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Motivation NEUTRINO OSCILLATION

» Since the 2000’s, standard (ish) neutrino
oscillations are found to be mass-driven.

Y

. Different mass (propagation) and flavour
(production/detetction) eigenstates.

» Can be parametrized with the PMNS matrix:

1 0 0 C13 0 e_i‘ssn c2 s O
U=|0 c3 s3] x 0 1 0 X|—s12 c2 O
0 —s23 €3 —efs;3 0 ¢ 0 0 1
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» Since the 2000’s, standard (ish) neutrino
oscillations are found to be mass-driven.

4

. Different mass (propagation) and flavour
(production/detetction) eigenstates.

» Can be parametrized with the PMNS matrix:

1 0 0 C13 0 C_i‘sslg c2 spp O
U=|0 c3 s3] x 0 1 0 X|—s12 c2 O
0 — 523 23 —e%;3 0 ¢p3 0 01

» Oscillation parameters depend
on the mass ordering.
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S. Adrian-Martinez et al. (KM3NeT) (2016)
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» NSI went from being a possible oscillation
origin to a subdominant effect.

» There are some results that are still in
tension in the mass-driven mixing.

Frequentist Fits

T2ZK EPJC 2023 = BF — <80%CL -+~ <68% CL
NOVA PRD 2022+ 8F || <sovcL [l] <es%cL
= = 0

2 Scp
I. Esteban et al. (NuFit) (2024)
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» NSI went from being a possible oscillation
origin to a subdominant effect.

» There are some results that are still in
tension in the mass-driven mixing.

Frequentist Fits
T

T2KEPJC 2023 = BF — <90% CL === <68% CL
NOVA PRD 2022+ 8F || <sovcL [l] <es%cL
L

- I 0 i m
> 3
Scp

1. Esteban et al. (NuFit) (2024)
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T. Ohlsson (2013)
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» They would introduce variations to
the Standard matter effects (MSW).

“7  Could be (and are) constrained
with ocillation experiments
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NSI and symmetries FormaLisu

» Introducing an effective lagrangian for NC NSI:

Lxsine) = ~2vV2Gr Y (E3)@ar Povs) (FruPx )

f7X’a76

_ —\/iGF f§5 (ﬁa’Y“PLVB) (7 [M S 'YM’YB} f)

» While CC modifies v’s detection and production, the NC change the propagation.
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NSI and symmetries FormaLisu

» Introducing an effective lagrangian for NC NSI:

Lxsine) = ~2vV2Gr Y (E3)@ar Povs) (FruPx )

f7X’a76

= —V2Gp f%/ﬁ (Tay*Prvg) (? {u +’Y/ﬁ5} f)

» While CC modifies v’s detection and production, the NC change the propagation.

» We include only vector and axial-vector contributions to the four-fermion operators.
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NSI and symmetries FormaLisu

» Introducing an effective lagrangian for NC NSI:

Lxsine) = ~2vV2Gr Y (E3)@ar Povs) (FruPx )

f7X’a76

= —2Gp ,[%,B (Do PLyp) (? [W + 7“75} f)

» While CC modifies v’s detection and production, the NC change the propagation.

» We include only vector and axial-vector contributions to the four-fermion operators.

» Similar strengths are expected in V and A contributions for chiral mediators.
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T decays UppATES IN CLFV BOUNDS

» Improvement of bounds

90% CL upper limits on t LFV decays
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S. Banerjee et al.
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T decays UppATES IN CLFV BOUNDS

90% CL upper limits on t LFV decays

» Improvement of bounds

on 7 LFV.

» Cleaner observables.

BNV

thh

173

we

25°

1P°

HFLAV

460,40

+*

'S 4

X 2

e

*

4.1075

2105 ¥¥

1:107

4-107¢

2.10°°

1:10

1:107%

® ATLAS m BaBar 4 Belle v Bellell ¢ CLEO O CMS [] LHCb % Combination

(HFLAV) (2024)
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T decays UppATES IN CLFV BOUNDS
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T decays UppATES IN CLFV BOUNDS
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T decays UppATES IN CLFV BOUNDS

» We aim to update previous analyses and to include e

more channels: ¢ H
« S. Bergmann et al. (1999, 2000, 2000) P j('

. M. B. Gavela et al. (2009)

. S. Davidson and M. Gorbahn (2020), f

among others.

U Normalized with
(when possible)
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T decays UppATES IN CLFV BOUNDS

» We aim to update previous analyses and to include e

more channels: ¢ H
« S. Bergmann et al. (1999, 2000, 2000) P j('
. M. B. Gavela et al. (2009)
. S. Davidson and M. Gorbahn (2020), f
among others.
» We consider HFLAV averages for the 95% CL in | Normalized with

(when possible)
the following channels:

o 7= LP% with PO € {#% n, 0’} —~T1=0,1; e{:l
o« T > UPTP™ with Pe{m, K} —1=0,1; egy
e TV with V e {w, ¢} T=0; ¢
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T decays PRELIMINARY RESULTS
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Process |Dirac Structure|Isospin||ej; | Constaint |ezT| Constraint ||e;,,| Constraint
T — ur® Axial 1 [<12x107% | <1.2x1073 N/A
T = um Axial 0 | <14x1073 | <14x107% | <9.6x107*
T = pry Axial 0 <26x1073 | <26x107% | <1.2x1073
T — prtr Vector 1 <40x107* | <4.0x107* N/A
T uKtK- Vector 0 <1.0x 1072 N/A <1.0x 1072
T — uw Vector 0 <58x107* | <58x107* N/A
T = pd Vector 0 N/A N/A <48x1074
Process |Dirac Structure|Isospin||e% | Constaint||eZ, | Constraint||e, | Constraint
T — en? Axial 1 [ <11x1073| <1.1x1073 N/A
T —en Axial 0 | <15x103| <15x107% | <1.0x1073
T —en Axial 0 |<32x1073| <32x1073 | <14x1073
T— et Vector 1 | <40x107* | <40x107* N/A
T—eKtK™ Vector 0 | <9.0x1073 N/A <9.0x1073
T = ew Vector 0 <47x107% | <4.7x107% N/A
T — ed Vector 0 N/A N/A <3.7x1074
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Conclusions LIMITATIONS

» We can build D > 6 SU(2)-preserving operators for v, that don’t translate to
CLFV:

NSI Effective operator example without CLFV
ZR (HTO'QEL) (ZLO'GH) lp— — %(H)Q (H“PRZ) (yl’YuPLVl)
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Conclusions LIMITATIONS

» We can build D > 6 SU(2)-preserving operators for v, that don’t translate to
CLFV:

NSI Effective operator example without CLFV
ZR (HTO'QEL) (ZLO'G’H) lp— — %<H>2 (H“PRZ) (yl’YuPLVl)

» For non-singlet mediators the constraint is up to the ratio of the masses (Estimated
factor <7).
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Conclusions LIMITATIONS

» We can build D > 6 SU(2)-preserving operators for v, that don’t translate to
CLFV:

NSI Effective operator example without CLFV
ZR (HTO'QEL) (ZLO'aH) lp— — %<H>2 (H“PRZ) (yl’YuPLVl)

» For non-singlet mediators the constraint is up to the ratio of the masses (Estimated
factor <7).

» EFT approach is no longer valid for light mediators!
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Conclusions LIMITATIONS

» We can build D > 6 SU(2)p-preserving operators for vy that don’t translate to
CLFV:

NSI Effective operator example without CLFV
ZR (HTO'QEL) (ZLO'aH) lp— — %<H>2 (H“PRZ) (yl’YuPLVl)

» For non-singlet mediators the constraint is up to the ratio of the masses (Estimated
factor <7).

» EFT approach is no longer valid for light mediators!

» We are constraining one coupling at a time
>  Maybe there is an interference enhancement.
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Conclusions SuMMARY

« Flavour changing NC NSI can be (strongly) constrained using CLFV experimental
bounds. 4
~>  We obtained e'(i 5~ O(1073) in most channels.

« 7 semileptonic and leptonic decays are particularly useful to search for these
flavour-violating channels.

o Our bounds can still allow for NSI with different UV theories or in dense
atmospheres. (Effects in supernovae?)
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Thanks for your attention!




XVII CPAN DAYS Santiago Paz Castro 10

Supplementary Material

» Interaction hamiltonian with general NSI » Non-singlets mediators treatment

0
1 A
H,.=—1U Am2 Ut of = _CTfH
F= ok 21 ) v T WRMEGr '\
Am3, 5 M?
3 Gf —_ Gfﬁ —2 .
Vg o,
1+e €, € o Gl _/‘ M3
+ acc (Gzn,u)* E:ZZ/L GZT s v Gr

(en)  (em) e

M. B. Gavela et al. (2009)

S. Bergmann et al. (2000)
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Supplementary Material
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l Class Operator Mediator
(Leir?Lg)(Lair*Ls)t | S(1,1,1)
” (LeiT®TLg)(Leir®TLs)t | S(1,3,1)
BXEXT (Lgir*Qp)(Lair®Qs)t | S(3,1,1/3)
(Leir*7Qp)(Leir*TQs) | S(3,3,1/3)
Lol (Llr)s)t | 81,2, 1/2)
2crir | (La(ur)s)(Lelur)s)t  |S(3,2, - 7/6)
(Laldr)s)(L(dr)s)t |S(3,2,—1/6)
(Lav*Lg)s(LevuLs)! V(1,1,0)
(Lav'7Lg)(LevuTLs)' | V(1,3,0)
Ss,i (LawuLﬁ)(Qc'mQﬁ) V(]., 1» 0)
B2 (L 7Le) (@ ™@s)' | V(1,3,0)
(La7"Qs) (LevuQs)' [V(3,1,-2/3)
(Lan*7Qs)(L™Qs)' |V(3,3,—2/3)

» Classification of constrained operators

with its mediator

@’Y“Lﬁ)((in)c"rp Ir)s )
dpLrr (Iﬁ'Y‘uLﬂ)((uR)r'Tu
(Lav"Lg)((dr)evuldn )

(Lgy"(1r) ) (Levu(lr)s)t
Srrer (L (ur)p) (Levu(ur)s)!
(Len"(dr) ) (Levu(dr)s)!
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