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HOT STARS AND (ev) {eVv) . ASTROPHYSICAL

Hong-Yee Chiu

Institute for Space Studies, New York, NY, USA.

In this paper we review the current knowledge on stellar evolution
processes, with emphasis- on obtaining astrophysical evidence for the (ev)(ev)
1nteract10n. . It is concluded that for the most massive stars (mass
> a0 Q) thel stellar tructuré theory is‘ fairly well developed: a) the

helium and other sbundancies are well known, b) they possess radiative
_eﬁvelopes which can be calculated accurately from fundamental principles,
c) their structure is such that uncertainties in nuclear reaction rates do o
not cause appreciable uncertainties in theirlstructure from hydrogen
throughout carbon burning, d) their brightness allows more accurate
observational work to 5e'zperformed, e) blue members of stars of

this mass fange (>20 @) are at H and He burning stagesin which neutrino

processés are not important, while red members are at cerbon burning stage,

in which the neutrino processes are not importent.

Next it is concluded that the stellar structure theory for white

_.dwarfs is also very well understood and,for observed luminosities of
" white dwarfs greater than 0.1 L (LO = solar luminosity), neutrino processes

contribute considerably to the energy dissipation processes.

The neutrino processes are then reviewed; they are all derived from

the (ev) (ev) interaction. . There are four chief neutrino processes: : _
a) the pair annihilation process (IY z e +e's Iv-.+ V), important at T >6 xlOB °k L
and low density; b) the photoneutrino process (y +e +e + VvV +7V) is T
important aﬁ low density, T a:loa % - 6::108 %k 3 c¢) the plasma processes ;
{({Iy1 v+ 9, [y] is a photon embedded in an electron gas medium) which ’
is importanf‘at high densities aﬁ all temperatures; d)} the bremsstrahlung

process (e"+ (Z,A) » e + (Z,A) + Vv + V) which is important in the exceedingly high
ldensity regime (p > 107 g/cm3).

rates exceed optical luminosities by order of magnitudes.

In regimes of importance,the neutrino ‘ ;

'The oceurrence of neutrino processes greatly shortens ' « 7 Tatime
of certain stars like: a) the red'component of massive stars burning .
carbon (T'VG)(IO %): b) vhite dwarfs with luminosities > 0.1 L, . It
has been found. that the theoretical ratio of the numbers of blue to red



massive stars is consistent with observed ratio in eclusters only if the
neutrino processes (photoneutrino and annihilation processes)are taken into
account (the observed ratio is from 4 to B, the theoretical ratio without
(ev) (ev) interaction is < 1.7, that with {ev) (ev) is 6)., The small
number of samples of stars cited ([ ~ 16 stars in total), however, enables
one to place & reliable lower limit 10° gg on the eoupling constant,
where gﬁ is the theoretical value of the coupling constant. (Note that

the w-—energy loss rates are directly proportiocnal to the coupling constant.)

On the other hahd, if bright white dwarfs (L?lI«D ;.called ultraviolet
dwarfs since their chief emission is in the ultraviolet regime) exist, they
can provide another test of the theory. Unfortunately, no ultraviolet
dwarfs have been found. Although this statistic is cbnsistent with the
existence of the (ev) {(ev) interaction (the predicted lifetime of ultraviolet
dwarfs is as short as 103 Years at one stage), this is not satisfactory as
& rigorous test. Instead, attention is pald to less luminous ultraviolet dwarfs
(luminosity less than 1Ly ). It is found that if the coupling constant
is increased by 102, there will be a significant drop in the number of
brighter vhite dwarfs (L > 0.05 Ly » say) and a substantial increase in the
number of faint white dwarfs (L £ 0.05 Lo ). A comparison with the observed
'number of white dwerfs in star clusters thus gives an upper limit of the

coupling constant as 100 gB

It is therefore concluded from astrophysieal evidence that (ev)(ev)
interactions do exiét,and the coupling constant determined astrophysically

lies hetween the limits

102 2 2
Too & <& < 100 g .
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