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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 , and 
the SM.

W±, Z

σ ∼ G2
FE2

wiki



Location of JUNO 
NPP Daya Bay Huizhou Lufeng Yangjiang  Taishan 
Status Operational  Planned Planned Under construction Under construction 
Power  17.4 GW 17.4 GW 17.4 GW 17.4 GW 18.4 GW 
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Previous site candidate 

Overburden ~ 700 m 

by 2020: 26.6 GW 
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* and many more…
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For constraints from neutrino oscillations
Overview
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γ Z
+

f ff f

Parity-violating electron scattering (PVES) has played an essential role in 
establishing the SM.
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Aleksejevs et al, 2011, 2012, 2015

LO: Derman and Marciano, 1979

NLO: Czarnecki and Marciano, 1996
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APV =
GμQ2

2παEM

1 − y
1 + y4 + (1 − y)4 (1 − 4 sin2 θW + δQe

W)
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NNLO: YD, Freitas, Patel, Ramsey-Musolf, PRL 2021
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FIG. 8. Uncertainty budget for |Vud |2 as obtained from superal-
lowed 0+ → 0+ β decay. The contributions are separated into four
categories: experiment, the transition-dependent part of the radiative
correction (δ′

R), the nuclear-structure-dependent terms (δC − δNS),
and the transition-independent part of the radiative correction #V

R.

decay is to be achieved in the future, it must come first
from improved calculations of #V

R . Furthermore, since #V
R is

common to all other approaches to the measurement of |Vud |—
from neutron decay, T = 1/2 nuclear mirror decays and
pion decays—it provides an ultimate precision limit to them
all, albeit well below the experimental uncertainties which
currently dominate those measurements. In 2008, we identified
improvements to #V

R as the highest priority theoretical goal,
and it remains so today. The impact of any improvement would
be immediate: If the #V

R uncertainty were cut in half, the |Vud |2
uncertainty would be reduced by 30%.

The nuclear-structure-dependent corrections (δC − δNS) are
the second most important contributors to the overall uncer-
tainty assigned to |Vud |2. Their contribution has been slightly
reduced since 2008 as a result of improved experimental
precision which, as already noted, has made possible a
discriminating test for the efficacy of any set of calculated
isospin-symmetry-breaking corrections, δC. As a result, we

have been able to select the only set in good agreement with
the expectation of CVC that all measured transitions should
have the same F t values within statistical uncertainties. This
is an example of experiment contributing to the reduction
of a theoretical uncertainty. Further benefits from the same
approach can also be anticipated in the future with the
completion of more mirror pairs of 0+ → 0+ transitions—at
A = 26, 34, and 42, for example—and with even higher
precision in the already well-known f t values.

Of course, the motivation for improving |Vud | is to tighten
the uncertainty on CKM unitarity as a probe for physics beyond
the standard model. This would obviously benefit from a
resolution of the current conflict in the determinations of |Vus |.
Nevertheless, regardless of which current value for |Vus | one
accepts, its contribution to the uncertainty on the unitarity
sum is from 15%–35% less than that of our current value of
|Vud |. (The relative precision of |Vud | is, however, more than
an order of magnitude tighter than that of |Vus |.) Thus, any
improvement in |Vud | will have a direct beneficial impact on
the uncertainty of the unitarity sum.

There is another important outcome of the superallowed
F t values that often gets less attention than it deserves: the
experimental limit that it yields on the possible occurrence
of a scalar interaction. The limit set here on the ratio of
scalar-to-vector currents is the tightest available anywhere and
it can clearly be improved. As a glance at Fig. 7 will show,
the two lightest superallowed transitions—those from 10C and
14O—are crucial in setting the limit on a scalar interaction.
Both have relatively large uncertainties. Both also present
experimental challenges, particularly in the measurement of
their branching ratios. There is no doubt, though, that an
appreciable improvement in their F t values would pay off
handsomely.
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FIG. 8. Uncertainty budget for |Vud |2 as obtained from superal-
lowed 0+ → 0+ β decay. The contributions are separated into four
categories: experiment, the transition-dependent part of the radiative
correction (δ′

R), the nuclear-structure-dependent terms (δC − δNS),
and the transition-independent part of the radiative correction #V

R.
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experimental limit that it yields on the possible occurrence
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scalar-to-vector currents is the tightest available anywhere and
it can clearly be improved. As a glance at Fig. 7 will show,
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Both have relatively large uncertainties. Both also present
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Remaining: Non-trivial  boxes on the quark line.Wγ

Current status:
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The MOLLER collaboration, 1411.4088

Yong Du ITP CAS9



Overview

𝒪ee =
cee
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Q: What FASERv can add to this picture?
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Running
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Jenkins et al, 1308.2627, 1310.4838 
Alonso et al, 1312.2014
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VskV*kt
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lequ,prst

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

From LEFT to SMEFT

 flavor indices 
 mass indices

p, r, s, t
i, j, k
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VskV*kt

v2
[ϵsk

P (mZ)]pr = 0.5Cledq,prst − 0.5C(1)
lequ,prst

Running effects from QCD loops are very important for these semi-leptonic 
operators (3-loop QCD + 1-loop EW)

VskV*kt

v2
[ϵsk

P (2 GeV)]pr = 1.0234Cledq,prst − 1.03218C(1)
ℓequ,prst + 0.205515C(3)

ℓequ,prst

From LEFT to SMEFT

Gonzalaz-Alonso et al, 1706.00410 (PLB)

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

12Yong Du ITP CAS



For neutrino production through meson decay and neutrino detection through 
DIS, see the talk by Zahra Tabrizi during the 2nd FPF meeting

Results

13Yong Du ITP CAS

https://indico.cern.ch/event/1022352/contributions/4336385/attachments/2254220/3824589/FPFworkshopMay2021.pdf


Results
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Q: Constraints on the UV?

Results
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Results
Tree-level seesaw models? Not good.

YD, Li, Yu, 2201.04646
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Results
Tree-level seesaw models? Not good.

YD, Li, Yu, 2201.04646

Leptoquark models?

15Yong Du ITP CAS
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C(1)
lequ,prst =

λ1R
tr λ1L*

sp

2M2
1

, C(3)
lequ,prst = −

λ1R
tr λ1L*

sp

8M2
1

The  lepto-quark model for example:S1 + S3 Gherardi et al, 2003.12525 (JHEP)

Results
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Synergy with other experiments, neutrino oscillations for example?

YD, Li, Jian, Vihonen, Yu, 2011.14292 (JHEP)

Results
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Synergy with other experiments, neutrino oscillations for example?

YD, Li, Jian, Vihonen, Yu, 2011.14292 (JHEP)

Results
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[ ̂cℓℓ]2222
= [cℓℓ]2222

+
2g2

Y

g2
L + 3g2

Y
[cℓe]2222

PRELIMINARY

Results
Looking forward?

On-going with de Blas, Grojean, Gu, 
Miralles, Peskin, Tian, Vos, Vryonidou
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1) Trident production (  flavor) at FASER  to lift the flat direction?μ ν

PRELIMINARY

Results
Looking forward?

2) Currently, no sensitivity to  operators in the 3rd generation. Given its high 
energy/luminosity, neutrino trident production (  flavor) at FASER ?

𝒪ℓℓ,ℓe,ee
τ ν

3) Constraints on ? 
4) …

𝒪ℓℓqq,33st

On-going with de Blas, Grojean, Gu, 
Miralles, Peskin, Tian, Vos, Vryonidou
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✤ We briefly review 4-fermion operators and their connection with various experiments 
(PVES, CKM unitarity…) 

✤ We investigate what FASER  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 FASER  in model testing. 

✤ We propose some future directions for the study of FASER  (on  physics and global 
fit), which are still under study.

ν

ν

ν τ

Summary



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


