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Supernova Neutrinos
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Stellar Coliapse and Supernova Explosion

Collapse to Rebound of
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Neutrinos 1o the Rescue
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Shock Revivel by Novel Particles?

THY ASTROPHYSICAL JOURNAL, 260 368-824, ¢
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SUPERNOVAE INDUCED BY AXION-LIKE PARTICLES

Davip N, ScrraMm
T Universtey of Cricuge
AND
Janmzs RO Wisox
Luwrenwe Laermens Laboratiry
Recerwed S9N Decomber 220 sevepted §9

7
ABSTRACT

It i3 shown that » mew type of particie witich may bave been seen in 3 recent accclerator
experiment may. i tuly present. provide 2 mechanivm whereby graviiadonaliv collapsing massive
stars may iect their outer mante and envelopes in supernova explosions of ~ 10 ergs while
leaving the coves to form neulron star remnants. These particles are “axion-like,” which means they
interace seviweakly, decay 10 wo photons with Bletimes ~ 1077 5, and have masses 0155 A, <1
MeV. It is hoped that feture accelerstor searches will be able w0 confirm or deny the existeace of
these . the presence of which would cause a dramatic soiution o the long-standing
provitational-collapse supernova problem,
Subpect headings: elerpentary particles - nuclear reactions — stars: collapsed — SIrS! SUPEIROVAC
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Viable Scenerio with Axion-Like Particles
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Status of Superncve Explosion
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Numerical

Neutrino Signal
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Neutrino #eon Free Path in ¢ Supernova Core
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Electron or Muon
{Charged Particle)
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Supernova 1987A
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Neutriro Signal of Supernove 19874

Positron energy {MeV)
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Interpreting SN 1987A Neutrines
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Galactic Supernove Signal in Super-Komiokande
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Neutrino Mass from o Future Gegloctic SN

Use correlation
between energy &
time of arrivel as @
statistical measure
of first N, events
in Monte Carlo
simulction of SN
signal in SuperK
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Flavor-Sensitive Detection et SNC

- o
T W Y
F BRI NDSE

Swsign POk s Y e 4
spp i s plasn g
4».;4." wo;f‘n &'4

vV +8 > v+ e

ke y

srira ol Rex- bbbt b e £ 1

ass Sensitivity at SNO

u- and Tou-Neutrine

LREH

Measure difference between
avercge arrival time (1), of
reference signal from
*massless” v, {from CC signal
in SNO or better from SK
and (1) forv, orv,

{from NC signal in SNOJ.

fiJ¢:3 .
wm eV moz eV

Relative froqueney

Snswdi - Yosdited fur iy

G 03 88 05 g4 G7 0% 09 10

b - in?
LI =D N

Searg Oalfay e




SN Neutrino Mass f;;m Eeriy Biack Hole Formation
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Particle-Physics Limits
from Supernovae

The Energy-Loss Argument

4 - MNeutring Emission of very weakly

; interacting particles would
“stecl” energy from the
observeble neutrino burst
and shorten it

Early neutrino burst powered
by cceretion and energy

near surface, not sensitive
to volume energy loss.

Assuming that the neulrino burst was not shortened by more than ~ 3

leads to on approximate requirement on a novel energy-ioss rate:




The Energy-Lloss Argument in the Trapping Limit

If mean-free-path < geometric
dimension, new particies are
more important for energy
trensfer than neutrines.

Efficiency of energy transfer
must be ~ less than of nus,
or else speed up cooling of PNS.

If coupling compareble to nus, 3
- may be importent during infall |
* may couse additional events

in detectors :

ey Retfelt Yoaw Piaey.

Axion Properties

Most generic property .
i Lo = 5= &6 @
Coupling to gluons ol 5o &9 S c
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fxtion Emission from Nuciear #edi

- Axion-nucizon intercction
- of current-current form:

(03

b
ARS

S e

Difficulties include:

+ Realistic nucieon-nucleon interaction potential {even in vacuum)

+ Many-body effects (effective mass, spin-spin correlations ...}

|+ Axion couplings in the nuclear medium

 ~ Multiple-scattering effects: ‘
- Frequency of NN collisions exceeds typical axion energy: 1. <o
Expect LPA-type destructive interference effects

i P

SFaUpss dnat it by

Bt W

SN 19874 Axion Limits

Relative Cooling Time
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Spin and Spin-Fiavor Oscilietions

In macroscopic magnetic or electric fields, neutrinos spin-precess if
they have a magnetic moment p. Spin-reversel after o distence

Lz, = 5.36x107 em (n; Gouss)/ (uB)
with us = e/2m, the Bohr magneton and B the transverse field.

 Galoctic magnetic field ~ 1 pbauss, cohemme length ~ 1 kpe = 3x10% em
. Significant spin reversal if p> 2»‘*0“
Stellar cooling limits p < 3x107*2

- Magnetic field between neutron star end shock wave could be large
- Relevant length scale ~ 100 km
- Significant spin reversal for uB > 103 Bz Gauss
- Easily satisfied if p~ 1072 uo and B> 10° Bauss
« However, suppressed by medium weak potential, except if resonance
condition can be satisfied.

e
[
i
=

See for example Akhmedov et ol., PRD 55 {1997) 515.
Nunokawe, Tomas & Valle, astro-ph/9811181

SRS

Limits on Large Extra Dimensions

Hierarchy problem solved by true Planck scale M being close 1o electro-

weck scale in space with n extra dimensions, assumed to be compac?iﬁeé
- on n tori with periodicities 2zR. )

Newton's law af large distances governed by ¢ =/

o

s P

s
;&:?

' SN core emits large flux of
s il % P — e .
- 4 ‘ o KK grevity modes by nucieon-
T o 3 nucleon bremssirahiung.
ot — Large multiplicity of modes!

Is the most restrictive limit

ien & Pergistein, hep-phi 3904422 . on such theories, except
Marhar? ef o, nucl-th/0007014 for cosmologicel arguments

oty Pettel) Mg
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Flavor Osciliations and SN Neutrines
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Neutrino Spectre from ¢ Supemwa Core

Beta reactions are more efficient then neulrel-current
scattering, end there are more n then p. Typicel SN
simulations yield ¢ hierarchy of spectral temperatures

B1e L g0 * P “
0 ~32 ey 3’% Ve,
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Neutrine Oscilletions & SN 192874 Signal Interpretation
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SN1 987A, From £. Lunardini's
Earth matter effect . TalkinLA (Feb 01}
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® Concentration of the IMB events
i the interval E = 35 — 30 MeV

& Absence of events 2 IMB above 40 MeV

© Absence of events with £5 35 MoV at K-lI




SN ?;%ngaazé Earth Matter Effect
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Scattering Atmosphere os o "Low-Pass Filter”
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Further Readir
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