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Classification of Supernovae

. Comfsact
Remnant

Supernova Discoveries 1885-2000

SH I8S5A
in Andromeda

j

g convention
S â 2000A, SM 20Q0e.., SIM 20CX)Z,
SN ZOOOas, SM 2CXX)A ... SN ZQQQKXZ, SH 20Q0ba .„ SN 2QQQf<j
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Neuf rinos to the kesme
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of o Stalled Shock by NeutHno

-0.2-OJ 0 OJ 0.2 0.3 0.4 0.5 0.6 0.7 0.8

TIME

295 '1935) 14
r̂>]c£i! A-zY^oohySicc (1982}



Failed Explosions
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Shock ReviVd by Nwe! Particles?

SUPERSOVAE INDUCED BY AXJON-UKE PARTICLES

DAVID K SCK&AMM
T«K Ursvcrsky of Chicago

AND

JAMSS R, WILSON

ABSTRACT

Ii ^ shown thai a new type of particle wkkh may have been sees in a recent acccsc?atof
sxperimem raay. if truly p-re^cnt. provide a. Trjcchankm whereby gravstadonaUy collapsing Hiassivc
stars may cjccJ tb.cir <?utc? taaustksv and envck?pes is sapensova explosions of -^10*' ctp> while
kavaag the* cores to fens* neutron $ur-remaaat&. H)«se panicles arc **axk«j«!ikc/' whicK raeaas they
interact scasiweaidy. decay to two pljoso&s ^ixh liletirnes ^ 10 ' * s, and have masses 0.15^ Affl ̂  1
McV. It sit bepec that future accelerator searches wtl! be tshlc to confirm or deny the existence of
tbe>e particles, xht presence of which would cause a dramatic so^tton to the Eo^stamHng
gravjLstionai-collapse supenjova problern.

Subject headings; elancrrtary parUclo - n^eie^r rcaciions — stars: collapsed — sixes: $upcmovac

Viable Scenario with Axion-Uke Fcirticles

^^^^^^^^m^l^^^^^^^^^^^^^^^^^^S^^^^^^i ̂ ^^^^gS ̂ ^̂ ^M

\ Stalling
I shock
I wave
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ezhkcnl &. , PL.B 473 (2DD0) 231



Eftectiye energy
transfer
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Effect on Flavor Oscillations
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i heoreticd Status of Supereovc Explosion
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©ravitctlond potential of a given nucleon

With MpNS = 1 MgUn and ft = 20 km
<S>» - 27 MeV

;. ; Virid theorem (hydrostatic equilibrium),
I ' assuming nondegeneraie conditions,

H ^ / . Thermal equilibri
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Free Peth in Q Supernova Core
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Elastic Scattering
or Reaction

Neutrino Cross Section in © Water Target
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Neutrino• Signal of Supsmove I987A
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Interpreting SN 1987A Neutrinos
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Neutrino UjjjJts by
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Neutrino Astronomy ( ->
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Galactic Supernova Signal In Super-Kamsokande
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Monte-Carlo simulation
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Neutrino ihoss from a Future Gdoetic SN
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Flavor-Sensitive Detection at SNO

4 MW i JOIL «> ^ yy J w > * * X f*

Detection

v + e
fyz cross hz,:s: 7 / <%?£

and Tau-Neutrino Mess Sensitivity at 5MO f

| I Measure difference between
| j average arrival time {t)^ of
i reference signal from
i I "massless" v*> (from CC sianat
j j In SHO or better from SIC)
[ I and { t ) 5 for v u or vx

I j (from NIC signal in SNO).

i \fo$%l, h-t;p-ph/9306312. :f
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SM Neutrino Mess from Beriy Stuck Hole Formation

2000 r Be&c®m, Boyd
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The E«er§y~l©ss Argument
I Emission of very weakly
; Interccting particles would
• *steaT energy from the
i observable neytrino burst
<md Morten it,

:. Early neutrino burst powered
by accretion am! energy
near surface, not sensitive
to volume energy loss.

that the nzufrlno hurst was not shortened by more then **
leads to an approximate requirement on a novel energy-bss rate:
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The Energy-Loss Argument In the i mppmg Limit

If mean-fre&~path < geometric
dimension, new particles ere
nsore important for energy
transfer than neutrinos*

Efficiency of energy transfer
musf be ^ less then of nust

or eise sp^ed up cooling of PUS.

If coupling comparable to nus, [J
• ma/ be Importer^ during infal! ;1

I * may cause additional events
\ In defectors

Most §eneHe pr®p®
Cocplin§ to gluons

$A%$& {item mixing

Photon coupling
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(QXIG] vector) 1-,
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Axlon Emission from Nuciecr

Axion-nucieon interaction
of current-current form:

N *•

N *-

•N

•N

Energy loss rate (erg cnf

5 »- </~<^x <y*<?>

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 fyplccl axlon energy: tco-- <
Expect LPM-type oestruciw^ Interference effects

SK 19874 Axion Limits

Axion—Nucdcon Coupling gi
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Astrophysicoi Axton Bounds
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Spin and Spin-Fiavor Oscillations

In macroscopic magnetic or electric fields, neutrinos spin-precess :f
they hove c magnetic moment $*. Spin-reverse! offer a distance

with jig - e/2me the Bohr magneton and 6 the transverse field.

Selectic magnetic field *• 1 pBauss, coherence length «* 1 kpc r 3xlO2i cm
Significant spin reversal if \s. > 2x!Q~-2 | i2

Stellar cooling limits p. < 3x10"*2 ji s

* Magnetic field between neutron star and shock wave could be large
* Relevant length scale - 100 km

:% Significant spin reversal for pB > 10"^ }is Gauss
* Easily satisfied :f ji *• 1Q~12 jxB and B > l(f*2 ©auss
* However, suppressed by medium weak potential, except if resonance
condition can be satisfied.

See for example Akfcmedov et a l , PRD 55 (1997) 515.
Nunokawa, Tomes <& Vdle, estro-ph/98!1181

Limits on Large Extra Dimensions
Hierarchy problem solved by true Planck scale M being close to eiectro-
weak scale in space with n extra cimensions, assumed to be compactifled
on n tori with periodicities 2JCR-
Newton's iaw at large distances governed by ^Tx ;- ^ -- -'" - ™" :

SN core emits large flux of
KK grcvity modes by nucleon
nucleon bremsstrahiong.
Large multiplicity of modes!

I s the most restrictive limit
on such theories, except
for co$n*o]og:ccS arguments
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Improved limits on Large. Extro Dimensions

100 M&V ra/jc^ ESP.ET da

< 1 % of SM energy Into
or 0.01 of SX 1987A

Flavoif Oscillations of
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Resonant Oscillations in a Supernova Envelope
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Neutrino Spectra from

Different flavors &n
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Neutrino Oscillations 6 SN I987A Signal Xsterpmtetfos

A

MS 1 0

Spectra;

; PKD 54 (1996)
1194

SNI987A,
Earth matter effect
and LMA
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Talk in LA p e b 01)

; ^ -S.

: #

d i a : . ^ . 8535 J w n ^ ^ < ? 6 3 t o

in Ifcc mtcrva! E = 35 - 40 MeV r

Absence of eveais at 1MB above M) M-cV • T

Absct?:ce of events with 8 > 35 MeV n K~II r

.; "»«; J W ^^ \ ' - : \ % \c~ -̂v rf 'Y-v^v -!
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Neutrino Spectm Formation

Ttermal Equilibrium
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Soettw*wAtmospher« m

10-2 10"1 1 10
Thermally Averaged Opacity f

36



Neutrino Spectm Formation
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Further
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