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Like what will be able to be determined from the Standard Model:

free neutrons free protons

time

Double beta decays

Long-range processes



Double beta decays, 


  mixing       mass splitting,


 Compton scattering,


Neutrino-nucleus scattering,


 // Glueball structure,


Radiative corrections in weak decays,


 …


All can be defined as:      

K0 − K0 ⟺ KL − KS

γ⋆γ⋆ → ππ

𝒯 ∼ ∫ d4x eix⋅q ⟨nf | T [𝒥2,M(t) 𝒥1(0) ] |ni⟩∞

Long-range processes



never free

no asymptotic states

no scattering

Euclidean spacetime:  

Monte Carlo sampling

lattice spacing

finite volume:  

quark masses: 

tM → − itE

L ∼ 1 − 10 fm
mq → mphys

q

lattice QCD



Euclidean spacetime:  

Monte Carlo sampling

lattice spacing

finite volume:  

quark masses: 

tM → − itE

L ∼ 1 − 10 fm
mq → mphys

q

- i (time)
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“time evolution operator m 
depends on both the time-signature and 
size of the volume”

∼ e−tĤL
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lattice QCD



Four-point functions

Can’t be that easy, can it? 🤨
Why do I feel like I’m being swindled? 😒

Physical long-range processes:     

Naïve guess:     

𝒯 ∼ ∫
∞

−∞
dt eiq0 t ⟨nf | 𝒥2,M(t) 𝒥1(0) |ni⟩∞

𝒯 ∼ ∫
∞

−∞
dτ eq0 τ ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L



Physical long-range processes:     

Naïve guess:     

Hidden dragons [🐉]: 


The integral doesn’t always converge!


The divergences are volume dependent!


𝒯 ∼ ∫
∞

−∞
dt eiq0 t ⟨nf | 𝒥2,M(t) 𝒥1(0) |ni⟩∞

𝒯 ∼ ∫
∞

−∞
dτ eq0 τ ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L

∫
∞

−∞
dτ eq0 τ ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L ∼ ∫

∞

−∞
dτ e(q0+Ef−En) τ ⟨nf | 𝒥2,E(0) |n⟩L

q0+Ef =En ∞

associated with intermediate 
states going on-shell

]
<latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit>

]
<latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> L

<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Four-point functions



]
<latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit>

]
<latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> 1
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Physical long-range processes:     

Naïve guess:     

Hidden dragons [🐉]: 


The integral doesn’t always converge!


The divergences are volume dependent!


  has brach-cuts associated intermediate states


 

𝒯 ∼ ∫
∞

−∞
dt eiq0 t ⟨nf | 𝒥2,M(t) 𝒥1(0) |ni⟩∞

𝒯 ∼ ∫
∞

−∞
dτ eq0 τ ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L

∫
∞

−∞
dτ eq0 τ ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L ∼ ∫

∞

−∞
dτ e(q0+Ef−En) τ ⟨nf | 𝒥2,E(0) |n⟩L

q0+Ef =En ∞

𝒯

square root singularity 
⇢ ⌘ p
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Four-point functions
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RB, Davoudi, Hansen, Schindler, Baroni (2019)

 The divergences depend on  and , 


 Determine  and  from two-point and 
three-point correlators


 Define 
. 


⟨nf | 𝒥2,E(0) |n⟩L En(L)

En(L) ⟨nf | 𝒥2,E(0) |n⟩L

ΔG(τ, L) = ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L − divergent pieces
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Resolution 
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Zohreh Davoudi

Maryland

Matthias Schindler

South Carolina

RB, Davoudi, Hansen, Schindler, Baroni (2019)

 The divergences depend on  and , 


 Determine  and  from two-point and 
three-point correlators


 Define 
. 


 Use existing finite-volume formalism to determine 
hadronic ( ) and transitions amplitudes ( ).  


⟨nf | 𝒥2,E(0) |n⟩L En(L)

En(L) ⟨nf | 𝒥2,E(0) |n⟩L

ΔG(τ, L) = ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L − divergent pieces

ℳ ℋ

: electroweak 
amplitudes

ℋ

+

=

+

+
...

1-to-2

FV matrix 
elements

finite-volume  
spectrum

: PW 
amplitudes

ℳ
Max Hansen


Edinburgh
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 The divergences depend on  and , 


 Determine  and  from two-point and 
three-point correlators


 Define 
. 


 Use existing finite-volume formalism to determine 
hadronic ( ) and transitions amplitudes ( ).  


 “Correct” the low-energy behavior


 Final equation


⟨nf | 𝒥2,E(0) |n⟩L En(L)

En(L) ⟨nf | 𝒥2,E(0) |n⟩L

ΔG(τ, L) = ⟨nf | 𝒥2,E(τ) 𝒥1(0) |ni⟩L − divergent pieces

ℳ ℋ

𝒯 = ∫
∞

−∞
dτ eq0 τ ΔG(τ, L) + Δ𝒯[ℳ, ℋ, L]

Max Hansen

Edinburgh



Some remarks 
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 “Exact” [model/EFT independent, …]


  Hold for any single-particle external states


  Holds up to 

  Intuitive picture:


  = 


  Just need  and  [talks by David Wilson, Jo Dudek, 
Luka Leskovec,…]

s = (3m)2

Δ𝒯[ℳ, ℋ, L]

ℳ ℋ

𝒯 = ∫
∞

−∞
dτ eq0 τ ΔG(τ, L) + Δ𝒯[ℳ, ℋ, L]
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�<latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

]
<latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit><latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit>

]
<latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit> <latexit sha1_base64="HnEyDcu2F4bFwp2FgwGwVu57Id8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AvU2M4Q==</latexit>

in Minkowski
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ππ scattering - (I=1 channel)

M ⇠ 1

p cot � � ip
<latexit sha1_base64="TFMMpow2XC3Y9GRTm/BOYheup4c=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpKIoMuiGzdCBfuAJpTJZNIOnTyYuRFKyC+48VfcuFDErTt3/o2TNgttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VZxKyjo0FrHse0QxwSPWAQ6C9RPJSOgJ1vMm14Xfe2BS8Ti6h2nC3JCMIh5wSkBLQ7PhhATGlIjsNncUD51AEprZeZY4NAbHZwLIKU9wPjTrVtOaAS8TuyR1VKI9NL8cP6ZpyCKggig1sK0E3IxI4FSwvOakiiWETsiIDTSNSMiUm80+yvGJVnwcxFJXBHim/p7ISKjUNPR0Z3G/WvQK8T9vkEJw6WY8SlJgEZ0vClKBIcZFPNjnklEQU00IlVzfiumY6ExAh1jTIdiLLy+T7lnTtpr23Xm9dVXGUUVH6Bg1kI0uUAvdoDbqIIoe0TN6RW/Gk/FivBsf89aKUc4coj8wPn8AjiyeEg==</latexit><latexit sha1_base64="TFMMpow2XC3Y9GRTm/BOYheup4c=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpKIoMuiGzdCBfuAJpTJZNIOnTyYuRFKyC+48VfcuFDErTt3/o2TNgttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VZxKyjo0FrHse0QxwSPWAQ6C9RPJSOgJ1vMm14Xfe2BS8Ti6h2nC3JCMIh5wSkBLQ7PhhATGlIjsNncUD51AEprZeZY4NAbHZwLIKU9wPjTrVtOaAS8TuyR1VKI9NL8cP6ZpyCKggig1sK0E3IxI4FSwvOakiiWETsiIDTSNSMiUm80+yvGJVnwcxFJXBHim/p7ISKjUNPR0Z3G/WvQK8T9vkEJw6WY8SlJgEZ0vClKBIcZFPNjnklEQU00IlVzfiumY6ExAh1jTIdiLLy+T7lnTtpr23Xm9dVXGUUVH6Bg1kI0uUAvdoDbqIIoe0TN6RW/Gk/FivBsf89aKUc4coj8wPn8AjiyeEg==</latexit><latexit sha1_base64="TFMMpow2XC3Y9GRTm/BOYheup4c=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpKIoMuiGzdCBfuAJpTJZNIOnTyYuRFKyC+48VfcuFDErTt3/o2TNgttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VZxKyjo0FrHse0QxwSPWAQ6C9RPJSOgJ1vMm14Xfe2BS8Ti6h2nC3JCMIh5wSkBLQ7PhhATGlIjsNncUD51AEprZeZY4NAbHZwLIKU9wPjTrVtOaAS8TuyR1VKI9NL8cP6ZpyCKggig1sK0E3IxI4FSwvOakiiWETsiIDTSNSMiUm80+yvGJVnwcxFJXBHim/p7ISKjUNPR0Z3G/WvQK8T9vkEJw6WY8SlJgEZ0vClKBIcZFPNjnklEQU00IlVzfiumY6ExAh1jTIdiLLy+T7lnTtpr23Xm9dVXGUUVH6Bg1kI0uUAvdoDbqIIoe0TN6RW/Gk/FivBsf89aKUc4coj8wPn8AjiyeEg==</latexit><latexit sha1_base64="TFMMpow2XC3Y9GRTm/BOYheup4c=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpKIoMuiGzdCBfuAJpTJZNIOnTyYuRFKyC+48VfcuFDErTt3/o2TNgttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VZxKyjo0FrHse0QxwSPWAQ6C9RPJSOgJ1vMm14Xfe2BS8Ti6h2nC3JCMIh5wSkBLQ7PhhATGlIjsNncUD51AEprZeZY4NAbHZwLIKU9wPjTrVtOaAS8TuyR1VKI9NL8cP6ZpyCKggig1sK0E3IxI4FSwvOakiiWETsiIDTSNSMiUm80+yvGJVnwcxFJXBHim/p7ISKjUNPR0Z3G/WvQK8T9vkEJw6WY8SlJgEZ0vClKBIcZFPNjnklEQU00IlVzfiumY6ExAh1jTIdiLLy+T7lnTtpr23Xm9dVXGUUVH6Bg1kI0uUAvdoDbqIIoe0TN6RW/Gk/FivBsf89aKUc4coj8wPn8AjiyeEg==</latexit>

resonance pole

⇠<latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit> ⇠ 1
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Scattering amplitudes using Quantum Computers

For implications of the BBDHS formalism in assessing finite-volume errors for 
future scattering calculations using quantum computers… 



Long-range processes in QCD
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𝒯 = ∫
∞

−∞
dτ eq0 τ ΔG(τ, L) + Δ𝒯[ℳ, ℋ, L]

RB, Davoudi, Hansen, Schindler, Baroni (2019)

Extension of previous work by Christ, Feng, 
Martinelli, & Sachrajda. 

Holds for:


 single-hadron in/out states,

 arbitrary currents, 

 coupled-channels,

 arbitrary angular momentum, and

 systems with non-zero spin.


For on-going extensions to other systems:

Davoudi & Kadam (2020),

 Feng, Jin, Wang & Zhang (2020)

 …









Spectra
Infinite-volume Hamiltonian  


Asymptotic states satisfy: 


 


No gap between states [continuum of states]

Ĥ∞ = ∫∞
d3xℋ

Ĥ∞,0 |p1, p2, ⋯pn⟩0 = |p1, p2, ⋯pn⟩0

n

∑
i=0

p2
i + m2

Im[s]

Re[s]

This is what the interaction picture 
buys us. At asymptotically large 
separations in space/time, we have 
nearly free states — which are the 
only ones we can generally define. 🤓



Spectra
Infinite-volume Hamiltonian  


Asymptotic states satisfy: 


 


No gap between states [continuum of states]

Ĥ∞ = ∫∞
d3xℋ

Ĥ∞,0 |p1, p2, ⋯pn⟩0 = |p1, p2, ⋯pn⟩0

n

∑
i=0

p2
i + m2

Im[s]

Re[s]

Finite-volume Hamiltonian  


No asymptotic states: 


 


  Intrinsic gap between states:


ĤL = ∫V=L3

d3xℋ

ĤL |n⟩L = |n⟩LEn

En+1(L) − En(L) ∼
1
L#

Im[s]

Re[s]



Correlation functions

Minkowski Euclidean  

Easier to think about finite-volume states, where the spectrum is discrete. 
Once can always take the  limit afterwards. L → ∞

time



+ · · ·
<latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + +

iM =
<latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit>

iB
<latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

 Starting with the two-body scattering amplitude:

Correlation functions BBDHS formalism in 1+1D



+ · · ·
<latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + +

iK
<latexit sha1_base64="mcT45iH/UMdILOQLsmvwhfGmgqU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoRnBTwT6gCWUyvW2HTiZhZiKU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMCRPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsuiHVKLjEluFGYDdRSKNQYCec3OZ+5wmV5rF8NNMEg4iOJB9yRo2VfO5H1IwZFdn9rF+tuXV3DrJKvILUoECzX/3yBzFLI5SGCap1z3MTE2RUGc4Ezip+qjGhbEJH2LNU0gh1kM0zz8iZVQZkGCv7pCFz9fdGRiOtp1FoJ/OIetnLxf+8XmqG10HGZZIalGxxaJgKYmKSF0AGXCEzYmoJZYrbrISNqaLM2JoqtgRv+curpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCBZ3iFNyd1Xpx352MxWnKKnWP4A+fzB0gukdQ=</latexit><latexit sha1_base64="mcT45iH/UMdILOQLsmvwhfGmgqU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoRnBTwT6gCWUyvW2HTiZhZiKU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMCRPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsuiHVKLjEluFGYDdRSKNQYCec3OZ+5wmV5rF8NNMEg4iOJB9yRo2VfO5H1IwZFdn9rF+tuXV3DrJKvILUoECzX/3yBzFLI5SGCap1z3MTE2RUGc4Ezip+qjGhbEJH2LNU0gh1kM0zz8iZVQZkGCv7pCFz9fdGRiOtp1FoJ/OIetnLxf+8XmqG10HGZZIalGxxaJgKYmKSF0AGXCEzYmoJZYrbrISNqaLM2JoqtgRv+curpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCBZ3iFNyd1Xpx352MxWnKKnWP4A+fzB0gukdQ=</latexit><latexit sha1_base64="mcT45iH/UMdILOQLsmvwhfGmgqU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoRnBTwT6gCWUyvW2HTiZhZiKU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMCRPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsuiHVKLjEluFGYDdRSKNQYCec3OZ+5wmV5rF8NNMEg4iOJB9yRo2VfO5H1IwZFdn9rF+tuXV3DrJKvILUoECzX/3yBzFLI5SGCap1z3MTE2RUGc4Ezip+qjGhbEJH2LNU0gh1kM0zz8iZVQZkGCv7pCFz9fdGRiOtp1FoJ/OIetnLxf+8XmqG10HGZZIalGxxaJgKYmKSF0AGXCEzYmoJZYrbrISNqaLM2JoqtgRv+curpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCBZ3iFNyd1Xpx352MxWnKKnWP4A+fzB0gukdQ=</latexit><latexit sha1_base64="mcT45iH/UMdILOQLsmvwhfGmgqU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoRnBTwT6gCWUyvW2HTiZhZiKU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMCRPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsuiHVKLjEluFGYDdRSKNQYCec3OZ+5wmV5rF8NNMEg4iOJB9yRo2VfO5H1IwZFdn9rF+tuXV3DrJKvILUoECzX/3yBzFLI5SGCap1z3MTE2RUGc4Ezip+qjGhbEJH2LNU0gh1kM0zz8iZVQZkGCv7pCFz9fdGRiOtp1FoJ/OIetnLxf+8XmqG10HGZZIalGxxaJgKYmKSF0AGXCEzYmoJZYrbrISNqaLM2JoqtgRv+curpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCBZ3iFNyd1Xpx352MxWnKKnWP4A+fzB0gukdQ=</latexit>

iM =
<latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit>

+ · · ·
<latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + +
⇢

<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>
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<latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit>
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<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>
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 Starting with the two-body scattering amplitude:

Correlation functions BBDHS formalism in 1+1D

source of kinematic singularity 

and imaginary contribution

⇢ =
1
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=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + +

iM =
<latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit><latexit sha1_base64="/ui2ZGvsFqG+b/SeQhKfdkazP0U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdCMU3bgRKtgHtEPJpLdtaCYzJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCAWXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9vMb45RaR7JRzOJ0Q/pQPI+Z9RYyeedkJohoyK9n153S2W34s5AlomXkzLkqHVLX51exJIQpWGCat323Nj4KVWGM4HTYifRGFM2ogNsWyppiNpPZ6Gn5NQqPdKPlH3SkJn6eyOlodaTMLCTWUa96GXif147Mf0rP+UyTgxKNj/UTwQxEckaID2ukBkxsYQyxW1WwoZUUWZsT0Vbgrf45WXSOK94bsV7uChXb/I6CnAMJ3AGHlxCFe6gBnVg8ATP8Apvzth5cd6dj/noipPvHMEfOJ8/0YqSHQ==</latexit>

+ · · ·
<latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit><latexit sha1_base64="Sku1ntuTIqXGw8iVobcxRcEKgxY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIsgKCURQY9FLx4rWFtIQ9lsNu3SzW7YnQil9Gd48aCIV3+NN/+N2zYHbX3LwuO9GWbmRZngBj3v2ymtrK6tb5Q3K1vbO7t71f2DR6NyTVmLKqF0JyKGCS5ZCzkK1sk0I2kkWDsa3k799hPThiv5gKOMhSnpS55wStBKwVn33D4aKzS9as2rezO4y8QvSA0KNHvVr26saJ4yiVQQYwLfyzAcE42cCjapdHPDMkKHpM8CSyVJmQnHs5Un7olVYjdR2n6J7kz93TEmqTGjNLKVKcGBWfSm4n9ekGNyHY65zHJkks4HJblwUbnT+92Ya0ZRjCwhVHO7q0sHRBOKNqWKDcFfPHmZPF7Ufa/u31/WGjdFHGU4gmM4BR+uoAF30IQWUFDwDK/w5qDz4rw7H/PSklP0HMIfOJ8/ToCQnA==</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + +
⇢

<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

iB
<latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit><latexit sha1_base64="XLt6T7rQriPwtyFvP1jUqFvvlmo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLUjcsK9gFNKDfTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtO7uZ+94kpzRP5aKYpC2IcSR5xisZKPvdjNGOKIm/OBtWaW3cXIOvEK0gNCrQG1S9/mNAsZtJQgVr3PTc1QY7KcCrYrOJnmqVIJzhifUslxkwH+SLzjFxYZUiiRNknDVmovzdyjLWexqGdnEfUq95c/M/rZya6DXIu08wwSZeHokwQk5B5AWTIFaNGTC1BqrjNSugYFVJja6rYErzVL6+TzlXdc+vew3Wt0SzqKMMZnMMleHADDbiHFrSBQgrP8ApvTua8OO/Ox3K05BQ7p/AHzucPOoGRyw==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

 Starting with the two-body scattering amplitude:

Correlation functions BBDHS formalism in 1+1D

=
i

K�1 � i⇢
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