 400 nr
e buffer oil volume 1,800m3

e # of PMTs (17 inch) 1325
(20 inch) 554
e photo cavarage 36 %
s
Outer Detector
e water 3,200m3

e PMT (20 inch) 225
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Detector performance

light emission 390 p.e./MeV at center
(direct 190 - re-emission 200)
based on CDF

zE’E_ 5/\/E(M€V) Y
op of PMT 1.7 ns (17 inch)

5.0 ns {20 inch)

APos. - | ~ 10 cm (at 1 MeV)

" 'Waveform (ATWD module) 128 Sdmplurﬁg % 2NS

PSD (n/v) | - 86 % (at 2 MeV)

93 % (at 3 MeV)

(a/7) > 99 % (at 0.5 MeV)
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Neutrino oscmatlon usmg Reactor - Ve

Reactor e as neutrine source
How acurate in Neutrino Intensity 7

Background estimation
Radio activity
Neutron produced by Cosmic v

systematic error
e

Phycal Potential
sensitive reagion
expected allowed reagion
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Ve energy spectrum at KamLAND

-3
=
(=’

v
o
o

Il_l‘l‘lllIlIIlIIlIIIIIIIIlIIIIIJIIIIIIIIl

300

250

200

150

100

-—

~ Number of evnets [ /MeV/kton/year]
-9

[

analysis threshold
geo U 2.6 MeV

reactor u
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1 2 3 4 5 6 7 8

visible enérgy [MeV]

AE/E = '5%/\@

We can also observe geo ..
First obvervation !

However, it is background to
reactor ve analysis.

s \U'

. -jﬁi' Wt fn "

E;, = 2.6 MeV
Reactor v, = 320 /year
(fiducial 0.5 kt)
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Unser‘célﬁ‘ty in Reactdr ve flux ‘

We estlmate based on both theoretical expection and observation.

Unsertainty

Theoretical expection
A.A.Hahn etal. Phys.Lett.B218. 365
e fission rate
~ 0.7 %

o 235y / 239 py ratio in fuel rod
<03 %

e . yield / fission
e

Comparing two mdependent data

observation

G.Zacek etal. Phys.Rev. D34. 2621

B.Achkar etal. Phys.Lett. B374. 243

Bugey measured o flux by
Ve+ P — et +n

absolute 1%
shape +1.5%

i
jl fh.
inclusing unsertamty from cross sectlon

Unsertainty in 7. flux is eS|t|mated to be ~ 3%

11
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Background from Neutron induced cosmic 7}
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Neutron events can be rejected by PSD
PSD eff. is 93 % at E = 3MeV

Expected neutron

< 10 event / year
J PSD

< 1 event / year

i |
. Tr Wy : - .

Neutron events can be rejected !
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Backg round from Raduoactnvutles
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Reduction

1 Delayed Coincidence
At < Imsec, AL < 1m,
1.9< b, <25MeV

2 Tag ?¥%Bi— 2¥po— 210pp
212g; _, 212p, _, 208py
Tagging eff. for Po 95 %
o/~ separation eff. 90 %

N W E- S ) =~ <

Assuming AE/E 5/VE%
238U 1'0—13 g/g

232Th 10—13 g/g

40K 10—10. g/g

-—h

Number of evnets [ /MeV/kton/year}]
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background is ~0.7 / year '

ke

visible energy [MeV]

Background from Radioactivity can be rejected
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Systematic error for reactor neutrino analysis

Source Assumption %
absolute 7. flux from Bugey 1.4
(include oc.s.)
caluclation 3
Cross section | ~ 2

fiducial volume vertexshift =1 cm < 1
vertex shift =3 cm ~2

absolute E,, | op = 3% ~ 3.0

;._; o | ;‘-'ﬁ_v:'r .: op = 1% l;l: .a ~ 1.0 . b
Background < 1%
Total | | 4 ~ 8

14
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Oscillation Analysié

1/3 year ~ 100 events
this result will be shown at international

Nip, = (1 4 &) Nme

Nops— Ny )2 2
R ( obs th o
X _ Nobs_ + 0}%

3 Years ~ 1000 evensts -

i

conference at Sendai in Feb. 2002
(at latetest Neutrino 2002)

a= 10 %

energy shape analysis is O.K.

. -j*l' W tlh -

' : : " . : 2
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681

ime Table

« Inner PMT installation has completed in Sep. 2000.

.+ Balloon installation has completed in Feb. 2000.

e Final cleaning of th purification system has completed in Apr. 2001.

" Outer PMT installation has completed in Apr. 2001.

« il filling started from May. 2001 and will finish by Sep. 2001.

) :f:,. Front end electronics. will be installed by Apg 2001

i i 11 . . i".

o Phy51cs run WI|| start from Oct. 2001.

e Hopefully, striking results will show up in early 2002.

17
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Summay
o KamLAN_D Is the largest liquit syntirator detector with 10
“times greater sensitivity than exiting reactor experiments.
o'KamLAND has a capability to survey all region in LMA.

e We find out any striking results using reactor 7 by next
Sprmg and deterr‘n'!rlne parameter reg_}«lqn very well vvlthm 3

years if LMA is an answer.

16
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Deployment of the real balloon, Feb. 2001







The real balloon being inflated, Feb. 2001
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