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ABSTRACT 

Dirac masses of any neutrino species can be bounded by Supernova cooling ar

guments. The so obtained upper bOWld lies in the tens of keV This is obviously 

relevant for the case of the 17 keY neutrino. We conclude that generallumL'losity 

arguments cannot strictly reject the 17 keY neutrino, but detailed analyses using star 

evolution codes that include the backreaction of neutrino cooling probably do. 
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The energy drain in. Supernova collapse procecci.s zr.ainly through thermal neu 

trino emission. This is a surface effect. The neutrinos dHfuse through the very dense 

material (neutrino trapping occu.."S for core de::J.sities ir.. e.'<cess of 2 x lOll gJcrn3
) ex

periencing very many scatterings until they reach the neutrino-sphere where they 

are subsequently blackbody radiated. The gravitatioJ'l21 binding energy released is 

about 1053 erg. Indeed, at most 4 x 1053 erg are emitted and from observational 

datal (1MB, Kamiokandc) on SN19S7 A we know2 that the energy carried away by 

neutrinos 'was larger than 2 x 1053 erg. This energy was radiated in a diffusion time 

on the order of 1-10 seconds. A.s a consequence any additional energy drain (besides 

t he one associated to standard left-ha.l.ded (LH) neutrino emission) should have a 

luminosity below 2 x 1053 erg/so 

Should neutrinos be massive Dirac particles , t hen right-handed (RH) degrees of 

freedom do exist and they should provide for an extra source of SN coolingl-6. In fact, 

RH-neutrinos should be produced in the hot SN core via helicity flip mechanisms. 

For small enough neutrino ma.s3, RH-neutrinos Gtream freely out of the star because 

RH-neut rinos are (almost) sterile. This is a volume effect. The size of the effect 

is proportional to the neutrino mass squared and t he relevant spin-flip processes 

are: neutrino nucleon elastic scattering, nucleon nucleon neutrino bremsstrahlung 

and e+e- annihilation, The, RH-ncutrino lumL710sity associated to the processes that 

take place in bulk matter of the S~ core (T ......, 60MeV , R ...... lOKm) can be easily 

calculated. 

One reaches the conclu..-:ioT' that 5 

mil ;::; 14 keY 

otherwise, the emission power would. exceed t!-~e limit 2 x 1053 erg/so 

We can check "a posteriori" that neutrir!~s wit.h mv < 14 ke V do indeed stream 

out freely. The mean-free-path in the core is calculat ed to be 

8 X 102 km (50keV\ 2

\~) 

when the main opacity source //RN -+ vLN is t aken into account. Now, it is obvious 

from this that by increasing m" sufficiently W~ shall reach il diffusion regime and, if 

mv is large enough, the corresponding difussion time will be long enough such that 
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the luminosity is again below 2 x 10:)3 erg/so Hence a. lower neutrino mass bound (as 

oposed to the previous upper limit) fol,lows. It can be obtained in the following way. 

First, the vR-sphere R is calculat ed by imposing that t he optical depth 

r(r) = J
00 

~ (>. = mean - free - path) 

r 

be 2/3 at r = R. Next, use Stefan-Boltzmann's law to compute the luminosity. One 

needs to know for this purpose the te:nperature at the vwspnere (and we use the 

temperature profile of ref. 7). The luminosity depends inversely on m; and the 

constraint L < 2 x 1Q53erg / s implies then 

mIl ~ 34 A1cV 

Hence, there is a forbidden mass window between about 14 keY and 34 MeV 

for the Dirac neutrino rn~ss of any species. Only the lower end of this range ' is of 

phenomenological inte:r~""t. Spec:Jlly in the light of the 17 keV Simpson neutrinos 

In this respect, the question arises as to the Jeliability of the bound Of course, 

a (most) important source of uncertainty is our igno:-ance of the equation of state 

at supernuclear densities. Allowing for the density to change by a factor of two 

implies that the core temperature spans the range 30 to 100 !l1eV (i.e the typical 

temperature interval entertained in models of stellar collapse) a.nd leads to a. fa\;tor 

- 3 un~..rtainty in the bOWld. 

This bound - based on the luminosity argument - could be somewhat improved 

but not much. We expect that by includL'1g previously neglected effects (like charged 

current processes in nucleon-nucleon bremsstrahhmg) one may reach the limit 

mil ~ 0(10 keY) x (3±1) 

On the other hand, similar conclusions can be obtained using other arguments. Bur

rows and Gandhi6 obtain mil ;$ 28 keV based on detailed. numerical analysis using 

proto-neutron star evolution codes which include the backreaction of cooling via 

massive neutrinos In particular, t.hey study the effect of cooling by emission of 

wrong helicity neutrinos on the duration of tJ.e detected neutrino bursts. Unless 

mAl ~ 28 keY, this duration is intole::lbly short. 
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Recently, Tu.rJ:.ez-9 has reexamined the issue and claims that the absolute limit 

should be 7."t.!1l below 10 keY. 

Our own conclusion is that the sole luminosity argument is unable to exclude the 

17 ke V neutrino and that one needs more elaborate considerations as well as detailed 

analysis (such as the ones used in refs. 6 and 9) to exclude the 17 keV neutrino. 
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