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If there is a high density of ambient neutrinos —a "neutrino sea"—then on the conven-
tional weak-interaction theory two types of possibly measurable effects exist. In one the
spin direction of a transversely polarized moving electron rotates in field-free space.
In the other the motion of the earth creates a torque on a ferromagnet.

The hypothesis' of a sea of neutrinos, filling
all space and carrying a major portion of the en-
ergy density in the universe, is certainly one of
the most intriguing ideas in contemporary astro-
physics. Despite their possibly large numbers
such neutrinos are very difficult to detect, as a
result of their low energy and their exclusively
weak interactions.

Here I would like to consider some possibilities
for detecting such a "sea" based on the electron-
neutrino interaction present in the usual theory
of weak interactions. ' Since the effects will be
proportional to the lepton-number density, i.e. ,
the number of neutrinos minus the number of
antineutrinos, let us for simplicity specialize to
the case of complete degeneracy and assume
that we have only neutrinos or antineutrinos pres-
ent, constituting a degenerate Fermi gas with
Fermi level P„. Although we will speak only of
electrons, the point applies equally well to p's if
there is a p, -neutrino "sea." If the controversial
"neutral weak currents" exist the sea could also
affect nucleons in a way that can be easily calcu-
lated by using the method to be presented.

Let us imagine an electron moving in this "sea."
In the conventional current-current V-A theory
the interaction density (after a Fierz transforma-
tion) is

&(~) =(G/~2)Tt. r„(1+r,)4.P, r„(1+r,)4. (1)

G is the weak coupling constant, G =10 '/m~'
(we use units h = c = 1). (If the currents exist the
coupling strength may be modified by a numeri-
cal factor of order 1.) In Etl. (1) the factor bi-
linear in the neutrino fields is essentially the
neutrino (minus antineutrino) number density.

J = 2pv/(1 —v')'", (2)

while the pseudovector part of the electron cur-
rent simply becomes its spin. Thus in the elec-
tron rest frame the spin-dependent energy is

2(a/v 2)o'i
and the energy difference between the two spin
states is

m = 2v 2Gpv/(1 —v')'", (4)

so that the effect, as claimed, is proportional to
the number density of neutrinos. If both v and v

are present, then p is to be replaced by p, —p;.
If we assume the degenerate Fermi gas, then p
is given by the Fermi momentum:

p=(6m') 'p '.
For numerical purposes we express p F in terms
of electron volts: P ~=n. This then gives for the

The factor with the electron fields is proportion-
al to 1 —o'v, where a and v are the electron spin
and velocity. This means that the two helicity
states for an electron, characterized by o 8 = + 1,
are split in energy, and by an amount proportion-
al to the neutrino density. It is their splitting,
characteristic of the parity violation in the weak
interaction, that I intend to exploit.

To estimate the magnitude of this splitting, it
is simplest to go into the rest frame of the elec-
tron. In the rest frame of the "sea,"defined as
the frame where the neutrino velocities are iso-
tropically distributed, the neutrinos have a den-
sity p, and the electron a velocity v. In the rest
frame of the electron, the neutrino current den-
sity has a streaming component
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energy splitting

~ =0.6x1,0 ' n'v/(1 —v')' 2 eV. (6)

What can we suppose for the Fermi level n ~ In
his book' Weinberg quotes observational argu-
ments from P decay, giving n ~ 60, and from
cosmic-ray transmission, giving n s l. On the
other hand, a theoretical limit set by the condi-
tion that the neutrino energy density not be great-
er than the presumed "cosmological" energy den-
sity of 10 "g/cm' is considerably smaller: n
~0.75x10 '. It appears then, that we must con-
template detection of a spin-dependent energy
splitting at most of the order of 10 "eV.

One type of phenomenon that might be consid-
ered is a variation on an effect I recently dis-
cussed for the passage of transversely polarized
neutrons through matter. ' A transversely po-
larized spin-2 particle is a coherent linear com-
bination of + helicity states. In moving through
a medium the + helicity states are split by the
weak interaction, as we have shown. This causes
a phase difference to develop between the com-
ponents of the transversely polarized state, cor-
responding to a rotation of the polarization. In
other words as a transversely polarized electron
moves through the neutrino "medium" its spin
rotates around the line of flight, a kind of "opti-
cal activity. " The angle of rotation is the phase
difference between the helicity components.
Working in the electron rest frame this phase
difference is (~)t. Now expressing t in terms
of the time elapsed in the rest frame of the "sea, "
t- t(1-v')'12, the phase y is

~=2Y2gp, », (1-v')'I2t=2v 2Gpvt
(1 v2 1/2

= 2v 2cpz. (7)

The rotation thus depends only on the distance z
traveled by the electron through the "sea."' Nu-
merically, using Eq. (5), we have

y/z = 3 x 10 "n' ra, d/cm, (8)

which appears to imply that very long flight paths
for the electron must be employed: In one light
year a relativistic transversely polarized elec-
tron would experience a spin rotation on the order
of n' deg. In this approach it would be necessary
to build a container for fast electrons which
would be stable for a year and not disturb the
helicity states of the electron. ' Alternatively,
we might sacrifice a factor 10 ' and use the mo-
tion of the solar system' around the galactic cen-

ter. With the assumption that the "sea" is at
rest relative to the galaxy, an electron or a sys-
tem of electrons polarized at right angles to this
motion and at rest on the earth, which moves at
250 km/sec (v =10 '), will undergo a spin rota-
tion. of

1Q". x1Q "x1Q 'n' eV =n3 eV. (10)

This is still not a very large energy, but in grav-
ity-wave detectors, which our hypothetical device
in some ways resembles, ' energies on the order
of k T or substantially less, depending on the "Q"
of the system, can be detected. ' If an appropri-
ate mechanical configuration can be found (a
hanging magnet would act as a pendulum, for ex-
ample), this would suggest that levels of the
"sea" even below the "cosmological" value 0.75
x10 ' eV could be plumbed.

Since it appears impossible to get a sample of
aligned electrons without simultaneously getting
a magnet, the great problem here, -as with the
other approaches, would seem to be the control
or elimination of external magnetic fields to a
very great accuracy. This effect is in most re-
spects simply like the presence of a weak exter-
nal magnetic field, with one important differ-
ence, due to the o v structure of the interaction:
The "field" is always in the direction of the
velocity. This feature may be helpful in distin-
guishing the effect from that of fixed external
fields. In any case, the difficulty of the magnetic
background problem seems to imply that magnet-
ic shielding with supereonductors must be used.
The ferromagnet completely enclosed in super-
conductor, for example, would be a sample of

y/z = 0.08'' sec/yr.

Variants on this method, such as changes in mag-
netic resonance or hydrogen maser frequencies
according to the spin direction in space, yield
analogously small shifts (in terms of cycles per
year).

Another, perhaps more promising, line of at-
tack would be to use a macroscopic sample of
aligned electrons to magnify the miniscule 10 '4

eV in Eq. (7). For example, with a ferromagnet
weighing 1 ton we have -10"aligned electron
spins. Once again taking the earth to move with
v =10 ' through the neutrino sea, we have that
the energy of such a ferromagnet will vary ac-
cording to whether it points parallel to or anti-
parallel to the earth's velocity; i.e., it will ex-
perience a torque. According to Eq. (6) this en-
ergy difference is roughly
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aligned electrons that would not act as a magnet,
at least in principle.

Finally, it is worth noting that if we interpret
the recent experimental results" in favor of the
existence of "neutral weak currents" to mean
that a conventional weak interaction with parity
violation exists between the neutrino and the neu-
tron, then the effects just discussed will exist
not only with electrons but also for neutrons, or
more generally for nuclei, and with roughly sim-
ilar strength. Since nucleons or nuclei have
much smaller magnetic moments than electrons,
and are therefore less subject to magnetic dis-
turbance, they might turn out to be a more suita-
ble probe than electrons. In this connection"
Professor Fairbank points out that the ability of
dilute solutions of He' in low-temperature He' to
retain their nuclear polarization for long times
could be used to search for the kind of effect
estimated in Eq. (9); in other words, the motion
of the earth would cause the oriented He' nuclei
to rotate their spins. Although present technique
is not yet at the levels implied by Eq. (9), this
would appear to be an interesting line to pursue
further.

The possible experiments certainly do not ap-
pear easy. Qn the other hand the detection of the
kind of "spin ether" that a positive effect would

imply would be very fascinating and of profound
importance for our understanding of the universe.
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