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Neutrino Transformation in BBN
(1.) Active-Sterile Only
Vu, s = Vs and Vy 1 < Vs

c.f,, Shi, Schramm, & Ficlds 1995,93
Shi 1996
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(2.) Active-Active Only Va = vg
Viy. L’S — Ve, L"#, V't
c.f., Savage, Malaney, & Fuller 1992
=5 c¢an "hide" an initially large lepton number in neutrinos
= can relax Helium abundance limits on neutrino degencracy

(3.) Active-Sterile Plus Active-Active
c.k., Foot & Volkas 1997; 1998
Shi & Fuller 1998

(a) Vg = Vs creates "large" net mu lepton number
Ly, >0

(b.) Yy ™ Ve redistributes lepton number to create
a net electron lepton number Ly, > ()

Note that in both steps (a.) and (b.) we could
employ tau rather than mu neutrinos (or both)



The Paradox of Neutrino-Heated r-Process Nucleosynthesis

e Require neutrino interactions,
Ve+p—antet
Vet+n—pte

to inpart energy to baryons, so that baryons can overcome
gravitational binding energy near the neutron star, Egrav ~
100 MeV per baryon. Since the average energies of necutri-
nos are ~ 10 MeV, we therefore require some ~ 10 neutrino
and antineutrino captures per nucleon to cnsure ejection.
If material is ejected by this ncutrino heating process, its
neutron-to-proton ratio will be set by these reactions.

e However, if we have an intense flux of v.'s then there
will be a ferocious increase in Y, (decrease in the number
of available neutrons) accompanying the formation of alpha
particles at T < 0.75 McV:

= All protons incorporated into alpha particles, leaving a
sea of neutrons.

=> Some of these neutrons will be converted to protons via
Ve+n —pte.

This is the “alpha effect,”

G. M. Fuller & B. S. Meyer ApJ 453, 202 (1995)

G. McLaughlin, B. S. Meyer, & G. M. Fuller, PRC, in press
(1998).
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Caldwell, Fuller, and Qian 1988

vr 2 -2 %72
i Em”T ~107“eV

Emﬁﬂ ~6eV2 (oaevt gev?)

sm2g ~ 1072 eV?2

Ve

(Ii'.lu o\d c.&nnhf-r‘n
15 W —_—y Fa ‘h\.i"ﬂ)
BBN: OK

SNN: Enables r-Process in neutrino-heated
supernova ejecta; removes Ve flux.
SuperK: VYu = V7 maximal vacuum mixing

Solar Neutrinos: p. = vs matter-enhanced

lor Y2V, “jas ¥ 36" Im iz &V*)

LSND: vy = ve  vacuum oscillations
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vr  smy ~ 107 2eV?2
Ve ﬁmgp <10~4eV?2

BEN: OK, may give miteresting CMBR signal

SNN: Enables r-Process in neutrino-heated ajecta
removes” Ve fux

SuperK: L‘# = I/ maximal vacuum mixing
Solar Neutrinos: Ve ™ F#,T matter-enhanced or vacuum oscillasons

LsSND: VYV —* Vs — Ve Indirect vacuum oscilations
(out note that oscillafion channe!

"":-fﬁu.""";.l.é_l proceeds through sterile state)
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Active-Sterile Neutrino Transformation & BBN

e X. Shi, K. Abazajian, & G.M.F. : First semi-sclf consistant
calculation of the evolution of all neutrino energy distribu-
tion functions and nuclear reaction rates through the BBN
epoch. Two cases were considered:

e (1) Lepton Number generation via direct v, = v,.

= Find that change in primordial “He relative to SBBN is
AY = —1% to +9%, with the sign depending on sign of
Lepton Number.

e (2} Examine Lepton Number Asymmetry in the mu and for
tau sector generated via vy, » & v, followed by partial trans-
fer of this Lepton Number to the v.i.-sector via matter-
enhanced active-active transformation.

= Find that maximal reduction of *Hc relative to SBBN is
~ 2% if the Lepton Number in neutrinos is positive. Oth-
erwisc the increase in Y is < 5% for m? —mf‘ < 10%eV2.

¥y by

= Overall Conclusion: Change in *Ie vield induced by
neutrmo-mixing-generated lepton number asymmetry can be
large in the upward direction, but is guite limited in the
downward direction (the direction for ameliorating the “Cri-
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