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2v active oscillations
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2v active oscillations
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(G.L. Fogli et al. hep-ph/0106247)
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Recent results — developing picture of v oscillations
- CHOOZ: Excludes:
o Am? > Tx10~4eV?
e sin20 > 0.1 (90% CL)
~ Palo Verde/Kamiokande consistent with this
- SK DN asymmetry suggests LMA solution
4 4 I
KamLAND is first reactor experiment sensitive to LM A

In addition:
Detector Size Low radioactive BG*
Advanced Electronics
4 4 4
"Be Physics
4

Distinguish SMA-MSW, LOW-MSW, VAC




(KamLAND Experimental Ared)

Expeimental hall
[Comtng room | g7 -

ﬁ Clean air supplying system _

Power
: -

Oil purification system |




KamLAND Detector

@ Detector site : Old Kamiokande site (2700 m.w.e.)

@ 1,000 ton Liquid Scintillator (p = 0.78)
oused in spherical balloon (13m diameter)

ed by cargo net structure

=

E

of plastic film (185 1um)

® 3,000 m3 Scintillation Light Detector
| O 18m diameter stainless steel tank

filled with paraffin oil (p = 0.76)

| _—© 1,325 17-inch+554 20-inch PMT's
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photosensitive coverage ag
acrylic wall (120 plates) : Rn barrier

® Water Cherenkov Outer Detector
© 225 Kamiokande 20-inch PMT's
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Reactor v Flux

KamLAND is well-placed

» 16 reactor sites

® large 7, flux

» baseline is perfect for LMA studies
® U,’s are free!

Total incident flux: 10° w,/em?/s
Total projected event rate: 1075/year

Reactor Distance | # of [ Therm. Power Max. Flux Max. Event rate
(km) | reactors | (max) (GW) | (10° p, /em®/s) | events/kt-
Kashiwazaki 160 7 246 425 348 o
Ohi 150 4 13.7 1.90 164
Takayama 191 1 10.2 1.4 102
Hamaoka 214 4 10.6 1.03 84
Tsuruga 139 2 45 1.03 84
Shiga 81 1 1.6 1.08 89
Mihama 145 3 49 103 51
Fukushima-1 344 6 14.2 0.53 H
Fukushima-2 344 4 13.2 0.59 10
‘Tokai-11 295 1 33 0.17 14
Shimane 414 2 38 0.10 L}
Ikata 561 3 6.0 0.08 T
Genkai 755 4 6.7 0.05 1
Onagawa 430 2 4.1 010 5
Tomari 784 2 33 0.02 2
Sendai 824 2 5.3 0.03 3
Total 51 130 13.1 10756
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Distinctive Two-step Signature

© Prompt part : 3

V, energy measurement

© Delayed part : y (2.2 MeV for CH

-

agging with correlations of time,
position and energy between and

© Need high sensitivity to

low energy e”, n-capture y (2.2 MeV), ti

low background !



KamLAND e* Visible Energy Spectrum

Ve 1P = e+ m

uTh 10"g/qg
K 10 E@B
ofy PSD 90%

24pg,2'2pg Tag 95 %
a/E = 5%NE(MeV)

1.9<E <2.5MeV
At < 1msec

Reactor
Events

0O 1 2 3 4 5 B 7 8 9 10
U, Th: 107" g/g visible energy (MeV)
K :10Mgg
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KamLAND Physics

R Oucillation Searct
Energy range: 1.8 MeV -
Oscillation:

— Measured for:

e 5in?20>0.1
e Am?>~ 1075 V2

~ Exclusion down to Am2<~ 107

~ Fully covers LMA region

KamLAND e* rum with and without oscillations sin®28-0 7
_—_

3kt yoar al 78% of maximum power ]

# No oscilations 2520350 counts
® Am2=1x1 04eV2. 1630441 counis
& am?=2x105ev2, 1350437 counts
+ am?=1x10"6ev2. 1540244 counts |
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Signal and Background

Signal
Reactor: 7. +p — e" +n

e >1 MeV deposition for prompt e*
o 1.8-2.7 MeV (10-500 ps delay) for 2.2 MeV n capture

Solar: v, +e” = v+

e > 280 MeV deposition for v,e scatter

Backgrounds
* Prompt neutrons
- MC analysis: < 0.05/2 (BG/SIG) events/day
¢ Activation by spallation g and n
Conservatively assume max production
o Activation by u and n capture

n activation — insignificant quantities of "C
- p activation — short-lived B and "B (veto)

o Natural Radioactivity

- Subtract U/Th decay chains via Bi-Po tagging
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Scintillator Radiopurity

® There are three main sources of radioactivity:
Element Source

38U, 22 Th YK  detector material and surrounding rocks

e 28U daughter product
%Co detector steel

U/Th/K concentration must be reduced

o 99Co fixed: reducing fiducial volume — reduced BG
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Material| Mass [Isotope| Purity |bkgd. in 1.0 ki | bkgd. in 0.6 kt
(tons) (ppb) (Hz) (Hz)
] 1077 0.003 0.002
Scint. | 1000 | #2Th 107 0.001 0.0005
K 1077 0.004 0.002
22R4 | 1 uBg/m® 0.002 0.001
Wy | 100 0.003 0.0
Buffer | 1523 | #2Th 10°° 0.001 0.0
Oil oK 10-5 0.009 0.0
22Ra |10 uBq/m? 0.030 0.0
BT 1 0.001 0.0
Steel 31 | BTy 1 0.004 0.0
Tank oK 1 0.010 0.0
OCo 107° 0.005 0.0
] 400 0.503 0.003
PMT | 72 | 22Th 300 0.137 0.0004
g 180 0.046 0.0002
6y 73000 0.199 0.001
Rock | 627 | #2Th | 200000 0.059 0.002
oK 4600 0.0 0.0
1.02 <0.012

Projected background rates (1 kt and 0.6 kt)
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Solar Oscillation Search

Energy range: 280-800 keV

Sensitivity: "Be via seasonal and day/night variation
Oscillations:

- If not LMA: KamLAND can use "Be to distingish

= SMA
VAC

e LOW (Day/Night Asymmetry)

}Seaaonn.lﬂux
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10%

10"

Region CL
LMA: 90%
SMA: 90%
VAC: 90%
LOW: 90%
Seasonal "Be: 95%

1"
15“_.




H@ Sensitivity of KamLAND

:

events/months
ey T Lana:

seasonal variation:
"orbit's eccentricity"
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seasonal variation :

"just-so dependence"
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