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Status of New physics (NP) searches: scale gap

Scale gap between the NP and the EW scale
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Modern Effective Field Theories (WET/SMEFT..)

Fermi theory: an EFT for the SM
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Modern Effective Field Theories (WET/SMEFT..)

Effective Field Theories for NP

Given the present situation one can construct EFTs for
parameterizing the NP effects in a model independent fashion.

In this regard, the EFTs such as LEFT, SMEFT, νSMEFT, HEFT
have become quite popular and have become standard testing
grounds for the physics beyond the Standard Model:

L = LSM(d = 4) + Leff(d > 4)

Leff(d > 4) =
∑

d=5,6,..

CIQI + h.c .
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Modern Effective Field Theories (WET/SMEFT..)

WET: a generalized Fermi Theory

It’s a general version of Fermi theory to parameterize the low energy
observables such as the muon decay.

It’s an EFT for which the full theory can be the SM or SMEFT after
integrating out the W/Z/Higgs and top quark.

Power counting parameter δ = p2/m2
W .

From last several decades WET has been used to parameterize and
test the SM effects for low-energy processes such as flavour violating
transitions, lepton flavour violating decays etc.
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Modern Effective Field Theories (WET/SMEFT..)

WET Lagrangian
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Modern Effective Field Theories (WET/SMEFT..)

Four-fermion operators in WET
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Modern Effective Field Theories (WET/SMEFT..)

SMEFT

A model independent framework to parameterize the NP effects
above the EW scale.

An EFT constructed by integrating out the heavy NP particles for
which the full theory can be UV completion which is currently
unknown!

Power counting parameter δ = p2/Λ2, where Λ & a few TeV.

SMEFT has become quite popular in last couple of years and has
been used to parameterize and test the NP effects for low-energy
processes such as flavour violating transitions, lepton flavour violating
decays etc.
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Modern Effective Field Theories (WET/SMEFT..)

SMEFT Lagrangian
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Modern Effective Field Theories (WET/SMEFT..)

Four-fermion operators in SMEFT
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Modern Effective Field Theories (WET/SMEFT..)

Jacky Kumar (Technical University Munich) Physics Beyond the SM(EFT) DIS2022 April 2022 15 / 32



Beyond SMEFT

Outline

1 Status of New physics (NP) searches: scale gap

2 Modern Effective Field Theories (WET/SMEFT..)

3 Beyond SMEFT

4 Low energy phenomenology with non-SMEFT operators

5 Summary and conclusions

Jacky Kumar (Technical University Munich) Physics Beyond the SM(EFT) DIS2022 April 2022 16 / 32



Beyond SMEFT

Beyond SMEFT

Due to a larger symmetry group, SMEFT [SU(2)L × U(1)Y ] puts certain
restrictions on the LEFT [U(1)Q ].

Some of the LEFT operators can not be generated from SMEFT at
the leading order.

SMEFT impose relations between the LEFT Wilson coefficients.

The implications of these restrictions on the low-energy phenomenology
can shed some light on the physics beyond the SMEFT framework!
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Beyond SMEFT

Non-SMEFT operators

The LEFT operators absent in SMEFT at the leading order.

Such Hypercharge(isospin) violating operators can be termed as
non-SMEFT operators.

Jacky Kumar (Technical University Munich) Physics Beyond the SM(EFT) DIS2022 April 2022 18 / 32



Beyond SMEFT

Complete list of non-SMEFT operators

There are 10 such operators in LEFT (suppressing flavour structure).

OV ,LR
νedu : (νLpγ

µeLr )(dRsγµuRt) + h.c

OS ,RR
ed : (eLpeRr )(dLsdRt)

OT ,RR
ed : (eLpσ

µνeRr )(dLsσµνdRt)

OS,RR
ee : (eLpeRr )(eLseRt)

OV 1,LR
uddu : (uLpγ

µdLr )(dRsγµuRt) + h.c

OV 8,LR
uddu : (uLpγ

µTAdLr )(dRsγµT
AuRt) + h.c

OS1,RR
uu : (uLpuRr )(uLsuRt)

OS8,RR
uu : (uLpT

AuRr )(uLsT
AuRt)

OS1,RR
dd : (dLpdRr )(dLsdRt)

OS8,RR
dd : (dLpT

AdRr )(dLsT
AdRt)
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Beyond SMEFT

Generating such operators within SMEFT
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Beyond SMEFT

Generating d̄RγµuRW
µ vertex
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Beyond SMEFT

Restrictions imposed by SMEFT

The W-boson couples universally to all three lepton generations:
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Beyond SMEFT

Is there a way to get a non-universal contribution to
(ν̄`γµPL`)(c̄γµPRb) within the SMEFT?

Yes, but at dimension-eight level.
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Beyond SMEFT
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Beyond SMEFT

Typical suppression within SMEFT

Assuming the NP scale to be O(5TeV).

Using LEFT power counting CV ,LR
νedu ∼

1
Λ2 ∼ 4× 10−2 TeV−2.

In SMEFT CV ,LR
νedu ∼

v2

Λ4 ∼ 10−3 TeV−2.

So by experimentally extracting the value of CV ,LR
νedu , one can know if a

non-SMEFT like NP is needed or not.
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Low energy phenomenology with non-SMEFT operators
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Low energy phenomenology with non-SMEFT operators

b → cτ ν̄ observables

OV ,LR
νedu give rise to b → cτ ν̄ transitions.
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Low energy phenomenology with non-SMEFT operators

Fit to b → cτ ν̄ data
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Low energy phenomenology with non-SMEFT operators

Fit to b → cτ ν̄ data

Current data allows O(1) non-SMEFT like values for the Wilson
coefficients.

In future, the angular distributions B → D∗(→ Dπ′)τ−(→ π−ντ )ντ
will allow us to perform more general fits with multiple Wilson
coefficients. [Bhattacharya, Datta, Kamali, London 2020]
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Summary and conclusions
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Summary and conclusions

Summary and conclusions

The SM of particle physics seems to work pretty well. The LHC did
not find any BSM particles yet, indicating a scale gap between the
EW and NP scale.

As a result one can construct EFTs to parameterize the NP effects in
a model independent fashion. Modern EFTs: LEFT, SMEFT,
νSMEFT, HEFT.

The SMEFT puts certain restrictions on the structure of LEFT
operators.

There are total 10 non-SMEFT operators in LEFT. The SMEFT
predicts suppression of these Wilson coefficients since they can only
at the dimension-8 level.

One such non-SMEFT operators is (ν̄`γµPL`)(c̄γµPRb). The current
data allows its size to be non-SMEFT like.

The measurement of angular distributions would allow us extract
simultaneously more than two Wilson coefficients.
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Summary and conclusions

Thanks for your attention.
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