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The discovery of binary pulsar systems and the subsequent tests of the 
General Theory of Relativity (GR) through precise timing measurements 
of the pulsar signals is truly one of the great scientific achievements of our 
age. Observation of these systems are being used to test GR in the strong 
field range with unprecedented precision; the results have been interpreted 
as providing the first evidence for the existence of gravitational radiation 
(see Ref. 1 and references therein.) 

We review here the accuracy with which GR can be tested in such a sys
tem, and propose a new energy dissipation due to tidal pressure variation 
driven neutrino and antineutrino production. Although much work con
cerning possible systematic corrections to the interpretation of relativistic 
effects in the binary pulsar system has been done, the mention of such has 
gone missing in the current physics literature. 

Estimation of the effects on orbital dynamics due to structure of the neu
tron atar and its companion has received some attention. Deviations from 
a 1/r potential due to either tidal or rotationally induced mass quadrupoles 
of the system constituents are expected to be too small to affect the rate 
of periastron precession as predicted by GR (similar effects were considered 
by Dicke in regard to the precession of the perihelion of Mercury).2,3,4 

Of particular interest here are mechanisms which can affect the rate at 
which the orbital period changes. So far, the best-studied binary pulsar 
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system is PSR 1913 + 16 with orbital period Pb =27 906.98... s which 
is changing at a rate Pb = -2.425(10) x 10_12s/s. The best-fit to a full 
GR description of the system gives masses for the pulsar mi « 1.42 and 
its companion 1Щ « 1.40 in units of the Solar mass, each with relative 
precision of 1.5%. The scmimajor axis is approximately 3 light seconds, and 
the orbital eccentricity is approximately 0.6, It is expected that the radius 
of the pulsar is of order 15 km, while little is known about the companion 
star. Since there is no eclipsing of the pulsar signal, the companion must be 
of white-dwarf size or smaller; because of the low mass of the companion, 
it is concluded that the companion is a neutron star or black hole.5 

The observed rate of change is in agreement with the prediction due to 
the emission of gravitational radiation (we point out that effects due to the 
finite sizes of the system constituents are too small to affect the deriva
tion using point masses). A number of possible systematic corrections have 
been considered. Given that the tidal bulge is of order 0.5 nm, direct vis
cous dissipation of orbital energy seems unlikely.3'6 However, one worrisome 
possible correction concerns the relative acceleration between the earth-sun 
and binary pulsar systems. The fractional rate of change in orbital period 

a = § = -8.77 x K T ' V 1 (1) 
Pb 

could in principle be due to a relative acceleration of the two systems toward 
each other of a = ac = 2.6 X 10 -8rn/s2 which is on the order of 1/300 
of the acceleration of Pluto in its orbit around the sun. An analysis of 
the dynamics based on observation of objects in the neighborhood of the 
binary pulsar is presented in Ref. 6. It is concluded that, due to a relative 
acceleration between the binary pulsar system and the solar system, there 
is a correction to the rate of the orbital period change of АРь = (—0.017 ± 
0.005) x 10- , 2s/s , a 0.7% effect. 

Other possible systematics corrections to GR tests have been considered. 
These include propagation effects, mass loss by the system constituents, and 
the possibility that the companion is itself a binary.2,3'6 

We now propose a new tidal dissipation effect which can contribute to 
the orbital energy loss in the binary pulsar system. To an observer on the 
pulsar surface, a tidal bulge induced by the companion star would rise and 
fall at the pulsar frequency Q = lOOrad/s; because this frequency is much 
lower than the typical normal mode oscillation frequencies for a neutron 
star,7 

uosc « (Gmi/r?)1/2 = 104rad/s (2) 
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wo can assume that the bulge in the surface is given simply by the static 
equilibrium deformation: 

6гЛ U!l-±- « 5 x 10-15 (3) 
mi <RA> 

where < H? > represents the average of the cube of the separation between 
mi and »*2- The deformation amounts to 0.1 nm. 

The primary energy loss mechanism will be due to beta decay and its 
inverse when the pressure changes as the tidal bulge moves across the sur
face; the respective antineutrinos and neutrinos which are emitted in these 
processes escape, carrying away energy from the system. Under static con
ditions, the neutrons and protons comprising a neutron star are in equilib
rium. When the pressure (and density) change, a new equilibrium must be 
established, which occurs through the mechanism outlined above. 

Other effects due to a tidal pressure change, such as gravitational radi
ation and shock phenomena, arc exceedingly small. Neutrino energy dissi
pation as a damping mechanism for radial oscillations of a neutron star is 
discussed in Ref. 7, and references therein. 

To zero order, we consider the pulsar to be an incompressible sphere of 
constant density. Of course, this is a very crude approximation, but will 
illustrate the level at which dissipation effects can enter. Tidal effects enter 
through pressure changes induced in the volume of the pulsar : the pressure 
p becomes a function of 7* and в which specify a location within the pulsar, 

fn\m(r>) m2cos<? ] ^ ( 4 ) P(r,9) = j ; 
ra (,./ _ R c o s 0)2 + ( R s i u 0)2 

and m(r') is the (pulsar) mass contained in a sphere of radius ?•'. We are 
interested in th§ change in p from the equilibrium value 

' .2 .2 
Др(г, в) = Gm2p-^- cos2 9. (5) 

We now let the sphere expand, and use the relativistic equation for an 
ideal gas to get the change in density within the pulsar: 

Зр(г,в) = с2р(г,в) (6) 

where c2p represents the energy density. 
Since the pulsar is rotating in the gravitational field gradient of the com

panion, the density will be a function of time. When the density increases, 
protons and electrons combine to neutrons, and neutrinos escape from the 
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system; when the density decreases, neutrons decay to protons and elec
trons, with antineutrinos escaping from the system. We consider this pro
cess to be adiabatic with the exception of the neutrinos and antincutrinos 
which represent an energy dissipation from the system, since each produced 
carries away energy Ev. 

Letting n be the nucleon number density, n = r)pfrnn, where 77 repre
sents the fraction of the energy density in the form of nuclcons. We can 
parameterize the ratio of proton to neutron number density as np = /3nn, 
and n — Up 4- n„> with (3 = /?(n). Using a simple model for the neutron 
star,8 for low densities near the 5 X 10 ,4g/cm3 as expected for the neutron 
star under consideration, /3 « 0.01 and nn « n. When a change in density 
occurs, the ratio (3 changes, reflecting a change in the equilibrium number 
densities: 

dn = dnp + dnn = (/? + l)dnn + /3'nndn„ (7) 
and it is the last part of the right hand side which describes the change 
to the new equilibrium density (if it could be established immediately) and 
emission of neutrinos. This term can be represented by dnv = adnn and 
this should be integrated over the entire pulsar to give the total energy 
dissipation through neutrino emission. For the assumed parameters, using 
Ref. 8, we find \a\ ю 7 x 10~3. 

The volume integral change in the total number of protons averaged over 
one period is thus 

2 2 
A\NP\ w бтг Г Г aGrrm P / l ~ / r2dr I sin2 в cos вШ = 

70 JO гПпСг R6 

87Г _,Г? Tip , „ . 

= TSaGlt°m^ (8) 

We must further take into account that the rate of conversion from neu
trons to protons is slow; if the rotation frequency / is much faster than r^, 
the fraction which convert is l/frp. Furthermore, to get the energy loss 
rate, A|iVp| must be multiplied by / and Eu to get the power loss rate, and 
we find 

8тг 1 / r\ \ Ev . 
Pdhs = ——aGrjp {^) m2—-o (9) 

15 Tp \RA I mn& 
which on substituting p = 4 x W^g/cm?, Ev «lMeV, a « 7x 10"3, rj « 0.9, 
and taking Tp = 880 s, the free space neutron lifetime, we find 

Pdiss « 2 x 1025J/s 
which, as described below, is of greater magnitude than the energy loss rate 
in the binary pulsar system. 

4 



However, we still must account for the fact that the (3 decay rate is 
suppressed within the neutron star because the electron Fermi sea is filled; 
our result represents an upper limit. The suppression of the /3 conversion 
rate can be easily estimated. The electron Fermi momentum, since the 
electron density must equal the proton density to ensure charge neutrality, 
is» 

"•"*>-•&? ( 1 0 ) 

which gives pF « lOOMeV/c for the system under consideration. Since the 
electrons are relativistic, pp = EF/C, and we can assume that the tempera
ture T < lMeV, the approximate Coulomb potential between protons and 
electrons at the given density. We thus immediately see that the system is 
nearly degenerate, as expected, in which case the chemical potential is to 
good approximation simply the Fermi energy associated with the density.9 

The reduction in the /3 rate is given by the reduction in allowed free electron 
states: 

since the electron energy Ee in the decay is always much less than EF • Since 
Eq. (11) approaches unity at T —• со, suppression of the fraction of energy 
dissipation due to the neutrino emission to the observational fractional ac
curacy of the total energy dissipation (5 X 10~3) requires a temperature of 
nearly 15 MeV, which is certainly much higher than expected neutron star 
interior temperatures which are of order 10 keV.7 

It is also possible for the final electron state in /3 decay to be bound to the 
proton; in this case, the fact that the Fermi sea is: filled is irrelevant to the 
decay channel. Of course, the lifetime of the hydrogen atom formed is likely 
very short and the energy levels perturbed, but nonetheless, the final state 
is orthogonal to the electron plane wave states the Fermi sea comprises. We 
can estimate the fraction of neutron decays (in free space) which result in 
a hydrogen atom. The electron must be in an S-state in order to have a 
nuclear overlap, and the density at the nucleus is |^п(0)|2 — l/Tajj"3 where 
n is the principle quantum number and ag is the Bohr radius. Furthermore, 
the normalized electron kinetic energy spectrum, in the low energy limit, 
becomes dN(E)/dE = 3.2У/Е, for electron kinetic energies E « 1, where 
E is measured in units of mec2. Thus, the probability that a decay results 
in a hydrogen atom is given by the ratio of the number and coupling to 
atomic S states to the free space density of plane wave states, in a energy 
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range of 0 to Rco =13.6 eV: 

S ^ i W » 3 ) " 1 [' jpjF _ 7 v in-6 
ж 

л„ 
mec^ 

(12) 
:(2теЛсо)я/2(27гЙ)-

and we see the /3 decay rate is never reduced by more than this factor. This 
estimate is very close to the value 4 x 10~6 obtained by L.Nemcnov10 in the 
framework of usual V-A weak interaction, and we accept as the final result 
the last number being a more reliable. 

Given that the total orbital energy is related to the period through 

Pb = nGmim2, 
ТП\ +ГП2 

\ 4|S|« 

we find \E\ = 1.7 X 1041 J, and that 

Рь 
_ 3 

~a~ 2 

(13) 

(14) 

which gives 
\E\ = 1025 Watt 

Thus, from Eq. (8), the dissipation due to neutrino loss through tidal 
pressure changes amounts to a fraction 

2 x 1025 x 4 x 10~6 

1025 = 8 x 10_ 

of the total orbital energy loss rate which is attributed to. gravitational 
radiation; this is about4t/900 of the fractional observational accuracy on 
the rate of slowing. We note also that our simple model predicts a steady 
state (non-tidally driven) energy loss rate due to neutrino and antineutrino 
emission of less than 1% of the total luminous energy emission. 

In conclusion, we have demonstrated a possible orbital energy dissipa
tion which can lead to a finite systematic correction and eventually limit the 
degree at which General Relativity can be tested in a binary pulsar system. 
Our models are extremely simple and might not be a reasonable approx
imation to the system, but nonetheless show that additional attention to 
such effects might be required. 

We express our gratitude to I.Carron of Texas A&M University for his 
invaluable contribution. 
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Ламоро С.К., Игнатович В.К. Е2-95-195 
Механизм диссипации в системах двойных пульсаров, 
обусловленный излучением нейтрино и антинейтрино 
в приливной волне 

Дастся краткий анализ пределов точности измерения величин 
релятивистских эффектов в системах двойных пульсаров и рассматривает
ся дополнительный механизм диссипации орбитальной энергии. Идея 
состоит в том, что флуктуации давления, обусловленные приливной вол
ной, смешают точку равновесия в отношении плотностей электронно-про
тонной плазмы и нейтронного вещества, в результате чего происходит 
излучение нейтрино (или антинейтрино) и диссипация энергии орбиталь
ного движения. По нашим оценкам относительный вклад этого механизма 
в полную энергию диссипации составляет 8 X10"6, т,огда как точность изме
рения составляет 7 х 10"3 и согласуется со скоростью диссипации, предска
зываемой теорией излучения гравитационных волн. 

Работа выполнена в Лаборатории нейтронной физики им. И.М.Франка 
ОИЯИ. 
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Lamoreaux S.K., Ignatovich V.K. E2-95-195 
Tidal Pressure Induced Neutrino Emission 
as an Energy Dissipation Mechanism in Binary Pulsar Systems 

"We briefly review possible systematic limitations to inferred General 
Relativity tests in binary pulsar systems, then propose a new mechanism 
whereby orbital energy can be dissipated. The basic idea is that tidal pressure 
fluctuations can drive the electron-proton vs. neutron density away from 
equilibrium, and the concomitant neutrino (or qntineutrino) emission repre
sents an orbital energy dissipation. Of the total orbital energy loss rate, we 
estimate the fractional contribution of this mechanism as 8x 10"6, whereas the 
observational accuracy is at the level of 7x 10"3, and agrees with the predicted 
rate of gravitational radiation. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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