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Why

� 13 is one of the foundamental parameters of the Standard Model.
A spectacular evidence of the 3� oscillation scheme.
The key parameter to design future neutrino oscillation experiments

Compelling urgence 

of addressing this 

experimental hint
+ =
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Neutrino Telescopes

Measure the neutrino �avor �ux ratio in a Neutrino Telescope and compare it with the �ux
ratio at the source.
Assume neutrinos generated by neutron primaries: the �ux ratio at the source is

� e : � � : � � � 1 : 0 : 0

The observable ratioR = � D
� =(� D

e +� D
� ) (track

to shower eventsin a neutrino telescope) brings
information about � 13

Without a solid information about the
composition at the source it is very di�cult to
extract informations about � 13

(From P.D. Serpico and M. Kacheriess,
Phys.Rev.Lett.94:211102,2005)
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SuperNova Neutrinos

If a Supernova explodes at 10 kpc tomorrow and
neutrinos are detected by the running detectors, can
be extracted any information about � 13 ?

� 13 in�uences the total � �ux emitted through the MSW
crossing probability at the high resonance region inside the
SN: (after several approximations)

PH ’ exp
n

� �
12

h
1010MeV

E

�
sin3 2� 13
cos2 2� 13

��
j � m2

32j
1eV2

�
C1=2

i 2=3o
:

C / amount of electron capture during the star collapse,
C 2 [1; 10].
Of course many SN parameters in�uence the� �uxes like
the � �avour temperatures T � and the pinching parameters
(deviations from thermal) � � .
Also Earth matter e�ects in�uence the � �uxes, but they
don’t bring much information about � 13 .

Di�erent processes have di�erent dependencies from� 13 .
Events are computed by a 10kpc SN and the detector at
30� .

Guo, Huang, Young, arXiv:0806.2720.
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SuperNova Neutrinos

From H. Suzuki and K. Yoshihara, J. of Phys. 120 (2008) 052030
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Combining di�erent channels at di�erent detectors it may be possible to
discriminate between� 13 < 1� and � 13 > 1� (and between normal and
inverted hierarchy as well).

Expect many independent analysis on the subject when a SN will explode
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The Tritium way (I): Nostos
Y. Giomataris and J.D. Vergados, hep-ex/0303045, hep-ph/0504149, S. Aune et al. hep-ex/0503031

Tritium has an end-point energy of 18.6 keV) � edisappearance in a 10 m baseline.
Assume a very intense source of tritium (200 MCi) surrounded by a spherical high-pressure
gas TPC, 10 m radius.
Directly measure oscillations thanks to the L modulation
Both elastic scattering and neutral current events are detected. Given the di�erent
cross-section vs energy values, the pathlength shapes are di�erent at di�erent energies.
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The Tritium way (II): Mossbauer Neutrinos

R. S. Raghavan, hep-ph/0511101, hep-ph/0601079v3

H    He + e + ν
3 -3

e

in atomic orbit  (B.R. =7 10   )

E  = Q + B  - E
z R ν

e

-3

 ν +  He + e 
-

e

3 3
H

E  = Q + B’ + E’z R ν
e

in atomic orbit 

PRODUCTION ABSORBTION

MONOCHROMATIC:

Resonant character partially destroyed by recoilsER , E0
R . ) � � 10� 42 cm2.

+
Recoilfree:ER = 0 ) 3H and 3He in lattice ) � � 3 � 10� 33 cm2.

3H: 1 MCi, 3He: 1g ) � 10 events/day at 10 m

Precision measurements of� 13 (H. Minakata et al.,Phys.Rev.D76:053004,2007)

A new way to measure mass hierarchy (S.J Parke et al, arXiv:0812.1879).
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The Tritium way (III): Some remarks

W. Potzel, arXiv:0810.2170.

How far can be set the same binding energy Bz?
3H and 3He have di�erent sizes, modifying the lattice structure. This and
other subtle solid state e�ects can weaken the resonant peak, loosing up
to 6 orders of magnitude in the cross section.

How to measure oscillations?
The only practical way is to count the produced3H atoms with
radiochemical methods. But the3He lattice is produced with the �3H
trick�: �ll the lattice with 3H and wait for a su�ciently long time to
have 3He. Can the number of3He target nuclei and the number of3H
background atoms be known with enough precision?

R&D is needed to set the feasibility and the sensitivity of this experimental
approach.
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Solar Neutrinos

Can the precision of Solars and/or Reactors be dramatically
improved?

The GADZOOKS way: dissolve gadolinium to SK and let it detect reactor� e.
Plots from Mark Vagins talk at NNN08

Mauro Mezzetto, INFN Padova () Next Challenge in Neutrino Physics, the � 13 angle Neutel 09, 12/03/09 9 / 30



Solar Neutrinos

Can the precision of Solars and/or Reactors be dramatically
improved?

The GADZOOKS way: dissolve gadolinium to SK and let it detect reactor� e.
Plots from Mark Vagins talk at NNN08

Mauro Mezzetto, INFN Padova () Next Challenge in Neutrino Physics, the � 13 angle Neutel 09, 12/03/09 9 / 30



Atmospheric Neutrinos

talks by G. Fogli, M. Nakahata, M. Maltoni, T. Kajita

To have sizable� 13 e�ects in atmospheric neutrinos, they
must undergo resonant MSW transitions in the Earth:
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T. Kajita, Nucl. Phys. Proc. Suppl. 159 (2006) 15
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Reactor experiments

1 � P�e�e ’ sin2 2� 13 sin2(� m2
31L=4E) + (� m2

21=� m2
31)2) (� m2

31L=4E)2 cos4 � 13 sin2 2� 12

Direct connection betweenP�e�e and � 13 , no interference with� CP and sign(� m2
23).

No way to directly measure leptonic CP violation and mass hierarchy.

Truly complementary to the accelerator experiments.

Disappearance experiments: systematic errors dominate over statistics.

T2K appearance signal in 5 years, from hep-ex/0106019
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