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Introduction K@
L
\' o

Reactor antineutrino experiments:
look for a flux deficit at a distance L

Detector

Nuclear reactor
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Neutrino Oscillations 5&

* Write the weak states Vv, as a linear combination of mass

eigenstates V. S
V r A

* the V. evolve 1n time as:

v (t)=e "y (0)~e ™y (0)

* The probability of detecting flavor v, at distance L 1s:

Plv,—»v,.L)=]

* For 2 flavors (e.g. V., V) this simplifies:
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Matter Effects
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Neutrinos On Earth f&

e Control source and detector

e Sun: L ~200km <<R_; Rock:L ~10*km>R

Matter effects much less significant

/ \

* Neutrino beams: E ~ 100 MeV: sensitivity to solar neutrino
problem requires L ~ 1000km

® Reactors: antineutrinos with E ~ MeV: L can be smaller but 411
source
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Reactor Experiments

/ Nuclearlreactor \

<
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Reactors In Japan

55% of total fl _ Eer. 4
ux from: ‘ R - KamLAND uses
i v the entire Japanese
- nuclear power
industry as a
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235U Fission f&

235+ 1

92 protons and 142 neutrons are shared between X and X,

10.000 £
Stable nucle1r with A _
most likely from < 1000 ¢
fission: %
= 0.100 |
04 wa 140 § "
98 protons b 0010 f‘
136 neutrons _

0.001 '

70 80 90 100 110 120 130 140 150 160
Mass number A

On average, 6 n must decay to 6 p to reach stable matter.

Jason Detwiler 10 SSI 2003



Reactor Output §$

o A typical large power reactor operates at ~3 GW

e At 200 MeV / fission and 6 v, / fission:

6 x 10% V_emitted into 41t each second
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The Detected V. Spectrum f&

0]
emitted
spectrum
f E[MeV
1.8 MeV

Only ~1.5v_per fission are actually detected
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Reactor Fuel Cycle
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Jason Detwiler
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V. Spectra f&

* For 235U, 239Pu, and 241Pu, nuebar spectra can be derived from [3-
spectrum measurements. This 1s not easy, since there are many fission

branches, each with a variety of 3-decay branches.

* For 238U, which makes up 11% of the yeild, no spectra are available, so we
must rely on calculations, which are accurate to only 10%.
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Previous Results
3 baselines at Goesgen
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Previous Results K&
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Jason Detwiler

Event Signature

Y 22MeV
Y 511keV

| 210 us
Y 511keV

Coincidence signal: detect
— Prompt: e*energy + annihilation y
— Delayed: n-capture y

Average At =210 s

19

SSI 2003



K |
L

.

™ “'""‘“.*:.*r-\"“"”w

The KamLAND Detector
Chimney Calibration Device
Liquid Scmtlllatﬂrf/ lﬁiﬁml? ﬁ]g ?ﬁ“
(1 kton)
Containment fﬂ
Vessel 1T | | AK ‘
(diam. 18 m)_\_m v Phﬂtﬂ-

ﬂrﬁ H 1 Multipliers
1'-..' J'IF I T3 ; I | o .
A «+— Buffer Oil

Outer Detector | !} "{}m = =

"M"-.!L'!.l‘* | |

QOuter Detector
PMT

Jason Detwiler

SSI 2003



KamLAND Trigger

Coincidence, prescale threshold:  gj,o]es threshold: Muons:
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Waveform Analysis

Blue: raw data
red: pedestal
oreen: pedestal subtracted
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KamLAND Data

FamLAMD Ewvent Display

Fun/Subruns/Event ; 110/0-1907

UT: Sat Feb 23 15:16354 2002

TimeStamp ; 3416733063

TriggerType : 0x7210 / 0xZ

Time Difference 10,1 msec
HumHit-HzumsNsumZANHumHitA ; 1315-/199-1327-77
Total Charge 3 9,02e+05 (1,17e+032

Max Charge fchii 3,54e+03 (2103

Event Display:
through-going muon

color is pulseheight

all tubes illuminated

1810,.4 2155.8 2501,.3 2846,7 3192.1
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KamLAND Data

FamLAMD Ewvent Display

Fun/Subruns/Event ; 1107019244

UT: Sat Feb 23 15:253:11 2002

TimeStamp ; 13052924536

TriggerType : 0x3al0 / 0xZ

Time Difference 28,3 msec
HumHit-HzumsNsumZ-NHumHitA ; 1317-Z264-1322-465
Total Charge ; 3,.21e+05 {465}

Max Charge f{chi: 2,22e+03 {6402

Stopped muon

SSI 2003
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KamLAND Data

Kaml Ml Event Display
Fi

SRt L | Cher

T 1|.|&'E.L.5|.'.||'.-

L} -
TriggerTyps : ") L. s ﬂlng
[

Time Diffaran
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Cherenkov ring from
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KamLAND Data

FamLAMD Ewvent Display
RunsSubrunsEvent ; Z207-0-1358102

UT: Tue Jan 1 02:;28:01 2002 3
TimeStamp § 273045286418 (nO OD hltS)
TriggerType : Oxb00 / (OxZ

Time Difference 208 micro sec

HumHit-HzumsNMsumZ-HumHitA ; 500-245-474-0

Total Charge 3 893 {0}
Max Charge {chi: 10,8 (6502

Low-energy event

color is time

Pulseheight
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Calibrations

Radioactive gamma sources inserted in detector to
calibrate energy and position reconstruction

1_
- Ge(0.511"2MeV) ~B.2%
: 2n{1.116MeV) ~ 7.13%
0.8 Co(2.5MeV)~6.9%
0.6
0.4
02— _
ﬂ-" '*Mkll
0 1 2 3 4

5
energy [MeV]
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Reconstruction Performance

Energy estimation
from from
radioactive source
calibrations

oc=75% | E(MeV)

R = 5.0 m radius
fiducial volume
estimation from
spallation neutron
uniformity

Jason Detwiler
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Event Selection

Y 22MeV
Y 511keV

210 s

V 511keV

*T1me correlation: 0.5 Ps < At < 660 s

*Vertex correlation: Ar < 1.6 m
eDelayed event energy: 1.8 MeV <E , <2.6 MeV

*Spherical fiducial volume: R <5 m

Total efficiency: 78.3 £ 1.6 %
Residual accidental background: < 10™ / day
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Cosmogenic Backgrounds

Muons leave neutrons which can fake the signal
* Veto detector for 2 ms after muons

Muons also create longer lived (> 100 ms) neutron emitters
* Veto 3m cylinder around muon track for 2 s
* For high energy muons (> 3 GeV), veto entire detector for 2 s

cintillator buffer oil| Muon track reconstruction

reveals the balloon boundary
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Cosmogenic Backgrounds

yellow: after muon 150usec~10msec
red: apply dL<=3m cut

10’ L, np-capture(2.22MeV)
C
10 =
2 B
L = nC-capture(4.95MeV)
S
O N12, B12
10 %
ﬂ_ 2 4 6 8 10 12 14 16

visible energy [MeV]
Residual correllated background: 0.0068 = 0.0059 events/day
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Prompt/Delayed Event Energies
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Reactor Data
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Livetime: 145.1 days (162 ton: yrs)
Expected signal (no osc.): 86.8 £ 5.6 events
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Systematic Uncertainties K

Estimated Contributions to the Systematic Uncertainty (%):

Total Scintillator Mass 2.13
Fiducial mass ratio 4.06
Energy threshold 2.13
Efficiency of cuts 2.06
Live time 0.07
Reactor power 2.05
Fuel composition 1.0
Time lag 0.28
Antineutrino spectra 2.48
vV p Cross section 02
Total systematic error 6.42%
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Measured Event Rate f&
Expected 86.8 + 5.6 (0.94 £ 0.85 bg), observed 54
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Event Spectrum E&
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Fit to Oscillation Parameters

N o
All contours at 95% CL
Backgrounds fixed but < i |
: : 10 E | =i it
geoneutrino signal - = e
floated for fit B e
A i '
> 10 £
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© 2nQ 5 |
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Physics Interpretation f&

e KamLAND observed, for the first time,
antineutrino disappearance at > 40

* Interpretted in terms of neutrino oscillations and
assuming CPT invariance, this result

— excludes all solar neutrino oscillation solutions
except LMA

— 1s 1n perfect agreement with LMA
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Future Prospects 5&

* Livetime has increased by a factor of ~2 since our first
publication

* 50% reduction of flux in 2003 will allow for on-off
analysis

* With any luck, KamLLAND may observe spectral
distortions, truly verifying neutrino oscillations

e Other physics results to come soon, including solar v,

geonuetrinos, neutron production...
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