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QUARK MASS

A FRACTAL

FRACTAL: object of non-integer 
dimension
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SHORT HISTORY OF QUARKS  ( before  QCD)

1960’s

SU(2) (Heisenberg)  SU(3) (Gell-Mann)

FUNDAMENTAL REPRESENTATION: VOID (QUARKS)

CURRENT ALGEBRA: SU(2)      SU(2) ,  SU(3)      SU(3)

CHIRAL SYMMETRIES

Vμ &  Aμ :  



• CHIRAL-SYMMETRIES  

• SU(3)V ⊗ SU(3)A :   ∂ μV μ ∝(ms – mu,d)    ∂ μ A μ ∝ (ms + mu,d)

• ms = mu = md = 0

• 1st SB: ms ≠ 0   mu = md = 0 

• ∂μVμ ∝ (md – mu)             ∂ μ A μ ∝ (mu + md)

• SU(2)V ⊗ SU(2)A   &    SU(2)V

• 2nd SB:    ms ≠ 0    mu = md ≠ 0 

• SU(2)V

• 3rd  SB:    mu ≠ md ≠ 0 

• U(1)



IN THE ABSENCE OF A THEORY (LAGRANGIAN)

ONLY QUARK MASS RATIOS (chiral perturbation theory)

related to hadron masses & some weak-interaction processes



H(x) = H0(x) + ǫ0u0(x) + ǫ3u3(x) + ǫ8u8(x) 

.

H(x) = H0(x) H(x) = H0(x) + ǫ0u0(x) + 

ǫ3u3(x) + ǫ8u8(x) . + ǫ0u0(x) + ǫ3u3(x) + ǫ8u8(x) 
.



Kl3 decay   (CAD Phys. Lett. B 86 (1979) 171)        FLAG (Eur. Phys. J. C77,112 (2017)

mu  / md = 0.55 ± 0.21                             (0.50 ± 0.04)   

2 ms / (mu + md ) =   29  ± 7                            27.3 ± 0.9  
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SQUARED ENERGY:  s ≡ E2





QCD SUM RULES

QCD
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HADRONIC
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Real Spectral Function

Im G

E2





QUARK-HADRON DUALITY
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LIGHT QUARK MASSES (up, down, strange)

QCD sector: Perturbative QCD  known to O(αs
4) + <തq q > & < αs G

2>

Hadronic sector: Pole (π, K) + (π’ , K’, π’’ , K’’) + χ-perturbation theory

CAD (1984), CAD & de Rafael (1987),  Bijnens, Prades, de Rafael (1995),  Maltman, Kambor (2002)

𝑚𝑞
2 = 

HADRONIC

QCD
≫ bad PQCD convergence

PADE APPROXIMANTS ↑



HEAVY QUARK MASSES (charm, bottom)

Vector Current Correlator

• QCD sector: Perturbative QCD  known to O(αs
3) +  < αs G

2>

• Hadronic sector: (good) Experimental 𝑒+𝑒− data in J/ψ & Υ regions



e+ e- → hadrons
charm-quark region



____________________________RESULTS__________________________  

Quark                             Mass (QCDSR)                                    Mass (PDG/LQCD)   

(MeV)                                                     ( MeV)
_________________________________________________________________________
_________________________________________________________________________

up (2 GeV)                      2.6 ± 0.4                                                  2.2 ± 0.5   (PDG)

down (2 GeV)                 5.3 ± 0.4                                                  4.7 ± 0.5   (PDG)

strange                           94.0 ± 9.0                                             101.0 ± 3.0  (PDG)

charm                             987 ± 9.0                                                 986 ± 6.0  (LQCD)

bottom (10 GeV)          3623 ± 9.0                                               3617 ± 25  (LQCD)



References to other recent quark-mass determinations will appear 
in the written version of this talk
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