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Reactor Neutrino Source

Site Distance| # of flux Signal _
Japan (km) | cores W em=2s~1) | (Viyr) Total eXpeC’[ed S|gnal
Kashiwazaki | 1500 | 7 4.25x10° | 348.1 from reactors:
Ohi 179.5 4 1.88X1 154.0
Takahama 190.6 4 1.24x10° | 101.8 (EBO% du ty facto I')
Hamaoka 214.0 4 1.03x10° | 84.1
Tsuruga 138.6 2 1.03x105 | 84.7 =2 events/day
Shiga 806 | 1 1.08x10° | 88.8
Mihama 145.4 3 1.03x10° | 845
Fukushima-1 | 3440 | & 53x10% | 435 - ST _
;u:ﬂu_ajllma-z 344.0 4 4.9x1 u: 40.3 Baseline is limited:
okai 294.6 1 1.7x10 13.7 -
ghimanl} 414.0 2 9.9x1 gg 8.1 853% Of S|g nal ha.S
nagawa 430.2 2 9.8x10 8.1
lkata 561.2 3 8.4x10° 6.9 140 km < L <344 km
Genkai 755.4 4 5.3x103 4.3
Sendai 824.1 2 3.5x10° 2.8
il ms | 3 2400’ | 20| Average baseline
Korea .
Tk am | a aaxi® | 72| distance <L>~ 190 km
Wolsong ~690 4 7.5x1 ug 5.2
Yonggwang ~940 6 8.4x10 6.9
Kor 700 | 4 S | &5 68 GWe power
Total 69 1.34x10%/1102| 4% world’s manmade power
20% world’s nuclear power
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Inverse Beta Decay Signal

V,+p - e +n

e[arge(r) cross-section

*Specific signature

e* kinetic energy
(<8 MeV)

*neutron capturey
(2.2MeV)

22 MeV,.Y
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/ delayed
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from positron energy

Neutrino energy measured I# E|7
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Positron Energy Spectrum

Neutrino oscillations
change both the

KamLAND e” spectrum with and without oscillations.

rate and energy spectrum < /N
S 5L 4 N — No oscillations
of the detected events. 3 AmP=T7+102 ey
= AMP=22107% a\®
\‘E‘ 25 (sin®20=0.8)
Am?Z sensitivity to 70106 eV2 | & ° ¢

LMA-MSW solution

within reach on the earth ! | | os-

' energy / MeV
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KamLAND Detector Design

Scintillator
80% Paraffin Oil
20% pseudocumine
1.5 g/l PPO

*30% photocathode
coverage

1325 fast 17" PMTs
544 large area 20" PMTs

«Water Cerenkov veto
detector

225 large area 20" PMTs

*Multi-hit, deadtime-less
electronics
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Crane Rail |

Electronics hut
8" VETO PMTs
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Anti 20" PMTs
Kevlar Suspension Rope
Tyvek Sheet/
18m Stainless Tank
17"/20" inner PMTs
Rock Wall/
PE sheet/
Radon Blocking Resin/
Tyvek reflector
PET Black Sheet

EVOH/3Nylon/EVOH
13m Balloon
Acrylic Sphere (3mm t)

Fiducial Volume for
Reactor Neutrinos (600t)
Fiducial Volume for
Solar Neutrinos (450t)



Kam LAND Construction: Sphere

Steel Sphere Constructed
September-October 1999
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KamLAND Construction: ID

ID PMT Installation
Summer 2000
Completed September 28
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h{m.

Water Cerenkov Outer Detector

False neutrino signal from 22MeVyg Y

U-induced spallation neutrons.

Prompt signal E > 1 MeV
Delayed signal At ~ 50-500 Us

delayed
n
Vertex distance Ar <1 m —

Veto muon induced events

tracking — spatial veto

veto In time after muon signal
Passive neutron shield
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OD PMT Installation
December 2000 to
April 2001
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Kgm LAN_D Construction: Balloon

'—Ff R N Y
P —n\“

Balloon Installed and Tested
January-March 2001
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Oil and Scintillator Filling
Spring-Summer 2001
Completed September 24
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Cabling KamLAND Construction

Infrastructure Completed
And Data Taking Begins
January, 2002

Front-End !
Electronics |

Calibration Deck and Glovebox
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KamLAND Data

Event Display:
through-going muon

Color is integrated
pulse area

All tubes illuminated
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KamLAND Data

Stopped
cosmic-ray
muon

Color is integrated
pulse area
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KamLAND Data

Example of
Michel electron
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following a muon.

17



Calibration

Waveform data collected — convert charge and time
iInformation to event position and energy
PMT calibration

— Single photoelectron gain: peripheral LEDs
e G=5x10%+6%
— Large pulse height gain: UV laser
— Timing: 500 nm dye laser
The detector response is calibrated with radioactive
sources

— %0Co (2505 keV sum from 2y) and ©Zn (1116 keV y)
Position obtained from vertex fit

Light calibration study of scintillator
Energy response depends on position
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Light Yield Calibration
17" PMTs Only

%Zn: 1.115MeVy %0Co : 2.505 MeV 'y

o/E=65% Light Yield o/E =4.2% Light Yield
241 p.e./MeV 239 p.e./MeV
Zn&S5 At Center Of Detector | Co60 At Center Of Detector]
aon 3000~
asncrn_— \ 2500 V(Hl
oo hﬁ znnu-— / 'I
2500 ,
zuuu_ 1500 ; ’1
b | mnu-— \
1000 L
Eml'_ 500 |
’ Izml | zénl %;L?mhﬂfzgfﬂPmﬂzéﬂﬂm Ei‘;lgal-'léﬂqﬁ ’ Humhrseé“uf Pl!u'['l'ssglgth signalﬁsnn
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Position Calibration

60Co: z = -394.1 m

1600 Mean = - .
oo Rl\e/lasn: 28%6 preliminary
13200
1 OeOely
B0
SOy
D]
60 D00
. ~—60Co (2.505 MeV) .
g 40 - |=emansmen)| prehmn_lary O P e ——
= 20 - | z (m)
E
< 0
= 20 ¢ . .' i Note: errors from
40 - i statistical distribution.
-600 -400 -200 0 200 400 600

Actual Z-Position (¢cm)
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Energy Spectrum: Fiducial Volume Cuts

0K (1.46 MeV y)
/ 208T] (2.62 MeV y)
0c ¥ S

Neutrons
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Summary of Backgrounds

Most backgrounds peak near the balloon

. . 0,
or near z-axis thermometer line 2 E —
€ © FE%LP;?? Regm;‘;
- radon decay products (*!#Po, 2'“Bi) FI. [ iy 5 100 m }
2T )1,‘5§-1,5~5?‘E¥:
. external 4°K and 298T] YEL e
Energy spectra fits set limits on natural = W {,: 23%10" ol

radiopurity contaminations (goal):
28 < 6.4 x 1016 g/g (10714 g/g) ~—
22Th< 1.8 x 1016 g/g (1014 g/g) 'E
MK <23 x 1010 g/g (1014 g/g) :
(Consistent with neutron activation analysis
on scintillator and with y spectra surveys of 40K 1imit fit
detector materials.)

iz 13 14 1 5 1 .E 17 1.8 18 2
Yisible EnergyiMav)

Fiducial volume cuts (< 5 m) reduce accidental coincidence

rates to less than 6x104/day.
Radioactivity background is negligible for the reactor v studies.
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Energy Deposition of Cosmic-Ray
Muon Events

3501 Using E calibration
300— from source
ol Qata, the peak
- IS here at
| ~ 2.3 MeV
150—
100 ldentify n-capture
sol events following
- L L events
uﬂ 4 6 8

10
Energy (Mev)
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Neutrino Event Candidate

(color is time)

Prompt (e*) Signal At=111ps  Delayed (neutron) Signal
E =3.20 MeV AR =34 cm E =222 MeV
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Looking toward the future:
The Solar Neutrino Phase

» Goal: direct detection of
"Be solar neutrinos

- Singles measurement:
no coincidence signal

Counts / keV / kt / day

- Low backgrounds required!
- U/Th near required levels
- Reduction in low-energy
backgrounds is needed

Counts / keV / kt / day

33
I

Be signal
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Low-Energy Backgrounds:
Issues for the 'Be Measurement

Radiopurity design goals and current limits:
238y 101 g/g <6.4x 101 g/g
232Th  10%%g/g <1.8x 10 g/g

VK 1018 ¢/g <2.3x 10 g/g

—— datz
| - it sum of scaled MC ressli=

6
10 = criginal MC & 7, Pp?*

scaled MG Bi &7, Por™™

Dominant low-energy
backgrounds are:
. 8Kr (noble gas)
. 210pp, 210Bj (metals)
from Rn decays

— ocriginal MG intemal g,
»»»»»»»» scaled MG intemal bug.
———— oviginal MC K ®

-—=----- scaled MG K& ™=

10°

"]
10 E

3
10

Working on purification and T mwm e o
eliminating |eak_5 to_ Observed low-energy event spectrum
remove contamination and calculated backgrounds.
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e Backgrounds and calibrations are sufficient
for a successful reactor anti-neutrino
oscillation measurement.

e Good quality data is now being collected.

e 'Be solar neutrino measurement is within
reach — reduction of low-energy background
sources will be needed.

 Plans are underway to achieve this second
phase.

NuFact02 — July 2002 D. Markoff/KamLAND Collaboration 27



NuFact02 — July 2002

D. Markoff/KamLAND Collaboration

L] a.l-

-h

28



