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Neutrinos are massless in the SM!
However in nature.....
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Oscillation experiments are sensitive not only to neutrino masses and mixing, but also
to how neutrinos interact with matter.

 Coherent CC and NC forward scattering of neutrinos
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New effective 4-fermion interactions between
leptons and quarks may give observable effects in
neutrino production, propagation, and detection.

How to use EFT language to “systematically” explore
new physics beyond the neutrino masses and mixing
in neutrino experiments?
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Why EFT?

Wealth of low-energy observables
probing different aspects of particle
interactions are described within one
consistent framework.

Constraints from different observables
can be meaningfully compared.

Results obtained in the language of
EFT can be translated into constraints
on particular new physics models.

The point IS that one can probe
very heavy particles, oiten beyond
the reach of present colliders, by

precisely measuring low-energy
observables.
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SMEFT

WEFT

low energy experiments
(E<<myz)

Constraints on Constraints on
BSM #1

BSM #2

Constraints on the EFT
coefficients

By measurements of WEFT parameters
at E<<m, we can drive constraints on

higher dimensional SMEFT interactions.
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Approach: E>m;

e If BSM particles are much heavier than the Z boson mass and the
EWSB is linearly realized, then the relevant effective theory above
the weak scale is the so-called SMEFT.

* It has the same particle content and local symmetry as the SM,
but differs by the presence of higher-dimensional (non-
renormalizable) interactions in the Lagrangian.
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e The SMEFT framework allows one to describe effects of new
physics beyond the SM in a model independent way
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Approach:

5/28/21

E « m-

* In particular, considering the CC interactions of
neutrinos.

e At this scale heavy particles such as W and Z bosons,
Higgs and top can be integrated out from the SMEFT,
leading to Weak EFT (WEFT).

2 Vud

LWEFT O -— {[1 @aﬁ U’)’“PLd)(ZamLPLI/g)
+.,5 uvy" Prd) (EavﬂPLug)

+@5 ud f PLI/ — —..g u75d 5 PLI/g)

+ 1€ (00" PLd) Ta PLvg) + hic.}

Apart from the SM-like V-A interactions (1+¢,), right-
handed (g;), scalar (), pseudoscalar (¢p), and tensor
(g) interactions are allowed.
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A. Falkowski, M. Gonzélez-Alonso, ZT
arXiv: 1910.02971
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QFT Description

A. Falkowski, M. Gonzélez-Alonso, ZT
arXiv: 1910.02971

Observable: rate of detected events

~(flux)x(det. cross section)x(oscillation)
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EFT at Oscillation Experiments:

A. Falkowski, M. Gonzalez-Alonso, ZT
arXiv: 1910.02971, JHEP (2020)...

5/28/21

2
‘LAmkl

R = ®MogM D " e 2 Ul UnUakUpy
k,l

Zahra Tabrizi, Virginia Tech

Upmins
|

10



EFT at Oscillation Experiments: Upnins

Ve
A. Falkowski, M. Gonzélez-Alonso, ZT . H

arXiv: 1910.02971, JHEP (2020)...
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Production and detection coefficients, depend on amplitudes

One needs to calculate these coefficients for different production and detection processes.
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Resonances:
MINQOS, NOVA,
DUNE
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Well...
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EFT at FASERv

 will be located downstream of
the ATLAS interaction point at a
distance of 480 m.

* Ideal for detecting high-energy ;
neutrinos produced at LHC. .

e 1.2-t of tungsten material.
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osm/E, [10738 cm?/GeV]

Why FASERV?

EFT at FASERv
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A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136
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EFT at FASERv

A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136
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* No new physics at the linear order!

« Good sensitivity to the right handed and tensor interactions.
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EFT at FASERv

Thanks to Felix, also based on arXiv:2105.08270
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DPMJET DPMJET 4614 9198 131
EPOSLHC | Pythia8 (Hard) 2109 7763 48.9
QGSJET | Pythia8 (Soft) 1437 7162 24.5
5/28/21 Zahra Tabrizi, Virginia Tech 17



Leptonic Pion Decay:

Due to the pseudoscalar nature of the pion, it is sensitive only to axial
(€,-€r) and pseudo-scalar (&p) interactions.

pLL = —prr =1, ppL = —DPPR
mz
prr =1, ppp= m2 (o + )2
pr T T 1 ~-27
5/28/21 Zahra Tabrizi, Virginia Tech

A. Falkowski, M. Gonzélez-Alonso, ZT
arXiv: 1910.02971
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Leptonic Pion Decay:

Due to the pseudoscalar nature of the pion, it is sensitive only to axial
(€,-€r) and pseudo-scalar (&p) interactions.
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A. Falkowski, M. Gonzélez-Alonso, ZT
arXiv: 1910.02971

Pion decay

Pl

n(dl) —» p-+ v

« We will have a great chiral enhancement for the pseudoscalar.
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Kaon Decay:

Both 2-body and 3-body kaon decays contribute:

XY, deS_Sngs} Zl jlkl ES deP’ |A51,] k |

Energy distribution of K*, K, or K¢

Thanks to Felix
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A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136
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Kaon Decay:

Both 2-body and 3-body kaon decays contribute:

Production Coefficient
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A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136
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We see "'more”’ chiral-enhancement for the decay into electrons!!!
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EFT at FASERv

A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136
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RESULTS

Turning on one interaction at a time: Pseudo-Scalar . Felkowsi, 1 Sonzaler-Alonso, . Kopp, . sorea, 21
arxiv: .
Optimistic (5%, 10%, 15%) and Pessimistic (30%, 40%, 50%), uncertainties on electron muon and tau néutrinos
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Conclusion:

We have proposed a systematic approach to neutrino experiments in the
SMEFT framework.

We applied the formalism to FASERv experiment, however the formalism
can be readily extended to other types of neutrino experiments.

Constraints of the order of 103 (10 TeV) can be derived for pseudo-scalar
interaction at FASERwv.
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Approach:
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E>m;

e If BSM particles are much heavier than the Z boson mass and the
EWSB is linearly realized, then the relevant effective theory above
the weak scale is the so-called SMEFT.

* It has the same particle content and local symmetry as the SM,
but differs by the presence of higher-dimensional (non-
renormalizable) interactions in the Lagrangian.

| 1 1
Losm BT = LsMm + e D=0 D=6
) Ag A2
e The SMEFT framework allows one to describe effects of new
physics beyond the SM in a model independent way

: £ £

:)MM(>MM<
O = (I*o°1)(Gvuoq)
Ogde = (le)(dq) + h.c.

Oy = (Ta€)e®(qpu) + h.c.
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Matching WEFT and SMEFT parameters:

2
v 3 3 3
A2V, (Vud [ ]as + de[cngzhjfsaﬁ = de[cl(q)]amj)

,02

m[cHud]lldaﬁ;

,02

,02

202 @) =%
A2V de[clequ]ﬁaﬂ ’

* All g, arise at O(A=2) in the SMEFT, thus they are equally important.

* No off-diagonal right handed interactions in SMEFT.

5/28/21 Zahra Tabrizi, Virginia Tech
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Kaon Decay:

Both 2-body and 3-body kaon decays contribute:

106 T T T L L |

10° pXY,y
104
10°

102

10

10° .-.-._.-.-..:.'.':Z.‘:

B
-
-
..................
...............
.....
*eea

107!

Production Coefficient

-
-
.........
-
-
-~
-

Pt
o
o

.....
........
cen
.......
oo

ot
o
&

oo
.

.........
...........
“ene
......
..
tene

Pt
2
S

1073

A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136
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We see chiral-enhancement for the decay into muons!
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EFT at FASERv

A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136

(pseudo)probability:

ik
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1 ] | J
i i
Only the diagonal elements at the linear order Off diagonal elements at the quadratic order

No oscillation, only zero-distance effect!
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RESULTS

Turning oh one interaction at a time: Scalar A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT
arXiv: 2105.12136

Optimistic (5%, 10%, 15%) and Pessimistic (30%, 40%, 50%), uncertainties on electron muon and tau neutrinos
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A. Falkowski, M. Gonzalez-Alonso, J. Kopp, Y. Soreq, ZT

Turning on one interaction at a time: Pseudo-Scalar _
arXiv: 2105.12136

Optimistic (5%, 10%, 15%) and Pessimistic (30%, 40%, 50%), uncertainties on electron muon and tau neeutrinos
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RESULTS

Turning on one interaction at a time: Tensor _
arXiv: 2105.12136

Optimistic (5%, 10%, 15%) and Pessimistic (30%, 40%, 50%), uncertainties on electron muon and tau neutrinos
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