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Motivation

Hints of Lepton Flavour Universality
(LFU) violation in rare B-meson decays:

- b → s`` (RK (∗) ); b → c`ν (RD(∗) ).

Muon g-2 anomaly, possibly connected
to the LFU anomaly.
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The solutions to the anomalies can be parametrized
using Contact Interaction (CI)!

- Cross-generational CIs are motivated.
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Non-resonant Searches

Assumption: heavy mass state are beyond of
the LHC reach.

Signal is modeled by using an Effective Field
Theory (EFT).

Heavy mass states are ”integrated out”.

Figure: Effective + Field
+ Theory.

Y. Afik (CERN) Results on Contact Interactions 23.11.2021 3 / 16



Inclusive Non-resonant Searches
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Search for qq̄`+`− CIs (ATLAS)

Universal coupling between
leptons and quarks:
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Main background: Z + jets,
normalized by data.
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Search for qq̄`+`− CIs (ATLAS)

Limits are set on the coefficients of the operators:

- For different chirality structures.
- For both destructive and constructive interference with the Standard

Model.
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Search for Large Extra Dimensions (ATLAS)

Re-interpretation of the qq̄`+`− non-resonant search.

Limits on ADD model of large extra dimensions.

MS is the string scale of the theory.
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Search for qq̄`+`− CIs and Large Extra Dimensions (CMS)

Limits on similar CI operators.

In addition ADD model of large
extra dimensions.

Normalizing the background in a
dedicated CR with
60 < m`` < 120 GeV.
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Test of LFU at TeV Scale (CMS)

First test of LFU at the TeV scale, inspired by Greljo, Marzocca,
EPJC (2017).

Ratio of the differential cross-section Rµ+µ−/e+e− :

- Reducing all non-Z + jets backgrounds.
- Correcting the reconstructed invariant mass spectra to particle level

(unfolding).

Resulting χ2/dof yield p-values of 0.130, 0.225 and 0.012,
respectively.
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Exclusive Non-resonant Searches
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Search for bs̄`+`− CI (ATLAS)

Generalizing the bs`` interactions (4-fermion operator).

Looking at direct production via pp collisions:
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We can search for BSM Physics in final states contain two opposite
sign leptons and exactly one b-jet.

Phenomenological framework established at YA, Cohen, Gozani,
Kajomovitz, Rozen, JHEP (2018).

The scale favored by the anomalies is Λ/g∗ ∼ 40 TeV.
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Search for bs̄`+`− CI (ATLAS)

General set of Signal Regions (SRs).

Region top-CRs Z-CRs VRs SRs

m`` [GeV] > 130 130-250 250-400 > 400 + n · 100
b-tagged jets 2 0/1

Enhanced sensitivity for many models
as possible.

Main backgrounds: Z + jets, di-leptonic
tt̄, normalized from data.
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Search for bs̄`+`− CI (ATLAS)

Many SRs are used for the statistical
interpretation.

Limits are set on the model-independent
cross-section: σvis = σ · ε · A.

Far below the scale favored by the
anomalies:

electrons Λ/g∗ > 2.0 TeV
muons Λ/g∗ > 2.4 TeV

Highest statistical deviation is observed
at the e+e− + 1b channel: 2.6σ local
(1.5σ global).
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Search for bs̄`+`− CI (ATLAS)

The same signature allows an enhanced sensitivity for other signal
scenarios, e.g. YA, Bar-Shalom, Cohen, Rozen, PLB (2020) and YA,
Bar-Shalom, Soni, Wudka, Phys. Rev. D 103, 075031.
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Summary

A variety of CI related searches:

- Inclusive di-lepton search.
- Di-lepton search with b-tagged jet selections.

Limits were set on qq̄`+`− CIs and ADD model, improving previous
results by a few TeV.

First ratio measurement of the differential cross-section at the TeV
scale.

First limits on bs`` CI, still far from the value which is favored by the
anomalies, which is ∼ 40 TeV.
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Thank You
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Search for qq̄`+`− CIs (ATLAS)
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Search for qq̄`+`− CIs (ATLAS)
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Search for qq̄`+`− CIs (ATLAS)
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Search for qq̄`+`− CIs (ATLAS)
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Search for qq̄`+`− CIs (ATLAS)
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Search for qq̄`+`− CIs (ATLAS)
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Search for qq̄`+`− CIs (ATLAS)

Y. Afik (CERN) JHEP 11, 005 (2020) 23.11.2021 25 / 16

https://link.springer.com/article/10.1007%2FJHEP11%282020%29005


Search for Large Extra Dimensions (ATLAS)
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Search for Large Extra Dimensions (ATLAS)
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Search for Large Extra Dimensions (ATLAS)
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Search for qq̄`+`− CIs (CMS)
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Search for qq̄`+`− CIs (CMS)
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Search for qq̄`+`− CIs (CMS)
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