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Low energy neutrinos provide

lots of physics !
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KamLAND has explored low energy 1°MeV
neutrino physics with great sensitivity !
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KamLAND ozumt:ﬁ‘ice

Location of KamLAND

KamLAND area:

Kamioka mine in Gifu prefecture,
Former Kamiokande site.
1000m (2700m w.e.) rock overburden
Cosmic ray pon rate is 1/100,000 of the
earth level.
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Reactor Ve analysis Challenging the SNP by man-made neutrinos !
E,is: 2.6~8.5MeV Phys.Rev.Let.90, 021802 (2003)

Reactor v. disappearance
Exclude all solutions

except for LMA =

Laod L
/4- v
] 0_5: Solar

Evidence for Ve-OSCillation

Phys.Rev.Lett.94,
081801 (2005)
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Analysis for s . . )
E - 0.9.26MeV First challenge to Geo-v detection !
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Direct information of radiogenic heat
of U/Th series in the Earth.
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Statistically weak, but consistent
P with the earth model.
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Neutrinos can be a probe
to study the Earth interior !
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New KamLAND Results on
Ve analysis

Data Sample (Live time)

2002 2003 2004 2005 2006 2007
| | | | | | |

Jan.11
2ond Reactor results (2.6-s8lsMev)
| 515.1+-0.3 days @

Nov.1
| 749.1+0.5 days >Geo-neutrinos (0.9~2.6MeV)
May.12
Mar9 1490.8+0.5 days

New Results! (0.9~8.5MeV)

@ Expand the analysis to full reactor Vv.energy spectrum.\
@ New analysis to enlarge fiducial volume.
@ Reduction of systematic uncertainties in
the background estimation and the fiducial volume.




V. detection in KamLAND

Vet p —e*+n Delayed coincidence of
correlated events.
Prompt e*
o (0.5 A
— =c,,—0. e
[E>1 8MeTﬂ> @ ¥(0.51)

AT, AR

= Delayed
@ Y(Z-ZMe‘;; Y(2.2MeV)

Eprompt
Cross section is precisely known within 0.2%. "
Backgrounds are significantly reduced. 1.0 e S
V. €nergy is determined. 5




Reactor neutrino

S/N ratio R=5m 5.5m 6m
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Likelihood analysis to reject accidental backgrounds

Probability density functions Take likelihood ratio L(E,) for
facc(Ep, Ed, Rp, Ra, AR, AT): selected delayed-coincidence events.
made by off-timing
(10ms~20s) real data. L(Ep)= fVe / (fve+facc)
Flat distribution in AR & AT Events with L(E,)>Lcu(E,) are selected.
f5.(Ep, Ed, Rp, R, AR, AT): , L(Ep) distribution for Ep=1.3-1.4MeV
GEANT4 simulation of Ve events ]8 1
using the neutron capture time and 1 Expected Ve events
energy resolution. 10-1
Enhancement at small AR & AT 11(())2
104
10°°

1062
0.1 0.2 0.3 o.zi (%5) 0.6 T.? 0.8 0.9 1.0
Leut(Ep) is the L(Ep) which gives maximum ’ Leut(Ep)=0.67
FOM(Figure of merit=S/V(S+B) ) FOM=8.1

S=f Ll(# of signal events with L)dL

]
B=fL(# of accidental events with L)dL




Estimated selection efficiency €

\208Tl Compton shoulder

17 inch + 20 inch PMTs
17 inch PMTs
17 inch + 20 inch PMTs, without Likelihood selection
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Enlarge the fid. volume by 30% and
significant reduction of accidental
backgrounds has been made!




210Po is dominant (>99%)
(a,n) background 210pg (5.56£0.22)x10°

a+13C = n +160Q) Dominant %g:z":” - ::Ra v decays/livetime
background ! Liep e on el PO,
abundance 13: vovoy
(t12=3.8d) (22.3y)  (5.0d)  (138.4d) O
222R1) Seee> 210Ph > 210Bj - 210Pg  206Ph
b p 0L(5.304MeV):

(<64KeV) (<1.16MeV)
Evis~300keV (quenching);

39.4+1.8 mBq/m?3

13C gr.
Q { 1st (e+e-) 6.05MeV |

2nd (y) 6.13MeV

Prompt signal

O p recoiled by
np->np

d%—E.ZMeVy Delayed signal




Expected neutron spectrum of
13C(a,n)160)

Using new cross section data
16 from Harissopulos et al.,
Ogr (Phys.Rev.C72 062801(2005))

S,

Events /1 MeV / alpha

IIIIII TT IIIIWIIIIIIHI

1 23 4 5 6 7 8 9 10
neutron energy (MeV)

210Po13C calibration

. source was deployed to
obtain contribution of the
w0 160Q) excited states

Adhesive
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x107° Comparison of visible energy
between calibration data and
simulation
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Measurement of the quenching of the
proton signals in LS (@ OKTAVIAN)
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Visible vs real energy of protons

11.66 / 4
P1 -0.2072 0.5356E-02
10 P2 -0.3350E-01 02 |
P3 m

|3 ppm data

Visible Energy [MeV]
o -t

fitting function
Evisible=Ereal X( I ‘eXP(P I XEreart P2) %P3

0 2 4 6 8 10 12 14 16 18 20
Real Energy [MeV]

Uncertainty: 2%
(e 10% in previous analysis)




Expected 1*C(a,n)!O") spectrum Estimated number of '3C(«,n) 0

x10°°

c 50
g I /Before likelihood 13C(cx,n)"6Ogs 157.2+17.3
2 400 selection
S 13C(x,n)O*(1st exc.) 15.2+3.5
s 30
s 13C(x,n)’°O*2nd exc.) 3.5+0.2
20 After likelihood
: selection 13C(x,n)’80 2C(n,ny)’2C*(4.4) 6.1+0.7
10—
- total 182.0+(21.7
oL ‘ﬂﬂ“‘ +C—>I
o 1 2 3 4 5 6 7 8 9 10
Eprompt (MeV) ond Res. | oW
Total 26% | 12%
Systematic uncertainty of | ?1°Po decay rate 14% | 4%
13C(ox,n) 160 160¢s 20% | 11%
160sv4 1602 | 100%| 20%
Proton quench 10% | 2%
Other backgrounds
Accidentals 80.5+0.1 Total estimated backgrounds
"Li/*He 13.6+1.0 in the data sample
fast neutron+Atmospheric v <9.0 276.1+23.5




Off axis calibration by system “411”
for entire detector volume (R<5.5m) ./
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203Hg, 60Co6Ge,
AmBe, 210Po13C
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Study position dependence of
reconstructed energies and vertices.
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Summary of Preﬁ"eg_?c%tokew Res.(%) sys. uncertainty(%)
uiﬁftgsﬂgs Fiducial volume 4.7 1.8 enzt i 2.4
(rate) Energy threshold 2.3 1.5 Reactor power | 2.1
Efficiency of cut 1.6 0.6 Fuel composition | 1.0

Total (Detector related) 5.5 == 2 4 Long-lived nuclei | 0.3

Total (Detector+Reactor) | 6.5 == 4.1 total 3.4




Prompt energy spectrum 2nd Reactor _A (V2 pmAH
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Prompt energy spectrum 2nd Reactor _A (V2 pmAH
300 results i
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Data-(BG+Geo_v)
— No-oscill. expectation

* ——
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Geo-v from U and Th
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Survival Probability
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L/E, (km/MeV)

Lo: flux-weighted average

distance (=180km)

~2 cycles of
Oscillation behavior is
observed !

16 18 2 22 24 26
E, MeV)

Best fit Geo-v events; Nu=25, N1h=36

N

> 20_
< | Geo-
o physical
i 4~ model
1o
NN =~ L - 1) -
. P @§%29!—..
5 T1oo - 1

Fix Th/U mass ratio to 3.9,

Nu+Nth=73+27
Geo-v flux=
(4.4+1.6)x108(cm2s™)
=39.4+14.3 TNU
(prev.res.=57.4+328TNU)

Consistent with the
Earth reference model
(36.5TNU,
U+Th=16TW).

73+27 *1TNU Geo-vV flux for 1ev/10% protons/y




Toward the Solar phase

DN 1012§ . }ﬂ:’(}lallliulmI I}T‘-— Chllorinole . :}—-'I SuperK, SNO
T F 1) 7Be :
g 10“’%: : Ppﬂ(f"’__(862KeV) Singles spectrum in KamLAND below 2MeV
T:i 108 %—,:iigjfl': “-;—7—{306;:; ‘\“:T{’?; . 10° - E— .
2 eb PR e N o haoon 10° N (210pg :{” in the air
T SR th L — B2 -16% i b 35 —
ik | e : 10° = Kr "Pb (T),=22.3year)
é - =15 . 210 i 210 Rp:
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I ) 2oL 1~
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-4 3
’Be v, pep and CNO v ﬁ 10 T Sl (
. 10 el
reaction: ve—Vve oF L \ {1 lechAl I
0 02 04 06 0.8 1 12 14 16 18 2
Visible Energy [MeV|

210Pp(Ty/p=22.3yr—2°Bi—+21°Po), 8Kr(10.8yr)
— 105~104, and 4°K— 102~10".

A big challenge to the singles backgrounds !

Burning mechanism of the sun !
Check the solar model ; discrepancy between studies on helio-
seismology and the SSM with recent chemical components of the sun.




Purification in KamLAND (May-Aug ‘07):

210Pb, 40K > Distillation
85Kr, 222Rn, 3%Ar > N, purging

Pseudo-
cumene Dodecane PPO
Purifiea Purificd PC
LS For psudocunfene Puri

/

Distillatign

dolumn ¢ond

coiumns

Three components of the LS are separately
distilled and mixed after the distillation.

Ar: 0.02~0.03ppm

Kr: ~10-15 (not measured yet)

*’Rn ~5uBq/m® - Njtrogen
generator

Reservoir

tanks

{FEM ;1 'l ’ ;-,‘
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K '\1‘&3 ! l* \ \\
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LS status during the purification Purified

LS
Monitored by 222Rn daughters,
214Bj—214Po—210Ph (<0.8mBq/m?3, OK)

2007/05/14 2007/06/01 2007/06/28

balloon

zy[m]
zy[m]
Zy [m]
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0 *
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2 2 2 [
X3 +y2 [m?] x5 +y;[m7]

] L s b L i
0 5 10 15 20 25 30 35 40 45 50
2>
X5 +ya[m]

(1) Start purification — (2) Purified LS is clearly separated. — (3) A part of the LS flows
down near the balloon. — (4) Purified LS goes down and mixed — (5) Make lower the
LS density — (6) Finish the purification




Energy spectrum after the purification.

Efyz [m26]0
Upper part Lower part
(R<5.0m, Z>3.5m) (R<5.0m, Z<3.0m)
107 After Before |—— before purification 107 After Before —— before purification

—— after purification
—— total background

—— after purification
—— total background

Events/10keV/day/kton
Events/10keV/day/kton

10 10
1k 1
107 10
102 102
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Summary of the purification effect on radio-activities.

(mBqg/mq)
21OB i 210Po 85Kr 39 Ar 40K
Before 42+8 ¢ 43+ 508+79.34 18+38_18 | (44+4)x1073
After (Upper) 0.2+0.1 9+1 14+ 4 050 -
(Lower) 10+1 14+1 185+1; 020 |(13+1)x103
Reduction (Upper) | (4.8+2.6)x103| 0.21+0.03 | (2.8+0.8)x102 - -
(Lower) 0.24+0.05 0.33+0.03 0.36+0.02 - 0.29+0.03

Pb and Kr are decreased, but the reduction is not enough for solar phase.
2nd purification campaign is started next month.

» Mixing is avoided between purified and un-purified LS.

— Introduce temperature control system to cool
down the purified LS and put it from the bottom.

Improve the PPO tower to make better the distillation condition.

' Improve the air-tightness of the detector (upper part) for Kr.




If purification is successfully done, 'C is a
major BG for ’Be/CNO/pep V detection.

108 reduction of 2'9Pb, 85Kr assumed

10
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: 11 11 @
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Xy )in
> 1
[})
= 10" 2
a
c 102
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o 10°L
10* u
10°
7% 08 a 14 16 18 2 .
Visible Energy [MeV] Spherlcal cut
~95% of 1Cis produced in spallation reactions around 2.2 MeV'y.
by muons and associated with neutrons. _ ..
\I—I/ § eoo; ’\,Jf 3 years data
1C can be vetoed by triple coincidence ; S
300 \ g
muon, n-capture y(2.2MeV), 1C decay N

visible energy [MeV]




New ele.ctronics (MOGURA) to detect Main board for the
muon-induced neutrons for 11C veto. MOGURA system

*Module for General-Use Rapid Application

Dead-time free digitization (1GHz, 3
200MHz FADC:s) for up to ~60 neutrons
generated by muon.

Baseline restoration to quick recovery of the
overshoot after the big muon signal.

Splitter board; one for the current
FBE system and the other through
base-line restorer for the new

MOGURA system.

All the boards are being i
checked in RCNS (Tohoku).

MOGURA system will be installed in KamLAND |
after the 2nd purification campaign.




Next Challenge:
oVBPB decay search of 3°Xe using KamLAND

An inner balloon of ~3m ¢,

containing 10ton LS,
200kg 90%-enriched 136Xe

Physics beyond the SM.

Neutrino type: Majorana? or Dirac?
Absolute Mass of neutrinos

* No signal except for KKDC claiming mgg~0.3€V.

An experiment is considered in KamLAND
using 3Xe to <mgg>~0.1eV !

136Xe (nat. abundance=8.9%, Qpp=2.47MeV):
Large solubility (2% in mass), no harm to the LS.
Blank measurement can be made easily. Current
Vv measurements can be simultaneously done.

KamLAND provides a large clean
environment and has been in stable operation
in several years and well understood.

A small modification can make
the experiment !




Background estimation KamLAND+5Xe

S T T sensitivities
200 kg, 2yrs, 0.2eV, '°C 90% reduction Q& :
- KKDC claim
30— N
- cQ
25i <
I £
; _ 5 200kg, 1yr2X0-200
& W <“«—200kg, 5yrs
3 SperNEMO/CUORE
. - -Y\1~2ton, 4qyr
SR B " + larger photo
10 °F
Ov signal : T1/2=3.2x10%°y—34 events/2y coverage
208T| Background /2y
Balloon: 1kg Nylon(2x15umt+glue)
5x107'gTh/g = ~4000 2°Tl events
LS (12m° 2wt%Xe) 4.8x10"7gTh/g — 10 v Lot
0.15uBq/m3—~40 208T] 1010 10
Mmin (eV)
208T] from balloon is dominant, but . . o
Ov is separated. With a low radioactivity balloon
10C spallation background : KamILAND+Xe can be quickly started

~20/d/kton—14/2y (broad) with low cost !




Summary

O KamLAND made a new analysis on full reactor Ve energies
using much higher statistics data (in live time and fiducial
volume) than previous analysis.

O Neutrino oscillation parameters are determined much
more precisely than the previous results by
significant reduction of systematic uncertainties of
fiducial volume by new calibration system, and studies on

(x,n) background.

O Solar v detection in sub-MeV region is being prepared by the
next purification in the next month and introduction of new
electronics system.

O Next plan of 13¢Xe ovpB decay search is considered.




