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Detector



Ka m LAN D Kamioka Liquid scintillator Anti Neutrino Detector

Located at Kamioka mine, Japan. ~2700 m.w.e.
In operation since 2002
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Physms target & Detection method

0.4 2.0] 8.9] Visible energy [MeV]
I . I I
Electron scattering Uv.+p—et +n
V+e —UV+e Inverse beta decay
7Be solar neutrino Geo-neutrino Reactor neutrino Supernova (relic) neutrino
First detection! Precise measurement GRB neutrino etc.

of Am§1

Neutrino Neutrino Neutrino Physics Neutrino Astrophysics
Astrophysics Geophysics Cosmology

Electron scattering — Single event Inverse beta decay — Delayed coincidence

+ prompt
A Vg ! k\e
Ve p f h
%4 - ¢ 1y
€T e S R > Y de'ayed
..................... > \ >
™~ mean capture time X
. ~ 200 usec on proton \
e N «y




Overview of recent result

Phys. Rev. D 88, 033001 (2013)



Anti neutrino flux in Kamioka

Precise reactor operation data from companies

Data provided according 1o the special agreements betweoen
Tohoku Univ. and Japanese nucloar power reacior operators.
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KamLAND operation status

1997 2002 DAQ started 2007 2008 2011 KL-Zen started

Distillation campaign
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Time variation of event rate
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Precise Measurement of Am?

Am?: systematic uncertainty 1.9%
(dominated by linear energy scale uncertainty)
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Calibration and energy scale

Analysis plots from dissertation of Hiroko Watanabe (2012) & Koichi Ichimura (2007)
Data sets are different from recent result



Energy reconstruction

Hit, timing & charge distribution of scintillation photons — “visible energy”

Charge correction

- Gain correction

- Bad channel masking

- Software discriminator threshold
0.3 p.e.

- Dark hit subtraction

Timing distribution of PMTs
hit after TOF subtraction
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Energy estimation
—Maximum likelihood method
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Energy calibration overview

Source

1 . Off—aXiS (4pi) 80Co, 68Ge, 203Hg, 24/AmBe (21°P013C)
B. E. Berger et al., 2009 JINST 4 P04017

Figure 1. Illustration of the calibration sys-
tem in the KamLAND detector: A radioac-
tive source was attached to one end of the
pole. It was positioned throughout the fidu-
cial volume by adjusting the orientation and
length of the pole. Additional %°Co pin
sources, used for monitoring the pole posi-
tion, were located along the pole. Two ca-
bles and a spool system manipulated the pole
position and provided electrical connections
to instrumentation in the pole. Access to the
detector and manipulation of the system was
through a glovebox on top of the chimney.

Figure 2. A typical deployment sequence for off-axis
calibration: (1) During insertion into the detector, the
pole was vertically suspended from the far cable with
some slack in the near cable. (2) Once the pole was
inside the detector, the near cable was raised, which re-
moved the slack and pulled the pole off axis. (3) The far
cable was then lowered and the near cable was raised to
move the pole to the horizontal. (4) The near cable was
shortened to bring the pole above the horizontal. (5) The
far and near cables were raised simultaneously to bring
the source closer to the balloon. (6) To prepare the pole
for retraction, the near cable was lowered to return the
pole to vertical.

2 _ Z-aX|S 60Co, 88Ge, 203Hg, 241Am9Be,¥Cs
T.I. Banks et al. NIM A 769 (2015) 88-96

Others

Spallation neutron capture event
(2.225 MeV gamma)

What we check:

- Position dependence
- Time variation

Energy non-linearity

m



4pi calibration | example
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Vertex calibration | 4p
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Vertex calibration | 4pi | phi

Lreconstructed - Lexpected [Cm]
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Vertex calibration | 4pi | R

o 17” only
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Vertex calibration | 4pi | energy
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Energy deviation | 4pi | energy
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Figure 3.46: Energy deviation of 41 data. Each circle corresponds to the deviation written in the figure.
(Left)®°Co energy deviation. (Right)®®Ge energy deviation. Energy deviation is within £1.5 % for ®°Co
and %®Ge.



Energy calibration | z-axis

Before Purification
203Hg (1y, 279 keV)

Table 3.2: Checking sources for visible energy reconstruction quality%’ 4000

source particle type energy [MeV]
203Hg v 0.2792
137Cg v 0.6616
657n v 1.1116
68Ge v 0.511 x 2
60Co v 1.1732, 1.3325
241 Am?Be v, L 4.4, n< 10
210pol3C v, N 6.13, n< 7.5
np — dvy v 2.22457

|-
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6000 -4000 -2000 O

p(mm)

1 2 1 l

2000 4000 6000

Fig. 8. Activity from a ®°Co source deployed to z= +5, +3,0, —3, —5 m along the
detector's z-axis, as reconstructed from the data. The colors correspond to the
intensity of detected activity. (For interpretation of the references to color in this
figure caption, the reader is referred to the web version of this paper.)
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Time variation of energy deviation
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Time variation of energy resolution
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Energy dependent energy resolution

Before Purification
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Vertex deviation | z-axis calibration
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Energy dependent vertex resolution
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Neutron capture gamma | Time variation
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Figure 3.40: Time variation of ~-rays from spallation neutron capture on proton
(real energy 2.22457 MeV). The vertical axis shows the deviation between the mean
energy estimated by the energy spectrum fitting and the typical visible energy (2.211
MeV). The deviation has been suppressed within £1.0 % for all of dataset.



Neutron capture gamma | R&Z dependence
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Figure 3.41: R dependence of v-rays from spallation neutron capture on proton
before (left) and after (right) purification. The events are selected with v/ X2 4 Y2
> 200 cm. The deviation for before and after purification are estimated to be 0.3 %
and 0.4 % in the 6.0 m fiducial radius, respectively.
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Figure 3.42: R dependence of v-rays from spallation neutron capture on proton
before (left) and after (right) purification. The events are selected with v/ X2 + Y?
< 200 cm. The deviation for before and after purification are estimated to be 0.7 %
and 1.0 % in the 6.0 m fiducial radius, respectively.



Quenching effect

ko: Birks constant, L: the luminescence,
dL dE /dx ’

—— L
dx "1+ kodE /dx

Lo: the luminescence at low specific ionization density and

dx/dL: the emitted light intensity per unit length.
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The data points are calibration points.



Summary

KamLAND: 1,000 ton LS
Reactor anti neutrino measurement of Am?221, tanZ012
Flux-weighted average ~180 km —

No statistical power to measure 5 MeV bump
Systematic uncertainty is dominated by energy scale uncertainty

Source (4pl, z-axis), neutron capture gamma and spallation
products are used for energy calibration and energy scale
estimation



