
Topics
Algorithms and Artificial Intelligence 
Hadronic and Nuclear Spectrum and Interactions
Particle Physics Beyond the Standard Model
QCD at Non-zero Density
QCD at Non-zero Temperature
Quantum Computing and Quantum Information
Quark and Lepton Flavor Physics
Software Development and Machines
Standard Model Parameters
Structure of Hadrons and Nuclei
Tests of Fundamental Symmetries
Theoretical Developments
Vacuum Structure and Confinement

International Advisory 
Committe
Raúl Briceño  
University of California Berkeley
Lawrence Berkeley National Laboratory

Steven Gottlieb 
Indiana University

Sourendu Gupta  
Tata Institute for Fundamental Research

Simon Hands 
University of Liverpool

Etsuko Itou  
Yukawa Institute for Theoretical Physics,  
Kyoto University  
京都大学 基礎物理学研究所

Bálint Joó 
Oak Ridge National Laboratory

Takashi Kaneko  
KEK  
高エネルギー加速器研究機構

Weonjong Lee 
Seoul National University  
서울대학교

C.-J. David Lin  
National Yang Ming Chiao Tung University  
國立陽明交通大學

Huey-Wen Lin 
Michigan State University

Liuming Liu  
Chinese Academy of Sciences  
中国科学院

Maria Paola Lombardo 
Istituto Nazionale di Fisica Nucleare Firenze

Marina Marinković  
Eidgenössische Technische Hochschule Zürich

Tereza Mendes 
Universidade de São Paulo

Peter Petreczky  
Brookhaven National Laboratory

Antonin Portelli 
University of Edinburgh

Saša Prelovšek  
Univerza v Ljubljani

Sinéad Ryan 
Trinity College Dublin

Phiala Shanahan  
Massachusetts Institute of Technology

Carsten Urbach 
Rheinische Friedrich-Wilhelms-Universität Bonn

James Zanotti 
University of Adelaide

Local Organizing 
Committee
Ian Cloët  
Argonne National Laboratory

Aida El-Khadra 
University of Illinois Urbana-Champaign

George Fleming  
Fermilab

Andreas Kronfeld 
Fermilab, co-Chair

Henry Lamm 
Fermilab

James Osborn 
Argonne National Laboratory

James Simone  
Fermilab

Mikhail Stephanov 
University of Illinois Chicago

Ruth Van de Water  
Fermilab

Michael Wagman 
Fermilab, co-Chair

Yong Zhao  
Argonne National Laboratory

40th International Symposium  
on Lattice Field Theory
7/31/2023–8/4/2023

Fermilab, Batavia, Illinois
indico.fnal.gov/event/lattice2023

Hadronic susceptibilities for b c transitions 
from two-point correlation functions

→

Authors:  Aurora Melis , Francesco Sanfilippo , Silvano Simula

Contribution to the 40th International Symposium in Lattice Field theory

07/31/23-08/04/23 Fermilab, Batavia, Illinois



Susceptibilities
Two-point function of a  flavor-changing current  splits into                     

Transverse (spin 1) and Longitudinal (spin 0) polarization functions  :
𝖻 → 𝖼 𝖩μ = 𝖵μ, 𝖠μ (𝖵μ = 𝖼γμ𝖻 , 𝖠μ = 𝖼γ𝟧γμ𝖻)

Π𝖳,𝖫

Choosing , polarization functions in terms of the 2 point correlation functions :𝗊 = (𝗊𝟢, �⃗�) 𝖢(𝗍)

Πμν(𝗊) = (−𝗀μν +
𝗊μ𝗊ν

𝗊𝟤 ) Π𝖳(𝗊𝟤) +
𝗊μ𝗊ν

𝗊𝟤
Π𝖫(𝗊𝟤)

Π𝖳(𝗊𝟤) = 𝗂∫
+∞

−∞
𝖽𝗍 𝖾𝗂𝗊⋅𝗍 𝖢𝗂 (𝗍) Π𝖫(𝗊𝟤) = 𝗂∫

+∞

−∞
𝖽𝗍 𝖾𝗂𝗊⋅𝗍 𝖢𝟢 (𝗍)
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Susceptibilities
Two-point function of a  flavor-changing current  splits into                     

Transverse (spin 1) and Longitudinal (spin 0) polarization functions  :
𝖻 → 𝖼 𝖩μ = 𝖵μ, 𝖠μ (𝖵μ = 𝖼γμ𝖻 , 𝖠μ = 𝖼γ𝟧γμ𝖻)

Π𝖳,𝖫

Choosing , polarization functions in terms of the 2 point correlation functions :𝗊 = (𝗊𝟢, �⃗�) 𝖢(𝗍)

 :       χ𝖳(𝗊𝟤) ≡
𝟣
𝟤

∂𝟤Π𝖳

∂(𝗊𝟤)𝟤
χ𝖳(𝗊𝟤 = 𝟢) =

𝟣
𝟣𝟤 ∫

∞

𝟢
𝖽𝗍 𝗍𝟦 𝖢𝗂 (𝗍)

Πμν(𝗊) = (−𝗀μν +
𝗊μ𝗊ν

𝗊𝟤 ) Π𝖳(𝗊𝟤) +
𝗊μ𝗊ν

𝗊𝟤
Π𝖫(𝗊𝟤)

Π𝖳(𝗊𝟤) = 𝗂∫
+∞

−∞
𝖽𝗍 𝖾𝗂𝗊⋅𝗍 𝖢𝗂 (𝗍) Π𝖫(𝗊𝟤) = 𝗂∫

+∞

−∞
𝖽𝗍 𝖾𝗂𝗊⋅𝗍 𝖢𝟢 (𝗍)

(𝖲, 𝖯 = 𝖼𝖻, 𝖼γ𝟧𝖻)

  :              χ𝖫(𝗊𝟤) ≡
∂Π𝖫

∂𝗊𝟤
χ𝖫(𝗊𝟤 = 𝟢) = ∫

∞

𝟢
𝖽𝗍 𝗍𝟤 𝖢𝟢 (𝗍) 𝖶𝖺𝗋𝖽 𝖨𝖽𝖾𝗇𝗍𝗂𝗍𝗒 (𝗆𝖻 ∓ 𝗆𝖼)𝟤

𝟣𝟤 ∫
∞

𝟢
𝖽𝗍 𝗍𝟦 𝖢𝖲,𝖯 (𝗍)

Free from 
contact terms
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Physics Motivations
• Tension with SM in lepton universality ratios                                                                      


• Long standing discrepancy in determination of  from exclusive and inclusive semileptonic B-decays   


𝖱(𝖣(*)) ≡
𝖡𝖱(𝖡 → 𝖣(*)τντ)
𝖡𝖱(𝖡 → 𝖣(*)ℓνℓ)

|𝖵𝖼𝖻 |

Introduction Lattice setup b-quark mass Susceptibilities



⟨𝖣 |𝖵μ |𝖡⟩ = 𝖿+[(𝗉𝖡 + 𝗉𝖣)μ − Δ𝗆𝟤
𝖡𝖣𝗊μ/𝗊𝟤] + 𝖿𝟢 Δ𝗆𝟤

𝖡𝖣𝗊μ/𝗊𝟤

        
𝖽Γ(𝖡 → 𝖣ℓνℓ)

𝖽𝗊𝟤
=

𝖦𝟤
𝖥 η𝟤

𝖤𝖶 𝗆𝖡 λ𝟣/𝟤

𝟣𝟫𝟤π𝟥
|𝖵𝖼𝖻 |𝟤 (𝗊𝟤 − 𝗆ℓ)𝟤[𝖼+ | 𝖿+(𝗊𝟤) |𝟤 + 𝖼𝟢 | 𝖿𝟢(𝗊𝟤) |𝟤 ] 𝗆𝟤

ℓ ≤ 𝗊𝟤 = (𝗉𝖡 − 𝗉𝖣)𝟤 ≤ 𝗊𝟤
𝗆𝖺𝗑
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Physics Motivations
• Tension with SM in lepton universality ratios                                                                      


• Long standing discrepancy in determination of  from exclusive and inclusive semileptonic B-decays   


  Example: hadronic matrix  element in  described by two form factors 

𝖱(𝖣(*)) ≡
𝖡𝖱(𝖡 → 𝖣(*)τντ)
𝖡𝖱(𝖡 → 𝖣(*)ℓνℓ)

|𝖵𝖼𝖻 |

⟨𝖣 |𝖵μ |𝖡⟩ 𝖡 → 𝖣ℓνℓ 𝖿+,𝟢(𝗊𝟤)

Semileptonic region:

Lattice simulations more precise close to  but no experimental data at                                 


Parametrizations to access the full semileptonic region  (BGL & CLN most popular)

𝗊𝟤
𝗆𝖺𝗑 = (𝗆𝖡 − 𝗆𝖣)𝟤 𝗊𝟤

𝗆𝖺𝗑

𝗊𝟤 → 𝟢

Introduction Lattice setup b-quark mass Susceptibilities

} }
From Lattice 

}

Known



Constraining form factors

χ𝖳(𝗊𝟤) ≡
𝟣
𝟤

∂𝟤Π𝖳

∂(𝗊𝟤)𝟤
=

𝟣
π ∫

∞

𝟢
𝖽𝗍

𝖨𝗆 Π𝖳(𝗍)
(𝗍 − 𝗊𝟤)𝟥

χ𝖳(𝗊𝟤) ≥
𝟣
π ∫

∞

(𝗆𝖡+𝗆𝖣)𝟤

𝖽𝗍
𝗐(𝗍) | 𝖿(𝗍) |𝟤

(𝗍 − 𝗊𝟤)𝟥

• Dispersion relation:

• Crossing symmetry  :⟨𝖣 |𝖵μ |𝖡⟩ → ⟨𝟢 |𝖵μ |𝖣𝖡⟩

𝖨𝗆 Π𝖳(𝗊𝟤)
𝟣
𝟤 ∫ 𝖽𝟥�̃�𝖡𝖽𝟥�̃�𝖣 δ(𝟦)(𝗊 − 𝗉𝖡 − 𝗉𝖣) |⟨𝟢 |𝖵 |𝖣𝖡⟩ |𝟤 + ⋯• Unitarity: ≥

• Analyticity:  traslate this bound into semileptonic region, from lattice points 
at  extrapolate to  with no assumption on -dependence


    See hep-ph/9509358 Lellouch, arXiv:2105.02497 Di Carlo at al.
𝗊𝟤

𝗆𝖺𝗑 𝗊𝟤 → 𝟢 𝗊𝟤
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𝖡 → πℓνℓ

Figure from arXiv:2205.097421 
G.Martilelli, M.Naviglio, S.Simula, L.Vittorio

𝖿π 𝟢(
𝗊𝟤 )

𝗊𝟤 [GeV𝟤]
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Lattice setup
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2-point correlation functions from

ETMC gauge ensembles 


• flavors of Wilson-                     
Clover twisted-mass quarks


• All dynamical quark masses close                     
to physical values (most ensembles)


• Four values of the lattice spacing to                 
extrapolate to the continuum limit   


• Two variations  and               
of twisted mass regularization to 
constrain the continuum limit   


• Heavy-quark masses  to 
extrapolate to b-quark mass                      

𝖭𝖿 = 𝟤 + 𝟣 + 𝟣

(𝗋, 𝗋) (𝗋, -𝗋)

𝗆(𝗇)
𝗁
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b-quark mass 
determination



Effective mass of heavy-charmed mesons
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Extraction of meson masses  from constant fit at large time distances of effective mass 


      

𝖬𝖯(𝖺𝟤, 𝗆(𝗇)
𝗁 , 𝗆𝖼) 𝖬𝖾𝖿𝖿

𝖯 (𝗍)

𝖬𝖾𝖿𝖿
𝖯 ( 𝗍 ; 𝖺𝟤, 𝗆(𝗇)

𝗁 , 𝗆𝖼) = 𝖠𝗋𝖼𝖼𝗈𝗌𝗁 ( 𝖢𝖯(𝗍) + 𝖢𝖯(𝗍 + 𝟤)
𝟤 𝖢𝖯(𝗍 + 𝟣) ) 𝗍 ≫ 𝟢 𝖬𝖯(𝖺𝟤, 𝗆(𝗇)

𝗁 , 𝗆𝖼)

b-quark mass determination from 𝖬𝖡𝖼

Introduction Lattice setup b-quark mass Susceptibilities

Effective mass at  𝗆(𝗇)
𝗁 = 𝟤 . 𝟤 𝗆𝖼

𝖬
𝖾𝖿

𝖿
𝖯

(𝗍)

𝗍/𝖺



• Combined fit of  and  regularizations 
imposing same continuum limit


• Highly correlated data : we study                 
mean and difference of the two data sets  


• Polynomial fit ansatz up to : 





(𝗋, 𝗋) (𝗋, -𝗋)

ρ ∼ 𝟣

𝒪(𝖺𝟨)

𝖬(𝗋,𝗋)
𝖯 (𝖺𝟤; 𝗆(𝗇)

𝗁 , 𝗆𝖼) = 𝖬𝖯(𝗆(𝗇)
𝗁 , 𝗆𝖼)(𝟣 + 𝖯(𝗋,𝗋)

𝟣 𝖺𝟤 + 𝖯(𝗋,𝗋)
𝟤 𝖺𝟦 + 𝖯(𝗋,𝗋)

𝟥 𝖺𝟨)
𝖬(𝗋,-𝗋)

𝖯 (𝖺𝟤; 𝗆(𝗇)
𝗁 , 𝗆𝖼) = 𝖬𝖯(𝗆(𝗇)

𝗁 , 𝗆𝖼)(𝟣 + 𝖯(𝗋,-𝗋)
𝟣 𝖺𝟤 − 𝖯(𝗋,𝗋)

𝟤 𝖺𝟦 − 𝖯(𝗋,𝗋)
𝟥 𝖺𝟨)

Continuum limit of MP(𝖺𝟤; 𝗆(𝗇)
𝗁 , 𝗆𝖼)

𝖺𝟤 [𝖿𝗆𝟤]

Lattice23 contribution: Hadronic susceptibilities for b c transitions  |  Aurora Melis  |  Fermilab, Batavia, Illinois  |  31-July-2023 →

𝗆(𝟢)
𝗁 = 𝗆𝖼 𝗆(𝟫)

𝗁 ∼ 𝟥 . 𝟦𝗆𝖼

Introduction Lattice setup b-quark mass Susceptibilities

𝖬𝖯(𝗆𝖼, 𝗆𝖼) ≡ 𝖬η𝖼
= 𝟤𝟫𝟪𝟣(𝟣𝟪) 𝖬𝖾𝖵

𝖬
𝖯

[𝖦
𝖾𝖵

]

𝖬
𝖯

[𝖦
𝖾𝖵

]

𝖺𝟤 [𝖿𝗆𝟤]



𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁
𝖬

−
𝟣

𝖯
[𝖦

𝖾𝖵
−

𝟣 ]

b-quark mass
Simple phenomenological ansatz determination:

mass of heavy meson goes to infinity when its heavy 
quark constituent mass :𝗆𝗁 → ∞

𝖬−𝟣
𝖯 (𝗆(𝗇)

𝗁 , 𝗆𝖼) =
𝗆𝖼

𝗆𝗁
𝖡𝟣 (𝟣 + 𝖡𝟤

𝗆𝖼

𝗆𝗁
+ 𝖡𝟥

𝗆𝟤
𝖼

𝗆𝟤
𝗁

+ 𝖡𝟦
𝗆𝟥

𝖼

𝗆𝟥
𝗁 )
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Fix  imposing 





𝗆𝖻/𝗆𝖼

𝖬𝖯(𝗆𝖻, 𝗆𝖼) = 𝖬𝖾𝗑𝗉
𝖡𝖼

⇒ 𝗆𝖬𝖲
𝖻 /𝗆𝖬𝖲

𝖼 = 𝟦 . 𝟧𝟢𝟩𝟧

Multiplying by (3GeV)=1.039(17) :  
arXiv: 2104.13408 ETM ’21 

(3GeV)  
 

𝗆𝖬𝖲
𝖼

𝗆𝖬𝖲
𝖻 = 𝟦 . 𝟨𝟪𝟥(𝟩𝟩) 𝖦𝖾𝖵

𝗆𝖻(𝗆𝖻) = 𝟦 . 𝟥𝟨𝟧(𝟨𝟤) 𝖦𝖾𝖵

Introduction Lattice setup b-quark mass Susceptibilities

𝟣/𝖬𝖾𝗑𝗉
𝖡𝖼



Susceptibilities



Update w.r.t.  
ETM '21

χ𝖵 𝖫 χ𝖠 𝖫

𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁 𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

arXiv:2105.07851 
G.Martilelli, S.Simula, L.Vittorio

B211.25.32, ETM '21 
cB211.25.48, this work 
B211.25.32, ETM '21 
cB211.25.48, this work
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Computed quantities for each ensemble:



χ𝖵,𝖠
𝖫 (𝖺𝟤, 𝗆(𝗇)

𝗁 , 𝗆𝖼) =
(𝗆(𝗇)

𝗁 ∓ 𝗆𝖼)𝟤

𝟣𝟤 ∫
∞

𝟢
𝖽𝗍 𝗍𝟦 𝖢𝖲,𝖯 (𝗍)

χ𝖵,𝖠
𝖳 (𝖺𝟤, 𝗆(𝗇)

𝗁 , 𝗆𝖼) =
𝟣
𝟣𝟤 ∫

∞

𝟢
𝖽𝗍 𝗍𝟦 𝖢𝖵,𝖠

𝗂 (𝗍)

WI

Clover term and improved precision

Only small times 

count 𝗍/𝖺 < 𝟣𝟢

Introduction Lattice setup b-quark mass Susceptibilities

χ𝖠 𝖳
[𝖦

𝖾𝖵
−

𝟤 ]

χ𝖵 𝖳
[𝖦

𝖾𝖵
−

𝟤 ]

𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁 𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

𝗍𝟦
𝖢

(𝗍)

𝗍/𝖺



Perturbative  
Subtraction
Following arXiv: 2105.02497 

  


                 


 : the perturbative value is known      
from hep-ph/9705252 Grinstein et al. 

: susceptibilities from correlation 
functions in Free Theory(FT): , 
computed for every ensemble setup


  cut-off effects  

χ(𝖺𝟤) → χ(𝖺𝟤) − (χ𝖥𝖳(𝖺𝟤) − χ𝖯𝖳
𝖫𝖮)

χ𝖯𝖳
𝖫𝖮

χ𝖥𝖳

α𝗌 = 𝟢

χ𝖥𝖳(𝖺𝟤) = χ𝖯𝖳
𝖫𝖮 +
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}

Cut-off effect

of Free Theory

𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

χ𝖵 𝖫 χ𝖠 𝖫

𝗆
𝟤 𝗁

χ𝖵 𝖳

𝗆
𝟤 𝗁

χ𝖠 𝖳



Continuum limit of χ𝖵,𝖠
𝖫

• Polynomial fit ansatz up to : 








• Combined fit of  and  regularizations 
imposing same continuum limit


• Highly correlated data : we study mean and 
difference of the two data sets  


• Mean shows reduced  effects 

𝒪(𝖺𝟨)

χ(𝗋,𝗋)
𝖫 (𝖺𝟤; 𝗆(𝗇)

𝗁 , 𝗆𝖼) = χ𝖫(𝗆(𝗇)
𝗁 , 𝗆𝖼)(𝟣 + 𝖯(𝗋,𝗋)

𝟣 𝖺𝟤 + 𝖯(𝗋,𝗋)
𝟤 𝖺𝟦 + 𝖯(𝗋,𝗋)

𝟥 𝖺𝟨)
χ(𝗋,-𝗋)

𝖫 (𝖺𝟤; 𝗆(𝗇)
𝗁 , 𝗆𝖼) = χ𝖫(𝗆(𝗇)

𝗁 , 𝗆𝖼)(𝟣 + 𝖯(𝗋,-𝗋)
𝟣 𝖺𝟤 + 𝖯(𝗋,-𝗋)

𝟤 𝖺𝟦 − 𝖯(𝗋,𝗋)
𝟥 𝖺𝟨)

(𝗋, 𝗋) (𝗋, -𝗋)

ρ ∼ 𝟣

𝒪(𝖺𝟦,𝟨)
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𝗆(𝟢)
𝗁 = 𝗆𝖼 𝗆(𝟫)

𝗁 ∼ 𝟥 . 𝟦𝗆𝖼
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χ𝖵 𝖫
χ𝖠 𝖫

χ𝖵 𝖫
χ𝖠 𝖫



Continuum limit of 𝗆𝟤
𝗁 χ𝖵,𝖠

𝖳
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• Polynomial fit ansatz up to : 








• Combined fit of  and  regularizations 
imposing same continuum limit


• Highly correlated data : we study mean and 
difference of the two data sets  


• Mean shows reduced  effects 

𝒪(𝖺𝟨)

𝗆𝟤
𝗁 χ(𝗋,𝗋)

𝖳 (𝖺𝟤; 𝗆(𝗇)
𝗁 , 𝗆𝖼) = 𝗆𝟤

𝗁 χ𝖳(𝗆(𝗇)
𝗁 , 𝗆𝖼)(𝟣 + 𝖯(𝗋,𝗋)

𝟣 𝖺𝟤 + 𝖯(𝗋,𝗋)
𝟤 𝖺𝟦 + 𝖯(𝗋,𝗋)

𝟥 𝖺𝟨)
𝗆𝟤

𝗁 χ(𝗋,-𝗋)
𝖳 (𝖺𝟤; 𝗆(𝗇)

𝗁 , 𝗆𝖼) = 𝗆𝟤
𝗁 χ𝖳(𝗆(𝗇)

𝗁 , 𝗆𝖼)(𝟣 + 𝖯(𝗋,-𝗋)
𝟣 𝖺𝟤 + 𝖯(𝗋,-𝗋)

𝟤 𝖺𝟦 − 𝖯(𝗋,𝗋)
𝟥 𝖺𝟨)

(𝗋, 𝗋) (𝗋, -𝗋)

ρ ∼ 𝟣

𝒪(𝖺𝟦,𝟨)

𝗆(𝟢)
𝗁 = 𝗆𝖼 𝗆(𝟫)

𝗁 ∼ 𝟥 . 𝟦𝗆𝖼

𝗆
𝟤 𝗁

χ𝖵 𝖳

𝗆
𝟤 𝗁

χ𝖵 𝖳
𝗆

𝟤 𝗁
χ𝖠 𝖳

𝗆
𝟤 𝗁

χ𝖠 𝖳



Susceptibilities at b-quark point
Known static limit:


 




Fit ansatz imposing static limit:








PT expressions known at NNLO                              
hep-ph/9705252 J.Grigo at al.

lim
𝗆𝗁→∞

χ𝖵,𝖠
𝖫 (𝗆𝗁) =

𝟣
𝟪π𝟤

lim
𝗆𝗁→∞

𝗆𝟤
𝗁 χ𝖵,𝖠

𝖳 (𝗆𝗁) =
𝟥

𝟥𝟤π𝟤

χ𝖫(𝗆(𝗇)
𝗁 , 𝗆𝖼) =

𝟣
𝟪π𝟤 (𝟣 + 𝖡𝟣

𝗆𝖼

𝗆𝗁
+ 𝖡𝟤

𝗆𝟤
𝖼

𝗆𝟤
𝗁

+ 𝖡𝟥
𝗆𝟥

𝖼

𝗆𝟥
𝗁 )

𝗆𝟤
𝗁 χ𝖳(𝗆(𝗇)

𝗁 , 𝗆𝖼) =
𝟥

𝟪π𝟤 (𝟣 + 𝖡𝟣
𝗆𝖼

𝗆𝗁
+ 𝖡𝟤

𝗆𝟤
𝖼

𝗆𝟤
𝗁

+ 𝖡𝟥
𝗆𝟥

𝖼

𝗆𝟥
𝗁 )
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𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁



Susceptibilities at b-quark point

Fit ansatz imposing static limit:








PT expressions known at NNLO                              
hep-ph/9705252 J.Grigo at al.

χ𝖫(𝗆(𝗇)
𝗁 , 𝗆𝖼) =

𝟣
𝟪π𝟤 (𝟣 + 𝖡𝟣

𝗆𝖼

𝗆𝗁
+ 𝖡𝟤

𝗆𝟤
𝖼

𝗆𝟤
𝗁

+ 𝖡𝟥
𝗆𝟥

𝖼

𝗆𝟥
𝗁 )

𝗆𝟤
𝗁 χ𝖳(𝗆(𝗇)

𝗁 , 𝗆𝖼) =
𝟥

𝟪π𝟤 (𝟣 + 𝖡𝟣
𝗆𝖼

𝗆𝗁
+ 𝖡𝟤

𝗆𝟤
𝖼

𝗆𝟤
𝗁

+ 𝖡𝟥
𝗆𝟥

𝖼

𝗆𝟥
𝗁 )
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𝗆𝖬𝖲
𝖼 /𝗆𝖬𝖲

𝗁

              Our Results:  
χ𝖵

𝖫 (𝗆𝖻) = 𝟨 . 𝟤𝟦𝟥(𝟦𝟧) × 𝟣𝟢−𝟥

χ𝖠
𝖫 (𝗆𝖻) = 𝟤 . 𝟥𝟨𝟤(𝟨𝟥) × 𝟣𝟢−𝟤

χ𝖵
𝖳 (𝗆𝖻) = 𝟧 . 𝟥𝟩(𝟦𝟪) × 𝟣𝟢−𝟦 [GeV−𝟤]

χ𝖠
𝖳 (𝗆𝖻) = 𝟥 . 𝟣𝟤(𝟣𝟪) × 𝟣𝟢−𝟦 [GeV−𝟤]



Conclusions 
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• Susceptibilities are important ingredients to constrain the from factors of  transitions, which are 
important to clarify the tension in  and in the determination of 


• We have presented a non perturbative calculation of the Susceptibilities from  ETM 
ensembles at physical point and at four lattice spacings.


• Results are well compatible with the perturbative expressions, encouraging results, but comparison with 
previous analysis only possible after results are final.


To do list:


• Large discretisation effects, to improve robustness of the continuum limit, on going simulations of a 5th 
lattice spacing


• Perform a global fit of all the susceptibilities with a fit ansatz based on Operator Product Expansion to 
extract leading condensate term


𝖻 → 𝖼
𝖱𝖣(*) |𝖵𝖼𝖻 |

𝖭𝖿 = 𝟤 + 𝟣 + 𝟣


