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ABSTRACT

Stellar collapse is accompanied by emission of £,~I0 MeV
ne%;rinos and antineutrinos with the energy outpgﬁ Wy v
10 —IOqurg. Annihilation of these particles(0+\7n>e++é')
in the vicinity of collapsar is considered.The physical
consequencies are discussed.

1. Introduction. Our interest to the problem of VV-annihilation in
the vicinity of collapsing object(collapsar) is stimulated by expec-—
ted possibility of "quiet collapses” and by prospects of their detec-
tion. using neutrino radiation/I—6/. Can collapse occur in such a way
that neutrino emission. will be the only observational consequence?

We think that in many cases, if not in all, neutrimo burst will be
accompanied by X-ray burst. Here we suggest a mechanism of energy de-
position. in. outer layer of collapsing star and beyond it, which can
result in ejection of small mass and in generation. of X-ray burst.
This mechanism is VV -annihilation. At latest stages of evolution of
a massive star an isolated stellar core is produced. For a star with
M=2Mc) collapse results in the formation of a hot neutron star which
is cooling during 10-20 s mostly by neutrino radiation. For a star
with M=IO M@a hot compact core exists during several seconds follo-
wed by the formation of a black hole. The similar compact hot core
can be produced as a result of gas accretion to white dwarf in a bi-
nary system. In all these cases neuirinos are emitted from "neutrino-
sphere"(analogous to photosphere). Its radius Ry is defined by cohe-
rent V A.~»V A scattering. The efficiency of ¥ +9 - e"+e~ scattering
depends on c.m.-energy of two neutrimos and thus it increases at
large angles between neutrinos. Therefore the annihilation. beyond the
outer boundary of a star heavily depends on. the radius of neutrino-
sphers.

2. Probability of annihilation. Neutrinos emitted from neutrinosphere
of radius R, have Planck spectrum characterized by temperature T.
Neutrinos (and antineutrinos) of all three flavours (€ , M andT) are
equally presented in. the flux. Consider antineutrino (v {“moving,in
radial direction. Colliding with the other neutrimos emitted from
neutrinosphere it undergoes at the distance dr dv annihilation col-
lisionss

dv=drh,(e,0)dSLE(E) (1-cosp)dE, (1)

where hv(eﬁﬁ is a space density of neutrinos with energy £ moving at
an angle © to radial direction. At ©£O@mox the density n,(e,e) is gi-
ven by
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hv(g)e):ég—g:%\%g(expe/KTM) (2)

where QMM = arcsin R,)/r, B is neutrino brighiness of the neutrino-
sphere, g, =1 is a statistical factor for massless neutrinos, asSl is
a s0lid angle ('(E;) is. the cross~section. of V+V-reheo- -scattering at
energy E. in c.m.-system. Reactiomns v +’\3f;?e*+a" and Vo+V_—»e%e”  pro-
ceed through neutral currents (Zo-excgange). The cross-section is gi-
ven: by

FE)-E( et e )1+ 25\ Glepe (3)
( "51”(2? ?""Lf)( 383> Foefe™,

where ? =simq'ew;=: 0.23, Gz is Fermi constant, £, =B./2 and
E=(e2 = mgc)™ *, For Ve+V,—»e%e~ the contribution comes from both
CC(W* —exchange) and NC(Z° —exchange) and cross-~section is

0)= 5 (A F Eh) (b £2 ) Goenc, ()

Integrating (I) over r from R to 0O one finds the number of collisi~
ons V suffered by neutrino with enexrgy E=KT:

V= 15 g.R, 0; (2 P QKLCQL\C (RyR,T) (5)

Where f(Rv/R)T):
R/R (=" \

dx | o> 2 2e)m _L_ZS‘\_]
| gy \ae (- 2 flegp- B

°o 2, (6)

2 —
2,1/ 20(2mec™ /i), G738 (0.26/)Gr mE o I.1.70%%cm? for Vo £V >
er+e” and Ve +Ve-—»eve” and (I1.18/7 )G m> ¢! =5.2.I10°Y5 cm2
for Ve +Ve-> ef+e”. For two cases the appraximate analytical formu-
lae can.be givens: . o
i) at R>R, and «T>> 2m, ¢

- —~ s . >
V=1.28-10 8(Rg/foécm)(55/‘o uiml) (KT/wMQ’V) ( Q?R\)) (7

(ii) at R>> Ry X y y 1g
_ VT, 2mec kT Ry [__ LMo C )
v——g-—-ngvo;< he )(zmea-) ( R > exp ( <TR,

o (8)
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For the futher numerical estimates we shall use the calculations of
Hadyozhin-/?/ for collapse of iron~oxygen core with mass: M=2M- . Ac-
cording to these calculations after neutronization of +the core the
collapse is slowed down and stops for I10-20s untill the core (hot ne-
utron: star) is cooled due to neutrino radiatiom. At this stage the
core is characterized by the following parameters: radius and tempe—
rature of neutrinosphere are respectively R =IIlkm and T=6.5. IO(JK,
the mass above neutrinosphere is M=0.0I1 My, the outer radlus of the
star is R=I2.7 km, neutrino luminosity is L,y =I1.65. 10° erg/s and.
the total energy of neutrino burst is W, =5. 8 IO53 erg. Inserting
these parameters into (7) one finds for v, = 9.107¢ . For the
case (ii) and ad boc parameters R, =I3 kmr R~26O km and KT=12 MeV we
find V2,30 ., Probability for Ve_to annihilate beyond the
neutrinosphere radius is V = 4. 107
3. Applications. The most interesting consequencies‘are connected
with. V49 »e+e” annihilation beyond the outer surface of the star.
The enerey, released per Is in the form of e" “—palrs is v6iyy=
I.5. 1017 erg/s« The production of the new particles (e' 47 ,¥) 1m the
collisions of et and e~ as well as radiation im magnetic field re-
sults in formation of a fireball /8/ and finally in X~ray burst. A
duration. of the burst. is a delicate problem connected with the stel-
lar wind from the surface of the star. Unless neutrino luminosity is
higher than l_-NID erg/Szneutrino pressure cannot produce the
stellar wind from the surface. The stellar wind at the considered
Kelvin: stage of collapsing star results from the heating of the star
surface to the temperature To > 2.2. IO K corresponding to kdding-
ton luminosity. The heating,is caused by 3 reasons: (i) by thermal
flux from neutrinosphere, (ii) by Ve -scattering of neutrino flux and
(iii) by vV -annihilation beyond the neutrimosphere. Lf outer shell
is composed mainly of carbon, the depth of photosphere is x ~ 30g/cm
The energy deposition by neutrlnos inside this depth results in
equlibrium temperature To x 2. 10° K. Therefore, the surface tempera-
ture depends on the thermal flux from the deeper layere of the shell
and hence on. the temperature gradient. It is interesting to note that
VY -—annihilation. diminishes the temperature gradient, since the re—
leased energy per particle is increasing outward due to diminishing
of density. During the time the surface is heated to supereddington
temperature and stellar wind makes the surroundings of the star
opaque for X-rays, the fireball expands and leaves the star as X-ray
burst. If timescale of the surface heating and of the filling of the
star surroundings with the gas is T ~ I ms, then energy transferred
to the fireball is W = v0L, T = 107 erg. Such. a burst undoubtly
can be detected if the collapse occurs in our Galaxy. To make the
star opague for X-ray radiation: the mass loss M driven by the stel-
lar wind must be rather large. The column density X at the time 1t
due to mass loss M and gas velocity v= (22eM/R)" is x= Me/HrR(R+vE)
Even for supereddington: regime L =~ I0L gud /8/ M=2.70'® g/s
and the columm density at t —>oco , X, =6g/cm s s less than
critical value  Xx_ = 30g/em™ .
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