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EFFECTIVE FIELD THEORY FRAMEWORK

• General Remarks on EFTs

• Effective Field Theory in the Standard Model

• Effective Field Theory approaches for physics Beyond the Standard Model

B PHYSICS ANOMALIES

• Lepton Flavor Universality Tests and Anomalous Observables

• Fitting New Physics Wilson Coefficients

• Selection of Leptoquark Models
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OUTLINE



INTEGRATING OUT HEAVY DEGREES OF FREEDOM
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• Suppose we are interested in the physics occurring at low energy scales 𝐸 ≪ Λ, Λ ≈ 𝐸0:

• Integrating-out the heavy field from the partition function:

• The Wilsonian effective action is defined from:

• 𝑆𝛬
𝑒𝑓𝑓

(𝜙𝐿) is written as an infinite sum of local operators via Operator Product Expansion (OPE):

• The Wilson coefficients 𝑐𝑖 are determined through the matching procedure of the effective theory onto the full theory.

• The most general effective Lagrangian is formulated via OPE, ensuring compatibility with the symmetries of the theory.

Separation of scales!

• EFTs PROVIDE A SIMPLIFIED ANALYSIS OF THE PROBLEM AT HAND



POWER COUNTING SCHEME
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• The integration of heavy degrees of freedom can be written in the form:

• By setting Λ = 𝑠Λ′, with 𝑠 < 1, the integrating-out procedure corresponds to integration over momentum shells.

• Given the effective Lagrangian

• Under the scale transformation: 

POWER COUNTING



EXAMPLE: FERMI THEORY
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EXAMPLE: FERMI THEORY
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EXAMPLE: FERMI THEORY
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At leading order, we find:

The effective action is:



INCLUDING QCD EFFECTS
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• QCD short distance corrections need to be properly considered in the effective Lagrangian

• For example, when considering the generic process                        , we write

• Fermi Lagrangian is then generalised to:
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FERMI THEORY

INCLUDING QCD EFFECTS



MATCHING PROCEDURE
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GENERAL RECIPE

MATCHING CONDITION

RUNNING

• The Wilson coefficients       are determined through the matching procedure:



COMPLETE BASIS OF DIM-6 OPERATORS FOR WEAK EFFECTIVE THEORY  
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WHAT ABOUT NEW PHYSICS EFFECTS?



• SM Lagrangian can be seen as the leading order (dimension-4 
term) of a broader EFT:

• The leading dimension-6 Lagrangian that preserve baryon and 
lepton number consists in 59 operators.

• The search for New Physics is conducted in a model independent 
manner.

• When a specific UV model is selected one can write the Wilson 
coefficients in terms of the parameters of the UV theory.

SMEFT: 
STANDARD MODEL EFFECTIVE THEORY
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B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek
JHEP 10 (2010) 085
E. E. Jenkins, A. Manohar, M. Trott 
JHEP 10 (2013) 087



WEAK EFFECTIVE THEORY EXTENDED WITH NEW PHYSICS OPERATORS
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• For example, the Semi-Leptonic operators are used to study B anomalies: 

STANDARD MODEL NEW PHYSICS 

FCNC processes 

FCCC processes



EFFECTIVE APPROACHES FOR NEW PHYSICS
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Integrating-out   
𝑊, 𝑍, 𝐻, 𝑡

TOP-DOWN

BOTTOM-UP



B  P H Y S I C S  A N O M A L I E S

New Physics Wilson Coefficients and 
Selection of New Physics Models

JHEP 08 (2022) 125
NPB 1006 (2024) 116631
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OBSERVABLES OF NEUTRAL B MESON DECAYS

• 𝑅𝐾 , 𝑅𝐾∗  , 𝐵𝑅 𝐵𝑠 → 𝜇+𝜇− .

• Well determined experimentally and theoretically due to suppression of hadronic uncertainties.

HADRONIC INSENSITIVE

• Branching ratios of 𝐵 → 𝐾(∗)𝜇+𝜇− and 𝐵 → 𝜙 𝜇+𝜇− in many 𝑞2 − bins.

• Angular observables in 𝐵 → 𝐾(∗)𝜇+𝜇− .

• Strongly affected by hadronic uncertainties.

HADRONIC SENSITIVE

• 𝒃 → 𝒔 ℓ+ℓ−
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𝐑𝐊, 𝐑𝐊∗ and 𝐁𝐑 𝐁𝐬 → 𝛍+𝛍−

• 𝑏 → 𝑠 ℓ+ℓ− is suppressed in the SM.

➢ Highly sensitive to New Physics! 

• The ratios cancel large part of theoretical and experimental uncertainties.



𝒃 → 𝒔ℓ+ℓ− WEAK EFFECTIVE HAMILTONIAN
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• We split the Wilson coefficients as:

with CHIRAL BASIS

• We use the notation:

• We use the following analytic expression:

JHEP 09 (2017) 010

JHEP 08 (2022) 125



𝐑𝐊 and 𝐑𝐊∗ (Before December 2022)
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LHCb results in the low and central 𝑞2 interval:

• 𝑅𝐾 1.1, 6.0 = 0.846−0.039−0.012
+0.042+0.013  →  3.1 𝜎

• 𝑅𝐾∗ 1.1, 6.0 = 0.69−0.07
+0.11 ± 0.05 →  2.3 𝜎

• 𝑅𝐾∗ 0.045, 1.1 = 0.66−0.07
+0.11 ± 0.03 →  2.5 𝜎

Nature Phys. 18 (2022) 277

JHEP 08 (2017) 055

PRL 126 (2021) 161801



𝐑𝐊 and 𝐑𝐊∗ (After December 2022)
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PRL 131 (2023) 051803
PRD 108 (2023) 032002

No more evidence of Lepton Flavor 
Universality Violation (LFUV)!



𝑹𝑲 & 𝑹𝑲∗

after 
December 
2022



Results for 𝐁𝐑(𝐁𝐬 → 𝛍+𝛍−)
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• AFTER CMS DEC 2022

• BEFORE CMS DEC 2022

Phys. Lett. B 842 
(2023) 137955

𝐵𝑅 𝐵𝑠 → 𝜇+𝜇−
𝑒𝑥𝑝 = (3.28 ± 0.26 ) × 10−9

𝐵𝑅 𝐵𝑠 → 𝜇+𝜇−
𝑒𝑥𝑝 = 2.85 ± 0.33 × 10−9

𝐵𝑅 𝐵𝑠 → 𝜇+𝜇−
𝑆𝑀 = (3.66 ± 0.14 ) × 10−9

SM PREDICTION



HADRONIC (IN)-SENSITIVE OBSERVABLES
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• HADRONIC INSENSITIVE OBSERVABLES

           𝑅𝐾 , 𝑅𝐾∗

           𝐵𝑅 𝐵𝑠 → 𝜇+𝜇−

Now Compatible with SM! 

• HADRONIC SENSITIVE OBSERVABLES

STILL ANOMALOUS!

Reduced tension with the SM   [arXiv:2212.10311]

No more evidence of LFUV NP!

JHEP 09 (2017) 010

JHEP 08 (2022) 125
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TURNING ON MULTIPLE COEFFICIENTS

AFTER DEC 2022BEFORE DEC 2022

𝟕. 𝟐𝝈 deviation from SM 𝟒. 𝟑𝝈 deviation from SM

• THERE ARE STILL HINTS FOR NEW PHYSICS.

GLOBAL FIT USING BOTH THE HS AND HI OBSERVABLE:

JHEP 08 (2022) 125

NPB 1006 (2024) 116631



SINGLE WILSON COEFFICIENTS
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• ANALYTIC CONSTRAINTS • FIT RESULTS

Using analytic expressions for HI observables:
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𝐑𝐃 , 𝐑𝐃∗ and 𝐁𝐑(𝐁𝐜 → 𝛕𝛎)

• 𝑏 → 𝑐 ℓ− ҧ𝜈ℓ is tree level in the SM.

• 𝑅𝐷 , 𝑅𝐷∗ , 𝐵𝑅(𝐵𝑐 → 𝜏𝜈) are theoretically and experimentally clean.

• 𝒃 → 𝒄 ℓ−ഥ𝝂ℓ



𝒃 → 𝒄 ℓ− ത𝝂ℓ WEAK EFFECTIVE HAMILTONIAN
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• We used the following analytic expression:

arXiv: 2210.10751



𝑹𝑫 & 𝑹𝑫∗



NEW PHYSICS WILSON COEFFICIENTS
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• ANALYTIC BOUNDS • FIT RESULTS

Using analytic expressions for HI observables:



S E L E C T I O N  O F

N E W  P H Y S I C S  M O D E L S



MINIMAL Z’ BOSON

• Assuming order 1 couplings we find a lower bound on the NP scale around 50 𝑇𝑒𝑉.

• 𝑍′ models can only address the 𝑏 → 𝑠 ℓ+ℓ− sector.

• The minimal 𝑍′ model generates only the Wilson coefficient 𝐶𝑏𝐿𝜇𝐿

𝐵𝑆𝑀: 



SCALAR LEPTOQUARKS



VECTOR LEPTOQUARKS
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SUMMARY OF LEPTOQUARK MODELS

• Scalar and Vector Leptoquarks can also address the 𝑏 → 𝑐 ℓ− ҧ𝜈ℓ sector.

• We assume order 1 couplings.

• 𝑆1 with a mass in the 𝑇𝑒𝑉 range can accommodate current data in 𝑏 → 𝑐 and 𝑏 → 𝑠 sectors.

• 𝑅2, 𝑈1, 𝑉2 require a tuning in the couplings.
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CONCLUSIONS

• THE EFT FRAMEWORK ALLOWS TO SEARCH FOR NP EFFECTS IN A MODEL-INDEPENDENT MANNER

➢𝑅𝐾 and 𝑅𝐾∗ No more evidence of LFUV 

➢HS observables are anomalous, yielding an overall 4.3𝜎 deviation from the SM.

➢𝑅𝐷 and 𝑅𝐷∗ ANOMALOUS

Scalar Leptoquark S1 can explain the data both in the 𝑏 → 𝑐 and 𝑏 → 𝑠 sectors.  

• Improving precision of current measurements 

• Measurements of new LFU ratios 𝑹𝑯, where 𝑯 can be a Meson or a Baryon

• Measurements of new angular observables and branching ratios



LATEST LHCb MEASUREMENT IS  COMPATIBLE WITH BOTH THE CURRENT WORLD AVERAGE AND WITH THE SM



THANK YOU

FOR YOUR ATTENTION!
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