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1 Introduction 

Model-independent approach to analyse the existence of the Sun neu
trino oscillations from SNO data is proposed. The used approximations 
[1] for the calculations are offered as will as a scheme to determine the 
existence of the neutrino oscillations. 

2 Reactions and Approximations 

The following reactions [1] are used: 

l)ve + d--+ p + p + e-, Ethre = l.45Mev, 

2)vx + d--+ p + n + llx, Ethre = 2.23Mev, 

where x = e, µ, r. 

Then the probability ofreactions 1) (W1), 2)(W2) is computed. For 
this purpose the following approximations have been taken: 
1. Reactions 1), 2) have high threshold and therefore in this case only 
nelltrinos of B 8 are mainly accessible. 
2. The temperature in the Sun is about 1 keV, therefore the Sun 
neutrino spectrum is not distorted in the energy region of reactions 1), 
2). Therefore for our purpose it is important to know a relative fl.ow 
of the Sun neutrinos. The temperature in the Sun must not· influence 
our results. 
3. The calculations have shown that the deposit of reaction 1) in the 
probability of the energy regions 1.45 $ Ev $ 2.23M e V is ~ 1 % since 
its cross sections very small. 

The details of the calculations are: a) The used spectrum of the 
Sun neutrinos in work [2] has a good accuracy. 
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b) The cross sections of reactions 1), 2) have been taken from 
work [3] (precision is 5%). 

The calculated values of probabilities to register reactions 1 ), 2) are 
defined from the product of the neutrino flow of [2], normalized to the 
unit and the cross sections of the reactions 1) and 2) (Ev~ l5MeV). 
Then the following values are obtained: 
for reaction 1) W1 = 1.2610-42, 
for reaction 2) W2 = 0.4910-42. 

To use these values for the SNO data analysis, it is necessary to 
recalculate these values (or SNO data) taking into account the charac
teristics of the SNO detector. 

3 The scheme to search for neutrino oscillations 

The scheme to search for neutrino oscillations from the SNO data is 
the following: 
From reaction 1) it is determined the probability of the electron neu
trino flow- Pv, ( Ethre = 1.45 Me V) and then this flow is recalculated 
for threshold Ethre = 2.23 MeV and then Pv, (Eth,·e = 2.23 MeV) is 
obtained. If neutrino oscillations take place, then the flow Pv, (E= 
2.23 MeV) will decrease on the value characterizing the neutrino oscil
lations: 

µ,r 

Pv.(Ev ~ 2.23) = Pt:(Ev ~ 2.23)(1 - L sin2 20; ), (1) 
; 

where P!;(Ev, ~ 2.23) is a primary probability of the Sun neutrino 
flow -Ve, 

From reaction 2) it is determined the full flow of the Sun neutrinos-
Pt;(E ~ 2.23). 

The calculated relative value of the neutrino flow probability is: 

W = Pv,(Ev > 2.23) v,r 
PC,r(Ev ~ 2.23) = 1- ~sin220;. 
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If neutrino oscillations do not take place'. tlH'n 

w = l. 

If you take the calculated values W1 and TV2, then 

lVr 
Wtheor "= -lll • 

' 2 

If the neutrino oscillations are absent. then 

. lVi 
Wtl,eo1· = -Tl' = 2.59. 

'2 

(3) 

( ...l) 

Value (3) is the sa~e value to be compared with the• S?\O data -
Wexp 

w - W(l)) /l,T 

e.rp - W( 2))"(1- I:si1/2H;). 
I 

(5) 

When the equation (5) is obtained. it is supposc'd that m·utrino 
ocsillations take place. 
From (3) and (5) obtain 

W ( W2) ( W ( 1)) /t. r 
Wt:::r = [ W1 W(2) ](l - 2; sii/ 2H; ). (6) 

The term in square brackets in equation ( 6) is P<prnl to one' by dP
termination and then 

W /l,T 

~ = (1 - I:siii2 20;). 
wtheor ; 

(,) 

is obtained. 

This equation can be rewriten in tlH' form: 

/l,T 
I: sin2 20; = 1 _ u.·u,, (8) 

i w'th,m· 

If whexp = l then the Sun neutrinos oscillations do not tak<' pla('('. 
wt em· ' 
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4 Conclusion 

A model-independent approach to analyse the existence of the Sun neu
trino oscillations from SNO data is proposed. The used approximations 
are offered for the calculations as well as the scheme to determine the 
existence of the neutrino oscillation. Value 1- ~ will characterize 
oscillations of the Sun neutrinos. 

Wtheor 

References 

[1] Aardsma G. et al., Phys. Lett.B, 1977, v.194, p.321. 

[2] Bahcall J.N., 1989, Neutrino Astrophysics (Cambridge, Cambridge 
Univ. Press.) 

[3] Nozawa s. et al., J. Phys. Soc. Japan, 1986, v.55, p.2636. 
Kohyama Y., Kubodera K., USC(NT)Report-92-11, 1-992. 
Kubodera K., Nozawa S., Journ. of Modern Phys.E, 1994, 
p.101. 

Received by Publishing Department 
on December 9, 1996. 

4 

v.3, 

I 
) 
/ t_ 

I: 

_Eerni:oe~X.M. _ ' ,, _ . : • ,, , , ' '. E2:96-458 
Ee3MO.D.eJlbHblH' nO.D.XO)J. K nOHCKY OCUHJJJIRUHfl. conHelJHbJX, HettTpHHO , · , -
HJ SN0-;J.aHHb1x · · · · · ·~ : - ' · '. _. ' · · -. ·. · •. 
. - . - . ' , ' - ~-=- ... 

.. TTpe.nnaraeTC}I 6e3MO,LleJlbHblH no.D.iO~ W)}I aHarJH3a ~ymecTBOBa~~~ O~UlfJUIRUHH 
• ,1 conHetJi!b1x HeihpttHo. Jla10Tcw icndJJbJyeMhie iip11, ~hitJttcjieHHH: nptt6~H,lK~HH~ 1., 

H -cxeMbl )]JI}! qnpe.D.ene'HHR HamttJH}I ociiimnRUH~ ~efrrpH!:fO,. . .- T • ·,. 

i 

·1Yt .· 1, d_.,; -_, 
'I',· • n•:'_, 
f'f1 • / ., 

I 
I 

·.;"'-. 

-- -)- ~ - -- ' 

'. Pa6oTa BbinOnHeHa, B•Jla6oparnpirn CBepXBb(COKHX 3HeprnH OIUIH. 
' ·.: '·~/. ·. :- I."'- , •._, I _,• __, ' ,., - ·+ • ' • -

- , ·:, 

',. 

-
_,... 

·-;'--:::-'._:_, 

-- . ~.= -. - -, . '/-,. . ' -• ,. __ ,, , .- (._ ' _,.._ .-/ -

" Coo6meHHe Qm,e)lHHeHHOro .HHCTH-ryra ll)lepHLIX HCCJle)lOBaHHH: lly6tta; 1996 . • 
---- •. ·.-· -r,:- :: . . : .- --~ -.. . ~ ,-· _,- -, • ___ , . -

,. 

--, . ,, 

Kh.M.Beshtoev , •. -:,, . E2~96~458° 
A M;cieI-Independent Approach' fo the Search ,: '· 

. for the Sun Neiit~ino o;cillations from-SNO Data . , . ' - ., ... 

/ · A -~odel~indep~ndenl approach 'tc, analyse the existence-of the. Suri~neutrinp 
oscillations from SNO data is proposed.The used approximation's forthe calculatioris . 
are offer~d as well _a~ ; schem~ t9 .determine the existence ·of the neutrino· osciH~tions:. 

- .·, ---... ~- ~-, ~-- -. -/_;__. ; ~~ _· -,- --~ ~ .- --~ _,_ ' , ..... _ / ·.' - ·: - ·-·. -
. The mveshgahon has be_en performed at the Laborat9ry of Particle Physics, 

JINR. . . . . . . . . . .. 

;,-; 

' .i- .. - -:- . },s_ . ____ ,~ ·,r-_ - ·--_..., --· ·;:··. ' ~ - -- - ' 

· Communication of the Joint Institute for Nuclear Research. Qubna, I 996 
\· ' ' • • • '. ' • - - ~- ' ·•-- ~ .__· -- • -, ) • -. ii/ 


