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Blue : on time , all trigger
Red : on-off time , all trigger
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2nd excited state
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n 207.5 us 2.225MeV (capt. 7) 2787 + 311
2B 29.1ms 13.4MeV (57) 42.9 + 3.3
2N 15.9ms 17.3MeV (37) 1.8+0.4
SLi 1215 16.0MeV (5~ a) 12.2+ 2.6
°B 1.11s 18.0MeV (5T ) 8.4+24
°C 182.5 ms 16.5MeV (31) 3.0+1.2
SHe 171.7 ms 10.7MeV (3~ ~n) 0.7+0.4
9Li 257.2ms 13.6MeV (3~ ~n) 2.2+0.2
e 29.4 min 1.98 MeV (37) 866 + 153
10¢ 27.8s 3.65MeV (31) 16.5+ 1.9
11Be 1995 11.5MeV (57) 1.1+0.2
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Some sensitivity on 03
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TABLE I
neutrino oscillation parameters Am3, and 6,.

Estimated systematic uncertainties relevant for the

Detector-related (%)

Reactor-related (%)

JR TR0 ;= ER (CERTF
FTEDETOHIES PEED ?

4.1%—<3%!?

). Phys.G36:045002,2009
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Ams3, Energy scale 1.9  ,-spectra [7] 0.6
Event rate  Fiducial volume 1.8 »,-spectra
Energy threshold 1.5 Reactor power (2.1 )—— 8%
Efficiency 0.6 Fuel composition 1.0
Cross section 0.2 Long-lived nuclei 0.3
PR DREZHETIICTR A D DRI
RAREZROBKAREUNE RVFa2URNEBF
TABLE II. Estimated backgrounds after selection efficiencies. AT TRENER
Background Contribution
Accidentals 80.5 £ 0.1
’Li/%He 13.6 = 1.0
Fast neutron & Atmospheric v <9.0
BC(a, n)'*0Oy, np — np
BC(a, n)'°0,,, >C(n, n')'1?C* (4.4 MeV .
) gor ) T G8 NeV ) MLIC & 0 EEFETE B

BC(a, n)'°0 1st exc. state (6.05 MeV ee™)
BC(a, n)'°0 2nd exc. state (6.13 MeV v)

Total

276.1 = 23.5
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5 Big Questions:  McDonough in

neutrino 2008

A What is the Planetary K/U ratio?

Potassium neutrino detection! rlanetary volatility curve

. ( i' /1 .‘ | / |
44TW? 31TW?_____ ;' 2
P ?

85 120 180 240 350 O Radiogenic contribution to heat flow?
mW m'2 secular cooling
B N e L. 0
2381 —200 Ph 4 8*He + 6e~ + 67 + 51.7 MeV Distribution of reservoirs in mantle? -

A Radiogenic elements in the core??

232Th _,208 Pb + 64H€ + 4e™ + 456 + 42.7 MeV directional measurement? Farth energy budget

40 40 _ - O Nature of the Core-Mantle Boundary?
K—="Ca+e + 70+ 131 MeV total I9TW? geo-reactor riaden reservoirs
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Good data for geo-neutrino observation

After preformed distillation,
KamLAND is acquiring low
background data for geo-
neutrino observation. Lower
operation of nuclear reactors
also help geo-neutrino
observation. Significance will
reach more than 4-5 sigma
with a little more exposure
and the precision will become
equivalent with the current
earth model. Practical
verification of the earth model
will start soon.

Electric power flux (1072MW/cm?)

Geo-neutrinos are being highlighted.

These BGs are eliminated.
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Ray Davis
Wins Nobel Prize
in Physics
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Member of BNL's
Chemistry Department for
more than 35 years
has won the Nobel Prize
in Physics for
pioneering contributions
to astrophysics, in
particular for the detection
of solar neutrinos.
Davis shares the prize with
Masatoshi Koshiba of Japan,
and Riccardo Giacconi of the U.S.

Y TTIT

| IIIIIII‘ IIIIIIII‘

| I IIIIIII’ | \

Flux (cm ™ sec'MeV & for lines, cm ™ sec)

-

‘-A/x ' ST |

Neutrino Energy (MeV)

- BeZa—hkU/OWMIRYE » REPRE|FZa—K~Y/IRE
+ EDELDBERDOEIRONVRILE E DL | CPTHREDIRIT




=
Dt
!\' ’
M

L — SR DI E O i E AR 5

> 10
% 10: Data BF=a—M)/EREE
*2 102
2 10
. "1’ - B0k DAk
10 Be7
10 e
10 | PP
10 I T T I T T I T W N YO O Y Wl U 0T W Y TN B O T TN B TRTIN Y O
0 02040608 1 121416 1.8 2
Energy(MeV)
impurities present goal reduction

238y  (3.5+£0.5)X108g/g  10%g/s  OK

232Th 10-16 o/ OK
5.2 +0.8) X 1017 g/ s/8
wg ) 55 qo18g/e 102
BSKr <2.7X10"¢g/g ~1 uBq/m3 10
20Ph L | Bg/m? ~1025 g/g 1075

................................... L



2006 £

Rn Monitor Kr Monitor

Distillation Towe




HHRARTY RTALTY—E

ll_l._llljl\ll
i3
i}

'-Z.‘r'.'.;-_. =

HIRER/INw 70759 RZE120ICER T Do

; o
RN Wl A
——

—

oo i

~ L

\ \ ) .;A:;éi,é,ﬁju»‘i* ,*; ® 2/,7 8
R—RSAVEENEE —— EHFUSAY MU — IR 75 7
Muon events with BLR O-100Qusec

Event: 0003 || X: Time[nsec], Y: Amplitude[ADC]
200 R P TF Fot 3
100

] b e e b
200 e o : :

10088 It IR B

<

.......

22 Mar 2009 01.:04:48



4, —2—bY/ LA H BEOWSE

SR ER D RFIE 2 DDRARIE
MNEFICEE, 220KkK=2—KU

/ ZRERICHET %,

iy

pp2v :

“EN—YFRIE
BEEE 136Cs
136Xe
BERIE
" EBERE
2.47 MeV

Za—hKU/OEERFEEZHBLATE—EREBIE
ICBEART D V—Y —EREPFHOYEEZLZHAT
BL7MNY RV AEGOERERD=Z1—KNY/
DNATFTHZRIET DMHE—DFETH 5,

—a—hFU/EEBEDREICERDEEIEL,

NATFHEEF BENHSIRZa—M NI/ HZZa—b
J/ICEEZIES, EVEEZEHLYPIVDT, BS
ZAETE S,

=t
L [TFLE-2R TR

TN

5 \
AN
7 \
04} / \\
/
AY

021 / \

Za—hU/DBIRILF—ZRHEHT
TcHERRANRY ML &R B,

1 1 i  { | 1 ﬁ\ﬁ_L

1
0.5

BEFORFHIRILF—

— 11— |\ )/ LR :>
“EHREEERDHER

NATFZa—hYU ./ Diil
Za—hKJ/EEDEXIERE

E::£> Kir—IBmDER
FHYBEDOREIENDISE

T EREE T,
NIATFHHEDH B
EtZa—KNU /%

[3 ﬁOV B U WA

A[REE 12,

—a— KUY JERELEWES
BETFDEFIRILF—DREL,

TNERET B,

Za— kY /EESEEDORER




low U, Th

tracking

mag. field

high resolution | High-Q

Ge Cryogenics NDEZIO3

|GEX

SNO+ __MOO i
HM "CUQRICINO Super-NEMO tagging
GERDA ........................
Majorana XMASS-II y >§taogg'82y9to
CUKQRE 2009-2
1

g'-
\

KamLAND




—EBHF

Y SADY sl 3R

T2V HARFAELL | OfiF
A ear )
}??4‘/( T1/2(5O meV) 1/2 e Al E (year) (%) (keV)
18Ca—™Ti (4.24211 g) x1019 0.19 4271 BARDQ. 2R L
6Ge—7Se 0.86x10%7 (1.5+0.1) x10%! 7.8 2039 EIEAR
28e—82Kr | 2.44x1026 (0.92:£0.07) x1020 9.2 2995
267Zr—°Mo 0.98x10%7 (2.0+£0.3) x10" 2.8 3351
100Mo—100Ry [ 2.37x1026 (7.1£0.4) x1018 9.6 3034 2vEL L
16Cd—116Sn 2.86x10326 (3.0+£0.2) x10" 7.5 2805
128Te— 128X e 4.53x10%7 (2.5+0.3) x10% 31.7 867
30Te—130X¢e 2.16x1026 (0.9+0.1) x10%! 34.5 2529 FIEEK
P0Xe=1%Ba. [..4.55x10%0 .. l.....>10%2 8.9 2476  2viE\>, FHAH A
ONd—109Sm | 2.23x10%° 5.6 3367 Ov, 2vE o
- WV B W & S EREENINE
\ e SREEDS BT TEA
b OvRB (5%FWHM)
|/ o skm (102 AARE)
/< | T T2 puha v e momae
0-00.0 olz 014 0.6 ois l Tti(?%)ﬁb\o




KamLAND- with 136X e

Ist phase

- .f._,iJ '

* mini balloon

1] 13¢Xe loaded

scintillator

‘ \ 250-400 kg 1 TTT77 e
N\ e leaded H 77 v
NS
d
| \J N7 : AT A = A I 74 <7 . 7 <7

2nd phase

Winstone cone mirror

" Liquid scintillator

- buffer oil

- pure water

/_/ / +80% (target

2.3m radius balloon

1000 kg '3¢Xe loaded

new LS +40% light yield (target)

Merit of using KamLAND

® ultra low radioactivity environment based on ultra
pure LS and 9m radius active shield

U: <3.5x10-18 g/g
Th: <6.2x107 g/g

® no modification to the detector is necessary to
accommodate DBD nuclei
® high sensitivity with low cost (~6M$, budget secured)

~60 meV with 1.5 year

® reactor and geo- antineutrino observations continue

® high scalability (2nd phase)
1000 kg '3¢Xe, improvement of energy resolution
with light concentrators and brighter LS (~30M$)

~2b meV with b years

Merit of using Xe

® isotopic enrichment, purification established

® soluble to LS more than 3 wt%, easily extracted
e slow 2V2p (T12>1022 years) requires modest
energy resolution
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Target sensitivity of the 2nd phase is ~25 meV with 5 years.
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Major R&D items

® Xenon loaded LS with the same density, luminosity, transparency

KamLAND LS
dodecane

done

pseudo-cumene
PPO

80%
20%
|.36 g/liter

Xenon loaded LS
decane

pseudo-cumene

PPO

experience

of 13 m¢
balloon

Xenon

81.8%
18.2%

2.7 glliter
2.5 wt%

A/

soluble up to
— 3wt% at 10 °C

e Xenon purification, storage, extraction etc
experiences of big distillation system, high pressure nitrogen production

e Cosmogenic background rejection with dead-time free electronics
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factor 20 reduction with neutron tagging
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for each channel

Trigger module



project time line
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Mini balloon f | film survey
rehearsal rehearsal
production production
Peripheral :
Xenon storage/purification/extraction R&D
installation
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Others :
Mirror R&D
high performance LS R&D :
; KamLAND upgrade
E : & regal inspection :
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: 2nd phase :

Physics targets

Ov2p 250-400 kg |

Reactor neutrinos

Geo-neutrinos

Solar neutrinos

0v2B 1000 kg

Reactor neutrinos

Geo-neutrinos
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Evidence of Galactic Halo Dark Matter?
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