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Source

SMCX-1
SN1987A

VelaP
SN1006
Gal.Cen.
Kepl604
ScoXR-1
Geminga

Crab
MRK501

S

-73.5°
-69.3°
-45.2°
-41.7°
-28.9°
-21.5°
-15.6°
18.3°
22.0°
38.8°

\y

Data (3°)

3
0
1
1
0
2
1
0
1
0

Backg.(3°)

1.87
1.79
1.40
1.21
0.86
0.82
0.76
0.42
0.40
0.12

/z-Flux
limit 1

cm"2 s"1

0.60 • 10~14

0.29 • 10~14

0.56 • 10-14

0.58 -10~14

0.48 • 10~14

1.04 • 10"14

0.85 • 10~14

1.34 • 10-14

2.22-10-14

5.40 • 10~14

Ws^^^j^m^^l] z/-Flux
^mxw^^/^Q^k Iimit

W^lF*W^¥n cm~2 *'*
W^w£,WY^7m 0.19-io-5)mm$zW$$Mh 0.09-io-5
WmHm$xmM 0.17-io-5

^ & ^ ^ ^ ^

WwMM@m\

0.18 • 10~5

0.15-10-5

0.32-10-5

0.26 -10~5

wJmm&fW^nk 0.41-io-5
i.mm^mfmm o.es-io-5
m^m^£S^ 1.66-io-5

Table 2: \i flux limits for some sources (90% c.l.) calculated using the classical Poissonian method (\x flux
limit 1) and the prescriptions in Feldman, & Cousins, 1998 (\i flux limit 2). Previous best limits (Gaisser,
1996): B is for Baksan, I for 1MB. Neutrino flux limits are given.

checked with the moon shadow measurement (Ambrosio et al., 1999)). The rock absorber inside the lowpthalf
of MACRO imposes an energy threshold to vertical muons of ̂  1 GeV. The data used for the upw^ra-going
muon analysis has been collected since Mar. 89 with the incomplete detector (Ahlen et aL$995^since Apr.
94 the full detector has been taking data (Ambrosio et al., 1998). In addition to ~ 33 • 10%t4g£fmeric ^s, 990
upwardgoing ^s with —1.25 < 1//3 < —0.75 are selected with an automated tfhalysm 1//3 = ATc/L, AT
being the measured T.O.F. and L the track length, is ̂  1 for downward-going m ĵops and ^ - 1 for upward-
going muons. Among these 990 events, 890 are measured with the full director. The T.O.F. measurement is
used to select upward-going /is produced in the rock below and inside the apparatus by atmospheric neutrinos
of average energy (Eu) ~ 100 GeV and (Ey) ~ 4 GeV, respectively, from atmospheric downward-going
muons. The main requirement to reject events with incorrect /measurement is that the position along the
scintillation boxes measured using the times at the 2 ends ^spatial resolution ^ 11 cm) and the position
obtained using the streamer track (spatial resolution pi \ 1 cm) are in agreement within 70 cm.

The sample used for this analysis is larger than/me oii^used for the neutrino oscillation analysis (Ronga
et al., 1999) because we remove the requirement mat 2 m of -p—— \
absorber are crossed in the lower part octheMA|CRO and we
include a period in which MACRO was under construction.
In fact, when calculating upper limijs, the benefit of increas-
ing the exposure offsets the slight increase of the background.
We look for statistically signrn^ptfexcesses of upward-going
muons in the direction of Known sources (a list we have com- Table 3: Probabilities for vs and m with energy Ev to
piled of 40 selected sources, 129 Egret sources (Thompson et produce a ̂  with E^ > 1 GeV.
al, 1995), 220 SNRs (Goben, 1998), 7 sources with 7 emission above 1 TeV, 2328 GRBs in the BATSE Cata-
logue (Meegan e/aL>1997)) or around the direction of any of the detected neutrino events. For this directional
search it is important to consider the angular spread between the detected \i and the parent v due to the v spec-
trum whiofe^eMmines the kinematics of the charged current interaction, the \i propagation from production
to detection and the angular resolution of the apparatus. In Tab. 1 we show the fraction of events accepted
in a cone) of 3° for various differential v spectral indices 7 and muon directions. We have considered cones
withXalf- widths of 1.5°,3° ,5° and 10° around the direction of known sources or of the detected upward-going
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Figure 1: Summary of isotropic neutrino fluxes of energy above 1 GeV. (1) atmospheric
neutrinos; (2) diffuse galactic neutrinos; (3) diffuse^xtragalactic^neutrinos]^— maximum and
minimum predictions; (4) cosmological neutrinos — maximum and minimum predictions.
From Ref. [1] _ ^

J

of) several thousand optical modules (OM: pressure vessel containing a con-
ventional photopultiplier tube and, possibly, data acquisition electronics) deployed in nat-
ural water or iie, even the ultimate scope of these detectors is similar to that of the Su-
perkamiokande OT~SNO soiar mnitei|io experiments[2]. Being optimized for large effective
area rather than low threshold (GeVyr more, rather than MeV), they are complementary
to these detectors. The challenge to ̂ deploy the components in an unfriendly environment
is. however, considerable. With a pr|ce tag which may be as low as a relatively cheap fixed-
target experiment at an accelerator, DutTtjnM--b«-a§^high as that of a LHC detector, this
must be one of the best motivated large-scale scientific ^ndeavors ever.

As for conventional telescopes, at least two are required to cover the sky. As with
particle physics collider experiments, it is very advantageous to explore a new frontier with
two or more instruments, preferably using different techniques. This goal may be achieved
by exploiting the parallel efforts to use natural water^asacLice as a Cherenkov medium for
particle detection.

2 Detection Techniques[3]
\

One can picture a neutrino telescope as a collection of strings (actually cables^te^nsmitting
the signals) spaced by a distance String of several tens of meters. The OMs are dep as
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* We did not include Earth matter effects ("open
sky" neutrino burst).

Fig.l shows the number of expected events ver-

4.5 5
Tve(MeV)

Figure 1. Number of events expected in LVD, in
the reaction 9ep,ne+, as a function of Tp& == Tu&:
the dashed line represents the no-oscillation case,
while full and dotted lines represent the oscilla-
tion case, adiabatic and non adiabatic, respec-
tively.

sus Tye i»-4he inverse p decay i?e reaction: a
large kfcreate due tc>-i< mixing is clearly visi-
ble, with rlspect^fco the jno-oscillation case. It
should be nofcetTthat the number of vep events is
practically the same botM for adiafeaxic and non-
adiabatic conditions, sinee^Jerr normal mass hi-
erarchy, MSW effect takes place in the neutrino
sector only. Quite a different picture would ap-
pear, if we were to assume inverse mass hie

Fig.2 shows the expected total number of c.c.
interactions with 12C, due to both i/e and ve?
The mixing results in an increase of the number
of events, either for adiabatic or for non adiabatic
conditions: in case of adiabaticity the increase is
larger, and this is solely due to i/e interactions.

Finally, the expected number of events in neu-
tral currents (n.c.) interactions with 12C is shown
in Fig.3: they are of course insensitive to v
3 Since mean life times of (3^ decay are similar (see Sect.2),
j / e and Pe are distinguishable only on statistical basis.
Note that, at T = 4 MeV, we expect 6 events due to
ê 12C,12B e+ in both cases with oscillations.

2. HIT

4.5 5
Tw(MeV)

Figure 2. Number of events expected in LVD,
in c.c. interactions with 12C as a function of
Tp& = TUa: the dashed line represents the no-
oscillation case, while full and dotted lines repre-
sent the oscillation case, adiabatic and non adia-
batic j respectively.

mixing. However, the number of carbon de-
excitations can test the temperature of neutri-
nospheres at the source [14], and therefore could
be used in combination with c.c. data to overcome
theoretical uncertainties on the temperature.

4. Conclusions and discussion

The observation of a neutrino burst due to the
explosion of a galactic supernova can add precious

formation about neutrino mass and mixing sce-
namos, in a complementary way with respect to
sol< ix, atmospheric and terrestrial v experiments.

We have studied the signal at LVD from a SN
ex^oding^arirlX= 10 kpc for 3-flavor v oscilla-
tion, assuming tpe LMA-MSW solution for solar
v and normal mWĵ JyeaFsfcTm We calculated the
expected number of events foV extreme_yalues of
Ue3: Varying oscillation paramefersTwe fdund an
increase up to 50% of the signal due to lirvesse-
P decay, and an increase by almost one order of
magnitude of the signal due to c.c. reactions on
carbon. We remind the reader that the signatures
of these reactions in LVD are very clear.

We plan to extend the calculation to include
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Figure 19: The same as fig. 16 for t = 17 hours of fig. 1 a). For this configuration SK is
unshielded by the Earth.
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Figure 1: Summary of present data on neutrino masses and mixings.

(1) In the frequentistic framework Ax2(p) is distributed as a x2 with one degree of freedom. (2) In the
Bayesian framework exp[-A%2(p)/2] is the probability of different p values, up to a normalization factor.
Our inferences on mee also depend on unknown parameters (#13 and the CP-violating phases): using the
Gaussian approximation we obtain more simple and conservative results, as explained in section 2.2.

In fig. 1 and in the rest of the paper we do not include the significant but controversial information
from SN1987A, that would disfavour #13 ^ 1° (if A m ^ < 0) and solar solutions with large mixing
angle [9, 10]. However, we recall here the origin of these bounds. The average Pe energy deduced
from Kamiokande II and 1MB data is Epe ~ 11 MeV, assuming the overall flux suggested by supernova
simulations (experimental data alone do not allow to extract both quantities accurately). This is somehow
smaller than the value suggested by supernova simulations in absence of oscillations, E&e ~ 15 MeV. For
both figures it is difficult to properly assign errors; but oscillations that convert ve f» v^r increase
the disagreement, since supernova simulations suggest Ep^r ~ 25 MeV. With an inverted hierarchy,
$13 ^ 1° giv e s rise to adiabatic MSW conversion, swapping v& f> PM)T completely. This is why this case
is 'disfavoured5 if the predictions of supernova models on neutrino energy and flux are correct. The
same argument applies to large solar mixing angles: Q\i ~ 1 induces a partial swap of the f?e into v^T1

whatever the mass spectrum of neutrinos. LMA oscillations have a smaller #12 and a larger Araf 2 than
LOW and (Q)VO, and are therefore less 'disfavoured5. SMA gives almost no Pe oscillations, but is
strongly disfavoured by solar data. For a full analysis, see [10].

1.2 Perspectives of improvement

Future oscillation experiments can significantly improve the situation. Concerning the 'solar5 parameters,
SNO, KamLAND and Borexino can reduce the error on sin2 20^ down to around 5%, and measure Araf2

to few per-mille (if it lies in the VO or QVO regions), or few per-cent (in the LMA region), or around 10%
(in the LOW region) [II].2 Concerning the 'atmospheric5 parameters, K2K, Minos or CNGS can reduce
the error on | Am^j and sin2 2023 down to about 10% and discover 013 if larger than few degrees [13, 14]
(the precise value strongly depends on |Ara2

3|). Far future long-baseline experiments can reduce the error
on I Amiy and sin2 2023 down to few % (with a conventional beam [15]) and maybe 1% (with a neutrino
factory beam [16]). These experiments could also discover a $13 larger than 0.5° and tell something
about <f>} if LMA is the true solution of the solar neutrino problem. Future reactor experiments [17] can
be sensitive to a $13 J> 3°.

Am2
l2

2 If Amf2 ^;2 10 4 a new reactor experiment with a shorter baseline than KamLAND would be necessary [11, 12]. If
i 10 eV Borexino and KamLAND will not see a inequivocable signal.


