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Four-fermion operators

Four-fermion interaction prior to the SM
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“new physics” scale is determined

Historical Fermi theory

Weak interaction



Four-fermion operators

Four-fermion interactions in the SMEFT (� = 6)
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B. Grzadkowski, et al, 1008.4884 (JHEP)
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Wilson coefficients
unknown �� and � 



Four-fermion operators

Flavor symmetry
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Focus on the semileptonic operator of type ����

Faroughy, Isidori, Wilsch, Yamamoto 2005.05366 (JHEP)

flavor indices:
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CP-even -odd

strongly 
suppressed



Semileptonic four-fermion operator

Lepton flavor conserving (LFC) scenario
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observables • L: low-energy charged current 
processes (neutron, nuclear, and 
meson decays)

• EW: electroweak precision observables
• C: Drell-Yan collider processes (푝푝 →

푙푙 and 푝푝 → 푙�)

In order to avoid tensions among different observables, global fits 
are essential. Using current data,

consistent with zero at 1 sigma

V. Cirigliano, et al., 2311.00021 (JHEP)
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Semileptonic four-fermion operator

Lepton flavor violating (LFV) scenario
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probe of the LFV 
semileptonic operator

✔
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Semileptonic four-fermion operator

Lepton flavor violating (LFV) scenario

7

probe of the LFV 
semileptonic operator

✔

✔

Current constraint:

one-at-a-timeFernández-Martínez, et al., 2403.09772 (EPJC)

✔
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Semileptonic four-fermion operator

Lepton flavor violating (LFV) scenario
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COMET:

Mu2e (Fermilab):

commissioning starts in early 2025

COMET (J-PARC):
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Semileptonic four-fermion operator

Lepton flavor violating (LFV) scenario
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Using expected sensitivity:

COMET:

Mu2e (Fermilab):

commissioning starts in early 2025

COMET (J-PARC):

extraordinarily sensitive 
probe of new physics

W. Haxton et al., 2406.13818
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Two questions

• In the LFC scenario:
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(current)

How to uncover the relevant new physics?

• In the LFV scenario:

(current)

(future)

How to alleviate the mass scale of new physics?
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Two questions

• In the LFC scenario:
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(current)

How to uncover the relevant new physics?

• In the LFV scenario:

(current)

(future)

measuremets of neutrino non-standard interactions

How to alleviate the mass scale of new physics?

four-fermion interaction from dark loop
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Neutrino Non-Standard Interactions

Charged-current neutrino NSIs:
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modifies the neutrino sources
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Neutrino Non-Standard Interactions

Charged-current neutrino NSIs:
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Among the most sensitive LFC 
operators to probe:

modifies the neutrino sources

Next-generation oscillation experiments

Y. Du, H.-L. Li, J. Tang, S. Vihonen, J.-H. Yu 2106.15800 (PRD)
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Dark loop

UV completions of four-fermion operators
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Two key points to alleviate the 
new physics scale: 

• loop factor 
• coupling dependence 

dark particles in box diagram Cepedello, Esser, Hirsch, Sanz, 2302.03485 (JHEP)

D-I-1 provides the simplest 
realizetion for
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Fermion portal dark matter

UV completion with dark particles
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Majorana DM: 
mediators:
lepton:

李刚/中山大学

Cepedello, Esser, Hirsch, Sanz, 2302.03485 (JHEP)
An, Wang and H. Zhang, 1308.0592 (PRD)
Bai, Berger, 1308.0612 (JHEP)
DiFranzo, Nagao, Rajaraman, Tait, 1308.2679 (JHEP)



Wilson coeffcients

Model-indepdent constraints
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DM relic density

Majorana DM annihilation at tree-level

17

p-wave contribution is dominant
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DM direct detection

Majorana DM scattering at tree-level
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Effective interactions:

Exclusion limit from DM direct detection is 
dominated by SD interactions associated with 

李刚/中山大学

K. A. Mohan, D. Sengupta, T. M. P. Tait, 
B. Yan, C. P. Yuan, 1903.05650 (JHEP)



DM direct detection

Majorana DM scattering at tree-level
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• The relic density of � as the observed total DM relic density is assumed
• Limits could be notably weaker if the relic density depends on a give ���

Benchmarks:
no exclusion

is excluded
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Collider searches

Leptons + MET:
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SL1, SL2

SL2 SL3 • SL2 and SL3 are negligible given ��
• Only muons are in the final state

✔

李刚/中山大学



Collider searches

Leptons + MET:
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We read off the exclusion limits on the masses of right-handed 
slepton (smuon) and neutralino and reinterpret them as

J. Liu, X.-P. Wang, K.-P. Xie, 2104.06421 (JHEP)
Q.-H. Cao, GL, K.-P. Xie, J. Zhang, 1711.02113 (PRD)

see also

in both LFC and LFV scenarios
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Collider searches

Jet(s) + MET:
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SJ1 SJ2

parton level:

SJ3
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Collider searches

Jet(s) + MET:
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parton level:

monojet+MET search

dijet+MET search
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Collider searches

Jet(s) + MET at LHC Run 2:
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monojet+MET search :

dijet+MET search:
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Combined results

Benchmark scenarios:
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(LFC)

(LFV)

from collider searches and DM direct detection
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Combined results

LFC scenarios:
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1: compressed mass region
2: large �� and �� region
3: large ��, small �� region
4: EW �� and �� region

neutrino NSI

neutrino NSI and DM DD

LHC and DM DD
李刚/中山大学



Combined results

LFV scenarios:
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• no constraint from current DM direct detection
• sensitive to much smaller new physics couplings (���, ���)

1: compressed mass region
2: large �� and �� region
3: large ��, small �� region
4: EW �� and �� region

� → � conversion

LHC
李刚/中山大学



Summary

• We have studied the interplay of neutrino, dark matter and cLFV 
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• We find that 
• neutrino NSIs measured in next-generation oscillation 

experiments could uncover LFC new physics 
• dark loop could significantly alleviate the mass scale of LFV 

new physics
• model-independent constraints on the Wilson coefficients 

offer a distinctive probe of the fermion portal DM model, 
especially in the compressed mass region

muon collider

李刚/中山大学


