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Introduction to KamLAND
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Introduction to KamLAND

KamLAND is part of a tradition
of experiments that detect neutrinos Neutrino Mass (A 22 ) sensitivity (6% )
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Introduction to KamLAND
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Reactor Site | Distance # of | Therm. Power Max. Flux | Max.Event rate
(km) | reactors (max) (GW) | (10° 7, /em?/s) | events/kt-year
Kashiwazaki 160 7 24.6 4.25 348
Ohi 180 4 13.7 1.90 154
Takahama 191 4 10.2 1.24 102
. Hamaoka 214 4 10.6 1.03 84
od . Tsuruga 139 2 45 1.03 84
o International Nuclear Safety | Sllig‘d 81 1 1.6 1.08 89
. . . . . . . | Mihama 145 3 4.9 1.03 84
130°E 152'E 134°E 136°E 138°E 140°E 142°E Fukushima-1 344 6 14.2 0.53 44
Fukushima-2 344 4 13.2 0.49 40
Tokai-11 295 1 3.3 0.17 14
Shimane 414 2 3.8 0.10 8
80 % Of ﬂuX from Tkata 561 3 6.0 0.08 7
Genkai 755 4 6.7 0.05 4
. Onagawa 430 2 41 0.10 8
basellnes 1 40 — 2 1 O km Tomari 784 2 3.3 0.02 2
Sendai 824 2 5.3 0.03 3
Total 51 130 13.1 1075
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Introduction to KamLAND K&

The total electric power produced ‘“‘as a by-product™ of the v s is:
~60 GW or...
~4% of the world’s manmade power or...
*~20% of the world’s nuclear power!

A large nuclear submarine parked as close as possible to shore in Toyama
bay with reactors at full would produce a 10% excess in KamLLAND
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Introduction to KamLAND K$
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Neutrino oscillations change both
the rate and energy spectrum of
the detected events

Coincidence signal: detect
- Prompt: e* annihilation
- Delayed: n capture
180 us capture time
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Introduction to KamLAND

- 1 kton liquid scintillator
80% paraffin oil
20% pseudocumene
1.5 g/LL PPO

« Paraffin outside the
nylon balloon
- radon barrier

« 1879 PMT's
1325 17" - fast

544 20" - efficient
34% coverage

« 225 Veto PMT's
Water Cherenkov
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KamLAND Construction

Steel Sphere Constructed
September—October 1999
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KamLAND Construction

PMT Installation

Summer 2000
Completed September 28
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KamLAND Construction

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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KamLAND Construction
r

Cabliﬂ% 1RE Infrastructure Completed
i[ January, 2002
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KamLAND Data 5@

Coincidence, prescale,

"history" threshold: Singles threshold:
120 PMT's hit 200 PMT's hit
Muons:
/ all tubes hit
1e+0 entries: 2750048
underflow: O
overflow: O
mean: 163.135
10000
100F
Calibration
triggers 1l
0 200 400 600 800 1000 1200 1400
PMT hits
KamLAND Data Collection Started January 22, 2002
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KamLAND Data

SWJ0JaADM

Trigger Trigger
lCommcmd CommcmdI
| ESum |NSum
MACRO Electronics Trigger LBL Electronics
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KamLAND Data

Waveforms are recorded using Analogue
Transient Waveform Digitizers
(ATWDs), allowing multi p.e. resolution

Blue: raw data
red: pedestal
green: pedestal subtracted

e The ATWDs are self launching
with a threshold ~1/3 p.e.

e Each PMT is connected to 2
ATWDs, reducing deadtime

e Each ATWD has 3 gains (20, 4,
0.5), allowing a dynamic range of
~1lmV to ~1V
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ADC counts (~120 uV)

Samples (~1.5ns)
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KamLAND Data

Converting waveforms into time and charge information

100 KamLAND Waveform Display
}— Event: 18 Run/Subrun/Event : 113/0/304
| . UT: Sun Feb 24 15:49:05 2002
801 Cable: 1150 TimeStamp : 2578169707
B gain: ngh TriggerType : 0x3al0 / 0x2
i . Time Difference 64,5 sec
60 A/B'B_ NumHit : 1124
- offset: 13 Channel : 3 BH(11}
40— T: 142
20‘? fq ]
‘, Q l.‘ ,Q.'.
‘_ pi‘ .b.) P “,‘mh
0%-“’"”-"?_ L AR PP g™ PO ———
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KamLAND Data

KamLAND Event Display
Run/Subrun/Event : 110/0/1907
UT: Sat Feb 23 15:16:54 2002
TimeStamp : 3416793063

Tr erType : 0x7210 / Ox2

Time Difference 10,1 msec
NumHit/Nsum/Nsum2/NumHitA ¢ 1315/199/1327/77
Total Cha + 9,02e+05 (1,17e+03)

Max Cha {ch): 3.5d4e+03 (210}
Event Display:
through-going muon

color is pulseheight

all tubes illuminated
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KamLAND Data

KamLAND Ewvent Display
Run/Subrun/Event : 110/0/19244
UT: Sat z z 1 2002

NumHit/Nsum/Ns
Total Charg

Max Charge

Stopped muon
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KamLAND Data

KamLAND Event Display
Run/Subrun/Event : 0
UT: Sat Feb 23
TimaStamp : 355040
TriggerType : O

Time Difference 578 micro

Total Charge : 2,
Max Charge (ch): 254 (1016)

Cerenkov ring from
‘““corner clipper”

.l
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KamLAND Data

KamLAND Ewvent Display

Run/Subrun/Event : 207/0/1358102

UT: Tue Jan 1 02 +01 2002 °
TimeStamp : 279045286418 (nO OD hltS)

Tri rType : 0xh00 / 0OxE

Time Difference 208 micro s
NumHit/Nsum/Nsum2/NumHitA : 500/245/474/0
Total Charge : 893 (O)

Max Charge {(ch): 10,8 (650)

Low-energy event

color is time
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KamLAND Data

[nsum_max {nsum_max>150. && nsum_max<400.} _| Chiz { ndf = 396.8 /45
po = 5669+26.17

Converting time and charge information into - o1 27720060
event position and energy: o~ e oomas
This requires calibration of the PMT's: T

- Timing: done with a blue laser b

- Gains: single photoelectron gains with LED's A | |

high pulseheight gains with UV laser 5Zn (1115 MoV 7)

nsum max {nsum max>200. && nsum max<700.} | Chi2 I ndf = 24.36 1 21

The detector response as a whole 0" ez .
is calibrated with radioactive sources soo0 5
The position is obtained from a vertex fit =

The energy response depends on position 2000~

(Note: these are old calibration plots, not

60
valid for current running conditions) Co (2.505 MeV y+y)
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Balloon

12~16MeV

.....................................................................

KamLAND Data 5%)
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1/R? weight, log scale
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KamLAND Data %%3

Effect of fiducial volume cuts on the energy spectrum
WK (1.46 MeV v)
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KamLAND Data 5&

Muon-related backgrounds
Black: 4.5 m fiducial volume cut

Green: removed by 2 ms muon veto

oF
107 1 Blue: expected !'C from spallation:
- 2C—-1C+n
10° = Red: E spectrum following muon veto,
- HC subtraction
1O2§
10 -
0
1C Energy [MeV]
(1.0 MeV B%)
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KamLAND Data
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Background summary:

TTTTIT

Event Rate

' Fiducial Region:
R < 450 cm

Rxy > 100 cm

1.46 - 1.65 MeV
226 events
Entry

K-40 Spectrum :
% < 23x10°g/g

=
qv

IIIIIIII I IIIIIIII T IIIIIIII

- Most backgrounds peak near the balloon
- radon decay products (?°°T1, 2!°Pb, 21°Bi)
. VK 10

- Neutron rate and level of muon spallation |
products are consistent

1 13 14 15 16 1.7

o

Visible Energy(MeV)
- We can also set limits on certain contaminations: 40K limit fit
28U 107%g/g < 6.4x 107 g/g
22Th 10 g/g < 1.8 x 107 g/g
WK 108 g/g <23 x 1070 g/g

- background rates tolerable for reactor experiment

Now we can add event coincidence and look for neutrinos...
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KamLAND Data
Neutrino Candidate

KamLAND Event Disp
Run/S Event 2

NumHi t/
Total

Prompt Signal At =111 us Delayed Signal
E =3.20 MeV AR =34 cm E =2.22 MeV
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Summary

- KamLAND 1s making rapid progress

- background levels are acceptable for the reactor experiment,
we are working to reduce them to allow lower energy thresholds

- stay tuned for interesting physics results

- Longer-term future: KamLLAND solar neutrino experiment
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Solar Neutrinos at KamLAND

(KamLAND proposal)

- Estimated background after statistical subtraction
g 102 - I I | T T 11 | I | I T T T | —
- Goal: direct detection of = 10" \‘c 11 —
"Be solar neutri < g0 ey -
€ Solar neutrinos > 10 a0\ I ]
g 10_2_____—"/ P —_
: 8 103 -----7, i A\Z%Th —
- Singles measurement: S 104 7Be” i X _

incid . 1 8 105 A ISR AR L]
Energy (keV)
. 1 !
Low baCkgroundS requlred. > Solar v, recoil spectra (SSM)

8 102 T T [ B =
= 10" | =
x —_—
> _‘
L _
= ] —_
3 | ]

$) 10—5 | Y I I

Be si 102 10° 104
e signal

2 Energy (keV)
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i,

4 NTT
SOlal’ NQUtranS at Kam LA'f“mm‘”"K”"”" Coincidence Candidteyf gryptonenergy
Z 100— Mean = 109.5
32 F RMS = 277
G 8o

Chi2 f nd( = 34.03 1 27
Constant = 82.48 11.05

€0 Mean =117.81.491

Sigma = 9.778 1.431

a0k

- Radiopurity design goals vs. measurements:
28U 107"%g/g < 6.4 x 107 g/g [T ol
— — E after sumlcrogecogvesn
232Th 10 16 g/g < 1.8 X 10 16 g/g :‘;g + Backgroun(ggltlbt‘:gctedt
YK 10"%g/g <23x107°g/g Bl rolBlne
Kr coincidence
. measurement
- Dominant low-energy
. = data
baCkgroundS are' — 14C |:| fit: sum of scaled MC results
85 10 = = original MC Bi 21°, Pb21°
* Kr :E‘ ———————— sc:Ied MC Bi 2'°, Pp2'°
- 21Pb, ?'9Bi (from Rn decays) ¢ [} | e
4 %i original MC Kr #
10 ;- scaled MC Kr ®
- Working on purification and , i
eliminating leaks to remove 1&&
such contamination 0 &
10

Observed low—-energy
event spectrum
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