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. Supemova Type II Dynamics and
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4. New Analysis of 1987A Data
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Supernova Watch
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Physics Potential of Supernova Il Neutrino Detec lon
) Marina Beach Marriott
Marina del Rey, California

February 15 agﬂ 15, gm1

Thursday February 15: Reglstration {Sierra Ballroom) 8:00 — 9:00am
Session |: Supermova Dynamics; Chair: David Cline (Sietra Room) 9:00am — 12:10pmm
R-Process Nucleosynthesis in Protonettron Star Winds - Adam Burrows ®
{Univ. of Arizona) 9:00 _
Structure of the SN1987A Ejecta — Lifan Wang (LBL) 9:25
LLNL SN explosion calculations - Comments from the Fioor 9:50 \

Break 10:15-10:30
Chair: George Fuller: . - ® SN!

Mass Ejection by Supemovae H: The Expected Role of 2-0 and 3-D Simufations of

Convection — Stiding Colgate {LANL) 10:30 .
Newlon Plus: Approximabe Relativity for Supemova Simulations s‘u
Cheistion Candall (ORNL) 056 @
termining the important ingreients - "
120
®
1445
ww ¥
1:35
2100
225
Effects of Newtino Osciikation on the
Supernova Newtiino Spectrum - i Sato (Univ. of Yokye) 2:50 : Qﬂ
Supernova Netfring Osciliations: Nucleosynthesis and Detection - * b

Gaé Melaughlin {Stony Brook) 346 \ &\ .J.
]

Break . o 3:40-5:5%
Chair: A. ButTows

Supermova Neutrinos - A Probe of Malter at / &“

Extreme Densily - Sanjay Reddy (Univ. of Washingten} 355
Sterile Neutrnos and Core-coliapse Supemovae — A. Balantekin (Univ. of Wisconsin) ~ 4:20
Doublet-Singhet Meutring Transiom:

aton in Core-Collapse

Supemovae — Mitesh Patel (UC San Diego) 4:45
Newtrinos and Heavy-Element Symihesis ~ Bradiey S. Meyer (Clamsan Univ } 540 ‘
Value of the Cosmaiogical Constant: Theory Versus

Experiment — kodhe Canmeli and Tanya Kuzmenko (Ben Gurion Univ ) 535

Nontinear and Coltective Eifects Neutrino Transport in Supemovae il plasmas —

Luis Q. Silva (ISTAICLA) 6:00

! Confar per (Promenade Room 6:30pm
Special Discussion of @ So. Cal. Underground Laboratory — H. Sobel (UCI) 8:00-3:00pm



Friday February 16: Coffee (Venice Room)

Session lll: Neutrino Signal ; Chair: Georg Raffelt (Venice Room)

Earth Matter Effects on Supemova Neuttinos - Cecilia Lunardini (Trieste)

Is the 1987A Kam. Data Consistent with the LMA Solar Neutrino -
Solution? - Dawvid B. Cline (UCLA)

Supernova Neutring Physics - J. Beacom (FNAL}

Neutrino Oscillation and Supermova Signat — R. Schirato {UC San DiegoAANL)

Sterile Neutrino Dark Matier — Kev Abazajian (UC San Diego)

Using Extra Dimensions & Fit Solar Data and Impfications for Supemovae ~
David Caldwell (SLAC)

Break

Session IVa: Experiments, Detectors, Underground Facifities; Chair: N. Smith (Venice)
Physics Opportunities at ORLaND Relevant to Supetmova Delectors —~
F. Avignone {Univ. of Soulh Carolrna/ORML )
MiniBoolNE - A Definiive Test of the LSND Osciliation Results - W. Louis {LANL)
Work on OMMIS in the 15K — Peter Smith (RAL}
OMNIS U.8. Program — B. mm)
OMNIS R & D — Kievin Lee (UCLA

Chair: K. Asisaka
Neutrino Detection Using Lead Perchlorate ~ $. R. IElliott et al {(Univ. of Washingtor
Design of a Modular sic Neutrino Detestor for the Homestake

Laboratory — Ared itann {Univ. of Pennsylvania)
Faciliies and Experiwents at the UK Boulby Wine - . Smith (RAL)
Commeants o the Carlsbad Undenground:Site — David 8. Cline (WOLA)

Session V: Worldwide SN Watch; Chair: AK. Mann {Venice)
SN Watch — M. Vagins (UC trine)
SNEWS Status ~ Kate Scholberg (MIT)
LIGO - B. Barish (Caftech}
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L We
Polarimetry of Supernovae LOWR
e The Stokes Q and U parameters and the Q-U plane

® Why do we expect linear polarizations from supernovae ?

~® What are the possible mechanisms for linearly polarized supernova
light ?
— Aspherical density structure (Hoflich 1991)
— %Ni clumps (Lucy 1988, Chugai 1992, Hoflich 1995)

— Aspehrical distributions of chemical elements (Wang, Wheeler,
& Hollich 1997)

— Scattering by circumstellar dust particles (Wang & Wheeler

— Scatbering by materials in the ejecta-CSM shocks
o Broad Band Polarimetry

e Spectropolarimtery
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SITUATION IN THE SNII
SIMULATION PROGRAM

1. Some 1D Calculations give explosions regularly.
(LLNL - J. Wilson, et. al.) Some do not (ORNL...)
The difference is not understood but could be due to the
equation of State used. However, all agree that the
most complete physics can be put into 1D calculation.

2. Some 2D Calculations give explosion (A. Burrows,
etc.), but the 1D Modeler claims the physics in the codes
is marginal!

Still A

Perhaps detection of all Neutrino Flavor for a SNII
will give the key information.

s, Chub_Feb2 701
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High Entropy Atmosphere

NS recoil

g Streaming Matter,
" Relative velocity




& Doyeer
Features in Supernova Neutrino Signal

¢ ‘v,'emission dominates (oscillation?) Q_"_’\_&Q

¢ Dbreak-out flash of v,'s
(and sudden spectral change)

o slow (~20 ms) rise of ¥,'s (and v“'s)
e pulsationsinl,

¢ Drop in L's after "long-tem" explosion due to
reversal of accretion: Mechanisml

e Post break-out rise in average neutrino energy

e Long-term decay of L, and g,
(in 10's of seconds)

e Black hole formation (abrupt turn-off)

e Signatures of hydrodynamic = RG“HTLON ”
instabilities ("convection") -

e CAN DISCRIMINATE DELAYED EXPLOSION
FROM PROMPT
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Resonance Conditionine = Nyes = W%G_p% cos 20

Two resonances (H at C;‘FO‘. L at I;Ihe
Shell

Theao { ",
How are ve, vy, vy coverted each other 2

How are the energy spectra deformed ¢

Preceding works :
e Dighe. Smirnov hen-nh /9907423



dN &¢LF
R_E:(Ee) = mEmlaM(Em L)

ZE(E,t) : differential number luminosity

a(E,) : cross section [cm?]

§
%

==
C=NXMADOINROO

e Events come from the both v, 7%.
— Both effects \IS\\" and <aciuim oscilla
are important. |

¢ Models can be distinguished by thie ratioidfiey

verits




Tor Hoa Rrstasy
f) Chn ) T
B LU A

Nuclear Physics B 437 (1995) 243-256
SR

Updated limits on the clectron neutrino mass and
large angle oscillations from SN1987A
R,

Peter J. Kernan, Lawrence M. Krauss |

Department of Physics, Case Western Reserve University, 10900 Euclid Avenue.
Cleveland, OF 44106-7079, USA

Received 24 October 1994; revised manuscripn seceived 19 Decendber {994 accepted 22 December 1994

Abstract

We supplement Maximut Likedibood methods with @ Monte-Carto simulsion to re-investigace
the SNI987A neutrino burst deiection by the IMB and Kamiokonde experimems. The detector
simulations include background im the thie initer and “diond-tirae” 4. the Sormeer. We consider simple
neuuinosphere cooling models, explored praviowsly i e Nersie, W explore the case for or
against neutrino vacuum méxing snd massive m o Bt Forvier case, involwng kmcmticaily
:rrelevantmasses we fingthat the full rag _«,M M angles sin’

g p aX iy i X InE T |"".J|| M

SHERON 0T~ dead-time™ mduoupmlousm.., upporboundsby 10%, and supplementing
the Muimum Likelihood analysis with a Monte-Carlo goodness-of-fit tast results in a further 15%
reduction in the m1,, upper limit. Qur 95% C.L. upper limit for m,, is 19.6 eV, while the best fit
value is ~ O eV.

1. Imtroduction

Galactic neutrino aswronomy began in 1987 with the observation of 20 neutrinos from
the supernovae bucst SN19RTA in the Large Magellanic Cloud (LMC). Two terrestial
detectors, IMB [1] and Kamickande {2], found unequivocal evidence for supernovae
neutringe events with the former collaboration claiming detection of § SNIS$7A events,
and the latter 12. This momentous observation generated enormous excitement in the
scientific community, and of course a plethora of papers soon follcwed. We have returned

[ Also Department of Astronomy.

Elsevier Science BY.
SS8DF0550-3213(94)00595-8
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Limits on v,=v, FROM SN(1987A)
SMIRNOV, SPERGEL, BAHCALL

PHYS. REV 49, 1389 (1994)

E >>22Me\/100  braviee Do e
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Neutrinos from SN1987A, Earth matter effects and the LMA

solution of the solar neutrino problem

C.Lunardini®, A Yu.Smirnov®
———
o) SISSA-ISAS, via Beirut 2-4, 34100 Trieste, ftaly

and INFN, sezione di Twieste, via Valerio 8, HIRT Brieste, Nily
b) The Abdus Salam ICTP, Strada Costiens 14, 34400 Triests, Trly
end Tnstitadle for Nucleor Besearch, RS, Moscom, Russi

Abstract

We study propetties of the oscillation effocts im the matter of the Earth on
antineutrine Huxes from supernovae. We show that these effects can provide
explanation of the difference in the energy spectra of the events detected Yoy
Kamickande-2 and IMB detectors from SN1987A as well as the absence of
high-energy events with £ 2 40 MeV. This explanation requires the mweutrino
oscillation parameters Am? and sin® 26 to be in the region of the LMA solution
of the solar neutrino problem and the normal mass hierarchy if |U,3|® > 10-3.
The hierarchy can be inverted if [Ues|? < 1073, The solution of the selar
neutrino problem based on v,-conversion to a pure sterile state is disfavoured

by SN1987A data.
PACS: 14.60.Pq, 97.60.Bw

Mereumeat cemio e TET M vy
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George M. Fuller,' and Wick C. Haxton,? and Gail C. MclLaugi

I Department of Physics, University of California, San Diego, La Jolin,
2 Institute for Nuclear Theory, Boz 351550, and Department of Physics,
University of Washington, Seattle, WA 98195, USA

(September 13, 1998)

Abstract

The neutrinos from a Type Il supernova provide perhaps our
nity to probe cosmologically interesting muon and/or tauon neut)
This is because matter enhanced neutrino oscillations can lead
lously hot v, spectrum, and thus to enhanced charged current cj
in terrestrial detectors. Two recently proposed supernova new
tories, OMNIS and LAND, will detect neutrons spalled from (s
neutral and charged current neutrino interactions. As this mﬂ
specific, it is not immediately clear whether a convimcing mew
WWMMMMeWmmu. To address
nises of a series of possible light and leavy
d 208pp, We find that strategies for detacting
use only meutron count rates ae problematic Wt sk, even
are determined by anidillairy experiments. Plausible waocertaint
neutrino spectra tend tio obscure rate enhancements due to
ever, in the case of ™5Pb, a signal emenges that is largely flay
extraordinarily sensitive to the v, temperature, the emission of!
This signal and its flavor specificity are associated with the stre
tion of the first-forbidden responses for neutral and charge c 1
aspects of the 28Pb neutrino cross section that have not beeil
viously. Hadronic spin transfer experiments might be helpfui
some of the nuclear structure physics underlying our conclusig
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Detection of V, and V,
From SuperNova Neutrinos

In REAL TIME

Two Possibilities:

a) W+e v +e
- Rate Low because |

oV, e Small

- Background from
V.e - V. e

b) VW+N o5 V. +N .
N: D, C, 09 NaCl, Pb, Fe... _
N-n+X ~SNO

SNBO/OMN[Si
N' —> Y+ X<Supel"K
LVD g wis-
0 SIGNAL DEPENDS ON Vy, V,
ENERGY SPECTRUM
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The SNO Detector

A 2039 m to surface
10" m to Sun

______ Vectran
- support
- ropes
— Urylon liner
12 m diameter - 3
acrylic vessel N,
é Norite rock
Support
structure for
9500 PMTs,
concentrators

5300 tonnes 1000 tonnes 1700 tonnes
light water heavy water light water

« Location: 6800 ft. level of INCO’s Creighton mine near
Sudbury, ON, Canada (~70 muons / day)

« SNO Detector: 9438, ,...q + 91 oumwars HAMamatsu 8” PMTs
+ concentrators = 64% coverage




Simulation Ingredients:

1. SNO energy threshold set to ~2 MeV
2. Use detected particle counts from 100 supernova iursts
(in the case of the NCDs, expect € = 45% inco) + 12% w,01 )

Number of Particles From 10 kpc Supernova:

Neutrino Reaction SNO Counts
[monte cario]

Vo + Puo— N+e" CcC 356 331

V+p00—>n+e’r CC 0.2

Ve +Py—on+e’ CC %

ve+d—->p+p+e CC 83 72

Vo+d-on+n+e’ CC 533 B2 mor 138 say ooy

vy + 160 - F + 7 CcC 1

v, + 180 — N + e" CC 3

Vg + dov,+p+n NC 36 12 wv,0 30 ety 20 ncoy

Vg + dov,+p+n NC 36 1200 32 ey 21 incor

“Vu" +d— “Vu” +p+n NC 192 ©,00 164 ay 110 ncor

“v,” +1%0 — (n, v, n+v) NC 7

Vo+€ v t+e’ ES 26 20

Vo+te v, +te ES 9 8

v, e 2+ e ES 12 9

TOTAL SNO SN COUNTS: 917 606 (0,0) 804 [sen] 681 (rch)
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A Novel Supernova Detector
David B. Cline

University of California Los Angeles, Dept. of Physics & Astronomy,

Abstract. We discuss the

prospects for detecting Yu,c and v, newtrinos from
novel detector at the Supernova Burst Observatory (SNBO) ar OMNIS

Box 951547, 1os Angeles, CA 90095.1547 USA

underground laboratory in the USA This detector would cofbect

INTRODUCTION

The issue of whether or mOk mentiimos have masses is
important forasnophmmﬂw. Astsophysion
considerations may meame tor determyining
neutrino masses and mixsags. In s ipaper, we iexamine

masses in exoess of Soach measwosments would
have imporot iplications for ow enderstanding of
pactitle physics, cosmology, and the solar neutrino
problem and would be compiementary to proposed
vacuum-osciltation experiments.

L1 TORlight neutrino mass between | eV and 100 eV wouid
' be highly significant for cosmology. In fact, if a neutrino
contributes a fraction (1, of the closure density of the
Universe, it must have a massm, = 92Q H eV, where 4
is the Hubble parameter jn units of 100 km s Mpct.
Reasonabie ranges for 0, and k then give 1 eV 10 30 eV
as a cosmologically significant range. A neutring with a
mass in the higher end of this fange (e, 10<m, < 30 eV)
could contribute significany ¥ to the closure density of the
Universe. The cosmic background explorer (COBE)
observation of anistropy in the microwave background,
combined with observations at smaller scales, and the
distribution of galaxy Streaming velocities, have been
interpreted as implying that there are two components of
dark matter: hot Qyppe ~ 0.3) and cold Qeppy ~ 06).
The Rot dark matter (HDM } component could be provided
by aeutrino with a mass of about 7 ¢v 3 :

event to emmmw . ",:_ '
o

(%,) in seconds is

: «2 ~2f
" I -, -,
N b 5.!4 x |o~2 v 4 e B il . -
E"J [ E"'.] J :

where E, is the neutring energyinMeV, m, isineV, and
Ry is the distance (o the Supernova in units of 10 kpe. A
finite neutrino mass would alier the neutrino spectra in
characteristic ways that could result in broadening and
flattening of the observed signal.

Some arguments, which arose during this meeting, for
detecting the neutrinos are given in Table 1. Event rates

kande (SK) are relativedy insomsitive o ¥, dnd v, they are
untikely to asasure cosmod ' i

R

Observatory (ShNO).

CP333, Next Generation Nurleon Decay and Nettring Detector, edited by M. V. Diwan and C. K_},, ng
© 2000 American Institute of Physics 1-56396-956-4/00/$ 1 1.00
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Worldwide
Supernova Watch

Mark Vagins |
University of California, Irvine |

Marina del Rey, CA
February 16, 2001



So, if a SN neutrino burst is detected, we
would like to be able to warn the astronomical
community that something important is about
to happen, the beginning of which they would
quite likely otherwise miss:




CNEWS IMPLEMENTATION

AMANDA

)

~ &

ALERT TO
ASTRONOMERS (or sthers)
Each expertmenf sends a datagram

f ot finds o burst with:
g- experiment no.

« time of 1t event

Current Confnqum{'lon: kdboom serveér
@ Kamioka

Alert § 2 2 dfferent exp’f-s
within (0O seconds

Alert meisnne does not yeb qo arﬁoma{ua”y‘



ALCATING ASTRONOMERS

‘ HST ‘Targc*. 0{ Opporfunlff prOposol

‘Observing the Next Nearby Supunov-o’
T. Bahall

L. Robinson

’ Sk\,& Teleccope Astro-Alert K. Sinnolt
mailing hst , ~4000 members

« working on test wnith
nowns variable object
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Gravity Wave Power Spectsa (D = 10 kpc)
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