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Spectroscopy calculations

Find hadron interpolating fields such that the 
corresponding Hilbert space operators annihilate and 

create the particles we want to analyze

Calculation of hadron masses
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Hadron interpolators O(x) are functional of the lattice 
fields with the quantum numbers one is interested in 
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Gauge invariant <—> color singlet



Spectroscopy calculations

Meson interpolating fields OM (x) =  (x)� (x)
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Dirac matrix

Baryon interpolating fields OB(x) ⇠ 3 quarks
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Pure gauge interpolating fields: plaquette, 
Wilson loop —> glueballs, certain mesons,… 

Interpolating fields with 3n quarks for nuclei 
(deuterium,…)
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Spectroscopy calculations
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Effective mass
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Finite T

Pion correlator



Symmetries
Understand symmetry transformation to choose 

interpolating fields 
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Charge conjugation 

Parity

Lattice breaks translation  
and rotational symmetry

(
 (x)

C�!  c(x) = C�1 (x)T

 (x)
C�!  

c
(x) = � (x)TC

<latexit sha1_base64="/u0J+pqr+JLlAJK8//91Ut2f6Z8="></latexit><latexit sha1_base64="/u0J+pqr+JLlAJK8//91Ut2f6Z8="></latexit><latexit sha1_base64="/u0J+pqr+JLlAJK8//91Ut2f6Z8="></latexit><latexit sha1_base64="/u0J+pqr+JLlAJK8//91Ut2f6Z8="></latexit>

C�µC
�1 = ��T

µ
<latexit sha1_base64="0EA3/O6OP9OJqJ0kHOKbZHHoLg4="></latexit><latexit sha1_base64="0EA3/O6OP9OJqJ0kHOKbZHHoLg4="></latexit><latexit sha1_base64="0EA3/O6OP9OJqJ0kHOKbZHHoLg4="></latexit><latexit sha1_base64="0EA3/O6OP9OJqJ0kHOKbZHHoLg4="></latexit>

C�5C
�1 = �T

5
<latexit sha1_base64="xmFw+qSDD6V6f97Q8wO7PyMc6Rk="></latexit><latexit sha1_base64="xmFw+qSDD6V6f97Q8wO7PyMc6Rk="></latexit><latexit sha1_base64="xmFw+qSDD6V6f97Q8wO7PyMc6Rk="></latexit><latexit sha1_base64="xmFw+qSDD6V6f97Q8wO7PyMc6Rk="></latexit>

C = C�1 = C† = �CT
<latexit sha1_base64="uf6sBYlTYSf+i1qppkzf2t+GaYg="></latexit><latexit sha1_base64="uf6sBYlTYSf+i1qppkzf2t+GaYg="></latexit><latexit sha1_base64="uf6sBYlTYSf+i1qppkzf2t+GaYg="></latexit><latexit sha1_base64="uf6sBYlTYSf+i1qppkzf2t+GaYg="></latexit>

U(x;µ)
C�! U c(x;µ) = U(x;µ)⇤ =

�
U(x;µ)†

�T
<latexit sha1_base64="DOCkqGyz2h+b059vPpXVxlTsRSk="></latexit><latexit sha1_base64="DOCkqGyz2h+b059vPpXVxlTsRSk="></latexit><latexit sha1_base64="DOCkqGyz2h+b059vPpXVxlTsRSk="></latexit><latexit sha1_base64="DOCkqGyz2h+b059vPpXVxlTsRSk="></latexit>

 (x) (x)
C�!?

<latexit sha1_base64="zn+Ipx5BqmcxQ2MlFJFwyWYTSic="></latexit><latexit sha1_base64="zn+Ipx5BqmcxQ2MlFJFwyWYTSic="></latexit><latexit sha1_base64="zn+Ipx5BqmcxQ2MlFJFwyWYTSic="></latexit><latexit sha1_base64="zn+Ipx5BqmcxQ2MlFJFwyWYTSic="></latexit>



(
U(x, t; k)

P�! UP (x, t; k) = U(�x� ak̂, t; k)† k = 1, 2, 3

U(x, t; 4)
P�! UP (x, t; 4) = U(�x, t; 4)

<latexit sha1_base64="ipvrMMYNv+Iz5D/Rm0YCnTNdPgc="></latexit><latexit sha1_base64="ipvrMMYNv+Iz5D/Rm0YCnTNdPgc="></latexit><latexit sha1_base64="ipvrMMYNv+Iz5D/Rm0YCnTNdPgc="></latexit><latexit sha1_base64="ipvrMMYNv+Iz5D/Rm0YCnTNdPgc="></latexit>

Symmetries
Careful with labeling
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Symmetries
Careful with labeling

In Euclidean space there is no  
distinction between space and time

P1 · P2 · P3 = time reflection
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Reconstruction Hilbert space for Minkowski

Fermions a.b.c.  gauge p.b.c not relevant in infinit volume but finite temp.



Symmetries
�5 � hermiticity
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Eigenvalues are either real or come in  
complex conjugate pairs —> reality of determinant
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Pseudoscalar combinations are  
grouped in an isotriplet and 

isosinglet
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<latexit sha1_base64="CGxzvAsG7cPBSOJ9Qmuk6dkw9Ss="></latexit><latexit sha1_base64="CGxzvAsG7cPBSOJ9Qmuk6dkw9Ss="></latexit><latexit sha1_base64="CGxzvAsG7cPBSOJ9Qmuk6dkw9Ss="></latexit><latexit sha1_base64="CGxzvAsG7cPBSOJ9Qmuk6dkw9Ss="></latexit>

J = 0
<latexit sha1_base64="U8a5mw+SOIWbPNUgRXOKRO0Q3ZI="></latexit><latexit sha1_base64="U8a5mw+SOIWbPNUgRXOKRO0Q3ZI="></latexit><latexit sha1_base64="U8a5mw+SOIWbPNUgRXOKRO0Q3ZI="></latexit><latexit sha1_base64="U8a5mw+SOIWbPNUgRXOKRO0Q3ZI="></latexit>

P = �1
<latexit sha1_base64="v22NGq0Hd8hItp+b9y1f9j4TbAs="></latexit><latexit sha1_base64="v22NGq0Hd8hItp+b9y1f9j4TbAs="></latexit><latexit sha1_base64="v22NGq0Hd8hItp+b9y1f9j4TbAs="></latexit><latexit sha1_base64="v22NGq0Hd8hItp+b9y1f9j4TbAs="></latexit>

I = 1 I3 = +1, 0,�1 Q = ±e, 0
<latexit sha1_base64="6ymsxMDLzxz2EvIaEHf/go6aupo="></latexit><latexit sha1_base64="6ymsxMDLzxz2EvIaEHf/go6aupo="></latexit><latexit sha1_base64="6ymsxMDLzxz2EvIaEHf/go6aupo="></latexit><latexit sha1_base64="6ymsxMDLzxz2EvIaEHf/go6aupo="></latexit>



Pions

O⇡+(x) = d(x)�5u(x) = d(x)C↵ (�5)↵� u(x)
C
�

<latexit sha1_base64="Q1VEorMUna1NWkJSfN1Usc7tfEY="></latexit><latexit sha1_base64="Q1VEorMUna1NWkJSfN1Usc7tfEY="></latexit><latexit sha1_base64="Q1VEorMUna1NWkJSfN1Usc7tfEY="></latexit><latexit sha1_base64="Q1VEorMUna1NWkJSfN1Usc7tfEY="></latexit>

O⇡�(x) = u(x)�5d(x) = u(x)C↵ (�5)↵� d(x)
C
�

<latexit sha1_base64="kvAA5lu1ZZYaitw5wHmQn/qjfdE="></latexit><latexit sha1_base64="kvAA5lu1ZZYaitw5wHmQn/qjfdE="></latexit><latexit sha1_base64="kvAA5lu1ZZYaitw5wHmQn/qjfdE="></latexit><latexit sha1_base64="kvAA5lu1ZZYaitw5wHmQn/qjfdE="></latexit>

O⇡+(x) = d(x)�5u(x)
P�! d(�x, t)�4�5�4u(�x, t) = �O⇡+(�x, t)

<latexit sha1_base64="ThCGPelVg9+uRmiwJjXwExjtQwc="></latexit><latexit sha1_base64="ThCGPelVg9+uRmiwJjXwExjtQwc="></latexit><latexit sha1_base64="ThCGPelVg9+uRmiwJjXwExjtQwc="></latexit><latexit sha1_base64="ThCGPelVg9+uRmiwJjXwExjtQwc="></latexit>

Irrelevant when p = 0 

Negative parity

O⇡+(x) = d(x)�5u(x)
C�! �d(x)TC�5C

�1
u(x)T =

<latexit sha1_base64="+SD9t/nlnwQ474VXr9mstfmz3w0="></latexit><latexit sha1_base64="+SD9t/nlnwQ474VXr9mstfmz3w0="></latexit><latexit sha1_base64="+SD9t/nlnwQ474VXr9mstfmz3w0="></latexit><latexit sha1_base64="+SD9t/nlnwQ474VXr9mstfmz3w0="></latexit>

= �d(x)T �T
5 u(x)

T = u(x)�5d(x) = O⇡�(x)
<latexit sha1_base64="74i9Qo11T/+sRTQxNnNQGrDS7xU="></latexit><latexit sha1_base64="74i9Qo11T/+sRTQxNnNQGrDS7xU="></latexit><latexit sha1_base64="74i9Qo11T/+sRTQxNnNQGrDS7xU="></latexit><latexit sha1_base64="74i9Qo11T/+sRTQxNnNQGrDS7xU="></latexit>



Mesons
⇡0 : I3 = 0 P = �1 C = +1

<latexit sha1_base64="QuijzEd2uHfzS2gEO6dalfHdifg="></latexit><latexit sha1_base64="QuijzEd2uHfzS2gEO6dalfHdifg="></latexit><latexit sha1_base64="QuijzEd2uHfzS2gEO6dalfHdifg="></latexit><latexit sha1_base64="QuijzEd2uHfzS2gEO6dalfHdifg="></latexit>

O⇡0(x) =
1p
2

⇥
u(x)�5u(x)� d(x)�5d(x)

⇤

<latexit sha1_base64="nUQiIzN8Qa4nIod5Nnh3mZRuvbA="></latexit><latexit sha1_base64="nUQiIzN8Qa4nIod5Nnh3mZRuvbA="></latexit><latexit sha1_base64="nUQiIzN8Qa4nIod5Nnh3mZRuvbA="></latexit><latexit sha1_base64="nUQiIzN8Qa4nIod5Nnh3mZRuvbA="></latexit>

⌘ : I = 0 P = �1 C = +1
<latexit sha1_base64="x32gUbiXYhavxLVo4h9GiuqKmUI="></latexit><latexit sha1_base64="x32gUbiXYhavxLVo4h9GiuqKmUI="></latexit><latexit sha1_base64="x32gUbiXYhavxLVo4h9GiuqKmUI="></latexit><latexit sha1_base64="x32gUbiXYhavxLVo4h9GiuqKmUI="></latexit>

O⌘(x) =
1p
2

⇥
u(x)�5u(x) + d(x)�5d(x)

⇤

<latexit sha1_base64="EdpjM7xvg+WNH4ShRs+zKnIDIfE="></latexit><latexit sha1_base64="EdpjM7xvg+WNH4ShRs+zKnIDIfE="></latexit><latexit sha1_base64="EdpjM7xvg+WNH4ShRs+zKnIDIfE="></latexit><latexit sha1_base64="EdpjM7xvg+WNH4ShRs+zKnIDIfE="></latexit>

OK+(x) = s(x)�5u(x)
<latexit sha1_base64="xxdcZhJlIJ50mj3d5c1m4Jzrg3Q="></latexit><latexit sha1_base64="xxdcZhJlIJ50mj3d5c1m4Jzrg3Q="></latexit><latexit sha1_base64="xxdcZhJlIJ50mj3d5c1m4Jzrg3Q="></latexit><latexit sha1_base64="xxdcZhJlIJ50mj3d5c1m4Jzrg3Q="></latexit>

Different spin and parity correspond to different 𝚪 matrices

OM (x) =  f1(x)� f2(x)
<latexit sha1_base64="RA3v1qTdNYLyZidN83ikjsKibT8="></latexit><latexit sha1_base64="RA3v1qTdNYLyZidN83ikjsKibT8="></latexit><latexit sha1_base64="RA3v1qTdNYLyZidN83ikjsKibT8="></latexit><latexit sha1_base64="RA3v1qTdNYLyZidN83ikjsKibT8="></latexit>

OM (x) = O
c
M (x) = ± f2(x)� f1(x)

<latexit sha1_base64="PEyPxK7OPkTe9c37/vphXCbQdes="></latexit><latexit sha1_base64="PEyPxK7OPkTe9c37/vphXCbQdes="></latexit><latexit sha1_base64="PEyPxK7OPkTe9c37/vphXCbQdes="></latexit><latexit sha1_base64="PEyPxK7OPkTe9c37/vphXCbQdes="></latexit>



Correlation functions
⌦
OM (x)OM (y)

↵
<latexit sha1_base64="qW47uHpNidU9TApXi3ffmP45z1I="></latexit><latexit sha1_base64="qW47uHpNidU9TApXi3ffmP45z1I="></latexit><latexit sha1_base64="qW47uHpNidU9TApXi3ffmP45z1I="></latexit><latexit sha1_base64="qW47uHpNidU9TApXi3ffmP45z1I="></latexit>

hAi = h[A]F iG
<latexit sha1_base64="cbj3BqaaEphCX4hgANehTzmdjUk="></latexit><latexit sha1_base64="cbj3BqaaEphCX4hgANehTzmdjUk="></latexit><latexit sha1_base64="cbj3BqaaEphCX4hgANehTzmdjUk="></latexit><latexit sha1_base64="cbj3BqaaEphCX4hgANehTzmdjUk="></latexit>

[A]F =
1

ZF

Z
D[ , ]e�SF [ , ,U ]A[ , , U ]

<latexit sha1_base64="aMZLEbZI+ztY4Sfr1cwjeqMZOXg="></latexit><latexit sha1_base64="aMZLEbZI+ztY4Sfr1cwjeqMZOXg="></latexit><latexit sha1_base64="aMZLEbZI+ztY4Sfr1cwjeqMZOXg="></latexit><latexit sha1_base64="aMZLEbZI+ztY4Sfr1cwjeqMZOXg="></latexit>

ZF =

Z
D[ , ]e�SF [ , ,U ] = detM [U ]

<latexit sha1_base64="9KcBBz3q1Sn71zD9YlpnHAegSwc="></latexit><latexit sha1_base64="9KcBBz3q1Sn71zD9YlpnHAegSwc="></latexit><latexit sha1_base64="9KcBBz3q1Sn71zD9YlpnHAegSwc="></latexit><latexit sha1_base64="9KcBBz3q1Sn71zD9YlpnHAegSwc="></latexit>

h[A]F iG =
1

Z

Z
D[U ]e�SG[U ]ZF [U ] [A]F

<latexit sha1_base64="PfFXO3J2SVwGHA5K9FLLB0gNwjQ="></latexit><latexit sha1_base64="PfFXO3J2SVwGHA5K9FLLB0gNwjQ="></latexit><latexit sha1_base64="PfFXO3J2SVwGHA5K9FLLB0gNwjQ="></latexit><latexit sha1_base64="PfFXO3J2SVwGHA5K9FLLB0gNwjQ="></latexit>

SF = a8
X

x,y

 (x)M(x, y) (y)
<latexit sha1_base64="HIqrFMnoVuLwAETVhW81IIw9ylI="></latexit><latexit sha1_base64="HIqrFMnoVuLwAETVhW81IIw9ylI="></latexit><latexit sha1_base64="HIqrFMnoVuLwAETVhW81IIw9ylI="></latexit><latexit sha1_base64="HIqrFMnoVuLwAETVhW81IIw9ylI="></latexit>

A = OM (x)OM (y)
<latexit sha1_base64="jUC+YPzexNXs4KEQZab/MA7fDzU="></latexit><latexit sha1_base64="jUC+YPzexNXs4KEQZab/MA7fDzU="></latexit><latexit sha1_base64="jUC+YPzexNXs4KEQZab/MA7fDzU="></latexit><latexit sha1_base64="jUC+YPzexNXs4KEQZab/MA7fDzU="></latexit>



Correlation functions
OM (x) = d(x)�u(x)

<latexit sha1_base64="S814JeeGIKTNVWZ032ulxAchDP8="></latexit><latexit sha1_base64="S814JeeGIKTNVWZ032ulxAchDP8="></latexit><latexit sha1_base64="S814JeeGIKTNVWZ032ulxAchDP8="></latexit><latexit sha1_base64="S814JeeGIKTNVWZ032ulxAchDP8="></latexit>

⇥
OM (x)OM (y)

⇤
F
=

⇥
d(x)�u(x)u(y)�d(y)

⇤
F
=

<latexit sha1_base64="dbzEfacle3/zrD58NyhMG2TklhM="></latexit><latexit sha1_base64="dbzEfacle3/zrD58NyhMG2TklhM="></latexit><latexit sha1_base64="dbzEfacle3/zrD58NyhMG2TklhM="></latexit><latexit sha1_base64="dbzEfacle3/zrD58NyhMG2TklhM="></latexit>

= �↵1�1�↵2�2

h
d(x)C1

↵1
u(x)C1

�1
u(y)C2

↵2
d(y)C2

�2

i

F
=

<latexit sha1_base64="76dQcI9UBe4TzWz/Y6GSixv/Kkk="></latexit><latexit sha1_base64="76dQcI9UBe4TzWz/Y6GSixv/Kkk="></latexit><latexit sha1_base64="76dQcI9UBe4TzWz/Y6GSixv/Kkk="></latexit><latexit sha1_base64="76dQcI9UBe4TzWz/Y6GSixv/Kkk="></latexit>

= ��↵1�1�↵2�2

h
d(y)C2

�2
d(x)C1

↵1
u(x)C1

�1
u(y)C2

↵2

i

F
=

<latexit sha1_base64="7/6gHzHIv/h9Q5uZUsGHANNV0NM="></latexit><latexit sha1_base64="7/6gHzHIv/h9Q5uZUsGHANNV0NM="></latexit><latexit sha1_base64="7/6gHzHIv/h9Q5uZUsGHANNV0NM="></latexit><latexit sha1_base64="7/6gHzHIv/h9Q5uZUsGHANNV0NM="></latexit>

= ��↵1�1�↵2�2M
�1
d (y, x)C2C1

�2↵1
M�1

u (x, y)C1C2
�1↵2

=
<latexit sha1_base64="7cvhFQqEM5imEjm/2vrfjD0x2qk="></latexit><latexit sha1_base64="7cvhFQqEM5imEjm/2vrfjD0x2qk="></latexit><latexit sha1_base64="7cvhFQqEM5imEjm/2vrfjD0x2qk="></latexit><latexit sha1_base64="7cvhFQqEM5imEjm/2vrfjD0x2qk="></latexit>

= ��↵2�2M
�1
d (y, x)C2C1

�2↵1
�↵1�1M

�1
u (x, y)C1C2

�1↵2
=

<latexit sha1_base64="+MCGNKFcKtKXt0khqih34ZiDlu8="></latexit><latexit sha1_base64="+MCGNKFcKtKXt0khqih34ZiDlu8="></latexit><latexit sha1_base64="+MCGNKFcKtKXt0khqih34ZiDlu8="></latexit><latexit sha1_base64="+MCGNKFcKtKXt0khqih34ZiDlu8="></latexit>

= �Tr
⇥
�M�1

d (y, x)�M�1
u (x, y)

⇤
<latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit><latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit><latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit><latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit>



Correlation functions
M�1

d (y, x)
<latexit sha1_base64="kNkxf05i5hntEiGFRw0yyEuppa0="></latexit><latexit sha1_base64="kNkxf05i5hntEiGFRw0yyEuppa0="></latexit><latexit sha1_base64="kNkxf05i5hntEiGFRw0yyEuppa0="></latexit><latexit sha1_base64="kNkxf05i5hntEiGFRw0yyEuppa0="></latexit>

M�1
u (x, y)

<latexit sha1_base64="tBniM1JSInMrJZ3hNYsF1N7tG8I="></latexit><latexit sha1_base64="tBniM1JSInMrJZ3hNYsF1N7tG8I="></latexit><latexit sha1_base64="tBniM1JSInMrJZ3hNYsF1N7tG8I="></latexit><latexit sha1_base64="tBniM1JSInMrJZ3hNYsF1N7tG8I="></latexit>

�
<latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit><latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit><latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit><latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit>

�
<latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit><latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit><latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit><latexit sha1_base64="/9mI5tCsfGTVf6D5RAtcOAO2MHA="></latexit>

= �Tr
⇥
�M�1

d (y, x)�M�1
u (x, y)

⇤
<latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit><latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit><latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit><latexit sha1_base64="fOTnxeYrWMpEW8zjjZYt/vqzDB8="></latexit>



Isosinglet correlator
⇥
OS(x)OS(y)

⇤
F
= [u(x)�u(x)u(y)�u(y)]F =

<latexit sha1_base64="bEb1S+OdB6ImseSJ+Y7v0jAFuNI="></latexit><latexit sha1_base64="bEb1S+OdB6ImseSJ+Y7v0jAFuNI="></latexit><latexit sha1_base64="bEb1S+OdB6ImseSJ+Y7v0jAFuNI="></latexit><latexit sha1_base64="bEb1S+OdB6ImseSJ+Y7v0jAFuNI="></latexit>

OS(x) = u(x)�u(x)
<latexit sha1_base64="+t+lahvCe7vnu12Q8iEBc3qJV3c="></latexit><latexit sha1_base64="+t+lahvCe7vnu12Q8iEBc3qJV3c="></latexit><latexit sha1_base64="+t+lahvCe7vnu12Q8iEBc3qJV3c="></latexit><latexit sha1_base64="+t+lahvCe7vnu12Q8iEBc3qJV3c="></latexit>

= �Tr
⇥
�M�1

u (y, x)�M�1
u (x, y)

⇤
+

<latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit><latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit><latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit><latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit>

+�↵1↵2��1�2

⇥
u(x)C↵2

u(x)C↵1
u(y)D�2

u(y)D�1

⇤
F
=

<latexit sha1_base64="BYurDUXPKBlmYRO9bBIHFM+KMwQ="></latexit><latexit sha1_base64="BYurDUXPKBlmYRO9bBIHFM+KMwQ="></latexit><latexit sha1_base64="BYurDUXPKBlmYRO9bBIHFM+KMwQ="></latexit><latexit sha1_base64="BYurDUXPKBlmYRO9bBIHFM+KMwQ="></latexit>

= �Tr
⇥
�M�1

u (y, x)�M�1
u (x, y)

⇤
+

<latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit><latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit><latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit><latexit sha1_base64="5d74idhRJ/pUNeixgbqcvm81T8Y="></latexit>

+Tr
⇥
�M�1

u (x, x)
⇤
Tr

⇥
�M�1

u (y, y)
⇤

<latexit sha1_base64="jllipUhuACOkepgPLcoc94Vw7Ak="></latexit><latexit sha1_base64="jllipUhuACOkepgPLcoc94Vw7Ak="></latexit><latexit sha1_base64="jllipUhuACOkepgPLcoc94Vw7Ak="></latexit><latexit sha1_base64="jllipUhuACOkepgPLcoc94Vw7Ak="></latexit>


