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Abstract

The VV0 mechanism suggests that the exlstence of a neutrino
magnetic moment would lead to varlations of the observed £lux
of solar neutrinos correlated with the magnetic activity of
the sSun. The MSW mechanlism suggests neutrino oscillations
while propagating in the dense plasma interior of the Sun.

Assuming a nonvanlishing neutrino magnetic moment and a
magnetic fleld gradlient increasing towards the solar core as
required in some dynamo models, the combined effect of the
osclllatlion and the flipping on neutrino propagation 1in the

solar interior is studied. If large magnetic flelds (% 10°G)
are present in the solar interior the oscillation parameters
could be signiflcantly altered. The effect of charge
screening in scatterlng cross-section are also considered.
The considerations are extended to supernovae neutrinos and
constraints put on relevant neutrlino parameters.

INTRODUCTION
Voloshin, Vysotsky and Okun (Voloshin 1986] have recently
suggested that a neutrino magnetic moment p of the order of

- 10“°ya (where H= eh/2m.c is the Bohr magneton), would be

sufficlent to flip a substantlal part of the 1left-handed
neutrinos into sterile right-handed ones, over a length L in

a magnetic fleld B such that BL ~ lOeTm, eg L = 10°n  for
B = 300 G. This would result in a semiannual variation in the
observed solar neutrino flux and may possibly resolve the
apparent discrepancy between observed and theoretlical fluxes.
However existing data of Bahcall is not enough to test this

prediction. The value of 10"°uB is just below experimental

bound from neutrino scattering [Kyuldiiev 1984]. Constraints
from 5N 1987A appear to rule out such a large value of wu.
Again we have the MSW mechanism which 1invokes neutrino

oscillations (with length ~ 2nE/am>), with a desity dependent
oscillation length to to explain 1resonant converslon of
electron neutrinos above a certaln threshold enexrgy to muon
neutrinos so that the Davis experiment does not reglster the

higher energy neutrinos from B® decay. However 1f in addition
to an electron density varylng with depth 1in the solar
interior we have a magnetic fleld gradient increasing towards
the solar core as required in some dynamo models then the
combined effect of the varying density and magnetic fleld |in
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the solar interior on the neutrino propagation has to be

studied. For instance a large magnetic field (= 10°6) if
present in the solar core would cause the neutrinos to flip

hellclty over a distance of ~ 3:10°m only lf they had a u as
high as in the VVO mechanlsm. So actually one would detect
only about half of the neutrino flux emerging out of the
core. Moreover the effect of charge screening 1{Iin the solar
interior could be significant in modifying scattering cross
sections of neutrinos. So all these effects have to be
combined, in urnderstanding neutrino propagation in the so0lar
interior.

Neutrino propagation ln solar interior with wvarving density
and magnetic field The effective Hamiltonian describing

neutrino evolution in flavour space (e,u} in the presence of
B aicng v spin is of the form:

H = H = - (1/2)[(mf - m:)/ZE - (u /¥, - b, /v )sin2e

ey Ue

¢ (ulz/rlz)Bcosze]

@ i{=z the vacuum mixing angle r.= E/m1 P ¥, = E/m2 ‘

Yo = 2E/(m1+ mz). The neutrino mixing angle in presence of a

magnetic fleld B 1is

-1
an = 8 + tan plzB{@l— m, - [“11- bt [(ml— mz)/(mx+ mz)l'
-1
] 8)
Mixing in presence of a field i{s maximal when tan2a = cot28
where o is the second term in above expression. Resonance
phenomenon occurs only when |m1 - mzl/(ml + mz)

<< |uu-u22|/luu+ uzzl or tan2a = x B/(B_- B) where

£ = 2”12/(“11— sz)'

In region B >> Bo mixing Is small; it 1increases with
decreasing B and is maximum at B = B, when o = * n/4 and

decreases to 0 for B =+ 0. Similar to case of matter
oscillations. B above 1s a function of radius R. For comblned
presence of varying electron density and magnetlc field, the
osclillatlonlength in a given region is:

24172
- 2 2_ 2 - ir2
1 = 2“/[(H1ZBL) + [(Zmz m‘)/ZE (2) G.N Y.f] ]

(-1 I~}

N Is the particle density, Y. i1s the electron fraction, GF is
Fermi constant, £ =1 - N - N.

_ 2_ 2 _ 12
tanze = Zule_L/[(m2 mt)/ZE (2) GFY.N.f].
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For B = 0, we have the usual MSW conditlion

L2

(2)*%6 N f = (m’'- m)/2E.
F e 1 2
The quantitles N and B are defined in the radlal sense in the
above equations,
R R
N> = (1/R)[ dr n(r), <B> = (1/R)[ dr B(r),
o o

where the gradients in the particular region are taken into
account. The adiabacity conditlion takes the form:

12rE/(m+ m)1(1/|u |B ) < L(AB/B).

Estimates glve:
B° x lOa(Am/Au)G, Am is5 in ev and Au is 1ln units of yaev/G.
and sets a lower bound on dimensions of reglon in which B = Bo.

Again charge screening takes place in the solar plasma where
the virtual photon acquires a mass

}’ B
spin £flip scattering cross section ls of the form

m = [(4na/<KT>)ZJn], n is the species present and the

T -
o, = m atta/m*f TLAT /(T + mi/2m*) (T - TL/E 1"

-]

-[1-{exp[('r°- k)/KT] + 1}-‘]

(k Is the chemical potential)
The neutrino mean free path is then:
1

1> = [Z‘crt(m_‘)]-. Thls has tc_> be compared " with the
oscillation length loﬂc above. The possibility for spin £lip

event in a distance R is (1 - exp(-x)cosh(x)), x = R/{1>
Result is 1> >> lo-c. For supernova neutrinos with neutrino

scattering on Fe-56 nuclel, we have (ze)? dependence of c.s.,
and <1> = 10%m, for w % 10™*°. This 1is much smaller than
spin £f1ip iIn presence of magnetic field i.e.(ln> = lOzcm, for

neutron star magnetic fields. Thus spln £1ip probability by
scattering on nuclei is only ~ 0.1, whereas it is ~ 1 in

presence of large magnetlic fleld ~ 10°¢ in the collapsing
core even for u < lo'z"ya [Sivaram 1989].
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