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Neutrino 2006

Santa Fe

Session IV

Thursday, June 15

Neutrino Mixing - Solar Neutrinos

10:40-11:10 am

11:10-11:40 am

11:40-11:55 am

11:55 am-12:15 pm

12:15-1:45 pm
1:45-2:10 pm

2:10-2:40 pm

2:40-3:10 pm

3:10-3:40 pm

Session V

What We Know and Don't Know about Neutrino Production in
Stars - Sylvaine Turck-Chieze

MSW Oscillations - LMA and Subdominant Effects - Alex
Friedland

Evidence for sterile neutrinos from solar neutrino flux
modulation - David Caldwell

Low-energy Cross Section Measurements - Roberto Menagazzo
(LUNA collaboration)

LUNCH

Radiochemical Solar Neutrino Experiments - Vladimir Gavrin
(SAGE collaboration)

Active Solar Neutrino Experiments - Andrew Hime (SNO
collaboration)

Future Experiments and Goals - Bruce Vogelaar (Borexino
collaboration)

Break

Thursday, June 15

Neutrino Mixing and Other Physics - Reactor Neutrinos

3:40-4:00 pm

4:00-4:25 pm

4:25-4:55 pm

4:55-5:15 pm

5:15-5:40 pm
5:40-6:00 pm

Results and future plans for MuNu - Zomita Daraktchieva
(MuNu collaboration)

KamLAND results and future - Tadao Mitsui (KamLAND
collaboration)

Overview of Future theta13 Reactor Experiments - Karsten
Heeger

Status and Plans for Double Chooz - David Reyna (Double
Chooz collaboration)

The Future for Geoneutrinos - Raju Raghavan

Neutrino Applications in Reactor Monitoring - Michel Cribier



Solar
Neutrinos

Thanks, John
and Ray.

Neutrino Sun, Super-Kamiokande

Slide by H. Robertson (neutrino 2006)1ttp://neutrinosantafe06.com/



40% PMT Coverage

SK-III

Full Recovery April 2006
Slide by A. Hime (neutrino 2006)

(from Super-K)

http://neutrinosantafe06.com/



~ © 5, normal hierarchy or inversed hierarchy - .

What we know ad don’t
know about Neutrino
production in stars ?

Sylvaine TURCK-CHIEZE Santa Fe June 15th 2006

Slide by S. Turck-Chieze (neutrino 2006) http://neutrinosantafe06.com/



Solar and stellar Perspectives

We are preparing a new step in solar (stellar) modelling
where effects of rotation and magnetic fields will be
introduced

AT

\
\ {4\ 4

%k ANTHN LAY ST \ |
“'Jv"l_ N \ \'j v Y [ﬂ( l'\} "SRR ViV

.‘f_."é ; | \ ‘\m/ '\JP\\,J \

v W W

COROT launch October
2006, development of
asteroseismology,

Space Projects PICARD 2008 then Then KEPLER

DynaMICS to study the real influence
of the Sun on the Earth

Sylvaine TURCK-CHIEZE Santa Fe June 15th 2006

Slide by S. Turck-Chieze (neutrino 2006) http:/neutrinosantafe06.com/



MSW Oscillations - LMA and
Subdominant Effects

Alexander Friedland

Neutrino 2006, Santa Fe

June 15

Slide by A. Friedland (neutrino 2006) http://neutrinosantafe06.com/




Designing L MA

Fine-tune Am?2 such that the transition between the

regimes occurs at the intermediate solar energies
AM?~GgN, (10%eV) ~ a few x 10 eV?

Remarkably, checks with KamLAND reactor v osc.!
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Neutrino 2006. 6/15/2006 Alex Friedland, LANL

Slide by A. Friedland (neutrino 2006) http://neutrinosantafe06.com/



More radical effects on solar v’s

LMA

Standard
Solar

tan0
Friedland, Lunardini, Peiia-Garay, Phys. Lett. B594, 347 (2004);,
Guzzo, de Holanda, Peres, Phys.Lett. B591, 1 (2004);

Miranda, Tortola, Valle, hep-ph/0406280
Neutrino 2006. 6/15/2006 Alex Friedland. LANL

Slide by A. Friedland (neutrino 2006) http://neutrinosantafe06.com/



Survival probability for LMA-0

Phys. Lett. B594, 347 (2004)

Distinct @
predictions

1 L l llllEll

-
C

Neutrino 2006. 6/15/2006 Alex Friedland. LANL

Slide by A. Friedland (neutrino 2006) http://neutrinosantafe06.com/



aboratory
nderground
uclear

strophysics

Low energy cross section

measurements

Roberto Menegazzo
INFN - Padova

Neutrino 2006, Santa Fe, June 13-19, 2006

Slide by R. Menegazzo (neutrino 2006) http://neutrinosantafe06.com/



S Te l IG r' b U r‘ n I ng r‘aT es Maxwell-Boltzmann  Tunnelling through

distribution Coulomb barrier
o exp(-E/kT) x exp(-b/E'?)

<oV> = fo(E) -E - exp(-E/KT) dE

Gamow peak

ASTROPHYSICAL S(E)-FACTOR

o(E) = Elexp(-2an) S(E) energy

L

relative probability

v 2N J

non-nuclear origin  nuclear origin

3/2
T) ~0.122(Z°224) T MeV

2mm = 31.29 lez(u/E)% Gamow factor

winamuand E_ in keV

AE - %w/EokT ~0237(2222A) T}’ MeV

Energy available from thermal motion Data

kT ~ 8.6 x 108 T[K] keV astrophysical energies
' !

IS
T~ 15x106K (e.g. our Sun)= kT ~ 1keV
T~ 1010 K (Blg Bang) = kT ~2 MeV but verty

down to

Slide by R. Menegazzo (neutrino 2006) http://neutrinosantafe06.com/



4N(p,y)*20: total S- factor

A.Lemut et al., Phys. Lett B 643, 483 (2006)

W.Lamb and R.Hester 1957
U.Schroder et al. 1987

R.Runkle et al. 2005

LUNA G.Imbriani et al. 2005
LUNA Gas Target 2005

Adopted NACRE 1999

Fit A.Mukhamedzhanov at al. 2003
Fit R.Runkle et al. 2005

Fit LUNA G.Imbriani et al. 2005

-
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E (keV)

Solar Gamow peak

Slide by R. Menegazzo (neutrino 2006) http://neutrinosantafe06.com/



LUNA: future with the 400 kV facility and even more. ..

reaction

Gamow energy
(keV)

Lowest meas.
Energy (keV)

LUNA limit
(keV, estimate)

12C(aly)16o

300

950

500

22Ne(a,n)>°>Mg

470-700

850

630

13C(at,n)160

170-250

270

200

2H(c,y)Li

50-300

700 (direct)
50 (indirect)

50

N(p.1)!“0

10-300

130

50

70(p.1)*°F

35-260

300

65

20(p.1)*F

50-200

143

“Na(p.y)**Mg

100-200

240

ZNe(p.1)*Na

50-300

250

15N (cy)1°F

364

536

Red: feasible at LUNAZ2; Blue: LUNAS required; Green: LUNAS3 desireable

Slide by R. Menegazzo (neutrino 2006)

http://neutrinosantafe06.com/
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Mean extraction time 66.5 = 3.5 + 3.4 SNU
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PHYSICAL REVIEW C VOLUME 38, NUMBER 5 NOVEMBER 1988

8
12~ 15 ,ﬁev S7TAr as a calibration source for solar neutrino detectors
W.Haxton

Lok Be Institute for Nuclear Theory, Department of Physics,
37a, 862 FM-15, University of Washington, Seattle Washington 98195
814 keV Mor (Received 18 July 1988:; revised manuscript received 12 September 1988)
keV 746 keV

08 | (90%) 32- S00keV I discuss the possibility that a high-intensity 811-keV *’Ar neutrino

source, produced by neutron capture on separated 3°Ar, could be
used to calibrate the "Be solar neutrino capture cross sections of
1Ga, 1?71, and other detectors...

8=0.010
06}
426 keV s2-
(10%) 37
Ar (35.04 d)
- B=0.087 813 keV v (9,8%)

E (MeV)

Qec = 229 keV 811 keV Vv (90,2%)
w |1

oL L

The advantages of a 3’ Ar source compared to a >!Cr source

1. Practically free of radioactive impurities.

2. Half-life longer (35 d compared to 27 d).

3. The neutrino energy is greater (811 keV compared to 747 keV).

4. The decay is purely to the ground state (100% compared to 90%).

Slide by V.N. Gavrin (neutrino 2006) http://neutrinosantafe06.com/



Comparison of sc

0.512 330
38.6% S'Cr 92.4% S°Cr 96.94% *°Ca
1868 +89/-57 516.6 + 6.0 409 + 2
0.052 1.01 92.7

30.4 (GaCl:HCI) 13.1 (Ga metal) 13.1 (Ga metal)
Gallit | /em3) 1.946 1.946 21.001 21.001
Measured production o (NGe/d) 11.9 +1.1+0.7 10.7 +1.2 +0.7 14.0 £1.5+0.8 11.0 +1.0/-0.9 +0.6
R=P(measured)/P(predicted) 1.00 +0.11/-0.10  0.81 +0.10 0.95 +0.12 0.79 +0.09/-0.10

GALLEX Crl
1,00 +/-0,12

TSAGE Cr
0,95 +/-0,12

r

GALLEX Cr2 SAGE Ar
10,81 +/-0,12 0,79 +/-0,10

Slide by V.N. Gavrin (neutrino 2006) http://neutrinosantafe06.com/



Active Solar Neutrino Experiments

[Results & Prospects for Solar Neutrinos at SNO & SK]

® Update Results on Fluxes, Spectral Distortions, D/N-Asymmetries
® Temporal Modulations & Flux Periodicities

® New Search for hep Solar Neutrinos

® Future Prospects for B Solar Neutrinos

Andrew Hime
Physics Division, Los Alamos National Laboratory

Neutrino 2006, Sante Fe. New Mexico

Slide by A. Hime (neutrino 2006) http://neutrinosantafe06.com/



ke SNO Collaboration, PRC 72. 055502 (2005)
= 391 Days of Dissolved Salt Data
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h a' q (p“t (X lO°cm'2 S'l)

B o 8% CL.
B ¢, 68%CL.
B o:.° % CL.
SK
B 0. s:%CL.
OIIllIIIllIlllll l Illlllll \ NC
0 0.5 L LS 2 2.5 35 d
. (x logcm'2 s .P
V,’\\ /vf-'\ \'({[ /'V(.u.‘
\g/ ¥/
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Slide by A. Hime (neutrino 2006) http://neutrinosantafe06.com/



SNO Collaboration, PRC 72, 055502 (2005)
391 Days of Dissolved Salt Data
0.06 0.08
P =1.68 " (stat) o, (syst)
0.21 0.38
Py =4.94 tO.Zl(Stat')tO.M (syst.)
¢ =2.35 o (stat)’o I (syst)
x 10 cm2s-!
A = (Night-Day)
DN™ .
(Day+Night)/2

t

Events/(0.5 MeV)

At + D0 = 0.037 £ 0.040

(assuming Ay =0)

Statistical Limitation for Observing “Small”
Day-Night Asymmetry

Slide by A. Hime (neutrino 2006)

300

150

50

e Data

- Systematic uncertainties
s SSM °B model shape
e LMA "B mndle] shape

- SNO CC-Spectrum
L Unconstrained Fit

Illl lll III Illllllllllll
6 7 8

“13
(MeV)

|L2|

T

Ll

eff

=> Combined “Low-Energy Threshold™
Analysis of D20 & Salt-Phase Data Sets

=>» Break CC-NC Correlation with Neutral-
Current-Detectors (NCDs)

=> Ultimately Combine Data from all Phases

http://neutrinosantafe06.com/



Data/SSMgi,004

SK ES-Spectrum

| SK-I 1496day SK-1l 791day
0.8+ (Preliminary) 4
i e
0.6 4
$
[ stat. error only
9 10 15 20
Energy(MeV)

Slide by A. Hime (neutrino 2006)
(from Super-K)

http://neutrinosantafe06.com/



Preliminary Results from Analyzing SNO (Phase-I) D,O Data Set
in Search of hep Solar Neutrinos & the Diffuse Supernovae Neutrino Background (DSNB)

—— -

LI S S B B B S S e S N B S E m

<4— 8B Signal :
atmospheric 1
neutrinos | :

DSNB Signal

]

Slide by A. Hime (neutrino 2006)

hep Signal

—>Both signals lie in the region between 8B solar
neutrinos and atmospheric neutrinos ...

—>Search by counting number of events within a
Predefined energy window or signal box ...

hep neutrinos

* Dominant BGND is 8B solar neutrinos

* Normalize with low-energy fit with account for
neutrino oscillations (6 < T &< 12 MeV)

DSNB neutrinos
* Dominant BGND is atmospheric neutrinos
* Michel Electrons

Paper on hep & DSNP is forthcoming ...
... focus on hep solar neutrinos here ...

http://neutrinosantafe06.com/



Events/ 1.425 MeV

- (=)} =]

—
(3]

10

SNO Preliminary Results
for hep Solar Neutrinos

i Estimated Background

- < 143 <T_<20MeV > .

Expect 3.1 +£ 0.6 BGND Events
Expect 0.99 + 0.09 Signal Events

SNO: ¢y, <2.3 x 10* cm? 571 (90% C.L.)

SK

t

X 6.5 All Flavors

:1 dnep < 7-3 X 104 cm2 571 (90% C.L.)
SK:

o — N

S © o ©

Expected Number of Signal Events
(SRS

> &

5 -2 -1 0
Ppep < 1.5 x 10% cm? 51 (90% C.L.)
—_
6 |

- —— 68%CL |
. 90% CL =
' 95% CL :
B —— 99% CL 5
T T o e T o Ty e P | I o P e Tt T Y Tt o PO P o el b j=
0 | 7

2 3 4 5 6
Expected Number of Background Events

We Observe 2 Events in the Signal Box

Slide by A. Hime (neutrino 2006) http://neutrinosantafe06.com/



SOLAR NEUTRINOS

Extraordinary Neutrino Beam Free of Charge

For NEUTRINO PHYSICS:

« WELL DEFINED HIGHEST FLUX (~10"cm-2s1)

+ PURE FLAVOR SOURCE - v, only

- LONGEST BASELINE (108km)

« HIGH DENSITY UP TO 160 g/cm3; ~ 101" g/cm? path

- LOWEST ENERGIES (keV to MeV)

- PRESENCE OF HIGH MAGNETIC FIELDS

« FULL SPECTRUM: ENERGY DEPENDENT EFFECTS

Best tools for investigating neutrino flavor phenomena in
Vacuum and in Matter

For ASTROPHYSICS

Best tool for unprecedented look at how a real Star works

- in the past, present and future
Neutrino 2006 R. B. Vogelaar_ June 15, 2006

Slide by R.B. Vogelaar (neutrino 2006) http://neutrinosantafe06.com/
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Neutrino Oscillation Explanation

MSW explanation: resonant conversion at 8B energies

i

= Lw—

20 20 ;

N">J @ - (b) 6R8% CL al

ro : 95% CL
=1 IS5 99.73% CL B
<t : '
10 - 10 |- —
= -+ 5 -
i i nucl-ex/0502021

0 02 04 06 08 1 0 02 04 06 08 I
tan~0 tan“©

add anti-neutrinos (KamLAND)
(assumes CPT): Am,,2, 6

Solar data: Am,,?, 6

MSW-LMA is based on the combined results from many complementary experiments
Neutrino 2006 R. B. Vogelaar June 15, 2006

Slide by R.B. Vogelaar (neutrino 2006) http://neutrinosantafe06.com/
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This program will individually measure:

« pp flux 3% (CC); 1.5% (ES)
 'Be flux 4% ( CC); 3% (ES)

» pep flux 15% (CC); 3% (ES)

« CNO flux 8% (CC); ?

this 1s the best and perhaps only way
probe the extremely fertile solar v
parameter space to:

Neutrino 2006 i R. B. Vogelaar June 15, 2006

Slide by R.B. Vogelaar (neutrino 2006) http://neutrinosantafe06.com/



Experiment

mono-energetic

V response

o T B S WNE

P L ———

Summary

Solar v Sensitivity

Status

Borexino h_ "Be, pep? 5 results in a
few years
KamLAND | Be, CNO? 5 results in a
few years
LENS pp < CNO 3 5 ready to
_.L prototype
MOON pp & CNO r&d only
_.L (for now)
CLEAN h_ pp © "Be 1 <3 ready to
prototype
HERON I pp © "Be 1.5 5 r&d only
(for now)
TPC | | I ? pp & Be r&d
XMass h_ pp. 'Be 100 kg
prototype
SNO+ h_ "Be. pep 1.5(pep) TDR Fall 06.
construct 07
Neutrino 2006 R. B. Vogelaar_ June 15, 2006

Slide by R.B. Vogelaar (neutrino 2006) http://neutrinosantafe06.com/




KamLAND Results and Future

Tadao Mitsui
(Research Center for Neutrino Science, Tohoku U.)
for the KamLAND Collaboration

The XXII International Conference on
Neutrino Physics and Astrophysics

June 13-19, 2006, Santa Fe



KamLAND collaboration

T. Araki, S. Enomoto, K. Furuno, Y. Gando, K. Ichimura, H. lkeda, K. Inoue, Y. Kishimoto, M. Koga, Y. Koseki,
T. Maeda, T. Mitsui, M. Motoki, K. Nakajima, K. Nakamura, H. Ogawa, M. Ogawa, K. Owada, J.-S. Ricol, I. Shimizu,
J. Shirai, F. Suekane, A. Suzuki, K. Tada, S. Takeuchi, K. Tamae, Y. Tsuda, H.Watanabe, J. Busenitz, T. Classen,
Z. Djurcic, G. Keefer, D. S. Leonard, A. Piepke, E. Yakushev, B. E. Berger, Y. D. Chan, M. P. Decowski, D. A. Dwyer,
S. J. Freedman, B. K. Fujikawa, J. Goldman, F. Gray, K. M. Heeger, L. Hsu, K. T. Lesko, K.-B. Luk, H. Murayama,
T. O’Donnell, AW. P. Poon, H. M. Steiner, L. A. Winslow, C. Jillings, C. Mauger, R. D. McKeown, P. Vogel, C. Zhang,
C. E. Lane, T. Miletic, G. Guillian, J. G. Learned, J. Maricic, S. Matsuno, S. Pakvasa, G. A. Horton-Smith, S. Dazeley,
S. Hatakeyama, A. Rojas, R. Svoboda, B. D. Dieterle, J. Detwiler, G. Gratta, K. Ishii, N. Tolich, Y. Uchida, M. Batygov,
W. Bugg, Y. Efremenko, Y. Kamyshkov, A. Kozlov, Y. Nakamura, H. J. Karwowski, D. M. Markoff, R. M. Rohm,
W. Tornow, R. Wendell, M.-J. Chen, Y.-F. Wang, F. Piquemal

@Laforet Zao Resort & Spa (Oct. 8, 2005)



KamLAND results and future

1 Reactor results and future
1 Geoneutrino results and future

7 Solar neutrino future
s 'Be
s pep, CNO, low-energy B
7 Other physics
s Solar v, supernova, and other high energy v,
& Invisible decay of neutron



KamLAND Detector

O detector location: old Kamiokande site

: 2700 m.w.e.

1000 ton liquid scintillator
: 80% (dodecane) + 20% (pseudocumene)
+ 1.52 g/I PPO

: housed in spherical plastic balloon

3000 m® stainless steel vessel
: filled with a mixture of paraffin oil

and dodecane (Ap = 0.04%)

1325 17-inch + 554 20-inch PMT’s

g photocathode coverage : 22% > 34%
energy resolution at 1 MeV : 7.3% > 6.3%

‘O water Cerenkov outer detector




Kamioka Liquid Antineutrino Detector

Kevlar ropes Water tank

Balloon .| Buffer aill

<

Phototubes _ | '| Liquid scintillator

Balloon 13m¢



Reactor results

Exposure
A

® 2nd result: 766.3 ton-yr
(May 9, 2002 - Jan 11, 2004)

o 1st result:162 ton-yr
(May 4 - Oct. 6, 2002)

< > < > <€ > <€ > <€ > :
TZOOZ 2003 2004 2005 2006 Time

Data taking started Today



First result: reactor neutrino disappearance

180 km

Nobs/Nexp

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Phys. Rev. Lett. 90 (2003) 021802
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Disappearance: 99.95%C.L.
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14

0.8
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04

2nd result: spectral distortion

Phys. Rev. Lett. 94 (2005) 081801

T ™
N T 2 6MeV @® KamLAND data
I T analysis threshold best-fit oscillation
B T -=--- best-fit decay
L e best-fit decoherence
[ e IIL I
_ B Goesgen I
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Determination of solar neutrino solution

Precise measurement of Am,,?

10-3 E ||||||I'I'| TTTTTm] ||||||IT| |||||ITI| |||||I1|| TTTTT
- (a) .%\
104 ¥ = LMA = 1

| IIIII[|I 1 IIIII[|I 111l

Z 105
C 1n6 [ SMA
510°F
107 E
-8 -
10% e 959, CL.
109 &
10-19 Before SK
After SK and SNO vacuum
10" After KamLAND
B 2004
0—12 ETIT EEETTT R TTT R ERTII T AT
104 103 102 10! | 10
tanZ0

102

sin20

@.1 0.2 03 04

103 —

10 tan20

Fig. from Nucl. Phys. B 149 (2005) 13
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Reactor future

7 Keep taking data: (statistical error) =« (time)1/2
7 Reduction of the systematic error to keep (total error) ~x (time)-12

4 All volume calibration instead of only along the vertical axis:
from July 2006, the “4mx system”

4 Better understanding of the detector, improving analysis tools

7 See also posters
4 #56 T. Classen for energy scale
4 #57 D. Dwyer for oscillation analysis

4 #60 L. Hsu for Monte Carlo

Systematic %
Fiducial volume &4.7
Energy threshold 2.3
Efficiency of cuts 1.6
Livetime 0.06
Reactor power 21
Fuel composition 1.0
v, Spectra 2.5
Cross section 0.2
Total 6.5

improve

‘47 system”

3% rate error
1% scale error

Lo 3kt-yr data accumulation

KamILAND + Solar
Bl 95% CL.

99.73% C.L.
global best fit

0.8



Reactor results

Exposure
A

® 2nd result: 766.3 ton-yr
(May 9, 2002 - Jan 11, 2004)

o 1st result:162 ton-yr
(May 4 - Oct. 6, 2002)

< > < > <€ > <€ > <€ > :
TZOOZ 2003 2004 2005 2006 Time

Data taking started Today



2 o9l
< error will be dominated
= - by systematic error
S 2nd result
= 1st|result

0.7 (stat + syst)

1l Aty o +
06| " future result ?
0.5|- 5 times statistics
04 |-

| | |
0 1000 2000 3000

Reactor Future Prospect

oscillation ratio = (Nobs - B.G.) / Nexp

exposure [ton year]

4000

Systematic %
Fiducial volumednmina”
Energy threshold 2.3
Efficiency of cuts 1.6
Livetime 0.06
Reactor power 2.1
Fuel composition 1.0
Ve Spectra 2.5
Cross section 0.2
Total 6.5

Fiducial volume uncertainty will be
reduced by full volume calibration
(now planing)

full volume caliburation = systematic uncertainty ~ 4%

Slide by A. Shimizu (COE symposium Tohoku, Sendai)



Reactor future

7 Keep taking data: (statistical error) =« (time)1/2
7 Reduction of the systematic error to keep (total error) ~x (time)-12

4 All volume calibration instead of only along the vertical axis:
from July 2006, the “4mx system”

4 Better understanding of the detector, improving analysis tools

7 See also posters
4 #56 T. Classen for energy scale
4 #57 D. Dwyer for oscillation analysis

4 #60 L. Hsu for Monte Carlo

Systematic %
Fiducial volume &4.7
Energy threshold 2.3
Efficiency of cuts 1.6
Livetime 0.06
Reactor power 21
Fuel composition 1.0
v, Spectra 2.5
Cross section 0.2
Total 6.5

improve

‘47 system”

3% rate error
1% scale error

Lo 3kt-yr data accumulation

KamILAND + Solar
Bl 95% CL.

99.73% C.L.
global best fit

0.8



A shape-only fit gives
similar results

10 =
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i i
107
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—— 99.73%CL. P 99.73% C.L.
*  Solar best fit ® KamLAND best fit
ot—L 1T 111 ]
0 0.2 0.4 0.6 0.8 1
sin® 20
Neutrino 2004 New Results from KamLAND

Note: alpha-n B.G. is not

| | Included in this analysis
Slide by G. Gratta (neutrino 2004)
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2nd result: spectral distortion

Phys. Rev. Lett. 94 (2005) 081801
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Possible source of “fake distortion”

distortion from energy scale uncertainty (1o model)

Shimized § |
p185 !

e b e b b b b Ly 1

1 2 3 4 5 6 7 8
prompt energy [MeV]

Figure 6.2: Distortion from the energy scale uncertainty in the casc of no oscillation. The red
shaded curve indicates the cffect of varying one of the energy nonlinearity parameters in the
model at lo. Other distortion components, such as 7, flux uncertainty, wider resolution (1.2
times of expected resolution conservatively) and a vertex bias (2.7%), are also shown with dashed
linecs. Each component is normalized at 2.2 MceV to show the contribution to the distortion. For
technical reasons (ecconomy with computing time}., other distortion components arc incorporated
in the energy scale uncertainty in the 7, shape distortion analysis,
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Events/MeV/sec

Solar neutrino future

Phototubes _|

Kamioka Liquid Zrineutrino Detector

P ——
(s \
Kevlar ropes , Water tank

Balloon

Buffer oil

Liquid scintillator

KamLAND single spectra

104 14

10° N =, Solar 'Be
10°

1(1) 210p 4 210B;
107 = pp v
10-2 78 4OK 11C
107 NO v ||
107 -
10~ _ (Be \
10'6 EI | | | | | | | | | | | | | | | | | |

0 0.2 04 0.6 0.8 1 1.2
Visible Energy [MeV]

14

n

10C

1.8




Reduction of ?'°Pb, 8°Kr by 10~

— KamLAND “solar v phase”

T, ,=223y 5.013d 138.4d
210pp —s 210B] — 210py —s 206Pp
- o
1.2 MeV 5.3 MeV
T,,= 10.8y

85Kt — 85Rb C (a, n) 1°0
'3_
0.69 MeV

7 Obstacles for solar "Be (?'°Bi, °Kr, 21°Po), and antineutrino
(reactor and geoneutrino) physics (?'°Po)



Distillation + N, purge

@ KamLAND scintillator:
4 80% dodecane (C,,H)
4 20% pseudocumene (1,2,4-(CH;)5-CgHj),
& 1.5-g/l PPO (2,5-Diphenyloxazole, 2,5-(CzH5),-C3HNO)

A
210ppn+ Boiling points

PPO ¢
(organic 2!9Pb)
Dirty Dodecane ¢ N,
scintillator

urge
(organic 2!9Pb) S 1

Pseudocumene @ Clean
85K

2R scintillator




Distillation—R&D since 2004

~ milli-liter system

~ liter system

/

Real system:
~ 1.5 kilo-liter / hr (design flow rate)
Construction starting August, 2006




R&D using #'?Pb instead of real 2'°Pb

9 In KamLAND: 222Rn — 218Pg — 214Pp — 214Bj
_. 214Pg —s 210Pph —s 210Bj —s 210Pg —s 206Pp

9 Pb removal R&D: 220Rn — 216Pg — 212Pp
_. 212Bj —s 212Pg —s 208Pp
7 212Pb is tagged by 21?Bi-21?Po (T, = 299 ns)
7 212Pb decay curve (T4, = 10.6 hr)
7 Both 272Pb and 2'9Pb are Po daughter:
— molecular forms in the scintillator'. »
are expected to be similar i




10

—

212Bj - 212Pg coincidence rate

10'15—

10‘35—
- After distillation
e P

10'3:— I ﬁ
:lllllllllll[lllllIIIIIIIIIIIIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180

Example of PPO distillation

Befqre distillation

x:.-"ndfz R.08/17 A= 0.0013(0.0006), C=0.0013(0.0001)
xl."'ndf: 719.52/6 A=3.5613(0.0253), C=0.0011(0.0001)

/

y=Aexp(-t/1)+C

S

212Pph decay curve

200

~ 4 x 104 reduction achieved

Time [hour]

~10-% ~10-° reduction has been achieved
also for dodecane, and pseudocumene distillation

* See also poster #28 G. Keefer



Toward “solar v phase”

7 Excavation of a new mine tunnel for the distillation system

(completed: Fall, 2005)

7 New computer system for data acquisition and storage of larger data

(installed: Winter, 2005)

7 New electric power ~ 1MW for the distillation system

(power line construction going on: June, 2006)

7 Design of the distillation system

(almost done: June, 2006)

7 Construction of the N, generator and purge system

(partly done, will complete in September 2006)

7 Construction of distillation system

(August - September, 2006)

7 Construction of “miniLAND” (1-ton detector to measure %%?Rn level

after purification, down to ~1 mBg/m? (= uBg/m3 for 21°Pb))

7 Construction of Kr detector (see also poster #30 C. Mauger)



Toward “solar v phase” (continued)

7 Engineering run of the distillation system

7 Real purification of the KamLAND scintillator
(this will take a few months ...)

7 Observation of the solar “‘Be neutrinos

Control room for
the distillation
system in the
newly excavated
mine tunnel
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Flow Plan |

Small High temperature
Tank from the tophottom
" “LamIIEl(]i
D nvective
purification”

Level control by
overflow is the
same as up-going

circulation
Distillat N
(heating, g’ Gas
Silica gel) Purge

\)./ === Main flow

Large Tank —— Control flow




Events/MeV/sec

Solar neutrino future

7 After ~3x10-° reduction of 219Pb and 8°Kr

x107
3
e 'Be V(no oscillation)
2 — b1 .. """
Po . e, Total B.G.
1 [ ”.' 'o'
2'IOBi CNO ;}”.~."',,' 11C
' e ~— NNRLTY
o =L L B T T T etttk -
0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1

Visible Energy [MeV]



pep and CNO neutrinos

7 Even after successful 21°Pb, 85Kr reduction,

Events/MeV/sec

at KamLAND depth 2,700 m.w.e., spallation "'C(T,,, = 20.4
min.) is a serious background ...

106 reduction of 219Pb, 85Kr assumed

i 14C

=Ny ™~
1 0-2 '~.\\\"_\Q- 7 Be " 1 1C

\& 210g;

10'3|1|||_1}111||l| ||1

. e
0 02 04 06 0.3 1 1.2
Visible Energy [MeV]




"C off-line rejection

muon + neutron tagging (Galbiati et al., hep-ph/0411002)
Most of "'C are created by
PC+X—-MC+n+Y+- -

X=7,npn 7", ep

~ 95% of MC reaction produce neutrons

3-fold coincidence

(1) muon - (2) neutron (capture time ~ 210 usec)
- (3) "C (lifetime = 29.4 min)



u—n-"1C events in KamLAND data
(AL < 50 Cm #ndetected > O)

2T ndf 55.37/57
const 427.2 + 3.1
At i o 592.3 + 13.9

T=29.4 min

5888388838
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pep CNO future

700

3 years data

600

500

events/0.02MeV

R T

400

300

200

100

1||Mll|,llll|lllllllmw

; R, ‘
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
visible energy [MeV]

'a)_llllllII'IIllllll[l'llllllllllllll

' Problem: electronics dead time after large u signal — missing neutrons
1 1C without neutrons (5%)
' Veto by u only? — better u fitter with better understanding of u events

1 See also poster: #55 L. Winslow for muon tracker



Low-energy °B neutrino—MSW distortion

7 1f 208T] (B + v, Q = 5 MeV) reduced enough
7 — 232Th reduction needed (distillation works?)

KamLAND: low-energy frontier

Solar + KamLAND

| —o allowed region

Q.55
0.5
A 0.45

Q0.4

0 2 4 6 8 10 12 14 16 18 20
E(MeV)

from Pena-Garay



Designing L MA

Fine-tune Am?2 such that the transition between the

regimes occurs at the intermediate solar energies
AM?~GgN, (10%eV) ~ a few x 10 eV?

Remarkably, checks with KamLAND reactor v osc.!
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Neutrino 2006. 6/15/2006 Alex Friedland, LANL

Slide by A. Friedland (neutrino 2006) http://neutrinosantafe06.com/



Solar v, other high energy v,

PRL 92 (2004) 071301

see also talk by A. Friedland (this morning)

energy region for
solar anti-neutrino
analysis

2.5

N
Q8 ol

2
ge\‘ﬁ

FIG. 2. Energy distribution of the final event candidates. The
tail from reactor », events is visible below 8 MeV.

9v, | SSM-8B
< 2.8 x10-4
(90 % C.L.)

7 Supernova search:
almost no B.G.

7 See also poster
#111 K. Ishii for
supernova search



sSummary

7 Reactor neutrino:
s Data taking is going well and will continue
s All volume calibration is starting soon
7 Geoneutrino:
s Efforts to reduce systematic error of B.G.
7 Solar neutrino:
s Toward “solar v phase” (¢1%Pb, 8°Kr reduction by 10-°)
s Distillation will start in September 2006

7 Thank you very much and please keep
encouraging KamLAND



