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¢ Introduction: Neutrino masses and mixing status

* New Physics and Neutrino Oscillations: Usual
Approach.

* Beyond Factorization:
A. Neutrino-Neutrino oscillations.
B. Neutrino-Antineutrino oscillations.
C. Application to MINOS results.
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Ref [1]

Ref. [2] (MINOS updated)

parameter best fit+ 1o 30 interval best fit+1o 30 interval
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!!sually the effect of New Physics (NP) are taken into account

assuming factorization of the amplitudes:
A_sg(f — F) = As(‘ﬂ'i — vjpi)Ap(uu 0SC UE)AJ(L’;F +N— N’ + E:l:)
* Assuming NP given by: ng = )\(V;@](FE’}-’&PL;L)(H‘“,*&PLH] +he.
Al = F) = As(n* = p* 7 )y (venooscve)dg(vF + N = N +¢°)

‘ P(l — F) = |d5o|” + 2Re(A%p4Np) + |Axp |

T. Ota. J. Sato. PhysRevD.71.096004; M. Glez.-Garcia, Y. Grossman, A. Gusso, Y. Nir.
PhysRevD.71.096004
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< i (p) + N(p~n) — N (py) + I(p1) .

Fuente

Deteccion
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Assuming Left-handed light neutrinos, the most
general Hamiltonian responsable of New Physics is
given by: - n
= 2/2GrV 4 U’f' (AY*Pruvg )ty Prd)
+CE (P (o Prd)
+C ’;{ pPruvg ) (uPrd)

+C4 (PLvk) (@Prd)
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* The neutrino propagator:
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* Let’s assume to have neutrino quasi-elastic scattering on
nucleons: oot = B (B

ulgr + gays)un(pw)
gr=gr(@°=0)=1yg=g4(g° =0~ -127

‘ |Ty{!_p,(.‘}|: == Z (E’;m“ £ F.i"!q-rA; W By, — mnAi)
g hi g
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* CP asymmetry assuming that the only sources of CP
violation comes from (S-P)x(S+P) terms:

NG| T ABUUU,Ue &) )—ER[ S ABU,U; u,JuqJe“(EwEw)j

i i K. i,jk.

* In Standard Model: Bq* 5
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* It is interesting that in this case, one recovers

factorization: e 2
e b o) 6 )
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(o1 — p*(p2)
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v, - = Q2m)8 (o +prv+py +p2 — p)(Gr) |fx|
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At this point, the term kl.p2 breaks the factorization assumption as it
depends on the angle between the momentum of the muon and of the
lepton going out at detection.
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¢ If the hypothesis that neutrino and antineutrino
interactions with nucleons are identical, CP
asymmetry is independent of the breaking of
factorization :
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* Assuming 2 generations, one gets:

2 :
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MINOS observes no ~ Result: limit fraction, a, of

appearance of V, in the ‘ events transitioning from

v toV:
NuMI beam W W
a < 0.026 (90% C.L.)

See, http://theory.fnal.gov/jetp/talks/Hartnell.pdf
2

< 0.001

‘2 ﬂi'l-"-: -a.tE':,i

Py, —v,) < 0.026 (90% c.l.). >

) 0001 x E2 = |(my)

— 4 Re {UEE Uﬁ} MMy T2y, SIN° %
— 2Im {UEE U;EJ gy My BINL7Y .
A Armnig L{km)
— 7
Ay (eebtd [(m,,,.}| < 100 MeV

XII Mexican workshop on Particles and Fields,
Mazatlan 8-14th November 2009



* If Majorana neutrinos do exist,AL = 2 processes like neutrino-
antineutrino oscillations can occur. The production of leptons
with same charges at the production and detection vertices of
neutrinos will be a clear manifestation of these processes.

* The time evolution probability of the whole process is not
factorizable into production, oscillation and detection
probabilities, as is the case in neutrino oscillations.

* Forvery short times of propagation of neutrinos, the
observation of muon+ muon + events would lead to a direct
bound the effective mass of muon Majorana neutrinos.

* Neutrino experiments aiming to measure neutrino-antineutrino
oscillations with different short- and long-baseline setups can
be useful to get direct and complementary constraints on the
masses and phases of Majorana neutrinos.
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