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Neutrino Energy (MeV)
Source Flux 1 Ga Li
(10 em~3s~1) (SNU) (SNU) (SNU)
pp 5.96 (1.00%55; 0.0 (9.9 0.0
pep 1.40 = 10-2 (1.00%30:5 0.22 2.0 0.2
hep 9.3 =« 107 0.04 D.1 0.1
He 4.82 »x 107! (1.00%5 19 1.16 34.5 9.2
‘B 5.15 = 107* (1.002570) 5.87 12.3 20.1
13N 5.56 » 102 (1.007532) 0.09 3.4 2.4
"0 1.88 x 102 (1.0025 75, 0.33 5.5 12.0
YF 5.73 » 10~* (1.00193; 0.0 0.1 0.1

Total 7.7H32 120%% 83.02%%




How [ar are S.5.M. predictions from experimental dara?

PP pep 'Be *H CNO Total |Exp.
GALLEX-
GNO (*) 74.1+ 6.8
SAGF (%) 70, 19 34.5 123 9, 129,

1547

Cl(*)
Homestake 0 0.22 116 | 5387 A4 |77 ] 2.558.25
Super £.1510° 5.15 10" | 2.4 =0.095
Kamiok:ande 0 0 0 Cﬁ.i 10° 2 0 9310 1n*

{(*) units are SNII's

Is it possible to care this large discrepancy?

lowering the 'Be contribution
'He- He increase, but LUNA results
*He-"He

and, if needed, incrensing the p- Be interaction rate

decrense (new measurement planned)

Thereflore
neutrino oscillations

suppurted by large dlﬂ'rl[mnﬂ im the rates,
mainly by the apparent lack of "Be neutrinos in gallium experiments

but not by other elfects like
*B energy spectrum distortions: <'1.>
time variation { day-mght; seasonal)

Other solutions ?

- 1SNT = | capture/(second x 107 target atoms)



SNO results are erucial

« comparison of the SK data in differeni background { muon flux) conditions

¢ detection of semileptonic charge currents : comparison with elastic scaltering
off electrons in the same experiment and with SK measarement

» detection of semileptonic neutral currents ( no " superposition” with charge
electron nentrino reactions like in elastic scattering ofT electrons)

e first measurement of the total neutrino flux Lt R )

e cheek of the salar model

1<d Jb <27
input parameters of S.M. inaccurate solar model perfect
or
oscillation to sterile neutrinos pscillation to acuve

( contradiction with other experiments) neutrinos



GALLIUM

GALLEX-GNUO) and SAGE

Radiochemical experimenis
"Ga(v. e)'Ge

distinctive feature: low energy threshold ( 233keV)
pp spectrum (-420 keV

expected rates 0.3 "'Ge atom / (day x ton =l za x 100 SNU’s)

GNO (Gran Sasso) SAGE (Baksan)
30 tons of ™' Ga 55 tons of "™ Ga
in hydrochloric salution in m:l:.ullir: form
Dilferent background
Different extraction techniqne

"Ge EC. Tis=114 days
Auger electrons and X rays detected in propertional counters

1.2 keV L peak
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Results

GALLEX - GNO

2168 davs (live time) T4.1+ 6.8 SNU
{ + 350 days)

SAGE
1990 =1997 67247435, 34 SNU

{pub.ed in 1999)

1990-1999 75" & SNU 17
elMiciency reevaluated { mewtmnoe 2000 Conl. )

Mean

T'o be compared with

129* , SNU

pp and pep contribution = 73 SNU



Capture rate
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Capture rate (SNU)
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SAGE Results (1990-2000)
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REDUCTION OF THE SYSTEMATIC
ERROR IN GNO

GALLEX GNOI GNO GNO
Item (%) 2000 2002 > 2002
1997 { Leol)

Background from
side reactions I 1.6 1-6 1.6 116

Background from® Ge 1.8 14 -~05 ~0

Radon cut inefficiency 1.6 1.1 1 ~0.5] ~0.5

L M:Mi-.rtﬂlﬂr

1, 5
= h
4

o

Chemical vield and : ;
mrgﬂﬂmﬁ ? 22 22 22

Counting efficien
(im:lndi'::gg ene ?nd 4.5 4.5
pulse shape cu

TOTAL 5.8 55 4-5 354
% of 74 SMu's

[j Results from ongoing Rn test
| Measurement of counting efficiency for all used counters
- Standardization of the proportional counters




Some detail on GNO activity
Data raking in progress ( + 17% of the statistics)
Blank { 1 day cxposure) 5 runs o.k.
Background due to Radon decays

Radon decays can mimic gennine Ge decays

A few atoms of Rn are present in the gas mixture
A very few atoms are released from the connters

Radon events are rejected:

Alfa’s give n high signal (saturation)
Bismuth-Polonium chain T ; 163 ps

Rejection efficiency (91£5) %
MNew measurement

A dedicated counter
2-3 En atoms/ day injected in the counter

= 500 days of live time ﬂlhlu"u_.-"f

data analysis in progress '*-
rejection efficiency (M 3=2) % 4; ;

expected final result + 3%

A remark

recnl |

i
KE)
A

7
lw%ﬂntm

Interpretation confirmed by Bi-Po chain datn




GALLEX/GNO data binned with distance from the Sun

chi2=83/5DOF C.L.=14%
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MNeutrino artificial soarce

S1Cr Berillium lines
751 eV (9 %)

746 keV (31%) S60 kel (90 %)
431 keV (1 %)

426 keV (9 =) 380 keV (10%:)
Three exposures

R= measured/ expecied

SAGE
19.=0.2 PBq 13.1 metallic 951 L12 (exp)
GALLEX
634+ 0.5 PBq 30 tons solution 101 %",
69.1 £ 0.6 PRq " B4

A new exposure for a better determination ol cross sections
( 8 problem with excited states?)
Technically 2.5 MUi source is feasible

Final crror (adding the four exposures) 5-6 %
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BOREXINO AT LNGS

MAIN GOAL: MEASURE OF THE "Be N INTERACTION RATE

(SGNIFTICANTLY LOWER TITAN 55M FPREDICTIONS)

Past vears:

Understanding and reduction of background

Prolotype (Counling Test Facility installed at Gran Sasso)

o Design ol the detector
» Instullation
Siructure installed
Cables, electronicy instailed
Piping, purification close to be completed
Inner vessel end 2001
Filling [with H2Q for testing? fall 2001]

PC beginning 2002

e i 1

g gy i e

g iy by



KamLAND

Main goal:
Detection of antineutrinos from distant reactors to investigate f.1.

the region of the LMA soluton (Am” 17° eV') !

( for & derailed discussion HLMurayama, A Pierce = hep-ph/D01 2075 v3 Dec. 2000
V. Harger et al. Hep phAX)1 1251 v3 Feh 20011)

Detector structure quite similar to BOREXITNG
Buil:
Fiducial mass 600 fons .
Scintillator mineral oil based ( 20 % PC)
Expected rate:
450 antineutrino ev.i's/ year

If the background level will be low enough,
Solar neutrinos |

Drata taking 2001



ICARUS

The ICARUS genealogy:

- 3 ton prototype, CERN 1990 - 1994

+ 50 | chamber, CERN (v beam & other tests)
+ 10m3 module, PV & Gran Sasso, 1998 - 2000

*T600 module: ready to operate in Pavia NOW




Interior of one T600 half-module

can kAR ERR B Wi
: .

FIIII..
Y/
¢ -
Wires of the TPC
||| '
I-l'll i’

F
A

{ Wire Chamoer
1) Structure -

Field -mfrrl:-d L

{during installation)




The ICARUS Technology for solar v

Real Event recorded with bOIt
ICARUS Prototype

Run# 129 - Event# 195
M -Ner-1797 121729

Ew= 30 ¥iem - &t = 400 s
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The ICARUS Technology for solar v

The 10m® module in &ran Sasso:
- a full scale "slice” of T600

» Continuous run Jan - May 2000
+ Excellent cryogenic stability

+ e- lifetime up fo ~ 2 ms

» Thousands of events recorded

Gy recire, system

cryostat

external trigger
[LN2 pump




The ICARUS Technology for solar v

t-stop in the 3 t prototype

Vy*e-->V.+e& F_ () =5 MeV
v+ AP -=> K* ¢+ ¢ (limited by background)

(Fermi trans. + Gamow Teller)

EVENT Rates, from MC simulation
(E,.=5 MeV, 1 Kton/year)
elstic: 792  gragy v
Fermi: OE (5 MeV) ~ 7%
&6-T: 1453
Angular Eff.: 65% for a 25° cone
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Low Energy Neutrino Spectroscopy

AIM:  direct observation of solar neutrinos with E < 2 MeV - ‘

Basic interaction:

(176 176, |
; Yb(v ,e) Lu
MeV -
y Sun
Y
08 Cipe| ucr
a5
0.6 are
. .
H -
o 0445 | | 0.339
04 +— & naze | (M%) e
el || 03pL_ L7 t .- 0.195
: L « L. 0.123
0.2 — |
I
'l 1790L (= 4.3¢10™y)
u — P ——— i R

178Yh (12.8%)

| Target: ~ 20t liquid scintillator Yb loaded |
| detector with modular structure




Neutrino tag: 2 time-coincident signals (luu = 50 ns)
( prompt signal + delayed 72 keV gamma)
within the same fractional volume

Expected signal (20 tons , 1 year)

0. D.4 0.8 1.2
Measured Enwrgy (MaV)
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OTHER EXPERIMENT
R&D Stage

[elinm pp neutrinos energy spectrum
Hellaz (TPC)
Heron ( superfiuid)
Litium "R (threshold 861 keV)
Argon TPC pp neutrinos energy spectrum
Nal crystals spectroscopy
Mo (9.6% i.a) very low energy threshold ( 168 keV)
delayed coicidence with Te decay ( T= 16 5)
965 SNU !

"“In low threshold, but radicactive

"1 7 Be and *B (threshold ~ S00 keV)
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Speculative explanation (still not
excluded) Pulido (2001)
is based on the existence of Derkaoui & Tavalati (2001)
neutrino transition magnetic Akhmedov (2000)
moment (1,”10-" po) and is due to} Guzzo & Nunokawa (1999)
resonant spin-flaver precession

(RSFP)

Combination of spin-flavor precession in
solar magnetic field
{convective zone, B~ 30 T)

Possible time

resonantly enhanced by matter effects | dependence of solar
(resulting in an energy dependent neutrino signal due
neutrino deficit) to solar magnetic
Possible transitions depends on neutrino | field variability (11-
nature:

ear periodicity
Dirae v: vl — v, (sterile) Aol o )

Majorana v: v, Ly v, * (active)

For a hybrid

solution: smoking
If neutrino=Majorana particle and if gun signature =

both RSFP and flaver mixing (MSW or  antineutrinos from
the Sun.
vacuum) operate (hybrid solution) Proof of Majorana
vl — RSFP — v,k — flaver mix — v,* nature of v
vl = flaver mix — v,“ — RSFP — VR
i.e. an observable flux of solar

antineutrinos would be expected On the other side:
(for a not too small mixing angle, bounds on antineutrino

AmI10 % flux can be translated
5in*203 0.1, and $eV) into constraints on the

mixing parameters.




Experimentally:
signature of v, through the reaction v,+p— e*n

LSD (Meont Blanc) (liquid
scintillator detector, 90 ton)
9<E, <20 MeV

55M < 6.3% (90 c.l.)

Kamiokande
(water Cherenkov
detector, 2000 ton):

10.6 MeV
O:Jg. <6% (99 ¢cl)

LVYD (Gran Sasso) (liquid
scintillator detector,
1000 ton)

3 <E,< 15 MeV
05/, < 5% B0 e
| (100 ton/year)

SuperKamiokande
(water Cherenkov
her results will come detector, 50004 ton):
irom Mﬁv
LYD () dataset/Tull volume) M\.. 3-5*(”&.'.}




