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Overview

4-fermion operators have their renown in the early 1930s when Fermi wrote down
the contact interactions for beta decay.

Violation of unitarity at high energies eventually helps lead to the theory for W*, Z, and
the SM.
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Overview

For constraints from neutrino oscillations
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ABSTRACT: We investigate the prospects of next-generation neutrino oscillation exper-
iments DUNE, T2HK and JUNO including TAO within Standard Model Effective Field
Theory (SMEFT). We also re-interpret COHERENT data in this framework. Considering
both charged and neutral current neutrino Non-Standard Interactions (NSIs), we analyse
dimension-6 SMEFT operators and derive lower bounds to UV scale A. The most powerful
probe is obtained on Oledqm, with A 2 450 TeV due to the electron neutrino sample in
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Overview

Current status and future prospects
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Overview

Current status and future prospects
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LO: Derman and Marciano, 1979

NLO: Czarnecki and Marciano, 1996

Parity-violating electron scattering (PVES) has played an essential role in
establishing the SM.

G,,th 1 -y
V2magy 1 +y*+ A =y*

Apy = (1 — 4sin” Oy, + 5Q§V)

Aleksejevs et al, 2011, 2012, 2015
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Overview

NNLO: ¥YD, Freitas, Patel, Ramsey-Musolf, PRL 2021
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Quantity Contribution (x1073)
14 Sin29W +744

A%, ~29.0

AO% 10 +3.1

AQ@V(Z,Z) ~0.1800%
Al +11820%

AOQ% 0 +0.13 (estimate)

AQWaa) T ACQW@1 = 1.00Z5005 x 1073
AexpQy = 1.1 x 1073
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Overview

CKM unitarity test

Towner & Hardy, 2015
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CKM unitarity test

Towner & Hardy, 2015
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Exp. : Experiment
0c — Ons: Nuclear structure dependent

0g : transition dependent radiative corrections

Ay : transition independent radiative corrections

Seng, Gorchtein, Patel, Ramsey-Musolf, PRL 2018
Seng, Gorchtein, Ramsey-Musolf, PRD 2019
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Current status: * in progress, with Michael Ramsey-Musolf, Jia Zhou

> >
> > >
> > >
> >
Trivial and not necessary.
> > > >

Remaining: Non-trivial Wy boxes on the quark line.
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Overview
PVES
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Overview

PVES Neutron decay
| ¢
0 ==L (7,4'¢) (ar't'a)

Ignore flavor indices. Lepto-quark model
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Ignore flavor indices. Left-right symmetric
model

O

AMoller > 10 ~ 50 TeV ANeuton > 7 35 TeV

The MOLLER collaboration, 1411.4088 Gongzalez-Alonso et al, 1803.08732
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PVES Neutron decay
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AMoller > 10 ~ 50 TeV ANeuton > 7 35 TeV

The MOLLER collaboration, 1411.4088 Gongzalez-Alonso et al, 1803.08732

Q: What FASERv can add to this picture?
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Jenkins et al, 1308.2627, 1310.4838
Strategy Alonso et al, 1312.2014
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From LEFT to SMEFT

2Vud _ — B _
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+ ) | S]aﬁ (ud) (EQPLV5> ~ 3 [EP]QB (uysd) (EQPLVB) + 1 [eT]aﬁ (uc*” Prd) (EQUMVPLVB) + h.c.

For example, at the weak scale and in the Warsaw-up basis,

Vv, Vi -
kt gk . (1) p,r,s,tflavor indices
ey (m = 0.5C - 0.5C o
V2 Lep ( Z)]p’" ledg.prst lequ.prst I, j, k mass indices

Jenkins et al, 1709.04486 (JHEP)
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From LEFT to SMEFT

Vsk kt

[ ( Z)]pr = 0. SCledqprst — 0. SC(I)

lequ,prst

Running effects from QCD loops are very important for these semi-leptonic

operators (3-loop QCD + 1-loop EW) Gonzalaz-Alonso et al, 1706.00410 (PLB)
€r, 1 0 0 0 0 €r,
(eR\ /0 1.0046 0 0 0 \/eR\
€s =10 0 1.72 2.46 x 1076 —0.0242 €s
€p 0 0 2.46 x 1076 1.72 —0.0242 €p
\GT)(M:QGeV) \0 0 —217x107% —217x107* 0.825 )\ET)(M:Z)

Then one can match the LEFT onto the SMEFT (at 1TeV for example)

Vsk kt [

— _ (1) 3)
k2 GeV)],, = 1.0234C, 4 e — 1.03218C vequprst T 0.205515C Fequprst
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Results

For neutrino production through meson decay and neutrino detection through
DIS, see the talk by Zahra Tabrizi during the 2nd FPF meeting
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https://indico.cern.ch/event/1022352/contributions/4336385/attachments/2254220/3824589/FPFworkshopMay2021.pdf
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Q: Constraints on the UV?
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Results

Tree-level seesaw models? Not good.

Type: YYrYryr and YLYrYLYR
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Leptoquark models?
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Results

The S, + S5 lepto-quark model for example: Gherardi et al, 2003.12525 (JHEP)
IR 9 1L* IR 9 1L*
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Results

Synergy with other experiments, neutrino oscillations for example?

|¢je| from Tri decay, M=5 TeV

M [TeV] -3 -2-10 1 2 3
AL
YD, Li, Jian, Vihonen, Yu, 2011.14292 (JHEP)
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Results

Synergy with other experiments, neutrino oscillations for example?

|¢je| from Tri decay, M=5 TeV
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Resu Its On-going with de Blas, Grojean, Gu,

Miralles, Peskin, Tian, Vos, Vryonidou

Looking forward?
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Results

Looking forward?
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1) Trident production (¢ flavor) at FASERUY to lift the flat direction?

2) Currently, no sensitivity to O, 4, ., Operators in the 3rd generation. Given its high
energy/luminosity, neutrino trident production (7 flavor) at FASERv?
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1) Trident production (¢ flavor) at FASERUY to lift the flat direction?

2) Currently, no sensitivity to O, 4, ., Operators in the 3rd generation. Given its high

energy/luminosity, neutrino trident production (7 flavor) at FASERv?
3) Constraints on Oz, 3347
4) ...
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<+ We Dbriefly review 4-fermion operators and their connection with various experiments
(PVES, CKM unitarity...)

<% We investigate what FASERv can add to the big picture of 4-fermion operators

< Model independently, we obtain constraints on SMEFT operators
< These constraints can then be easily translated to specific UV models. We use

the leptoquark model to illustrate synergy of FASERv in model testing.

<% We propose some future directions for the study of FASERvY (on 7 physics and global
fit), which are still under study.



Literally the first day of the Year of the Tiger. Happy Chinese New Year and my best
wishes!




