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4 Introduction & overview
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Neutrinos in Supernovae

n’s + seed = heavy (A=100 ~ 200)
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V oscillations in SN
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(3+3)D

emission
direction

|

(r, E,7,9,0,P)

|

emission
points

energy

Coherent forward
scattering only outside
neutrino sphere.

Thursday, July 24, 14



(2+3)D

propagation
direction

— W,@,A%@V

K emission
| enersy points

/Ié‘ previous assumptions +
Axial symmetry around the
Z axis.
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(1+3)D

propagation
direction

|

U(r, E, 9, @)

A

energy

previous assumptions +
Spherical symmetry about
the center (Consistency!?)
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(1+2)D
Multi-Angle/Bulb Model

propagation
direction

|

¥ (r, B, D)

energy

previous + assumptions +
Azimuthal symmetry around
any radial direction




(1+1)D
Single-Angle

Equivalent to an expanding
homogeneous neutrino gas

o(r, E)

energy

previous assumptions +
Trajectory independent
neutrino flavor evolution
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(L, ) =4.1foe, (Lp ) = 4.3foe, (L, 5 )= T7.9foe
(E,.) =9.4MeV, (E5 ) =13.0MeV, (F,_ 5 )= 15.8MeV

Antineutrino

Neutrino

V. Initial
v, initial
v, current

V. initial
v, initial
V. current

Avg. Spectra
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YES!! You can make

discoveries through




But are you sure
whether the numerical
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Back-of-the-envelope
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Neutrino Self-Coupling
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_ electron density
matrix b ;
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3 Energy Scales
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® vacuum term: A\v.c=Am?/2E
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Three Flavor MSW

NAvac=Nmac: MSW resonance

Avac(Am?o, I0MeV) ~ (49 km)-!

/\vac(Amzatm, IOMeV) & (|6 km)-l
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Bumpy Matter Profile

Nvac=/Nmac: MSWV resonance
d(In Amac)/dr = Avac: non-adiabatic

Track propagation of shockwaves
(Schirato & Fuller, 2002; and others)
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Collective Oscillations

® /\,.c depends on neutrino energy = A/

dispersion in energies

® AAvac (~ Nvac) s A<l -cos@): neutrinos with
different energies oscillate in phase
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Self-Suppression

® AAac (~ Avac) « A 1-cos@): synchronization;

no significant oscillations unless experiencing
MSWV resonance (Pastor et al 2001, 2002)

® Criterion for signif‘cant collective oscillations:

- Blvac(~/ " /\ <I'C5 > ((HD,Fuller & Qian, 2005)
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Matter Suppression

® Nmac = A\Kl-cos@): suppression of collective
oscillations!?

® 0. Uniform matter distribution does not
~ suppress collective oscillations in the

ol P i/ -t U
; TS s i G ’0.‘ NG e ety
pdgt \

1Ml .L % g =y 0 § ) . 2 . ’IE st edi '
:' -:' . 7 - ) \."'. = ',". B | = -I'-‘ et L 3 - L R - < - "n‘- - 4 1
X | ) AT ~ / 4B | ) & y ™~ - =

Thursday, July 24, 14



Matter Suppression
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Matter Suppression
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Matter Suppression
® Dispersion in AmacdA/dr: ANmac

® Criterion for significant collective oscillations:

A/\mat o /\V< I 'COS@>

® AAmacz ANKl-cos@>= suppression of
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Multiangle Suppression

single-angle
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Multiangle Suppression

e /\\<l-cos®) depends on neutrino emission
angle = dispersion in angles Ay (~A\1-

cosO))
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Multiangle Suppression

Neutrino Antineutrino

ISSAC 2014, La Jolla, July 2014
Thursday, July 24, 14



Multiangle Suppression
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Tools & Toy Models
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Vacuum Oscillations

neutrinos are generated/detected in flavor states

neutrino mass eigenstates # neutrino flavor states

V1) = cosOy|ve) +sinb,|v,) with mass m;

Vo) = —sint,|ve) + cosl,|v,) with mass mo
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Neutrino Flavor Isospin
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Two-component system H spin-1/2
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mass—
charge-
spin—

name-

Quarks

Leptons

Neutrino Flavor Isospin

2 Al L./
| 11 111
2.4 MeV 1.27 GeV 171.2 GeV 0
24 24 24 t 0 "Y
» U (e C |l ,
up charm top photon
4.8 MeV 104 MeV 4.2 GeV 0
-3 d -3 S -3 b 0 g
172 2] %) 1
down strange bottom gluon
<2.2 eV <0.17 MeV <15.5 MeV 91.2 GeV O
Ve 0Vuo V2 /
2 C || M 12 T ||1
electron muon tau weak
neutrino neutrino neutrino force
0.511 MeV 105.7 MeV 1.777 GeV 80.4 GeV "
e LT MW
A€ Wi T L
weak
electron muon tau A
L

Bosons (Forces)

VWeak
Isospin

e | | w/m

Flavor Isospin

LVOI

7'-flavor maximally mixed
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Vacuum Oscillations
Again

H = wH ;. Sm2
H,..= —éi sin 20, + éi cos 20, W= +——
f 2F
Aez
: 1
Sy = Pl/el/e 9
: 2
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