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Theory of General Neutrino Interactions (GNI)

® Generalisation of neutrino Non-Standard Interactions (NSI)

® Considers scalar, pseudoscalar, vector, axial vector or tensor
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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.
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— Enables broad search for New Physics through precision Bischer and Rodejohann, Nucl. Phys. B,
measurements. 10.1016/j.nuclphysb.2019.114746
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Search for General Neutrino Interactions

@ Possible interaction channels:

Neutrino oscillation

LFV in p- and r-decays

Neutrino scatterings, e.g. CEVNS
m-decay

B-decay

& Different interaction channels are sensitive to different
combinations of ¢; in GNI Lagrangian.
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Search for General Neutrino Interactions

® Possible interaction channels:

® Neutrino oscillation

LFVin p- and r-decays

Neutrino scatterings, e.g. CEVNS
m-decay

p-decay

® Different interaction channels are sensitive to different
combinations of ¢; in GNI Lagrangian.

® GNI cause modifications to the -spectrum.
— Energy-dependent contributions to the rate in KATRIN
— First proof of principle study!
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The KATRIN Experiment: Overview

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

Analysing plane
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Tritium p-decay ﬂ(IT
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Continuous B-spectrum described by Fermi’s Golden Rule, measurement of effective mass m(ve) based on
kinematic parameters & energy conservation.
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GNI @ KATRIN ﬂ(IT
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dlgni  dlsm [ P , Mg
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k=p, N

@ Total differential decay rate for lefi-handed neutrino and right-handed neutrino

® Dimensionless coefficients {x and b, defined in terms of factors €, é, Ue4 and nuclear form factors
9v, gs, g9 and ga.

® Recover SM for &y = by = 0.

Bischer and Rodejohann, Nucl. Phys. B, 10.1016/j.nuclphysb.2019.114746
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GNI @ KATRIN ﬂ(IT
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Only left-handed neutrino With right-handed neutrino
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Sensitivity of GNI for left-handed neutrino
Preliminary Study on KNM2 MC at 95 % CL

® Can exclude large m? values (red shaded region). — stat Bsiope Eloss == AP
prTTEm A EE EEEEE IR BYnonpoi Bpcn —~—- Plasma —— total
==+ BQpenning == Bsrc pdo

® QOrdering of systematic effects of GNI agrees with
ordering from neutrino mass analysis.
— Proof of principle worked!

® Mild influence of GNI contributions b[g on neutrino
mass sensitivity.
— Possible to probe different GNI scenarios!

® Sensitivity is dominated by statistics.
— Further improvement by adding more data.
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Sensitivity of GNI for right-handed neutrino
Preliminary Study on KNM2 MC at 95 % CL

b'y=-1.0 — b'y=0.0 - b'y=1.0
) . —— by=-0.75 b'y=025 —-- Stat.
® Able to probe sterile neutrino parameter space — by=-05 —— by=05 — total
with GNI model using by, = 0 and — by=-025 —— b'y=075
2 2 2
Ey =tan®0- (QA +39v)- 1034
— Allows cross-check between GNland 3+ 1 v
model.
e s . —~ 2
® Obtained expected sensitivity shapes, excluding £
large mixing angles. e
S
<
® Ordering of systematic effects of GNI agrees with 104
ordering from sterile neutrino mass analysis.
— Proof of principle worked!
0
T e 101 10° 101
Enlép
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Sensitivity of GNI for right-handed neutrino

® Able to probe different GNI scenarios: Preliminary Study on KNM2 MC at 95 % CL

a Single type of interaction: bi”f'l‘o - bi” - 0.0  —— bw=10
eT gives strongest constraints at O(10~2). . gx;:gés o Z,Z _ 8:25 _ ts;?at,
Constraints for similar parameters from other —— bly=-025 —— b/y=075
experiments (LHC, neutron decay) up to O(1073).

® Right-handed W boson: 10%4
Only consider vector-like interactions.

® |Leptoquark:

Different combinations of interactions possible, g 1074
dependent on Leptoquark model. C

® Charged Higgs: F
Only consider scalar interactions. < 101

® Sensitivity is dominated by statistics.
— Further improvement by adding more data. 100

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

11/13  Sep 14th, 2023 Caroline Fengler: A Look at General Neutrino Interactions with KATRIN Institute for Astroparticle Physics


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

Summary & Outlook A“(IT
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® Theory of General Neutrino Interactions is a powerful tool in the search for New Physics.

@ KATRIN'’s high-precision measurement of the -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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Thank you for your attention!
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Flavour Space Tensor
J €j Oj 0/-' oy 10 afyd
1 a (-9 - =52 ((2),-,ud) (8<0yvp) (80 ds) + hec.
2 & yp(+y)  yr(-y8) ° =
3 er n(1-v)  yOA+yd)
4 & p(+y) O +yd)
5 €s 1-v> 1 ® ¢ /pr: Coupling for left-/right-handed vector-like interactions
6 és (1+y%) 1 ® ¢5: Coupling for scalar interactions
7 —ep  (1-7Y y° ® ¢p: Coupling for pseudo-scalar interactions
8 —ép (1+y°) y° ® ¢7: Coupling for tensor-like interactions
9 €T O-pv(1 - Ys) otv(1 - Ys)

-
o

ér o (1 +y%) V(1 +yd)
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GNI - € and €2

= For different e-parameters we get slightly
different transformations
= q=C-|el? with
. C= 11 N

——foreN ore
1-gelz b TR

= C=1forelorel

2 —_—

+ € =—% ~0.17945 for e} orel
gy+39;

. =291 . 806537 for el orel

9p+303 T

= See results on the next slides!
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Esbs = gvgs 2Re (€1, + er)es + (€1, + €r)(€s)°]
3991 8Re [(61, — er)(er)” — (€1 — €r)(er)*],
Eably = gvgs 2Re [(€1, + er)es + es(€r + €r)"]
3991 8Re [(€, — er)(er)” — (€1, — er)(er)’],
&pcp = 2Re [y;"-(?l, +er)(€r +€r) + y,?q(s(r.a')']
+ 2Re [*3!1?4(?1, —eg)(€L —€r)* + 1897 (7'(??')‘] .

& = G (Vs + o+ cal? + [+ @l?) +[a (IesP}+ 5P)
+ 303 (|Uea + €1, — €rl* + [€1, — €l*) + 4897 (lex|* + [€2[7)
Enby = gvgs 2Re [(Uer + €1, + €r)(es)” + (€1, + €r)(€5)°]
— 39491 8Re [(Uer + €1, — er)(er)" — (€L — €r)(€r)"],
Ently = gvgs 2Re [(Uer + €, + €p)(€5)" + es(€r, + €r)*]
— 39491 8Re [(Uer + €1 — ex)(€r)" — (€L — €r)(er)’],
Enven = 2Re ['I[fr(l,’,| +er+ep)(en +€r) + !/:i fs(é\s).l
+ 2Re [—Iigﬁ‘((/’, 1+ e, —er)(€r —€r)" + thg]:fJT(?T)'] .
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Sensitivity of GNI for right-handed neutrino
Preliminary Study on first year MC at 95 % CL

&n 3 &n
I |ET|25W37-5,, |ELvR|251.o~sg
. . —_— e Rl = —% |Es|25$":5,.5a
® Draw conclusions from sensitivity on ﬁ to '
. 10°+ preln
sensitivity on e-parameters.
® Most sensitive to er at O(1072) 102
>
<U
® Constraints for similar parameters from other o
experiments (LHC, neutron decay) at O(1072) 5 101
10.1016/j.ppnp.2018.08.002, 10.1002/andp.201300072 10° 103 102 101 o0 101
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Sensitivity of GNI for right-handed neutrino A“(IT

Preliminary Study on first year MC

=== GNI model at 95% C.L. === 3+ 1vmodel at 95% C.L.
103_
® Able to probe sterile parameter space with GNI
model using &y = tan? 0 - (g4 + 3g3). < 102,
[
® Cross-check between GNI and 3 + 1 v model F
<
— shows good agreement 1014
10° T T
1072 107t
sin?(6)
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Sensitivity of GNI for right-handed neutrino
Preliminary Study on first year MC

- stat. Bgsiope Eloss ==+ AP
----- BQnonpoi Bpch Plasma  —— total
== BQpeming == Bgrc pdo
10% 600
® Ordering of systematic effects agrees with sterile w0
neutrino analysis. %
e . - < 1074 50
®  Sensitivity is dominated by statistics. 3 S 00
— Further improvement by adding more data. F 5o
< 0.010 0.012 0.014
104 EnlEp
10° T T r
102 1071 10° 10!
Enlép
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Effect of GNI parameters on -spectrum A“(IT
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5 lec21 T T T T T T T
mj=0eV?
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ar —— m2=10eV? & =0.1,bj = —0.05 ]
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s
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& Effect of GNI on sterile neutrino spectrum
. . . . . 1r 1
a b;v enhances/diminishes kink-like structure of
right-handed neutrino spectrum. 0 . . . . —
5048522 ’ . ’ . ’ .
© --- 3v model — m3=10eV?,&y=0.1,bj = —0.05
5 25F—m2=10eV?,§=0.1 m3=10eV?, & =0.1,bj = 0.05 k!
E
[=}
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Retarding energy (eV)
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