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precision frontier:  status of heavy meson decay constants 
power of the method:  results for some other selected parameters  
a theory issue 
perspectives 



full solution to QCD not (yet?) available 

          formidable complexity of the phenomena 
    - nuclear physics 
    - Regge behaviour 
    - hadronic world 
    - quark-gluon matter at high temperature/high baryon density  
    - out-of-equilibrium strongly interacting matter 

partial solutions 
in the nonperturbative 
sector 

Lattice QCD 
QCD sum rules 
Effective theories of QCD (Ch-PT, HQET, SCET, NRQCD,…)  
Quark models 
AdS/CFT inspired methods 

involving  - chiral phenomenology 
                 - light and heavy quarkonia 
                 - glueballs and exotica 
                 - exclusive vs inclusive processes 
                 - interplay between strong and weak phenomena 

   
  QCD: simple Lagrangian            M. Gell-Mann, H. Fritzsch, XVI HEP Conference 1972 
                                                                             M. Gell-Mann, H. Fritzsch, H. Leutwyler, Phys.Lett.B47,365 (1973) 
 



QCD sum rules 

     meson and baryon masses, exotic hadrons (multiquarks, hybrids, glueballs and odderons) …. 

     decay constants, strong couplings, meson form factors, baryon form factors …. 

     partonic distributions (attempts) 

     matter at high temperature (hadron masses, decay constants,  even of exotic states) ….  

 

M. Shifman, A. Vainshtein, V. Zakharov, Nucl. Phys. B147,385 (1979) based on 

-  duality:  sufficiently inclusive hadronic quantities expressed in terms of 
quark and gluons          Poggio Quinn Weinberg 

-    analiticity:  relates quantities in different kinematical regions 
   
-    OPE: perturbative + power corrections                                    

    applications:  “Madamina, il catalogo è questo…”    (“my Lady, here is the list…”, Don Giovanni, Mozart) 

 hadron properties related to the QCD vacuum properties 
 parameterized by quark and gluon condensates 



precision frontier: 
status of fB, fD 
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Chetyrkin Steinhauser, EPJ C21, 319 

 Jamin  Lange, PRD 65, 056005 
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duality issue: 2D harmonic oscillator 



global quark-hadron duality 

Borel transformation 

- subtractions removed   

- high dimension condensate contributions factorially suppressed 
 
- contribution of the lowest lying resonance enhanced 
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1/Q2n ⇒1/(n! M 2n )
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ds ρ(s)
s+Q2 ⇒∫ ds ρ(s) ∫ exp(− s

M 2 )

lowest state contribution  

different methods (finite energy SR, moments, …) 

- Borel parameter M2 varied in an interval -> ! M2   uncertainty in the results  
- threshold parameter s0  from an ancillary sum rule for mB 



QCDSR: P. Gelhausen, A. Khodjamirian, A. Pirovarov, D. Rosenthal, Phys. Rev. D 88, 014015 
LQCD:   R.J.Dowdall et al., (MILC Coll.), Phys. Rev. Lett. 110, 222003 

deviation from vacuum saturation 
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 -   in all cases large contribution to the error from the Borel parameter M2 
 
-  fB:   sizable contribution from ! mQ, !µ"
 
-  ! <qq>  about 30% of the error 

-  fBs, fDs:   sizable error from <ss>/<qq> 

-  smaller error from the other condensates 

other: S. Narison, 1511.05903 
           D. Melikhov et al., 1609.09388 
           …… 



range of M2 fixed to suppress higher states and power corrections 
this “systematic” uncertainty can hardly be reduced without a breaktrough 
in the method  

In general: 
- sensitivity to the parameters (thresholds) more severe for currents with high dimensions 
- “one resonance+continuum” : naive representation of the spectral function, not always    

applicable 
- narrow width approximation improvable 
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Π(p,q) = i dx   γ (q)  ∫ T J1(x), J2 (0)#$ %& 0  eipx
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radiative DsJ decays by light-cone QCD sum rules 
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p2 −m1
2 γ(q)M1(p) M2(p + q)

M2(p + q) J 2 0
(p + q)2 −m2

2 +!

p2<<0 and (p+q)2<<0 :  light-cone expansion x2->0 

p+q p 

light-cone photon DA of increasing twist 

hybrid of SVZ technique and theory of hard exclusive processes 

expansion of product of quark currents near the light-cone  x2 =0  

Stern, Chernyak, Braun, …. 



light-cone photon distribution amplitudes 

Ball, Braun, Kivel, NP B649, 263 



light-cone photon distribution amplitudes 

Ball, Braun, Kivel, NP B649, 263 
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De Fazio, Ozpineci, PC,  
PRD72, 074004 



De Fazio, Ozpineci, PC, PRD72, 074004 

decay widths (KeV) 



similar complexity 

Bs  -> f0(980)  semileptonic form factors  sensitive to the structure of f0(980) 
impact on the measurement of the $s weak phase 

sizable uncertainty 
comparison with LQCD 
useful  

De Fazio, Wang, PC, PRD81, 074001 

-> Passek-Kumericki  
talk on f0 DA 

extension to  Ds  -> f0(980)  e %  



Increasing complexity :   matrix elements of  ! B=2 and ! B=0 D=6 operators     

! B=2 

in HQET 

sum rule in HQET 



! B=0 

in HQET 

Increasing complexity :   matrix elements of  ! B=2 and ! B=0 D=6 operators     



! B=2 

! B=0 

Increasing complexity :   matrix elements of  ! B=2 and ! B=0 D=6 operators     

Kirk, Lenz, Rauh, JHEP12 (17) 068 
previous: Grozin Klein Mannel Pivovarov PRD94, 034024 
                Grozin Lee JHEP 0902 (09) 047 



error budget 
Kirk, Lenz, Rauh, JHEP12 (17) 068 



Kirk, Lenz, Rauh, JHEP12 (17) 068 error budget 



Kirk, Lenz, Rauh, JHEP12 (17) 068 error budget 



Increasing complexity :    D=6 operator: heavy baryon matrix elements  
                                         &b lifetime  
                                                     

more precise evaluation of the heavy baryon lifetimes  (&b, ' b) possible 

          De Fazio, PC,  PLB 387, 371 

( (&b)/( (Bb) >0.94 



charm-loops: factorizable vs non-factorizable contributions  correlation function for B->K(*) m.e. with soft gluon 

error budget 

Beneke, Feldmann, Seidel (2001) 

Khodjamirian, Mannel, Pivovarov, Wang  JHEP 1009, 089 

noticeable computation: charm-loops in B-> K(*) l+ l- and B -> K* #      



condensates:  parameterize effects of the strong fields 
                       understanding the field dynamics not needed for practical purposes 

Theory issues 
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•  what are the field configurations producing the condensates? 

•  do the effects of the condensates in the sum rules encode confinement? 



Theory issues: possibility of D=2 contribution? 
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1/M2 term absent 
no gauge invariant D=2 operator 

•  what are the field configurations producing the condensates? 

•  do the effects of the condensates in the sum rules encode confinement? 

condensates:  parameterize effects of the strong fields 
                       understanding the field dynamics not needed for practical purposes 



1/M2 correction can be generated by the perturbative series  
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Borel summation 

Vainshtein Zakharov PRL 73, 1207 

Borel summable 



D=2 correction related to short-distance dynamics   
example: Abelian Higgs Model 

 extended to QCD? 

lim
r→0

V(r) = - QM
2

4πr
+σ r

 short topological strings  
connecting  magnetic charges 

magnetic charges in the vacuum 
at short-distance:  Coulomb potential+ stringy correction 
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-  computable assigning an “effective short-distance mass” to  
gluons           Chetyrkin Narison Zakharov NPB350, 353 

-  could be relevant in particular sum rules (gluonium, scalars) 
-  detected in AdS/CFT inspired approaches (for scalars and  

glueballs)    De Fazio Giannuzzi Jugeau Nicotri PC, PRD78, 055509 

phenomenology  

of  D=2 term ? 

Issue deserving scrutiny 

Gubarev Polikarpov 
Zakharov  PLB438, 147 



conclusions 

•  flexibility of the method -> extensive applications  

•  uncertainties from perturbative corrections controllable  

•  possible improvement of some nonperturbative input (e.g. light-cone DA) 

•  intrinsic limitations from the duality assumption: in some cases they start dominating the 
total uncertainty -> need breakthrough for significant improvements 

•  theoretical issues still need to be better scrutinized 

•  method used to validate other approaches (e.g. AdS/CFT inspired models), tool for theorists 
of strong interactions 



ADVERTISEMENT 
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