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A geophysical technique for placing experimental limits on charge-nonconserving decays is
discussed, with the results w(# — p +neutrals) <2 x10"22yr~! w(n —p +e* +neutrals)
<1072 yr~1, These limits hold for bound neutrons, averaged over the chemical composition of

the Earth.

In standard grand unification models the only
gauge symmetries that remain unbroken are the U(1)
of QED and the SU(3) of quantum chromodynamics.
However, it is not inconceivable that in the real
world the U(1) of QED is spontaneously broken at
some level; presumably this would lead to a massive
photon and to charge-nonconserving interactions. It
therefore behooves us to look at the experimental
evidence regarding charge conservation. Surprisingly,
the limits on charge-nonconserving decays are less
rigorous than the limits on baryon-nonconserving de-
cdys.

GEOPHYSICS

To study charge nonconservation we use a modifi-
cation of a technique due to Pomansky.! Consider
the planet Earth (rock plus oceans, excluding the at-
mosphere); this is an object consisting mainly of elec-
trons (e), protons (p), and neutrons (n). Observe
that due to kinematics, the only possible decay of the
electron is via the charge-nonconserving channel:

e —neutrals (photons, neutrinos), with rate w,. Let
us define

wp= 3

n=0, *1, %2, ...

w,(AQ=n) ,

(AQ,) =average value of the difference
between the final and the initial
charge as a result of proton decay

2 nw,(AQ =n)
n=0, 1, %2, ...
wp

with similar expressions for the neutron:

w,= 3 w,(AQ=n) ,
n=0,%1,...
2 nw,(AQ =n)
(AQ")="-0'il"" -
Wy

Using these definitions,

—d‘%=e(Newe+NP<AQp)wp+N"<AQ")w") +1 ,

where N, =N, = N, = 5 (Mgyu/M,), and I is the net
current flowing into the Earth. Rearranging the
above yields

4Q

eNelwe+<~AQp>wp+<AQn)wn| < dt

+|1] .

Using Gauss’s law: Q =€ fE -dS, we may use ob-
servations of the electric field at the surface of the
Earth to deduce Q. Measurements of the fine weath-
er field have been made since 1752,2 and lead to an
average value of 100 V/m, corresponding to

=—5x10° C. Fluctuations in F are of order 20%,
SO we may set

49

5
<10°C 551054
dt

200 yr

To estimate the current flowing into the Earth we
must consider the following effects: atmospheric
electricity, cosmic rays, and the solar wind.

The contribution from atmospheric electricity arises
from fine weather conduction through the atmo-
sphere (— +2000 A), point discharges, precipitation,
and lightning. Despite considerable ambiguities in
the measurement of the above it is safe to con-
clude?™s

. 3
|Iatmospheric electricilyl < 10 A .

(Pomansky’s estimate of 200 A is perhaps over-
enthusiastic.)

To estimate the effect of cosmic radiation, observe
that primary cosmic radiation consists mainly of pro-
tons.® The Earth’s magnetic field will reflect protons
with energies less than ~ 2.5 GeV; measurements of
the cosmic-ray flux then show that approximately
4000 protons/m?sec arrive at the top of the atmo-
sphere.® This is a current of —;— A. Some of this

current will not reach the surface, since the protons
and their secondaries suffer energy loss via ioniza-
tion. Particles stopped by this mechanism form ions
and thus contribute to the fine weather conduction
current (considered above under atmospheric electri-
city). For those cosmic-ray particles that do reach
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the surface we have gies of order: T,~850¢eV, T, ~% eV. This is cer-
tainly very much less than the rigidity cutoff imposed
[ cosmicl < % A . by the Earth’s magnetic field (E ~2.5 GeV for pro-
tons or electrons), so most of the solar wind is de-
Finally, consider the solar wind. This is a neutral flected, and never makes it past the magnetopause.
plasma consisting mainly of protons and electrons, However, some solar-wind particles may penetrate
flowing at a typical speed of 400 km/sec, and of typi- the magnetopause, possibly be accelerated, and con-
cal density 10 particles/cm?® (Ref. 7). Taking the ra- tribute to the (pseudo) trapped radiation contained in
dius of the magnetosphere to be ~10 Earth radii we the magnetosphere.® These particles have energies in
see that the current delivered to the magnetopause is the range: 1eV<T,<3MeV,and1eV<T,
+8 x 10° A (by protons), —8 x 10° A (by electrons). <300 MeV, though typically energies are of order
It is perhaps not obvious that the solar wind can be 1—-10 keV.? When and if these particles hit the top
entirely neglected for the purposes of this technique. of the atmosphere they will rapidly lose energy by
Observe that solar-wind particles have kinetic ener- ionization and be stopped within a distance

|

T,=300 MeV, R =472 atmm=>58 gcm™ (Ref. 10) ,
T,=10 keV, R =0.022 atmecm=2.7x10° gecm™ (Ref. 11) ,
T,=3 MeV, R =13.67 atmm=1.675 gcm™ (Ref. 12) ,
T.=10 keV, R =0.22 atmcm=2.7x10"* gem™ (Ref. 11) .

[

Since the thickness of the atmosphere is 1000 g cm™2 PARTICLE PHYSICS

it is clear that all such particles will be stopped long

before reaching the surface of the Earth. In stopping Consider the geophysical constraint

they will produce ions, these ions contribute to the 22
fine weather conduction current previously con- lwe + (AQp)w, + (A0n) wy| <1.1Xx1072 yr™" .

sidered, and need concern us no further.

. R : Further information may be extracted by appealing to
Assembling the above contributions yields

other experimental data. Note that Pomansky per-
formed his original analysis assuming that nucleons
eN.|w. + (AQ,) w, + (AQ,) w,| are completely stable, thereby obtaining a limit on
the electron lifetime. However, it is more reasonable
' to use the experimental limit, w, < 5 %1072 yr~1, 13
<(2x107+10°+3) A, to conclude that

I(AQp>wp+ (AQ,,>w,,| <2x1072 yr'l .

The work of Steinberg and Evans'* enables us to place
limits on the rate of baryon-nonconserving decays,

leading to the constraint

lwe + (A0, ) w, + (A0, ) wal specifically,
: w,(AB #0), w,(AB #0) < 10726 yrt .
<3.5%x10730 sec! =1.1 x1072 yr~! | Thus, observing that

(AQy)wp= Jnw,(AQ =n) = 3 nw,(AQ =n,AB =0) + 3 nw,(AQ =n, AB #0)
=(AQ,(AB=0))w,(AB=0) +(AQ,(AB #0))w,(AB #0) ,
and, using an analogous decomposition for neutrons, we see that
[(AQ,(AB =0))w,(AB=0) +(AQ,(AB =0))w,(AB =0)|
<[2x1072+|(AQ,(AB #0)) + (AQ,(AB #0))| x107] yr~' ,

The second term is significant compared to the first only in the extremely unlikely event that | (AQ,(AB #=0))
+(AQ,(AB #0))| > 10% thus one may feel justified in stating

l(AQp)mp + (AQn)wnl(AB-O) <2x107% yr"‘ .
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To proceed further, we must make some guesses
concerning the branching ratios of the various
AB =0, AQ #0 decays of the bound nucleon. For
these modes kinematics limits the possible decay
schemes to

n— p + (electrons) + (neutrinos) + (photons) ,

p — n + (electrons) + (neutrinos) + (photons) .
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The number of neutrinos produced is at most two or
three depending on the precise nuclear masses in-
volved. Looking at any table of isotopes one sees
that the p — n decay is almost always kinematically
forbidden (as reflected in the rarity of 8% decay as
compared to 8~ decay). Among the n — p decays,
the production of more than one electron would ap-
pear rather unlikely (as reflected in the expreme rari-
ty of double-B decay), thus allowing us to estimate

l(AQp)wp+ (AQn>")n|(AB—0) = ‘ (AQn>“’n‘(AB—0)= 2” 0,(AQ =n,AB=0)

= (+1) x w(n —p +neutrals) + (+2) x w(n — p +e* +neutrals)

+(0) x w(n —p + e~ +neutrals) .

Using the approximation considered above we may deduce

w(n —p +neutrals) +2w(n —p +e* +neutrals) <2 x10722 yr1 |

This now leads to the limits

w(n —p +neutrals) <2 x1072yr! |
o(n —p +e*+neutrals) <1072 yr! |

These limits should be compared with the best avail-
able, that of Barabanov et al.,!* who obtained

w(n —p +neutrals) < 4.4x1072 yr!

Note that the limit of Barabanov et al., while 50
times stronger than the geophysical limit quoted
above, holds only for neutrons bound in }!Ga,
whereas the geophysical limits are averaged over the
composition of the Earth. The only way for these
new limits to be seriously in error would be to have
some AQ < 0 channel (e.g., p — n +neutrals, or

T
n —p +e” +e” +neutrals) present with a width com-

parable to the channels considered.

Significant improvement of these limits would re-
quire both a better experimental limit on the electron
lifetime, and an improved understanding of atmos-
pheric electricity. Improved theoretical arguments
concerning AB =0, AQ # 0 nucleon branching ratios
would also be gratifying.

Finally, it is somewhat amusing to observe that
charge conservation, which practically all theoreti-
cians expect to hold exactly, is experimentally on a
less secure footing than baryon conservation, which
is now expected to be only approximate.

I wish to thank Professor H. Primakoff for helpful
discussions and encouragement.

1A. A. Pomansky, in Proceedings of the International Neutrino
Conference, Aachen, 1976, edited by H. Faissner, H.
Reithler, and P. Zerwas (Vieweg, Braunschweig, West
Germany, 1977), p. 671. :

2B. J. F. Schonland, Atmospheric Electricity (Methuen, Lon-
don, 1953), p. 19.

3J. A. Chalmers, Atmospheric Electricity (Permagon, Oxford,
1967), pp. 303—305.

4). E. McDonald, Sci. Am. 188 (No. 4), 32 (1953).

5A. D. Dolgov and Y. B. Zeldovich, Rev. Mod. Phys. 53, 1
(1981). :

6V. L. Ginzburg, The Astrophysics of Cosmic Rays (Israel Pro-
gram for Scientific Translations, Jerusalem, 1967), p. 8.

TE. Delobeau, The Environment of the Earth (Springer, New
York, 1971), pp. 68—69.

8W. I. Axford, in Particles and Fields in the Magnetosphere,
edited by B. M. McCormac (Springer, New York,

1969), p. 46—59.

9). 1. Vette, in Particles and Fields in the Magnetosphere (Ref.
8), p. 305.

10, H. Smith, Phys. Rev. 71, 32 (1947).

113, W. Chamberlain, Physics of the Aurora and Airglow
(Academic, New York, 1961), pp. 247, 285.

121, V. Spencer, Phys. Rev. 98, 1597 (1955).

BE. L. Koval’chuk, A. A. Pomanskii, and A. A.
Smol’nikov, Pis’ma Zh. Eksp. Teor. Fiz. 29, 163 (1979)
[JETP Lett. 29, 145 (1979)].

14R | 1. Steinberg and J. C. Evans, in Neutrino 1977, proceed-
ings of the International Conference on Neutrino Physics
and Neutrino Astrophysics, Baksan Valley, U.S.S.R., edit-
ed by M. A. Markov, G. V. Domogatsky, A. A. Komar, and
A. N. Tavkhelidze (Nauka, Moscow, 1978), Vol. 2. p. 321.

131, R. Barabanov et al., Pis’'ma Zh. Eksp. Teor. Fiz. 32, 384
(1980) [JETP Lett. 32, 359 (1980)]



