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KamLAND: the ultimate
reactor neutrino oscillation experiment

+1 kton lig. Scint. Detector Sl
in the Kamioka cavern , — 2
S T e Rock lining
~1300 17“ fast PMTs Pt L FLSRE
+~700 20" large area PMTs . |
30% photocathode coverage (W Outer water tank
‘H,O Cerenkov veto counter Inner tank
*Multi-hit deadtime-less Lig.scinti. _
Container

electronics

+ Am? sensitivity 70106 eV?
LMA-MSW solution
within reach on the earth !

AW Aluminum sheets

Phototubes
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Nuclear reactors are very intense sources of v, deriving
from beta-decay of the neutron-rich fission fragments
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>99.9% of vare
produced by fissions in
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Complementary properties of
and

Reactors
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Accelerators

E ~few GeV

‘Good mass
sensitivity
requires
very large L
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Particle detection at low

energy rather delicate:

beware of backgrounds !
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-Large(r) cross-section

-Specific signature
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from positron energy
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The v, energy spectrum
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The detected neutrino
rate is proportional
to the reactor’'s
thermal power
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The neutrino oscillation experiment at
the Pal Verde Nuclear Generating Station (AZ)

- -,
e
o

Feb 4, 2002 KamLAND - Aspen Winter
Conference




neutrinos detected

° N,-\ e l P
neutrinos expected |z g‘
Ng - ] — Palo Verde (Swap)
2 SREEREEE Chooz
1.01+0.04 Chooz I SK sin’20,, (90% CL)

1.04+0.08 Palo Verde| * ¢ E

Conclusion:
Chooz and Palo Verde
saw ho evidence for
neutrino oscillations

involving v,
down to 103 eV?2
— Atmospheric neutrino | _
oscillations are W
mainly VH'VT : : : : : : : : 9
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To access the region interesting
for solar neutrino Am2<10-°eV?2 need >100 km baseline
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Need to think regionally: large concentration of nuclear
power plants exist in Europe, eastern US and Japan
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Site Distance| # of flux Signal
Japan (km) | cores (v cm‘zs'1) (viyr)
Kashiwazaki | 160.0 7 4.25x10° | 348.1
Ohi 179.5 4 1.88X10° | 154.0
Takahama 190.6 4 1.24x10° | 101.8
Hamaoka 214.0 4 1.03x10° | 84.1
Tsuruga 138.6 2 1.03x105 84.7
Shiga 80.6 1 1.08x10° | 88.8
Mihama 145.4 3 1.03x10° 84.5
Fukushima-1 | 3440 6 53x10% | 435
Fukushima-2 | 344.0 4 4.9x10% 40.3
Tokai-I 294.6 1 1.7x10* | 137
Shimane 414.0 2 9.9x103 8.1
Onagawa 4302 | 2 9.8x10° 8.1
kata 561.2 3 8.4x10° 6.9
Genka 7554 | 4 5.3x103 4.3
Sendai 824.1 2 3.5x10° 2.8
Tomari 783.5 2 2.4x10° 2.0
Korea
Ulchin 750 | 4 8.8x10° | 72
Wolsong ~690 4 7.5x1 Og 5.2
Kori 700 | 4 8.0x10 6.6
Total 69 1.34x10°(1102
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Total expected signal
from reactors:
~2 ev/day

S/N ratio # 20
@ 10-14 U, Th, 40K
contamination in
the scintillator
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Baseline is limited:
85.3% of signal has
140 km < L < 344 km

The total electric power produced “as a
by-product” of the vs is:
~60 6W or...
~4% of the world's manmade power or...
*~20% of the world's nuclear power
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-if oscillations " [T EETT—T—T———
are detected - . approximate
very accurate i 99% C.L. LMAS region
measurement
possible |  ~
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KamLAND has a real
chance of observing

oscillations in the
LMA-MSW regime !|

Golar MSH LMA SupexE Atm.

Mostly ruled out
By most recent

SNO result
10-%
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1p-to =— Oreillet ions
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Since reactors produce VV, while the sun
produces V, the equivalence of solar neutrino
oscillations with what can be observed with

the KamLAND reactor experiment rests on
the validity of CPT (see B. Kayser's talk)

An unexpected oscillation pattern in
KamLAND could be an indication of
CPT violation
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Other physics topics include:
Terrestrial neutrinos
‘Supernovae
Solar anti-neutrinos
*Exotic nucleon decay modes

In addition KamLAND is a scalable detector
A possible future physics topic is the detection of Be’
neutrinos from the sun.. if backgrounds will allow this
Every effort has been made to preserve this possibility
and during reactor neutrino running we will
learn how large backgrounds for singles are
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KamLAND construction timeline

‘Summer 2000 PMT installation
‘Winter 2000-01 Veto counter installation
‘Feb 2001 Balloon insertion
‘Mar-Apr 2001 Balloon inflation and test

Apr-May 2001 Plumbing for fill

‘Jun-Sept 2001 Fill MO and LS

Aug-Sept 2001 Eng. runs with Macro Elec.
Sept 2001 FEE/DAQ/Trigger int. (LBL)
‘end Sept 2001 First data taking with FEE
Jan 22, 2002 Begin Data Taking
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Cleaning the KamLAND sphere (Summer 2000)

y
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Installing 17" and 20" PMTs in KamLAND (Summer 2000)
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Balloon installed (Apr 2001)
e S
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Scintillator is a blend of
20% pseudocumene and
80% paraffine oil.

Different density
paraffines are used
to obtain the same

density inside and out
of the balloon.

PPO concentration is
1.5 g/l of the final blend.

During blending the liquids
are pre-purified.

4
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Have full waveform

digitizers on every

central and veto
channel

Very important for
exploring new physics

and reject complex
background signatures

Signals from blue LED
flashers in the detector

| Raw Waseform Blue, Pedestal Corrected Waveform Red |
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cable131

180 —
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Iﬂltlﬂ' 17’ .PMTS gﬂlﬂ PCSU“'S 17" Photomultiplier Gain Distribution
using s.p.e. (120 tubes)

Gain peaks ~0.9107

10% low respect to the

calibration done in Sendai
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temp = 20C Sendai s b

10C in the scint. |

CuBe dy tempco ~ -0.001/C >3 |
for 11 dy 9.99!! = 0.89 3 i

10 -

Mumber of PMTs
=
T
|

175 |
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magfield comp. coils: s | ‘

good comp. (earth 25 | H

magfield effect up I S0 b | R v W | PN

to 50%) 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 B
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So... what does an event look like ?

Time: Red soon, Blue late Charge: Red aloft,
Blue little
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Radioactive and other
sources can be inserted
in the central detector

using a special access

port in the chimney

normally closed by a

set of gate valves

A glove box inside a
clean room is used to
perform this operation
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Zn65 At Center Of Detector 65Zn :

A6 al.115 MeV in

: o the detector
3500
3000~
— o/E =6.5%
2000
100 Light Yield
1000/~ 241 p.e./MeV
500

_u Coeo b b by oy |

200 220 240 260 280 300
Number of PMTs with signals
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Co60 At Center Of Detector

3000 60Co :

i | a 2.824 MeV in
2500~ the detector
2000

- o/E = 4.2%
1500
—__ Light Yield

- 239 p.e./MeV
500

Oh | I

400 450 500 550 600
Number of PMTs with signals
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Now find cosmic ray muons traversing the detector
and look for energy deposits following them

| Meutron Candidates |

Counts

5
:mf—
zsf—
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153—
Hlf—
sE-
N 111 S AN R R
0 200 400 NumberﬁgPKamLAN[?%ototube;[m?
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Using E cal.
from previous
slide the peak
is here at
8 2.3 MeV

n-capture in
hydrogen gives
2.2 MeV
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Prompt - delayed correlation time distributed
as an exponential with 189+19 us

MC expectation for neutron capture is 180 ps
| Muon-Neutron Coincidence time|

J0

.

Counts

23

20
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10

0 200 400 800 800 _ 1000
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Data is now coming in smoothly...

stay tuned for results..
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