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Subject too broad — decided to
focus on a single heavy hadron

HEAVY QUARKONIA

Talk based on 

GK, AW Thomas & K Tsushima
— Prog Part Nucl Phys 100, 161 (2018)

JT Castellà & GK 
— Phys Rev D 98, 014029 (2018)
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Starting point ?

Seems to be

Q C D

Quantum Chromodynamics



2008



2015



The proton mass gets 
closer to the neutron mass 

in medium



Computation of the masses
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hadron interpolating field, e.g. ⇡+(x) = u(x)�5d(x)h(x) :
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Great, Impressive … 



Great, Impressive … 

BUT,  how precisely those numbers 

come out from 

the QCD Lagrangian ? 



Trace anomaly

Take mq = 0 & mQ = ∞ 

Classical action is invariant 



Hadron masses 

: hadron state
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From classical Lagrangian:
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Quantum theory                                           

— this is the trace anomaly
— no scale invariance
— trace of       is nonzeroTµ⌫

                                                 
The entire mass 

comes from gluons



Contribution from quark masses

small



Why is this interesting ?

Because 

contributes to threshold
quarkonium-nucleon scattering 

         
              
                              

Bhanot & Peskin, Kaidalov & Volkovitsky, Voloshin et al, 

Kharzeev, Hoodbhoy, Brodsky et al., Luke et al, Swanson, …   



Quarkonium-nucleon

Quarkonium: 



Quarkonium-nucleon scattering 

Forward amplitude

: color polarizability 
(property of the quarkonium)



Measure scattering length:

Bound from trace anomaly:

          
 
                                       



© CERN / LHCb Collaboration

Renewed interest in 
quarkonium-nucleon



Why quarkonium in nuclei?

— scattering amplitude is enhanced

— new exotic nuclear state

— adds a new flavor axis in the 
     nuclear e.o.s.  

Brodsky, Schmidt & de Teramond,  Ko et al.,  Brodsky & Miller,
Weise et al., Kharzeev, Sibirtseev & Voloshin. … 





Low-momentum quarkonium in a nucleus

— Quarkonium interacts with light quarks in nucleons
     by exchanging gluons with wavelengths 

� ⇠ rN

— Size of quarkonium

� � 2 rJ/ 

rJ/ ⇠ 0.35 fm

Quarkonium  behaves as 
a small color dipole 

immersed in a uniform gluon field
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Embbeding quakonium-nucleon into a
Nonrelativistic nuclear many-body problem

quarkonium-nucleon

G.K.,  A.W.  Thomas & K. Tsushima,
PPNP 100, 161 (2018)



Hartree-Fock equation
— for quarkonium in a nucleus

          
     
                                                                     

quarkonium-nucleus potential

nuclear density functional

Neglecting back reaction of quarkonium on nucleons, 
take density from experiment, no need for a nuclear model 



Need quarkonium-nucleon potential

From the forward amplitude:

          
                                        



J/Ψ in nuclei
— nuclear potentials



J/Ψ in nuclei
— use scattering length only

 aJ/ N = �0.18 fm

 aJ/ N = �0.36 fm



               



       

            
       

Models

NPLQCD



Can one do better?



Quarkonium-nucleon*
Lattice

Chiral EFT

J.T. Castellà, GK
PRD (2018), arXiv: 1803.05412



Degrees of freedom & Scales & Power counting

DOF: nucleons, quarkonia, pions

terms of the effective 
Lagrangian organized 
in powers of

EN , E� ⇠ m⇡ ⌧ ⇤� ⇠ 1GeVScales:

Power counting:
(~ Weinberg for NN)

m⇡

⇤�

Loops: dimensional regularization



Nucleon-pion

Quarkonium-nucleon EFT
— QNEFT

Quarkonium



Quarkonium-Pion
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Chromopolarizability



Quarkonium-Nucleon



Low-energy quarkonium-nucleon 
dynamics

Quarkonium-nucleon dynamics, 
e.g bound to nucleus occurs at energies

E�N ⇠
k2�N
2µ�N

<
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Integrate out the pion



Quarkonium-nucleon potential
— pQNEFT

Integrate out the pion



Matching

Renormalization of couplings + van der Waals
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Long-distance part of QN potential
— vdW force

No free parameters here:
— trace anomaly
— chiral physics

First, model-independent derivation of a 
quarkonium-nucleon van der Waals force 



For            :         

V (r) =
3g2Am

4
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To extrapolate lattice data to 
physical quark masses, need:
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Unknown contact couplings
— get them from lattice QCD

         

                        

Lattice: 
 [27]  Yokokawa et al PRD 74, 034504 (2006)
 [28]  Liu et al PoS (LATTICE) 2008, 112 (2008)
 [29]  Kanaway & Sasaki PoS (LATTICE) 2010, 156 (2010)
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Comparing long distance part
with HAL lattice potential

Kanaway & Sasaki, PRD 82, 091501 (2010)



⌘c �NvdW force      
                  

Lattice:
T. Kawanay & S. Sasaki, Pos (Lattice) 2010, 156 (2010) 



J/ �NvdW force      
                  

Lattice:
T. Kawanay & S. Sasaki, Pos (Lattice) 2010, 156 (2010) 



Fits of the polarizabilites

↵' ! �'
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Change of notation



Are there quarkonium-nucleon
bound states at this order in pQNEFT?

Scattering amplitude (s-wave)
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No quarkonium-nucleon bound states within 
the applicability of the present calculation:

|p�N |  m⇡



YES, for sufficiently large nuclei

Are there quarkonium-nucleus
bound states at this order in pQNEFT?



Experiments
— JLab



ATHENNA* collaboration JLab @ 12 GeV

*A J/Ψ THreshold Electroproduction on the Nucleon and Nuclei Analysis 

Hall A — E12-12-006
K. Hafidi, Z.-E. Meziani, N. Sparveris, Z. W. Zhao

Hall C — E-12-16-007 (Pentaquarks)
Z.-E. Meziani, S. Joosten, et al.



 How About coalescence
at the LHC?

Need to detect in coincidence 
the decay products

— Chances of a charmed hadron meeting one or two nucleons 

     not smaller than of two antinucleons and  one antihyperon 

     meeting to form an antihypernucleus



Antiproton annihilation on deuteron,
     re-scattering on spectator nucleon

@ FAIR

⇡0
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<latexit sha1_base64="eMkyl0Xc7Q4szr458xd07Lq6ZN0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxQ9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gXi6Jt9</latexit><latexit sha1_base64="eMkyl0Xc7Q4szr458xd07Lq6ZN0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxQ9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gXi6Jt9</latexit><latexit sha1_base64="eMkyl0Xc7Q4szr458xd07Lq6ZN0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxQ9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gXi6Jt9</latexit><latexit sha1_base64="eMkyl0Xc7Q4szr458xd07Lq6ZN0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxQ9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gXi6Jt9</latexit>

n
<latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit><latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit><latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit><latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit>

n
<latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit><latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit><latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit><latexit sha1_base64="xAuQZsQKtuX5P8wGJ9zJk8lMua0=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxhe2BCBcUk3Jqzgx4lbgFqaICzX7l2wtjmkYgNOVEqZ7rJNrPidSMcpjYXqogIXRMhtAzVJAIlJ/PjpngM6OEeBBL84TGM3VxIieRUlkUmGRE9Egte1PxP6+X6sGVnzORpBoEnS8apBzrGE+bwSGTQDXPDCFUMvNXTEdEEqpNf7YpwV0+eZW06zXXqbl39WrjuqijjE7QKTpHLrpEDXSLmqiFKHpCL+gNvVvP1qv1YX3OoyWrmDlGf2B9/QLysJuH</latexit>

p
<latexit sha1_base64="fTBv2t+q32zM4cVtTXb0OO+6WHE=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxE9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gX12JuJ</latexit><latexit sha1_base64="fTBv2t+q32zM4cVtTXb0OO+6WHE=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxE9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gX12JuJ</latexit><latexit sha1_base64="fTBv2t+q32zM4cVtTXb0OO+6WHE=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxE9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gX12JuJ</latexit><latexit sha1_base64="fTBv2t+q32zM4cVtTXb0OO+6WHE=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJCDFXSBcYKFsYi0YfURJXj3LZWHSfYDlIU9QNY+BUWBhBi5QPY+BvcNkNpOZKlo3PO1fU9QcKZ0o7zY5XW1jc2t8rb9s7u3v5B5fCoreJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIJULBb3OkvAj8hQsAGjRBupX6l6AQyZyOFBEClJdjGxE9sDES4oJuXUnBnwKnELUkUFmv3KtxfGNI1AaMqJUj3XSbSfE6kZ5TCxvVRBQuiYDKFnqCARKD+fHTPBZ0YJ8SCW5gmNZ+riRE4ipbIoMMmI6JFa9qbif14v1YMrP2ciSTUIOl80SDnWMZ42g0MmgWqeGUKoZOavmI6IJFSb/mxTgrt88ipp12uuU3Pv6tXGdVFHGZ2gU3SOXHSJGugWNVELUfSEXtAbereerVfrw/qcR0tWMXOM/sD6+gX12JuJ</latexit>

J/ 
<latexit sha1_base64="gYrGH65T0e/aE/OYf8IXisLfvBA=">AAACEXicbVBNS8NAEN3Urxq/oh69BItQPNSkFz0WvYinCvYDmlA2m2m7dLOJuxshhP4FL/4VLx4U8erNm//GbZuDtj4YeLw3w8y8IGFUKsf5Nkorq2vrG+VNc2t7Z3fP2j9oyzgVBFokZrHoBlgCoxxaiioG3UQAjgIGnWB8NfU7DyAkjfmdyhLwIzzkdEAJVlrqW1UvgCHlOdxzLATOTifmzZnXlNT0gIe/5L5VcWrODPYycQtSQQWafevLC2OSRsAVYVjKnuskys+xUJQwmJheKiHBZIyH0NOU4wikn88+mtgnWgntQSx0cWXP1N8TOY6kzKJAd0ZYjeSiNxX/83qpGlz4OeVJqoCT+aJBymwV29N47JAKIIplmmAiqL7VJiMsMFE6RFOH4C6+vEza9Zrr1NzbeqVxWcRRRkfoGFWRi85RA12jJmohgh7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwBQZJ1M</latexit><latexit sha1_base64="gYrGH65T0e/aE/OYf8IXisLfvBA=">AAACEXicbVBNS8NAEN3Urxq/oh69BItQPNSkFz0WvYinCvYDmlA2m2m7dLOJuxshhP4FL/4VLx4U8erNm//GbZuDtj4YeLw3w8y8IGFUKsf5Nkorq2vrG+VNc2t7Z3fP2j9oyzgVBFokZrHoBlgCoxxaiioG3UQAjgIGnWB8NfU7DyAkjfmdyhLwIzzkdEAJVlrqW1UvgCHlOdxzLATOTifmzZnXlNT0gIe/5L5VcWrODPYycQtSQQWafevLC2OSRsAVYVjKnuskys+xUJQwmJheKiHBZIyH0NOU4wikn88+mtgnWgntQSx0cWXP1N8TOY6kzKJAd0ZYjeSiNxX/83qpGlz4OeVJqoCT+aJBymwV29N47JAKIIplmmAiqL7VJiMsMFE6RFOH4C6+vEza9Zrr1NzbeqVxWcRRRkfoGFWRi85RA12jJmohgh7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwBQZJ1M</latexit><latexit sha1_base64="gYrGH65T0e/aE/OYf8IXisLfvBA=">AAACEXicbVBNS8NAEN3Urxq/oh69BItQPNSkFz0WvYinCvYDmlA2m2m7dLOJuxshhP4FL/4VLx4U8erNm//GbZuDtj4YeLw3w8y8IGFUKsf5Nkorq2vrG+VNc2t7Z3fP2j9oyzgVBFokZrHoBlgCoxxaiioG3UQAjgIGnWB8NfU7DyAkjfmdyhLwIzzkdEAJVlrqW1UvgCHlOdxzLATOTifmzZnXlNT0gIe/5L5VcWrODPYycQtSQQWafevLC2OSRsAVYVjKnuskys+xUJQwmJheKiHBZIyH0NOU4wikn88+mtgnWgntQSx0cWXP1N8TOY6kzKJAd0ZYjeSiNxX/83qpGlz4OeVJqoCT+aJBymwV29N47JAKIIplmmAiqL7VJiMsMFE6RFOH4C6+vEza9Zrr1NzbeqVxWcRRRkfoGFWRi85RA12jJmohgh7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwBQZJ1M</latexit><latexit sha1_base64="gYrGH65T0e/aE/OYf8IXisLfvBA=">AAACEXicbVBNS8NAEN3Urxq/oh69BItQPNSkFz0WvYinCvYDmlA2m2m7dLOJuxshhP4FL/4VLx4U8erNm//GbZuDtj4YeLw3w8y8IGFUKsf5Nkorq2vrG+VNc2t7Z3fP2j9oyzgVBFokZrHoBlgCoxxaiioG3UQAjgIGnWB8NfU7DyAkjfmdyhLwIzzkdEAJVlrqW1UvgCHlOdxzLATOTifmzZnXlNT0gIe/5L5VcWrODPYycQtSQQWafevLC2OSRsAVYVjKnuskys+xUJQwmJheKiHBZIyH0NOU4wikn88+mtgnWgntQSx0cWXP1N8TOY6kzKJAd0ZYjeSiNxX/83qpGlz4OeVJqoCT+aJBymwV29N47JAKIIplmmAiqL7VJiMsMFE6RFOH4C6+vEza9Zrr1NzbeqVxWcRRRkfoGFWRi85RA12jJmohgh7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwBQZJ1M</latexit>

J/ 
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