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SN neutrinos astronomy

"Neutrinos astronomy is interesting for the same reason it is difficult.

Because neutrinos only interact weakly with matter, they can reach us from otherwise
inaccessible regions where photons, the traditional messengers of astronomy, are
trapped. Hence, with neutrinos we can look inside stars and examine directly energetic
physical processes that occur only in stellar interiors.”

John N. Bahcall
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One of the unsolved problems of astrophysics is
how core-collapse supernovae explode..

Stellar Collapse and Supernova Explosion
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density
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Rebound of
shock wave =
SN Explosion

Georg Raffelt, Mox-Planck- Institut fiir Physik (Miinchen)
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One of the unsolved problems of astrophysics is
how core-collapse supernovae explode..

Stellar Collapse and Supernova Explosion

Collapse to Rebound of
nuclear shock wave =
density SN Explosion

While successful in nature, in most numerical supernova models the
shock stalls, so that the fate of the entire star is to produce a black
hole, but no optical supernova.

(stars of 8-11 solar masses may be relatively easy to explode. These stars, however, do not
eject enough mass to explain the origin of abundant heavy elements such as oxigen, magnesium,
silicon, sulphur and calcium.)
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why neutrinos

Since the gravitational energy release transferred to neutrinos is
100 times greater than the required kinetic energy for the
‘ explosion, it is thought that neutrino emission and interactions
are a key diagnostic or ingredient of success.

Moreover,

r-process nucleosynthesis, that is thought to occur when the supernova is
only a few seconds old, strongly depends upon the properties of the proto-
neutron star matter and finally to neutrino luminosities and temperatures.
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Core collapse neutrino detection

G.V. Domogatsky and 6.T. Zatsepin,
in Proc. of the 9th ICRC, London, 1965

v.+p—e"+n
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ntp—>d+y [2.2MeV]

PHYSICAL REVIEW VOLUME 117, NUMBER 1 JANUARY 1, 1960

Detection of the Free Antineutrino*

F. Remngs,t C. L. Coway, Jr.,§ F. B. Harrisox, A. D. McGuirg, axp H. W. Krusk
Los Alamos Scientific Laboralory, Universily of California, Los Alamos, New Mexico

(Received July 27, 1959)

The antineutrino absorption reaction p(7,8*)n was observed in two 200-liter water targets each placed
between large liquid scintillation detectors and located near a powerful production fission reactor in an
antineutrino flux of 1.2X 10" cm™ sec™, The signal, a delayed-coincidence event consisting of the annihilation
of the positron followed by the capture of the neutron in cadmium which was dissolved in the water target,
was subjected to a variety of tests. These tests demonstrated that reactor-associated events occurred at
the rate of 3.0 hr™* for both targets taken together, consistent with expectations; the first pulse of the pair
was due to a positron; the second to a neutron; the signal dependended on the presence of protons in the
target; and the signal was not due to neutrons or gamma rays from the reactor.
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Observation of neutrinos from SN1987A

February 23, 1987
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Figure 1. Temporal sequence of events observed at different neutrino

in collaboration between: \ _ trin
. detectors on February 23, 1987. The number of pulses in the series is
INR Of MOSCOW, led by G.T.ZGTSCpln, conventionally shown for each detector. Times of arrival of the first and

ICG (nOW IFSI_TO) |ed by C CGSTGQ”O“ last pulse are also indicated.

O.G.Ryazhskaya, Physics - UPhysics - Uspekhi 49 (10) 1017 - 1027 (2006)

This was the first observation of neutrinos coming from outside the
solar system, a miles stone in the experimental neutrino astrophysics.
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Observation of neutrinos from SN1987A

represents the experimental evidence that the mechanism responsible for type IT SN
is the gravitational collapse of the core:

emitted energy in neutrinos in agreement with the n-star binding
energy: E, = G M?s/Rys ~ (1-4)x10° erg

spectrum in reasonable agreement with a thermal one;

3. time duration of the signal in agreement with the formation of av
opaque region.

Nevertheless, the small statistics, only about 30 events (v interactions candidates)
in total, left a lot of open problems.

“It is clear that the ultimate energy source is gravity, but the relative roles of neutrinos,
fluid instabilities, rotation and magnetic fields continue to be debated.”

Stan Woosley and Thomas Janka 2006 (astro-ph 0601261)
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A.Marek H.-Th.Janka astro-ph/07083372

open problems

the mechanism responsible of the supernova
explosion is unknown;

models seems not be able to reproduce the
elemental abundances due to r-process
nucleosynthesis.
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Core collapse dynamics and explosion mechanism
must be stamped in the features of the neutrino signal.
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Main difficulties

Extremely small interaction cross section of neutrinos with matter.

Nev X MH/D2

for a scintillator or water Cerenkov detector, ~ 0.2-0.3 events/ton, for a
"standard" core collapse at 10 kpc.
Detectors of hundreds and better thousands of tons equipped with hundreds
and thousands of PMTs are required to observe the entire Galaxy;

The cosmic ray background,especially secondaries produced in muon
interactions with rock, can mimic the signal.
Detectors are therefore set deep underground in galleries or mines.

The rate of gravitational collapses in our Galaxy is 2+1 event/100 years.
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The cosmic ray background
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The cosmic ray background
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new strategies

..after the detection of neutrinos from SN1987A:
two main directives:
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new strategies

..after the detection of neutrinos from SN1987A:
two main directives:

‘ the neutrino detection must be independent from any other signal from a
galactic core collapse (the Galaxy is not transparent to e.m radiation).

The only neutrino burst detected (SN1987A) have been recoghized because of its
correlation with the electromagnetic signal.

We need experiments able to disentangle the v burst in the absence of any other signal and
promptly, to be used to triggering all others detectors (gravitational waves, electromagnetic
and particle detectors), allowing the study of this rare event since its first instant.
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new strategies

..after the detection of neutrinos from SN1987A:
two main directives:

‘ the neutrino detection must be independent from any other signal from a
galactic core collapse (the Galaxy is not transparent to e.m radiation).

The only neutrino burst detected (SN1987A) have been recoghized because of its
correlation with the electromagnetic signal.

We need experiments able to disentangle the v burst in the absence of any other signal and
promptly, to be used to triggering all others detectors (gravitational waves, electromagnetic
and particle detectors), allowing the study of this rare event since its first instant.

‘ collect all possible information coming from the neutrino signal.

Table 1. Supernova neutrino detector types and their primary capabilities. The ideal experiment should have the
capabilities to measure:

Lv,, Lv,, Lv,and v,, v,, v, spectra; and to

Detector type Material Energy  Time  Point  Flavour

Scintillator C.H ' y n Ve _ )
Water Cherenkov H,0 , y y 7, point the source by v_e ->v_e” scattering.
Heavy water D,O ; y n

) Y
Long string water Cherenkov ~ H,0 y n
Liquid argon Ar y y y
High Z/neutron Pb. Fe y y n
Radio-chemical 37¢1, 1271, "1 Ga n
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new strategies

..after the detection of neutrinos from SN1987A:
two main directives:

‘ the neutrino detection must be independent from any other signal from a
galactic core collapse (the Galaxy is not transparent to e.m radiation).

The only neutrino burst detected (SN1987A) have been recoghized because of its
correlation with the electromagnetic signal.

We need experiments able to disentangle the v burst in the absence of any other signal and
promptly, to be used to triggering all others detectors (gravitational waves, electromagnetic
and particle detectors), allowing the study of this rare event since its first instant.

‘ collect all possible information coming from the neutrino signal.

Table 1. Supernova neutrino detector types and their primary capabilities. The ideal experiment should have the
capabilities to measure:

Lv,, Lv,, Lv,and v,, v,, v, spectra; and to

Detector type Material Energy  Time  Point  Flavour

Scintillator C.H y y n Ve _ )
Water Cherenkov H,0 y y y 7, point the source by v_e ->v_e” scattering.
Heavy water D,O y n All
CCy Yy Yy Ve, Ve
Long string water Cherenkov ~ H,0 n y n Ve It isi mpossible to find all

Liquid argon Ar y y y Ve o .
High Z/neutron Pb. Fe y y 0 these characteristics in a

Ao 2 o T 1277 Tl .
Radio-chemical €1 171, 7'Ga n Ve single detector.
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LVD - operating since 1992

Next year LVD will celebrate twenty years of operation.

In 1965 Domogatsky and Zatsepin showed that neutrinos from SN explosions could
be detected by huge scintillator detectors. G. V. Domogatsky and G. T. Zatsepin,
Proc. 9th ICRC London 39, 1030 (1965).

LVD project was approved in 1985, scintillator counters and PMTs were exactly the
same as in the Mont Blanc LSD detector, in operation from ‘84 to '99.

Main improvements were the scintillator mass (20 time the mass in LSD) and the
presence of the tracking system based on several layers of streamer tubes (no
more in operation for safety reasons).
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LVD - operating since 1992
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O  LVD began taking data on June 1992 with 1/5 of its projected mass.
O In the following years the project was modified and the total mass reduced to 1 kton
O At the end of 2001 LVD reached its present configuration.

O  Since 2001 the detector sensitive mass and duty cycle improved continuously.
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SNEWS: The Supernova Early Warning System

The Su pe r'nova Ear'ly War'n ing sys-rem Pietro Antonioli,et al., New J. Phys. 6,114 (2004)

"..The fundamental motivation for the Individual experiment rate 1/week

SNEWS coincidence is the reduction
of false alert.

=]
-
Pt

4—fold

=
-
-

Interval (yr)

i

L=
—
=]

Each detector develops its technique to
disentangle burst candidates.

The arrival time of the candidate is
sent to the central coincidence server
at Brookhaven N.L.

(backup server at Bologna)
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The requirement for an experiment
to participate in SNEWS is an
average alarm rate of no more than 1 _
per week (now 1 per 10 days). T

2 3 4 5 6 7 8 9

Z—fold

assuming the limit conditions of single Number of active experiments
experiment alarm rate = 1/week, the expected /
average interval between accidental
coincidence will be:
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LVD and SNEWS

Alarm times

LVD has been participating to the SN Early
Warning System since its very beginning

In 2001 LVD participated to the High Rate
Test together with SUPERK and SNO

- Two purposes: | ﬁhﬂﬂﬂ JM JMJMM

 check the software robustness June July
* increase our confidence on the expected

coincidence rates. W%M M
* Made by: m M M

* lowering the thresholds of the experiments’ June July
SN monitors;
* increasing the coincidence time window.

O  SNEWS started to be fully operational on July 2005 after a long period of commissioning.

O At present with LVD, SUPERK, ICECUBE and BOREXINO
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detector characteristics

O Main peculiarities:

® high modularity
® presence of Fe target

O The LVD array is divided in three "towers" fully W@k Promes
independent concerning HV, trigger and data r=———ar——dlr——dr—=
acquisition;
the tower event fragments, if present, are sent to a
central processor which provides event-building.

Y TOWER3

each "tower" consists of 35 Fe “gondolas” hosting a
cluster of 8 counters;

In total:

840 counters (72 in LSD), 1.5 m3 each.
2520 PMTs

1000 ton of C,H,,

900 ton of Fe
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detector characteristics

New Trends in High Energy Physics, Alushta —Smber 2011

3 towers
105 modules
840 counters
2520 PMTs

Each counter is
viewed on the top
by three PMTs
FEU49b or
FEU125.
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detector characteristics

Main reaction ipd: v, p —=e'n
— two detectable signals: prompt e’ (E,,~ E ;.- 0.8 MeV)
delayed (<At> = 185 us) y(2.2 MeV)

0.6 |
O The trigger logic is based on the 3-fold coincidence of the 3 PMTs of [
each counter and optimized for the detection of both products of ipd. %4 |

02 |

O Each PMT is discriminated at two different thresholds resulting in
two possible levels of coincidence:

eI 618 0
High E, ~4 MeV

E,(MeV)
Low E <1 MeV

\ Ch adc lin spectrum of tank 3131, sim | h102

Entries 167499

— The OR of the H coincidence of all counters is trigger
condition for the tower

Mean 2616

N events

RMS 731.9

— Each counter is calibrated by the energy spectrum of
atmospheric muons, collected during 30 days
[Ru # 2 h'lcounter!].

— Single counter low threshold counting rate is
PR N T YN T T N Y YO VNN T T YOO N T T NN T TN O N TN Y T
continuously monitored for noise rejection purposes 1500 2000 2500 3000 3500

ch adc lin
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de‘l‘eC‘l'or‘ Char'aC'rer'iStics Ch adc lin spectrum of tank 1245, sim | hi 02

Entries 6980

I LI

Mean 27.94

N events

RMS 8577

1 ITIIII]{

neutron detection efficiency, ¢, is measured by using a 2°2Cf

T IIITTII]

source placed in the center of the counter.

For neutrons due to ipd, detected in the same counter where e*

has been detected, the efficiency is about: W,
"’8n~6oo/o J!L‘H _J_

80 80 100 120

ch adc lin

T IITI(HI

dT distribution Cf(ms) _h09999
LVD energy resolution is: i catries JTo%

= NFwHm ~ 35% at 15 MeV 1200 RMS 0.1515

v2/ ndf 37.72/ 31
< Prob 0.1888
ety exp_cost 7.485+ 0,012
Altau  -4.944 +0.050

1200

Absolute time accuracy better than
—> <] s

1000
800

Relative time accuracy: 600

—> 125 ns 400
200

0 lllllllllIllIllIllIllIllIlllllll llllllllllllllll

0 0102 03 04 05 06 07 08 09 1
dt (ms)
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detector characteristics [counts/s]

O At low energies, uniformity of the response
of the 840 counters is kept under control by
using the correlation between time variation
on Rn contamination in the cavern, measured AT [0 ," |
by an a-radonmeter, and single counter low | hw | * M‘

:

N S L I SN o LA
threshold rate. 13/07/08 14/07/08 15/07/08 16/07/08 17/07/08 18/07/08

y

In this way we compare the counter’s
sensitivity to 609 KeV gammas from 2“Bi. [counts/s]

On average, Rn variation of 1Bq/m3,
corresponds to a variation of 0.3 + 0.1
counts/sec in each counter

NP T BT T I S B
100 150 200 250 300 350 400

Rn-meter

[Bg/m?] |
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LVD: search for v burst - strategy -

LVD takes advantage of its characteristic geometry to design its strategy searching for v
burst.

LVD Collaboration, “On-line recognition of supernova neutrino bursts in the LV D detector”,
Astropart. Phys. 28, 516-522 (2008) [arXiv:0710.0259].

After muon rejection, based on sharp time coincidence among them, counters behaves as
completely independent detectors.

In this way the search for cluster of signals can be purely statistical, leaving the study of
physical aspects of the detected cluster (energy, time distribution and flavor contain) to a
following, confirming stage of analysis.

Only requirements are:

— the bulk of the signal must be contained inside a time window of 10 sec
(relaxed to 100 sec in the off-line search)

— signals of the cluster must be uniformly distributed inside the array
(uniformity of the counter’s response is guaranteed against threshold effects, by a sharp
energy cut at 7 and 10 MeV)

If it works we will be able
° to predict the rate of fake alarms (clusters)
°  to define the significance of each of them
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LVD: search for v burst - strategy -

*
* |

O Data stream is analyzed by counting the number of events (m) simultaneously at
Ecut=7 and 10MeV in two time windows (20 s) that are out of phase from each other.

O Each cluster of multiplicity = m is associated to an expected imitation frequency,
F.... calculated as:

F..(m,f,.20) = 17280 - P,,, (f,. 20) alarm-day-!

F.., is the expected rate of bk clusters with multiplicity >m

F.., represents the cluster's significance defined “a priori”
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LVD: search for v burst - results -

to keep under control the detector we monitor the experimental rate of clusters
with expected imitation frequencies:  1/hour; 1/day; 1/week

1/d clusters distribution
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LVD: search for v burst - results -

1/w clusters distribution
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LVD: search for v burst - sensitivity -

O To define the detector sensitivity in ferms of maximum distance, for the neutrino

emlSS|On' we assume The par'ame'l'er'lzed mOdel: M.L. Costantini, A. lanni, G. Pagliaroli, F. Vissani,
Astroparticle Physics 31 (2009) 163

O with the parameters determined from SN1987A * Ep=2410%erg;
 average Ve energy = 14 MeV

e TVX/ Tve s 1.2

as standard candle:

Table 3. Total number of expected events for a supernova at 10 kpc and percentage of the events in
the various interaction channels for all the detectors under study. Normal hierarchy non adiabatic.

LVD Borexino KamLAND SuperKamiokande IceCube

Total number @ 10 kpc 335 138 573 7400 1423800
Ve +p —>n+e’ 87.1%  58.7% 66.8% 86.8% 87.5%
Vpy + € — vy + e 3.2% 3.2% 2.6% 2.8% 1.5%
Ve +12C — 2N + e~ 1.1% 1.1% 0.8%
U +12C — 2B + €™ 1.0% 2.2% 1.7%
vy +2C = vy +12C + yisamey 2.1% 5.8% 4.4%
Ve +°6 Fe =5 Co* + e~ 3.0%
U, 49 Fe —% Mn + et 0.6%
v, + %Fe —» v, + 6Fe* 1.9%
Vg + P — Vg + P - -
Ve +160 — 18F 4 e~ 1.0%
U, +160 — 16N + et 6.5%
vy +%0 = v, + O*/N* + v 3.5%
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LVD: search for v burst - sensitivity -

O With these assumptions on the neutrino emission and

for a Fim < 1 fake event/100 years, 100 25 11

we have full efficiency up to 20 kpc when the

detector mass is greater than 300 ton

STAND ALONE

(Fim < 1 fake event/100 years)
Ecut = 7 MeV
Ecuf - 10 MeV

\
\
N

0 " T T :'h... - N e |
10 20 30 40 50 60 70 80 90 100
Distance [kpc]

on-line trigger efficiency

100 25 11
 —

O  Working in coincidence with other detectors we
relax Fim to 1 fake event/month.

0.6 F

0.4} 2 S\
0.2}

0.-. T ...-.":-u.- E ".'.""“Mh“l-l
10 20 30 40 50 60 70 80 90 100
Distance [kpc]
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SNEWS

(Fim< 1 fake event/month) |
Ecu'l' = 7 MeV
Ecu*r = 10 MeV

on-line trigger efficiency
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LVD: search for v burst

- results -

Jun 6th ‘92

May 31t ‘93

LIVE TIME
days

DUTY
CYCLE

23" JCRC 1993

Aug 4th ‘93

Mar 11th <95

24t JCRC 1995

Mar 11th ‘95

Apr 30t <97

25t JCRC 1997

Apr 30th <97

Mar 15th <99

26t ICRC 1999

Mar 16t ‘99

Dec 11t 00

27t ICRC 2001

Dec 12th <((

Mar 24th <03

28t ICRC 2003

Mar 25th <3

Feb 4th €05

29t ICRC 2005

Feb 4th €05

May 315t <07

30t ICRC 2007

May 31st ‘07

Apr 30t <09

315t ICRC 2009

May 15t ‘09

Mar 27th ‘11

32nd [CRC 2011

Jun 6t ‘92

Mar 27th 11

O The resulting 90% c.l. upper limit to the rate of gravitational stellar

collapses in the Galaxy (D < 20 kpc) is: 0.13 events/year
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LVD: monitoring the background

Fractional variation of the muon intensity (black) and
effective temperature (red)

M.Selvi for the LVD Collaboration, 31" ICRC 2009
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The measurement of the atmospheric temperature is done by Aeronautica Militare at Pratica di Mare

(near Rome), about 100 km away from Gran Sasso, via radio-soundings operated 2-4 times per day at O,
6,12,18 h UTC.

The radio-soundings provide the temperature at several atmospheric layers: mainly from the ground
level to about 27 km of altitude.

Correlation coefficient: r=0.53

Temperature coefficient 0.+=0.89+0.02
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LVD: monitoring the background

G.Bruno for the LVD Collaboration,

“Long term study of low energy counting rate with the Large
Volume Detector”, TAUP 2009

LVD Counting Rate measured at
E > 0.5 MeV during 1997 - 2004. h365

offset 46.66
amplitude 0.7347
.| frequency 332.7
phase -0.4744

(4]
N

The sensitivity in ferms of Rn
activity has been measured for each
counter. The analysis of the time
delay in the radon component
confirms that we are counting
gammas from 21Bi.

counts per counter (Hz)

Spectral analysis shows evidence
(better than 7 o c.l.) of annual s 1 | |

modulation during 6 years, with: 100 150 200 250 300 350
days

frequency = 333 + 32 d "
Amplitude = 1.5 + 2.5 Hz Counting rate of 6 years averaged and fitted by sinusoidal
5 - 8 Bg/m? function:

Maximum at 28™ August (+ 32 d) k+A sin(2n( t/f +9))
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The future

O Next year LVD will celebrate twenty years of operation, some hint of fatigue become visible...
O  TIn the last years we explored at least two possible future for the LVD v observatory:

® doping the liquid scinftillator with Gd, to enhance the sensitivity of the detector increasing
the S/n ratio in the inverse beta decay interactions;

realize an inner region inside the LVD structure to host a compact experiment for the search
of rare events, such as double beta decay or dark matter. LVD would act as a passive shield
and active veto continuing to play its role in the search for neutrino bursts.

(1) SSDJA] 123314

m.m 300 t Mass Level

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
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° [ ]
Lv D * Gd dop'"g LR.Barabanov,, L.B.Bezrukov, C.M.Cattadori, N.A.Danilov, A.di Vacri, Yu.S.Krilov,

L.lIoannucci, E.A.Yanovich, M. Aglietta, A. Bonardi, G.Bruno, W.Fulgione, E.Kemp,
A.S.Malguin, A.Porta and M.Selvi, 2010 JINST 5 P04001

O Long term test have been performed on two counters, one underground and the other at surface.

O  Doping the scintillator improves the S/n ratio in the IBD detection due to a better signature of n-

capture:
Q@

&

¥~ 10 time shorter average neutron capture time and

&)

¥ harder spectrum of gamma capture.

{
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. o
LVD: 6d dopin
g GianmarcoBruno, Walter Fulgione, Ana Amelia Bergamini Machado, Alexei
Mal’gin, Andrea Molinario, Amanda Porta and Carlo Vigorito JCAP 06 (2011) 024

O How the LVD sensitivity should become,
it should be equivalent to that obtained by doubling the number of counters.

présent at 10; MeV
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The LVD Core Facility

O An inner region inside the LVD
structure could be effectively
exploited by a compact
detector for the search of
rare events, such as double
beta decay or dark matter.

This facility can be realized
with a negligible impact on
LVD operation and sensitive
mass.

F.Arneodo and W.Fulgione,
“A low background facility inside the LVD detector at Gran Sasso,”
JCAP 0902 (2009) 028. [arXiv:0808.1465 [astro-ph]].
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The LVD Core Facility

Gamma spectra, up to 3 MeV, have been measured inside and outside the LVD array.
The surviving flux, in the LVD CF, results attenuated of about a factor 20.

==k
=
ks

| | | | : An-upper limit has been seft,

ésc;iu showing a scaling-down of the

; R | |thermal neutron flux of, at
o least, 5-102

471204

—
-
Pad

0
@
S
5
IS
=
s
o

LVD can act as a muon veto.
Assuming the angular distribution
measured by LVD we expect a
veto efficiency in excess of 99%

Lol ] I. | ] L.l E | l I. | l L..J | ‘ | -M ‘ll

200 1000 1500 2000 2500 3000
Energy (keV)
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The LVD Core Facility

Muon-induced neutron flux in the LVD-CF in units of 10°° cm™? s!

LVD passive ' LVD pveto  Sudbury

fotal 0,0221 0,0337
En>1MeV 0,0066 0,0048
En> 10 MeV 0,0023 0,0015
En> 100 MeV 0,0005 0,0004

Monte Carlo

M.Selvi “The LVD core facility” IDM 2008

® Comparing the neutron flux in absence of LVD and the one of untagged neutrons,
the reduction factor due to LVD is about 50, for neutron energy > 1 MeV.

® These result makes the muon-induced neutron background in the LVD Core

Facility equivalent to that of the deepest existing underground laboratory, i. e.
Sudbury (6000 m w.e.).
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Hubble image
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The current picture of stellar collapse and explosion

R [km] A Initial Phase of Collapse Neutrino Trapping

R~ 3000 (f.~ 0.1s, @.~10™ g/cm?)

from Janka et al. astro/ph0612072

heavy nuclei

Si—burning shell Si-burning shell

At the end of hydrostatic burning, a massive star consists of concentric shells.
Iron is the final stage of nuclear fusion in hydrostatic burning.

When the iron core, grows by silicon shell burning to the Chandrasekhar mass limit
(~1.44 Mo), electron degeneracy pressure cannot longer stabilize the core and it
collapses.

This starts the core-collapse supernova, the star explodes and parts of the star's
heavy-element core and of its outer shells are ejected into the Interstellar Medium.
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The current picture of stellar collapse and explosion

from Janka et al. astro/ph0612072

R[km]‘ Bounce and Shock Eormation * At densities above 10!° g/cm3, electrons are

ey [ (1~ 0118, Qo= 200) squeezed into iron-group nuclei:
radius of | . SR,
shock

formation | . \. - (Z’ A) + e —> (Z-I’A) + v,

N\

RIS
Soon the core is falling nearly freely at

about 1/4 of c.
Starting from the size of the Earth, the core
collapses to a hot, dense, neutron-rich

5\ 1 M) [M] edtr
nuclear matter | sphere about 30 Km in radius,

ey uc . .
(9290) Si-burning shell the proto-neutron star.

The repulsive component of the short-range nuclear force halts the collapse when the
density is nearly twice that of the atomic nucleus, or 4-5 10* g/cm?3).

The abrupt halt of the collapse of the core and its rebound generates a shock wave.
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The current picture of stellar collapse and explosion

from Janka et al. astro/ph0612072

R [km] Shock Pf?tpa%a:'gg)a”d \, Burst * After the core bounce, a compact remnant
R [—— y e

R ~100kmL ¢ T~ ¥ > begins to form at the center of the
R, N o collapsing star, rapidly growing by the
AT accretion of infalling material until the
position of Ny, . .
shock . A Y explosion sets in.
formation T e N A - . i
This nascent remnant will evolve to a

neutron star or may eventually collapse to
a black hole.

~—

[ 05 | 1. b M(r) [M]
nuclear matter '

The core bounce with the formation of a
Si-burning shell shock wave will finally trigger a supernova
explosion, but..

nuclei

The shock spends energy mostly by the photo dissociation of heavy nuclei into
nucleons and stalls before reaching the outer shells.

This change in the matter composition increases the electron capture rate producing
a first neutrino burst: the shock break-out neutrino burst (e +p —> n+v,).

Stars of 8-11 solar masses may be relatively easy to explode. These stars, however,
do not eject enough mass to explain the origin of abundant heavy elements such as
oxigen, magesium, silicon, sulphur and calcium.
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The current picture of stellar collapse and explosion

Explosion (t ~0.2s)

/ / from Janka et al. astro/ph0612072
/ L ’ ] v

Ve AR e JLT / ¢ ST e Nt
| 1)

I / Shock Stagnation and v Heating, R [km] A Neutrino Cooling and Neutrino-

Vept:Veur

PV S

cooling layer

* The model predicts a second impulsive neutrino signal of the duration af ~ 500 ms
related to the accretion phase just before the explosion.
The further cooling of the hot interior of the proto-neutron star proceeds by
neutrino-pair production and diffusive loss of neutrinos of all three lepton flavors.
e+e’ —> v+,
The explosive nucleosynthesis process (r-process and vp-process) are thought to
occur in this phase. They strongly depend upon the properties of the matter when the
supernova was only a few seconds old, sampling directly the neutrino luminosity and
temperatures.
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wait for alarms

SNEWS
]

« GOLD alerts are intended for receive alarm

automated dissemination to the !
search queus

community [ http://snews.bnl.gov ] i

no — I
coincidence within 10 secs”

no
« SILVER alerts will be disseminated l r_yes

: . single alarm is contains at least one
among the experimenters requiring | |CONFIRMED? CONFIRMED alarm packet?

human checking.

yes > conditions 2.3.4 all satisfied?

1) coincidence in 10 sec. A . N0
TNDIVIDUAL SILVER
3) at least two of the experiments il alert ‘ alert

involved are in different Labs. l

to astronomers/ || to astronomers/ |[ 1o experimenters only
5) two or more of the alarms flagged as experimenters | experimenters l

GOOD. '

check each experiment check each experiment

,

for at least two of the experiments
involved the rate of alarms for past

had good b El.d. good
. —F 1 4 1

time intervals, 10min, 1lhour, 1ssue celebrate!] | nothing send
10hours, 1day, 3days, lweek, retraction happens| |CONFIRMED
1month, preceding the candidate,

must be consistent with: A max=1/week
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Individual experiments can use
POINTING ASYMMETRIC REACTIONS

Elastic scattering off electrons is the best bet

- - In water Cherenkov
—> ..
Ve,x t€ ve,x + € and scintillator,

N —— few % of inverse 5dk rate

e,X B I AT
. sn ‘
- S e " /: 3 e > S -\‘ N - \-' '
BN L o e, CAR RS oS

POINTING from Cherenkov cone:
(slightly degraded by isotropic bg)

' Super-K: expect ~200 ES
for 8.5 kpc SN (5-10 from breakout)
= ~ 4° pointing
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With 2 or more experiments, use absolute

times of v signals for TRIANGULATION?
SN

2 exp'ts: circle on sky
3 exp'ts: 2 blobs
4 exp'ts: 1 spot

cos o = CAT/d

d(cos a) = c/c‘i{

"registration error": pointing accuracy
limited by pulse shape timing
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