Do neutrino flavor oscillations
forbid large lepton asymmetries?
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Preliminaries

The abundance of light elements:
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How to solve the
descrepancy ?

lepton asymmetries,
varying alphaq,etc....



1.Introduction

Cosmological lepton asymmetry is
constrained by BBN and CMB
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If a conspiracy between & and <.~ is
allowed, the limits become weaker.

‘€€| < 0.2, ‘5,u,7| < 2.0 (Hansen et al ‘02)



However, if neutrino oscillations
equilibrate the lepton asymmetries,
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What we did:

We have shown that the neutrino-
majoron interaction can suppress
neutrino oscillations at the relevant
BBN epoch, reopening a window for
a large lepton asymmetry.



2 .Neutrino Oscillation

Density Matrices:

vi(e) = [ dp (as(Pup + bi(-p)v_p) 77 HP,

(af(p)aip)) = (2m)°5 (p— ') lpply;
(bl b;(P)) = (205 (p— ') [Bp) ;-
{6, jr=1e w, 7}
Equation of Motion (in vacuum)
i0pp = [22, pp]

10,5 = — [Q0, 7] Qop:\/p2—|—M2



@ EOM for density matrices : O X _

Heisenberg equation
Orpp = —i [0, pp| + i ([Hine(B(t), v(t)), Dp))

B(t) :background field

Dpij = al(p) a;(p)

In a first-order perturbative approximation,

forward-scattering

Otpp = [QO>PP]+ <[ int )’Dg]> -

refractive effect

Assuming no correlations between the neutrinos and the b.g.,

~ (background) (neutrinos)



Relevant interactions:

Ve e
Gr _ W
Hoo = — | dxyx(x)v(x) + h.c.,
cc =7 X(x)v(x) _ S e
Hyo = ﬁGF/dX B" v(x)vy,Gr(x), Wg
Hg = Gr dX Vg (X) 716 (X) U (X) Y, Vs (X) ) -
S — \/§ a Y Va b YulVb 9
Ve Ve
iatpp — [Veffa pp] Z§
Vi v,

M2
Vet = 2 - V2GR (p — p)

can be suppressed. 1 1 are NOT suppressed.
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Flavor Equilibration between ¢, and £,/
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Flavor Equilibration between ¢, and &

om3, = 2.5 x 107 3eV?
maximal mixing
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oy Y 3.Neutrino-Majoron interaction

@ Lagrangian:

() * *
['int — §X (gangCVb‘FgangCVa) 9

C = iy
* the effective potential:

1 —_
[VP(X)LIJ — /dq 4 \p\ |q| [gT (,OZ T ,OZ; + fx(Q) ' 1) g]aba
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For simplicity, let us take

g1 0 |:l|> 9191 9192
ab — V Y T
Jab ( 0 g ) X ( gi1g2 ga2492 )

Can g satisfy astrophysical bounds, while V) > V¢, ?

Do the lepton asymmetries survive in the presence of
the neutrino-majoron interactions?




Astrophysical bounds on g: ..\
Jee < 4 X 10_7
| 1 i!i LI | 1 1111l _3| | 111 1] gy
w w 2X107° < gee <3 x 1077
A i Jua < (3~5) x 10~
SR 1 Jaa > (3 ~5) x 1077
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e @ 4.Numerical Results
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» @ @ Results:

geel, 19eul, 19er] <1077,
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5. Summary

Neutrino-majoron interaction can
suppress the neutrino oscillations
at the BBN, which reopens a
window for a large L.

Other ways of cancellation
between & and AN, was also
obtained.



For lepton asymmetries not to be

erased, 5
Gaa <10~

f 9aa>107",
Lepton asymmetry is erased.

Majorons would be in equlibrium:

AN, = -
7



