
Probing a Probing a PionPion  with Photonswith Photons  

AdnanAdnan  BashirBashir    

XV Mexican Workshop on Particles and FieldsXV Mexican Workshop on Particles and Fields  
Mazatlan, Mazatlan, México México 22--6 November 20156 November 2015  

Collaborators:Collaborators:  
  
F. F. AkramAkram, University of Punjab, Pakistan, University of Punjab, Pakistan  
J. J. AslamAslam, , QuaidQuaid--ii--AzamAzam  University, PakistanUniversity, Pakistan  
AA. Ayala, UNAM, Mexico. Ayala, UNAM, Mexico  
B. ElB. El--BennishBennish, , Cruzeiro do sulCruzeiro do sul, Brazil, Brazil  
Y.X. Liu, Peking University, ChinaY.X. Liu, Peking University, China  
M.R. Pennington, M.R. Pennington, JLabJLab, USA, USA  
J.R. Quintero, Huelva University, SpainJ.R. Quintero, Huelva University, Spain  
A.A. Raya, Michoacán University, MexicoRaya, Michoacán University, Mexico  
M.E. M.E. TejedaTejeda, USON, Mexico, USON, Mexico  
C.D. Roberts, Argonne National Laboratory, USAC.D. Roberts, Argonne National Laboratory, USA  
P.C. Tandy, Kent State University, P.C. Tandy, Kent State University, USAUSA  

  

Collaborators:Collaborators:  
  
L. Albino, University of Michoacán, MexicoL. Albino, University of Michoacán, Mexico  
A. Ahmad, University of Michoacán, MexicoA. Ahmad, University of Michoacán, Mexico  
M.A. M.A. BedollaBedolla, University of Michoacán, Mexico, University of Michoacán, Mexico    
R. Bermudez, University of Sonora, MexicoR. Bermudez, University of Sonora, Mexico  
J. J. CobosCobos, University of Michoacán, Mexico, University of Michoacán, Mexico  
L. Chang, University of Adelaide, AustraliaL. Chang, University of Adelaide, Australia  
L.X. L.X. GutiérrezGutiérrez, University of Michoacán, Mexico, University of Michoacán, Mexico  
E. E. GutiérrezGutiérrez, University of Michoacán, Mexico, University of Michoacán, Mexico  
K. Raya, University of Michoacán, MexicoK. Raya, University of Michoacán, Mexico  
D. Wilson, D. Wilson, JlabJlab, USA , USA   

  



ContentsContents  

••    Facts and Challenges Facts and Challenges   ••    Facts and Challenges Facts and Challenges   

••    PionsPions  and and ChiralChiral  Symmetry Symmetry   ••    PionsPions  and and ChiralChiral  Symmetry Symmetry   

••    SchwingerSchwinger--Dyson Equations Dyson Equations   ••    SchwingerSchwinger--Dyson Equations Dyson Equations   

••    The Quark Propagator The Quark Propagator   ••    The Quark Propagator The Quark Propagator   

••    The Gluon Propagator The Gluon Propagator   ••    The Gluon Propagator The Gluon Propagator   

••    PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  ••    PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  

••    PionPion  Transition Form FactorTransition Form Factor  ••    PionPion  Transition Form FactorTransition Form Factor  

••    Bethe Bethe SalpeterSalpeter  AmplitudeAmplitude  ••    Bethe Bethe SalpeterSalpeter  AmplitudeAmplitude  

••    Further ChallengesFurther Challenges  ••    Further ChallengesFurther Challenges  

••    Other Mesons and BaryonsOther Mesons and Baryons  ••    Other Mesons and BaryonsOther Mesons and Baryons  



Facts and ChallengesFacts and Challenges  

••  DynamicalDynamical  massmass  generationgeneration  forfor  masslessmassless  quarksquarks;;  
    (dynamical(dynamical  chiralchiral  symmetrysymmetry  breaking)breaking)..    
••  DynamicalDynamical  massmass  generationgeneration  forfor  masslessmassless  quarksquarks;;  
    (dynamical(dynamical  chiralchiral  symmetrysymmetry  breaking)breaking)..    

••  Both these Both these phenomenaphenomena  are are emergentemergent  and owe themselvesand owe themselves  
    to large coupling strength in the infrared.  to large coupling strength in the infrared.    
••  Both these Both these phenomenaphenomena  are are emergentemergent  and owe themselvesand owe themselves  
    to large coupling strength in the infrared.  to large coupling strength in the infrared.    

••    Color degrees of freedom (quarks and gluons) are notColor degrees of freedom (quarks and gluons) are not  
    observable observable (confinement).(confinement).  
••    Color degrees of freedom (quarks and gluons) are notColor degrees of freedom (quarks and gluons) are not  
    observable observable (confinement).(confinement).  

••  Studying QCD: lattice, Studying QCD: lattice, SchwingerSchwinger--Dyson and BetheDyson and Bethe--  
    SalpeterSalpeter  equationsequations, , chiralchiral  perturbation theory, perturbation theory,   
    effective quark models.effective quark models.  

••  Studying QCD: lattice, Studying QCD: lattice, SchwingerSchwinger--Dyson and BetheDyson and Bethe--  
    SalpeterSalpeter  equationsequations, , chiralchiral  perturbation theory, perturbation theory,   
    effective quark models.effective quark models.  

••  How do we study How do we study physics beyond perturbation theoryphysics beyond perturbation theory?  ?    ••  How do we study How do we study physics beyond perturbation theoryphysics beyond perturbation theory?  ?    



PionsPions  and and ChiralChiral  Symmetry Breaking Symmetry Breaking   

InIn  OctoberOctober  19341934,,  HidekiHideki  YukawaYukawa  predictedpredicted  thethe  existenceexistence  ofof  
aa  “heavy“heavy  quantum”quantum”,,  meson,meson,  exchangingexchanging  nuclearnuclear  forceforce  betweenbetween  
nneutronseutrons  andand  protonsprotons..    

InIn  OctoberOctober  19341934,,  HidekiHideki  YukawaYukawa  predictedpredicted  thethe  existenceexistence  ofof  
aa  “heavy“heavy  quantum”quantum”,,  meson,meson,  exchangingexchanging  nuclearnuclear  forceforce  betweenbetween  
nneutronseutrons  andand  protonsprotons..    

ItIt  waswas  discovereddiscovered  byby  CecilCecil  PowelPowel  inin  19491949  inin  cosmiccosmic  rayray  
ttracksracks  inin  aa  photographicphotographic  emulsionemulsion..  
ItIt  waswas  discovereddiscovered  byby  CecilCecil  PowelPowel  inin  19491949  inin  cosmiccosmic  rayray  
ttracksracks  inin  aa  photographicphotographic  emulsionemulsion..  

PionPion  waswas  nicelynicely  accommodatedaccommodated  inin  TheThe  EightEight  FoldFold  wayway  ofof  
MurrayMurray  GellGell  ––MannMann  inin  19611961..  
PionPion  waswas  nicelynicely  accommodatedaccommodated  inin  TheThe  EightEight  FoldFold  wayway  ofof  
MurrayMurray  GellGell  ––MannMann  inin  19611961..  

YoichiroYoichiro  NambuNambu  associatedassociated  itit  withwith  CSBCSB  inin  19601960..  YoichiroYoichiro  NambuNambu  associatedassociated  itit  withwith  CSBCSB  inin  19601960..  

1949 1949   1950 1950   1969 1969   2008 2008   



PionsPions  and and ChiralChiral  Symmetry Breaking Symmetry Breaking   

PionsPions  areare  thethe  lightestlightest  ofof  hadronshadrons..  TheyThey  dodo  notnot  havehave  zerozero  
massmass..  
PionsPions  areare  thethe  lightestlightest  ofof  hadronshadrons..  TheyThey  dodo  notnot  havehave  zerozero  
massmass..  

AA  typicaltypical  mesonmeson  likelike  aa  ρρ  hashas  aa  massmass  ofof  770770  MeVMeV  whilewhile  thethe  
nucleonnucleon  hashas  aa  massmass  ofof  940940  MeVMeV..  ThisThis  isis  consistentconsistent  withwith  aa    
constituentconstituent  u,du,d,,  massmass  ofof  aroundaround  300300  MeVMeV..  

AA  typicaltypical  mesonmeson  likelike  aa  ρρ  hashas  aa  massmass  ofof  770770  MeVMeV  whilewhile  thethe  
nucleonnucleon  hashas  aa  massmass  ofof  940940  MeVMeV..  ThisThis  isis  consistentconsistent  withwith  aa    
constituentconstituent  u,du,d,,  massmass  ofof  aroundaround  300300  MeVMeV..  

However,However,  pionspions  onlyonly  weighweigh  aboutabout  140140  MeVMeV,,  whichwhich  isis  11//55thth  ofof  
thethe  massmass  ofof  thethe  ρρ..  
However,However,  pionspions  onlyonly  weighweigh  aboutabout  140140  MeVMeV,,  whichwhich  isis  11//55thth  ofof  
thethe  massmass  ofof  thethe  ρρ..  

ThisThis  cannotcannot  bebe  anan  accidentaccident..  ThisThis  cannotcannot  bebe  anan  accidentaccident..  

TheThe  connectionconnection  ofof  pionspions  withwith  chiralchiral  symmetrysymmetry    breakingbreaking  waswas  
presentpresent  inin  thethe  GellGell--MannMann--OakesOakes--RennerRenner  relationrelation..  
TheThe  connectionconnection  ofof  pionspions  withwith  chiralchiral  symmetrysymmetry    breakingbreaking  waswas  
presentpresent  inin  thethe  GellGell--MannMann--OakesOakes--RennerRenner  relationrelation..  



Nobel Prize 2008:Nobel Prize 2008:  
“for“for  thethe  discoverydiscovery  ofof  thethe  mechanismmechanism  ofof  spontaneousspontaneous  
  brokenbroken  symmetrysymmetry  inin  subatomicsubatomic  physics”physics”  

Nobel Prize 2008:Nobel Prize 2008:  
“for“for  thethe  discoverydiscovery  ofof  thethe  mechanismmechanism  ofof  spontaneousspontaneous  
  brokenbroken  symmetrysymmetry  inin  subatomicsubatomic  physics”physics”  quark-anti-quark quark-anti-quark 

PionsPions  and and ChiralChiral  Symmetry Breaking Symmetry Breaking   

DynamicalDynamical  chiralchiral  symmerysymmery  breakingbreaking  yieldsyields  largelarge  effectiveeffective  
quarkquark  massesmasses  andand  thethe  existenceexistence  ofof  GoldstoneGoldstone  bosonsbosons::  pionspions..    
DynamicalDynamical  chiralchiral  symmerysymmery  breakingbreaking  yieldsyields  largelarge  effectiveeffective  
quarkquark  massesmasses  andand  thethe  existenceexistence  ofof  GoldstoneGoldstone  bosonsbosons::  pionspions..    





ChiralChiral  Symmetry and Its BreakingSymmetry and Its Breaking  ChiralChiral  Symmetry and Its BreakingSymmetry and Its Breaking  

  22%%  ofof  visiblevisible  massmass    
isis  duedue  toto  HiggsHiggs..      
  22%%  ofof  visiblevisible  massmass    
isis  duedue  toto  HiggsHiggs..      

  9898%%  ofof  visiblevisible  massmass  isis  duedue  toto  
  dynamicaldynamical  chiralchiral  symmetrysymmetry  
  breakingbreaking..      

  9898%%  ofof  visiblevisible  massmass  isis  duedue  toto  
  dynamicaldynamical  chiralchiral  symmetrysymmetry  
  breakingbreaking..      



ChiralChiral  Symmetry and Its BreakingSymmetry and Its Breaking  ChiralChiral  Symmetry and Its BreakingSymmetry and Its Breaking  

Parity Parity 
Partners &Partners &  

ChiralChiral  
Symmetry Symmetry 
BreakingBreaking  

Parity Parity 
Partners &Partners &  

ChiralChiral  
Symmetry Symmetry 
BreakingBreaking  

~500 MeV  

~500 MeV  



NucleonNucleon  

And itsAnd its  

Parity Parity   

PartnerPartner  

NucleonNucleon  

And itsAnd its  

Parity Parity   

PartnerPartner  

ChiralChiral  Symmetry and Its BreakingSymmetry and Its Breaking  ChiralChiral  Symmetry and Its BreakingSymmetry and Its Breaking  



SchwingerSchwinger--DysonDyson  equationsequations  inin  covariantcovariant  gaugesgauges  SchwingerSchwinger--DysonDyson  equationsequations  inin  covariantcovariant  gaugesgauges  

SchwingerSchwinger--Dyson EquationsDyson Equations  SchwingerSchwinger--Dyson EquationsDyson Equations  

TheThe  inverseinverse  quarkquark  propagatorpropagator::  TheThe  inverseinverse  quarkquark  propagatorpropagator::  

TheThe  quarkquark--gluongluon  vertexvertex::  TheThe  quarkquark--gluongluon  vertexvertex::  



SchwingerSchwinger--Dyson EquationsDyson Equations  SchwingerSchwinger--Dyson EquationsDyson Equations  

TheThe  inverseinverse    
gluongluon  propagatorpropagator::  
TheThe  inverseinverse    
gluongluon  propagatorpropagator::  



The Quark PropagatorThe Quark Propagator  The Quark PropagatorThe Quark Propagator  

The quark The quark propagator:propagator:  The quark The quark propagator:propagator:  



The quark The quark   
propagator:propagator:  
The quark The quark   
propagator:propagator:  

The Quark PropagatorThe Quark Propagator  The Quark PropagatorThe Quark Propagator  

  K. Raya, Ph.D. Student, University of MichoacánK. Raya, Ph.D. Student, University of Michoacán  
  
““BridgingBridging  a gap a gap betweenbetween  continuumcontinuum--QCD and ab initio QCD and ab initio predictionspredictions  of of hadronhadron  
observables”observables”  , , BinosiBinosi,,,,  ChangChang,,  PapavassiliouPapavassiliou,,  Roberts,Roberts,    Phys.LettPhys.Lett. B742 . B742 183 (183 (20152015).).  



The Gluon PropagatorThe Gluon Propagator  

Several SDE and lattice Several SDE and lattice 
results support decoupling results support decoupling 
solution for the gluon solution for the gluon 
propagator.propagator.  

Several SDE and lattice Several SDE and lattice 
results support decoupling results support decoupling 
solution for the gluon solution for the gluon 
propagator.propagator.  

Momentum dependent gluon mass is reminiscent of the Momentum dependent gluon mass is reminiscent of the 
momentum dependent quark mass function.momentum dependent quark mass function.  
Momentum dependent gluon mass is reminiscent of the Momentum dependent gluon mass is reminiscent of the 
momentum dependent quark mass function.momentum dependent quark mass function.  

It is in accord with the improved GZIt is in accord with the improved GZ--picture.picture.  It is in accord with the improved GZIt is in accord with the improved GZ--picture.picture.  
  A. Ayala et. al. Phys. Rev. D86 074512 (2012).A. Ayala et. al. Phys. Rev. D86 074512 (2012).  

  AB, C. Lei, I. AB, C. Lei, I. CloetCloet, B. El , B. El BennichBennich, Y. Liu, C. Roberts, , Y. Liu, C. Roberts,   
P. Tandy,  Comm. P. Tandy,  Comm. TheorTheor. Phys. 58 79. Phys. 58 79--134 (2012)  134 (2012)   

  Gluon Propagator:Gluon Propagator:    Gluon Propagator:Gluon Propagator:  

  AB, A. Raya, J. AB, A. Raya, J. RodriguesRodrigues--Quintero, Quintero,   
Phys. Rev. D88 054003 (2013Phys. Rev. D88 054003 (2013).).  

  I.L. I.L. BogolubskyBogolubsky, et. al. Phys. , et. al. Phys. LettLett. B676 69 (2009). . B676 69 (2009).  



The The QuarkQuark--Gluon VertexGluon Vertex  The The QuarkQuark--Gluon VertexGluon Vertex  

Phenomenology 

Gauge 

Covariance  
Lattice 

Multiplicative 

Renormalization 

Perturbation 

Theory 

Quark-photon/ 

quark-gluon 

vertex 



JJ..  SkullerudSkullerud,,  PP..  Bowman,Bowman,  AA..  KizilersuKizilersu,,  DD..  LeinweberLeinweber,,  AA..  Williams,Williams,  JJ..  HighHigh  EnergyEnergy  PhysPhys..  
0404  047047  ((20032003))     

MM..  BhagwatBhagwat,,  MM..  PichowskyPichowsky,,  CC..  Roberts,Roberts,  PP..  Tandy,Tandy,  PhysPhys..  RevRev..  CC6868  015203015203  ((20032003))..  

AB,AB,  LL..  GutiérrezGutiérrez,,  MM..  TejedaTejeda,,  AIPAIP  ConfConf..  ProcProc..  10261026  262262  ((20082008))..    

The QuarkThe Quark--GluonGluon  
Vertex:Vertex:  
  
One of the 12 One of the 12 
form factorsform factors  

The QuarkThe Quark--GluonGluon  
Vertex:Vertex:  
  
One of the 12 One of the 12 
form factorsform factors  

The QuarkThe Quark--Gluon VertexGluon Vertex  The QuarkThe Quark--Gluon VertexGluon Vertex  



StudyingStudying  thethe  transitiontransition  ofof  hadronshadrons  fromfrom  themthem  beingbeing  mademade  
ofof  aa  seasea  ofof  quarksquarks  andand  gluonsgluons  toto  valencevalence  quarksquarks  alonealone  cancan  
bebe  studiedstudied  naturallynaturally  throughthrough  SDESDE..      

StudyingStudying  thethe  transitiontransition  ofof  hadronshadrons  fromfrom  themthem  beingbeing  mademade  
ofof  aa  seasea  ofof  quarksquarks  andand  gluonsgluons  toto  valencevalence  quarksquarks  alonealone  cancan  
bebe  studiedstudied  naturallynaturally  throughthrough  SDESDE..      

SchwingerSchwinger--DysonDyson  equationsequations  areare  thethe  fundamentalfundamental  equationsequations  
ofof  QCDQCD  andand  combinecombine  itsits  UVUV  andand  IRIR  behaviourbehaviour..      
SchwingerSchwinger--DysonDyson  equationsequations  areare  thethe  fundamentalfundamental  equationsequations  
ofof  QCDQCD  andand  combinecombine  itsits  UVUV  andand  IRIR  behaviourbehaviour..      

The QuarkThe Quark--Gluon VertexGluon Vertex  



BetheBethe--SalpeterSalpeter  amplitudeamplitude  forfor  thethe  pionpion::  BetheBethe--SalpeterSalpeter  amplitudeamplitude  forfor  thethe  pionpion::  

GoldbergerGoldberger--TriemannTriemann    
relations:relations:  
GoldbergerGoldberger--TriemannTriemann    
relations:relations:  

The BetheThe Bethe--SalpeterSalpeter  AmplitudesAmplitudes  The BetheThe Bethe--SalpeterSalpeter  AmplitudesAmplitudes  



PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  



PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  

1980’s 2001 2006 2017? 



WithinWithin  thethe  rainbowrainbow  ladderladder  truncation,truncation,  thethe  elasticelastic  
electromagneticelectromagnetic  pionpion  formform  factorfactor::    
WithinWithin  thethe  rainbowrainbow  ladderladder  truncation,truncation,  thethe  elasticelastic  
electromagneticelectromagnetic  pionpion  formform  factorfactor::    
TheThe  patternpattern  ofof  chiralchiral  symmetrysymmetry  breakingbreaking  dictatesdictates  thethe    
momentummomentum  dependencedependence  ofof  thethe  elasticelastic  pionpion  formform  factorfactor..    
TheThe  patternpattern  ofof  chiralchiral  symmetrysymmetry  breakingbreaking  dictatesdictates  thethe    
momentummomentum  dependencedependence  ofof  thethe  elasticelastic  pionpion  formform  factorfactor..    

  L. L. GutiérrezGutiérrez, AB, I.C. , AB, I.C. CloetCloet, C.D. Roberts, Phys. Rev. C81 065202 (2010)., C.D. Roberts, Phys. Rev. C81 065202 (2010). 

PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  

ExperimentsExperiments  onon  pionspions  indicateindicate  aa  contactcontact  likelike  interaction?interaction?  ExperimentsExperiments  onon  pionspions  indicateindicate  aa  contactcontact  likelike  interaction?interaction?  



PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  



PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  

TheThe  mostmost  importantimportant  achievementsachievements  ofof  lastlast  77  yearsyears  

PagePage  2222::  PionPion  electromagneticelectromagnetic  formform  factorfactor  throughthrough  SDESSDES  



PionPion  Electromagnetic Form FactorElectromagnetic Form Factor  

L. Chang,L. Chang,  I.C. I.C. CloëtCloët,,  C.D. Roberts,C.D. Roberts,  S.M. Schmidt,S.M. Schmidt,  P.C. P.C. TandayTanday, , PhysPhys. Rev. . Rev. LettLett. . 
111, 14 141802 (2013)111, 14 141802 (2013)  



PionPion  to to **  Transition Form FactorTransition Form Factor  PionPion  to to **  Transition Form FactorTransition Form Factor  



TheThe                                transitiontransition  formform  factorfactor::    TheThe                                transitiontransition  formform  factorfactor::    

CELLOCELLO  H.J. Behrend et.al., Z. Phys C49 401 (1991).   0.7 – 2.2 GeV2           

CLEOCLEO  J. Gronberg et. al., Phys. Rev. D57 33 (1998).      1.7 – 8.0 GeV2     

BaBarBaBar  R. Aubert et. al., Phys. Rev. D80 052002 (2009). 4.0 – 40.0 GeV2           

LowestLowest  orderorder  inin  perturbationperturbation  theorytheory  andand  thethe  leadingleading  twisttwist  
asymptoticasymptotic  QCDQCD  calculationcalculation::    
LowestLowest  orderorder  inin  perturbationperturbation  theorytheory  andand  thethe  leadingleading  twisttwist  
asymptoticasymptotic  QCDQCD  calculationcalculation::    

G.P. G.P. LepageLepage, and S.J. Brodsky,, and S.J. Brodsky,  PhysPhys. Rev. D22, 2157 (1980).. Rev. D22, 2157 (1980).  
BelleBelle  S. Uehara et. al., Phys. Rev. D86 092007 (2012). 4.0 – 40.0 GeV2           

H.L.L. H.L.L. RobertesRobertes, C.D. Roberts, AB, L.X. , C.D. Roberts, AB, L.X. 
GutiérrezGutiérrez  and P.C. Tandy, and P.C. Tandy, PhysPhys. Rev. C82, . Rev. C82, 
(065202:1(065202:1--11) 2010. 11) 2010. 78 78 citationscitations  

PionPion  to to **  Transition Form FactorTransition Form Factor  PionPion  to to **  Transition Form FactorTransition Form Factor  

H.L.L. H.L.L. RobertesRobertes, C.D. Roberts, AB, L.X. , C.D. Roberts, AB, L.X. 
GutiérrezGutiérrez  and P.C. Tandy, and P.C. Tandy, PhysPhys. Rev. . Rev. 
C82, (065202:1C82, (065202:1--11) 2010.11) 2010.  



PionPion  to to **  Transition Form FactorTransition Form Factor  PionPion  to to **  Transition Form FactorTransition Form Factor  

TheThe                                transitiontransition  formform  factorfactor::    TheThe                                transitiontransition  formform  factorfactor::    

K. Raya, L. Chang, AB, J.J. Cobos-Martinez, L.X. Gutiérrez-Guerrero,  
C.D. Roberts, P.C. Tandy, e-Print: arXiv:1510.02799. (2015) 



TheThe                                transitiontransition  formform  factorfactor::    TheThe                                transitiontransition  formform  factorfactor::    

••  BelleBelle  IIII  willwill  havehave  4040  timestimes  moremore  luminosityluminosity..    ••  BelleBelle  IIII  willwill  havehave  4040  timestimes  moremore  luminosityluminosity..    

PrecisePrecise  measurementsmeasurements  atat  largelarge  QQ22  willwill  provideprovide  aa  stringentstringent  
constraintconstraint  onon  thethe  patternpattern  ofof  chiralchiral  symmetrysymmetry  breakingbreaking..      
PrecisePrecise  measurementsmeasurements  atat  largelarge  QQ22  willwill  provideprovide  aa  stringentstringent  
constraintconstraint  onon  thethe  patternpattern  ofof  chiralchiral  symmetrysymmetry  breakingbreaking..      

Vladimir Vladimir SavinovSavinov::    
55thth  Workshop of the APSWorkshop of the APS  
Topical Group on Topical Group on HadronicHadronic  
Physics, 2013.Physics, 2013.  

Vladimir Vladimir SavinovSavinov::    
55thth  Workshop of the APSWorkshop of the APS  
Topical Group on Topical Group on HadronicHadronic  
Physics, 2013.Physics, 2013.  

PionPion  to to **  Transition Form FactorTransition Form Factor  PionPion  to to **  Transition Form FactorTransition Form Factor  



Challenges within Standard ModelChallenges within Standard Model  

Gluon mass in the infrared. Last 10 years.  Gluon mass in the infrared. Last 10 years.    Gluon mass in the infrared. Last 10 years.  Gluon mass in the infrared. Last 10 years.    

PionPion  after after 80 80 years.years.  PionPion  after after 80 80 years.years.  

First excited states of nucleon after 50 years. InvertedFirst excited states of nucleon after 50 years. Inverted  
hierarchy in lattice.hierarchy in lattice.  
First excited states of nucleon after 50 years. InvertedFirst excited states of nucleon after 50 years. Inverted  
hierarchy in lattice.hierarchy in lattice.  

BRST BRST symmetry breaking?  symmetry breaking?    BRST BRST symmetry breaking?  symmetry breaking?    

Dynamical Dynamical diquarksdiquarks  within baryons.  within baryons.    Dynamical Dynamical diquarksdiquarks  within baryons.  within baryons.    

Elastic and transition form factors at large Elastic and transition form factors at large virtualitiesvirtualities.  .    Elastic and transition form factors at large Elastic and transition form factors at large virtualitiesvirtualities.  .    


