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Problem set 2: Solutions

Problem 1

The NEMO-38 experiment observed 15 candidates for neutrino-less double 8 decays, while 18.0 &
0.6 background events are expected. Knowing that the experimental efficiency is 4.7%, and that
the exposure is 34.3 kg-yr, compute the upper limit at 90% C.L. (= 1.30) for the half-life time of
the 1Mo (atomic mass = 95.94 g/mol) BB — Ov decay. Compare the result with the published
result : 119 > 1.1 X 10%*yr at 90% C.L.

Note: we can simplify the computation considering that the uncertainty for the Poisson dis-
tribution (o(N) = /N ) is gaussian = 1.30 = 1.3v/N.

Solution:
The half-life time 7y 9 is given by:
1 26 - Npual - At
Ty = Ma——F—
/ Nggp
We have the following values for the parameters in the formula:
o ¢ =0.047
e Nuua(1°Mo) = Na, M /u, with u = 0.096 kg/mol. Therefore:

34.3kg - yr

Noel - At = Ny o8 2
nucl 40,096 kg /mol

=215 x 10* yr

® Ngg = Nobs — Npkg = (15 — 18.0) £ /15 +18.0 + 0.62 = —3.0 & 5.8, where we have
taken into account the Poissonian fluctuations of the measurement and the estimate for
the background. A variation of 1.30 gives Ngg < 4.5(= —3.0+ 1.3 x 5.8)

Finally we obtain:

0.047 - 215 x 10%*

e =1.6 x 10** yr at 90% C.L.

T1/2 >1In2
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Problem 2

(a) Determine the eigenvalues of the mass matriz of the see-saw Lagrangian, without neglecting

the value of my,.
_1 (I?C 7 ) myp Mmp vy,
2 VL R mp MR vy

(b) Why can one neglect my, in the mass hierarchy?

Solution:

(a) The eigenvalues for the matrix are:

1
Ay = 5 [mL—i—mR:I: \/(mL —mR)2+4m%]

(b) We have the following hierarchy: m; < mp < mpg. The value of the eigenvalues Ay in

the limit mp — 0 gives
1
Ay & 5 [mR:t\/m%+4m2D} ,

which is the same result as obtained from considering mj, = 0 in the mass matrix. There-
fore one can neglect my. However, mp can not be neglected, although it is much smaller
than mpg.

Problem 3

Considering the flavor basis for the neutral mesons (‘P0>, ]50>), the mass matrix can be written

as:
m  Am
Am m
(a) Calculate the mass eigenvalues My and My, and the corresponding eigenstates |Prr) (“heavy”)
and |Pr) (“light”).

(b) Discuss how this property of the neutral mesons can be detected by experiments (“mizing”).
Consider for instance the creation of a neutral meson in a strong interaction, followed by
its desintegration via the weak interaction. Draw the corresponding Feynman diagrams.

Solution:
(a) The mass eigenstates are a superposition of the two flavor states (interaction eigenstates):

A =me =m+Am

[P = —= (|P) + |P?)

1
75
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1 _
Py = — (|P%) — |P°
P = 5 (7%) - 1P)
As a consequence, while a pure flavor state is produced in strong interactions, mixing with
the opposite flavor state is possible during the space-time evolution of the mass eigenstate.

In the situation where Am = 0, the mass eigenstates become ‘P0> and ‘]50> and no mixing
can be present.

(b) A possible example is the creation of the pure neutral kaon K, in the strong desintegration
of the K*t (K*t — K%), or of the K in the desintegration of K*~ (see Fig. [1)). The
evolution of the neutral kaon allows the mixing process (see Fig. , and the component
K (K°) can be detected by its semi-leptonic desintegration K — m~etv (K — nte D),
revealing its flavor at the time of the decay (see Fig. (3.
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Figure 1: Feynman diagram of the disintegration of a K**
leading to the creation of a neutral kaon.
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Figure 2: Feynman diagram of the neutral kaon mixing.
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Figure 3: Feynman diagram of the semi-leptonic decay of a
neutral kaon.
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