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dt = Si⇥ (Si+1 + Si�1)
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Classical Heisenberg chain

3D rotors of fixed length on a 1D lattice

Hamiltonian

Dynamics

dSi
dt = {Si, H}
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Classical Heisenberg Chain (CHC)

Quantum Heisenberg Chain (QHC)

CHC is not an integrable system 

QHC is integrable only for S = 1/2
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CHC is thus expected to thermalise at arbitrary energies
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Ŝi.Ŝi+1

<latexit sha1_base64="VwU/ztpkTbJwrTlpRnG2mXAuQJ8="></latexit><latexit sha1_base64="VwU/ztpkTbJwrTlpRnG2mXAuQJ8="></latexit><latexit sha1_base64="VwU/ztpkTbJwrTlpRnG2mXAuQJ8="></latexit><latexit sha1_base64="VwU/ztpkTbJwrTlpRnG2mXAuQJ8="></latexit>



Classical Heisenberg Chain (CHC)

Conserved quantities

Magnetisation M =
X

i

Si
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Evidence of thermalisation

Diffusion at all energies observed numerically

Bagchi and Mohanty, 
Phys. Rev. B 86, 214302 (2012)

Savin, Tsironis and Zotos, 
Phys. Rev. B 72, 140402R (2005)

Energy H = �
X

i

Si.Si+1
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Chaos spreading in the CHC

Spatial spreading of chaos can be characterised by the decorrelator

[analogue of the Out of Time Ordered Correlator (OTOC) for quantum systems]

D(x, t) = 1� hSa(x, t).Sb(x, t)i
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correspond to a pair of “close” initial states  

h. . . i
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average over initial states drawn from infinite temperature ensemble

Numerically obtained heat map ofD(x, t)
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Ballistic spread of chaos with a “butterfly” velocity. Spin transport diffusive

Das, Chakrabarty, Dhar, Kundu, Huse, Moessner, Ray and Bhattacharjee 
Phys. Rev. Lett., 121 024101 (2018)

C(x, t) = hS(x, t).S(0, 0)i
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Correlator



Non-reciprocal model

dSi
dt = Si⇥ (Si+1 � Si�1)
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Previously studied in the context of a coarse grained model with a drive that induces a 
current

Das, Rao and Ramaswamy, Europhys. Lett. 60(3) 418 (2002)

Non-reciprocal dynamics: Torque on i due to i+1 is equal (and not equal and opposite) 
to torque on i+1 due to i

Cannot be derived from a Hamiltonian

What is the nature of chaos spreading in this model? 

Is there any notion of thermalisation?



dSi
dt = Si⇥ (Si+1 � Si�1)
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Non-reciprocal model

The model has conserved quantities

N =
X

i

(�1)i Si
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Staggered magnetisation

Note however that

dSi
dt 6= {Si, H̃}
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The model is manifestly non-Hamiltonian

Pseudo-energy H̃ = �
X

i

(�1)i Si.Si+1
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Hanai, arXiv:2208.08577 (2022)

But there is a Liouville theorem for the dynamics



Recent interest in classical non-reciprocal systems

Fruchart, Hanai, Littlewood and Vitelli, Nature 592 363 (2021)

Bachelard, Piovela and Gupta, Phys. Rev. E 99, 010104(R) (2019)

McRoberts, Zhao, Moessner and Bukov, arXiv:2208.09005 (2022)

Subdiffusive behaviour with long range coupling  

Time dependent phases in which spontaneously broken symmetries are  
dynamically restored 

Analogue of prethermalisation in driven systems  



Emergent hydrodynamics

X X X X X X

0 1 2 3 2i
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<latexit sha1_base64="wWCcAhQ72srrsYsIuY6Hzi13kfY=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gFEoSF7oRim7cCBXtA5oQJtNJO3TyYGYilJAPceOvuHGhiBsXgn/jNM2ith64cOace5l7jxczKqRh/GilldW19Y3yZmVre2d3T98/6Igo4Zi0ccQi3vOQIIyGpC2pZKQXc4ICj5GuN76e+t1HwgWNwgc5iYkToGFIfYqRVJKrn9VS2/PhbeZSeAltnyOc5sp95qYWzepzj7qZZamV1Vy9ajSMHHCZmAWpggItV/+yBxFOAhJKzJAQfdOIpZMiLilmJKvYiSAxwmM0JH1FQxQQ4aT5cRk8UcoA+hFXFUqYq/MTKQqEmASe6gyQHIlFbyr+5/UT6V84KQ3jRJIQzz7yEwZlBKdJwQHlBEs2UQRhTtWuEI+QCkiqPCsqBHPx5GXSsRqm0TDvrGrzqoijDI7AMTgFJjgHTXADWqANMHgCL+ANvGvP2qv2oX3OWktaMXMI/kD7/gV/gKBg</latexit><latexit sha1_base64="wWCcAhQ72srrsYsIuY6Hzi13kfY=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gFEoSF7oRim7cCBXtA5oQJtNJO3TyYGYilJAPceOvuHGhiBsXgn/jNM2ith64cOace5l7jxczKqRh/GilldW19Y3yZmVre2d3T98/6Igo4Zi0ccQi3vOQIIyGpC2pZKQXc4ICj5GuN76e+t1HwgWNwgc5iYkToGFIfYqRVJKrn9VS2/PhbeZSeAltnyOc5sp95qYWzepzj7qZZamV1Vy9ajSMHHCZmAWpggItV/+yBxFOAhJKzJAQfdOIpZMiLilmJKvYiSAxwmM0JH1FQxQQ4aT5cRk8UcoA+hFXFUqYq/MTKQqEmASe6gyQHIlFbyr+5/UT6V84KQ3jRJIQzz7yEwZlBKdJwQHlBEs2UQRhTtWuEI+QCkiqPCsqBHPx5GXSsRqm0TDvrGrzqoijDI7AMTgFJjgHTXADWqANMHgCL+ANvGvP2qv2oX3OWktaMXMI/kD7/gV/gKBg</latexit><latexit sha1_base64="wWCcAhQ72srrsYsIuY6Hzi13kfY=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gFEoSF7oRim7cCBXtA5oQJtNJO3TyYGYilJAPceOvuHGhiBsXgn/jNM2ith64cOace5l7jxczKqRh/GilldW19Y3yZmVre2d3T98/6Igo4Zi0ccQi3vOQIIyGpC2pZKQXc4ICj5GuN76e+t1HwgWNwgc5iYkToGFIfYqRVJKrn9VS2/PhbeZSeAltnyOc5sp95qYWzepzj7qZZamV1Vy9ajSMHHCZmAWpggItV/+yBxFOAhJKzJAQfdOIpZMiLilmJKvYiSAxwmM0JH1FQxQQ4aT5cRk8UcoA+hFXFUqYq/MTKQqEmASe6gyQHIlFbyr+5/UT6V84KQ3jRJIQzz7yEwZlBKdJwQHlBEs2UQRhTtWuEI+QCkiqPCsqBHPx5GXSsRqm0TDvrGrzqoijDI7AMTgFJjgHTXADWqANMHgCL+ANvGvP2qv2oX3OWktaMXMI/kD7/gV/gKBg</latexit><latexit sha1_base64="wWCcAhQ72srrsYsIuY6Hzi13kfY=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gFEoSF7oRim7cCBXtA5oQJtNJO3TyYGYilJAPceOvuHGhiBsXgn/jNM2ith64cOace5l7jxczKqRh/GilldW19Y3yZmVre2d3T98/6Igo4Zi0ccQi3vOQIIyGpC2pZKQXc4ICj5GuN76e+t1HwgWNwgc5iYkToGFIfYqRVJKrn9VS2/PhbeZSeAltnyOc5sp95qYWzepzj7qZZamV1Vy9ajSMHHCZmAWpggItV/+yBxFOAhJKzJAQfdOIpZMiLilmJKvYiSAxwmM0JH1FQxQQ4aT5cRk8UcoA+hFXFUqYq/MTKQqEmASe6gyQHIlFbyr+5/UT6V84KQ3jRJIQzz7yEwZlBKdJwQHlBEs2UQRhTtWuEI+QCkiqPCsqBHPx5GXSsRqm0TDvrGrzqoijDI7AMTgFJjgHTXADWqANMHgCL+ANvGvP2qv2oX3OWktaMXMI/kD7/gV/gKBg</latexit>

Staggered magnetisation Magnetisation

Ei = � 1
2 [S2i. (S2i�1 � S2i+1)]

<latexit sha1_base64="mj7cENrGdWM8pD0lnqwgIVP0LNM="></latexit><latexit sha1_base64="mj7cENrGdWM8pD0lnqwgIVP0LNM="></latexit><latexit sha1_base64="mj7cENrGdWM8pD0lnqwgIVP0LNM="></latexit><latexit sha1_base64="mj7cENrGdWM8pD0lnqwgIVP0LNM="></latexit>

X

i

Ni

<latexit sha1_base64="TRYMpW0Dpqw6cUk7RlRm+YIkCts=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawMKEi0YfURJHjOK1V24lsBymKurLwKywMIMTKH7DxN7htBmg50pWOzrlX994Tpowq7TjfVmVtfWNzq7pd29nd2z+wD496KskkJl2csEQOQqQIo4J0NdWMDFJJEA8Z6YeT65nffyBS0UTc6zwlPkcjQWOKkTZSYMOGF1GVMpQrnTMCPZXxgMLCC2N4Ow1oI7DrTtOZA64StyR1UKIT2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+afTOGZUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwFguMqCRYs9wQhCU1t0I8RhJhbcKrmRDc5ZdXSa/VdJ2me9eqt6/KOKrgBJyCc+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+APrM8f09qZvw==</latexit><latexit sha1_base64="TRYMpW0Dpqw6cUk7RlRm+YIkCts=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawMKEi0YfURJHjOK1V24lsBymKurLwKywMIMTKH7DxN7htBmg50pWOzrlX994Tpowq7TjfVmVtfWNzq7pd29nd2z+wD496KskkJl2csEQOQqQIo4J0NdWMDFJJEA8Z6YeT65nffyBS0UTc6zwlPkcjQWOKkTZSYMOGF1GVMpQrnTMCPZXxgMLCC2N4Ow1oI7DrTtOZA64StyR1UKIT2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+afTOGZUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwFguMqCRYs9wQhCU1t0I8RhJhbcKrmRDc5ZdXSa/VdJ2me9eqt6/KOKrgBJyCc+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+APrM8f09qZvw==</latexit><latexit sha1_base64="TRYMpW0Dpqw6cUk7RlRm+YIkCts=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawMKEi0YfURJHjOK1V24lsBymKurLwKywMIMTKH7DxN7htBmg50pWOzrlX994Tpowq7TjfVmVtfWNzq7pd29nd2z+wD496KskkJl2csEQOQqQIo4J0NdWMDFJJEA8Z6YeT65nffyBS0UTc6zwlPkcjQWOKkTZSYMOGF1GVMpQrnTMCPZXxgMLCC2N4Ow1oI7DrTtOZA64StyR1UKIT2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+afTOGZUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwFguMqCRYs9wQhCU1t0I8RhJhbcKrmRDc5ZdXSa/VdJ2me9eqt6/KOKrgBJyCc+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+APrM8f09qZvw==</latexit><latexit sha1_base64="TRYMpW0Dpqw6cUk7RlRm+YIkCts=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawMKEi0YfURJHjOK1V24lsBymKurLwKywMIMTKH7DxN7htBmg50pWOzrlX994Tpowq7TjfVmVtfWNzq7pd29nd2z+wD496KskkJl2csEQOQqQIo4J0NdWMDFJJEA8Z6YeT65nffyBS0UTc6zwlPkcjQWOKkTZSYMOGF1GVMpQrnTMCPZXxgMLCC2N4Ow1oI7DrTtOZA64StyR1UKIT2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+afTOGZUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwFguMqCRYs9wQhCU1t0I8RhJhbcKrmRDc5ZdXSa/VdJ2me9eqt6/KOKrgBJyCc+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+APrM8f09qZvw==</latexit>

conserved
X

i

Mi

<latexit sha1_base64="cu3v0aAfUH52Vxuz9cLUxXZWZ5k=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawsCAViT6kJoocx2mt2k5kO0hR1JWFX2FhACFW/oCNv8FtM0DLka50dM69uveeMGVUacf5tipr6xubW9Xt2s7u3v6BfXjUU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiXucp8TkaCRpTjLSRAhs2vIiqlKFc6ZwR6KmMBxQWXhjD22lAG4Fdd5rOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9gskNcWMTGtepkiK8ASNyNBQgThRfjH/ZArPjBLBOJGmhIZz9fdEgbhSOQ9NJ0d6rJa9mfifN8x0fOkXVKSZJgIvFsUZgzqBs1hgRCXBmuWGICypuRXiMZIIaxNezYTgLr+8Snqtpus03btWvX1VxlEFJ+AUnAMXXIA2uAEd0AUYPIJn8ArerCfrxXq3PhatFaucOQZ/YH3+ANJSmb4=</latexit><latexit sha1_base64="cu3v0aAfUH52Vxuz9cLUxXZWZ5k=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawsCAViT6kJoocx2mt2k5kO0hR1JWFX2FhACFW/oCNv8FtM0DLka50dM69uveeMGVUacf5tipr6xubW9Xt2s7u3v6BfXjUU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiXucp8TkaCRpTjLSRAhs2vIiqlKFc6ZwR6KmMBxQWXhjD22lAG4Fdd5rOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9gskNcWMTGtepkiK8ASNyNBQgThRfjH/ZArPjBLBOJGmhIZz9fdEgbhSOQ9NJ0d6rJa9mfifN8x0fOkXVKSZJgIvFsUZgzqBs1hgRCXBmuWGICypuRXiMZIIaxNezYTgLr+8Snqtpus03btWvX1VxlEFJ+AUnAMXXIA2uAEd0AUYPIJn8ArerCfrxXq3PhatFaucOQZ/YH3+ANJSmb4=</latexit><latexit sha1_base64="cu3v0aAfUH52Vxuz9cLUxXZWZ5k=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawsCAViT6kJoocx2mt2k5kO0hR1JWFX2FhACFW/oCNv8FtM0DLka50dM69uveeMGVUacf5tipr6xubW9Xt2s7u3v6BfXjUU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiXucp8TkaCRpTjLSRAhs2vIiqlKFc6ZwR6KmMBxQWXhjD22lAG4Fdd5rOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9gskNcWMTGtepkiK8ASNyNBQgThRfjH/ZArPjBLBOJGmhIZz9fdEgbhSOQ9NJ0d6rJa9mfifN8x0fOkXVKSZJgIvFsUZgzqBs1hgRCXBmuWGICypuRXiMZIIaxNezYTgLr+8Snqtpus03btWvX1VxlEFJ+AUnAMXXIA2uAEd0AUYPIJn8ArerCfrxXq3PhatFaucOQZ/YH3+ANJSmb4=</latexit><latexit sha1_base64="cu3v0aAfUH52Vxuz9cLUxXZWZ5k=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIuMFawsCAViT6kJoocx2mt2k5kO0hR1JWFX2FhACFW/oCNv8FtM0DLka50dM69uveeMGVUacf5tipr6xubW9Xt2s7u3v6BfXjUU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiXucp8TkaCRpTjLSRAhs2vIiqlKFc6ZwR6KmMBxQWXhjD22lAG4Fdd5rOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9gskNcWMTGtepkiK8ASNyNBQgThRfjH/ZArPjBLBOJGmhIZz9fdEgbhSOQ9NJ0d6rJa9mfifN8x0fOkXVKSZJgIvFsUZgzqBs1hgRCXBmuWGICypuRXiMZIIaxNezYTgLr+8Snqtpus03btWvX1VxlEFJ+AUnAMXXIA2uAEd0AUYPIJn8ArerCfrxXq3PhatFaucOQZ/YH3+ANJSmb4=</latexit>

not conserved

Pseudo-energy

dSi
dt = Si⇥ (Si+1 � Si�1)

<latexit sha1_base64="xhjsrI1KdAcAQ5Y1p66K96xZhTY="></latexit><latexit sha1_base64="xhjsrI1KdAcAQ5Y1p66K96xZhTY="></latexit><latexit sha1_base64="xhjsrI1KdAcAQ5Y1p66K96xZhTY="></latexit><latexit sha1_base64="xhjsrI1KdAcAQ5Y1p66K96xZhTY="></latexit>

conserved
X

i

Ei

<latexit sha1_base64="S32hDzmqSZu7gBO96dGbVgs3QPQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwVZwVZJudFkUwWUF+4AmhMlk0g6dmYSZiRBCwY2/4saFIm79CXf+jdM2C209cOFwzr3ce0+YMqq043xbK6tr6xubla3q9s7u3r59cNhVSSYx6eCEJbIfIkUYFaSjqWakn0qCeMhILxxfT/3eA5GKJuJe5ynxORoKGlOMtJEC+7juRVSlDOVK54xAT2U8oPAmoPXArjkNZwa4TNyS1ECJdmB/eVGCM06ExgwpNXCdVPsFkppiRiZVL1MkRXiMhmRgqECcKL+Y/TCBZ0aJYJxIU0LDmfp7okBcqZyHppMjPVKL3lT8zxtkOr70CyrSTBOB54vijEGdwGkgMKKSYM1yQxCW1NwK8QhJhLWJrWpCcBdfXibdZsN1Gu5ds9a6KuOogBNwCs6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx/z1hWrnDkCf2B9/gBCqZc+</latexit><latexit sha1_base64="S32hDzmqSZu7gBO96dGbVgs3QPQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwVZwVZJudFkUwWUF+4AmhMlk0g6dmYSZiRBCwY2/4saFIm79CXf+jdM2C209cOFwzr3ce0+YMqq043xbK6tr6xubla3q9s7u3r59cNhVSSYx6eCEJbIfIkUYFaSjqWakn0qCeMhILxxfT/3eA5GKJuJe5ynxORoKGlOMtJEC+7juRVSlDOVK54xAT2U8oPAmoPXArjkNZwa4TNyS1ECJdmB/eVGCM06ExgwpNXCdVPsFkppiRiZVL1MkRXiMhmRgqECcKL+Y/TCBZ0aJYJxIU0LDmfp7okBcqZyHppMjPVKL3lT8zxtkOr70CyrSTBOB54vijEGdwGkgMKKSYM1yQxCW1NwK8QhJhLWJrWpCcBdfXibdZsN1Gu5ds9a6KuOogBNwCs6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx/z1hWrnDkCf2B9/gBCqZc+</latexit><latexit sha1_base64="S32hDzmqSZu7gBO96dGbVgs3QPQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwVZwVZJudFkUwWUF+4AmhMlk0g6dmYSZiRBCwY2/4saFIm79CXf+jdM2C209cOFwzr3ce0+YMqq043xbK6tr6xubla3q9s7u3r59cNhVSSYx6eCEJbIfIkUYFaSjqWakn0qCeMhILxxfT/3eA5GKJuJe5ynxORoKGlOMtJEC+7juRVSlDOVK54xAT2U8oPAmoPXArjkNZwa4TNyS1ECJdmB/eVGCM06ExgwpNXCdVPsFkppiRiZVL1MkRXiMhmRgqECcKL+Y/TCBZ0aJYJxIU0LDmfp7okBcqZyHppMjPVKL3lT8zxtkOr70CyrSTBOB54vijEGdwGkgMKKSYM1yQxCW1NwK8QhJhLWJrWpCcBdfXibdZsN1Gu5ds9a6KuOogBNwCs6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx/z1hWrnDkCf2B9/gBCqZc+</latexit><latexit sha1_base64="S32hDzmqSZu7gBO96dGbVgs3QPQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwVZwVZJudFkUwWUF+4AmhMlk0g6dmYSZiRBCwY2/4saFIm79CXf+jdM2C209cOFwzr3ce0+YMqq043xbK6tr6xubla3q9s7u3r59cNhVSSYx6eCEJbIfIkUYFaSjqWakn0qCeMhILxxfT/3eA5GKJuJe5ynxORoKGlOMtJEC+7juRVSlDOVK54xAT2U8oPAmoPXArjkNZwa4TNyS1ECJdmB/eVGCM06ExgwpNXCdVPsFkppiRiZVL1MkRXiMhmRgqECcKL+Y/TCBZ0aJYJxIU0LDmfp7okBcqZyHppMjPVKL3lT8zxtkOr70CyrSTBOB54vijEGdwGkgMKKSYM1yQxCW1NwK8QhJhLWJrWpCcBdfXibdZsN1Gu5ds9a6KuOogBNwCs6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx/z1hWrnDkCf2B9/gBCqZc+</latexit>



Emergent hydrodynamics

Coarse grain and retain gradient terms only to first order

@tN = �@x (M⇥N)
<latexit sha1_base64="l3/bF8Kl94OiqTPplFP2dl6W9Y8="></latexit><latexit sha1_base64="l3/bF8Kl94OiqTPplFP2dl6W9Y8="></latexit><latexit sha1_base64="l3/bF8Kl94OiqTPplFP2dl6W9Y8="></latexit><latexit sha1_base64="l3/bF8Kl94OiqTPplFP2dl6W9Y8="></latexit>

@tM = �N⇥@xN+M⇥@xM
<latexit sha1_base64="U9f6oNuabmkjR+APBOjfoi6Eyog=">AAACVXicfVHLSgMxFM2MVWt9tOrSTbAVBLHMdKMboejGTaWCfUCnlEyaaUMzD5I7YhnmJ7sR/8SNYNoORVvxQsjJOefmceJGgiuwrA/D3Mpt7+zm9wr7B4dHxdLxSVuFsaSsRUMRyq5LFBM8YC3gIFg3koz4rmAdd/Iw1zuvTCoeBi8wjVjfJ6OAe5wS0NSgJCpORCRwIgaAE8f1cCPF+A7j6+XqKV3ODnCfqRSv3G8r/WrV96+zkVYGpbJVtRaFN4GdgTLKqjkozZxhSGOfBUAFUapnWxH0k/nGVLC04MSKRYROyIj1NAyIPrmfLFJJ8YVmhtgLpR4B4AX7syMhvlJT39VOn8BYrWtz8i+tF4N32094EMXAAro8yIsFhhDPI8ZDLhkFMdWAUMn1XTEdE0ko6I8o6BDs9SdvgnataltV+7lWrt9nceTRGTpHl8hGN6iOHlETtRBFM/RpGIZpvBtfZs7cWVpNI+s5Rb/KLH4DlcmxAg==</latexit><latexit sha1_base64="U9f6oNuabmkjR+APBOjfoi6Eyog=">AAACVXicfVHLSgMxFM2MVWt9tOrSTbAVBLHMdKMboejGTaWCfUCnlEyaaUMzD5I7YhnmJ7sR/8SNYNoORVvxQsjJOefmceJGgiuwrA/D3Mpt7+zm9wr7B4dHxdLxSVuFsaSsRUMRyq5LFBM8YC3gIFg3koz4rmAdd/Iw1zuvTCoeBi8wjVjfJ6OAe5wS0NSgJCpORCRwIgaAE8f1cCPF+A7j6+XqKV3ODnCfqRSv3G8r/WrV96+zkVYGpbJVtRaFN4GdgTLKqjkozZxhSGOfBUAFUapnWxH0k/nGVLC04MSKRYROyIj1NAyIPrmfLFJJ8YVmhtgLpR4B4AX7syMhvlJT39VOn8BYrWtz8i+tF4N32094EMXAAro8yIsFhhDPI8ZDLhkFMdWAUMn1XTEdE0ko6I8o6BDs9SdvgnataltV+7lWrt9nceTRGTpHl8hGN6iOHlETtRBFM/RpGIZpvBtfZs7cWVpNI+s5Rb/KLH4DlcmxAg==</latexit><latexit sha1_base64="U9f6oNuabmkjR+APBOjfoi6Eyog=">AAACVXicfVHLSgMxFM2MVWt9tOrSTbAVBLHMdKMboejGTaWCfUCnlEyaaUMzD5I7YhnmJ7sR/8SNYNoORVvxQsjJOefmceJGgiuwrA/D3Mpt7+zm9wr7B4dHxdLxSVuFsaSsRUMRyq5LFBM8YC3gIFg3koz4rmAdd/Iw1zuvTCoeBi8wjVjfJ6OAe5wS0NSgJCpORCRwIgaAE8f1cCPF+A7j6+XqKV3ODnCfqRSv3G8r/WrV96+zkVYGpbJVtRaFN4GdgTLKqjkozZxhSGOfBUAFUapnWxH0k/nGVLC04MSKRYROyIj1NAyIPrmfLFJJ8YVmhtgLpR4B4AX7syMhvlJT39VOn8BYrWtz8i+tF4N32094EMXAAro8yIsFhhDPI8ZDLhkFMdWAUMn1XTEdE0ko6I8o6BDs9SdvgnataltV+7lWrt9nceTRGTpHl8hGN6iOHlETtRBFM/RpGIZpvBtfZs7cWVpNI+s5Rb/KLH4DlcmxAg==</latexit><latexit sha1_base64="U9f6oNuabmkjR+APBOjfoi6Eyog=">AAACVXicfVHLSgMxFM2MVWt9tOrSTbAVBLHMdKMboejGTaWCfUCnlEyaaUMzD5I7YhnmJ7sR/8SNYNoORVvxQsjJOefmceJGgiuwrA/D3Mpt7+zm9wr7B4dHxdLxSVuFsaSsRUMRyq5LFBM8YC3gIFg3koz4rmAdd/Iw1zuvTCoeBi8wjVjfJ6OAe5wS0NSgJCpORCRwIgaAE8f1cCPF+A7j6+XqKV3ODnCfqRSv3G8r/WrV96+zkVYGpbJVtRaFN4GdgTLKqjkozZxhSGOfBUAFUapnWxH0k/nGVLC04MSKRYROyIj1NAyIPrmfLFJJ8YVmhtgLpR4B4AX7syMhvlJT39VOn8BYrWtz8i+tF4N32094EMXAAro8yIsFhhDPI8ZDLhkFMdWAUMn1XTEdE0ko6I8o6BDs9SdvgnataltV+7lWrt9nceTRGTpHl8hGN6iOHlETtRBFM/RpGIZpvBtfZs7cWVpNI+s5Rb/KLH4DlcmxAg==</latexit>

E = � 1
2 (N+M) .@x (N�M)

<latexit sha1_base64="qD3qpPl7a0WmzeN1Hmkox7YbyZk="></latexit><latexit sha1_base64="qD3qpPl7a0WmzeN1Hmkox7YbyZk="></latexit><latexit sha1_base64="qD3qpPl7a0WmzeN1Hmkox7YbyZk="></latexit><latexit sha1_base64="qD3qpPl7a0WmzeN1Hmkox7YbyZk="></latexit>

@tE = �@x
⇥
1
2 (M�N) . (M+N)⇥@x (N+M)

⇤
<latexit sha1_base64="sR9KCSwm+qK+O6+75L9WVrNdscI="></latexit><latexit sha1_base64="sR9KCSwm+qK+O6+75L9WVrNdscI="></latexit><latexit sha1_base64="sR9KCSwm+qK+O6+75L9WVrNdscI="></latexit><latexit sha1_base64="sR9KCSwm+qK+O6+75L9WVrNdscI="></latexit>

Staggered magnetisation

Magnetisation

Staggered energy



Self-consistent calculation
Assume that higher wavenumber modes (higher gradient terms) provide a bath for the 

low wavenumber hydrodynamic modes and “renormalised” couplings

Diffusion

Effective coupling Conserving noise

Effective coupling Non-conserving noise

which gives rise to

Self-consistent relations can be obtained for the diffusion constant, relaxation time, 
coupling constants and the strengths of the noise

Relaxation

@tM = ��NN⇥@xN+ �MM⇥@xM+ ~⌘M
<latexit sha1_base64="PtfwqzzUeXP85jNvT/F+LRdVgnc="></latexit><latexit sha1_base64="PtfwqzzUeXP85jNvT/F+LRdVgnc="></latexit><latexit sha1_base64="PtfwqzzUeXP85jNvT/F+LRdVgnc="></latexit><latexit sha1_base64="PtfwqzzUeXP85jNvT/F+LRdVgnc="></latexit>

@tN = ��MN@x (M⇥N) + ~⌘N
<latexit sha1_base64="6SGKI3WZ4WdsrHbtO3xrDe2HaMI="></latexit><latexit sha1_base64="6SGKI3WZ4WdsrHbtO3xrDe2HaMI="></latexit><latexit sha1_base64="6SGKI3WZ4WdsrHbtO3xrDe2HaMI="></latexit><latexit sha1_base64="6SGKI3WZ4WdsrHbtO3xrDe2HaMI="></latexit>

@tN = D@2
xN+ ~⌘N

<latexit sha1_base64="7X70o0WIXd3jBtR0qBcvcWh7PNc=">AAACJnicbVDLSgNBEJyNrxhfUY9eBhNBEMJuLnoJiHrwJApGA9m4zE56kyGzD2Z6xbDka7z4K148RES8+SlOYhBNLGgoqrrp7vITKTTa9oeVm5tfWFzKLxdWVtfWN4qbWzc6ThWHOo9lrBo+0yBFBHUUKKGRKGChL+HW752O/Nt7UFrE0TX2E2iFrBOJQHCGRvKKtbKbMIWCSQ9p5voBvRhQWqNn9Ed/uKv+OAfUvQeeuYBs4F2UvWLJrthj0FniTEiJTHDpFYduO+ZpCBFyybRuOnaCrWy0iUsYFNxUQ8J4j3WgaWjEQtCtbPzmgO4ZpU2DWJmKkI7V3xMZC7Xuh77pDBl29bQ3Ev/zmikGR61MREmKEPHvRUEqKcZ0lBltCwUcZd8QxpUwt1LeZYpxNMkWTAjO9Muz5KZaceyKc1UtHZ9M4siTHbJL9olDDskxOSeXpE44eSTPZEherSfrxXqz3r9bc9ZkZpv8gfX5BR7yo7Q=</latexit><latexit sha1_base64="7X70o0WIXd3jBtR0qBcvcWh7PNc=">AAACJnicbVDLSgNBEJyNrxhfUY9eBhNBEMJuLnoJiHrwJApGA9m4zE56kyGzD2Z6xbDka7z4K148RES8+SlOYhBNLGgoqrrp7vITKTTa9oeVm5tfWFzKLxdWVtfWN4qbWzc6ThWHOo9lrBo+0yBFBHUUKKGRKGChL+HW752O/Nt7UFrE0TX2E2iFrBOJQHCGRvKKtbKbMIWCSQ9p5voBvRhQWqNn9Ed/uKv+OAfUvQeeuYBs4F2UvWLJrthj0FniTEiJTHDpFYduO+ZpCBFyybRuOnaCrWy0iUsYFNxUQ8J4j3WgaWjEQtCtbPzmgO4ZpU2DWJmKkI7V3xMZC7Xuh77pDBl29bQ3Ev/zmikGR61MREmKEPHvRUEqKcZ0lBltCwUcZd8QxpUwt1LeZYpxNMkWTAjO9Muz5KZaceyKc1UtHZ9M4siTHbJL9olDDskxOSeXpE44eSTPZEherSfrxXqz3r9bc9ZkZpv8gfX5BR7yo7Q=</latexit><latexit sha1_base64="7X70o0WIXd3jBtR0qBcvcWh7PNc=">AAACJnicbVDLSgNBEJyNrxhfUY9eBhNBEMJuLnoJiHrwJApGA9m4zE56kyGzD2Z6xbDka7z4K148RES8+SlOYhBNLGgoqrrp7vITKTTa9oeVm5tfWFzKLxdWVtfWN4qbWzc6ThWHOo9lrBo+0yBFBHUUKKGRKGChL+HW752O/Nt7UFrE0TX2E2iFrBOJQHCGRvKKtbKbMIWCSQ9p5voBvRhQWqNn9Ed/uKv+OAfUvQeeuYBs4F2UvWLJrthj0FniTEiJTHDpFYduO+ZpCBFyybRuOnaCrWy0iUsYFNxUQ8J4j3WgaWjEQtCtbPzmgO4ZpU2DWJmKkI7V3xMZC7Xuh77pDBl29bQ3Ev/zmikGR61MREmKEPHvRUEqKcZ0lBltCwUcZd8QxpUwt1LeZYpxNMkWTAjO9Muz5KZaceyKc1UtHZ9M4siTHbJL9olDDskxOSeXpE44eSTPZEherSfrxXqz3r9bc9ZkZpv8gfX5BR7yo7Q=</latexit><latexit sha1_base64="7X70o0WIXd3jBtR0qBcvcWh7PNc=">AAACJnicbVDLSgNBEJyNrxhfUY9eBhNBEMJuLnoJiHrwJApGA9m4zE56kyGzD2Z6xbDka7z4K148RES8+SlOYhBNLGgoqrrp7vITKTTa9oeVm5tfWFzKLxdWVtfWN4qbWzc6ThWHOo9lrBo+0yBFBHUUKKGRKGChL+HW752O/Nt7UFrE0TX2E2iFrBOJQHCGRvKKtbKbMIWCSQ9p5voBvRhQWqNn9Ed/uKv+OAfUvQeeuYBs4F2UvWLJrthj0FniTEiJTHDpFYduO+ZpCBFyybRuOnaCrWy0iUsYFNxUQ8J4j3WgaWjEQtCtbPzmgO4ZpU2DWJmKkI7V3xMZC7Xuh77pDBl29bQ3Ev/zmikGR61MREmKEPHvRUEqKcZ0lBltCwUcZd8QxpUwt1LeZYpxNMkWTAjO9Muz5KZaceyKc1UtHZ9M4siTHbJL9olDDskxOSeXpE44eSTPZEherSfrxXqz3r9bc9ZkZpv8gfX5BR7yo7Q=</latexit>

@tM = �M
⌧ + ~⌘M

<latexit sha1_base64="9tRUnq4086rq91GwS2xy1DPVt+o=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBQEMex60YNC0IsXQcGokA1L76RXB2cfzPQKYdmf8eKvePGgiODJX3ES9+CroKGo6qa7K8yUNOS6787Y+MTk1HRtpj47N7+w2FhavjBprgV2RKpSfRWCQSUT7JAkhVeZRohDhZfh7dHQv7xDbWSanNMgw14M14mMpACyUtDYX/cz0CRBBcQLP4z4Scn5Ad/2Iw2iqJSy8Anykm9x/w5F4SNBGZysB42m23JH4H+JV5Emq3AaNF78firyGBMSCozpem5GvWJ4gFBY1v3cYAbiFq6xa2kCMZpeMfqy5BtW6fMo1bYS4iP1+0QBsTGDOLSdMdCN+e0Nxf+8bk7RXq+QSZYTJuJrUZQrTikfRsb7UqMgNbAEhJb2Vi5uwMZDNti6DcH7/fJfcrHT8tyWd7bTbB9WcdTYKltjm8xju6zNjtkp6zDB7tkje2YvzoPz5Lw6b1+tY041s8J+wPn4BL+XpC4=</latexit><latexit sha1_base64="9tRUnq4086rq91GwS2xy1DPVt+o=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBQEMex60YNC0IsXQcGokA1L76RXB2cfzPQKYdmf8eKvePGgiODJX3ES9+CroKGo6qa7K8yUNOS6787Y+MTk1HRtpj47N7+w2FhavjBprgV2RKpSfRWCQSUT7JAkhVeZRohDhZfh7dHQv7xDbWSanNMgw14M14mMpACyUtDYX/cz0CRBBcQLP4z4Scn5Ad/2Iw2iqJSy8Anykm9x/w5F4SNBGZysB42m23JH4H+JV5Emq3AaNF78firyGBMSCozpem5GvWJ4gFBY1v3cYAbiFq6xa2kCMZpeMfqy5BtW6fMo1bYS4iP1+0QBsTGDOLSdMdCN+e0Nxf+8bk7RXq+QSZYTJuJrUZQrTikfRsb7UqMgNbAEhJb2Vi5uwMZDNti6DcH7/fJfcrHT8tyWd7bTbB9WcdTYKltjm8xju6zNjtkp6zDB7tkje2YvzoPz5Lw6b1+tY041s8J+wPn4BL+XpC4=</latexit><latexit sha1_base64="9tRUnq4086rq91GwS2xy1DPVt+o=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBQEMex60YNC0IsXQcGokA1L76RXB2cfzPQKYdmf8eKvePGgiODJX3ES9+CroKGo6qa7K8yUNOS6787Y+MTk1HRtpj47N7+w2FhavjBprgV2RKpSfRWCQSUT7JAkhVeZRohDhZfh7dHQv7xDbWSanNMgw14M14mMpACyUtDYX/cz0CRBBcQLP4z4Scn5Ad/2Iw2iqJSy8Anykm9x/w5F4SNBGZysB42m23JH4H+JV5Emq3AaNF78firyGBMSCozpem5GvWJ4gFBY1v3cYAbiFq6xa2kCMZpeMfqy5BtW6fMo1bYS4iP1+0QBsTGDOLSdMdCN+e0Nxf+8bk7RXq+QSZYTJuJrUZQrTikfRsb7UqMgNbAEhJb2Vi5uwMZDNti6DcH7/fJfcrHT8tyWd7bTbB9WcdTYKltjm8xju6zNjtkp6zDB7tkje2YvzoPz5Lw6b1+tY041s8J+wPn4BL+XpC4=</latexit><latexit sha1_base64="9tRUnq4086rq91GwS2xy1DPVt+o=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBQEMex60YNC0IsXQcGokA1L76RXB2cfzPQKYdmf8eKvePGgiODJX3ES9+CroKGo6qa7K8yUNOS6787Y+MTk1HRtpj47N7+w2FhavjBprgV2RKpSfRWCQSUT7JAkhVeZRohDhZfh7dHQv7xDbWSanNMgw14M14mMpACyUtDYX/cz0CRBBcQLP4z4Scn5Ad/2Iw2iqJSy8Anykm9x/w5F4SNBGZysB42m23JH4H+JV5Emq3AaNF78firyGBMSCozpem5GvWJ4gFBY1v3cYAbiFq6xa2kCMZpeMfqy5BtW6fMo1bYS4iP1+0QBsTGDOLSdMdCN+e0Nxf+8bk7RXq+QSZYTJuJrUZQrTikfRsb7UqMgNbAEhJb2Vi5uwMZDNti6DcH7/fJfcrHT8tyWd7bTbB9WcdTYKltjm8xju6zNjtkp6zDB7tkje2YvzoPz5Lw6b1+tY041s8J+wPn4BL+XpC4=</latexit>



Propagator for M<latexit sha1_base64="mdO/Bk/D+ntXnNH57VZBYDR6/9k=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04sUEEwENbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwZdM8vLeTGbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWDyExTHDFWpZbwR4SzYgMBeuE4+uZ33li2vBY3dtJwgJJhopHnBLrpMdq1gsjfDut9ssVr+bNgVeJn5MK5Gj2y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/eIrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10WWQcZWklim6WBSlAtsYz77HA64ZtWLiCKGau1sxHRFNqHUZlVwI/vLLq6Rdr/lezb+rVxpXeRxFOIFTOAcfLqABN9CEFlCQ8Ayv8IY0ekHv6GPRWkD5zDH8Afr8Aae+j6M=</latexit><latexit sha1_base64="mdO/Bk/D+ntXnNH57VZBYDR6/9k=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04sUEEwENbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwZdM8vLeTGbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWDyExTHDFWpZbwR4SzYgMBeuE4+uZ33li2vBY3dtJwgJJhopHnBLrpMdq1gsjfDut9ssVr+bNgVeJn5MK5Gj2y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/eIrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10WWQcZWklim6WBSlAtsYz77HA64ZtWLiCKGau1sxHRFNqHUZlVwI/vLLq6Rdr/lezb+rVxpXeRxFOIFTOAcfLqABN9CEFlCQ8Ayv8IY0ekHv6GPRWkD5zDH8Afr8Aae+j6M=</latexit><latexit sha1_base64="mdO/Bk/D+ntXnNH57VZBYDR6/9k=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04sUEEwENbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwZdM8vLeTGbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWDyExTHDFWpZbwR4SzYgMBeuE4+uZ33li2vBY3dtJwgJJhopHnBLrpMdq1gsjfDut9ssVr+bNgVeJn5MK5Gj2y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/eIrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10WWQcZWklim6WBSlAtsYz77HA64ZtWLiCKGau1sxHRFNqHUZlVwI/vLLq6Rdr/lezb+rVxpXeRxFOIFTOAcfLqABN9CEFlCQ8Ayv8IY0ekHv6GPRWkD5zDH8Afr8Aae+j6M=</latexit><latexit sha1_base64="mdO/Bk/D+ntXnNH57VZBYDR6/9k=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04sUEEwENbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwZdM8vLeTGbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWDyExTHDFWpZbwR4SzYgMBeuE4+uZ33li2vBY3dtJwgJJhopHnBLrpMdq1gsjfDut9ssVr+bNgVeJn5MK5Gj2y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/eIrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10WWQcZWklim6WBSlAtsYz77HA64ZtWLiCKGau1sxHRFNqHUZlVwI/vLLq6Rdr/lezb+rVxpXeRxFOIFTOAcfLqABN9CEFlCQ8Ayv8IY0ekHv6GPRWkD5zDH8Afr8Aae+j6M=</latexit>

, GM (q,!) = 1
�i!�⌃M (q,!)

<latexit sha1_base64="oFZuNtdwm7a89fqyXXghpHwU+Vc=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQjVDRPqAzDJk004YmM2OSEcrQT3Hjr7hxoYju9GtMH4taPRA4nHMuN/f4MaNSWdaXkVlaXlldy67nNja3tnfM3b2mjBKBSQNHLBJtH0nCaEgaiipG2rEgiPuMtPzBxdhvPRAhaRTeqWFMXI56IQ0oRkpLnlktXHrXxfsTJ+Kkh47hGXQCgXBqj9ISnYol55b2OJqPjQqembfK1gTwL7FnJA9mqHvmp9ONcMJJqDBDUnZsK1ZuioSimJFRzkkkiREeoB7paBoiTqSbTg4cwSOtdGEQCf1CBSfq/ESKuJRD7uskR6ovF72x+J/XSVRw6qY0jBNFQjxdFCQMqgiO24JdKghWbKgJwoLqv0LcR7ogpTvN6RLsxZP/kmalbFtl+6aSr53P6siCA3AIisAGVVADV6AOGgCDR/AMXsGb8WS8GO/GxzSaMWYz++AXjO8fmWGhZw==</latexit><latexit sha1_base64="oFZuNtdwm7a89fqyXXghpHwU+Vc=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQjVDRPqAzDJk004YmM2OSEcrQT3Hjr7hxoYju9GtMH4taPRA4nHMuN/f4MaNSWdaXkVlaXlldy67nNja3tnfM3b2mjBKBSQNHLBJtH0nCaEgaiipG2rEgiPuMtPzBxdhvPRAhaRTeqWFMXI56IQ0oRkpLnlktXHrXxfsTJ+Kkh47hGXQCgXBqj9ISnYol55b2OJqPjQqembfK1gTwL7FnJA9mqHvmp9ONcMJJqDBDUnZsK1ZuioSimJFRzkkkiREeoB7paBoiTqSbTg4cwSOtdGEQCf1CBSfq/ESKuJRD7uskR6ovF72x+J/XSVRw6qY0jBNFQjxdFCQMqgiO24JdKghWbKgJwoLqv0LcR7ogpTvN6RLsxZP/kmalbFtl+6aSr53P6siCA3AIisAGVVADV6AOGgCDR/AMXsGb8WS8GO/GxzSaMWYz++AXjO8fmWGhZw==</latexit><latexit sha1_base64="oFZuNtdwm7a89fqyXXghpHwU+Vc=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQjVDRPqAzDJk004YmM2OSEcrQT3Hjr7hxoYju9GtMH4taPRA4nHMuN/f4MaNSWdaXkVlaXlldy67nNja3tnfM3b2mjBKBSQNHLBJtH0nCaEgaiipG2rEgiPuMtPzBxdhvPRAhaRTeqWFMXI56IQ0oRkpLnlktXHrXxfsTJ+Kkh47hGXQCgXBqj9ISnYol55b2OJqPjQqembfK1gTwL7FnJA9mqHvmp9ONcMJJqDBDUnZsK1ZuioSimJFRzkkkiREeoB7paBoiTqSbTg4cwSOtdGEQCf1CBSfq/ESKuJRD7uskR6ovF72x+J/XSVRw6qY0jBNFQjxdFCQMqgiO24JdKghWbKgJwoLqv0LcR7ogpTvN6RLsxZP/kmalbFtl+6aSr53P6siCA3AIisAGVVADV6AOGgCDR/AMXsGb8WS8GO/GxzSaMWYz++AXjO8fmWGhZw==</latexit><latexit sha1_base64="oFZuNtdwm7a89fqyXXghpHwU+Vc=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQjVDRPqAzDJk004YmM2OSEcrQT3Hjr7hxoYju9GtMH4taPRA4nHMuN/f4MaNSWdaXkVlaXlldy67nNja3tnfM3b2mjBKBSQNHLBJtH0nCaEgaiipG2rEgiPuMtPzBxdhvPRAhaRTeqWFMXI56IQ0oRkpLnlktXHrXxfsTJ+Kkh47hGXQCgXBqj9ISnYol55b2OJqPjQqembfK1gTwL7FnJA9mqHvmp9ONcMJJqDBDUnZsK1ZuioSimJFRzkkkiREeoB7paBoiTqSbTg4cwSOtdGEQCf1CBSfq/ESKuJRD7uskR6ovF72x+J/XSVRw6qY0jBNFQjxdFCQMqgiO24JdKghWbKgJwoLqv0LcR7ogpTvN6RLsxZP/kmalbFtl+6aSr53P6siCA3AIisAGVVADV6AOGgCDR/AMXsGb8WS8GO/GxzSaMWYz++AXjO8fmWGhZw==</latexit>

⌃M (q = 0,! = 0) = � 1
⌧

<latexit sha1_base64="7i/5Irciypu20k5qlgUF98kcp+4=">AAACE3icbVA9SwNBEN2LXzF+RS1tFhMhioa7NNoEgjY2QkQTA7kQ5jZ7yZLdu3N3TwhH/oONf8XGQhFbGzv/jZuPQhMfDDzem2FmnhdxprRtf1uphcWl5ZX0amZtfWNzK7u9U1dhLAmtkZCHsuGBopwFtKaZ5rQRSQrC4/TO61+M/LsHKhULg1s9iGhLQDdgPiOgjdTOHuXdG9YV0L4q3JftYzcUtAtl+xCX8YnrSyCJM0xcDfEw387m7KI9Bp4nzpTk0BTVdvbL7YQkFjTQhINSTceOdCsBqRnhdJhxY0UjIH3o0qahAQiqWsn4pyE+MEoH+6E0FWg8Vn9PJCCUGgjPdArQPTXrjcT/vGas/bNWwoIo1jQgk0V+zLEO8Sgg3GGSEs0HhgCRzNyKSQ9MEtrEmDEhOLMvz5N6qejYRee6lKucT+NIoz20jwrIQaeogi5RFdUQQY/oGb2iN+vJerHerY9Ja8qazuyiP7A+fwCm55wk</latexit><latexit sha1_base64="7i/5Irciypu20k5qlgUF98kcp+4=">AAACE3icbVA9SwNBEN2LXzF+RS1tFhMhioa7NNoEgjY2QkQTA7kQ5jZ7yZLdu3N3TwhH/oONf8XGQhFbGzv/jZuPQhMfDDzem2FmnhdxprRtf1uphcWl5ZX0amZtfWNzK7u9U1dhLAmtkZCHsuGBopwFtKaZ5rQRSQrC4/TO61+M/LsHKhULg1s9iGhLQDdgPiOgjdTOHuXdG9YV0L4q3JftYzcUtAtl+xCX8YnrSyCJM0xcDfEw387m7KI9Bp4nzpTk0BTVdvbL7YQkFjTQhINSTceOdCsBqRnhdJhxY0UjIH3o0qahAQiqWsn4pyE+MEoH+6E0FWg8Vn9PJCCUGgjPdArQPTXrjcT/vGas/bNWwoIo1jQgk0V+zLEO8Sgg3GGSEs0HhgCRzNyKSQ9MEtrEmDEhOLMvz5N6qejYRee6lKucT+NIoz20jwrIQaeogi5RFdUQQY/oGb2iN+vJerHerY9Ja8qazuyiP7A+fwCm55wk</latexit><latexit sha1_base64="7i/5Irciypu20k5qlgUF98kcp+4=">AAACE3icbVA9SwNBEN2LXzF+RS1tFhMhioa7NNoEgjY2QkQTA7kQ5jZ7yZLdu3N3TwhH/oONf8XGQhFbGzv/jZuPQhMfDDzem2FmnhdxprRtf1uphcWl5ZX0amZtfWNzK7u9U1dhLAmtkZCHsuGBopwFtKaZ5rQRSQrC4/TO61+M/LsHKhULg1s9iGhLQDdgPiOgjdTOHuXdG9YV0L4q3JftYzcUtAtl+xCX8YnrSyCJM0xcDfEw387m7KI9Bp4nzpTk0BTVdvbL7YQkFjTQhINSTceOdCsBqRnhdJhxY0UjIH3o0qahAQiqWsn4pyE+MEoH+6E0FWg8Vn9PJCCUGgjPdArQPTXrjcT/vGas/bNWwoIo1jQgk0V+zLEO8Sgg3GGSEs0HhgCRzNyKSQ9MEtrEmDEhOLMvz5N6qejYRee6lKucT+NIoz20jwrIQaeogi5RFdUQQY/oGb2iN+vJerHerY9Ja8qazuyiP7A+fwCm55wk</latexit><latexit sha1_base64="7i/5Irciypu20k5qlgUF98kcp+4=">AAACE3icbVA9SwNBEN2LXzF+RS1tFhMhioa7NNoEgjY2QkQTA7kQ5jZ7yZLdu3N3TwhH/oONf8XGQhFbGzv/jZuPQhMfDDzem2FmnhdxprRtf1uphcWl5ZX0amZtfWNzK7u9U1dhLAmtkZCHsuGBopwFtKaZ5rQRSQrC4/TO61+M/LsHKhULg1s9iGhLQDdgPiOgjdTOHuXdG9YV0L4q3JftYzcUtAtl+xCX8YnrSyCJM0xcDfEw387m7KI9Bp4nzpTk0BTVdvbL7YQkFjTQhINSTceOdCsBqRnhdJhxY0UjIH3o0qahAQiqWsn4pyE+MEoH+6E0FWg8Vn9PJCCUGgjPdArQPTXrjcT/vGas/bNWwoIo1jQgk0V+zLEO8Sgg3GGSEs0HhgCRzNyKSQ9MEtrEmDEhOLMvz5N6qejYRee6lKucT+NIoz20jwrIQaeogi5RFdUQQY/oGb2iN+vJerHerY9Ja8qazuyiP7A+fwCm55wk</latexit>

GN (q,!) = 1
�i!�⌃N (q,!)

<latexit sha1_base64="mkj9HTkSjrR7YxcfoNgNRRYej8g=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQlVS0D+gMQybNtKHJzJhkhDL0U9z4K25cKKI7/RrTx6JWDwQO55zLzT1+zKhUlvVlZJaWV1bXsuu5jc2t7R1zd68po0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wMfZbD0RIGoV3ahgTl6NeSAOKkdKSZ1YLl9518f7EiTjpoWN4Bp1AIJzao7REp2LJuaU9juZjo4Jn5q2yNQH8S+wZyYMZ6p756XQjnHASKsyQlB3bipWbIqEoZmSUcxJJYoQHqEc6moaIE+mmkwNH8EgrXRhEQr9QwYk6P5EiLuWQ+zrJkerLRW8s/ud1EhWcuikN40SREE8XBQmDKoLjtmCXCoIVG2qCsKD6rxD3kS5I6U5zugR78eS/pFkp21bZvqnka+ezOrLgAByCIrBBFdTAFaiDBsDgETyDV/BmPBkvxrvxMY1mjNnMPvgF4/sHnKihaQ==</latexit><latexit sha1_base64="mkj9HTkSjrR7YxcfoNgNRRYej8g=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQlVS0D+gMQybNtKHJzJhkhDL0U9z4K25cKKI7/RrTx6JWDwQO55zLzT1+zKhUlvVlZJaWV1bXsuu5jc2t7R1zd68po0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wMfZbD0RIGoV3ahgTl6NeSAOKkdKSZ1YLl9518f7EiTjpoWN4Bp1AIJzao7REp2LJuaU9juZjo4Jn5q2yNQH8S+wZyYMZ6p756XQjnHASKsyQlB3bipWbIqEoZmSUcxJJYoQHqEc6moaIE+mmkwNH8EgrXRhEQr9QwYk6P5EiLuWQ+zrJkerLRW8s/ud1EhWcuikN40SREE8XBQmDKoLjtmCXCoIVG2qCsKD6rxD3kS5I6U5zugR78eS/pFkp21bZvqnka+ezOrLgAByCIrBBFdTAFaiDBsDgETyDV/BmPBkvxrvxMY1mjNnMPvgF4/sHnKihaQ==</latexit><latexit sha1_base64="mkj9HTkSjrR7YxcfoNgNRRYej8g=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQlVS0D+gMQybNtKHJzJhkhDL0U9z4K25cKKI7/RrTx6JWDwQO55zLzT1+zKhUlvVlZJaWV1bXsuu5jc2t7R1zd68po0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wMfZbD0RIGoV3ahgTl6NeSAOKkdKSZ1YLl9518f7EiTjpoWN4Bp1AIJzao7REp2LJuaU9juZjo4Jn5q2yNQH8S+wZyYMZ6p756XQjnHASKsyQlB3bipWbIqEoZmSUcxJJYoQHqEc6moaIE+mmkwNH8EgrXRhEQr9QwYk6P5EiLuWQ+zrJkerLRW8s/ud1EhWcuikN40SREE8XBQmDKoLjtmCXCoIVG2qCsKD6rxD3kS5I6U5zugR78eS/pFkp21bZvqnka+ezOrLgAByCIrBBFdTAFaiDBsDgETyDV/BmPBkvxrvxMY1mjNnMPvgF4/sHnKihaQ==</latexit><latexit sha1_base64="mkj9HTkSjrR7YxcfoNgNRRYej8g=">AAACIHicbVDLSgMxFM3UV62vUZdugq1QwZaZbupGKLrQlVS0D+gMQybNtKHJzJhkhDL0U9z4K25cKKI7/RrTx6JWDwQO55zLzT1+zKhUlvVlZJaWV1bXsuu5jc2t7R1zd68po0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wMfZbD0RIGoV3ahgTl6NeSAOKkdKSZ1YLl9518f7EiTjpoWN4Bp1AIJzao7REp2LJuaU9juZjo4Jn5q2yNQH8S+wZyYMZ6p756XQjnHASKsyQlB3bipWbIqEoZmSUcxJJYoQHqEc6moaIE+mmkwNH8EgrXRhEQr9QwYk6P5EiLuWQ+zrJkerLRW8s/ud1EhWcuikN40SREE8XBQmDKoLjtmCXCoIVG2qCsKD6rxD3kS5I6U5zugR78eS/pFkp21bZvqnka+ezOrLgAByCIrBBFdTAFaiDBsDgETyDV/BmPBkvxrvxMY1mjNnMPvgF4/sHnKihaQ==</latexit>

Propagator for N<latexit sha1_base64="o9ONWdKAJ/VhTvXmzgOSxVwHeKg=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04slgIqCBDemWLjS03U3bNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5Yy3Ir2EOiGZGhYJ1wfD3zO09MGx6reztJWCDJUPGIU2Kd9FjNemGEb6fVfrni1bw58Crxc1KBHM1++as3iGkqmbJUEGO6vpfYICPacirYtNRLDUsIHZMh6zqqiGQmyOYHT/GZUwY4irUrZfFc/T2REWnMRIauUxI7MsveTPzP66Y2ugwyrpLUMkUXi6JUYBvj2fd4wDWjVkwcIVRzdyumI6IJtS6jkgvBX355lbTrNd+r+Xf1SuMqj6MIJ3AK5+DDBTTgBprQAgoSnuEV3pBGL+gdfSxaCyifOYY/QJ8/qUSPpA==</latexit><latexit sha1_base64="o9ONWdKAJ/VhTvXmzgOSxVwHeKg=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04slgIqCBDemWLjS03U3bNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5Yy3Ir2EOiGZGhYJ1wfD3zO09MGx6reztJWCDJUPGIU2Kd9FjNemGEb6fVfrni1bw58Crxc1KBHM1++as3iGkqmbJUEGO6vpfYICPacirYtNRLDUsIHZMh6zqqiGQmyOYHT/GZUwY4irUrZfFc/T2REWnMRIauUxI7MsveTPzP66Y2ugwyrpLUMkUXi6JUYBvj2fd4wDWjVkwcIVRzdyumI6IJtS6jkgvBX355lbTrNd+r+Xf1SuMqj6MIJ3AK5+DDBTTgBprQAgoSnuEV3pBGL+gdfSxaCyifOYY/QJ8/qUSPpA==</latexit><latexit sha1_base64="o9ONWdKAJ/VhTvXmzgOSxVwHeKg=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04slgIqCBDemWLjS03U3bNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5Yy3Ir2EOiGZGhYJ1wfD3zO09MGx6reztJWCDJUPGIU2Kd9FjNemGEb6fVfrni1bw58Crxc1KBHM1++as3iGkqmbJUEGO6vpfYICPacirYtNRLDUsIHZMh6zqqiGQmyOYHT/GZUwY4irUrZfFc/T2REWnMRIauUxI7MsveTPzP66Y2ugwyrpLUMkUXi6JUYBvj2fd4wDWjVkwcIVRzdyumI6IJtS6jkgvBX355lbTrNd+r+Xf1SuMqj6MIJ3AK5+DDBTTgBprQAgoSnuEV3pBGL+gdfSxaCyifOYY/QJ8/qUSPpA==</latexit><latexit sha1_base64="o9ONWdKAJ/VhTvXmzgOSxVwHeKg=">AAAB8HicbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04slgIqCBDemWLjS03U3bNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5Yy3Ir2EOiGZGhYJ1wfD3zO09MGx6reztJWCDJUPGIU2Kd9FjNemGEb6fVfrni1bw58Crxc1KBHM1++as3iGkqmbJUEGO6vpfYICPacirYtNRLDUsIHZMh6zqqiGQmyOYHT/GZUwY4irUrZfFc/T2REWnMRIauUxI7MsveTPzP66Y2ugwyrpLUMkUXi6JUYBvj2fd4wDWjVkwcIVRzdyumI6IJtS6jkgvBX355lbTrNd+r+Xf1SuMqj6MIJ3AK5+DDBTTgBprQAgoSnuEV3pBGL+gdfSxaCyifOYY/QJ8/qUSPpA==</latexit>

,

⌃N (q ! 0,! = 0) = �Dq2
<latexit sha1_base64="bFu/NTT9p1wtt3ZQyjNqMerttx0=">AAACFXicbVA9SwNBEN2L3/Hr1NJmMREUYrhLo40gamEliiYRcjHMbTaXJbu3l909JQT/hI1/xcZCEVvBzn/jJqbQ6IOBx3szzMwLE8608bxPJzMxOTU9MzuXnV9YXFp2V1YrWqaK0DKRXKqrEDTlLKZlwwynV4miIEJOq2HnaOBXb6jSTMaXppfQuoAoZi1GwFip4RbywQWLBDROt7o4UCxqG1BK3mKvEEhBI9j3tvE+3jnuXpfyDTfnFb0h8F/ij0gOjXDWcD+CpiSpoLEhHLSu+V5i6n1QhhFO77JBqmkCpAMRrVkag6C63h9+dYc3rdLELalsxQYP1Z8TfRBa90RoOwWYth73BuJ/Xi01rb16n8VJamhMvhe1Uo6NxIOIcJMpSgzvWQJEMXsrJm1QQIwNMmtD8Mdf/ksqpaLvFf3zUu7gcBTHLFpHG2gL+WgXHaATdIbKiKB79Iie0Yvz4Dw5r87bd2vGGc2soV9w3r8AaUacZw==</latexit><latexit sha1_base64="bFu/NTT9p1wtt3ZQyjNqMerttx0=">AAACFXicbVA9SwNBEN2L3/Hr1NJmMREUYrhLo40gamEliiYRcjHMbTaXJbu3l909JQT/hI1/xcZCEVvBzn/jJqbQ6IOBx3szzMwLE8608bxPJzMxOTU9MzuXnV9YXFp2V1YrWqaK0DKRXKqrEDTlLKZlwwynV4miIEJOq2HnaOBXb6jSTMaXppfQuoAoZi1GwFip4RbywQWLBDROt7o4UCxqG1BK3mKvEEhBI9j3tvE+3jnuXpfyDTfnFb0h8F/ij0gOjXDWcD+CpiSpoLEhHLSu+V5i6n1QhhFO77JBqmkCpAMRrVkag6C63h9+dYc3rdLELalsxQYP1Z8TfRBa90RoOwWYth73BuJ/Xi01rb16n8VJamhMvhe1Uo6NxIOIcJMpSgzvWQJEMXsrJm1QQIwNMmtD8Mdf/ksqpaLvFf3zUu7gcBTHLFpHG2gL+WgXHaATdIbKiKB79Iie0Yvz4Dw5r87bd2vGGc2soV9w3r8AaUacZw==</latexit><latexit sha1_base64="bFu/NTT9p1wtt3ZQyjNqMerttx0=">AAACFXicbVA9SwNBEN2L3/Hr1NJmMREUYrhLo40gamEliiYRcjHMbTaXJbu3l909JQT/hI1/xcZCEVvBzn/jJqbQ6IOBx3szzMwLE8608bxPJzMxOTU9MzuXnV9YXFp2V1YrWqaK0DKRXKqrEDTlLKZlwwynV4miIEJOq2HnaOBXb6jSTMaXppfQuoAoZi1GwFip4RbywQWLBDROt7o4UCxqG1BK3mKvEEhBI9j3tvE+3jnuXpfyDTfnFb0h8F/ij0gOjXDWcD+CpiSpoLEhHLSu+V5i6n1QhhFO77JBqmkCpAMRrVkag6C63h9+dYc3rdLELalsxQYP1Z8TfRBa90RoOwWYth73BuJ/Xi01rb16n8VJamhMvhe1Uo6NxIOIcJMpSgzvWQJEMXsrJm1QQIwNMmtD8Mdf/ksqpaLvFf3zUu7gcBTHLFpHG2gL+WgXHaATdIbKiKB79Iie0Yvz4Dw5r87bd2vGGc2soV9w3r8AaUacZw==</latexit><latexit sha1_base64="bFu/NTT9p1wtt3ZQyjNqMerttx0=">AAACFXicbVA9SwNBEN2L3/Hr1NJmMREUYrhLo40gamEliiYRcjHMbTaXJbu3l909JQT/hI1/xcZCEVvBzn/jJqbQ6IOBx3szzMwLE8608bxPJzMxOTU9MzuXnV9YXFp2V1YrWqaK0DKRXKqrEDTlLKZlwwynV4miIEJOq2HnaOBXb6jSTMaXppfQuoAoZi1GwFip4RbywQWLBDROt7o4UCxqG1BK3mKvEEhBI9j3tvE+3jnuXpfyDTfnFb0h8F/ij0gOjXDWcD+CpiSpoLEhHLSu+V5i6n1QhhFO77JBqmkCpAMRrVkag6C63h9+dYc3rdLELalsxQYP1Z8TfRBa90RoOwWYth73BuJ/Xi01rb16n8VJamhMvhe1Uo6NxIOIcJMpSgzvWQJEMXsrJm1QQIwNMmtD8Mdf/ksqpaLvFf3zUu7gcBTHLFpHG2gL+WgXHaATdIbKiKB79Iie0Yvz4Dw5r87bd2vGGc2soV9w3r8AaUacZw==</latexit>

Xh⌘↵M (q,!)⌘�M (q0,!0)i = AM�(q + q0)�(! + !0)�↵�
<latexit sha1_base64="AW2ss79Z2+5HvY6SOI7Edb0OhFg="></latexit><latexit sha1_base64="AW2ss79Z2+5HvY6SOI7Edb0OhFg="></latexit><latexit sha1_base64="AW2ss79Z2+5HvY6SOI7Edb0OhFg="></latexit><latexit sha1_base64="AW2ss79Z2+5HvY6SOI7Edb0OhFg="></latexit>

Non-conserving noise

+h⌘↵N (q,!)⌘�N (q0,!0)i = ANq2�(q + q0)�(! + !0)�↵�
<latexit sha1_base64="U5IWD50UmdbO7hyzeGFKAQa2hec="></latexit><latexit sha1_base64="U5IWD50UmdbO7hyzeGFKAQa2hec="></latexit><latexit sha1_base64="U5IWD50UmdbO7hyzeGFKAQa2hec="></latexit><latexit sha1_base64="U5IWD50UmdbO7hyzeGFKAQa2hec="></latexit>

Conserving noise

Free propagator G0(q,!) =
1

�i!+�
<latexit sha1_base64="IAOC6Km6309AuwGGtksRI0K6ZME=">AAACGHicbVDLSgNBEJyNrxhfUY9eBhMhosbdXPQiBD3oMYJ5QHYJs5PeZMjsw5lZISz5DC/+ihcPinjNzb9xkuxBEwsaiqpuurvciDOpTPPbyCwtr6yuZddzG5tb2zv53b2GDGNBoU5DHoqWSyRwFkBdMcWhFQkgvsuh6Q5uJn7zCYRkYfCghhE4PukFzGOUKC118ufF246JS4+nduhDjxzjK2x7gtDEGiVnDM9UfILtLnBFRsVOvmCWzSnwIrFSUkApap382O6GNPYhUJQTKduWGSknIUIxymGUs2MJEaED0oO2pgHxQTrJ9LERPtJKF3uh0BUoPFV/TyTEl3Lou7rTJ6ov572J+J/XjpV36SQsiGIFAZ0t8mKOVYgnKeEuE0AVH2pCqGD6Vkz7ROeidJY5HYI1//IiaVTKllm27iuF6nUaRxYdoENUQha6QFV0h2qojih6Rq/oHX0YL8ab8Wl8zVozRjqzj/7AGP8AeXmdkg==</latexit><latexit sha1_base64="IAOC6Km6309AuwGGtksRI0K6ZME=">AAACGHicbVDLSgNBEJyNrxhfUY9eBhMhosbdXPQiBD3oMYJ5QHYJs5PeZMjsw5lZISz5DC/+ihcPinjNzb9xkuxBEwsaiqpuurvciDOpTPPbyCwtr6yuZddzG5tb2zv53b2GDGNBoU5DHoqWSyRwFkBdMcWhFQkgvsuh6Q5uJn7zCYRkYfCghhE4PukFzGOUKC118ufF246JS4+nduhDjxzjK2x7gtDEGiVnDM9UfILtLnBFRsVOvmCWzSnwIrFSUkApap382O6GNPYhUJQTKduWGSknIUIxymGUs2MJEaED0oO2pgHxQTrJ9LERPtJKF3uh0BUoPFV/TyTEl3Lou7rTJ6ov572J+J/XjpV36SQsiGIFAZ0t8mKOVYgnKeEuE0AVH2pCqGD6Vkz7ROeidJY5HYI1//IiaVTKllm27iuF6nUaRxYdoENUQha6QFV0h2qojih6Rq/oHX0YL8ab8Wl8zVozRjqzj/7AGP8AeXmdkg==</latexit><latexit sha1_base64="IAOC6Km6309AuwGGtksRI0K6ZME=">AAACGHicbVDLSgNBEJyNrxhfUY9eBhMhosbdXPQiBD3oMYJ5QHYJs5PeZMjsw5lZISz5DC/+ihcPinjNzb9xkuxBEwsaiqpuurvciDOpTPPbyCwtr6yuZddzG5tb2zv53b2GDGNBoU5DHoqWSyRwFkBdMcWhFQkgvsuh6Q5uJn7zCYRkYfCghhE4PukFzGOUKC118ufF246JS4+nduhDjxzjK2x7gtDEGiVnDM9UfILtLnBFRsVOvmCWzSnwIrFSUkApap382O6GNPYhUJQTKduWGSknIUIxymGUs2MJEaED0oO2pgHxQTrJ9LERPtJKF3uh0BUoPFV/TyTEl3Lou7rTJ6ov572J+J/XjpV36SQsiGIFAZ0t8mKOVYgnKeEuE0AVH2pCqGD6Vkz7ROeidJY5HYI1//IiaVTKllm27iuF6nUaRxYdoENUQha6QFV0h2qojih6Rq/oHX0YL8ab8Wl8zVozRjqzj/7AGP8AeXmdkg==</latexit><latexit sha1_base64="IAOC6Km6309AuwGGtksRI0K6ZME=">AAACGHicbVDLSgNBEJyNrxhfUY9eBhMhosbdXPQiBD3oMYJ5QHYJs5PeZMjsw5lZISz5DC/+ihcPinjNzb9xkuxBEwsaiqpuurvciDOpTPPbyCwtr6yuZddzG5tb2zv53b2GDGNBoU5DHoqWSyRwFkBdMcWhFQkgvsuh6Q5uJn7zCYRkYfCghhE4PukFzGOUKC118ufF246JS4+nduhDjxzjK2x7gtDEGiVnDM9UfILtLnBFRsVOvmCWzSnwIrFSUkApap382O6GNPYhUJQTKduWGSknIUIxymGUs2MJEaED0oO2pgHxQTrJ9LERPtJKF3uh0BUoPFV/TyTEl3Lou7rTJ6ov572J+J/XjpV36SQsiGIFAZ0t8mKOVYgnKeEuE0AVH2pCqGD6Vkz7ROeidJY5HYI1//IiaVTKllm27iuF6nUaRxYdoENUQha6QFV0h2qojih6Rq/oHX0YL8ab8Wl8zVozRjqzj/7AGP8AeXmdkg==</latexit>



Diagrams contributing to ⌃M (q = 0,! = 0)
<latexit sha1_base64="RR7iicxAZgZAik+XFZY9FEMqLrw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90Uim7cCBXtA5oQJtNJO3QmiTMToYQu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99/gxo1JZ1reRW1ldW9/Ibxa2tnd298z9g7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/NHl1O88ECFpFN6pcUxcjgYhDShGSkueWSw7t3TAkZdeT2Dlvm6dOhEnA1S3TsqeWbKq1gxwmdgZKYEMTc/8cvoRTjgJFWZIyp5txcpNkVAUMzIpOIkkMcIjNCA9TUPEiXTT2RMTeKyVPgwioStUcKb+nkgRl3LMfd3JkRrKRW8q/uf1EhWcuykN40SREM8XBQmDKoLTRGCfCoIVG2uCsKD6VoiHSCCsdG4FHYK9+PIyadeqtlW1b2qlxkUWRx4UwRGoABucgQa4Ak3QAhg8gmfwCt6MJ+PFeDc+5q05I5s5BH9gfP4Ay8qWPQ==</latexit><latexit sha1_base64="RR7iicxAZgZAik+XFZY9FEMqLrw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90Uim7cCBXtA5oQJtNJO3QmiTMToYQu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99/gxo1JZ1reRW1ldW9/Ibxa2tnd298z9g7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/NHl1O88ECFpFN6pcUxcjgYhDShGSkueWSw7t3TAkZdeT2Dlvm6dOhEnA1S3TsqeWbKq1gxwmdgZKYEMTc/8cvoRTjgJFWZIyp5txcpNkVAUMzIpOIkkMcIjNCA9TUPEiXTT2RMTeKyVPgwioStUcKb+nkgRl3LMfd3JkRrKRW8q/uf1EhWcuykN40SREM8XBQmDKoLTRGCfCoIVG2uCsKD6VoiHSCCsdG4FHYK9+PIyadeqtlW1b2qlxkUWRx4UwRGoABucgQa4Ak3QAhg8gmfwCt6MJ+PFeDc+5q05I5s5BH9gfP4Ay8qWPQ==</latexit><latexit sha1_base64="RR7iicxAZgZAik+XFZY9FEMqLrw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90Uim7cCBXtA5oQJtNJO3QmiTMToYQu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99/gxo1JZ1reRW1ldW9/Ibxa2tnd298z9g7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/NHl1O88ECFpFN6pcUxcjgYhDShGSkueWSw7t3TAkZdeT2Dlvm6dOhEnA1S3TsqeWbKq1gxwmdgZKYEMTc/8cvoRTjgJFWZIyp5txcpNkVAUMzIpOIkkMcIjNCA9TUPEiXTT2RMTeKyVPgwioStUcKb+nkgRl3LMfd3JkRrKRW8q/uf1EhWcuykN40SREM8XBQmDKoLTRGCfCoIVG2uCsKD6VoiHSCCsdG4FHYK9+PIyadeqtlW1b2qlxkUWRx4UwRGoABucgQa4Ak3QAhg8gmfwCt6MJ+PFeDc+5q05I5s5BH9gfP4Ay8qWPQ==</latexit><latexit sha1_base64="RR7iicxAZgZAik+XFZY9FEMqLrw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90Uim7cCBXtA5oQJtNJO3QmiTMToYQu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99/gxo1JZ1reRW1ldW9/Ibxa2tnd298z9g7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/NHl1O88ECFpFN6pcUxcjgYhDShGSkueWSw7t3TAkZdeT2Dlvm6dOhEnA1S3TsqeWbKq1gxwmdgZKYEMTc/8cvoRTjgJFWZIyp5txcpNkVAUMzIpOIkkMcIjNCA9TUPEiXTT2RMTeKyVPgwioStUcKb+nkgRl3LMfd3JkRrKRW8q/uf1EhWcuykN40SREM8XBQmDKoLTRGCfCoIVG2uCsKD6VoiHSCCsdG4FHYK9+PIyadeqtlW1b2qlxkUWRx4UwRGoABucgQa4Ak3QAhg8gmfwCt6MJ+PFeDc+5q05I5s5BH9gfP4Ay8qWPQ==</latexit>

X

�M
<latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit><latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit><latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit><latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit>

�M
<latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit><latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit><latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit><latexit sha1_base64="m6bAGxSkFowZKfTb54zmnPbCJaU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN26ECvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0sbm1vVPereztHxweVY9PulpmitAOkVyqfog15UzQjmGG036qKE5CTnvh5Hbu956o0kyKRzNNaZDgkWAxI9hYya8PuM1GeHhfH1ZrbsNdAK0TryA1KNAeVr8GkSRZQoUhHGvte25qghwrwwins8og0zTFZIJH1LdU4ITqIF+sPEMXVolQLJV9wqCF+nsix4nW0yS0yQSbsV715uJ/np+Z+DrImUgzQwVZfhRnHBmJ5vejiClKDJ9agolidldExlhhYmxLFVuCt3ryOuk2G57b8B6atdZNUUcZzuAcLsGDK2jBHbShAwQkPMMrvDnGeXHenY9ltOQUM6fwB87nD0yJkJc=</latexit>

⇠ ��2
MAM⌧2⇤3

<latexit sha1_base64="ttGmVV5oQYqeWpX/akZmo1PzGZc=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpWUAcYCCwOVikQfUpNGjuO0Vp2HbAepivoLLPwKCwMIsbKx8Te4aQZoOZKlo3Pu0fU9bsyokIbxrRVWVtfWN4qbpa3tnd09ff+gI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru+Hrmdx8IFzQK7+UkJnaAhiH1KUZSSY5erViCBvDUYirjIac5qMNLpwktiRJFrdtMHpxVHL1s1IwMcJmYOSmDHC1H/7K8CCcBCSVmSIi+acTSThGXFDMyLVmJIDHCYzQkfUVDFBBhp9lFU3iiFA/6EVcvlDBTfydSFAgxCVw1GSA5EoveTPzP6yfSv7BTGsaJJCGeL/ITBmUEZ/VAj3KCJZsogjCn6q8QjxBHWKoSS6oEc/HkZdKp10yjZt7Vy42rvI4iOALHoApMcA4a4Aa0QBtg8AiewSt40560F+1d+5iPFrQ8cwj+QPv8Adhzmx0=</latexit><latexit sha1_base64="ttGmVV5oQYqeWpX/akZmo1PzGZc=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpWUAcYCCwOVikQfUpNGjuO0Vp2HbAepivoLLPwKCwMIsbKx8Te4aQZoOZKlo3Pu0fU9bsyokIbxrRVWVtfWN4qbpa3tnd09ff+gI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru+Hrmdx8IFzQK7+UkJnaAhiH1KUZSSY5erViCBvDUYirjIac5qMNLpwktiRJFrdtMHpxVHL1s1IwMcJmYOSmDHC1H/7K8CCcBCSVmSIi+acTSThGXFDMyLVmJIDHCYzQkfUVDFBBhp9lFU3iiFA/6EVcvlDBTfydSFAgxCVw1GSA5EoveTPzP6yfSv7BTGsaJJCGeL/ITBmUEZ/VAj3KCJZsogjCn6q8QjxBHWKoSS6oEc/HkZdKp10yjZt7Vy42rvI4iOALHoApMcA4a4Aa0QBtg8AiewSt40560F+1d+5iPFrQ8cwj+QPv8Adhzmx0=</latexit><latexit sha1_base64="ttGmVV5oQYqeWpX/akZmo1PzGZc=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpWUAcYCCwOVikQfUpNGjuO0Vp2HbAepivoLLPwKCwMIsbKx8Te4aQZoOZKlo3Pu0fU9bsyokIbxrRVWVtfWN4qbpa3tnd09ff+gI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru+Hrmdx8IFzQK7+UkJnaAhiH1KUZSSY5erViCBvDUYirjIac5qMNLpwktiRJFrdtMHpxVHL1s1IwMcJmYOSmDHC1H/7K8CCcBCSVmSIi+acTSThGXFDMyLVmJIDHCYzQkfUVDFBBhp9lFU3iiFA/6EVcvlDBTfydSFAgxCVw1GSA5EoveTPzP6yfSv7BTGsaJJCGeL/ITBmUEZ/VAj3KCJZsogjCn6q8QjxBHWKoSS6oEc/HkZdKp10yjZt7Vy42rvI4iOALHoApMcA4a4Aa0QBtg8AiewSt40560F+1d+5iPFrQ8cwj+QPv8Adhzmx0=</latexit><latexit sha1_base64="ttGmVV5oQYqeWpX/akZmo1PzGZc=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpWUAcYCCwOVikQfUpNGjuO0Vp2HbAepivoLLPwKCwMIsbKx8Te4aQZoOZKlo3Pu0fU9bsyokIbxrRVWVtfWN4qbpa3tnd09ff+gI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru+Hrmdx8IFzQK7+UkJnaAhiH1KUZSSY5erViCBvDUYirjIac5qMNLpwktiRJFrdtMHpxVHL1s1IwMcJmYOSmDHC1H/7K8CCcBCSVmSIi+acTSThGXFDMyLVmJIDHCYzQkfUVDFBBhp9lFU3iiFA/6EVcvlDBTfydSFAgxCVw1GSA5EoveTPzP6yfSv7BTGsaJJCGeL/ITBmUEZ/VAj3KCJZsogjCn6q8QjxBHWKoSS6oEc/HkZdKp10yjZt7Vy42rvI4iOALHoApMcA4a4Aa0QBtg8AiewSt40560F+1d+5iPFrQ8cwj+QPv8Adhzmx0=</latexit>

Diagrams contributing to ⌃N (q ! 0,! = 0)
<latexit sha1_base64="6q+4x6y1rXbhN+mbrAYHmmL672w=">AAACEHicbVA9SwNBEN2L3/Hr1NJmMYoKEu7SaCOINlYS0aiQC2Fus7ks2b09d/eUcOQn2PhXbCwUsbW089+4Sa5Q44OBx3szzMwLE8608bwvpzAxOTU9MztXnF9YXFp2V1avtEwVoTUiuVQ3IWjKWUxrhhlObxJFQYScXofdk4F/fUeVZjK+NL2ENgREMWszAsZKTXd7M7hgkYBmdtbHO7c4UCzqGFBK3mNvL5CCRnDo7W423ZJX9obA48TPSQnlqDbdz6AlSSpobAgHreu+l5hGBsowwmm/GKSaJkC6ENG6pTEIqhvZ8KE+3rJKC7elshUbPFR/TmQgtO6J0HYKMB391xuI/3n11LQPGhmLk9TQmIwWtVOOjcSDdHCLKUoM71kCRDF7KyYdUECMzbBoQ/D/vjxOripl3yv755XS0XEexyxaRxtoB/loHx2hU1RFNUTQA3pCL+jVeXSenTfnfdRacPKZNfQLzsc3KfqbXg==</latexit><latexit sha1_base64="6q+4x6y1rXbhN+mbrAYHmmL672w=">AAACEHicbVA9SwNBEN2L3/Hr1NJmMYoKEu7SaCOINlYS0aiQC2Fus7ks2b09d/eUcOQn2PhXbCwUsbW089+4Sa5Q44OBx3szzMwLE8608bwvpzAxOTU9MztXnF9YXFp2V1avtEwVoTUiuVQ3IWjKWUxrhhlObxJFQYScXofdk4F/fUeVZjK+NL2ENgREMWszAsZKTXd7M7hgkYBmdtbHO7c4UCzqGFBK3mNvL5CCRnDo7W423ZJX9obA48TPSQnlqDbdz6AlSSpobAgHreu+l5hGBsowwmm/GKSaJkC6ENG6pTEIqhvZ8KE+3rJKC7elshUbPFR/TmQgtO6J0HYKMB391xuI/3n11LQPGhmLk9TQmIwWtVOOjcSDdHCLKUoM71kCRDF7KyYdUECMzbBoQ/D/vjxOripl3yv755XS0XEexyxaRxtoB/loHx2hU1RFNUTQA3pCL+jVeXSenTfnfdRacPKZNfQLzsc3KfqbXg==</latexit><latexit sha1_base64="6q+4x6y1rXbhN+mbrAYHmmL672w=">AAACEHicbVA9SwNBEN2L3/Hr1NJmMYoKEu7SaCOINlYS0aiQC2Fus7ks2b09d/eUcOQn2PhXbCwUsbW089+4Sa5Q44OBx3szzMwLE8608bwvpzAxOTU9MztXnF9YXFp2V1avtEwVoTUiuVQ3IWjKWUxrhhlObxJFQYScXofdk4F/fUeVZjK+NL2ENgREMWszAsZKTXd7M7hgkYBmdtbHO7c4UCzqGFBK3mNvL5CCRnDo7W423ZJX9obA48TPSQnlqDbdz6AlSSpobAgHreu+l5hGBsowwmm/GKSaJkC6ENG6pTEIqhvZ8KE+3rJKC7elshUbPFR/TmQgtO6J0HYKMB391xuI/3n11LQPGhmLk9TQmIwWtVOOjcSDdHCLKUoM71kCRDF7KyYdUECMzbBoQ/D/vjxOripl3yv755XS0XEexyxaRxtoB/loHx2hU1RFNUTQA3pCL+jVeXSenTfnfdRacPKZNfQLzsc3KfqbXg==</latexit><latexit sha1_base64="6q+4x6y1rXbhN+mbrAYHmmL672w=">AAACEHicbVA9SwNBEN2L3/Hr1NJmMYoKEu7SaCOINlYS0aiQC2Fus7ks2b09d/eUcOQn2PhXbCwUsbW089+4Sa5Q44OBx3szzMwLE8608bwvpzAxOTU9MztXnF9YXFp2V1avtEwVoTUiuVQ3IWjKWUxrhhlObxJFQYScXofdk4F/fUeVZjK+NL2ENgREMWszAsZKTXd7M7hgkYBmdtbHO7c4UCzqGFBK3mNvL5CCRnDo7W423ZJX9obA48TPSQnlqDbdz6AlSSpobAgHreu+l5hGBsowwmm/GKSaJkC6ENG6pTEIqhvZ8KE+3rJKC7elshUbPFR/TmQgtO6J0HYKMB391xuI/3n11LQPGhmLk9TQmIwWtVOOjcSDdHCLKUoM71kCRDF7KyYdUECMzbBoQ/D/vjxOripl3yv755XS0XEexyxaRxtoB/loHx2hU1RFNUTQA3pCL+jVeXSenTfnfdRacPKZNfQLzsc3KfqbXg==</latexit>

⇤
<latexit sha1_base64="qbyjhsgMFLcee9xdy/RWrKfQcfI=">AAAB8HicbVC7TsMwFL0pr1JeBUYWixaJqUq6lLGChYGhSPSB2qhyHKe1ajuR7SBVUb+ChQGEWPkcNv4Gt80ALUeydHTOufK9J0g408Z1v53CxubW9k5xt7S3f3B4VD4+6eg4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG7mfveJKs1i+WCmCfUFHkkWMYKNlR6rgzubDXF1WK64NXcBtE68nFQgR2tY/hqEMUkFlYZwrHXfcxPjZ1gZRjidlQappgkmEzyifUslFlT72WLhGbqwSoiiWNknDVqovycyLLSeisAmBTZjverNxf+8fmqiKz9jMkkNlWT5UZRyZGI0vx6FTFFi+NQSTBSzuyIyxgoTYzsq2RK81ZPXSade89yad1+vNK/zOopwBudwCR40oAm30II2EBDwDK/w5ijnxXl3PpbRgpPPnMIfOJ8/xcSPtw==</latexit><latexit sha1_base64="qbyjhsgMFLcee9xdy/RWrKfQcfI=">AAAB8HicbVC7TsMwFL0pr1JeBUYWixaJqUq6lLGChYGhSPSB2qhyHKe1ajuR7SBVUb+ChQGEWPkcNv4Gt80ALUeydHTOufK9J0g408Z1v53CxubW9k5xt7S3f3B4VD4+6eg4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG7mfveJKs1i+WCmCfUFHkkWMYKNlR6rgzubDXF1WK64NXcBtE68nFQgR2tY/hqEMUkFlYZwrHXfcxPjZ1gZRjidlQappgkmEzyifUslFlT72WLhGbqwSoiiWNknDVqovycyLLSeisAmBTZjverNxf+8fmqiKz9jMkkNlWT5UZRyZGI0vx6FTFFi+NQSTBSzuyIyxgoTYzsq2RK81ZPXSade89yad1+vNK/zOopwBudwCR40oAm30II2EBDwDK/w5ijnxXl3PpbRgpPPnMIfOJ8/xcSPtw==</latexit><latexit sha1_base64="qbyjhsgMFLcee9xdy/RWrKfQcfI=">AAAB8HicbVC7TsMwFL0pr1JeBUYWixaJqUq6lLGChYGhSPSB2qhyHKe1ajuR7SBVUb+ChQGEWPkcNv4Gt80ALUeydHTOufK9J0g408Z1v53CxubW9k5xt7S3f3B4VD4+6eg4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG7mfveJKs1i+WCmCfUFHkkWMYKNlR6rgzubDXF1WK64NXcBtE68nFQgR2tY/hqEMUkFlYZwrHXfcxPjZ1gZRjidlQappgkmEzyifUslFlT72WLhGbqwSoiiWNknDVqovycyLLSeisAmBTZjverNxf+8fmqiKz9jMkkNlWT5UZRyZGI0vx6FTFFi+NQSTBSzuyIyxgoTYzsq2RK81ZPXSade89yad1+vNK/zOopwBudwCR40oAm30II2EBDwDK/w5ijnxXl3PpbRgpPPnMIfOJ8/xcSPtw==</latexit><latexit sha1_base64="qbyjhsgMFLcee9xdy/RWrKfQcfI=">AAAB8HicbVC7TsMwFL0pr1JeBUYWixaJqUq6lLGChYGhSPSB2qhyHKe1ajuR7SBVUb+ChQGEWPkcNv4Gt80ALUeydHTOufK9J0g408Z1v53CxubW9k5xt7S3f3B4VD4+6eg4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG7mfveJKs1i+WCmCfUFHkkWMYKNlR6rgzubDXF1WK64NXcBtE68nFQgR2tY/hqEMUkFlYZwrHXfcxPjZ1gZRjidlQappgkmEzyifUslFlT72WLhGbqwSoiiWNknDVqovycyLLSeisAmBTZjverNxf+8fmqiKz9jMkkNlWT5UZRyZGI0vx6FTFFi+NQSTBSzuyIyxgoTYzsq2RK81ZPXSade89yad1+vNK/zOopwBudwCR40oAm30II2EBDwDK/w5ijnxXl3PpbRgpPPnMIfOJ8/xcSPtw==</latexit>

-ultraviolet 
cutoff 

�N
<latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit><latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit><latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit><latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit>

⇠ ��M�MNAN⇤/D2
<latexit sha1_base64="WFkmc9ehFWmkiAXy35c9JUK30Gs=">AAACF3icbVC7TsMwFHXKq5RXgJHFokViISRdYCyPgYFWRaIPqSmR47qtVceJbAepivoXLPwKCwMIscLG3+C2QYKWI1k6OuceXd/jR4xKZdtfRmZhcWl5JbuaW1vf2Nwyt3fqMowFJjUcslA0fSQJo5zUFFWMNCNBUOAz0vAHF2O/cU+EpCG/VcOItAPU47RLMVJa8kyr4EoawCOX6UwHeWX4w5JyZQTPvAp0ryfC8eVdseCZeduyJ4DzxElJHqSoeuan2wlxHBCuMENSthw7Uu0ECUUxI6OcG0sSITxAPdLSlKOAyHYyuWsED7TSgd1Q6McVnKi/EwkKpBwGvp4MkOrLWW8s/ue1YtU9bSeUR7EiHE8XdWMGVQjHJcEOFQQrNtQEYUH1XyHuI4Gw0lXmdAnO7MnzpF60HNtybor50nlaRxbsgX1wCBxwAkrgClRBDWDwAJ7AC3g1Ho1n4814n45mjDSzC/7A+PgGrr6dtQ==</latexit><latexit sha1_base64="WFkmc9ehFWmkiAXy35c9JUK30Gs=">AAACF3icbVC7TsMwFHXKq5RXgJHFokViISRdYCyPgYFWRaIPqSmR47qtVceJbAepivoXLPwKCwMIscLG3+C2QYKWI1k6OuceXd/jR4xKZdtfRmZhcWl5JbuaW1vf2Nwyt3fqMowFJjUcslA0fSQJo5zUFFWMNCNBUOAz0vAHF2O/cU+EpCG/VcOItAPU47RLMVJa8kyr4EoawCOX6UwHeWX4w5JyZQTPvAp0ryfC8eVdseCZeduyJ4DzxElJHqSoeuan2wlxHBCuMENSthw7Uu0ECUUxI6OcG0sSITxAPdLSlKOAyHYyuWsED7TSgd1Q6McVnKi/EwkKpBwGvp4MkOrLWW8s/ue1YtU9bSeUR7EiHE8XdWMGVQjHJcEOFQQrNtQEYUH1XyHuI4Gw0lXmdAnO7MnzpF60HNtybor50nlaRxbsgX1wCBxwAkrgClRBDWDwAJ7AC3g1Ho1n4814n45mjDSzC/7A+PgGrr6dtQ==</latexit><latexit sha1_base64="WFkmc9ehFWmkiAXy35c9JUK30Gs=">AAACF3icbVC7TsMwFHXKq5RXgJHFokViISRdYCyPgYFWRaIPqSmR47qtVceJbAepivoXLPwKCwMIscLG3+C2QYKWI1k6OuceXd/jR4xKZdtfRmZhcWl5JbuaW1vf2Nwyt3fqMowFJjUcslA0fSQJo5zUFFWMNCNBUOAz0vAHF2O/cU+EpCG/VcOItAPU47RLMVJa8kyr4EoawCOX6UwHeWX4w5JyZQTPvAp0ryfC8eVdseCZeduyJ4DzxElJHqSoeuan2wlxHBCuMENSthw7Uu0ECUUxI6OcG0sSITxAPdLSlKOAyHYyuWsED7TSgd1Q6McVnKi/EwkKpBwGvp4MkOrLWW8s/ue1YtU9bSeUR7EiHE8XdWMGVQjHJcEOFQQrNtQEYUH1XyHuI4Gw0lXmdAnO7MnzpF60HNtybor50nlaRxbsgX1wCBxwAkrgClRBDWDwAJ7AC3g1Ho1n4814n45mjDSzC/7A+PgGrr6dtQ==</latexit><latexit sha1_base64="WFkmc9ehFWmkiAXy35c9JUK30Gs=">AAACF3icbVC7TsMwFHXKq5RXgJHFokViISRdYCyPgYFWRaIPqSmR47qtVceJbAepivoXLPwKCwMIscLG3+C2QYKWI1k6OuceXd/jR4xKZdtfRmZhcWl5JbuaW1vf2Nwyt3fqMowFJjUcslA0fSQJo5zUFFWMNCNBUOAz0vAHF2O/cU+EpCG/VcOItAPU47RLMVJa8kyr4EoawCOX6UwHeWX4w5JyZQTPvAp0ryfC8eVdseCZeduyJ4DzxElJHqSoeuan2wlxHBCuMENSthw7Uu0ECUUxI6OcG0sSITxAPdLSlKOAyHYyuWsED7TSgd1Q6McVnKi/EwkKpBwGvp4MkOrLWW8s/ue1YtU9bSeUR7EiHE8XdWMGVQjHJcEOFQQrNtQEYUH1XyHuI4Gw0lXmdAnO7MnzpF60HNtybor50nlaRxbsgX1wCBxwAkrgClRBDWDwAJ7AC3g1Ho1n4814n45mjDSzC/7A+PgGrr6dtQ==</latexit>

+

�MN
<latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit>

Self-consistent diagrammatic calculation

a la Ma and Mazenko, Phys. Rev. B 11 4077 (1975)

+

�N
<latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit><latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit><latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit><latexit sha1_base64="c/UtMJDTZ6o3R4qPiI3Hr+XcUcc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRpdFN66kgn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2JNORO0Y5jhtJ8qipOQ0144uZ37vSeqNJPi0UxTGiR4JFjMCDZW8usDbrMRHt7Xh9Wa23AXQOvEK0gNCrSH1a9BJEmWUGEIx1r7npuaIMfKMMLprDLINE0xmeAR9S0VOKE6yBcrz9CFVSIUS2WfMGih/p7IcaL1NAltMsFmrFe9ufif52cmvg5yJtLMUEGWH8UZR0ai+f0oYooSw6eWYKKY3RWRMVaYGNtSxZbgrZ68TrrNhuc2vIdmrXVT1FGGMziHS/DgClpwB23oAAEJz/AKb45xXpx352MZLTnFzCn8gfP5A04OkJg=</latexit>

�MN
<latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit>
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<latexit sha1_base64="8kK7CHuKih45gRcdITSzzfTeYZo="></latexit><latexit sha1_base64="8kK7CHuKih45gRcdITSzzfTeYZo="></latexit><latexit sha1_base64="8kK7CHuKih45gRcdITSzzfTeYZo="></latexit><latexit sha1_base64="8kK7CHuKih45gRcdITSzzfTeYZo="></latexit>
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<latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit>
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<latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit><latexit sha1_base64="jbgdIMTJkwkCxRPfkI+4kiaXXI8=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWEBFog+pDZXjOK1V24lsB1RF/Q8WBhBi5V/Y+BvcNgO0HMnS0Tnn6l6fIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDX1249UaRbLezNOqC/wQLKIEWys9FDpcZsNcT+7uZ1U+qWyW3VnQMvEy0kZcjT6pa9eGJNUUGkIx1p3PTcxfoaVYYTTSbGXappgMsID2rVUYkG1n82unqBTq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvAzJpPUUEnmi6KUIxOjaQUoZIoSw8eWYKKYvRWRIVaYGFtU0ZbgLX55mbRqVc+tene1cv0yr6MAx3ACZ+DBOdThGhrQBAIKnuEV3pwn58V5dz7m0RUnnzmCP3A+fwC3DJH7</latexit>

⇠ �q2�2
MN

q
⌧3

D
<latexit sha1_base64="G7e0mwg0x/3eyT4UpoQL/nMSr2I=">AAACG3icbVDLSgMxFM3UV62vUZdugq3gxjJTF7os6sKNUsE+oNOWTJppQzOPJneEMsx/uPFX3LhQxJXgwr8xfSy09UDg5Jx7SO5xI8EVWNa3kVlaXlldy67nNja3tnfM3b2aCmNJWZWGIpQNlygmeMCqwEGwRiQZ8V3B6u7gcuzXH5hUPAzuYRSxlk96Afc4JaCljlkqOIr7+GTYLmFH6FyXdJKb23R8VUMJieNJQhMHSNw+TZOrNC10zLxVtCbAi8SekTyaodIxP51uSGOfBUAFUappWxG0EiKBU8HSnBMrFhE6ID3W1DQgPlOtZLJbio+00sVeKPUJAE/U34mE+EqNfFdP+gT6at4bi/95zRi881bCgygGFtDpQ14sMIR4XBTucskoiJEmhEqu/4ppn+gyQNeZ0yXY8ysvklqpaFtF+66UL1/M6siiA3SIjpGNzlAZXaMKqiKKHtEzekVvxpPxYrwbH9PRjDHL7KM/ML5+ABMeoNg=</latexit><latexit sha1_base64="G7e0mwg0x/3eyT4UpoQL/nMSr2I=">AAACG3icbVDLSgMxFM3UV62vUZdugq3gxjJTF7os6sKNUsE+oNOWTJppQzOPJneEMsx/uPFX3LhQxJXgwr8xfSy09UDg5Jx7SO5xI8EVWNa3kVlaXlldy67nNja3tnfM3b2aCmNJWZWGIpQNlygmeMCqwEGwRiQZ8V3B6u7gcuzXH5hUPAzuYRSxlk96Afc4JaCljlkqOIr7+GTYLmFH6FyXdJKb23R8VUMJieNJQhMHSNw+TZOrNC10zLxVtCbAi8SekTyaodIxP51uSGOfBUAFUappWxG0EiKBU8HSnBMrFhE6ID3W1DQgPlOtZLJbio+00sVeKPUJAE/U34mE+EqNfFdP+gT6at4bi/95zRi881bCgygGFtDpQ14sMIR4XBTucskoiJEmhEqu/4ppn+gyQNeZ0yXY8ysvklqpaFtF+66UL1/M6siiA3SIjpGNzlAZXaMKqiKKHtEzekVvxpPxYrwbH9PRjDHL7KM/ML5+ABMeoNg=</latexit><latexit sha1_base64="G7e0mwg0x/3eyT4UpoQL/nMSr2I=">AAACG3icbVDLSgMxFM3UV62vUZdugq3gxjJTF7os6sKNUsE+oNOWTJppQzOPJneEMsx/uPFX3LhQxJXgwr8xfSy09UDg5Jx7SO5xI8EVWNa3kVlaXlldy67nNja3tnfM3b2aCmNJWZWGIpQNlygmeMCqwEGwRiQZ8V3B6u7gcuzXH5hUPAzuYRSxlk96Afc4JaCljlkqOIr7+GTYLmFH6FyXdJKb23R8VUMJieNJQhMHSNw+TZOrNC10zLxVtCbAi8SekTyaodIxP51uSGOfBUAFUappWxG0EiKBU8HSnBMrFhE6ID3W1DQgPlOtZLJbio+00sVeKPUJAE/U34mE+EqNfFdP+gT6at4bi/95zRi881bCgygGFtDpQ14sMIR4XBTucskoiJEmhEqu/4ppn+gyQNeZ0yXY8ysvklqpaFtF+66UL1/M6siiA3SIjpGNzlAZXaMKqiKKHtEzekVvxpPxYrwbH9PRjDHL7KM/ML5+ABMeoNg=</latexit><latexit sha1_base64="G7e0mwg0x/3eyT4UpoQL/nMSr2I=">AAACG3icbVDLSgMxFM3UV62vUZdugq3gxjJTF7os6sKNUsE+oNOWTJppQzOPJneEMsx/uPFX3LhQxJXgwr8xfSy09UDg5Jx7SO5xI8EVWNa3kVlaXlldy67nNja3tnfM3b2aCmNJWZWGIpQNlygmeMCqwEGwRiQZ8V3B6u7gcuzXH5hUPAzuYRSxlk96Afc4JaCljlkqOIr7+GTYLmFH6FyXdJKb23R8VUMJieNJQhMHSNw+TZOrNC10zLxVtCbAi8SekTyaodIxP51uSGOfBUAFUappWxG0EiKBU8HSnBMrFhE6ID3W1DQgPlOtZLJbio+00sVeKPUJAE/U34mE+EqNfFdP+gT6at4bi/95zRi881bCgygGFtDpQ14sMIR4XBTucskoiJEmhEqu/4ppn+gyQNeZ0yXY8ysvklqpaFtF+66UL1/M6siiA3SIjpGNzlAZXaMKqiKKHtEzekVvxpPxYrwbH9PRjDHL7KM/ML5+ABMeoNg=</latexit>

A slight correction to the version presented during the talk



Non-reciprocal model

Staggered magnetisation and staggered energy display diffusion 

Numerical data for system size - 2048 Averaged over 5000 initial conditions 

All possible initial states weighted equally



Magnetisation relaxes to zero 

The magnetisation relaxes to zero at long times starting from different initial conditions 



Heisenberg model (Fully reciprocal model)

Both energy and magnetisation display diffusion



Decorrelator (Non-reciprocal and Heisenberg)

Non-reciprocal model Heisenberg model

Light cone spreading of perturbations in both systems

D(x, t) = 1� hSa(x, t).Sb(x, t)i
<latexit sha1_base64="Fzr8iBazOl9Kqolhopxy0b4HDKE="></latexit><latexit sha1_base64="Fzr8iBazOl9Kqolhopxy0b4HDKE="></latexit><latexit sha1_base64="Fzr8iBazOl9Kqolhopxy0b4HDKE="></latexit><latexit sha1_base64="Fzr8iBazOl9Kqolhopxy0b4HDKE="></latexit>

Different butterfly velocities vB
<latexit sha1_base64="4sfPpn3MTPuKu3QjmUzmzdHRqPQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLQk2lph4YAIXsrfMwYa9vcvuHgkh/AYbC42x9QfZ+W9c4AoFXzLJy3szmZkXpoJr47rfTmFre2d3r7hfOjg8Oj4pn561dZIphj5LRKKeQqpRcIm+4UbgU6qQxqHATji+W/idCSrNE/lopikGMR1KHnFGjZX86qTfrPbLFbfmLkE2iZeTCuRo9ctfvUHCshilYYJq3fXc1AQzqgxnAuelXqYxpWxMh9i1VNIYdTBbHjsnV1YZkChRtqQhS/X3xIzGWk/j0HbG1Iz0urcQ//O6mYlugxmXaWZQstWiKBPEJGTxORlwhcyIqSWUKW5vJWxEFWXG5lOyIXjrL2+Sdr3muTXvoV5pNPM4inABl3ANHtxAA+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9wPn8A2mGOCQ==</latexit><latexit sha1_base64="4sfPpn3MTPuKu3QjmUzmzdHRqPQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLQk2lph4YAIXsrfMwYa9vcvuHgkh/AYbC42x9QfZ+W9c4AoFXzLJy3szmZkXpoJr47rfTmFre2d3r7hfOjg8Oj4pn561dZIphj5LRKKeQqpRcIm+4UbgU6qQxqHATji+W/idCSrNE/lopikGMR1KHnFGjZX86qTfrPbLFbfmLkE2iZeTCuRo9ctfvUHCshilYYJq3fXc1AQzqgxnAuelXqYxpWxMh9i1VNIYdTBbHjsnV1YZkChRtqQhS/X3xIzGWk/j0HbG1Iz0urcQ//O6mYlugxmXaWZQstWiKBPEJGTxORlwhcyIqSWUKW5vJWxEFWXG5lOyIXjrL2+Sdr3muTXvoV5pNPM4inABl3ANHtxAA+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9wPn8A2mGOCQ==</latexit><latexit sha1_base64="4sfPpn3MTPuKu3QjmUzmzdHRqPQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLQk2lph4YAIXsrfMwYa9vcvuHgkh/AYbC42x9QfZ+W9c4AoFXzLJy3szmZkXpoJr47rfTmFre2d3r7hfOjg8Oj4pn561dZIphj5LRKKeQqpRcIm+4UbgU6qQxqHATji+W/idCSrNE/lopikGMR1KHnFGjZX86qTfrPbLFbfmLkE2iZeTCuRo9ctfvUHCshilYYJq3fXc1AQzqgxnAuelXqYxpWxMh9i1VNIYdTBbHjsnV1YZkChRtqQhS/X3xIzGWk/j0HbG1Iz0urcQ//O6mYlugxmXaWZQstWiKBPEJGTxORlwhcyIqSWUKW5vJWxEFWXG5lOyIXjrL2+Sdr3muTXvoV5pNPM4inABl3ANHtxAA+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9wPn8A2mGOCQ==</latexit><latexit sha1_base64="4sfPpn3MTPuKu3QjmUzmzdHRqPQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLQk2lph4YAIXsrfMwYa9vcvuHgkh/AYbC42x9QfZ+W9c4AoFXzLJy3szmZkXpoJr47rfTmFre2d3r7hfOjg8Oj4pn561dZIphj5LRKKeQqpRcIm+4UbgU6qQxqHATji+W/idCSrNE/lopikGMR1KHnFGjZX86qTfrPbLFbfmLkE2iZeTCuRo9ctfvUHCshilYYJq3fXc1AQzqgxnAuelXqYxpWxMh9i1VNIYdTBbHjsnV1YZkChRtqQhS/X3xIzGWk/j0HbG1Iz0urcQ//O6mYlugxmXaWZQstWiKBPEJGTxORlwhcyIqSWUKW5vJWxEFWXG5lOyIXjrL2+Sdr3muTXvoV5pNPM4inABl3ANHtxAA+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9wPn8A2mGOCQ==</latexit>

and Lyapunov exponents ↵
<latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit><latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit><latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit><latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit>

for the two models  

close to the front D(x, t) ⇠ exp
⇥
↵t

�
1� (x/vBt)2

�⇤
<latexit sha1_base64="Cl3QTqy3Y0UBEYFakrEv75DRsT0="></latexit><latexit sha1_base64="Cl3QTqy3Y0UBEYFakrEv75DRsT0="></latexit><latexit sha1_base64="Cl3QTqy3Y0UBEYFakrEv75DRsT0="></latexit><latexit sha1_base64="Cl3QTqy3Y0UBEYFakrEv75DRsT0="></latexit>



Quantum model

dŜi
dt = Ŝi⇥

⇣
Ŝi+1 � Ŝi�1

⌘

<latexit sha1_base64="pvfSIkmpcFRqcT1lHjB5LLZ0OFU="></latexit><latexit sha1_base64="pvfSIkmpcFRqcT1lHjB5LLZ0OFU="></latexit><latexit sha1_base64="pvfSIkmpcFRqcT1lHjB5LLZ0OFU="></latexit><latexit sha1_base64="pvfSIkmpcFRqcT1lHjB5LLZ0OFU="></latexit>

Also, non-Hamiltonian

Consider two sites 1 and 2 dŜ1
dt = Ŝ1⇥Ŝ2

<latexit sha1_base64="6vuDoXsOS7fhdKZaRAi/fRaMeI4=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32cDO0s9yPDlvIhzcoAHTGVzVlrPqgOzYtWsvPAy2AVUUFHNgfnieBFNAhYCFUSpnm3F0E+JBE4Fy8pOolhM6JgMWU9jSPTafpqfnOFTrXjYj6R+IeBc/TuRkkCpSeDqzoDASC16U/E/r5eAf9FPeRgnwEI6W+QnAkOEp/lhj0tGQUw0ECq5/iumI6IjBJ1yWYdgL568DO16zbZq9l290rgq4iihY3SCzpCNzlED3aAmaiGKntAr+kCfxrPxbnwZ37PWFaOYOUJzZfz8AnKsqac=</latexit><latexit sha1_base64="6vuDoXsOS7fhdKZaRAi/fRaMeI4=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32cDO0s9yPDlvIhzcoAHTGVzVlrPqgOzYtWsvPAy2AVUUFHNgfnieBFNAhYCFUSpnm3F0E+JBE4Fy8pOolhM6JgMWU9jSPTafpqfnOFTrXjYj6R+IeBc/TuRkkCpSeDqzoDASC16U/E/r5eAf9FPeRgnwEI6W+QnAkOEp/lhj0tGQUw0ECq5/iumI6IjBJ1yWYdgL568DO16zbZq9l290rgq4iihY3SCzpCNzlED3aAmaiGKntAr+kCfxrPxbnwZ37PWFaOYOUJzZfz8AnKsqac=</latexit><latexit sha1_base64="6vuDoXsOS7fhdKZaRAi/fRaMeI4=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32cDO0s9yPDlvIhzcoAHTGVzVlrPqgOzYtWsvPAy2AVUUFHNgfnieBFNAhYCFUSpnm3F0E+JBE4Fy8pOolhM6JgMWU9jSPTafpqfnOFTrXjYj6R+IeBc/TuRkkCpSeDqzoDASC16U/E/r5eAf9FPeRgnwEI6W+QnAkOEp/lhj0tGQUw0ECq5/iumI6IjBJ1yWYdgL568DO16zbZq9l290rgq4iihY3SCzpCNzlED3aAmaiGKntAr+kCfxrPxbnwZ37PWFaOYOUJzZfz8AnKsqac=</latexit><latexit sha1_base64="6vuDoXsOS7fhdKZaRAi/fRaMeI4=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32cDO0s9yPDlvIhzcoAHTGVzVlrPqgOzYtWsvPAy2AVUUFHNgfnieBFNAhYCFUSpnm3F0E+JBE4Fy8pOolhM6JgMWU9jSPTafpqfnOFTrXjYj6R+IeBc/TuRkkCpSeDqzoDASC16U/E/r5eAf9FPeRgnwEI6W+QnAkOEp/lhj0tGQUw0ECq5/iumI6IjBJ1yWYdgL568DO16zbZq9l290rgq4iihY3SCzpCNzlED3aAmaiGKntAr+kCfxrPxbnwZ37PWFaOYOUJzZfz8AnKsqac=</latexit>

dŜ2
dt = Ŝ1⇥Ŝ2

<latexit sha1_base64="2P1tE5xquimXs1C4FtY2jSK9gYk=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32eDepZ6kOHLOdHGOTnAA6ayOSutZ9WBWbFqVl54GewCKqio5sB8cbyIJgELgQqiVM+2YuinRAKngmVlJ1EsJnRMhqynMSR6bT/NT87wqVY87EdSvxBwrv6dSEmg1CRwdWdAYKQWvan4n9dLwL/opzyME2AhnS3yE4EhwtP8sMcloyAmGgiVXP8V0xHREYJOuaxDsBdPXoZ2vWZbNfuuXmlcFXGU0DE6QWfIRueogW5QE7UQRU/oFX2gT+PZeDe+jO9Z64pRzByhuTJ+fgF0Y6mo</latexit><latexit sha1_base64="2P1tE5xquimXs1C4FtY2jSK9gYk=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32eDepZ6kOHLOdHGOTnAA6ayOSutZ9WBWbFqVl54GewCKqio5sB8cbyIJgELgQqiVM+2YuinRAKngmVlJ1EsJnRMhqynMSR6bT/NT87wqVY87EdSvxBwrv6dSEmg1CRwdWdAYKQWvan4n9dLwL/opzyME2AhnS3yE4EhwtP8sMcloyAmGgiVXP8V0xHREYJOuaxDsBdPXoZ2vWZbNfuuXmlcFXGU0DE6QWfIRueogW5QE7UQRU/oFX2gT+PZeDe+jO9Z64pRzByhuTJ+fgF0Y6mo</latexit><latexit sha1_base64="2P1tE5xquimXs1C4FtY2jSK9gYk=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32eDepZ6kOHLOdHGOTnAA6ayOSutZ9WBWbFqVl54GewCKqio5sB8cbyIJgELgQqiVM+2YuinRAKngmVlJ1EsJnRMhqynMSR6bT/NT87wqVY87EdSvxBwrv6dSEmg1CRwdWdAYKQWvan4n9dLwL/opzyME2AhnS3yE4EhwtP8sMcloyAmGgiVXP8V0xHREYJOuaxDsBdPXoZ2vWZbNfuuXmlcFXGU0DE6QWfIRueogW5QE7UQRU/oFX2gT+PZeDe+jO9Z64pRzByhuTJ+fgF0Y6mo</latexit><latexit sha1_base64="2P1tE5xquimXs1C4FtY2jSK9gYk=">AAACMnicbZDLSsNAFIYnXmu9RV26GWwFVyXpRjdC0Y3uKtoLNKVMJpN26OTCzIlQQp7JjU8iuNCFIm59CKdpFrb1wMDH/5/DmfO7seAKLOvNWFldW9/YLG2Vt3d29/bNg8O2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74eup3HplUPAofYBKzfkCGIfc5JaClgXlbdXxJaOphZ0QgdVwf32eDepZ6kOHLOdHGOTnAA6ayOSutZ9WBWbFqVl54GewCKqio5sB8cbyIJgELgQqiVM+2YuinRAKngmVlJ1EsJnRMhqynMSR6bT/NT87wqVY87EdSvxBwrv6dSEmg1CRwdWdAYKQWvan4n9dLwL/opzyME2AhnS3yE4EhwtP8sMcloyAmGgiVXP8V0xHREYJOuaxDsBdPXoZ2vWZbNfuuXmlcFXGU0DE6QWfIRueogW5QE7UQRU/oFX2gT+PZeDe+jO9Z64pRzByhuTJ+fgF0Y6mo</latexit>

Initialize Ŝ↵
1 (t = 0) = �̂↵

1 ⌦ Î2
<latexit sha1_base64="+DmV4Z9W/arqWU1dXzoeEUe6bJ4=">AAACKnicbVDJSgNBEO2JW4xb1KOXxijES5jJRS9C1IveIpoFMnGo6XSSxp6F7hohDPkeL/6KlxyU4NUPsbMcYvRBweO9Kqrq+bEUGm17bGVWVtfWN7Kbua3tnd29/P5BXUeJYrzGIhmppg+aSxHyGgqUvBkrDoEvecN/vpn4jReutIjCRxzEvB1ALxRdwQCN5OWvTtw+YPow9JwnF2TcB1rES/vskk51V4teAAumG6EIuJ65d0OvfOLlC3bJnoL+Jc6cFMgcVS8/cjsRSwIeIpOgdcuxY2ynoFAwyYc5N9E8BvYMPd4yNASzr51OXx3SU6N0aDdSpkKkU3VxIoVA60Hgm84AsK+XvYn4n9dKsHvRTkUYJ8hDNlvUTSTFiE5yox2hOEM5MASYEuZWyvqggKFJN2dCcJZf/kvq5ZJjl5z7cqFyPY8jS47IMSkSh5yTCrklVVIjjLySd/JBPq03a2SNra9Za8aazxySX7C+fwDJ0aZE</latexit><latexit sha1_base64="+DmV4Z9W/arqWU1dXzoeEUe6bJ4=">AAACKnicbVDJSgNBEO2JW4xb1KOXxijES5jJRS9C1IveIpoFMnGo6XSSxp6F7hohDPkeL/6KlxyU4NUPsbMcYvRBweO9Kqrq+bEUGm17bGVWVtfWN7Kbua3tnd29/P5BXUeJYrzGIhmppg+aSxHyGgqUvBkrDoEvecN/vpn4jReutIjCRxzEvB1ALxRdwQCN5OWvTtw+YPow9JwnF2TcB1rES/vskk51V4teAAumG6EIuJ65d0OvfOLlC3bJnoL+Jc6cFMgcVS8/cjsRSwIeIpOgdcuxY2ynoFAwyYc5N9E8BvYMPd4yNASzr51OXx3SU6N0aDdSpkKkU3VxIoVA60Hgm84AsK+XvYn4n9dKsHvRTkUYJ8hDNlvUTSTFiE5yox2hOEM5MASYEuZWyvqggKFJN2dCcJZf/kvq5ZJjl5z7cqFyPY8jS47IMSkSh5yTCrklVVIjjLySd/JBPq03a2SNra9Za8aazxySX7C+fwDJ0aZE</latexit><latexit sha1_base64="+DmV4Z9W/arqWU1dXzoeEUe6bJ4=">AAACKnicbVDJSgNBEO2JW4xb1KOXxijES5jJRS9C1IveIpoFMnGo6XSSxp6F7hohDPkeL/6KlxyU4NUPsbMcYvRBweO9Kqrq+bEUGm17bGVWVtfWN7Kbua3tnd29/P5BXUeJYrzGIhmppg+aSxHyGgqUvBkrDoEvecN/vpn4jReutIjCRxzEvB1ALxRdwQCN5OWvTtw+YPow9JwnF2TcB1rES/vskk51V4teAAumG6EIuJ65d0OvfOLlC3bJnoL+Jc6cFMgcVS8/cjsRSwIeIpOgdcuxY2ynoFAwyYc5N9E8BvYMPd4yNASzr51OXx3SU6N0aDdSpkKkU3VxIoVA60Hgm84AsK+XvYn4n9dKsHvRTkUYJ8hDNlvUTSTFiE5yox2hOEM5MASYEuZWyvqggKFJN2dCcJZf/kvq5ZJjl5z7cqFyPY8jS47IMSkSh5yTCrklVVIjjLySd/JBPq03a2SNra9Za8aazxySX7C+fwDJ0aZE</latexit><latexit sha1_base64="+DmV4Z9W/arqWU1dXzoeEUe6bJ4=">AAACKnicbVDJSgNBEO2JW4xb1KOXxijES5jJRS9C1IveIpoFMnGo6XSSxp6F7hohDPkeL/6KlxyU4NUPsbMcYvRBweO9Kqrq+bEUGm17bGVWVtfWN7Kbua3tnd29/P5BXUeJYrzGIhmppg+aSxHyGgqUvBkrDoEvecN/vpn4jReutIjCRxzEvB1ALxRdwQCN5OWvTtw+YPow9JwnF2TcB1rES/vskk51V4teAAumG6EIuJ65d0OvfOLlC3bJnoL+Jc6cFMgcVS8/cjsRSwIeIpOgdcuxY2ynoFAwyYc5N9E8BvYMPd4yNASzr51OXx3SU6N0aDdSpkKkU3VxIoVA60Hgm84AsK+XvYn4n9dKsHvRTkUYJ8hDNlvUTSTFiE5yox2hOEM5MASYEuZWyvqggKFJN2dCcJZf/kvq5ZJjl5z7cqFyPY8jS47IMSkSh5yTCrklVVIjjLySd/JBPq03a2SNra9Za8aazxySX7C+fwDJ0aZE</latexit>

Ŝ↵
2 (t = 0) = Î1 ⌦ �̂↵

2
<latexit sha1_base64="sFGZMRTL1LmF/5YpAw1twBwMGME=">AAACK3icbVDJSgNBFOxxjXGLevTSmAh6CTO56CUQ4kVvikaFTBzedDpJY89C9xshDPM/XvwVD3pwwav/YScZcIkFDUVVPV6/8mMpNNr2mzUzOze/sFhYKi6vrK6tlzY2L3WUKMZbLJKRuvZBcylC3kKBkl/HikPgS37l3x6N/Ks7rrSIwgscxrwTQD8UPcEAjeSVmhV3AJieZ17txgUZD4DuYd3ep3U6Nk4yz6FuhCLgeqK4WvQD+M5XvFLZrtpj0Gni5KRMcpx6pSe3G7Ek4CEyCVq3HTvGTgoKBZM8K7qJ5jGwW+jztqEhmN2ddHxrRneN0qW9SJkXIh2rPydSCLQeBr5JBoAD/dcbif957QR7h51UhHGCPGSTRb1EUozoqDjaFYozlENDgClh/krZABQwNPUWTQnO35OnyWWt6thV56xWbjTzOgpkm+yQPeKQA9Igx+SUtAgj9+SRvJBX68F6tt6tj0l0xspntsgvWJ9fJZymbw==</latexit><latexit sha1_base64="sFGZMRTL1LmF/5YpAw1twBwMGME=">AAACK3icbVDJSgNBFOxxjXGLevTSmAh6CTO56CUQ4kVvikaFTBzedDpJY89C9xshDPM/XvwVD3pwwav/YScZcIkFDUVVPV6/8mMpNNr2mzUzOze/sFhYKi6vrK6tlzY2L3WUKMZbLJKRuvZBcylC3kKBkl/HikPgS37l3x6N/Ks7rrSIwgscxrwTQD8UPcEAjeSVmhV3AJieZ17txgUZD4DuYd3ep3U6Nk4yz6FuhCLgeqK4WvQD+M5XvFLZrtpj0Gni5KRMcpx6pSe3G7Ek4CEyCVq3HTvGTgoKBZM8K7qJ5jGwW+jztqEhmN2ddHxrRneN0qW9SJkXIh2rPydSCLQeBr5JBoAD/dcbif957QR7h51UhHGCPGSTRb1EUozoqDjaFYozlENDgClh/krZABQwNPUWTQnO35OnyWWt6thV56xWbjTzOgpkm+yQPeKQA9Igx+SUtAgj9+SRvJBX68F6tt6tj0l0xspntsgvWJ9fJZymbw==</latexit><latexit sha1_base64="sFGZMRTL1LmF/5YpAw1twBwMGME=">AAACK3icbVDJSgNBFOxxjXGLevTSmAh6CTO56CUQ4kVvikaFTBzedDpJY89C9xshDPM/XvwVD3pwwav/YScZcIkFDUVVPV6/8mMpNNr2mzUzOze/sFhYKi6vrK6tlzY2L3WUKMZbLJKRuvZBcylC3kKBkl/HikPgS37l3x6N/Ks7rrSIwgscxrwTQD8UPcEAjeSVmhV3AJieZ17txgUZD4DuYd3ep3U6Nk4yz6FuhCLgeqK4WvQD+M5XvFLZrtpj0Gni5KRMcpx6pSe3G7Ek4CEyCVq3HTvGTgoKBZM8K7qJ5jGwW+jztqEhmN2ddHxrRneN0qW9SJkXIh2rPydSCLQeBr5JBoAD/dcbif957QR7h51UhHGCPGSTRb1EUozoqDjaFYozlENDgClh/krZABQwNPUWTQnO35OnyWWt6thV56xWbjTzOgpkm+yQPeKQA9Igx+SUtAgj9+SRvJBX68F6tt6tj0l0xspntsgvWJ9fJZymbw==</latexit><latexit sha1_base64="sFGZMRTL1LmF/5YpAw1twBwMGME=">AAACK3icbVDJSgNBFOxxjXGLevTSmAh6CTO56CUQ4kVvikaFTBzedDpJY89C9xshDPM/XvwVD3pwwav/YScZcIkFDUVVPV6/8mMpNNr2mzUzOze/sFhYKi6vrK6tlzY2L3WUKMZbLJKRuvZBcylC3kKBkl/HikPgS37l3x6N/Ks7rrSIwgscxrwTQD8UPcEAjeSVmhV3AJieZ17txgUZD4DuYd3ep3U6Nk4yz6FuhCLgeqK4WvQD+M5XvFLZrtpj0Gni5KRMcpx6pSe3G7Ek4CEyCVq3HTvGTgoKBZM8K7qJ5jGwW+jztqEhmN2ddHxrRneN0qW9SJkXIh2rPydSCLQeBr5JBoAD/dcbif957QR7h51UhHGCPGSTRb1EUozoqDjaFYozlENDgClh/krZABQwNPUWTQnO35OnyWWt6thV56xWbjTzOgpkm+yQPeKQA9Igx+SUtAgj9+SRvJBX68F6tt6tj0l0xspntsgvWJ9fJZymbw==</latexit>

h
Ŝ↵
i (t = 0)

i†
=

h
Ŝ↵
i (t = 0)

i

<latexit sha1_base64="jdhXoCakxXyeYf/d++B8XzxUOac="></latexit><latexit sha1_base64="jdhXoCakxXyeYf/d++B8XzxUOac="></latexit><latexit sha1_base64="jdhXoCakxXyeYf/d++B8XzxUOac="></latexit><latexit sha1_base64="jdhXoCakxXyeYf/d++B8XzxUOac="></latexit>

h
Ŝ↵
j (t = 0), Ŝ�

k (t = 0)
i
= i�jk✏↵�� Ŝ

�
k (t = 0)

<latexit sha1_base64="HTD6q5tqJ9/y/VYap7R+R/lXQVw="></latexit><latexit sha1_base64="HTD6q5tqJ9/y/VYap7R+R/lXQVw="></latexit><latexit sha1_base64="HTD6q5tqJ9/y/VYap7R+R/lXQVw="></latexit><latexit sha1_base64="HTD6q5tqJ9/y/VYap7R+R/lXQVw="></latexit>

h
Ŝ↵
j (t 6= 0), Ŝ�

k (t 6= 0)
i
6= i�jk✏↵�� Ŝ

�
k (t 6= 0)

<latexit sha1_base64="efYo+D3HS8Nxjlfs0sztA+ZRCbk="></latexit><latexit sha1_base64="efYo+D3HS8Nxjlfs0sztA+ZRCbk="></latexit><latexit sha1_base64="efYo+D3HS8Nxjlfs0sztA+ZRCbk="></latexit><latexit sha1_base64="efYo+D3HS8Nxjlfs0sztA+ZRCbk="></latexit>
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Non-unitary evolution

Can the evolution be described in terms of a non-Hermitian Hamiltonian?



Summary

• We have studied the dynamics of a non-reciprocal classical spin chain. 

• The dynamics conserves the staggered magnetisation and a pseudo-energy. 

• A hydrodynamic treatment can self-consistently yield diffusion for the staggered 
magnetisation and relaxation for the magnetisation. 

• We have numerically confirmed the presence of diffusion for the conserved 
quantities and relaxation for the magnetisation. 

• The model also exhibits the spreading of chaos like its reciprocal counterpart in 
the form of a ballistic spread of an appropriately defined decorrelator. 

• The reciprocal model thus exhibits an analogue of the thermal behaviour of its 
reciprocal counterpart.



Thanks for your attention


