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Flavour conversion:
an overview
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Collective effects

Outer layer
ock wave
\

- re
—
B m

|

Francesco Capozzi - The Ohio State University




Fast flavour conversions
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Fast flavour conversions:
current status
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What is causing fast flavour conversions?

Different angular distributions for the different flavors can speed-up conversions
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B. Dasgupta, A. Mirizzi and M. Sen, JCAP 1702 (2017) no.02, 019

R ~ O(10km)

Different angular distributions can be found near the ve - neutrinosphere
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Outcome of fast flavour conversions

Survival probability for ve

B. Dasgupta, A. Mirizzi and M. Sen, JCAP 1702 (2017) no.02, 019
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Flavour equilibration is a possible outcome
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How do we simulate
flavour conversions?
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Numerical approach

The equation of motion is written in terms of the density matrix p

OtOp,x,t T+ Vp * VxOpx,t = _i[Hp,x,tv Qp,x,t]

L fl/e_fum S S
€= 9 S*  —s

INITIAL CONDITIONS

S <1 s~ 1
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Numerical approach

The equation of motion is written in terms of the

at@p,x,t =+ Vp ngp,x ;

INITIAL CONDITIONS

s~ 1

atrix p

) Op.x.t]
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Linear stability analysis

We linearise in S and look only for the onset of flavour conversion

Sy(t,x) = Qye'*~h
Log(S), INSTABILITY
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Linear stability analysis

We linearise in S and look for the onset of flavour conversion
L 1 k-x—wt
Sv(t,X) = Qve ( )
DISPERSION RELATION
D(w,k) =0

Two ways of solving the DR:

w=Qk) weCkeR sy

k = K(w) k & C, W & g:ﬁgﬁ:}v
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Instability theory applied
to supernova neutrinos
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crossing: Ny > Ny for vi and Ny < Ny for vo

£>0: no crossing

£<0: crossing
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Pure stablllty
ool gl s
: \/\]\j \/UU

g1 =04

v,;=0.7

A

-4 -2 0 2 -2 0 2
Re[K] Re[o]
L L L L L L DL L L L
4 . 4 .
2~ = 2 =
im[o] of 1 miK of j
o = - -
= E = E
Col o v v b b a7 Co o b v b b a T
—4 -2 0 2 4 -4 -2 0] 2 4
Re[K] Rel[w]
z Francesco Capozzi - The Ohio State University 17



Convective instability
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Absolute instability
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Conclusions

Flavour conversions near the supernova core are possible.
Impact on SN explosion and r-processes
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Conclusions

Flavour conversions near the supernova core are possible.
Impact on SN explosion and r-processes

Requirements: crossing and backward propagating modes

Linear stability analysis through DR is a powerful tool if used correctly

Non-linear simulations are mandatory to study possible flavor equilibrium
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Supernova collapse

Core-collapse supernovae are the final explosion of stars with M > 8Me

Onion-shell structure Collapse Nuclear density

99% of binding energy ~10%3 erg
emitted through neutrinos Ve,Ve,Vx

®
a b ¢ Emission time ~10 s
v Average v energy ~10 MeV
d c f
Core-bounce Shock-wave Shock revival
and shock wave stalling
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Flavour conversions: why study them?

Impact on neutrino heating of the shock Impact on nucleosynthesis (r-process)
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Flavour conversions: an overview

The rich phenomenology can be classified according to:

A = \&GFTLQ

U = \/iGFTLV
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Collective effects

Initial neutrino and antineutrino fluxes

JCAP 0712 (2007) 010
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Collective effects
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Linear stability analysis

We linearise in S and look for the onset of flavour conversion

Sy(t,x) = Qye'*~h

S 4 INSTABILITY
1 —
Linear | Non linear
evolution evolution
O >
X, 1
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Damped mstablllty
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Can we have crossing in a SN?
10

|. Tamborra, L. Huedepohl, G. Raffelt and H. T. Janka, Astrophys. J. 839 (2017) 132
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