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Computation of the masses
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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

                                          

mh = hh|Tµ
µ (x)|hi

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

Proton: sigma term
~ 50 MeV

mh =
�(↵s)

2↵s
hh|Ga

µ⌫G
aµ⌫ |hi+ hh|q̄mqq|hi
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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

Quarkonium-nucleon
— also relevant for the LHCb pentaquark



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. … 



Scales in nuclei
baryon density (center nucleus)

internucleon distancedav ⇠ ⇢�1/3 ⇠ 1.8 fm

⇢ ⇠ ⇢0 = 0.16 fm�3

nucleon (charge) radius in free space rN ⇠
q
hr2chi ' 0.88 fm ⇠ ⇤�1

QCD

hTNi ⇠
3

5

k2F
2mN

⇠ 20MeV ⌧ ⇤QCD nucleon kinetic energy

Recall that:

rhard�core

NN

⇠ 0.2 fm hard-core NN force



Scales in nuclei
dav ⇠ 2 rN +  hard-core NN force 

Little (or no) superposition of nucleons in nuclei

Pauli principle
(among nucleons)

+
— Independent-particle model
— Mean-field model
— Nuclear shell model

Gomes, Walecka & Weisskopf



Slide from W Weise





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:

          
                                        



Scattering length
— where from?

— K Yokokawa, S Sasaki, T Hatsuda & A Hayashigata, PRD 74, 034504 (2006)

— L Liu, H-W Lin & K Orginos, PoS (LATTICE) 2008, 112 (2008)

— T Kawanai & S Sasaki, PoS (LATTICE2010) 2010, 156 (2010)

— S R Beane, E Chang, SD Cohen, W Detmold, H-W Lin, K Orginos, 
     A Parreño & MJ Savage, PRD 91, 114503 (2015)

— M Alberti, G Bali, S Collins, F Knechtli, G Moir & W Söldner, PRD 95, 074501 (2017)

— T Kawanai & S Sasaki, Phys. Rev. D 82, 091501 (2018)

— T Sugiura, Y Ikeda & N Noriyoshi EPJ Web Conf 175, 05011 (2018) 

No experiment yet, look at lattice:

Need extrapolation to physical pion masses



EFT for quarkonium-nucleon

Quarkonium polarizability + Chiral EFT

JT Castellà &  GK
PRD 98, 014029 (2018)



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

cd0 = �4⇡2↵�

b
1

cdi = �4⇡2↵�

b
2

cm = �12⇡2↵�

b

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

<
m2

⇡

⇤�
⌧ m⇡

Integrate out the pion



Quarkonium-nucleon potential
— pQNEFT

Integrate out the pion



Matching

Renormalization of couplings + van der Waals
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Scattering amplitude (s-wave)
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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
⇡ (cdi + cm)

128⇡2F 2

e�2m⇡r

r2

r � 1

2m⇡

To extrapolate lattice data to 
physical quark masses, need:

mN = m̂N � 4c1m
2
⇡ � 3g2Am

3
⇡

32⇡F 2

m� = m̂� � F 2cmm2
⇡



* L Liu, H-W Lin & K Orginos
         PoS (LATTICE) 2008, 112 (2008)

Unknown contact couplings
— extrapolate from lattice data*

J/ �N     
                  

c0, dm, d1, d2
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* L Liu, H-W Lin & K Orginos
         PoS (LATTICE) 2008, 112 (2008)

Unknown contact couplings
— extrapolate from lattice data*

     
                  

c0, dm, d1, d2
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⌘c �N



         

               

Lattice data
 [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)

Values of contact couplings
— extrapolation from lattice data*

d1 + d2 =

(
26GeV

�4
for J/ 

13GeV

�4
for ⌘c
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c0, dm, d1, d2
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Comparing long distance part
with HAL lattice potential

Kanaway & Sasaki, PRD 82, 091501 (2010)



Fits of the polarizabilites
from lattice data for potential*

* T Kawanai & S Sasaki
   Phys. Rev. D82, 091501 (2018)

Stable fit for
0.5 fm < r < 1.4 fm



Stable fit for
0.5 fm < r < 1.4 fm

Fits of the polarizabilites
from lattice data for potential*

* T Kawanai & S Sasaki
   Phys. Rev. D82, 091501 (2018)

pNRQCD

— substantially larger if  ↵s ⌧ 1
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van de Waals potential
— compare with HAL lattice potential

Kanaway & Sasaki, PRD 82, 091501 (2010)



J/ �NvdW force      
                  

Lattice data
* T Kawanai & S Sasaki
   Phys. Rev. D82, 091501 (2018)



⌘c �NvdW force      
                  

Lattice data
* T Kawanai & S Sasaki
   Phys. Rev. D82, 091501 (2018)



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⇡



ATHENNA*  @  JLab

*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.



GLUEX @ JLab



Is it possible to measure the
van der Waals force?

Perhaps in a partial wave analysis (?)

S-wave:

AD(p) = �V vdW
D (p)
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AP (p) = � 2(D2 �D1)p
2 � V vdW

P (p)
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P-wave:

D-wave: ~p = ~k � ~k0
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YES, for sufficiently large nuclei

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



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 



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



 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



 Femtoscopy
— Measure two-particle correlation function

i.e. correlation of proton & quarkonium 

For S-waves 

Source, size R (“known") Wave function of 
quarkonium-nucleon



 Using asymptotic form of the wave function*

* R Lednicky et al,  Sov J Nucl Phys 35, 770 (1982)
                          Phys Atom Nucl 61, 2950 (1998)

f(k) =
1

�1/a0 + 1/2 r20 k
2 � ik
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 Clear sensitivity to the interaction

R = 1.2 fm
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Antiproton annihilation on deuteron,
     re-scattering on spectator nucleon

@ FAIR

⇡0
<latexit sha1_base64="Y3I/Y/k6UZe1iT8KZ30XGtoQNkQ=">AAACEHicbVC7TsNAEDyHVzAvAyWNRYRAFJGdBsoIGsogkYcUm+h8XiennM/m7oxkWfkEGn6FhgKEaCnp+BsujyIkjLTSaGZXuztByqhUjvNjlFZW19Y3ypvm1vbO7p61f9CSSSYINEnCEtEJsARGOTQVVQw6qQAcBwzawfB67LcfQUia8DuVp+DHuM9pRAlWWupZp14AfcoLeOBYCJyfj0wvpfeO6QEP59SeVXGqzgT2MnFnpIJmaPSsby9MSBYDV4RhKbuukyq/wEJRwkBvySSkmAxxH7qachyD9IvJQyP7RCuhHSVCF1f2RJ2fKHAsZR4HujPGaiAXvbH4n9fNVHTpF5SnmQJOpouijNkqscfp2CEVQBTLNcFEUH2rTQZYYKJ0hqYOwV18eZm0alXXqbq3tUr9ahZHGR2hY3SGXHSB6ugGNVATEfSEXtAbejeejVfjw/ictpaM2cwh+gPj6xfB2Z0E</latexit><latexit sha1_base64="Y3I/Y/k6UZe1iT8KZ30XGtoQNkQ=">AAACEHicbVC7TsNAEDyHVzAvAyWNRYRAFJGdBsoIGsogkYcUm+h8XiennM/m7oxkWfkEGn6FhgKEaCnp+BsujyIkjLTSaGZXuztByqhUjvNjlFZW19Y3ypvm1vbO7p61f9CSSSYINEnCEtEJsARGOTQVVQw6qQAcBwzawfB67LcfQUia8DuVp+DHuM9pRAlWWupZp14AfcoLeOBYCJyfj0wvpfeO6QEP59SeVXGqzgT2MnFnpIJmaPSsby9MSBYDV4RhKbuukyq/wEJRwkBvySSkmAxxH7qachyD9IvJQyP7RCuhHSVCF1f2RJ2fKHAsZR4HujPGaiAXvbH4n9fNVHTpF5SnmQJOpouijNkqscfp2CEVQBTLNcFEUH2rTQZYYKJ0hqYOwV18eZm0alXXqbq3tUr9ahZHGR2hY3SGXHSB6ugGNVATEfSEXtAbejeejVfjw/ictpaM2cwh+gPj6xfB2Z0E</latexit><latexit sha1_base64="Y3I/Y/k6UZe1iT8KZ30XGtoQNkQ=">AAACEHicbVC7TsNAEDyHVzAvAyWNRYRAFJGdBsoIGsogkYcUm+h8XiennM/m7oxkWfkEGn6FhgKEaCnp+BsujyIkjLTSaGZXuztByqhUjvNjlFZW19Y3ypvm1vbO7p61f9CSSSYINEnCEtEJsARGOTQVVQw6qQAcBwzawfB67LcfQUia8DuVp+DHuM9pRAlWWupZp14AfcoLeOBYCJyfj0wvpfeO6QEP59SeVXGqzgT2MnFnpIJmaPSsby9MSBYDV4RhKbuukyq/wEJRwkBvySSkmAxxH7qachyD9IvJQyP7RCuhHSVCF1f2RJ2fKHAsZR4HujPGaiAXvbH4n9fNVHTpF5SnmQJOpouijNkqscfp2CEVQBTLNcFEUH2rTQZYYKJ0hqYOwV18eZm0alXXqbq3tUr9ahZHGR2hY3SGXHSB6ugGNVATEfSEXtAbejeejVfjw/ictpaM2cwh+gPj6xfB2Z0E</latexit><latexit sha1_base64="Y3I/Y/k6UZe1iT8KZ30XGtoQNkQ=">AAACEHicbVC7TsNAEDyHVzAvAyWNRYRAFJGdBsoIGsogkYcUm+h8XiennM/m7oxkWfkEGn6FhgKEaCnp+BsujyIkjLTSaGZXuztByqhUjvNjlFZW19Y3ypvm1vbO7p61f9CSSSYINEnCEtEJsARGOTQVVQw6qQAcBwzawfB67LcfQUia8DuVp+DHuM9pRAlWWupZp14AfcoLeOBYCJyfj0wvpfeO6QEP59SeVXGqzgT2MnFnpIJmaPSsby9MSBYDV4RhKbuukyq/wEJRwkBvySSkmAxxH7qachyD9IvJQyP7RCuhHSVCF1f2RJ2fKHAsZR4HujPGaiAXvbH4n9fNVHTpF5SnmQJOpouijNkqscfp2CEVQBTLNcFEUH2rTQZYYKJ0hqYOwV18eZm0alXXqbq3tUr9ahZHGR2hY3SGXHSB6ugGNVATEfSEXtAbejeejVfjw/ictpaM2cwh+gPj6xfB2Z0E</latexit>

p̄
<latexit sha1_base64="EenaU/2ZSAmSPlRHB069CbSZVP4=">AAACEXicbVA9SwNBEN3zM55fUUubxSAEi3CXRsugjWUE8wFJCHN7k2TJ3t65uyeEI3/Bxr9iY6GIrZ2d/8bNRxETHww83pthZl6QCK6N5/04a+sbm1vbuR13d2//4DB/dFzXcaoY1lgsYtUMQKPgEmuGG4HNRCFEgcBGMLyZ+I1HVJrH8t6MEuxE0Je8xxkYK3XzxXaAfS4zfJCgFIwuxm47AEUTt40yXJC7+YJX8qagq8SfkwKZo9rNf7fDmKURSsMEaN3yvcR0MlCGM4F2TaoxATaEPrYslRCh7mTTj8b03Coh7cXKljR0qi5OZBBpPYoC2xmBGehlbyL+57VS07vqZFwmqUHJZot6qaAmppN4aMgVMiNGlgBT3N5K2QAUMGNDdG0I/vLLq6ReLvleyb8rFyrX8zhy5JSckSLxySWpkFtSJTXCyBN5IW/k3Xl2Xp0P53PWuubMZ07IHzhfv4QKnWw=</latexit><latexit sha1_base64="EenaU/2ZSAmSPlRHB069CbSZVP4=">AAACEXicbVA9SwNBEN3zM55fUUubxSAEi3CXRsugjWUE8wFJCHN7k2TJ3t65uyeEI3/Bxr9iY6GIrZ2d/8bNRxETHww83pthZl6QCK6N5/04a+sbm1vbuR13d2//4DB/dFzXcaoY1lgsYtUMQKPgEmuGG4HNRCFEgcBGMLyZ+I1HVJrH8t6MEuxE0Je8xxkYK3XzxXaAfS4zfJCgFIwuxm47AEUTt40yXJC7+YJX8qagq8SfkwKZo9rNf7fDmKURSsMEaN3yvcR0MlCGM4F2TaoxATaEPrYslRCh7mTTj8b03Coh7cXKljR0qi5OZBBpPYoC2xmBGehlbyL+57VS07vqZFwmqUHJZot6qaAmppN4aMgVMiNGlgBT3N5K2QAUMGNDdG0I/vLLq6ReLvleyb8rFyrX8zhy5JSckSLxySWpkFtSJTXCyBN5IW/k3Xl2Xp0P53PWuubMZ07IHzhfv4QKnWw=</latexit><latexit sha1_base64="EenaU/2ZSAmSPlRHB069CbSZVP4=">AAACEXicbVA9SwNBEN3zM55fUUubxSAEi3CXRsugjWUE8wFJCHN7k2TJ3t65uyeEI3/Bxr9iY6GIrZ2d/8bNRxETHww83pthZl6QCK6N5/04a+sbm1vbuR13d2//4DB/dFzXcaoY1lgsYtUMQKPgEmuGG4HNRCFEgcBGMLyZ+I1HVJrH8t6MEuxE0Je8xxkYK3XzxXaAfS4zfJCgFIwuxm47AEUTt40yXJC7+YJX8qagq8SfkwKZo9rNf7fDmKURSsMEaN3yvcR0MlCGM4F2TaoxATaEPrYslRCh7mTTj8b03Coh7cXKljR0qi5OZBBpPYoC2xmBGehlbyL+57VS07vqZFwmqUHJZot6qaAmppN4aMgVMiNGlgBT3N5K2QAUMGNDdG0I/vLLq6ReLvleyb8rFyrX8zhy5JSckSLxySWpkFtSJTXCyBN5IW/k3Xl2Xp0P53PWuubMZ07IHzhfv4QKnWw=</latexit><latexit sha1_base64="EenaU/2ZSAmSPlRHB069CbSZVP4=">AAACEXicbVA9SwNBEN3zM55fUUubxSAEi3CXRsugjWUE8wFJCHN7k2TJ3t65uyeEI3/Bxr9iY6GIrZ2d/8bNRxETHww83pthZl6QCK6N5/04a+sbm1vbuR13d2//4DB/dFzXcaoY1lgsYtUMQKPgEmuGG4HNRCFEgcBGMLyZ+I1HVJrH8t6MEuxE0Je8xxkYK3XzxXaAfS4zfJCgFIwuxm47AEUTt40yXJC7+YJX8qagq8SfkwKZo9rNf7fDmKURSsMEaN3yvcR0MlCGM4F2TaoxATaEPrYslRCh7mTTj8b03Coh7cXKljR0qi5OZBBpPYoC2xmBGehlbyL+57VS07vqZFwmqUHJZot6qaAmppN4aMgVMiNGlgBT3N5K2QAUMGNDdG0I/vLLq6ReLvleyb8rFyrX8zhy5JSckSLxySWpkFtSJTXCyBN5IW/k3Xl2Xp0P53PWuubMZ07IHzhfv4QKnWw=</latexit>

d
<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>
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