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Signals from SN1987A on 23 Feb.1987:

LSD

O 90 tons liquid scintilator
O 220 tons Fe
O threshold ~ 5 MeV

d 2ev.In 18 sec. — 7:36

Baksan

0 330 tons liquid scint
Q threshold ~10 MeV
O 5 events in 9.1 sec.

0 5 events in 7 sec — 2:52%

Kamioka

O water Cerenkov

L 2140 tons fiducial

O threshold ~6 MeV

L 12 events in 12.4 sec.

IMB,KII, BUST, LSD
detected v by IBD

IMB

O water Cerenkov
0 5000 tons fiducial
d threshold 20 MeV
0 8 events in 6 seconds |l




On line print of five pulses on 23 February

1987 at 2 hr, 52 min,

The first
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Detected signals with LSD, Kil, IMB, BUST on 23/2/1987:

On the Event Observed in the
Mont Blanc Underground

Neutrino Observatory during
the Occurrence of Supernova

1987A M. Aglietta, et all.,

EuroPhys. Lett. 3 (1987) 1315

2:52 7:36 February 23, 1987
LSD 5 ! 9 !
i 4
2
(4) 4 124
IMB 8 3
BUST 1 i 6 4
1 2 3 4 5 6 7
LSD events
Ne Time, Energy,
UT+2ms | MeV
1 2:52:36,79 | 6,2-7
2 40,65 | 5,8-8
3 41,01 | 7,8 -1
4 42,70 | 7,0-7
5 43,80 | 6,8-9
1 7:36:00,54 | 8
2 7:36:18,88 | 9

90 T CnH2n
200 T Fe

3 of them in the 16 internal tanks, 2 in the 56 external tanks



Models of SN explosions:

Standard Collapse
Model

The SN outburst is triggered by the gravitational
collapse of the “iron” core of a mass Mg=1.2+2
M. into a neutron star. About (10 +15)% Mc? is
radiated in the form of v and v of all the flavors
(e, w, t): E, 5 =(3-5) x10°3 erg. The total energy is
assumed to be equally distributed among the six
neutrino species: E;~ 0.5x10°3

Neutrino spectra, 100ms after bounce

(E Ve> =9.5MeV,
(E3,) =12MeV,
(E Vx> = 15.6MeV

Two-stages Collapse
Models

* A. DeRujula (Phys.Lett.B 1987, CERN)

*A. Burrows’ group (Arisona); E. Miiller, T.
Janka (MPA, Garching)

* G.S. Bisnovatyi-Kogan’s group (ICR, Keldysh
IPM, Moscow)

*\/.S. Imshennik (Alikhanov ITEP, Moscow)
*\/.S. Berezinsky et al, Nuovo Clmento Torlno
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Neutrino interactions in LSD material

Votp e +n — The main reaction E, — 1.8 MoB
ntp—->d+y E=2.2M>5B
n+Fe — Fe + Xy. (E)~TM>5B

T 12 -1 12
v, t12C —>e 12§_) °C 4 e 1y, E, =173 MsB
1 12 T
v, t12C— e 12]?3 ety E, =14.4 M>B
v, + 12C > v, + 12C* E,=15.1 MsB
RC* 5 RC+y E, =151 M5B
RC* 5> 1UC+n E,=8—-9M»sB
RC* 5> 1IB+p E =8-9M»sB
vV, te —>v,te -‘
v, +3Fe — e+ 3Co* E, =10 MaB
6Co* — 3Co +2y E,=7-11 M>B
%Co* — 3Co +n
56Co* — 5Fe +p
;e + 56Fe — ¢ + S6Mn* E, =12.5M>B
SMn* — °Mn +y
SMn* — 3°Mn +n
SMn* — SCr +p

N

|
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Recently, Stanly Yen
(Sudbury) suggested to
take into account the
role of surrounding LSD
rock.



interactions
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Reactions with neutron productions

PHYSICAL REVIEW C, VOLUME 63, 025802

Role of v-induced reactions on lead and iron in neutrino detectors

E. Kolbe!* and K. Langanke
nstitut fiir Kernphysik I, Forschungszentrum Karlsruhe, Germany
*Institute for Physics and Astronomy, University of Aarhus, Aarhus, Denmark

A (‘V e - n) A . 1 (Received 17 March 2000; revised manuscript received 26 October 2000; published 25 January 2001)
Z X e’ Z+ 1“ (

We have calculated cross sections and branching ratios for neutrino-induced reactions on 2%pb and *Fe for
various supernova and accelerator-relevant neutrino spectra. This was motivated by the facts that lead and iron
will be used on the one hand as target materials in future neutrino detectors and, on the other hand, have been
and are still used as shielding materials in accelerator-based experiments. In particular we study the inclusive
SFe(v,,e ) Co and 2®Pb(»,,e )" Bi cross sections and calculate the neutron energy spectra following the

A —_— + A . 1 decay of the daughter nuclei. These reactions give a potential background signal in the KARMEN and LSND

X v e n * experiment and are discussed as a detection scheme for supernova neutrinos in the proposed OMNIS and

Z e ) Z —_— 1 LAND detectors. We also study the neutron emission following the neutrino-induced neutral-current excitation
of *°Fe and ***Pb.

DOTI: 10.1103/PhysRevC.63.025802 PACS number(s): 23.40.Bw, 13.10.+q, 25.30.Pt, 26.65.+t
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Monte-Carlo simulation neutron interactions

Chemical composition
of Mont Black rock

element | Mass
fraction
%

Sio, 75.4
AlO 13.7
FeO 0.99
NaO 3.73
KO 5.66
CaO 0.74 |~
MgO 0.24

nFe — interactions in LSD iron,
nA — interaction in Granite (O,Si,
Al, K, Na, Ca, Fe)




Possible explanation of LSD signal

Simulations of neutrons produced in rock,
captured in LSD material and had energy
E>5 MeV

XG+A%€_+A*%A*+H 20 E,,=2MeV
V.t A—>e" +4* > A* +n
v+t A—>v. +tA4* >A4*+n .

2o Geantd simulation
— Mt Blanc events

q AR ; R
! *i!ﬂhirﬂ’ A Ne . . m.aRm

8 10 12 14
Energy (MeV)

Counts

HecmoTpa Ha To, YTO 3TU CeYEHUA MeHbLUE,
YemM Vv, p, HO ¥ese3a B KOHCTPYKLMW YCTAaHOBOK
MHOFO U €eCTb TAXEeNble AAPa B OKPYKaIOLEM

FPYHTe.
MpegnonaraeTca, YTo YYET 3TUX HEMTPOHOB MOMKET

06bacHUTL curHan SN1987A parke B pamKax
CTaHOapTHOM MoAenn B3pbiBa CBEPXHOBDIX.

Simulations of neutrons produced in LSD
iron, captured in LSD material and had
energy E>5 MeV

E,=2 MeV

150 1

Distribution of 5
LSD pulses




Conclusion

Our estimates show that the energy distribution of the LSD signal pulses is
very similar to the distribution of gamma-quanta from neutron capture by
the iron nuclei.

Thus, the LSD events can be associated with the capture of neutrons by the
iron that is part of the detector design.

Neutrons can be produced by a neutrino flux from SN1987A in the rock
surrounding LSD and iron in reactions : X (v,,e n)5:1X 4X(V,, e n)4"1x

LSD was a neutron
bunch detector “HALO-2” at LNGS

Future:
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ANALYSIS OF THE DATA RECORDED BY THE MONT BLANC ETC. 95

14

2 hrs interval

“r Npisp = 96

Ngwa (150K) =172
19mM=Nj ¢p-Ngwa-15/7200 =2.3

LP(>13) = 9.4 10”7

1 o i IR LT

D ) | 1 1 1 1 | | 1 ~l

—50 — 40 —30 —20 —10 0 10 20 30 40 50
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Fig. 14. — The coincidences for the period of fig. 12 between the neutrinos (N, = 96) and
the g.w. sum events above 150K (V. = 172).
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FIGURE 2. Distribution of the number of coincidences between K2 and LSD in the period from
114510 3:45 U.T. on 23 February 1987 as a function of the time shift in the K2 absolute time.
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LSD events Mt. Blanc
IMB events
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Fig.1

Coincidences between LSD neutrino candidates and |MB
muons with  zenith angle 8 > 60°, wversus LSD time shift,
from 1:45 to 3:45 UT on Feb.23 1987, using a coincidence
window of +0.5 sec.



CobbiTne, 3apernctpupoBaHHoe aetektopom LSD 23 peBpana 1987 roaa Bo Bpemsi BCMbILLKK
CepxHoBoM SN1987A, He HaxoanNo 06 bACHEHNA B PpaMKax CTaHAAPTHOM MOAENU FPABUTALMOHHOIO
KON/1lanca, Tak Kak npu oueHKax 0bHapy*eHHbIX CUTHA/I0B HE MPUHMMANIUCh BO BHUMAHUE
B3aMMOAENCTBUA HEUTPUHO C KeNe3oM AETEKTOPa U OKPYKatoLWMM €ro rpyHTOM.

CobbiTna LSD moryT 6bITb acCOUMMPOBaHbI C B3aMMOAENCTBMEM HENTPOHOB B BELLECTBE AETEKTOpA.

Halim oueHKM NOKa3bIBatOT, YTO IHEPreTMYecKoe pacnpeneneHme MMNyabcoB curHana B LSD oyeHb
MOXOXe Ha pacnpeaeneHme oT 3aXBaToB HEMTPOHOB B MaTepuane AeTeKTopa.

Ecnn npeanonoxutb, 4to oT SN1987A noToK HENTPUHO Bbin HEGONbLWMM U X 3HEepPrua B6aM3K nopora 5-
7 M3B, TO gpyrme yCTaHOBKU He MOI/IN yBUAETb CUrHaa.
LSD ke mmen npemmyuiectBa M3-3a rpyHTa BOKPYr YCTAaHOBKU U XKene3a B CaMOM AeTeKTope.

LSD mor 3apernctpupoBaTb 5 cobbiTiM, B TO BpemMa KaK B Apyrux akcnepumeHTax IMB, n Kll He 6b1n0
BO3MOHOCTU PErNCTPMPOBATb HENTPOHDI.



O The event detected by the LSD on February 23, 1987 during the supernova explosion SN1987A, could not
be explained within the framework of the standard gravitational collapse model, since the neutrino
interactions with the detector iron and the surrounding soil were not taken into account when estimating
the detected signals.

L LSD events can be associated with neutron interaction in the detector material.

O Our estimates show that the energy distribution of the signal pulses in the LSD is very similar to the
distribution from neutron capture in the detector material.

O If we assume that the SN neutrino flux was small and their energy was close to the 5-7 MeV threshold,
then other installations could not see the signal.

O LSD also had advantages due to the ground around the setup and iron in the detector itself.

O LSD could detect 5 events, while in other IMB and Kll experiments it was not possible to detect neutrons.

What is the second signal?




