
HOBET: 
LEC Fitting, Counting, the Pion, and Light Nuclei

I.    Physics issues

II.      Operator structure, power counting, LEC fitting

III.     Three- and A-body structure
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expand the “included space”
to mitigate:  no-core SM

reformulate the problem as 
an NRET:  HOBET  

Shell model not consistent with the necessary 
form off the effective interaction
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Develop NN,NNN 
interactions

in a convenient basis

Hope one can find a 
MB formulation

that requires only 
the retained info.
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Develop NN, 
NNN EFT

interactions in 
the same basis

Identify the Hilbert 
spaces where a 

nuclear EFT might 
be possible
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C. L. Song:        HOBET as a potential theory, to better understand its properties

Tom Luu:          The separation of the needed UV and IR integrations

WH:                Abstracting the theory:  HOBET without potentials

K. McElvain:      LEC determination from phase shifts

KM+WH:         A=3,4    



HOBET Attributes

 Reduction of QCD directly to the nuclear scale

 The reduction preserves translational invariance, continuity in energy

Rate of convergence can depend on the nuclear energy scale       and 
wave-packet parameter b,  but results always agree to within respective 
convergence tolerances:  there are no arbitrary cutoffs

Experimental information previously encoded in potentials (phases shifts) 
is instead used directly in fixing operator coefficients

All operators have meaning only within the low-energy/momentum Hilbert 
space and are regulated by       and b

Consequently the cutoff/regulator issues that become significant in chiral 
potentials at higher scales (    450 MeV) are absent
                                                             Tews, Huth, Schwenk  PRC 98 (2018) 024001
                                                                                                     Reinert, Krebs, Epelbaum Eur Phys J A 54 (2018) 86
                                                                                                     Epelbaum, Krebs, Meissner, Eur Phys J A 51 (2015) 53
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Included Space

 position basis (lattice)        harmonic oscillator         momentum basis 

 Wave packet bases are more efficient in describing bound states or 
reactions over the region where the strong potential operates

The HO is the unique choice, because of its translational invariance

The HO is position-momentum self conjugate:  it provides a parameter in 
the ET that has physical relevance:  r/b    qb    

This parameter plays other roles:  distinguishes the pion in HOBET from 
other interactions, and distinguishes singlet and triplet channels

The HO is JUST an ET basis:  scattering and bound states are treated in a 
unified and even-handed way

(     ,b)  both define P and regulate the interactions introduced in  P
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 The operator expansion in HOBET is not one around r=0

     It is simultaneously an expansion in r around b
                                               and in p around 1/b

 The theory is forgiving in the choice of b, but good choices are those that 
make these two expansions equivalently effective - the proper physical choice

 This position/momentum equivalence is encoded in the HO ladder operators,  
so it is no surprise that these are the building blocks of HOBET’s operators

       



Relation to Potential Theory

 HOBET’s form is constrained by the requirement that it reduces to 
potential theory in the limit of local operators,  so HOBET must reproduce 
potential predictions - thus making the theory testable at every step

 Properties of the BH equation:
must be solved self-consistently:  E is the resulting eigenvalue (but easy)

applies equally to E<0 and E>0

there are an infinite number of solutions, though P is finite: every state 
with a nonzero overlap with P is generated             

solutions yield the exact E and exact projections of the eigenvectors:
        nonorthogonal 

H
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 Might think at this point that an energy-dependent interaction is an 
unworkable starting point for an ET

 But in fact all the simplicity of theories with fixed LECs can be retained

 Once this is recognized, the explicit energy dependence becomes a 
major advantage

HOBET’s LECs are derived from physical data mapped in E,

The explicit energy dependence allows one to precisely determine 
the normalization of BH solutions

Elegant solution to the intruder state problem:  there are none
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Schucan and Weidenmuller,  Annal. Phys. 76 (1973) 483
Barrett and Kirson,  NPA 148 (1970) 145  



Formulating the ET

 HOBET’s symmetric expansion of position and momentum around b and 1/b 
omits both IR and UW physics

 For optimal b, these omissions are of comparable importance

 But differ greatly in their consequences for the ET

 

Distance

Energy

PQ1 (UV) Q2 (IR)
(HO space where 

Heff

is diagonalized)



 HOBET’s symmetric expansion of position and momentum around b and 1/b 
omits both IR and UW physics

 For optimal b, these omissions are of comparable importance

 But differ greatly in their consequences for the ET

 

Distance

Energy

PQ1 (UV) Q2 (IR)
(HO space where 

Heff

is diagonalized)

short range strong physics long range KE, pion physics



 HOBET’s symmetric expansion of position and momentum around b and 1/b 
omits both IR and UW physics

 For optimal b, these omissions are of comparable importance

 But differ greatly in their consequences for the ET

 

Distance

Energy

PQ1 (UV) Q2 (IR)
(HO space where 

Heff

is diagonalized)

unknown physics known physics



 HOBET’s symmetric expansion of position and momentum around b and 1/b 
omits both IR and UW physics

 For optimal b, these omissions are of comparable importance

 But differ greatly in their consequences for the ET

 

Distance

Energy

PQ1 (UV) Q2 (IR)
(HO space where 

Heff

is diagonalized)

large energy differences smallest possible energy differences: no scale separation



 HOBET’s symmetric expansion of position and momentum around b and 1/b 
omits both IR and UW physics

 For optimal b, these omissions are of comparable importance

 But differ greatly in their consequences for the ET

 

Distance

Energy

PQ1 (UV) Q2 (IR)
(HO space where 

Heff

is diagonalized)

energy independent sharply energy dependent



   

The re-summation is exact and when applied to a potential, cures slow 
convergence problems that Tom explored

Re-sum the BH Equation to Separate the Two Contributions   

PH
e↵
P | i = EP | i
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<latexit sha1_base64="ShnFVh3kjzVjmdxZWlr4NttXc8s=">AAAB+nicbVBNS8NAEN34WetXqkcvi0UQhJKI1F6Egpd6q2LSQpuWzXbTLt1swu5GKTE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPNjRqWyrG9jZXVtfWOzsFXc3tnd2zdLB66MEoGJgyMWibaPJGGUE0dRxUg7FgSFPiMtf3w99VsPREga8Xs1iYkXoiGnAcVIaalvlhpXjV56c5fBM+j2UsfN+mbZqlgzwGVi56QMcjT75ld3EOEkJFxhhqTs2FasvBQJRTEjWbGbSBIjPEZD0tGUo5BIL52dnsETrQxgEAldXMGZ+nsiRaGUk9DXnSFSI7noTcX/vE6igpqXUh4ninA8XxQkDKoITnOAAyoIVmyiCcKC6lshHiGBsNJpFXUI9uLLy8Q9r9jVSvX2olyv5XEUwBE4BqfABpegDhqgCRyAwSN4Bq/gzXgyXox342PeumLkM4fgD4zPH3h+ktY=</latexit>

H = H
IR + V

UV

<latexit sha1_base64="+N5BztOsCdEWT2MSRjFDya5edsg=">AAACCHicbVDLSgMxFM34rPU16tKFwSK4scyI1G6EghTrrhX7gHYcMmmmDc1MhiQjlKFLN/6KGxeKuPUT3Pk3pu0I2nogcDjnXG7u8SJGpbKsL2NhcWl5ZTWzll3f2NzaNnd2G5LHApM65oyLlockYTQkdUUVI61IEBR4jDS9weXYb94TISkPb9UwIk6AeiH1KUZKS655cOUmtcpdcn0zGl0kZdjhOg3LJz+aa+asvDUBnCd2SnIgRdU1PztdjuOAhAozJGXbtiLlJEgoihkZZTuxJBHCA9QjbU1DFBDpJJNDRvBIK13oc6FfqOBE/T2RoEDKYeDpZIBUX856Y/E/rx0rv+gkNIxiRUI8XeTHDCoOx63ALhUEKzbUBGFB9V8h7iOBsNLdZXUJ9uzJ86RxmrcL+ULtLFcqpnVkwD44BMfABuegBCqgCuoAgwfwBF7Aq/FoPBtvxvs0umCkM3vgD4yPb0MamNg=</latexit>

GQHIR =
E

E �QHIR

<latexit sha1_base64="PUuZqnNdmG+di2ggHwTZn+m59uw="></latexit>

H
eff = H

IR
GQHIR +GHIRQ

⇥
V

UV + V
UV

GQH QV
UV

⇤
GQHIR

<latexit sha1_base64="9CY2DagYe1sY0NVO+d87p2Up5us=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARvFh2RWovQkHEHluwD2iXJZtm29BssiRZoaw9+Fe8eFDEq3/Dm//GtN2Dtg4EJjPzkS8TxIwq7TjfVm5ldW19I79Z2Nre2d2z9w9aSiQSkyYWTMhOgBRhlJOmppqRTiwJigJG2sHoZuq3H4hUVPB7PY6JF6EBpyHFSBvJt4/u/LRRm8Dr1IU9YZLw9tzcfbvolJwZ4DJxM1IEGeq+/dXrC5xEhGvMkFJd14m1lyKpKWZkUuglisQIj9CAdA3lKCLKS2f7T+CpUfowFNIcruFM/T2RokipcRSYZIT0UC16U/E/r5vosOKllMeJJhzPHwoTBrWA0zJgn0qCNRsbgrCkZleIh0girE1lBVOCu/jlZdK6KLnlUrlxWaxWsjry4BicgDPggitQBTVQB02AwSN4Bq/gzXqyXqx362MezVnZzCH4A+vzB8qvlKg=</latexit>

GQH =
1

E �QH

WH and Tom Luu



   

95% of the energy dependence  is absorbed by the infra-red Green’s 
functions that are relatively easy to calculate

Any residual energy dependence is easily absorbed the momentum 
dependence of the operators in the expansion we will introduce shortly 

Re-sum the BH Equation to Separate the Two Contributions   

PH
e↵
P | i = EP | i

<latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit><latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit><latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit><latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit>

<latexit sha1_base64="ShnFVh3kjzVjmdxZWlr4NttXc8s=">AAAB+nicbVBNS8NAEN34WetXqkcvi0UQhJKI1F6Egpd6q2LSQpuWzXbTLt1swu5GKTE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPNjRqWyrG9jZXVtfWOzsFXc3tnd2zdLB66MEoGJgyMWibaPJGGUE0dRxUg7FgSFPiMtf3w99VsPREga8Xs1iYkXoiGnAcVIaalvlhpXjV56c5fBM+j2UsfN+mbZqlgzwGVi56QMcjT75ld3EOEkJFxhhqTs2FasvBQJRTEjWbGbSBIjPEZD0tGUo5BIL52dnsETrQxgEAldXMGZ+nsiRaGUk9DXnSFSI7noTcX/vE6igpqXUh4ninA8XxQkDKoITnOAAyoIVmyiCcKC6lshHiGBsNJpFXUI9uLLy8Q9r9jVSvX2olyv5XEUwBE4BqfABpegDhqgCRyAwSN4Bq/gzXgyXox342PeumLkM4fgD4zPH3h+ktY=</latexit>

H = H
IR + V

UV

<latexit sha1_base64="+N5BztOsCdEWT2MSRjFDya5edsg=">AAACCHicbVDLSgMxFM34rPU16tKFwSK4scyI1G6EghTrrhX7gHYcMmmmDc1MhiQjlKFLN/6KGxeKuPUT3Pk3pu0I2nogcDjnXG7u8SJGpbKsL2NhcWl5ZTWzll3f2NzaNnd2G5LHApM65oyLlockYTQkdUUVI61IEBR4jDS9weXYb94TISkPb9UwIk6AeiH1KUZKS655cOUmtcpdcn0zGl0kZdjhOg3LJz+aa+asvDUBnCd2SnIgRdU1PztdjuOAhAozJGXbtiLlJEgoihkZZTuxJBHCA9QjbU1DFBDpJJNDRvBIK13oc6FfqOBE/T2RoEDKYeDpZIBUX856Y/E/rx0rv+gkNIxiRUI8XeTHDCoOx63ALhUEKzbUBGFB9V8h7iOBsNLdZXUJ9uzJ86RxmrcL+ULtLFcqpnVkwD44BMfABuegBCqgCuoAgwfwBF7Aq/FoPBtvxvs0umCkM3vgD4yPb0MamNg=</latexit>

GQHIR =
E

E �QHIR

<latexit sha1_base64="PUuZqnNdmG+di2ggHwTZn+m59uw="></latexit>

H
eff = H

IR
GQHIR +GHIRQ

⇥
V

UV + V
UV

GQH QV
UV

⇤
GQHIR

<latexit sha1_base64="9CY2DagYe1sY0NVO+d87p2Up5us=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARvFh2RWovQkHEHluwD2iXJZtm29BssiRZoaw9+Fe8eFDEq3/Dm//GtN2Dtg4EJjPzkS8TxIwq7TjfVm5ldW19I79Z2Nre2d2z9w9aSiQSkyYWTMhOgBRhlJOmppqRTiwJigJG2sHoZuq3H4hUVPB7PY6JF6EBpyHFSBvJt4/u/LRRm8Dr1IU9YZLw9tzcfbvolJwZ4DJxM1IEGeq+/dXrC5xEhGvMkFJd14m1lyKpKWZkUuglisQIj9CAdA3lKCLKS2f7T+CpUfowFNIcruFM/T2RokipcRSYZIT0UC16U/E/r5vosOKllMeJJhzPHwoTBrWA0zJgn0qCNRsbgrCkZleIh0girE1lBVOCu/jlZdK6KLnlUrlxWaxWsjry4BicgDPggitQBTVQB02AwSN4Bq/gzXqyXqx362MezVnZzCH4A+vzB8qvlKg=</latexit>

GQH =
1

E �QH

WH and Tom Luu



This form reflects important physics:   like many systems, nuclei 
involve a competition between the kinetic energy, which is minimized 
by delocalizing, and the potential energy, minimized by localization

The control parameter for this physics is the binding energy

Arises naturally and explicitly in HOBET, regardless of how extreme 
the weak binding becomes

-|E|

                delocalized:    
<latexit sha1_base64="S8Ah4XAltIncRXSe1paJ7a5XTtg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSKdVjwYvHCrYVmhA2m227dLMJuxOlxB78K148KOLVv+HNf+O2zUFbHww83pthZl6YCq7Bcb6t0srq2vpGebOytb2zu2fvH3R0kinK2jQRiboLiWaCS9YGDoLdpYqROBSsG46upn73ninNE3kL45T5MRlI3ueUgJEC+6gTeBETQLCn+GAIRKnkATuBXXVqzgx4mbgFqaICrcD+8qKEZjGTQAXRuuc6Kfg5UcCpYJOKl2mWEjoiA9YzVJKYaT+f3T/Bp0aJcD9RpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg/6ln3OZZsAknS/qZwJDgqdh4IgrRkGMDSFUcXMrpkOiCAUTWcWE4C6+vEw65zW3UWvc1KvNehFHGR2jE3SGXHSBmugatVAbUfSIntErerOerBfr3fqYt5asYuYQ/YH1+QNxzpW0</latexit>

V� ! 0

HOBET’s IR G’s  inform the HO about
delocalization and the continuum threshold 



   

The isolated short range physics is replaced by an operator expansion 
constructed in second quantization from the HO ladder operators, with the 
LECs as constants.   So one has a simple theory but also the needed explicit 
mapping from state energy to the observable,      

Build the Effective Theory   

PH
e↵
P | i = EP | i

<latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit><latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit><latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit><latexit sha1_base64="rU30cOReBk8qjs83M69FHBbzZT8=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUROgygn1AE8tketMOnUzCzEQosT/ixl9x40IRF27Ev3HaZqGtBwYO59zLnXOChDOlbfvbKiwtr6yuFddLG5tb2zvl3b2milNJoUFjHst2QBRwJqChmebQTiSQKODQCoZXE791D1KxWNzqUQJ+RPqChYwSbaRu+dTF9TsvInogowzCcIxd/OC5imFPEtHngC/x9bzWLVfsqj0FXiROTiooh9stf3q9mKYRCE05Uarj2In2MyI1oxzGJS9VkBA6JH3oGCpIBMrPpunG+MgoPRzG0jyh8VT9vZGRSKlRFJjJSQ41703E/7xOqsMLP2MiSTUIOjsUphzrGE+qwj0mgWo+MoRQycxfMR0QSag2hZZMCc585EXSPKk6dtW5Oa3UzvI6iugAHaJj5KBzVEN15KIGougRPaNX9GY9WS/Wu/UxGy1Y+c4++gPr6wcXq6Cf</latexit>

<latexit sha1_base64="ShnFVh3kjzVjmdxZWlr4NttXc8s=">AAAB+nicbVBNS8NAEN34WetXqkcvi0UQhJKI1F6Egpd6q2LSQpuWzXbTLt1swu5GKTE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPNjRqWyrG9jZXVtfWOzsFXc3tnd2zdLB66MEoGJgyMWibaPJGGUE0dRxUg7FgSFPiMtf3w99VsPREga8Xs1iYkXoiGnAcVIaalvlhpXjV56c5fBM+j2UsfN+mbZqlgzwGVi56QMcjT75ld3EOEkJFxhhqTs2FasvBQJRTEjWbGbSBIjPEZD0tGUo5BIL52dnsETrQxgEAldXMGZ+nsiRaGUk9DXnSFSI7noTcX/vE6igpqXUh4ninA8XxQkDKoITnOAAyoIVmyiCcKC6lshHiGBsNJpFXUI9uLLy8Q9r9jVSvX2olyv5XEUwBE4BqfABpegDhqgCRyAwSN4Bq/gzXgyXox342PeumLkM4fgD4zPH3h+ktY=</latexit>

H = H
IR + V

UV

<latexit sha1_base64="+N5BztOsCdEWT2MSRjFDya5edsg=">AAACCHicbVDLSgMxFM34rPU16tKFwSK4scyI1G6EghTrrhX7gHYcMmmmDc1MhiQjlKFLN/6KGxeKuPUT3Pk3pu0I2nogcDjnXG7u8SJGpbKsL2NhcWl5ZTWzll3f2NzaNnd2G5LHApM65oyLlockYTQkdUUVI61IEBR4jDS9weXYb94TISkPb9UwIk6AeiH1KUZKS655cOUmtcpdcn0zGl0kZdjhOg3LJz+aa+asvDUBnCd2SnIgRdU1PztdjuOAhAozJGXbtiLlJEgoihkZZTuxJBHCA9QjbU1DFBDpJJNDRvBIK13oc6FfqOBE/T2RoEDKYeDpZIBUX856Y/E/rx0rv+gkNIxiRUI8XeTHDCoOx63ALhUEKzbUBGFB9V8h7iOBsNLdZXUJ9uzJ86RxmrcL+ULtLFcqpnVkwD44BMfABuegBCqgCuoAgwfwBF7Aq/FoPBtvxvs0umCkM3vgD4yPb0MamNg=</latexit>

GQHIR =
E

E �QHIR

<latexit sha1_base64="PUuZqnNdmG+di2ggHwTZn+m59uw="></latexit>

H
eff = H

IR
GQHIR +GHIRQ

⇥
V

UV + V
UV

GQH QV
UV

⇤
GQHIR

<latexit sha1_base64="9CY2DagYe1sY0NVO+d87p2Up5us=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARvFh2RWovQkHEHluwD2iXJZtm29BssiRZoaw9+Fe8eFDEq3/Dm//GtN2Dtg4EJjPzkS8TxIwq7TjfVm5ldW19I79Z2Nre2d2z9w9aSiQSkyYWTMhOgBRhlJOmppqRTiwJigJG2sHoZuq3H4hUVPB7PY6JF6EBpyHFSBvJt4/u/LRRm8Dr1IU9YZLw9tzcfbvolJwZ4DJxM1IEGeq+/dXrC5xEhGvMkFJd14m1lyKpKWZkUuglisQIj9CAdA3lKCLKS2f7T+CpUfowFNIcruFM/T2RokipcRSYZIT0UC16U/E/r5vosOKllMeJJhzPHwoTBrWA0zJgn0qCNRsbgrCkZleIh0girE1lBVOCu/jlZdK6KLnlUrlxWaxWsjry4BicgDPggitQBTVQB02AwSN4Bq/gzXqyXqx362MezVnZzCH4A+vzB8qvlKg=</latexit>

GQH =
1

E �QH

<latexit sha1_base64="kyE7gFfHgZfU3cu2WbndqiuMKFg=">AAAB8HicbVBNSwMxEM36WetX1aOXYBHqpeyK1B4LInisYD+kXUo2O9uGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgoQzbVz321lb39jc2i7sFHf39g8OS0fHbR2nikKLxjxW3YBo4ExCyzDDoZsoICLg0AnGNzO/8wRKs1g+mEkCviBDySJGibHSYz8Ebkjl9mJQKrtVdw68SryclFGO5qD01Q9jmgqQhnKidc9zE+NnRBlGOUyL/VRDQuiYDKFnqSQCtJ/ND57ic6uEOIqVLWnwXP09kRGh9UQEtlMQM9LL3kz8z+ulJqr7GZNJakDSxaIo5djEePY9DpkCavjEEkIVs7diOiKKUGMzKtoQvOWXV0n7surVqrX7q3KjnsdRQKfoDFWQh65RA92hJmohigR6Rq/ozVHOi/PufCxa15x85gT9gfP5A+waj9E=</latexit>

�(E)
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FIG. 1. HOBET’s pionful e↵ective interaction, appropriate to
a HO where translational invariance requires P to be defined
in terms of total quanta (in contrast to chiral interactions
employing a momentum cut). (Color online: blue, green, red
indicate far-IR, near-IR, and UV corrections.)

the Argonne v18 potential [12]; the associated scatter-
ing in Q from the fourth line of Eq. (1) was computed
numerically [14]; and the results were shown to be equiv-
alent, to very high accuracy, to the short range expansion
represented by V� [9]. This is the traditional renormal-
ization procedure, though with the end result expressed
compactly in terms of HOBET’s e↵ective interaction.

Here we execute HOBET as a true ET, severing
connections to realistic potentials. Instead of numer-
ically integrating out a UV potential, the parameters
of the ET are determined directly from the energy self-
consistency of the BH equation, after imposing appropri-
ate IR boundary conditions through GQT . Bound state
wave functions must vanish asymptotically, while scat-
tering states must oscillate with the proper phase shift
[13]. In analogy with nuclear EFT, two versions are nat-

ural, pionless HOBET where V ⌘ 0, and pionful HOBET
where V ! V

IR
⇡ . V

IR
⇡ is a further IR correction of long-

distance behavior, augmenting the kinetic energy sum-
mation. In contrast to EFT approaches, the pion plays
no role at short ranges in HOBET.

As HOBET’s technical aspects are described elsewhere
[15], the description here focuses on simple examples.
The original HOBET expansion [9] can be recast in terms
of HO creation (a†

x, a
†
y, a

†
z) and annihilation operators,
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satisfying the usual commutation relations. Here r =
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p
2b is the dimensionless Jacobi coordinate.

Defining projections with good angular momentum,
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a�M , where êM is the
spherical unit vector, nodal and angular momentum low-
ering operators for the HO can be formed
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HOBET’s short-range expansion can be carried out. We
obtain the S channel N3LO and abbreviated SD(tensor
interaction) channel expansions
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+ a

S,22
NNLO a† � a†|n0 0ihn 0|ã � ã +
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+ a
S,60
N3LO

�
(a† � a†)3|n0 0ihn 0| + |n0 0ihn 0|(ã � ã)3
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FIG. 1. HOBET’s pionful e↵ective interaction, appropriate to
a HO where translational invariance requires P to be defined
in terms of total quanta (in contrast to chiral interactions
employing a momentum cut). (Color online: blue, green, red
indicate far-IR, near-IR, and UV corrections.)

the Argonne v18 potential [12]; the associated scatter-
ing in Q from the fourth line of Eq. (1) was computed
numerically [14]; and the results were shown to be equiv-
alent, to very high accuracy, to the short range expansion
represented by V� [9]. This is the traditional renormal-
ization procedure, though with the end result expressed
compactly in terms of HOBET’s e↵ective interaction.

Here we execute HOBET as a true ET, severing
connections to realistic potentials. Instead of numer-
ically integrating out a UV potential, the parameters
of the ET are determined directly from the energy self-
consistency of the BH equation, after imposing appropri-
ate IR boundary conditions through GQT . Bound state
wave functions must vanish asymptotically, while scat-
tering states must oscillate with the proper phase shift
[13]. In analogy with nuclear EFT, two versions are nat-

ural, pionless HOBET where V ⌘ 0, and pionful HOBET
where V ! V
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⇡ is a further IR correction of long-

distance behavior, augmenting the kinetic energy sum-
mation. In contrast to EFT approaches, the pion plays
no role at short ranges in HOBET.

As HOBET’s technical aspects are described elsewhere
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 i

V
SD
� =

X

n0n

d
0 0
n0n

h
a
SD
NLO

�⇥
a† ⌦ a†

⇤
2

|n0 0ihn 0| + |n0 0ihn 0| [ã ⌦ ã]2
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the Argonne v18 potential [12]; the associated scatter-
ing in Q from the fourth line of Eq. (1) was computed
numerically [14]; and the results were shown to be equiv-
alent, to very high accuracy, to the short range expansion
represented by V� [9]. This is the traditional renormal-
ization procedure, though with the end result expressed
compactly in terms of HOBET’s e↵ective interaction.

Here we execute HOBET as a true ET, severing
connections to realistic potentials. Instead of numer-
ically integrating out a UV potential, the parameters
of the ET are determined directly from the energy self-
consistency of the BH equation, after imposing appropri-
ate IR boundary conditions through GQT . Bound state
wave functions must vanish asymptotically, while scat-
tering states must oscillate with the proper phase shift
[13]. In analogy with nuclear EFT, two versions are nat-

ural, pionless HOBET where V ⌘ 0, and pionful HOBET
where V ! V
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⇡ is a further IR correction of long-

distance behavior, augmenting the kinetic energy sum-
mation. In contrast to EFT approaches, the pion plays
no role at short ranges in HOBET.

As HOBET’s technical aspects are described elsewhere
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spherical unit vector, nodal and angular momentum low-
ering operators for the HO can be formed
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where |n`mi is a normalized HO state. Using
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HOBET’s short-range expansion can be carried out. We
obtain the S channel N3LO and abbreviated SD(tensor
interaction) channel expansions
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where the low-energy constants (LECs) aLO, aNLO, ... carry units of energy. The HO matrix elements are
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From these operators one constructs the  nodal and angular momentum 
raising and lowering operators, 

    from which       is constructed 
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□  Operators are defined in P and generated by a progression in oscillator quanta
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□  If we had computed the LECs from a potential, we would have found that the LECs
    are a non-local generalization of the familiar Talmi integrals

3

HOBET’s short-range expansion in oscillator quanta is
equivalent to a gradient expansion around r ⇠ b, produc-
ing a characteristic dependence on nodal quantum num-
bers [9]. Similar expressions exist at N3LO for the D, DG,
P, PF, and F channels [15]. By exploiting properties of
the free Green’s function of Eq. (6), the corresponding
“edge states” matrix elements can also be evaluated ana-
lytically. Edge states are generating from |n`i in the last
shell of P where EGQT (E)P |n`i 6= P |n`i: the kinetic
energy IR sum in Q is incorporated through these states.

The analogous short-range expansion for potentials is
in terms of the Talmi moment integrals, e.g., for S-waves,

Z
dr0dr r

2p0
e
�r02/2

Y00(⌦
0) V (r0, r) r

2p
e
�r2/2

Y00(⌦)

The LECs for a potential are proportional to these in-
tegrals. Consequently the short-range contributions of
V⇡, denoted V

UV
⇡ , can be exactly encoded in LECs:

the expressions are given in [9]. In pionful HOBET,
V

IR
⇡ ⌘ V⇡ �V

UV
⇡ . Even before this subtraction, V⇡, with

its 1/r
3 tensor force, is well-behaved in HOBET because

b and ⇤ act as cuto↵s. Then HOBET executes additional
subtractions up to the number of LECs available in each
partial-wave channel, to produce a very soft V

IR
⇡ .

When HOBET’s LECs are determined, the pion makes
no explicit contribution to any of the fitted channels, as
V

UV
⇡ has been removed. This contrasts with EFT ap-

proaches, where the pion is an explicit degree of free-
dom, employed at short ranges where realistic interac-
tions are not pionic, generating debates about the best
power-counting scheme [16]. Taking N3LO as an exam-
ple, once HOBET’s LECs are fixed, the values of the
shortest range matrix elements for which 2(n0 � 1) + `

0 +
2(n � 1) + `  6 are completely determined. The fit-
ted LECs also contribute to matrix elements for which
2(n0 � 1) + `

0 + 2(n � 1) + ` > 6, but there higher-order,
long-range Talmi integrals also contribute. Pionful HO-
BET assigns to these Talmi integrals their pionic values.

HOBET’s summation of the e↵ective kinetic energy
operator to all orders in Eq. (1) can generate di↵erential
reductions in binding energies of up to ~!, as E ! 0
from below, illustrating the size of the shifts associated
with kinetic energy delocalization in this limit. The edge
state can be computed from the free Green’s function, at
the cost of a matrix inversion in P

EGQT P |n`mi = G0(E)[PG0(E)P ]�1|n`mi

G0(E) =

⇢
1/(r2 � 

2) E < 0
1/(r2 + k

2) E > 0
(6)

where  ⌘
p

2|E|/~!, k =
p

2E/~!, and r are dimen-
sionless. Matrix elements of G0 in P can be evaluated an-
alytically. We employ standing-wave Green’s functions.
The proper treatment of these Green’s functions is the
key to executing HOBET as an ET.

For bound states G0(E) is determined by the binding
energy, with self-consistent solutions of the BH equation
then yielding the discrete eigenvalues. In contrast, for

E > 0, there exists a solution at every energy, while the
IR behavior depends not only on E, but also on the phase
shift �`(E) that appears in the homogeneous term in G0,

G0(E > 0; r, r0) = �cos k|r � r0|
4⇡|r � r0|

� k

X

`m

cot �`(E) j`(kr) j`(kr
0) Y`m(⌦)Y ⇤

`m(⌦0) (7)

Phase shifts previously encoded into NN potentials are
thus fed into HOBET through G0, properly fixing its IR
behavior. If this is done at some E followed by a diag-
onalization in P , clearly an eigenvalue will not typically
be found at that E. As the theory is complete and the
IR behavior correct, the source of this discrepancy must
be in the UV, an inadequate V�. V�’s LECs should then
be adjusted to fix the discrepancy. In practice the N3LO
LECs are chosen to produce a best fit to all of the phase
shift information between threshold and 40 MeV CM en-
ergy, in the 1S0, 3S1-3D1, 1D2, 3D1, 3D2, 3D3-3G3, 1P1,
3P0, 3P1, 3P2-3F2, 1F3, and 3FJ channels, in channel
by channel calculations. The number of LECs at N3LO
varys from six in the S-wave channels to one in the F and
mixed DG channels. Technical details of the fitting pro-
cedure are given in [15]. When tensor forces mix channels
such as 3S1/

3D1, we use the S-matrix to express the pos-
sible asymptotic states as a linear combination of basis
states. We construct an H

eff for each basis state to con-
strain the entire space. A convenient basis is implied by
the diagonalization of the S matrix, giving one asymp-
totic state that is mostly 3S1 and one that is mostly 3D1.
We can assign a number nb of weights, Wb, to these states
reflecting the fraction of 3S1 and 3D1 in the bound state.

With an exact ET and perfect phase shift data,
PH

e↵(Ei)P | ii = EiP | ii for each energy Ei of a
set spanning the energy interval of interest. But un-
der realistic conditions, PH

e↵(Ei)P | ii = ✏iP | ii,
where ✏i is an eigenvalue near but not identical
to Ei. Our LECs were determined by minimizing
the total self-consistency error over sampled energies,
C2(LECs)=(1/(N ⇤ nb))

Pnb

b=1

PN
i=1 C2

b,i where Cb,i =
Wb(Ei � ✏i)/Ei ⌘ Wb�Ei/Ei. The fitting was done suc-
cessively through the orders, e.g., with the LECs from
the NLO minimization forming the starting values for
the NNLO LEC minimization, etc.

The procedure was tested in a realistic S-wave model –
square well plus hard core – for which exact phase shifts
were known, in order to evaluate convergence proper-
ties. A P space with b = 1.7 fm and ⇤ = 8 (5 in-
cluded S-states) was used in this test. A ⇠ two-orders-of-
magnitude improvement in C

2 per order in the expansion
[9] was obtained.

Another important test was performed with the same
model and P space: are LECs obtained in one energy
interval indeed constant, over the full energy range con-
sidered? aLO was determined 10 times at single ener-
gies sampled at 1 MeV intervals from 1 to 10 MeV, with
higher order LECs set to zero. The results in Fig. 2 show

aLO $ (p0, p) = (0, 0) aNLO $ (p0, p) = (0, 1) or (1, 0) etc.
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(nodal quantum no. expansion)



□  Operators are defined in P and generated by a progression in oscillator quanta
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(If you are not comfortable with this, but the dimensions back in - all
coordinates and derivatives are scaled by b -  then take             (recover
momentum basis physics)  
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The interaction HIR 

This interaction comes from the KE and the IR contribution of

Several equivalent expressions for

Supplies all Talmi integrals not supplied by the UV operator expansion

Intuitively as one increases the fidelity of the short range expansion, the 
missing physics one must provide should diminsh:  HOBET behaves this way                
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V IR
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V IR
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in the Talmi integral expansion of this matrix 
element, one retains ONLY contributions beyond 

the order of the short-range expansion
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> N
3
LO



We work at N3LO,  so         is zero until we reach   
<latexit sha1_base64="D6chIVgwsDIR4ddBunZzlK/p6A8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk1B4LXjxWsB/QhrLZTtqlm2TZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5gRRcG9f9dgpb2zu7e8X90sHh0fFJ+fSso5NUMWyzRCSqF1CNgsfYNtwI7EmFNAoEdoPp3cLvPqHSPIkfzUyiH9FxzEPOqLFSV5LBGEltWK64VXcJskm8nFQgR2tY/hqMEpZGGBsmqNZ9z5XGz6gynAmclwapRknZlI6xb2lMI9R+tjx3Tq6sMiJhomzFhizV3xMZjbSeRYHtjKiZ6HVvIf7n9VMTNvyMxzI1GLPVojAVxCRk8TsZcYXMiJkllClubyVsQhVlxiZUsiF46y9vks5N1atX6w+1SrORx1GEC7iEa/DgFppwDy1oA4MpPMMrvDnSeXHenY9Va8HJZ87hD5zPHy+ajs0=</latexit>

p � 4
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r p 

<latexit sha1_base64="emXx9unzkDbMBLdmVMoPbDyoIYU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DgniMaB6QLGF20psMmZ1dZmaFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rUdUmsfywYwT9CM6kDzkjBor3XcT3iuW3LI7A1kl3oKUYIF6r/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlit3lVLt5mkeRx5O4BTOwYNLqMEt1KEBDAbwDK/w5gjnxXl3PuatOWcR4TH8gfP5A3nfjlo=</latexit>⇡<latexit sha1_base64="Wv0ODzpLa+RFgV8VBF0vJkNx6b0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8SloX1eCyWruvVeq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSc6O1A==</latexit>⇢

p = 0     1    2   3   4

<latexit sha1_base64="nvsD9DDqi5/a5zKzgR23yi4SxgE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2NBEI8VrC0koUy2m2bpZjfsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KONMG9f9diorq2vrG9XN2tb2zu5eff/gUctcEdohkkvVi0BTzgTtGGY47WWKQhpx2o1GN1O/+0SVZlI8mHFGwxSGgsWMgLGSHwDPEugHKpH9esNtujPgZeKVpIFKtPv1r2AgSZ5SYQgHrX3PzUxYgDKMcDqpBbmmGZARDKlvqYCU6rCYnTzBJ1YZ4FgqW8Lgmfp7ooBU63Ea2c4UTKIXvan4n+fnJr4OCyay3FBB5ovinGMj8fR/PGCKEsPHlgBRzN6KSQIKiLEp1WwI3uLLy+TxrOldNi/uzxut2zKOKjpCx+gUeegKtdAdaqMOIkiiZ/SK3hzjvDjvzse8teKUM4foD5zPH2bBkVw=</latexit>↵⇢

<latexit sha1_base64="mxr2f6umuQLuyWBwdBmxxci9X28=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2NAEI8RzAOzS+idTJIhs7PDzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXJDnTxvO+ncLK6tr6RnGztLW9s7tX3j9o6iRVhDZIwhPVjlBTzgRtGGY4bUtFMY44bUWjm6nfeqJKs0Q8mLGkYYwDwfqMoLHSY4BcDrEbSNYtV7yqN4O7TPycVCBHvVv+CnoJSWMqDOGodcf3pAkzVIYRTielINVUIhnhgHYsFRhTHWaziyfuiVV6bj9RtoRxZ+rviQxjrcdxZDtjNEO96E3F/7xOavrXYcaETA0VZL6on3LXJO70fbfHFCWGjy1Bopi91SVDVEiMDalkQ/AXX14mzbOqf1m9uD+v1G7zOIpwBMdwCj5cQQ3uoA4NICDgGV7hzdHOi/PufMxbC04+cwh/4Hz+AJQDkOI=</latexit>↵⇡
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<latexit sha1_base64="Pus/AGgKPj5RFHtnalE3/eX94Cw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2VBEN1VsA+YDiWTpm1oJglJRihDP8ONC0Xc+jXu/BvTdhbaeuDC4Zx7ufeeWHFmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNDLVhDaI5FK3Y2woZ4I2LLOctpWmOIk5bcWjm6nfeqLaMCke7VjRKMEDwfqMYOuk8L6rwg7maoijbrniV/0Z0DIJclKBHPVu+avTkyRNqLCEY2PCwFc2yrC2jHA6KXVSQxUmIzygoaMCJ9RE2ezkCTpxSg/1pXYlLJqpvycynBgzTmLXmWA7NIveVPzPC1Pbv44yJlRqqSDzRf2UIyvR9H/UY5oSy8eOYKKZuxWRIdaYWJdSyYUQLL68TJpn1eCyevFwXqnd5nEU4QiO4RQCuIIa3EEdGkBAwjO8wptnvRfv3fuYtxa8fOYQ/sD7/AEWu5Eo</latexit>

Ip[↵]

0          1           2           3          4

Circles:   Central 
Squares:  Tensor

<latexit sha1_base64="JC1mAS+gbJtB9jb20eGRGdAx/z4=">AAAB7nicbVDJSgNBEK2JW4zbqEcvjUGIlzAjbseAF71FyAbJGHo6PUmTnp6mu0cIQ8Bf8OJBEa9+jzf/xs5y0MQHBY/3qqiqF0rOtPG8bye3srq2vpHfLGxt7+zuufsHDZ2kitA6SXiiWiHWlDNB64YZTltSURyHnDbD4c3Ebz5SpVkiamYkaRDjvmARI9hYqVm668qH2mnXLXplbwq0TPw5KcIc1a771eklJI2pMIRjrdu+J02QYWUY4XRc6KSaSkyGuE/blgocUx1k03PH6MQqPRQlypYwaKr+nshwrPUoDm1njM1AL3oT8T+vnZroOsiYkKmhgswWRSlHJkGT31GPKUoMH1mCiWL2VkQGWGFibEIFG4K/+PIyaZyV/cvyxf15sVJ5msWRhyM4hhL4cAUVuIUq1IHAEJ7hFd4c6bw4787HrDXnzCM8hD9wPn8AbdaPYw==</latexit>

(ITp )

<latexit sha1_base64="tqS1xUaAgro6ukm3viKv9Nq8zCI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB0DXvQWwU0CyRJmJ73JkNnZZWZWCCHgH3jxoIhXP8ibf+PkcdDEgoaiqpvurjAVXBvX/XZyK6tr6xv5zcLW9s7uXnH/oK6TTDH0WSIS1QypRsEl+oYbgc1UIY1DgY1wcDPxG4+oNE/kgxmmGMS0J3nEGTVW8st3nfS0Uyy5FXcKsky8OSnBHLVO8avdTVgWozRMUK1bnpuaYESV4UzguNDONKaUDWgPW5ZKGqMORtNjx+TEKl0SJcqWNGSq/p4Y0VjrYRzazpiavl70JuJ/Xisz0XUw4jLNDEo2WxRlgpiETD4nXa6QGTG0hDLF7a2E9amizNh8CjYEb/HlZVI/q3iXlYv781K1+jSLIw9HcAxl8OAKqnALNfCBAYdneIU3RzovzrvzMWvNOfMID+EPnM8fEpWOnQ==</latexit>

(Ip)

0             2              4             6            8

<latexit sha1_base64="hV06XFhNZMC9afVuU1no79kz2Ls=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVXEhJitRuhIIblxXsBZpQJtNJO3QmiTMToYT0Adz4Km5cKOLWvTvfxkmbhbb+MPDxn3OYc34vYlQqy/o2Ciura+sbxc3S1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+zuqdByIkDYM7NYmIy9EwoD7FSGmrb56IfmJXU3gFHXkvVKLRORfQg9Opw5EaCZ74ad8sWxVrJrgMdg5lkKvZN7+cQYhjTgKFGZKyZ1uRchMkFMWMpCUnliRCeIyGpKcxQJxIN5ldk8JT7QygHwr9AgVn7u+JBHEpJ9zTndmGcrGWmf/VerHy625CgyhWJMDzj/yYQRXCLBo4oIJgxSYaEBZU7wrxCAmElQ6wpEOwF09ehna1YtcqtduLcqOex1EER+AYnAEbXIIGuAFN0AIYPIJn8ArejCfjxXg3PuatBSOfOQR/ZHz+ADRXmwg=</latexit>

r12 =
p
2 rb f

<latexit sha1_base64="e52kXjV/+JWBd5jsQfozDwIdrTw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8KK3KOaByRpmJ51kyOzsMjMrhCV/4cWDIl79G2/+jZNkDxotaCiquunuCmLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU795iMqzSN5Z8Yx+iEdSN7njBor3Te6nZg/pNe3k26x5JbdGchf4mWkBBlq3eJnpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyZJUe6UfKljRkpv6cSGmo9TgMbGdIzVAvelPxP6+dmP65n3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5b+kcVL2KuXKzWmpepHFkYcDOIRj8OAMqnAFNagDAwlP8AKvjnaenTfnfd6ac7KZffgF5+MbZyCQvA==</latexit>

V IR
⇡



We work at N3LO,  so         is zero until we reach   
<latexit sha1_base64="D6chIVgwsDIR4ddBunZzlK/p6A8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk1B4LXjxWsB/QhrLZTtqlm2TZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5gRRcG9f9dgpb2zu7e8X90sHh0fFJ+fSso5NUMWyzRCSqF1CNgsfYNtwI7EmFNAoEdoPp3cLvPqHSPIkfzUyiH9FxzEPOqLFSV5LBGEltWK64VXcJskm8nFQgR2tY/hqMEpZGGBsmqNZ9z5XGz6gynAmclwapRknZlI6xb2lMI9R+tjx3Tq6sMiJhomzFhizV3xMZjbSeRYHtjKiZ6HVvIf7n9VMTNvyMxzI1GLPVojAVxCRk8TsZcYXMiJkllClubyVsQhVlxiZUsiF46y9vks5N1atX6w+1SrORx1GEC7iEa/DgFppwDy1oA4MpPMMrvDnSeXHenY9Va8HJZ87hD5zPHy+ajs0=</latexit>

p � 4
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r p 

<latexit sha1_base64="emXx9unzkDbMBLdmVMoPbDyoIYU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DgniMaB6QLGF20psMmZ1dZmaFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rUdUmsfywYwT9CM6kDzkjBor3XcT3iuW3LI7A1kl3oKUYIF6r/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlit3lVLt5mkeRx5O4BTOwYNLqMEt1KEBDAbwDK/w5gjnxXl3PuatOWcR4TH8gfP5A3nfjlo=</latexit>⇡<latexit sha1_base64="Wv0ODzpLa+RFgV8VBF0vJkNx6b0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8SloX1eCyWruvVeq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSc6O1A==</latexit>⇢

p = 0     1    2   3   4

<latexit sha1_base64="nvsD9DDqi5/a5zKzgR23yi4SxgE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2NBEI8VrC0koUy2m2bpZjfsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KONMG9f9diorq2vrG9XN2tb2zu5eff/gUctcEdohkkvVi0BTzgTtGGY47WWKQhpx2o1GN1O/+0SVZlI8mHFGwxSGgsWMgLGSHwDPEugHKpH9esNtujPgZeKVpIFKtPv1r2AgSZ5SYQgHrX3PzUxYgDKMcDqpBbmmGZARDKlvqYCU6rCYnTzBJ1YZ4FgqW8Lgmfp7ooBU63Ea2c4UTKIXvan4n+fnJr4OCyay3FBB5ovinGMj8fR/PGCKEsPHlgBRzN6KSQIKiLEp1WwI3uLLy+TxrOldNi/uzxut2zKOKjpCx+gUeegKtdAdaqMOIkiiZ/SK3hzjvDjvzse8teKUM4foD5zPH2bBkVw=</latexit>↵⇢

<latexit sha1_base64="mxr2f6umuQLuyWBwdBmxxci9X28=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2NAEI8RzAOzS+idTJIhs7PDzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXJDnTxvO+ncLK6tr6RnGztLW9s7tX3j9o6iRVhDZIwhPVjlBTzgRtGGY4bUtFMY44bUWjm6nfeqJKs0Q8mLGkYYwDwfqMoLHSY4BcDrEbSNYtV7yqN4O7TPycVCBHvVv+CnoJSWMqDOGodcf3pAkzVIYRTielINVUIhnhgHYsFRhTHWaziyfuiVV6bj9RtoRxZ+rviQxjrcdxZDtjNEO96E3F/7xOavrXYcaETA0VZL6on3LXJO70fbfHFCWGjy1Bopi91SVDVEiMDalkQ/AXX14mzbOqf1m9uD+v1G7zOIpwBMdwCj5cQQ3uoA4NICDgGV7hzdHOi/PufMxbC04+cwh/4Hz+AJQDkOI=</latexit>↵⇡
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<latexit sha1_base64="Pus/AGgKPj5RFHtnalE3/eX94Cw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2VBEN1VsA+YDiWTpm1oJglJRihDP8ONC0Xc+jXu/BvTdhbaeuDC4Zx7ufeeWHFmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNDLVhDaI5FK3Y2woZ4I2LLOctpWmOIk5bcWjm6nfeqLaMCke7VjRKMEDwfqMYOuk8L6rwg7maoijbrniV/0Z0DIJclKBHPVu+avTkyRNqLCEY2PCwFc2yrC2jHA6KXVSQxUmIzygoaMCJ9RE2ezkCTpxSg/1pXYlLJqpvycynBgzTmLXmWA7NIveVPzPC1Pbv44yJlRqqSDzRf2UIyvR9H/UY5oSy8eOYKKZuxWRIdaYWJdSyYUQLL68TJpn1eCyevFwXqnd5nEU4QiO4RQCuIIa3EEdGkBAwjO8wptnvRfv3fuYtxa8fOYQ/sD7/AEWu5Eo</latexit>

Ip[↵]

0          1           2           3          4

Circles:   Central 
Squares:  Tensor

<latexit sha1_base64="JC1mAS+gbJtB9jb20eGRGdAx/z4=">AAAB7nicbVDJSgNBEK2JW4zbqEcvjUGIlzAjbseAF71FyAbJGHo6PUmTnp6mu0cIQ8Bf8OJBEa9+jzf/xs5y0MQHBY/3qqiqF0rOtPG8bye3srq2vpHfLGxt7+zuufsHDZ2kitA6SXiiWiHWlDNB64YZTltSURyHnDbD4c3Ebz5SpVkiamYkaRDjvmARI9hYqVm668qH2mnXLXplbwq0TPw5KcIc1a771eklJI2pMIRjrdu+J02QYWUY4XRc6KSaSkyGuE/blgocUx1k03PH6MQqPRQlypYwaKr+nshwrPUoDm1njM1AL3oT8T+vnZroOsiYkKmhgswWRSlHJkGT31GPKUoMH1mCiWL2VkQGWGFibEIFG4K/+PIyaZyV/cvyxf15sVJ5msWRhyM4hhL4cAUVuIUq1IHAEJ7hFd4c6bw4787HrDXnzCM8hD9wPn8AbdaPYw==</latexit>

(ITp )

<latexit sha1_base64="tqS1xUaAgro6ukm3viKv9Nq8zCI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB0DXvQWwU0CyRJmJ73JkNnZZWZWCCHgH3jxoIhXP8ibf+PkcdDEgoaiqpvurjAVXBvX/XZyK6tr6xv5zcLW9s7uXnH/oK6TTDH0WSIS1QypRsEl+oYbgc1UIY1DgY1wcDPxG4+oNE/kgxmmGMS0J3nEGTVW8st3nfS0Uyy5FXcKsky8OSnBHLVO8avdTVgWozRMUK1bnpuaYESV4UzguNDONKaUDWgPW5ZKGqMORtNjx+TEKl0SJcqWNGSq/p4Y0VjrYRzazpiavl70JuJ/Xisz0XUw4jLNDEo2WxRlgpiETD4nXa6QGTG0hDLF7a2E9amizNh8CjYEb/HlZVI/q3iXlYv781K1+jSLIw9HcAxl8OAKqnALNfCBAYdneIU3RzovzrvzMWvNOfMID+EPnM8fEpWOnQ==</latexit>

(Ip)

0             2              4             6            8

<latexit sha1_base64="hV06XFhNZMC9afVuU1no79kz2Ls=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVXEhJitRuhIIblxXsBZpQJtNJO3QmiTMToYT0Adz4Km5cKOLWvTvfxkmbhbb+MPDxn3OYc34vYlQqy/o2Ciura+sbxc3S1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+zuqdByIkDYM7NYmIy9EwoD7FSGmrb56IfmJXU3gFHXkvVKLRORfQg9Opw5EaCZ74ad8sWxVrJrgMdg5lkKvZN7+cQYhjTgKFGZKyZ1uRchMkFMWMpCUnliRCeIyGpKcxQJxIN5ldk8JT7QygHwr9AgVn7u+JBHEpJ9zTndmGcrGWmf/VerHy625CgyhWJMDzj/yYQRXCLBo4oIJgxSYaEBZU7wrxCAmElQ6wpEOwF09ehna1YtcqtduLcqOex1EER+AYnAEbXIIGuAFN0AIYPIJn8ArejCfjxXg3PuatBSOfOQR/ZHz+ADRXmwg=</latexit>

r12 =
p
2 rb f

<latexit sha1_base64="e52kXjV/+JWBd5jsQfozDwIdrTw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8KK3KOaByRpmJ51kyOzsMjMrhCV/4cWDIl79G2/+jZNkDxotaCiquunuCmLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU795iMqzSN5Z8Yx+iEdSN7njBor3Te6nZg/pNe3k26x5JbdGchf4mWkBBlq3eJnpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyZJUe6UfKljRkpv6cSGmo9TgMbGdIzVAvelPxP6+dmP65n3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5b+kcVL2KuXKzWmpepHFkYcDOIRj8OAMqnAFNagDAwlP8AKvjnaenTfnfd6ac7KZffgF5+MbZyCQvA==</latexit>

V IR
⇡



 One is free to calculate this

But numerically the short-range fidelity achieved at N3LO allows

Power counting, central and tensor interactions (illustrated for a potential)

Central interactions and vector-meson-range tensor interactions have a 
simple power counting  
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(we verify empirically)



 One is free to calculate this

But numerically the short-range fidelity achieved at N3LO allows

Power counting, central and tensor interactions (illustrated for a potential)

But the tensor pion channel breaks the pattern
Of no consequence for a pion-full theory, as all pion LECs are added
But a pionless theory will converge in triplet channels more slowly, 
without the addition of one pion LEC needed to restore the counting 
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The IR interaction is known, and relatively easy to evaluate, as the matrix 
elements of the free KE can be evaluated analytically

    so that the numerical cost of evaluation the Green’s function is a matrix
    inversion in P:   HO matrix elements of the free G are analytic

Thus the KE is summed to all orders, which it must be to correctly capture 
the physics as E      0

Evaluation: HIR 
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Continuum states:   How is           (the LECs) determined?

E>0 so there are two scattering solutions that behave well at infinity

We pick an energy E:   a HOBET solution at that energy is guaranteed 
(except for a set of discrete energies known as the Kohn singularities)

We look up the phase shift, and build the associated Green’s function:  we 
have fixed the correct IR behavior

We solve the BH equation for this E and for some starting        , e.g., LO

We get an eigenvalue other than E.  What can be wrong?  It is not the IR, 
but the UV content of

We adjust        until the eigenvalue becomes E
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The algorithm implemented selects the relevant phase shift information

In our procedure we insert in our error budget a “cost function” which 
uses naturalness to estimate the contribution of all omitted orders 

In the first iteration we pick a low-energy point, determine       , then step 
gradually to higher energies until we see a discrepancy in the energy self-
consistency that approaches the cost function 

We take that second point, and use two points to determine

Then repeat:  when fitting a new LEC, we find other LECs remain stable 
except for the LEC last fit — this is the proper behavior of a good theory

The procedure tells one what information is relevant: data to    70 MeV lab

With   now fixed, we can predict bound-state eigenvalues
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How do bound states work? 

HOBET in analytic in E, so the energy-independent continuum LECs 
are the bound LECs

The Green’s function is simple:  only one solution falls off at infinity

The energy in the Green’s function must be the eigenvalue

Make an initial guess at the energy,  generate the eigenvalue, then 
loop, using the eigenvalue as the new energy

Convergence to self-consistency is rapid, typically to machine 
precision in 4-6 iterations

Solutions exist at discrete energies

The N3LO continuum calculation yields a deuteron binding energy of 
-2.2278 MeV.     The N3LO error is 3 keV or about 0.1% 
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Fig. 3. The Lepage plots for scheme-independent fitting to the s-wave matrix elements of Heff in the deuteron (3S1 � 3
D1)

channel for the Argonne v18 potential. The fractional error in V
eff is plotted vs. the sum of the nodal quantum numbers. The

panels correspond to Eq. (14) with a) V = V
IR
Av18 ; b) V = V

IR
⇡ (pionful HOBET), and c) V = 0 (pionless HOBET). See text.
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Fig. 4. Phase shifts regenerated from LECs fit to data from
1 to 80MeV and compared to the original phase shifts from
Av18. In the 1

S0 channel the low energy behavior down to
50 keV associated with a resonance at ⇠ 74 keV is reproduced
from data above 1MeV. In the 3

P0 and 3
P1 channels even NLO

results based on a single LEC reproduce phase shifts quite well.

Early LQCD calculations of nucleon scattering with
non-physical 800 MeV pions demonstrated the feasibility
of computing phase shifts directly from QCD [261]. Ken:
Should include other citations NPLQCD Recent advances
in supercomputers and techniques will give us access to
physical pion mass results.

4.4.3 E↵ective Operators in HOBET

The BH equation also gives a prescription for operator
evaluation.

Ôeff,⇤
ji (E) = P

Ej

Ej � HQ
Ô

Ei

Ei � QH
P (20)

As discussed before, the Green’s functions with appropri-
ate boundary conditions reconstruct the full wave function

from the projections of eigenstates. This expression can
also be reorganized in a parallel fashion with the Haxton-
Luu form of the BH equation.

Ôeff
ji = P Ej

Ej�HQ Ô Ei
Ei�QH P

= P Ej

Ej�TQ

h
Ô + V Q Ej

Ej�HQ Ô + Ô Ei
Ei�QH QV +

V Q Ej

Ej�HQ Ô Ei
Ei�QH QV

i
Ei

Ei�QT P

! P Ej

Ej�TQ

h
Ô + Ô�

i
Ei

Ei�QT P

(21)
The last step depends on the operator Ô being short range
so that the last three terms are capped on each end by a
short range operator. The sum is then short range and can
be replaced by the same form of e↵ective theory expansion
as before. The expansion can then be fit to observables in
the same way that He↵ can.

When the e↵ective operator is applied in an A-body
context, the 2-body P space is reduced by the quanta of
the spectators.

4.4.4 HOBET in a Box

A more direct way to connect the HOBET interaction
to LQCD is to fit it directly to finite volume observ-
ables such as the spectrum of two nucleons. A few key
properties of HOBET make this possible. First, the only
place that boundary conditions appear in HOBET is the
Green’s functions for E/(E � QT ). As long as the cut
o↵ HO basis and V�, are shorter range than the volume,
then the boundary conditions have been segregated into
the Green’s function. If these conditions are met, then V�

and the LECs controlling the expansion are independent
of the volume. One can fit LECs to observables from mul-
tiple volumes and then use the resulting LECs in infinite
volume. This bypasses the usual practice of using Lüschers
formula to map a finite volume spectrum to infinite vol-
ume phase shifts.

av18 phase shift data used:
1-70 MeV
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Test using av18 phase
shifts, then comparing

to Heff matrix elements
calculated numerical 

from av18
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The calculated projected (onto P) s-wave scattering wave functions evaluated for energies 
not used in the fitting, compared to exactly calculated av18 solutions:

the results are not distinguishable 

Give HOBET 5 reasonably 
spaced experimental phase 

shifts, 0-50 MeV, it will extinct 
from this input precise detailed 

information like this, the 
deuteron binding energy, etc.



Nuclear Calculations

 HOBET was influenced by a paper that was impactful at its time                     


 Sought to explain how hard-core scattering of nucleons could be compatible with 
the success of mean-field descriptions of nuclei or nuclear matter

 Picture emerged that nucleon pairs spend a short time at short distances, 
scattering repeatedly, then “heal” to a soft state through IR interactions

 This is basically the picture that emerges when HOBET is extended beyond A=2: it 
guides re-summations that connect nuclear systems to A=2 

 HOBET allows one to subtract from the A-body problem all of the physics 
constrained by A=2, which includes most of the 3-body physics:  only a suppressed 
3-body contribution remains

Gomes, Walecka, Weiskoff, “Properties of Nuclear Matter”,  Annal Phys 3 (1950)



Outline of Procedure

 For illustration, consider A=3 

 If our LECs were derived from A=2,  with                      , then to avoid the need 
for information that has been integrated out   

 The reorganization is similar to the following (two-body contribution to         )   

 Resume according to the number of P2 insertions

 Each such term can be put into WH-Luu form:  IR propagation, hard scattering, IR 
propagation:  one repeatedly returns to P2 while staying in Q3

 But P2Q3 depends on        :                                      +       
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 The two-body contribution is entirely determined by two-body LECs, and takes the 
form

  But one does not see this in the literature, though its form is required                 


  The same procedure can be employed for the rest of the interaction, the Faddeev 
series (all of which is three-body from the perspective of Q3)

Much of this can be rewritten in terms of 
A three-body remainder that cannot be related to two-body physics

 We have carried this out for A=3,4.   Neglecting the three-body term

The difference is small compared to the  “true” three-body physics, e.g., Urbana IX 
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3He : HOBET : � 6.884 MeV av18 exact : � 6.928 MeV
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4He : HOBET : � 24.103 MeV av18 exact : � 24.22 MeV

McElvain and WH (preliminary)

<latexit sha1_base64="d4c/dOAlVV9C7zwDB2DQFmH3DvM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGieIp4CXHCOYByRpmJ73JkNkHM7NCWPY3vHhQxKs/482/cZLsQRMLGoqqbrq7vFhwpW372ypsbG5t7xR3S3v7B4dH5eOTjooSybDNIhHJnkcVCh5iW3MtsBdLpIEnsOtN7+Z+9wml4lH4oGcxugEdh9znjGojDZrD1Klljyn6fjYsV+yqvQBZJ05OKpCjNSx/DUYRSwIMNRNUqb5jx9pNqdScCcxKg0RhTNmUjrFvaEgDVG66uDkjF0YZET+SpkJNFurviZQGSs0Cz3QGVE/UqjcX//P6ifZv3JSHcaIxZMtFfiKIjsg8ADLiEpkWM0Mok9zcStiESsq0ialkQnBWX14nnVrVqVfr91eVxm0eRxHO4BwuwYFraEATWtAGBjE8wyu8WYn1Yr1bH8vWgpXPnMIfWJ8/vvGRfg==</latexit>

H
eff
12



 The three-body physics summed is of the form, where all intermediate states 

and terms where the nucleon pair after scattering does not “heal”, e.g., where the 
pair remains in a high momentum state until interacting again with another nucleon,
cannot be determined from our two-body results, and would need to be treated as a 
3-body short-range operator.   Those interactions involve the replacements

                                         or                                                 or

so all of this is familiar, except HOBET would never worry about CD or CE, but 
only about the iteration to all orders, as this is what connects to observables

P2
P3 P2

P2 P2

… P3

IR IR

IR IR

<latexit sha1_base64="9x1zP+fyCVF78JxMfnzqN5bvA28=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqngqePHYgrWFNpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHjyZONeMtFstYdwJquBSKt1Cg5J1EcxoFkreD8d3Mbz9xbUSsHnCScD+iQyVCwShaqd0TijT7l/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV8njRdWrVWvNq0r9No+jCCdwCufgwTXU4R4a0AIGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8AcFuO+Q==</latexit>

2 Q3

P2

P2

<latexit sha1_base64="KDzVY3SRm//V4bncqkEPDa8jPOs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9IQ9lst+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNirVjLeYkkp3Q2q4FDFvoUDJu4nmNAol74ST27nfeeTaCBU/4DThQURHsRgKRtFKfk+L0Rip1uqpX664VXcBsk68nFQgR7Nf/uoNFEsjHiOT1BjfcxMMMqpRMMlnpV5qeELZhI64b2lMI26CbHHyjFxYZUCGStuKkSzU3xMZjYyZRqHtjCiOzao3F//z/BSHN0Em4iRFHrPlomEqCSoy/58MhOYM5dQSyrSwtxI2ppoytCmVbAje6svrpH1V9erV+n2t0qjlcRThDM7hEjy4hgbcQRNawEDBM7zCm4POi/PufCxbC04+cwp/4Hz+AMIXkYo=</latexit>!
Q2

P2

Q2

Q2

<latexit sha1_base64="KDzVY3SRm//V4bncqkEPDa8jPOs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9IQ9lst+3STTbsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNirVjLeYkkp3Q2q4FDFvoUDJu4nmNAol74ST27nfeeTaCBU/4DThQURHsRgKRtFKfk+L0Rip1uqpX664VXcBsk68nFQgR7Nf/uoNFEsjHiOT1BjfcxMMMqpRMMlnpV5qeELZhI64b2lMI26CbHHyjFxYZUCGStuKkSzU3xMZjYyZRqHtjCiOzao3F//z/BSHN0Em4iRFHrPlomEqCSoy/58MhOYM5dQSyrSwtxI2ppoytCmVbAje6svrpH1V9erV+n2t0qjlcRThDM7hEjy4hgbcQRNawEDBM7zCm4POi/PufCxbC04+cwp/4Hz+AMIXkYo=</latexit>!

<latexit sha1_base64="GYQx838x/epJp9GPC6uSLZUCXFI=">AAACFnicbVDLSgMxFM34rPU16tJNsBTcWGakVJcFNy4r2Ae0w5BJM53QPIYkI5ShX+HGX3HjQhG34s6/MW1noa0HAodz7iH3nihlVBvP+3bW1jc2t7ZLO+Xdvf2DQ/fouKNlpjBpY8mk6kVIE0YFaRtqGOmliiAeMdKNxjczv/tAlKZS3JtJSgKORoLGFCNjpdC9yFWYJwTZ/GgKB9LOwsgSTTnM/ULg4UAl0uqhW/Fq3hxwlfgFqYACrdD9GgwlzjgRBjOkdd/3UhPkSBmKGZmWB5kmKcJjNCJ9SwXiRAf5/KwprFplCGOp7BMGztXfiRxxrSfcrlvlyCR62ZuJ/3n9zMTXQU5Fmhki8OKjOGPQSDjrCA6pItiwiSUIK2p3hThBCmFjmyzbEvzlk1dJ57LmN2qNu3qlWS/qKIFTcAbOgQ+uQBPcghZoAwwewTN4BW/Ok/PivDsfi9E1p8icgD9wPn8Ayh2fFg==</latexit>

rhealing
b

⇠ 1

m⇢b

<latexit sha1_base64="VNWid1hW/7rY/GpnzfcrlZVzKho="></latexit>⇣rhealing
b

⌘2
⇠ 1

m2
⇢b

2



 The field has most of its investment in one approach to EFT/nuclear physics, where 
the challenges include

 the large gap between the chiral potential and nuclear scales
 the cutoff dependence
 the nonintuitive behavior of the pion physics
 the use of a plane-wave basis where technically all interactions are short-range

 HOBET has had little investment - 3 students - but its attributes are attractive
 a direct reduction of QCD to the nuclear scale/basis 
 cutoff independence  
 translational invariance
 energy continuity:  equivalent treatment of bound states and reactions
 an elegant procedure for fixing LECs accurately from the minimum possible data
 the absence of intruder states, opening up perturbative possibilities
 good numerical results in the limited applications done to date

As in the stock market, diversification is usually beneficial — even though each 
approach has the overhead of having to invent new techniques

Summary
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↵
<latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit>

lo
g 1

0
|a
|

<latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit>

|aNLO|
<latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit>

|a2 2
NNLO

|
<latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit>

|a4 2
N3LO

|
<latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit>

|a4 4
N4LO

|
<latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit>

m⇡
<latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit>

m�
<latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit>

One pion vs two pion exchange

↵ =
p
2bm m = m⇡ or m�

<latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit>
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↵
<latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit>

lo
g 1

0
|a
|

<latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit>

|aNLO|
<latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit>

|a2 2
NNLO

|
<latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit>

|a4 2
N3LO

|
<latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit>

|a4 4
N4LO

|
<latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit>

m⇡
<latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit>

m�
<latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit>

One pion vs two pion exchange

↵ =
p
2bm m = m⇡ or m�

<latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit>

LO
<latexit sha1_base64="2o6HKsd3ak47hM0ck1YDXnwjbBA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBiwfBKvYD2lA220m7dLMJuxuhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWeri965UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n80unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTN8mfa6QGTG2hDLF7a2EDamizNhwSjYEb/HlZdI8q3pu1bs/r9Qu8jiKcATHcAoeXEINbqAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wc8m40c</latexit><latexit sha1_base64="2o6HKsd3ak47hM0ck1YDXnwjbBA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBiwfBKvYD2lA220m7dLMJuxuhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWeri965UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n80unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTN8mfa6QGTG2hDLF7a2EDamizNhwSjYEb/HlZdI8q3pu1bs/r9Qu8jiKcATHcAoeXEINbqAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wc8m40c</latexit><latexit sha1_base64="2o6HKsd3ak47hM0ck1YDXnwjbBA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBiwfBKvYD2lA220m7dLMJuxuhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWeri965UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n80unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTN8mfa6QGTG2hDLF7a2EDamizNhwSjYEb/HlZdI8q3pu1bs/r9Qu8jiKcATHcAoeXEINbqAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wc8m40c</latexit><latexit sha1_base64="2o6HKsd3ak47hM0ck1YDXnwjbBA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBiwfBKvYD2lA220m7dLMJuxuhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWeri965UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n80unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTN8mfa6QGTG2hDLF7a2EDamizNhwSjYEb/HlZdI8q3pu1bs/r9Qu8jiKcATHcAoeXEINbqAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wc8m40c</latexit>
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↵
<latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit><latexit sha1_base64="84KMpzjeeGzg/lJHXiDvgh6eYjk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS5zSZZs7d77O4J4ch/sLFQxNb/Y+e/cZNcoYkPBh7vzTAzL0oEN9b3v73C2vrG5lZxu7Szu7d/UD48ahqVasoaVAml2xEaJrhkDcutYO1EM4wjwVrR+Hbmt56YNlzJBztJWBjjUPIBp2id1OyiSEbYK1f8qj8HWSVBTiqQo94rf3X7iqYxk5YKNKYT+IkNM9SWU8GmpW5qWIJ0jEPWcVRizEyYza+dkjOn9MlAaVfSkrn6eyLD2JhJHLnOGO3ILHsz8T+vk9rBdZhxmaSWSbpYNEgFsYrMXid9rhm1YuIIUs3drYSOUCO1LqCSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDKDzCM7zCm6e8F+/d+1i0Frx85hj+wPv8AYmzjxI=</latexit>

lo
g 1

0
|a
|

<latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit><latexit sha1_base64="ApAZp6RT2G5BDaVpE1aNsgs+aGA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgi5cFNy4rGAf0A5DJk3b0DyGJCPU6eCvuHGhiFv/w51/Y6adhbYeCBzOuZd7cqKYUW0879sprayurW+UNytb2zu7e+7+QUvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdjW9yv/1AlKZS3JtJTAKOhoIOKEbGSqF71OPIjBRPmRxmYep72RRNQ7fq1bwZ4DLxC1IFBRqh+9XrS5xwIgxmSOuu78UmSJEyFDOSVXqJJjHCYzQkXUsF4kQH6Sx9Bk+t0ocDqewTBs7U3xsp4lpPeGQn86x60cvF/7xuYgZXQUpFnBgi8PzQIGHQSJhXAftUEWzYxBKEFbVZIR4hhbCxhVVsCf7il5dJ67zmezX/7qJavy7qKINjcALOgA8uQR3cggZoAgwewTN4BW/Ok/PivDsf89GSU+wcgj9wPn8AHR6VnQ==</latexit>

|aNLO|
<latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit><latexit sha1_base64="kAIMt0CexnsCnKaXjnanWiXxhFI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorePEgWsF+SLuUbJptQ5PskmSFsu2v8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfBq6jefqNIskg9mFFNf4L5kISPYWOlxjLvp7c3dZNwtltyyOwNaJl5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSZD3KdtSyUWVPvp7OAJOrFKD4WRsiUNmqm/J1IstB6JwHYKbAZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjT9HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+TxlnZc8ve/XmpepnFkYcjOIZT8KACVbiGGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD15mQZA==</latexit>

|a2 2
NNLO

|
<latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit><latexit sha1_base64="9g1Mix7QjUuWRJOIvo0RakTCyH4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkpSBHVXcONCagX7gDaGyXTSDp1MwsxECGn8FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFbhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt74aup3HomQNOT3KomIE6Ahpz7FSGnJNcsT5KaNxs1t9pDWYP8U1rKJa1asqjUDXCZ2TiogR9M1v/qDEMcB4QozJGXPtiLlpEgoihnJSv1YkgjhMRqSnqYcBUQ66ez4DB5rZQD9UOjiCs7U3xMpCqRMAk93BkiN5KI3Ff/zerHyL5yU8ihWhOP5Ij9mUIVwmgQcUEGwYokmCAuqb4V4hATCSudV0iHYiy8vk3ataltV++6sUr/M4yiCQ3AEToANzkEdXIMmaAEMEvAMXsGb8WS8GO/Gx7y1YOQzZfAHxucPNFaTyQ==</latexit>

|a4 2
N3LO

|
<latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit><latexit sha1_base64="aPUaKsrYpr7bqOhXxPuJi8CUUoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpBXVXcONCtIJ9QJuGyXTSDp1MwsxEqGnwV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3brMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vAGl2O/8UCEpCG/V8OIOAHqcepTjJSWXHN/hNzkpnN6fZt2kjJsn8BSOnLNglW0JoDzxM5IAWSouuZXuxviOCBcYYakbNlWpJwECUUxI2m+HUsSITxAPdLSlKOASCeZXJ/CI610oR8KXVzBifp7IkGBlMPA050BUn05643F/7xWrPxzJ6E8ihXheLrIjxlUIRxHAbtUEKzYUBOEBdW3QtxHAmGlA8vrEOzZl+dJvVS0raJ9Vy5ULrI4cuAAHIJjYIMzUAFXoApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz/H6ZQY</latexit>

|a4 4
N4LO

|
<latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit><latexit sha1_base64="stInQof20PqxdeBn8tqww1JhNZk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRgLoruHEhWsE+oE3DZDpph04mYWYi1DT4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiDy7HfeCBC0ojfq2FM3BD1OA0oRkpLnrk/Ql5603Gub7NO6sD2CXSykWeWrLI1AZwndk5KIEfVM7/a3QgnIeEKMyRly7Zi5aZIKIoZyYrtRJIY4QHqkZamHIVEuunk+gweaaULg0jo4gpO1N8TKQqlHIa+7gyR6stZbyz+57USFZy7KeVxogjH00VBwqCK4DgK2KWCYMWGmiAsqL4V4j4SCCsdWFGHYM++PE/qp2XbKtt3TqlykcdRAAfgEBwDG5yBCrgCVVADGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AHMhpQb</latexit>

m⇡
<latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit><latexit sha1_base64="vXss6EOgtt1XSWrDGWzAgWuRxCc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwYuB5Ah7m71kye7esTsnhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXpxJYdH3v73S2vrG5lZ5u7Kzu7d/UD08atk0N4yHLJWpacfUcik0D1Gg5O3McKpiyR/j0e3Mf3zixopUP+A445GiAy0SwSg6KVS9biZ61Zpf9+cgqyQoSA0KNHvVr24/ZbniGpmk1nYCP8NoQg0KJvm00s0tzygb0QHvOKqp4jaazI+dkjOn9EmSGlcayVz9PTGhytqxil2noji0y95M/M/r5JhcRxOhsxy5ZotFSS4JpmT2OekLwxnKsSOUGeFuJWxIDWXo8qm4EILll1dJ66Ie+PXg/rLWuCniKMMJnMI5BHAFDbiDJoTAQMAzvMKbp70X7937WLSWvGLmGP7A+/wBz9GOpw==</latexit>

m�
<latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit><latexit sha1_base64="ShlqB/s3/88BcqSWvPlZg80+ZiQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZwXxAcoS9zVyyZHfv3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifqwY5TDCUdKB5zRq2T2rLXNXwgaa9c8av+HGSVBDmpQI56r/zV7Scsk6gsE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jiko04WR+75ScOaVP4kS7UpbM1d8TEyqNGcvIdUpqh2bZm4n/eZ3MxtfhhKs0s6jYYlGcCWITMnue9LlGZsXYEco0d7cSNqSaMusiKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NICBgGd4hTfv0Xvx3r2PRWvBy2eO4Q+8zx8e8o/9</latexit>

One pion vs two pion exchange

↵ =
p
2bm m = m⇡ or m�

<latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit><latexit sha1_base64="HsSgiqhaFAJveWjE8+0w2UFlap0=">AAACIHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKUi+FghePFewHNKVMttt26W4SdzdCCek/8eJf8eJBEb3pr3HT9qCtDwYe780wM8+POFPacb6s3Nr6xuZWfruws7u3f2AfHjVVGEtCGyTkoWz7oChnAW1opjltR5KC8Dlt+ePrzG89UKlYGNzpSUS7AoYBGzAC2kg9u+IBj0aAq9hT91In5RT7WOCpgaiKnhcxPPUE6JEUSSjTqZEUGwro2UWn5MyAV4m7IEW0QL1nf3r9kMSCBppwUKrjOpHuJiA1I5ymBS9WNAIyhiHtGBqAoKqbzB5M8ZlR+ngQSlOBxjP190QCQqmJ8E1ndqta9jLxP68T68FVN2FBFGsakPmiQcyxDnGWFu4zSYnmE0OASGZuxWQEEog2mRZMCO7yy6ukWS65Tsm9vSjWLhdx5NEJOkXnyEUVVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHvDVnLWaO0R9Y3z+RIqPY</latexit>

N
3
LO

<latexit sha1_base64="APSHPQpOeHwx7ycdgDcCYx9r0PI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9n1Az0WvHgQreC2hXYt2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaOU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5YMZJTQQuC9ZxAg2VvJvH09v7rrlilt1p0CLxMtJBXLUu+WvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbHjtGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugyyJhMUkMlmS2KUo5MjCafox5TlBg+sgQTxeytiAywwsTYfEo2BG/+5UXSOKl6btW7P6vUzvM4inAAh3AMHlxADa6hDj4QYPAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AACWOGQ==</latexit><latexit sha1_base64="APSHPQpOeHwx7ycdgDcCYx9r0PI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9n1Az0WvHgQreC2hXYt2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaOU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5YMZJTQQuC9ZxAg2VvJvH09v7rrlilt1p0CLxMtJBXLUu+WvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbHjtGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugyyJhMUkMlmS2KUo5MjCafox5TlBg+sgQTxeytiAywwsTYfEo2BG/+5UXSOKl6btW7P6vUzvM4inAAh3AMHlxADa6hDj4QYPAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AACWOGQ==</latexit><latexit sha1_base64="APSHPQpOeHwx7ycdgDcCYx9r0PI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9n1Az0WvHgQreC2hXYt2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaOU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5YMZJTQQuC9ZxAg2VvJvH09v7rrlilt1p0CLxMtJBXLUu+WvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbHjtGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugyyJhMUkMlmS2KUo5MjCafox5TlBg+sgQTxeytiAywwsTYfEo2BG/+5UXSOKl6btW7P6vUzvM4inAAh3AMHlxADa6hDj4QYPAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AACWOGQ==</latexit><latexit sha1_base64="APSHPQpOeHwx7ycdgDcCYx9r0PI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9n1Az0WvHgQreC2hXYt2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaOU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5YMZJTQQuC9ZxAg2VvJvH09v7rrlilt1p0CLxMtJBXLUu+WvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbHjtGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugyyJhMUkMlmS2KUo5MjCafox5TlBg+sgQTxeytiAywwsTYfEo2BG/+5UXSOKl6btW7P6vUzvM4inAAh3AMHlxADa6hDj4QYPAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AACWOGQ==</latexit>


