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Neutrino 2000 F.v.Feilitzsch

[ Future Solar Neutrino Experiments l

GOAL:

-Determination of neutrino oszillation parameters
-quantitative determination of solar fusion processes

NEEDED:

experimental determination of the solar neutrino
spektrum in

-CC{+ NC)- reaction: v (e)

-NC - reaction: v(p, v(t)
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solar v - spectrum from pp-fusion

4p—>4He+2v(e)+27 MeV
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A r = r(max) - r(min) = 5 mio Km
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Status:

-, High“ energy part : 8B spectral information 7

--NC + €C from v, € - scattering SK,SNO

-,,LOW" energy part.

..CC inverse p decayon 71 Ga E(v)z 233keV

37C1 E(v)= 814 keV

for pure CC interaction is no energy despersive
information avalable up to now




experimental Results

can be explaned by v- oscillations

v(x) =2 U(oui) v(i)

v(x) Flavour Eigenstates  v(i) Mass Eigenstates
Interference — oscillation
oscillation length :
L (i,j) [m] =2.5 E [MeV]/Am?(i,j) [eV?]

interaction in matter — m (v) — m (v) effective
matter induceel osxi lleaction
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v mass and mixing parameters

consistent with experimental data
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spectral deformation by v - oszillation in matter
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Response of Yb-LENS to Neutrino Flavour Conversion Scenarios

MSW-SMA
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100Mo - solar v detector
H. Ejiri et al.
Inverse B- decay : v(e) spectroskopy at low energies
E(v) = 168 keV

sensitive to pp and 7 Be v

solar- v absorption rates / 10 T 100 Mo :

source rates / SNU rates
per 10T,d

PP 639 3.3

1 Be 206 1.1

8B 27 0.1

for purities better than 10(-13) g/g U, Th
main background from 2v[3p - decay

suppression by delayed coincidence and high granularity
(position sensitivity)



CLEAN Experimental Method

+ >
Cryogenic region about 7 m diameter
(for neon version)




e,B- delayed coincidence

reduction in space : (Ax/x)’ = 10(-9)
time : AT/T = 10(-5)

2vBB- decay rate: = 3.6 10(9) /10T a

expected solar neutrino spectrum
with 100Mo 10 T detector
for standard solar model
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evolution of the errors in GNO
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plans for new counters:
main systematic uncertainties stem
from counting of ec in 71 GE

new development of heigh accuracy '
proportional counters ( heigher uniformity)

new development of cryogenic calorimeters |

improvement of

ex70% > e=95%
high energy resolution and low threshold detection
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SNO Measurements
Charged Current Reaction (D5O):

. vetdo>p+p+e Ey=14MeV | (onlyv,)

* High counting rate
* v, energy spectrum (distortion MSW effect)
* Some directional sensitivity (1 - 1/3 cos 6,)

Neutral Current Reaction (D,0):

. vwtdov,+p+n Eu. =22MeV | (ALL vtypes)

* Lower counting rate
* Total solar B neutrino flux
* Stellar collapse — v,, v, v, (arrival times sensitive to mass)

Elastic Scattering Reaction (D,0,H,0):

. vete v, +e  E,..=0MeV | (mostlyv,

* Low counting rate
* Directional sensitivity (very forward peaked)

o




SNO Milestones:

* April 1999- complete heavy water fill
 May 1999- detector “turn-on”
* Nov 1999- detector parameters frozen

Running Conditions:

SNO is very quiet!

» Average channel thresholds < 0.5 p.e.
* PMT noise rates ~500 Hz; typical noise PMT / event ~2
* Overall trigger rate (all trigger types) ~ 15 Hz

Trigger Type Hardware Threshold Rate (Hz)
Pulsed trigger zero bias 5

100 ns coincidence 17 PMTs 3-5

20 ns coincidence 15 PMTs 2-3
Energy Sum ~200 p.e. <1
Prescaled (1:10000) 12 PMTs <1

>98.5% of all PMT channels fully operational and taking data

water already looks clean:
— H,0 radioactivity levels within factor of 3 of goal (incl. Rn)
— D,0 radioactivity levels within factor of 3 of goal (incl Rn)

Rate of “flasher” PMTs lower by factor ~5 compared to air fill



SNO Physics Goals

Main Physics Goals:

* Search for Flavour Change (v oscillations):
— ratio of number of charged current (CC) to
neutral current (NC) events

* Distortion of the ®B Neutrino Energy Spectrum
(v oscillations):
—» CC electron energy spectrum

* Total ®B Neutrino Flux (standard solar models):
— NC measurement of all neutrino flavours

* Time Dependent Solar Neutrino Flux (v oscillations):
— regeneration in the Earth (MSW)

— 7% orbital eccentricity (MSW,vacuum)
—> solar magnetic field effects

» Search for Supernova Neutrinos
—» sensitivity to all neutrinos provides good test of models

* Cosmic Ray Muons

* Atmospheric Neutrinos

* Search for Non-Electron Type Neutrinos from the Sun
—> unique signature: anti-v,+d >n+n+e*
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Coded Aperature formed
by Sior Al,O4 Wafers

Sulfurcrete & Water

Liguid Helium
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BOREXINO
Low energy solar neutrino detection by
neutrino- electron scattering

sensitive to NC and CC interaction
determination of 7 Be neutrino flux in real time

target : 100 T scintillator —>
ca 43 c/day for standard solar model

high sensitivity to time variations

high sensitivity to neutrino oszillations in vacuum
for the monoenergetic 860 keV 7 Be neutrinos
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expected rates for possible oszillation parameters
99 % cl

L SMA
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0.8 |

o
o
]
——i

®('Be) / ©(BEP2E)

s
>
T

0.2

LMA solution may be identified by reactor v experiment

BOREXINO may identify the oscillation parameters
( Or KAMLAND ?)



BOREXINO
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positron energy spectrum of the reaction v,p— e'n |
(incl. e’e annihilation) for several Am” - sin“20@ |
combinations. |

Am’=1.7-10" eV’ sin’20 = 0.7 corresponds to the
solar MSW large mixing angle solution.

AmM*=0, sin’20=0

=1.0-10%, sin°20@=0.5

=1.7-10°, sin®20=0.7

10°, sin20=0.7
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CONCLUSION
The future solar neutrino experiments will provide
the solar neutrino spectrum measured in CC and NC

for this we need the present experiments

SK, SNO, GNO + SAGE

and the new experiments

KAHMLAND
BOREXINO

GNO (upgrade)
LENS
may be new ideas show better ways

the data from these experiments will determine the

v - neutrino oscillation parameters

and the solar fusion processes
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Teilchenphysikalische Losungsansétze
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Abbildung 3.4: Darstellung cc Wahrscheinlichkeit Py, in Abhingigkeit von der solaren
Neutrinoenergie fiir die 6 verschiedenen Neutrino-Oszillations-Szenarien der LMA, SMA, LOW,
VACs und VACL Lésung sowie fiir sterile Neutrinos [Bah00)].



