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SN 1987A

Supernova 1987A Rings

Large Magellanic Cloud
Tipo IT peculiar *
Progenitor: a blue massive .

supergiant *
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letters to nature

Natwre 327,557 - 600 (18 June 1957); dou 100038/ 3274574)

Explosion of a blue supergiant: a model for supernova SN1987A

W HLLEBRANDT, P. HOSLICH, J W. TRURAN'T & A WEISS
ok~ rehig 10 P

Mraserd adchexs: Ve - Pieece- s e ek U Aahoptnyaie s Y Aslecgrtes Scvwirochyd - Slnsae 1, 208 Carcheg 0

We present & model for the outburst of supernova SN1987A. This supernova was discovered in the Large
Magellanic Cloud on 24 February, 1987, Astrometry 12 reveals the supernova to lie within 0.1 arcs of the B3 |
supergiant Sanduleak (SK) -69 202. The optical features indicate that the event was a type Il supernova, Such
supernovae are the expected consequence of the evolution of massive stars M >=10M 0 and may be expected 1o
leave behind a neutron star or black-hole remnant. Neutrinos released as a consequence of the anticipated core
collapse to neutron star densities may indeed have been observed (ref. 3; Aglietta ef al. preprint, 1987; Bionta er al.
preprint, 1987). SN1987A certainly cannot be considered a prototype of a type Il supernova, however, as it has
proved to be unusual in several respects, including: (1) the progenitor of SN1987A appears to have been a blue
supergiant rather than a red supergiant star; (2) SN1987A was found to be some 3 or 5 magnitudes dimmer at
visual maximum than is Known to be typical of supernovae of type II; and (3) SN1987A exhibited an extremely
rapid spectral development, seemingly consistent with the very high expansion velocities inferred from studies of
the hydrogen absorption features in the early spectra. Here we present a model for the outburst of SN1987A that
permits a straightforward interpretation of the observed behaviour.
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Neutrinos are detectable in undergroind laboratories

// Solar neutrinos

adidnic sHHower /

Neutrinos from
cosmic sources
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The idea of neutrinos being massive was
first suggested by Bruno Pontecorvo.
The prediction came from a proposal of

neutrino oscillations

Neutrinos are created or
annihilated as W.I. eigenstates

IVe> , Ivy> , IVi> = Weak Interactions eigenstates

IVi>, [vo> | [V3> = Mass (Hamiltonian) eigenstates

Neutrinos propagate as a
superposition of mass eigenstates

Piero Galeotti, University of Torino




Structure of an evolved massive star
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Type 11 supernovae

The stellar collapse  FER PTG IR (IRE-I0 &
of the iron core is

induced by three
cooling processes: Y+ »oFe —13 JHe+4n
1. photodissociation

of iron nuclei YT ;He —2p+2n

2. neutronization of .
matter
3. neutfrino emission — -
from electron pair

annihilation

Piero Galeotti, University of Torino




Stellar Collapse

The core collapse is inevitable when its mass M,
exceeds the Chandrasekhar mass:

M, =576-Y'M_=144M_

where Y, is the leptons to barions ratio in the core.
Note that M, increases because of thermonuclear
burning of the Si shell around the core, and M,
decreases because Ye decreases in the previously
mentioned processes of neutronization of matter
and annihilation processes.

P.Galeotti SN 1987A
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Neutrinos from stellar collapses

In a stellar core with M. = M, ~ 1.5 Mg there are ~ 10°7
protons, and the maximum number of neutronization
neutrinos emitted during the collapse is of the same order
of magnitude. Since their average energy is ~ 10 MeV =
10-12 J, the total energy emitted in this collapse phase is
of the order of 10% J, corresponding to ~ 102 M.-c?.
According to most models, the energy emitted in neutrinos
during electron pairs annihilation processes is ~ 20-30
times bigger, namely of order of 3-:10% J.

For a stellar collapse at the center of our Galaxy (d~8.5
kpc) the flux of electran neutrinos and antineutrinos is:

producing n = N®c
iIntferactions in a
detector

D, (V,,V.)
6-4md?

D(V,,v.)= ~10”(v,,v.) cm’

Piero Galeotti, University of Torino
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Neutrinos from SN 1987A

2:52 UT 7:36 UT

Neutrinos

Light

1:55 UT, m, =12 10:33 UT, m,, =6

The progenitor star, Sanduleak -69.202,
spectral type B3 Ia and mass 20-25 M,
belonged to a binary (or even triple) system.
Neutrinos (and gravitational waves?) were detected
in all the experiments running at that time.

P.Galeotti SN 1987A




Feb. U.T. Date
24.0

Wampler et al.,
Astron. and Astrophys. Lett.
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H=5200 m.w.e. Liquid Scintillator Detector (LSD)

= -+

90 tons of C_H,, (n~9), 200 tons of Fe

72 counters

P.Galeotti SN 1987A
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Main interactions
in scintillator
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T

Cross Section x10°# [cmz]
[

Inverse (B decay:

I : (Ve,P)
Neutrino-elettron scattering: “ (v,,C) N.C.

¥, C) N.C.

Voeur T€ —Ve,rt€

Neutral currents interactions:

— 12 — 12 %
ve,y,r (Ve,u,f )+ C— ve,y,r (Ve,u,f )+ C

E
oW, +e)=10"" —

\76+12C+128+e+ MeV

v +2C—"N+e

Charged currents interactions:

oV, +n)=c(V.+p)=9-10

P.Galeotti




Neutrino interactions in iron

v, + 2°Fe = %%Co + e

N
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Kamiokande-l| detector

U‘“‘*-\:. 7
Inner counter: 2140 tons
948 20-inc_:h PMTs

Anti-counter
123 20-inch PMTs




Cherenkov light in
water is emitted at
angles of # 43° from
the parent particle.

The direction of this
particle can be easily
reconstructed.




How can a neutrino burst be
identified ?

1. Statistics
(on line)

2: Check on run,
Spectrum,
Topology
(off line)

By detecting a statistical
significative burst of N
pulses in a short time interval

Piero Galeotti, University of Torino
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On line print of five pulses on Monday 23 febbrury 1987 at
3 hr, 52 min cet, de'rec'red at Mt. Blanc LSD experiment

k% PDF~1

Akk INEGE

£ () s
29 & &

23
DATE,
CLOCK

52.80/7
/TIHE WAS 1
DATE/TIME ‘I8

1

7

G § CN 051" A 158/ SCR-0000240 REL 0128
/

0OR00:07:24
Q0300300229

nm
4

SOLAR TI

CLOCK
LSDMON
i02

LSDHON

LSDMON

LSoMb2

LSUMD2

Px

LU
EV

-AD

3292542,
994
995

EV 996
EV 997
ASIMO2

rgp 968
LoUNGE -

-
\5-\-’:«-49-

EV- 994

EV---995

EV - 996

EV

EV
ﬁlclo TR ==

L&
L

STOP

-~ . o
23-FEB~-87

Q0:12:5

9 c HIST.UPDATE AT EVENTA7G

23-FEB-87

gl:28:51

23-EER-87

01233252

O0+kkxk UPDATE HIST, FILE 2 k&%

HIST.UPDATE AT EVENT{8G1)RUN 1328

23-FEB-87

02:12%4

23~FEE-87-03:

28
O

g EMPTY/ERRORED EVENT 900 RUN 12

HIST.UPLATE AT rUENT! ZIRUN 1328

ARK

kX ok

23-FEB-

23~-FEB-87

T

<
4

xk%x UPDATE HIST. FILE kkk

{ESEE S BURST OF 4 EVENTS  1iilittd

23-
31
14

23

696
TANK
TANK
TANK ADC
TANK ADC
 23-FEB-87

2-87
abc
ADC

a4

5.904 SEC. EV.ATIESI 0.07 EREG.INIT

&

Lhr 4

L BURST -OF EVENTS

2-87
ADG
A00
ADC
33 ADC
T-FEB-87 03:04

23-
14
2%

nE

w2

TANK

o le]
o

31
14
25
35
33

- .2=87
ADC
ADC
ADC
ADC
ADC

800

IHN}\
TANK
TANK
TANK
TANK

N W

o 0 b W
S o

=9

o

04 ©2.90/1 23
23-FEB-87 04:53:2
23-FEB-87-05:28

153 Akk UFDATE HIST.

3. 151-SEC,; ~EV.ATTESI 0.04 FREG.INMI

G EvbN1H~"

et i i it

ITITILL BURST OF
amseake:
7008 SEC. -EV.ATTESI

-
e

1987/7CN 052 A la&/ SCR 0000100 REL OUUU

kki HIS

FREG. IMIT. =

&

s
02

EILE 2 #&A%




1 ] | S M ALl | = | 2o 33 L

Total number of pulses = 2.0°10"

Number of bursts Total runnirg time = 1.96 days
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Neutrino 84, 11th Int. Conference on
Nutrino Physzcs and Astrophyszcs

intormation on 5 > ar 1€ physica

0. SAAVEDRA

dltlons inside the pre-supernova core can be cbtained by observing not
only the ZT through reacf;nn {1}, but also the v through the elastic
scattcring reactiony +e -»y + e , which however produces a lower
number of interactions in the de?ector. The signature of the electron

neutrinos is given in LSD by pulses above the high energy threshold of
7 MeV, without any low energy delayed pulse. 1n this way, since 1, are
emitted as early as the neutron’zation stage ¢ the collapse, thL ini-~
tial phases of the development of a collapsing star can be study.

4. Solar neutrinos

Since in our apparatus the local radioactivity background from the

surrounding rock has been reduced to very low counting rates, we are
heck)ng the posszbllsty to dstect high energy solar neutrinos from the

B decay in the Sun, through the elastic scattering reaction with the
electrons of our detector.

By using the present limit flux of solar necutrinos observed in the
Brookhaven detector, and taking into account that the energy threshold
in our apparatus can be set at 5 Mev, the number of detectable electrons
from solar neutrinos isa- 0.3/day.

Q(r) Our Galaxy

~ 23 = 5. Atmospheric neutrinos
w '-

'T——T—T i i

At low energy range, 10£Fyp<£ 700 MeV, no experimental information
is at present available for the atmospheric neutrino spectrum; also the
theoretical predictions are not well defined in this region, even if so
me calculations have been recently made for crergies > 200 MeV to stima
te the neutrino background in proton decay exp:riments in underground &
laboratories. However, new efforts are in progress, Gaisser’ » to pre-

-

=

A dict the neutrino spectrum at low energies.

BAKSA With our LSD experiment we intend to di ly measure the ¥ atmo
spheric neutrinos above an energy threshold of 2-10 MeV through 1&3(LAon
(1). By measuring inside the fiducial volume SD both the energy of
the contained e* and the associate y-pulse from neutron capture, we’l
ARTEMOVSK obtain a direct experimental measure of the % atmospheric spectrum,
with a very clear signature that makes such cvents easily distinguisha-
ble from any other type of neutrino interacticis. At a threshold of 10
MeV, the taotal number of atmospheric neutrinc interactions has been e~
30 40 stimated ta be of the order of a few tens per ccar.

DISTANCE, kpc

EFFICIENCY

-

1 “ B




Carcalar No. 4825
Lemtral Buccan tor Astronomacal T e egrams
INTEENATIONAL ASTRONOMICAL UNION
Postal Address: Centzxl Burcau for Astrossomnical Telegrams
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PN TI0- 3004842 ASTROGRAM CAM  Telephone 6174957244 /78400 /7444
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February 23, 1987

optical observations
l m,=12m

Geograv | 2:52:35,4

2:52:36,8
3 43.8

) 2:52:34
KII y . 44

5
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BUST 1 2:52:34
e -
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DETECTED NEUTRINO SIGNALS

Mont Blanc S pulses E>5MeV  UT 2:52:36.8 + 2 ms
Kamioka 11 * 8 7:35:35+ 1 min

IMB g ¢ 25 7:35:41 + 5 ms

BST (2+5) 10 2:52:34 and 7:36:06 (+ 2s-54s)

The main signal comes from electron antineutrinos:

v_p— ve' followed by e'e” annihilation producing
2 v’s, detectable 1n scintillator but not 1n water.

The Mont Blanc signal (5.8 <E .. <7.8 MeV)
corresponds to 4.6 <E . < 6.6 MeV 1n water, at the

ViS —

limit to be detected in Kamioka.

P.Galeotti SN 1987A




Kamioka - Mont Blanc correlations

Nl'Nz
T

N, =2 AT

LSD at=1.0 ms

Kamioka at = 60 sec

SN 1987A
P.Galeotti




Coincidences Mt.Blanc-Kamioka

Q-
g-
7.
6-
5-
4-
3
24
1-
0

| i
2

1

Mt. Blanc event time
1:45 - 3.45 U.T.

P.Galeotti

N = 191+91+2¢0.5/7200 = 2.4
No = 9

3 4 5 6 7 8 910111213141516

Coincidence window At =+ 0.5 s
Bin width: 2 hours
Coincidence time: 34 hours

Kamioka time + 7 seconds
SN 1987A




Table 4. Coincidences between LSD and Kamioka in the period from 1:45 10 3:45 UT o

LSD Kamiokande

Thne e ) I'ime difference(s)
o Me number o hit LSD—-Kam
124087
124948

. "TIIN‘

.—‘-t.-‘lll

126600
126905
126905
280518 127782

107

3:31:06.14 2.0 127904

I'be coincidence window is 0.5 s
# is the directicn from SN 1987 A.
nt No 979 coincudent with event No 125275 1rom K2 15 also coincident with BS

P.Galeotti SN 1987A
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578 ANNALS NEW YORK ACADEMY OF SCIENCES
POSITIVE EVIDENCE NO. 1

Following reference 1, we have to choose several quantities for our correlation
analysis:

(1) Ar = the time gate or correlation time,

(2) T = the time period in which coincidences are summarized,

(3) ¢ = the position of the center of the T period on the U.T. scale,

(4) 1, = a relative shift of the time scales of the two detectors; in our case, a
correlation of the Baksan clock.

We first choose Af = + | 5. One second is exactly the time gate chosen in reference 1
and the plus-minus sign arrives from the assumed symmetry of the detectors. The
choice of Az by intention is not *ade as an optimal one (for Az = +0.2s0r At = +25,
the result could be made more impressive).

Next, 7 = 1 hour is in our opinion a good choice, both improving the significance of
the l"esull by a factor of four (as compared with 7" = 2 hours) and indicating the
maximum of activity better.

The choice of 7 = 2:15 U.T. is illustrated in FIGURE 1.

The choice of 1, = —29.5 s for the correction of the Baksan clock is shown in
FIGURE 2.

FIGURE | shows the significance of the correlation both for the G.A.-LSD pair

n
P
3
10} 1
10} 10"’ FIGURE 1. The significance of
observed correlations for both G.A .-
LSD (squares and crosses) and
LSD-Baksan (dots and solid line) as
a function of the position of the
wl. 0-2 period 7'on the U.T. scale. Squares:
1 Ey x Eg algorithm; crosses: E,, +
Eg algorithm (see reference 1).
1F 10
-4
! 10

CHUDAKOV: CORRELATION BETWEEN MONT BLANC & BARSAN 579
n
15
o
-_K‘ﬂ__l 5
—— : s
-5 ! &

O (t,+29.5)s6Cc —~

~ -
; mjf -10™
B -0
~ - ™
-0

P

FIGURE 2. The number of LSD-Baksan coincidences as a function of the time shift, 74 (lop
histogram). The Poisson probability to have the observed number or mo e (bottom histogram).

(crosses and squares) and the LSD-Baksan pair (solid line with dots). Note that data
for the G.A.-L.SD pair are taken from reference 1.

For both data, the time period of ¢ ~ 1 hour is moved by stens of 15 min along the

U.T. time scale. On the left vertical scale, the quantity, n, is plotted (see reference 1);

= 2000 roughly represents the chance probability to observe th ¢ recorded magnitude
of the G.A.-LSD correlation. On the right vertical scale, the chance probability to
observe the recorded number or a bigger number of LSD-Baksan coincidences,
Ar = +1 s, is plotted. Although this quantity strictly does 2ot obey the Poisson
distribution, the latter is quite a good approximation in our pariicular case. For ¢ -
2:15, we have: N(LSD) = 44; M(Baksan) = 116; the mean (expected) value of
coincidences is A = 2 x 44 x 116/3600 = 2.84; the observed one is 11. The practical
validity of the Poisson distribution of the number of coincidences for these particular
figures was checked by 32,400 trials.

Looking at FIGURE |, we see a striking similarity between tlic G A -1.SD data and
the LSD-Baksan data. The correlation arrives at the same time and, approximately,
with the same strength. The probability of this to happen by clance is P = 2 x 10°*
However, the last figure should be corrected for the arbitrary choice of £,(Baksan) =
—29.5s.
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ANALYSIS OF THE DATA RECORDED BY THE MONT BLANC ETC.

14

2 hrs interval P(>13) = 9.4 10/
i NLSD = 60
- Ngwa (>150K) = 172

_NNAr_ 60+172¢1
T 7200

I

0 1 1 1 1 1 1 1
—50 — 40 —30 —20 —10 0 20 30 40 50
x(s)

Fig. 14. — The coincidences for the period of fig. 12 between the neutrinos (V, = 96) and
the g.w. sum events above 150K (V. = 172).
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Maggio-Giugno 1988, Volume 11, Issue 3, pp 287-303

On the possibility of a two-bang supernova collapse

Summary
¢ possibility of a two-bang stellar collapse onginating SN 19874, and having the charactenistics of the events recorded in
and Kamiokande, is discussed here. According to the «standards collapse models of nonrotating stars, which
;)rcchc: the formation of 2 neutrinosphere with a nondegenerate neutrino gas inside the star, the Mont Blanc and Kamiokande
data for the first burst give a 100 large stellar mass. On the contrary, a degenerate neutrino gas with low temperature 7=0.5
MeV, and chemical potenual p=(12+15), predicts 2 relatively low total energy outflow ¥ y=(2+6) ‘1 1* erg, and 2 small

number of expected interactions in Kamiokande. A possible scenario is sugpested: 2 massive (M=20M o) rotatng star s

fragmented into two picces, one light and the other heavy, at the onset of the collapse. The massive component c:':ll.a:.)s.cs. oz

black he yroduces the first burst. Neutninos are trapped inside the collapsing star because of elastc ering in the
T heavy nucle:, with 42300, It is shown that neutrinos fill up the quantum states, producing a degenerate
. The second burst is explained by coalescence of the light fragment (M=(1+3)M 2} onto the massive black hole.

between the two observed bursts (4.7 h) is mostly connected with gravitatonal braxing, when the Lght

n onto the black hole, with an accompanying emission of gravitatonal waves for tmes of order of hours.
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LVD results from 21 years of data taking at LNGS
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ABSTRACT

The Large Volume Detector (VD) has been continuously taking data since 1992 at the INFN Gran Sasso National
Laboratory. The LVD is sensitive to neutrino bursts from gravitational stellar collapses with full detection
probability over the Galaxy. We have searched for neutrino bursts in LVD data taken over 7,335 days of operation.
No evidence of neutrino signals has been found between 1992 June and 2013 Dcn:"mbcm: The 90% C.L. upper limit
on the rate of core collapse and failed supernova explosions out to distances of 25 kpc is found to be (].I 14 yr'

Key words: methods: observational — neutrinos — supermovae: general




A rotating collapsar

The Two-Stage Gravitational Collapse Model
[Imshennik V.S., Space Sci Rev, 74, 325-334 (1995)]
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Neutrinos from SN 1987a
ECRS 2014 Kiel A Puzzle Revisited

Gerd Schatz

Universitat Heidelberg and Karlsruhe Institute of Technology
bgschatz@t-online.de
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Figure 2: Schematic representation of microlensing with
source S, lens L and observer O.
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1.

2.

Conclusions

A signal has been detected in the Mont Blanc experiment
a few hours before the optical detection of SN 1987A.
This signal is generally considered as a statistical
fluctuation in the Mt Blanc data (a noise). This is the only
significant "noise” detected in almost 30 years of data
taking with LSD in Mont Blanc and LVD in Gran Sasso

. This "noise” is self consistent and additionally supported

by the data of all the experiments running at that time, at
intercontinental distances, (rather strange for a noise). In
addition, when a supernova (visible o naked eye) exploded
hear us.

. The main problem of this "noise” is that it does not fit a

collapse theory based on non rotation and no magnetic
field of the stellar core.



WHAT HAVE WE LEARNED FROM SN 1987A?

- Neutrinos: One or two bursts? Feb. 23.12 and/or Feb
23.32, or a long activity during several hours as suggested
by gravitational waves observations?

* Was it a 2 step collapse (first intfo a NS and 4.7 hours
later into a BH or a SQM star)?

-_Light: A week after the explosion my = 4.5and M, = -14.5
being 18.95 the distance module. Hence this SN wouldn't be

visible to the naked eye if exploded in the disk of our
Galaxy, unless closer than ~ 5 kpc (assuming an extinction
parameter of ~ 1.5 mag/kpc). However the neutrino burst
would have been 100 times stronger!!l

-_Hidden sources: Are there sources visible only in
neutrinos and not in light? Is the rate of stellar collapses
higher than that of SN?




