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♕  November Revolution 1974

Discovery of J/ψ

November 

Revolution

ITEP in winter 1982



Winter 1982: charmed quark is the only heavy quark known

All c containing hadron widths were estamted as, say,

Γ(D+ → hadrons) = Γ(c → sud̄)

No distinctions between various mesons and baryons!

Misha Voloshin and I were having lunch in the ITEP canteen . . .

I wish you knew the kind of garbage heap 

Wild verses grow on, paying shame no heed 

Anna Akhmatova





K. Wilson, Nonlagrangian models of current algebra, Phys. Rev. 179, 1499-1512 (1969)* 


Wilson OPE or Wilsonian RG flow from UV to IR grew from 

W’s framework of separation of scales in QFT was especially suitable for AF theories 


 GENERAL; Adjustments needed for QCD!

✍︎In QCD fixed point at αs = 0, hence slow logarithmic approach

✍︎Scale Λ is not unique; heavy quark masses had to be includedmQ

✍︎At least some information about IR was needed!

Seemingly the first deliberate decision to build  QCD version of 

Wilson’s OPE  made in 1974 (penguins):  VZ, AV,MS 

In 1981 we had all tools at hand. Passing from Euclid  Mink→



Openg = s̄Lγμ𝒟νGμνdL ↔ flavor changing . Full class . 6 operators + more if EM is included
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OPE sum with a finite number of the lowest-dimension operators ordered according 
to their normal dimensions (left) . Right: sum over  mesons with appropriate 
quantum numbers. The ground state in the given channel is singled out.



MV and I  figured out how to 
estimate interference  
effects through the four-
fermion operators and 
designed relevant graphs at 
ITEP. We actually made
an estimate on a napkin, I put 
it in a review with Khoze, and 
forgot about this, since at this 
time I was heavily engaged 
 with SUSY. A few months 
later, in 1983, Branko 
Guberina and Neven Bilić 
from Croatia saw it and 
detected a wrong sign. They 
called me (!). ……1984….
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Soviet Physics Uspekhi
REVIEWS OF TOPICAL PROBLEMS

Heavy quarks
V. A. Khoze and Mikhail A. Shifman, Sov. Phys. Usp. 26, 387 (1983 ), May issue
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Since mid-1980s: 1/mQ expansion in analysis of Qq̄ and Qqq

Soft Cloud 
instead of 
vacuum medium

No 1/mQ CGG/BUV th



f2
ρ δ(s − m2

ρ)
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✍︎Quark-Hadron Duality (oscillations!)

Γn ∼
1
Nc

LΛ2, L ∼ mnΛ−2

Instanton model; qualitatively the same

Mink Very Important !!!

Oscillation in incl HQ suppressed by M−4
Q (inst) or weakly exponentially

Quark-hadron duality, MS, hep-ph/0009131

ADS/QCD model



In the mid-1980s predicted 


In the late 1990’s 


In the late 2010’s 

τ(Λb)/τ(Bd) = 0.9 ± 0.03

τ(Λb)/τ(Bd)exp = 0.77 ± 0.05

τ(Λb)/τ(Bd)exp = 0.93 ± 0.05



mc ≈ 1.3 GeV; Expansion parameter ∼
1
3

2018 PDG : τ(Ω0
c) = 69 ± 12 fs, 2020 PDG : τ(Ω0

c) = 268 ± 24 ± 10 fs
LHCb

τ(Ξ0) < τ(Λ+
c ) < τ(Ω0

c) < τ(Ξ+)

For  quark expansion parameter  b ∼
1
10

In 1993 Blok+MS argued that  is likely to be the most 
long-living

Ω0
c
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one typically gets → 0.03 and → −0.07 for Pauli interference and weak scattering,
respectively, so that there is significant compensation [34].
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Figure 3: Preasymptotic m−3
b corrections: the weak scattering mecha-

nism giving rise to the four-quark operator (13) in the OPE for τ(Λb).

For our purposes it is important to note that the four-quark operators emerging in
Pauli interference and weak scattering have spatial structures which do not coincide
for these two mechanisms. In weak scattering the only relevant operator occurring
in OPE (Fig. 3) has a structure “good diquark density times good diquark density,”
of the type mentioned for O1 in Ref. [6], namely,2

O− = 2 (jk)
† (jk) , jk = εkji b

jC
1− ε5

2
ui , (13)

where i, j, k are color indices. The assumption that a strong (positive) diquark cor-
relation persists in the 0+ system of one heavy and one light quark, would result in
a further enhancement of the weak scattering contribution in Λb, effectively destroy-
ing the cancellation between Pauli interference and weak scattering. In this case
theoretical prediction τ(Λb)/τ(Bd) → 0.9 would become natural.

Note that recent experimental measurements of the ratio τ(Λb)/τ(Bd) tend to
shift the central value of the ratio from → 0.8 up to → 0.9. Note also that the
argumentation above is applicable to Ξb baryons as well.

One can give another argument in favor of a certain enhancement of the Λb

matrix element of the operator (13), compared to the naive estimates of the 1980’s.
This argument goes along the lines discussed in Sect. 2. There, reducing the color
group from SU(3) to SU(2), we were able to relate 0+ light diquarks to pions. If
we follow the same strategy here, we will relate the (bu) good diquark to B mesons.
Extensive analyses in the 1990’s firmly established the fact that fB is quite large,
fB → 200 MeV, a factor of → 1.5 larger than was previously believed. In SU(2)color

2 Strictly speaking jk represents a combination of the 0+ and 0− diquarks.

11
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For weak scattering we deal with O− = 2j†
k jk where jk = εkji bjC

1 − γ5

2
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If  good diquark (à la Wilczek) existed, then the contribution of  in weak scattering would 
significantly increase, shifting  back to its 1990s measurement away from the 
more precise 2020 measurement. NO  good diquark! 

bu O−
τ(Λb)/τ(Bd)theor

bu
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N. Uraltsev, 1957-2013M. Voloshin, 1953-2020

Pioneers of  heavy quarks physics – OPE-based Methods (ITEP, now non-existent)

(Since late 1970s) (Since mid-1980s)

We live in a New Era of qualitative understanding!  And still…
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