\

Mult1~&‘ngle Simulation: of

'\&\‘-'

Neutrmo Flavor:

Tr‘ﬁﬁsfar ' ;"atlon 1 ;SUPEI vae -
[ 4 \/a N X \\\
b’y (@}9 e ‘ . \&‘\ = ) \ &

ARG
i) ( 5&“\ ~a ~z
: ohn“JJ” Cher“ry“- A
Unlver3|ty of Callfornla San Dlego

INFO 09,, Santa Fe, July, 2009
»




~Outline

\
L.

- ~The problem‘g Supernova Neutrino:Flavor
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= Neutrino self coupling has some strange effects.

e \What needs to,done?

— Look at more Kinds of Supernovae, and'more evolutionary
epochs.

— Drill more holes to'see how neutrino self coupling behaves.
— Develop abetter physical lay of the land -
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Neutrino Mass: what we know and don’t k;lOW

- -y

dms ~ 8 x 107° eV

:

(5matm ~ 3 x 1073 eV?

We Know the differences: <

know the 3 or the
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normal mass hlerarchy inverted mass hierarchy
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Neutrino Mixing: How,do we associate flavor states
to mass states?
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Bwe know 912 & 923

we need 0 & 013




’ )Supernova' ¢ P
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g Whopplrig brlght sources of heutrlnos

\Neytrm‘oﬁ_ummosmes of 1D51 {o 1054 erg/s

dglay\be the only a

collapses! @,@(
/ °"ﬁd\leutrmzos e the | nI
" way downfinside of\an explodlng star

» Importantdocations for. determination
of fundamental .Neutrino properties.
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-Rhotens vs..Neutrinos
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The sun in x-rays (photons) the sun in neutrinos
(Cornell) -composite from SuperK

(R. Svoboda, LB}
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Lore Collapse Supernova
lron Core .. Collapses Halts at Nucl«Density...

<

Shock Wave Launched... Stalls... IS Reheate{ and Explodes.

Wikipedia: Supernova




From'a Neutrinos Perspective

Iron Core .. Neutrinbé?l“rapped... And Thermalized...

<

Neutrino Sphere Shines... Deleptonizes... Freely Streams Through Envelope.

Wikipedia: Supernova




Coherent Elavor Evolution for Newtrino i
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. 'Neutring Self'CoupImg
. Represented as\a-Picture; T ceawy

\
_Anisotropic, nonhnear quantum couphng of-all
neutrlno ﬂaVor evolutlon histories




The Codes that Treat thls
2 Problem s =

‘\A\\‘

g There aretwo coaes that are usedto-model-:

 nebgrino fl\/or’evolutlon_‘ FLAT(UGSD)
BULE(LANL)\ e SO ‘

e Both deve‘IOpg%
/ ( "ﬁa‘rchltecture alldétlo ”

by comparing the twé {0 ‘each  otfher-otherwise
know as the DOOT- strap method.




How does Bulb work?

1. Start with initial conditions:
Luminosity, Energy, NS radius, _ 2. Initialize Neutrinos in 3. Determine the size of

Mass Hierarchy, Mixing Angles, s pure flavor states the next radial step

Angular resolution outward. Compute
Vacuum and Matter

contributions.

9. Check that both full
step and half step flavor

states agree 10 IW'thm 4. At the initial position,
preset error tolerance. calculate the intersection
of each angular bin with
every other angular bin.
8. Repeat steps 3-7 l

twice, using half the
radial step size. 5. Use that information to

\ find the number density
6. Use the current flavor / for each energy-angle bin,

7. Evolve the neutrino state of each energy- seett by. every other energy-
angle bin.

wave functions according , _—— angle bin to compute

to the pseudo-Schrodinger the neutrino self-coupling
equation. contribution.




Late Tiume*CGore Collapse, Normal Mass Hierarchy, no Neutrino Self Coupling
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H. Duan, G. M. Fuller, J. Carlson, 2008 Comput. Sci.#Disc..015007



Late:Time CoreCollapse, Normal Mass Hierarchy, with Neutrino Self Coupling
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Latel'ime Core Collapse, Inverted Mass Hierarchy, no Neutrino Self Couplino

(Surviwnl l’rohnhilitv) % (Sm'vival l’rohnhi]it\')
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Latel'ime Core Collapse, Inverted Mass Hierarchy, with Neutrino Self Coupling

(Survival l’rohahilitv) (vamxl Probability)
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«Collectiyg,Neutrino-Oscillation

ANeutringlavorlsospin:

for neutrinos

for antineutrinos Paee:

é: flavor«--t flavor mixed




Reorganlzmg the-Mean Fleld
| = Eguation




(- RegulanPrecession_Ansatz




t = (). static frame t = 0, co-rotating frame t = 00, co-rotating frame
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~ O-Ne-Mg Core Collapse
e M =3-12 M el
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Results in extremely low core entropy

S =1k, per particle




Neutrino Flavor Transformation vs. Energy for the Neutronization Burst of O-Ne-Mg SN for the Inverted Mass Hierarchy

I
etoe

€ to mu

e to tau

-
="
=

<
=)

o

=

W)

Energy (MeV)

H. Duan, G. M. Fuller, J. Carlson, Y. Z. Qian, Phys. . Let. 200 021101 (2008).




yr Ap‘phcatlons P

In prlnc:lple he%urrent codes can-be adapted
7 10 a\ny~ &15 symmetrlc geometry:

L ...)\- y’ -Q — VJ"\*M\‘\ X
i S heials !




-
- —

LS ‘,In Review & _,.'fﬁ}

3 Examlmng fIa‘Vor)transformatlon In-various™
> types of sUpernova environments will-builda. =
bbﬁst?raﬁwork for detectlng and analyzmg

ﬂf(}ég 6vents

-

Developlr‘fg t ,
&gene[aljg,ed Ways-in
, which we can eXamln’e\TIavorTransformatlon
e Poking these holes through the veilof
nonlinearity'will help'to create a

comprehensive, physically grounded picture
of neutrino flavor transformation. \
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" Pair Instability Supernovae-

- Extremely Massive i -

M=100M, . ‘ High Enthalpy
= . PerBaryon

SuppERedvy radiationgp]

As T approach@ | lisip Fing occurs




Eta Carinae




Startewath the Lagran®ian
_« DenSitiesgtor tie-Vaccuumsand
1 Matter Interactions




TLhis Giyes thewield Equatien




Ehmmatlng the Right Handed




ThlS can beréduced to a time
| 1ndep'endent equation—

| (E2 M2+V2)L(x) «f G[ —(—zy0y°V)]pNL(x)

\

(F + Vz)L(x) -0

Where: [ sEgyE -2\/§GF,0EN -




HorNgpn-Uniform -Matters

Cjtﬁ@ QA e 6%
- . /S Wecan vexpanfdf =
- ( CMZ/EZzaan GpE/ |
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Now we invoke coherent
forWard scattering

E-%—\EGFpNni
2F dx

. (C)cﬂ

~_All of the matrlxxc% Myoha
4 Ideﬁfl’ty will Aot ﬁontrlbuz ‘O \
Taking only the traceless components gives-Us.our
mean field equation.




