Fast neutrino-flavor conversion

inducing tlavor swap

arX10v:2311.13842

Masamichi Zaizen
- (Waseda Univ., PD)

Co-author :
Hiroki Nagakura (NAQOYJ)

P27

UGAP2024 @Tohoku Univ., 2024 /03 /04-06

/Abstract

k

Neutrino transports play important roles in the dynamics of core-collapse supernovae (CCSNe) and binary neutron-star mergers (BNSMs).
On the other hand, collective neutrino oscillation from quantum kinetics dramatically changes the neutrino radiation fields. In this poster, we
discuss the occurrence of flavor swap, i.e., complete interchange between different flavors, in BNSMs.
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1. Collective Neutrino Oscillation

2. Motivation & Method

Quantum Kinetics + Neutrino transport ( = beyond Boltzmann)
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Changes the neutrino radiation field.
Density matrix (not occupation dist. f,, )

Fast neutrino-flavor conversion (FFC) :
Zero-crossing in the ELN-XLN angular distributions triggers
flavor instability, inducing flavor conversion (v, v, & vyVy).
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ELN (electron neutrino-lepton number)

2-D numerical results mimicking BNSMs.

— Observe a flavor swap (ELN & XLN)

+ Dynamics of transition layer (EXZS) to swap.

M2h model, r=80km, fg n(By,®y) - Txq n(Oy,Py) Nagakura PRD (2023)
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FFC proceeds to swap, not stopping at a flavor equilibrium.

Difference between BNSM and CCSN in distribution structure is critical.
Angular crossings associated with head-on collisions can emerge in BNSMs
due to non-axial symmetry in momentum space.

— " Colliding neutrino-beam model”
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Neutrino beams (v, and v,) emitted at opposite boundaries collide each other.
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Angular distribution G,

FFC proceeds to eliminate a crossing,
i.e.,, ELN = XLN.
= Establish a stability.
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3. Results for colliding neutrino-beam model

Fig. 1. Fig. 2.

Time evolution
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Fig.2 : a=0.5 (v, is a half of v, )

Fig.3 : Scaled by the width between heads
of neutrino beams (A-space).
From top to bottom, a =1, 0.5, and 0.1
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P,,= 0 corresponds to swap
1/2 to equipartition.
: Spatial coordinate
Scaled by self-interaction O(cm)
(symmetry in v, and v, )
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1. FFC develops at the center of the spatial domain (z~500) when both beams collide and lead to fast flavor instability.

- Flavor conversions do not stop at equilibrium state (P,, ~

0.5), but rather, achieve flavor swap (P,, ~ 0).

- This is because fresh v, continues to be supplied from the opposite boundary.
2. In the case with @ # 1, the transition layer is no longer stationary but moves toward the positive z-direction with time.

- To satisty pair-wise flavor conversion v,v, © vyVy.

3. Transition layer is time-independent in the A-coordinate, which normalizes the z-axis by the width between the head of beams.
- The geometry A = 1/(1+a) and velocity v = ¢(1-a)/(1+a) of transition layer are determined to satisfy the conservation of

the total v, and v, passing through (undergoing swap).

4. Summary

Neutrinos are intensively emitted from BNSMs, but the flavor population dramatically changes due to collective neutrino
oscillation induced by their self-interactions. Particularly, FFC can achieve complete flavor swap unlike the case of CCSNe. This
phenomenon is the most extreme case of flavor conversion and suggests that it would affect a significant change in the electron
fraction of ejecta and subsequently r-process nucleosynthesis and kilonova because the population of electron-type neutrinos are

significantly moditied.



