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Generalisation of neutrino Non-Standard Interactions (NSI)

Considers scalar, pseudoscalar, vector, axial vector or tensor
interactions of neutrinos with fermions:
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Assume that GNI arise from heavy New Physics → Map low
energy GNI operators onto dim 6 SM(N)EFT terms.

LEFT (𝜙) = LSM (𝜙) +
∑︁
n≥5

1
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→ Enables broad search for New Physics through precision
measurements.

Bischer and Rodejohann, Nucl. Phys. B,
10.1016/j.nuclphysb.2019.114746
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Theory of General Neutrino Interactions (GNI)



Possible interaction channels:
Neutrino oscillation
LFV in 𝜇- and 𝜏-decays
Neutrino scatterings, e.g. CE𝜈NS
𝜋 -decay
β-decay

Different interaction channels are sensitive to different
combinations of 𝜖i in GNI Lagrangian. GNI cause

modifications to the β-spectrum
→ Energy-dependent contributions to the rate in KATRIN.
→ First proof of principle study!
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Search for General Neutrino Interactions



Possible interaction channels:
Neutrino oscillation
LFV in 𝜇- and 𝜏-decays
Neutrino scatterings, e.g. CE𝜈NS
𝜋 -decay
β-decay

Different interaction channels are sensitive to different
combinations of 𝜖i in GNI Lagrangian.

GNI cause modifications to the β-spectrum.
→ Energy-dependent contributions to the rate in KATRIN
→ First proof of principle study!
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Search for General Neutrino Interactions



70 m long set-up: a gaseous tritium source & high resolution MAC-E filter
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The KATRIN Experiment: Overview



Continuous β-spectrum described by Fermi’s Golden Rule, measurement of effective mass m(𝜈e) based on
kinematic parameters & energy conservation.

dΓ
dE

∝ (E0 − E)
√︁
(E0 − E)2 − m2 (𝜈e) Θ(E0 − E − mi )
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Tritium β-decay



dΓGNI

dE
=

dΓSM

dE

∑︁
k=𝛽,N
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k · 𝝃k

[
1 − b′

k
mk

E0 − E

]
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Total differential decay rate for left-handed neutrino and right-handed neutrino

Dimensionless coefficients 𝜉k and b′
k defined in terms of factors 𝜖, 𝜖, Ue4 and nuclear form factors

gV , gS, gT and gA.

Recover SM for 𝜉N = b′
k = 0.

Bischer and Rodejohann, Nucl. Phys. B, 10.1016/j.nuclphysb.2019.114746
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GNI @ KATRIN



dΓGNI
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𝜉𝛽 & b′
𝛽

Only left-handed neutrino

𝜉𝛽 & 𝜉N

𝜉𝛽 , 𝜉N & b′
N

With right-handed neutrino
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GNI @ KATRIN



Can exclude large m2
β values (red shaded region).

Ordering of systematic effects of GNI agrees with
ordering from neutrino mass analysis.
→ Proof of principle worked!

Mild influence of GNI contributions b′
β on neutrino

mass sensitivity.
→ Possible to probe different GNI scenarios!

Sensitivity is dominated by statistics.
→ Further improvement by adding more data.

Preliminary Study on KNM2 MC at 95 % CL

preliminary
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Sensitivity of GNI for left-handed neutrino



Able to probe sterile neutrino parameter space
with GNI model using b′

N = 0 and
𝜉N = tan2 𝜃 · (g2

A + 3g2
V ).

→ Allows cross-check between GNI and 3 + 1𝜈
model.

Obtained expected sensitivity shapes, excluding
large mixing angles.

Ordering of systematic effects of GNI agrees with
ordering from sterile neutrino mass analysis.
→ Proof of principle worked!

Preliminary Study on KNM2 MC at 95 % CL

preliminary
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Sensitivity of GNI for right-handed neutrino



Able to probe different GNI scenarios:

Single type of interaction:
𝜖T gives strongest constraints at O(10−2).
Constraints for similar parameters from other
experiments (LHC, neutron decay) up to O(10−3).
Right-handed W boson:
Only consider vector-like interactions.
Leptoquark:
Different combinations of interactions possible,
dependent on Leptoquark model.
Charged Higgs:
Only consider scalar interactions.

Sensitivity is dominated by statistics.
→ Further improvement by adding more data.

10.1016/j.ppnp.2018.08.002, 10.1002/andp.201300072

Preliminary Study on KNM2 MC at 95 % CL

preliminary
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Sensitivity of GNI for right-handed neutrino

https://www.sciencedirect.com/science/article/abs/pii/S0146641018300735?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/andp.201300072


Theory of General Neutrino Interactions is a powerful tool in the search for New Physics.

KATRIN’s high-precision measurement of the β-spectrum allows to constrain combinations of GNI
contributions.

More concrete constraints are possible when considering specific New Physics models.

Sensitivity will continuously improve by adding more data.

Analysis on data is almost finalized and will be released soon!
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Summary & Outlook
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Thank you for your attention!
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Backup



j 𝜖j Oj O′
j

1 𝜖L 𝛾𝜇 (1 − 𝛾5) 𝛾𝜇 (1 − 𝛾5)
2 𝜖L 𝛾𝜇 (1 + 𝛾5) 𝛾𝜇 (1 − 𝛾5)
3 𝜖R 𝛾𝜇 (1 − 𝛾5) 𝛾𝜇 (1 + 𝛾5)
4 𝜖R 𝛾𝜇 (1 + 𝛾5) 𝛾𝜇 (1 + 𝛾5)
5 𝜖S (1 − 𝛾5) 1

6 𝜖S (1 + 𝛾5) 1

7 −𝜖P (1 − 𝛾5) 𝛾5

8 −𝜖P (1 + 𝛾5) 𝛾5

9 𝜖T 𝜎𝜇𝜈 (1 − 𝛾5) 𝜎𝜇𝜈 (1 − 𝛾5)
10 𝜖T 𝜎𝜇𝜈 (1 + 𝛾5) 𝜎𝜇𝜈 (1 + 𝛾5)

LCC
GNI = −

GF V𝛾𝛿√
2

10∑︁
j=1

(
(∼)
𝜖 j,ud

)𝛼𝛽𝛾𝛿 (
ē𝛼Oj𝜈𝛽

) (
ū𝛾O′

j d𝛿
)
+ h.c.

𝜖L/R : Coupling for left-/right-handed vector-like interactions

𝜖S : Coupling for scalar interactions

𝜖P : Coupling for pseudo-scalar interactions

𝜖T : Coupling for tensor-like interactions
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Flavour Space Tensor
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GNI - 𝝐 and 𝝐2



Draw conclusions from sensitivity on 𝜉N
𝜉𝛽

to
sensitivity on 𝜖-parameters.

Most sensitive to 𝜖T at O(10−2)

Constraints for similar parameters from other
experiments (LHC, neutron decay) at O(10−3)

10.1016/j.ppnp.2018.08.002, 10.1002/andp.201300072

Preliminary Study on first year MC at 95 % CL
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Sensitivity of GNI for right-handed neutrino

https://www.sciencedirect.com/science/article/abs/pii/S0146641018300735?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/andp.201300072


Able to probe sterile parameter space with GNI
model using 𝜉N = tan2 𝜃 · (g2

A + 3g2
V ).

Cross-check between GNI and 3 + 1𝜈 model
→ shows good agreement

Preliminary Study on first year MC
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Sensitivity of GNI for right-handed neutrino



Ordering of systematic effects agrees with sterile
neutrino analysis.

Sensitivity is dominated by statistics.
→ Further improvement by adding more data.

Preliminary Study on first year MC

preliminary
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Sensitivity of GNI for right-handed neutrino



Effect of GNI on sterile neutrino spectrum

b′
N enhances/diminishes kink-like structure of

right-handed neutrino spectrum.
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Effect of GNI parameters on β-spectrum


	Appendix

