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KamLAND : Kamioka Liquid scintillator Anti-Neutrino Detector

Physics Motivation

—» Reactor € ectron anti-neutrinos
Geo €lectron anti-neutrinos
— Solar anti-neutrinos
/Be solar neutrinos
Other anti-neutrino sour ces
SN neutrinos

Relic neutrinos
KamLAND advantage:

high energy resolution
low threshold ~0.9MeV

~0.3MeV (in the future)
low background condition
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KamLAND experiment



KamLAND

LS
80% dodecane
20% pseudocumene

(1,2,4 Trimethylbenzene)
1.52¢/l PPO

(2,5-Diphenyloxazole)
/jp=0.78g/cm?
8,000 photons/MeV
A~10m

1325 17" photo-tubes
22% photo-coverage

BO
50% dodecane

50% isoparaffin Buffer Oil
Lptspgo =1.0004

Water Cherenkov ¢
Outer Detector



» v, detectionin liquid scintillator
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 The Front-end Electronics
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e Vertex Distribution
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o Liquid Scintillator Impurity
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Impurities in the LS

Requirements

Reactor Solar

222pn | 003 B m® 21 2P (r = 237 us )
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o Spallation events after muon

BG of neutrino event
o %Li & He
_ n+p-+D+y (99.5%) energy calibration
i p capture (2.224MeV)
o' e 12C capture (4.947MeV)
g FC"Cey (0.5%) 12B beta decay
F 2g atc. vertex calibration
. p capture
' k |]|:“I| ! 12B beta decay
G-l ) 2 ] G 8 10 I 1I2 14 1i
Energy (MaV)
| sotopes T E o (KEV) k.
128 20.2 ms 13369(8) $ Time dist. after muon
12\ 11.0 ms 17338(5*) i E>4MeV
11| 8.5 ms 20610(") | 2B& LN
Ui 173.8 ms 13606(B n) <+—
8He 119.0 ms 10653(B'n) *—
°C 126.6 ms 16498(B*)
8L 838.0 ms 16006(p°)
6He 806.7 ms 3508(p")
8B 770.0 ms 17979(B")




Reactor neutrino observation



 Past reactor experiment
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« Many different experiments
- Basalines up to 1km
- No evidence for v disappearance

More than 100km baseline
IS necessary to explore
the LMA solution

Powerful reactor,
Big detector,
Deep underground



e Kamiokalocation
o

70 GW (7% of world total) is generated at
130-240 km distance from Kamioka.

Reactor neutrino flux, ~ 5
requires O(kiloton) underground detector.

There is a former Kamiokande cavity at
1000 m (2700 mwe) underground.
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e Event selection

(1) fiducial cut R < 5m 346 x 10*! free protons

2) timinge correlation
(2) g 0.5 < dT" < 660 psee, T = 212 psec

(3) vertex correlation .
|TFT‘ﬂmpt — Tde!ayed| < 1l.6m

(4) delayed energy 18 < E <26MeV

(5) thermometer cut
VI +y?>12m

detection efficiency 78.3%

(6) spallation cut
all vol. (dQ = 10%p.e.) or L < 3m (dQ < 10° p.e.) VETO for 2 sec

dead time 11.4 %%

(7) energy threshold B > 2.6 MV

Endpoint energy of geo- I/, event is 2.5 MeV.



o Systematic errors

0.9MeV 26MeV

Thermal Power 2.0 20 \ Japanese reactors contribute ~97% of neutrino fiux.
Korean Heactors 0.25 0.25 r, Only electric power is known but contribution is ~2.5%.
Other Reactors 0.35 0.35 L: Contribution is only 0.7%.

Burn-up effect 1.0 1.0 : fraction of U235/U/238/Pu239/Pu241

Long-life Nuclei 0.5 0.002 | 5  contribution of Rul06 and Cel44

Time-lag of beta decay 0.3 0.3 r? <1 day time lag for an equilibrinm

MNeutrino Spectra 2.3 25 | PLE160{1985)325, PLB218(1989)365, PRC24(1981)1543
Cross section 0.2 0.2 PRD6&0(1999)053003, PRC67(2003)035502

Total LS mass 2.1 2.1 P 1171 + 26 m?

Fiducial Volume Ratio 41 4.1 ;: vertex distribution of spallation neutron

Energy Threshold - 2.1 u position 1.4%, time 0.6%, quench 1.02%, dark 0.4% ->1 91%
Efficiency of Cuts 2.1 2.1 r“«. capiure time, space comelation, energy window

Live Time 0.07 0.07

Total 6.0% 6.4%



Analysis threshold 2.6MeV 0.9MeV
Expected signal 86.8+ 5.6 124.8+ 7.5
BG 1+ 1 2.9+ 1.1
(+9 geo neutrino)
Observed 54 86
neutrino disappearance 99.95C.L.
R=0.611+ 0.085(stat)+ 0.041(sys)
6
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* Reactor neutrino analysis result
4 Mar. —6 Oct. 2002 145.1 live days ( 162 ton-year exposure)
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e Future
« Analysis data update : seasonal variation

e R T e - 10 TITFEELHE =

E 0 5""5‘ E - Ll i k.

= = = ol - - _'| ; o &
£ E M N |

= DB a00 = !m'_l IJ| 11L.i h Iﬂ E

4 '-E : T T[T 4

o TN

: g

o4 200 100 i M g

} [

e . HamLAHD
% Maybe come soon

a mwmdn#numpmnibuminmwm
W iy Murpuimd 1 AugSepict HavCies Jan Febiler dps Maydenul Sughepser § |
2002 2003 A 0o

o Shika2 reactor will work at 88km —2006 : LMA1 or LMA2

Oscillatory pattern may be seen

(Shika-2 ON 3yr) - (Shika-2 OFF 3yr) as an evidence for oscillation.

:_5 -5m radius fiducial | yu a4 (0,84, 7.0410%ev? 14T
> 40 F LMA2 (0.84, 1.4x107eV?) 1oL
O - 5 LMA2 expected
= [ LMM:EQ K 11]----*#_## .._.__.;h.__...h..:_.— -
a e mws 7.
=t = 1 1 —e= . O UL+
o 20 :'_I:n—n-u T 1§ 121+ 36 o , 1 o’
n - . HH 2 : LMA2 =) =2 061+ % SavannahRmer *‘i
= - - : 1+ 1 ey H |.73 ~ o Bugey
s :._-_L.J% S 04l § Gous LMA1 ted E‘

: = u"‘m',‘m expecte E
@0 - . 3 ]]:{';lo'urérdek T g

- 0.2+ m Chooz

T N | l l 00 ® KamlAND

0 2 4 3] B gl - | | !

10° 10° 10° 10°

Distance to Feactor (m)

—
=
—

Prompt Visible Energy



« Reactor neutrino observation summary

KamLAND has observed an evidence for reactor neutrino disappearance
at ~180km distance with 99.95% C.L.

R= 0611+ 0.085% 0.041

Assuming CPT invariance, only the LMA solution is compatible with the
deficit.

KamLAND is running on stable condition. KamLAND will give high
sensitivity data to survey the LMA region.




Search for e ectron anti-neutrino
from the sun



e How make solar anti-neutrino ?

V. with anon-zero transition magnetic moment can evolve
into v, , v, while propagating through intense magnetic
fields in the sun.

L on,-N,) AT Sn2g 0 1B
2 4E
Ve Ve
B 0
A Va ) a Vi
- 2
dt| ve S @N.-N) AN 26 Ve
Vy \/E 4E V;l
2 2
AM 20 —gNn-i-A cos20
4E J2

: MSW effect
> :spin-flavor presession

conversions: Vy Vg 2 Ve OF  Vyq 2V, — Vg

— depend to magnetic field model




* Energy reglon for solar anti-neutrino
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e Event selection

Data: 4. Mar. - 1. Dec. 2002
Livetime: 185.5 days

Event selection criteria
spallation cut t <2sec for dQ>10° p.e.
t < 2sec, dr(from muon track) <3 m
for dQ>106 p.e.
dead time 11.5%
vertex cut R <550 cm, R; <550 cm ( no thermometer cut )
vertex correlation dL <160 cm
timing correlation 0.5 < dt <660us
energy cut delayed: 1.8< E <2.6MeV
detection efficiency 84.1%
energy cut prompt: 7.5<E <14.0 MeV




o Systematic errors

v'Detection efficiency (¢) : 1.6 %
space correlation R<550cm, dL<160cm : 1.6%

time correlation 0.5 < dt < 660 us :0.4%

delayed energy 1.8 < E;< 2.6 MeV :0.1%
v'Cross section ( o) : 0.2 %
v"Number of target proton : 4.3 %

total volume error 1171 +/- 25 m3 : 2.2%

fiducial volume ratio R<550 cm . 3.7%
v Energy threshold : 4.3 %

energy calibration is done by 1°B beta decay
v'Livetime (T) : 0.07 %

v'Total 6.3 %



e Vertex calibration
with radioactive sources
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Energy calibration with muon spallation

| MNeutron R distribution |
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Assuming 8B neutrino shape : 4.3% error @ 7.5MeV threshold




* Expected background

v Reactor neutrino :0.2+/-0.2
Ep > 7.5MeV, LMA region

v Atmospheric neutrino : 0.001
T.K. Gaisser Phys. Rev. Lett. 1985

v Fast neutron :0.3+/-0.2
OD inefficiency 8% + passing rock event

v" Accidental coincidence : 0.02

pick up the off-timing events 1 < dt < 10 sec
v 8He & °L| : 0.6 +/- 0.2

v’ Total :1.1+/-04



e Fast neutron

Delayed event
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e SHe & °Li
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e Analysisresult

Rea(_:t_c_)_r...neut'"rﬂiﬂ'r'ild events |

~_Energy region for
solar anti-neutrino

No observed event !



« Thev_flux over the energy range
8.3-14.8 MeV ( 7.5—14 MeV for k)

Nggna=1.58 : using the Feldman-Cousins method
G.J.Feldman & R.D.Cousins, Phys. Rev. D57,3873(1998)

\ & = 6.88x10-42cm?
Do = signal f c=0.841
GX&‘XTX,OQX v T:160X107S

ppxf, = 4.61x10% :number of target protons

<3.7x10%2 cm2s (90%C.L.)

Normalize to 2B solar neutrino flux
This energy window is containing 29.5% of the total flux of
5.05:121 %108 ecm-2s-! (BP2000)

Neutrino conversion probability < 2.8x 104 (90% C.L.)

X30 improvement of the previous best measurement !
hep-ex/0310047



* Interpretation by spin-flavor precession (1)
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ol _ _ Physics Letters B 553 (2003) 7-17
) | Our result :
| 0.05
o r““ Solar mag fleld B En _le B (Q.05R,,,) <1.3x10°
_| P | —an 10 IUB 10kG
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* Interpretation by spin-flavor precession (2)

@100 .
£ Magnetic field J.Pulido, hep-ph/0106201
;¥ @convective zone 1\
E‘ II'. Bcore<2|vI G
% = \ S.Chandrasekar & E.Fermi, Astrophys.J.188(1953)116
g | B <’MG
w . .
40 A.Friedland & A.Gruzinov, astro-ph/0211377
Bconvective<3OOkG
20! H.M.Antiaet. Al., astro-ph/0005587
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ﬁ.- prafile(1), B, =300KG
&'m :
V100
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All contours at 95% CL
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e Solar anti-neutrino summary

We got a anti-neutrino flux upper limit in the energy range 8.3 - 14.8
MeV <3.7x10% cm2s (90% C.L.)

\

This correponds to 2.8x 104 for BP2000 8B neutrino flux







Events/0.425 MeV
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—— leactor neutrinos

o Kaml AN data
— no oscillation
— hest-fit oscillation
sinf20 =10
Amt= 60 x 105 ev?

e Geo neutrino

E.

gy < .49 MeV E = 2.6 mev
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s i 16 TW heat flow ,&“
man ! m ,
§ e e ~g events in our data ¢ 0 o

', Best fit with 0.9 MeV rate + shape analysis

U 4events ~40 TW
Th 5 events consistent with 16 TW at 1 sigma
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oward ‘Be solar neutrino detection
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KamlLAND future goal
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Impurities in LS

(38U 3.5 x 107 ¥g /g, ***Th: 5.2 x

i

'lil_lﬁ‘_g,.-"'g)

decay mode

g=iivkY  Na=lodgs =780V

ESBU QE?Th
) i . [ bR . a
ZI-Bi — ;..4:1,._., —_— 1.']]:':., EIEBi R Upy —e 1'.'31:':.,

g=dikky  Ta=0ds  @=00MkY

Fiducial

AT(AL < 1m)

prompt Eg

R < 4m, p > 2m
- 1,000us
1.3MeV <

R < 4m, p > 2m
0.4 - 1.0us
1.0 - 2.0MeV

delayed E', 0.3 - 1.0MeV 0.3 - 1.0MeV
M4 24 o
Bi- Po coincidence
B 400 1 ] £ F [ T T 1 Bi P vertex distribution
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Impurities in LS

(YK: < 2.7 <1079 /g, #%Ph: ~ 1 x 107*%g/g )

=

40 210py,
B 4 ¥ L46MeV =i kel J=l 20y P=530eV
WK e 077 et 4 g 210ph — 2l0p; — Mpy  —  Hbpp
decay mode (r=23MeV 10.7% Tip=223  f Tyjz=5.0d B Ti=138d o Srable
Fiducial R < 4.0m, p > 1.2m R < 4.0m, p > 1.2m
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2 106 & Redm, p>1.2m
= 7
g 10° =
=
103 n -
) * 1206 Spallation
10 I J products
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Impurities in LS (**Kr: 0.7Bq/m?® )

SKr

g=068TkeV 0.434%

T12=108y

prompt 78 < Eg < 162keV [*], 0,

B{l?Eke‘i.-’} i " y (514keV)
— - Ej Rb - —- E.:I Rh
In=1.0us

2500
FPolld
{
= I
2000 | ph 3
L}
Kris
. i
- 1 i =
=] 0 § D65=AT=2.65 ps
= "
5
1006 1eAT20ps " :
[ ]
Fealums = 1966 B%5:
300 j event m 359 i
(e weto [mms<T<3 89:) * .
U & 1 1 1 " -
0 50 100 150
nsum

[*] Analyzed with the sum of hit PMTs

=

Acounts
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B0
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& =350 GIAZ 6, w=113 10100 =101, E
P =l09 32571y S0 14
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 How reduce the impurity?

Background now goal

238U (by Bi-Po) 3.5 x 10~18g/g OK!!

238U (by ***Pa) O(10~1%g/g)(Max.) 10-1%g /g

232Th (by Bi-Po) 5.2 x 10~ 17g /g OK!!

10K )7 10719z /o (max. ) < 10-18g/g

210pp ~107"g /g 5 x 107%%g /g ~ 1uBq/m?
S5Kr, 37 Ar 85Kr =0.7Bq/m? 1Bq/m3

222Rp U =35 x107%g/g | OK!! (1uBq/m3)

= 3.3 x 107°Bq/m

g/8
3

(during purification

ImBq/m?

20py, = D.E;LEqﬁng after decay




For 219Pb & 40K : water extraction update
distillation

For 85Kr & 39Ar : nitrogen purge system update

For Rn protection : acryl cover for system
main guard + fresh air blow

Westart R& D for detection ‘Be solar neutrinos on
KamLAND !






Reactor Neutrinos 242py,

Only 4 fissile nuclei (U235,U238, Pu239,Pu241) _;_,_T 241 7
are important. The others contribute only 0.1% #Pu—= m
level. T

40Py
Fission fragments repeat beta-decay and emit T
anti-electron-neutrinos (electron-neutrino p B

239 239 239
contamination is ~10ppm level above 1.8 MeV). U——=="Np—=“"Pu

Fission rate is strongly correlated with thermal =25
power output (measurable at much better than
2% accuracy).

572 201.740.6, 2F0 : 205.040.9, PPy : 210.040.9, ' Py 212.441.0M eV

MEjmes, | Mucl Energy Y3 1969517

One fission causes ~6 neutrino emission in
average. Thus, neutrino intensity is ~ 2 =« 10" Ue/GWin [sec

Fission spectra reach equilibrium within a day

above ~2 MeV. Except only a few cases such as;
106 Rt Ta=3"2days R

= Pl

144 Ty2=2B5days -
CE Pr E__ =2890MeV Nd

Ep =354 1MeV

ViLEopeikin e al., Physics of Aromic Muchel, 64-5200 1 849



Neutrino Spectra

U235, Pu239, Pu241

Beta spectra were measured with a
spectrometer irradiating thermal
neutrons at ILL.

LTT IIII|IIII IIII|IIII|IIII Ty rrrrprrrL
I 1 1

i
1
1
USRI op-ts- S S ) PR K- F——
1
1
H

Fitting with 30 hypothetical beta
branches and convert each branches
to neutrino spectrum.

K Schreckenbach e al, Phys Leoc Bl sy | 98530
A Hakw et al, Peees Lecr B2 | 8] 198 365 —E

10

10

i
i
|
E
i
|
i
i
i
|
;
i

neutrinos/MeV/fission

U238

Mo fission with thermal neutrons

10

Theoretical calculation tracing 744
unstable fission products

Error is larger, but small contribution ~8% |
EWopel an all, Phya Pas, C249 1901} 1543 10

Knowing time evolution of fuel
composition, error from spectra g
calculation is ~2.3%.

1 2 3 4 5 6 7 8 910
Energy (MeV)
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Background

(in 162 ton-yr sample)

Total B.G.

Another important B.G.
_.IE_-_'JDD 3
= 80 F
280 [

t 70

B0 [

ayvent

5l 'i_-
0 |
30k
20 F
[

I:ll:I.E oFs 1 125 15 1.75 2 225 25 275 3
visible enargy [MaV)

0.9 MeV
29+ 1.1

2.6 MeV

1+=1

Th232 series

U238 series

Bisas

2.6 MeV

Aguess (16 TW)

~9 events (0.9 MeV)
~0.04 events (2.6 MeV)

EE from the earth has never been observed, before.
If observed, it opens a new field of “Neutrino Geo-physics.”



Validity of Spectra & Cross-section

Calcu

Bugey measured an overall
reaction rate with 1.4%
accuracy and is in good

agreement with the calculation.

Y Dwckis eral, Phys.Lec BI28 | $94)3413

oy = 5.750 x 10" " em® [ fission £ 1.4%
ov_a = 5.824 x 107 ¥em? [ fission + 2.7%

JIIJ‘:FV—A = 0987+ 1—.1:'::‘{- iQTQ{

Bugey-3 tested models of
neutrino spectra and the ILL
spectra shows excellent
agreement. s o mystesiassge
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A few % precision is achievable without near
detector for flux normalization.



17" PMT(1.325) (2ms veto after muon)
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Rn protection

SAMMARY

En activity 1 the mune = Xx 1'233 Byg nf

Mine guard + Fresh Air Blow %’aatier proof o
ariter = 3125 : T SPImEing from |
Ra activity = 30-50 Byt contaims a lot of B (2x108gm’
:m:lE.IIIIJ.II}I]I] [am] + 35,000, 00077 [Ya]

l : |

| Replace new pat:l-:iugé Acryl cover Stamnless + Epoxy resin
Cort= L0 Funlma para BGUA] reduction < 1/100 (12003 reduction =1/100 or more
T o IS ot = 40,000 60,000 Yo pisc] (to be tested)
x50 [paca] (L5 cmly) = Labors cost 3,000 [Yan'piecs)] Cost= 100,000
% 200 [puscie] Rt Yar]
Leakage Leaka§e from valves T.eska age from fittings
from New packings 4x107 [Rn/s] 82107 [Ras]
2x10" [Ba/s] mumnber of valves =200 mumber of fitimes =1
nmnbﬂ'ufﬁumg ]%."0 leak =1 :III.]£ leak =10 mls
mls Roacoviry =40 By Foaciviy =40 Bym
F.uacmm =4 Bg'm reduction = 1100 teduction =1/100

Now ! (Ses Japezars Indusmizl Stamdas
Loak ras of vahvse= 001 mli x b (a0,

=17zl mliké l:g]alm:l

Bz might mneak o LEME Som valms
W brvw to check AL valver.

Cf. Our Goal=100-13QRomd
=6-8x10" Ro/s (Q=2m /h)
revized 26 Feb,, 2003
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U-series
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