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The The HeavyHeavy Quark Quark SymmetrySymmetry ((HQSHQS) ) (Isgur, Wise)

• Hadron lenght scale : 

• Heavy quark Q lenght scale : 

Heavy quark Q and light cloud (light q, qq, g’s and qq’s) : soft gluonsoft gluon interactions (                    )

ï Quantum numbers of Q probed by hardhard momentum transfert (                 , weak bosons, g’s)

ï HQS                       HQS                       : Q staticstatic colourcolour sourcesource

Light cloud insensitive to the spinspin S and to the flavourflavour (m ) of the heavy quark Q

HeavyHeavy--lightlight mesons Qq (as B  (bd) ) and baryons Qqq (as Lb
0(bud))0

Light cloud insensitive to the spinspin SQ and to the flavourflavour (mQ) of the heavy quark Q

Soft strong interactions preserve:

- Heavy quark spinspin

- Total angular momentum of light cloud

L : orbital angular momentum

: spin of light cloud

= 1/2 for mesons

= 0 or 1 for baryons

Hadronic states classified according to spin jspin j and parityparity PP of the light cloud ( jP )

Mesons :

Baryons :



• SpinSpin symmetry : only Echromo contributes ï relativistic effects (colour magnetism) 

• FlavourFlavour symmetry : light cloud does not depend on mQ

HQS HQS mQØ¶ : Bound-states Qq and Qqq differing by spinspin SQ and massmass mQ of the heavy quark Q 

ï for                        fixed : hadrons classified into multiplets with

SpinSpin-flavourflavour symmetry U(2NU(2Nhh)) of QCD (Nh heavy quark flavours)

vanish in the HQSHQS limitlimit mQØ¶ : decoupling of the heavy quark spin SQ

ï have the same light could configuration jP

• Meson ground-state doublet (L=0 : D(*) ) 

• Meson excited doublets (L=1 : D**)

• Baryon ground-state singlet (L=0)

• Baryon excited doublet (L=1)



The The HeavyHeavy Quark Effective Quark Effective TheoryTheory ((HQETHQET) ) (Eichten, Hill, Grinstein, Georgi)

ï Separation of the large- and short-distance Physics

Heavy Q almost on-shell : pQ
2@ mQ

2 fl pQ=mQ vv+kk
residual momentum kk ~ LQCD (dynamic)

ï Heavy quark field : 

• hv annihilates a heavy quark with velocity vv

• Hv describes fluctuations around pQ
2 = mQ

2 : cancelled in the effective Lagrangian

velocity vv as an index (kinematic)

HQS HQS : symmetry of an effective theory of QCD when mQ àLQCD

residual kinetic energy spin interactions

of Q with the gluon field

• LagrangianLagrangian-type corrections :

• CurrentCurrent-type corrections :

: eigenstate of : eigenstate of 

Heavy quark current :



(L=0)

66 form factors ö the leading elasticelastic (1/2- Ø 1/2-) meson IW function :

: 4ä4 matrix valued-spin wave functions (Falk, Neubert)

(L=1)

Recoil :                                                     measures the change in velocity of the heavy hadrons

zerozero recoilrecoil : wwminmin = 1= 1 fl Hf  is at rest in the rest frame of Hi (max. momentum transfert to leptons)

HQSHQS : form factors ï universal Isgur-Wise (IW) functions (large distance Physics of light cloud)

•

,

• (L=1)

1414 form factors ö 2 transition2 transition IW functions (1/2- Ø 1/2+)                  and (1/2- Ø 3/2+) 

(L=0)

66 form factors ö the leading elasticelastic (0+ Ø 0+) baryon IW function

HQETHQET heavy baryon spinor : : physical spinor ( )                                 )

•

•



Bound-state effects of strong interactions parametrized by form factors ,

HQS HQS : model-independent normalization (CVC)

Measurements of                          ï Extrapolation at
- experimental imprecision

- hadronic f. f. uncertainty

ï ï

(                                                         via OPE )
Model-independent derivation of |V | !!

= 1

B, Lb semileptonic decays ö exclusive determination of |Vcb|

•

Lattice (unquenched)

(@ Tevatron)

LHCLHCbb willwill studystudy ddGG//dwdw in in detaildetail

Model-independent derivation of |Vcb| !!

•

ï

: light cloud energy

CurrentCurrent-type correction LagrangianLagrangian-type correction

: slope

: curvature

(instead of 3 subleading meson f.f. !)(instead of 2 subleading meson f.f. !)



HQET HQET SumSum RulesRules (SR) and the (SR) and the leadingleading constraintsconstraints (Bjorken, Oliver et al.)

T-product of 2 heavy-heavy currents (                        ) :

nonnon--forwardforward transition                 (Ulratsev)

: 

ï general SRs

• intermediateintermediate charmedcharmed statesstates

with

HQET HQET SRsSRs ::

• OperatorOperator Product Expansion (OPE)Product Expansion (OPE)

ï (                         )vector (                  ) HQET SR :

(in a certain domain, e.g.                 )

ï

• the slope of             :  

• the curvature of             : 

• the derivatives of             :                                 is an alternatealternate seriesseries in powers of (w-1) (Oliver et al.)

: 0+Ø LP baryon transition IW functions

(                         )

rL
2 Ø 0 implies sL

2 Ø 0 

vector (                  ) HQET SR :

•



LagrangianLagrangian perturbations of the perturbations of the semileptonicsemileptonic decaydecay of the of the LLbb (preliminary)

(@ LHCb)

HQET HQET : axial-vector form factor at w=1 :

a) residual kinetic energy of Q :

(Q almost on-shell)

b) kinetic part LLLL1
(kin) of the Lagrangian correction-type subleading axial form factor A(w)

intermediate states jP = 0+, 1+

b) kinetic part LLLL1 of the Lagrangian correction-type subleading axial form factor A(w)

: intermediate states Lc
(n) (jP = 0+ because LLLL1

(kin))

ï

strongstrong correlationcorrelation between

the leadingleading f.ff.f.. shape and the subleadingsubleading f.ff.f.. A(w)

(0+ Ø 0+) IW function but A(1)=0

rL
2 Ø 0 implies A’(1)Ø 0 



The The kinetickinetic LagrangianLagrangian--type type subleadingsubleading axial axial formform factor A(w) factor A(w) fromfrom QCD QCD SumSum RulesRules

ï A (1) = 0 imposed in QCDSR (                  )

qualitative Borel stability window T @ 0.3 - 0.6 GeV

continuum threshold 1.8 < nc < 2.5 GeV

(Grozin et al., Dai et al., Wang et al., Korner et al.)

Decay constant :

qualitative Borel stability window T @ 0.3 - 0.6 GeV

• compatiblecompatible with model-independent HQET result

• HQET HQET constraintconstraint must be imposed in the QCDSR calculations
ï


