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Kamioka Liquid Scintillator Anti-Neutrino Detector

inner detector
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Water Cherenkov outer detector
@18m, 3.2 kton pure water

3 225 20inch PMTs
* Muon veto




Physics
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Kam LAN D Balloon

@13m,I35um thick.
DAQ was started from 2002
— 1kton Liquid Scintillator

* Dodecane (80%) Pseudocumene (20%) PPO (1.36 g/l)
ov: 12cm VE(MeV) OE: 6.4% [VE(MeV)
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Simulation

KamLAND: Borexino

— 3-v best-fit oscillation —e— Data - BG - Geo V,




History
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Ist purification 2nd purification M ilii-balloon installation
2002|12003{200412005(2006|2007|2008|12009(2010\2011 (2012|2013
< > <€ > >
Ist period 2nd period 3rd period
(Zen phase)

o 1Ist period (2002-2007): Water extraction and N2 purge were
performed in 2002.

o 2nd period(2007-2011): LS distillation and N2 purge were

performed from Mar. to Aug. in 2007 and from Jun. in 2008 to
Feb.2009. Nitrogen purity was also improved by the pure nitrogen generation system.

o 3rd period(2011-) - Mini-balloon was installed for KL-Zen.

The anti-neutrino study can be continued using outside
Mini -balloon. Fv was decreased only about 17% for anti-neutrino analysis.




Distillation system

PPO distillation
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2nd Purification System

C tower NP tower PPO tower ! KamLAND
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Reactor neutrino result
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arXiv:1303.4667
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Antineutrino Measurement
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Reactor neutrino
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: A low reactor phase
event rate time variation

2.6-8.5MeV
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All Japanese reactors were shut down for 3 month due to the big earth quake in period 3.

Recent condition provides a unique opportunity to confirm and constrain backgrounds
for the reactor anti-neutrino oscillation analysis.

Strong correlation between expected and observed event rate.




P = (observed - B.G.) / (no osci. expected)

— 3-v best-fit oscillation —e— Data - BG - Geo V,

Am3, = 7.5415:13 x107%eV?

tan®0;, = 0.48175092

sin6;3 = 0.01070 033
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Geo neutrino result
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What’s the heat source in the Earth ?
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crust heat flux measurement & calculation
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"Bulk Silicate Earth (BSE) model

Surface Heatflux at 2x2 degrees W2 | chondrite meteorite analysis A

G e ] - (same meteorite of Earth S orlgm) 3
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: This is not “direct measurement’, :

20 TW

47+ 2 TW

Solid Earth 1, 5 (2010)

Only half of radiogenic heat contribute to the surface heat flow.

Using analysis result of Geo-neutrino flux,
we can measure the radiogenic heat directly.




Nature 436, 28 July 2005
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Geo neutrino analysis
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- event rate time variation (0.9-2.6 MeV) gray line: Earth model
——KamLAND data _ dot line: full spectral analysis
Expected reactor vV, + backgrounds + geo Vv, q
Expected reactor V,, + backgrounds Shaded reglon 1 O error
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Backgrounds

* The non-nu background for geo-neutrino was decreased by LS distillation.
* Reactor neutrino background was significantly decreased by the earthquake.

* Constant excess of Geo-neutrino is seen above the estimated reactor neutrino +
non-neutrino background in the energy range 0.9 - 2.6 MeV.
— Time information is useful to extract the geo-neutrino signal
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Geo neutrino result
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47 +2 TW

radiogenic heat |

~23TW pr

(based on KamLAND measurement result) "
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' outert core - |

» ,.\‘ », "‘
.mantle | crust

e e

e The measured KamLAND geo-neutrino flux
(3.4£0.8x10° /cm?/sec) translates to a total
radiogenic heat production : 11.2 7951 TW

e The geodynamical prediction with the
homogeneous hypothesis is disfavored at 89% C.L.
e The BSE composition models are consistent
within ~2 o.

Total radiogenic heat (~23TW) contribute to the
~half of surface heat flow (47TW) taking into
account the contribution of the crust (7.0 TW) and
other isotopes (4.3TW).

Earth’s primordial heat
IS remaining !!




R.Bernabei, etal., Eur. Phys J.C. 56 (2008) 33

Residuals (cpd/kg/ke V)

Time (day)




Solar Neutrino
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- " _4th neutrino search (CeLAND)

97.9 %
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oKamLAND Zen result

Zero neutrino double beta decay search




i 0v2 can happen if neutrinos

Neutrino less double beta decay
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are Majorana. ana
S Manjgras

If neutrinos are Majorana particle, O0v2f3 can happen.

; : =)
*effective neutrino mass & 87
*mass hierarchy B 1g tmpact
* lepton number violation fOI’ partic le p hySiCS 1/
\* evidence of Majorana particle)
‘amount of
 reucies monochromatic
L KK claim 75Ge llkg) double betadecay o <= 2vpp 1| fast2v
o 06l €nergy spectrum 20
© 5 ! ! ! - £ s AN 15i :
3 Eor /\ : Ovpp
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= i Sl jf COnUnuous s | 2v tail events
= = ; i 1 | e SR
1 0_2 — — - %000 2020 2040 2080 2080 2100 AL
C EE l energy, keV
g%* o|[|  exposure7lkg yr Ov2[ is very rare event.
- (=g - +0.44 25 *
& S (|| Tn=2230%03x10% yr Required ultra low BG detector
= . mpp = 0.18-0.43 eV at 24
1072 1072 107 Mmin/eV  Klapdor et al. Mod Phys Lett A21(2006) 1547

with high energy resolution




136CS

136Xe 9¢7

KamlLAND-Zen —*
QBB=2'47I MeV 136
AT TITRE e M L Tt AT P o DA A oty SOV LS AT e B e A B A Ba

» Detector Features
Xe loaded LS was installed in Sep.2011.

.

DAQ was started form Sep. 2011.
» (The project was started from 2009 )

136 X e merit
¢ enrichment is available ~91 %

tH il Xe is dissolved in LS 3wt% at 1 atm.
\X:giﬁgglggn 7 b collect Xe from Xe loaded LS by degassing
purification method is established

.~ | High scalability: replace to big balloon and
dissolve ~ton 136Xe.

If Ov2p signal was observed, we can check without
136Xe data using same detector.




Mini-balloon production

at Sendai in June 2011

84ty “““‘"mmg‘**wmn-mmmw

25 um Nonn6 <
‘transparency 99.4% @400nm
 Xe barrier < 220 glyear - |

‘Ultrasonic cleaning

with pu_lg :wﬁewa_i

N ‘:W’eldi_‘ng -goreé =

(Wz) 3gn pieH —>

(W9~) 1ed wiij—><




Mini-balloon installation

o un

¥ 1 clean room

-

4 . class ~100

_—
Depyment of balloon and tube balloon going throutjh light shield

.. Deflated Mini-balloon was delivered to Kamioka.
é‘%", ~ After the Mini-balloon was installed in KamLAND,
” ~ the Mini-balloon was inflated using normal LS.

- Finally the normal LS was replace to the Xe loaded




Xenon system

Enriched gas
= 408kg

I P |

dissolve Xe

LS Main tank

el
™
Qe Ml
L i .

Gas tank @
-

Collect ‘Xe

(136Xe 91%)
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Source geometry
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(R/1.54m)’

Events/0.05MeV

st result

exposure: 27 4 kg*yr
- -'3!"-""‘5“"12‘..4"“4‘-M"a*‘“.,'”“ a2 v' - ..m
q FYV is set to 1.2m radius for 2v2f analysis.

T%7=2.3840.02(stat)+0.14(sys)x 10?1yr

Phys.Rev.C85,045504(2012)

Is this peak Ov......7

\balloon surface
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|
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Total - = 22T} Serigp 1
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AR \oahER : T .’ .
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g L" | H” B event rate was ~0.25/ton/day

Visible Energy (MeV)




Events/0.05MeV Events/0.05MeV

Events/0.05MeV

BG study

data set in PRC 86, 021601(R) (2012) PEPTY Tl e Samhan 8- L4 3 TR SR e BIER i SR a ‘M—WM

P 2=13.1

C —— Total

251 136Xe Onupp X
F — "Xe2vpp
20 5 1 IUAgm
r Xternal
allation

survey all decay path of all nucleus in ENSDF
~millions ~thousands

http://ie.lbl.sov/databases/ensdfserve.html

Only four candidates (T1,2 > 30 days)with peak
in Ov region remained.

\\ [1] Ov+10mAg (250 d) 13.1 most|favered
e — < [2] Ov+298Bi (3.6x105 y) 22.7
= e [3] Ov+88Y (107 d) 222
[4] Ov+9°Co 53y 82.9
simultaneous fit 11.6
Ov only 85.0

Visible Energy (MeV)




BG origin

N P ; o < torve ua’%""'“‘"""‘45&9!‘*‘-""“;“"1’-\.‘."““4""““3.4.“;',”,. B B e e e s e
1, fall out from Fukushima. 2, Spallation products from 136Xe
134Cs and 137Cs were observed at KamLAND. 110mAg is also produced from '%*Xe by cosmic ray.

The ratio (134Cs/137Cs) is also same with soil samples. 136Xe was imported by air from Russia.
110mA g also fall out of Fukushima.

100 days on surface, 300 days in the mine

110mA g Concentration map in soil sample
:"SMQ ® Emz m 88Y1 1 O
gy, g ¢ 7 mAq
> = A V. 4
s, 100km E LK )
“ L ,
i VIN A
80km \\\ 10+ E-F I 7%%\&\5 A / \ \
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Visible Energy[MeV]

110mA g production :
accelerated 136Xe on hydrogen target

Phys.Rev.C76,064609(2007)

http://radioactivity.nsr.go.jp/ja/contents/6000/5050/24/5600 103120.pdf




PRL 110, 062502 (2013)

- MOmAg v = 222
2%Bi, ¥2= 8.06
S BY 42210116

(a) DS-1 + DS-2 ~ Daa

— Total
— Xe 2vpp

(OvBBU.L.)
o X6 OVBB
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Events/0.05MeV
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correlation between 7Ge and 136X e

10267 T T xrxwxw T/
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Comparison with other Exp.

KamlLAND-Zen result
T > 1.9x10%5yr (90% C.L.)

1/2

EXO-200 result PRL 109,032505 (2012)
T > 1.6x10%5yr (90% C.L.)

1/2

combined (KL-Zen + EXO-200)

> (90% C

(M) <

(90% C.L.)

K.K. claim is rejected
more than 97.5% C.L.

(considering various QRPA model)
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Purification activity

WWW“%F— R i o 2T PR “**-lwv‘.]y;-.u\f \
A Sep. 2011 DAQ start SR
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st phase
Feb. 2012 filtration degassing e
2.3 MIB volume K
Xe System( ;]—
g Jiltration  Xe extraction =
N Jun. 2012 Xe extraction C é\/\
~290kg Xe (90%) was collected.

Aug. 2012 New LS filling iﬁiﬁiﬁ?ﬁ?ﬁfﬁﬁfg

Sep. 2012 Xe gas distillation (400kg) o — e \I

Nov. 2012 Distilled LS circulation
fire accident in the KL area

16.5m3
_ New LS filling
Jul. 2013 restart Distilled LS circulation

Aug. 2013 Xe-LS filling charcoal XG‘W” L
start phase2 DAQ 3 L e
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On going purification activity

LS distillation R

Evapolator I

N2 purge tower

‘N bl Yo
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Distilled-LS czrculatlon

3 ﬁlllng LS from sub-tank and dralnlng LS from MIB.
2, Xe collection by N2 purge. (GC measurement)

3, LS distillation (every 3 batches ).
4, LS without PPO is transferred to sub-tank passing

through N2 purge tower
, degassing and adjusting LS density using PC.
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1 MIB volume (16.5m3) ~1/3

Goal: 100 times 10mAg reduction

@ ‘ (3 MIB volume LS circulation is required)
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Future prospects
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0 3. High Light yield LS
KL LS 8000ph/MeV
Standard 12000ph/MeV
— light yield <1 4

E resolution at 2.6MeV 4% — < 2.5%
(simple calculation <2%)
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Summary
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o Recent condition provides a unique opportunity to confirm
and constrain backgrounds for the reactor anti-neutrino
oscillation analysis.

o Geo-neutrino is measured efficiently at low reactor phase.
Observed flux is fully consistent with Earth model.

o The 0v2f half life was limited more than 1.9%10% yr (KL-Zen
only 90%C.L.) As the result of the combined analysis using
EXO-200 and KamLAND-Zen, the K.K. Claim is rejected at
97.5% C.L. {mg) <I120-250 meV (90%C.L.)

o The purification activity is on-going to reduce 1197Ag. The 2nd
phase DAQ will be started from August 2013.




