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Non standard neutrino interactions

They can be described by effective four-fermion
operators of the form

ZﬁGFgaﬁ (Vﬂy’”‘ P, Xf)/ﬂ P rf ')

NSNI
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NSNI can appear at every step. It is therefore
necessary to break down the analysis in three
stages

e the production process

* the detection process

We are left “only” with neutral current NSNI

ZﬁGFgaﬁ (Vﬁy” Pv, Xf_yﬂ P rf )
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CPT violation
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CPT tests

CPT invariance tested in
several matter-antimatter
systems:

neutral kaons
electron/positron
proton/antiproton

H/anti-H

Several experiments at the Antiproton E. Widmann, arXiv:2111.04056 [hep-ex]

Decelerator and ELENA(Extra Low Energy
Antiproton) @CERN

Current bounds

. We can use data of various experiments to
calculate the neutrino and antineutrino
oscillation parameters:

- Solar neutrino data:g,,, Am2,, 615
-Neutrino mode in LBLig,5, Am2,, 615
- KamLAND data:8,,, Am%,, 013
013, A3,
o3, A2, 013

- No bounds on CP-phases since all values are
allowed
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Current bounds

. We use the same data (except atmospheric
neutrinos) as for the global fit to obtain

T2K results, a hint ?

. T2K studied neutrino and anti-neutrino
oscillations separated
sin g = 0.51, Am2, = 2.53 x 107 3eV?
sin?fa3 = 0.42, A2, = 2.55 x 107 %eV?

. Results are consistent with
. CPT-conservation




. In experiments and in fits normally you
assume CPT-conservation

. If CPT is not conserved this leads to
impostor (fake) solutions in the fits

To perform the standard fit you would
calculate ‘
Xiotal = X (1) +X°(7)

and then minimize this function
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Obtaining impostor solutions

. This was done for  sin®(fs) = 0.5, sin®(fa3) = 0.43

Combined best
fit value is how

sin?(059™P) = 0.467

Real true values
are disfavored at
close to 30 and
more 5o
confidence levels

©13 2 B13 can account for different behavior in neutrino and
antineutrino channels

all values of & andg
remain allowed at ~ lo




The increasing precision in neutrino oscillation
measurements requires a thorough analysis of
the assumptions considered.

Distinguishing CPT violation from NSNI

The muon neutrino survival probability in matter can be written as

S, &

in
matter

6.B., C. Ternes and M. Tortola, Eur.Phys.J.C 79 (2019) 5, 390
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Violations of Lorentz invariance

Lorentz violation

standard D violates both CPT and

Lorentz Lorentz invariance
covariant term

Violations of Lorentz invariance

Lorentz violation

standard D violates both CPT and

Lorentz Lorentz invariance

covariant term
As usual, the oscillation probability is governed £ the difference of the

eigenvalues of the effective hamiltonian.
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Neutrinos,

In and Beyond the Standard Model:
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CMB: neutrino mass

Spherical harmonics decomposition:

£
T(A) =Y > mYem(h)

With expansion coefficients:

aim = | T@Y ()0

The angular power spectrum measures the amplitude of the expansion coefficients
as a function of the wavelength:

£
1 2
Ce= g7 2. ol
m=—£

CMB: a lot to learn about....

Initial conditions

Geometry

Diffusion

eff

Baryonmeter
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How structures form...

Photons freestream: Inhomogeneities
turn into anisotropies Initial fluctuations seeded
by, e.g., inflation.

Collapsed objects
(e.g., halos, galaxies, etc.)

b

Fluctuations grow with
time.

g

Overdense regions eventually
collapse and form gravitationally
bound objects.

X
Primordial fluctuations in the
dark matter density field .
. Voids
Fluctuations at sothe ;
later time (regions ,Of
low density)
From Y. Wong

Large scale structure

Matter power spectrum suppression

(From M. Tegmark)
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Planck Coll. A&A"20

Planck
TTTEEE+lowT+lowE+lensing

+ BAO

+ BAO + SNIa

¥m, < 0.099 eV 95%CL ¢BOSS Coll. PRD21

+ BAO + SNTa + Ho=73.45 £1.66 km/s/MpC  iessetal, aPJ15

+ DESI BAO
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Fermion Masses:

electron  positron
Left Chiral er, eR SU(2)xU(1)
Right Chiral CR er, U(1)

CPT: ¢p, <+ ér and eg «+ .

Mass couples L to R:

er to ep AND also ér to €7, Dirac Mass terms.
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Seesaw / Dirac Neutrinos / Light Sterile Neutrinos

Ne 7 Anti-Nu
Left Chiral VL <= Ur
() [ Dirac Masses
Right Chiral vg = vr
Majorana
Masses

Coupling of

e v to vp AND Pg to 7, are the Dirac masses.

e vy to vp forbidden by weak isospin.

e vp to 7, allowed and coefficient is unprotected. (— M)
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Leptogenesis

Baryon Asymmetry is created by a Lepton Asymmetry
produced by the decays of super heavy Majorana Neutrinos.

I(N—IT¢™)—T(N—I"¢T)
(N—lte¢— ) +T(N—=Il—o1)

(N — I£4F) depends on the Majorana Phases in the MNS mixing matrix.

Brow = %(B — L)+ %[B\‘Tt L)= %QB = L)ini = 7%4[”""”

X

0

Types of see-saw mechanism

Type I see-saw mechanism  Type II see-saw mechanism

Vi «| Heavy
triplet
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Diapositiva 41

GB1 Gabriela Barenboim; 29/04/2024



Naturalness may be over rated ...

Does this look natural ??

How Can We Demonstrate Thatv; = v,?

An Idea that Does Not Work
[and 1llustrates why most 1deas do not work]

Produce a v, via—

Spin .
X . Pion Rest Frame
V. < < > Ll
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The SM weak interaction causes —

wt

; >
Target
at rest

Recoil

p.(Lab) > B (7 Rest Frame)

= E_ (Lab) . E (m Rest Frame)

m, m,

Fraction of all m—decay that get helicity flipped

m 2

v

E, ( Rest Frame)
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Not Observed

m? —2C
BUT Suppressed by =% ~ 10 201

> How we can find out ?

S

P P
n
e 2 e
v %
v )
e V& e
n n
P p
SM double weak process Only allowed for Majorana v

4 body decay: continuos
spectrum for the e
energy sum

2 body decay: e energy
sum is a delta
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v; is emitted (RH + O(m/E) LH )

Amp[v; contribution] ~ m;

effective mass
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NEUTRINOS AGE WELL
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SUMMARY |

1z 512 1
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1 13 spge~0
E;"vm' = (R 823 y 1
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Atmos. L/E pp — 7
500km/GeV

Atmos. L/Ep e Solar L/Ee — p,7

1 i3

O 33 decay

15km/MeV
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