
Heinrich P�as

Institut f�ur Theoretische Physik
Universit�at W�urzburg

Absolute neutrino mass determination

ν=ν

ee
?

eV

ZeV

In Collaboration with:
T.J. Weiler (Vanderbilt University)





Why to bother about absolute neutrino masses?

� SUSY See-Saw Mechanism:
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) with M� one gets information on MR

F. Deppisch, H. P�as, A. Redelbach, R. R�uckl, Y. Shimizu, hep-ph/0206122

Talk of A. Redelbach

� Radiative Neutrino mass and Rp= SUSY:
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Knowing M� improves bounds on

SUSY couplings by up to 5 orders of magnitude!

G. Bhattacharyya, H.V. Klapdor-Kleingrothaus, H. P�as, PLB463 (1999) 77)



Absolute neutrino mass determination

Direct measurements:

� arrival time pro�le of supernova �'s
! sensitivity <� 1 eV

� tritium decay ! sensitivity <� 2.3 (0.3) eV

� �, � decay ! much worse

� (cosmological structure formation CMB/LSS ! sensitivity
<� 0:6� 1:8 eV (
m � 0:3� large)

3 assumptions for indirect �-mass determination:

� �'s are Majoranas (see-saw, Rp= -generated, etc.)

� only 3 �'s (LSND neglected)

� LMA solar solution realized

Focus:

� Extreme energy cosmic rays in the Z-burst model

� 0��� decay

� (degenerate neutrinos)



Cosmic rays in the Z-burst model
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Anomalie: Extreme energy cosmic rays above GZK

cuto� (due to scattering on CMB 
's)

Possible solution: Resonant scattering of extreme

energy �'s on relic � background at ER
� = 2m2

Z=(2m�)

(T.J. Weiler, Astroparticle Physics 11 (1999) 303)

(D. Fargion, B. Mele, A. Salis, Astrophys. J. 517 (1999) 725)

) m� >� 0:1 eV predicted!

! Fit to UHECR spectrum: mj = 0:26 eV

(Z. Fodor, S.D. Katz, A. Ringwald, hep-ph/0105064)



The Z-burst and neutrino masses

Necessary condition:

suÆcient 
ux of �'s with E >
� 1021 eV

! challenging!

Helpful:

� Neutrino clustering in galactic vincinity

{ Large scales: universe too young

{ Galactic halo: Pauli blocking
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requires mj >� 0:5 eV for signi�cant increase

� Majorana neutrinos gives factor 2 in CNB

� Neutrino mass degeneracy gives factor 3

Degenerate neutrino masses

mj � 0:1� 1eV�
q
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q
�m2�

are back in business!



What is double beta decay?
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�Physics beyond SM (L violation)
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Sensitive on:

� e�ective Neutrino{Majorana mass:

mee =
P0

i jUeij2ei�imi

mee <� 0:6 eV; Evidence mee = 0:39 eV?

(Heidelberg-Moscow-Experiment)

Future Projects: CUORE: 0.1 eV, MOON: 0.03 eV

EXO, GENIUS 1t, XMASS: 0.02 eV

GENIUS 10 t: 0.002 eV



0��� and � oscillations

0��� observable:
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Neutrino oscillations observables:
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(H.V. Klapdor-Kleingrothaus, H. P�as, A.Y. Smirnov, PRD63 (2001) 073005)



0��� in degenerate � mass schemes
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Summary

Future 0��� projects can test all neutrino mass spectra:

� mee = 0:39 eV: m1 = m2 = m3 = 0:04� 0:4 eV

� mee > 0:1 eV: Degenerate neutrinos

� mee ' 0:01 � 0:1 eV: Degenerate neutrinos, partial de-
generacy or inverse hierarchy

� So far: m3/ER will be known with accuracy of (cos 2�sun)
�1,

galactic halo clustering may support Z-burst.

� Otherwise: m3 '
p
�m2

atm � 0:5 eV; no halo clustering
and no mass-degeneracy supports Z-burst.

� mee > 0:001 � 0:01 eV: Partial degeneracy or inverse hi-
erarchy

� mee <� 0:001 eV: Hierarchical spectrum

(H. P�as, T.J. Weiler, PRD 63 (2001) 113015)


