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Motivation
• Traditional QFT requires of  renormalization (UV issues). 

• Can be traced to the assumption of  classical spacetime 
backgrounds: could quantum gravity change the picture? 

• Hybrid scheme for cosmological models: 

QG representation for homogeneous d.o.f  (LQC). 

Fock representation for inhomogeneities. 

                                                                                                                         



Motivation
• Traditional QFT requires of  renormalization (UV issues). 

• Can be traced to the assumption of  classical spacetime 
backgrounds: could quantum gravity change the picture? 

• Hybrid scheme for cosmological models. 

• Freedom in performing canonical transformation that assign 
different dynamical roles to the homogeneous sector and the 
(matter and gravitational) inhomogeneities. 

• Can this freedom allow for a well-defined quantum field theory 
for the inhomogeneities?       analysis of  quantum backreaction. 

• First step in justifying that this is possible: fermionic perturbations 
in inflationary cosmology.



The cosmological system



The cosmology
• FLRW spacetime with flat & compact hypersurfaces. 

• Minimally coupled homogeneous scalar field (inflaton). 

• Minimally coupled inhomogeneous Dirac field, treated 
entirely as a perturbation. 

• Scalar and tensor perturbations of  the metric & inflaton. 

• Expansion in spatial (Dirac or Laplace) eigenmodes. 

• Canonical formalism: truncation of  the action at 
quadratic order in all the perturbations.



The cosmology
• Hamiltonian, omitting scalar & tensor contributions: 

• At quadratic order, fermions do not contribute to the 
linearized Hamiltonian & diffeo constraints. 

                    Gauge-invariant perturbations 

• Canonical set for homogeneous background+Dirac field:
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Quiral mode coefficients, ~k 2 Z3
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Fermionic annihilation  
and creation-like variables



Fermionic variables
• Considering the system as a whole, freedom in: 

Dynamical separation of  homogeneous geometry 
and fermionic d.o.f  via canonical transformations. 

Choice of  Fock vacuum for the fermionic 
perturbations, within the hybrid scheme. 

• This ambiguity can be encoded in choices (that respect 
the symmetries of  the fermionic Hamiltonian): 

                  a
(x,y)
~k

= fk
1 (↵,⇡↵)x~k + fk

2 (↵,⇡↵) ȳ�~k�2~⌧ ,

b̄(x,y)~k
= gk1 (↵,⇡↵)x~k + gk2 (↵,⇡↵) ȳ�~k�2~⌧
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Fermionic variables

                  

• For fixed background, these satisfy annihilation & 
creation-like Poisson algebra iff: 

• The transformation can be completed to be canonical for 
the entire cosmology by introducing:

a(x,y)~k
= fk

1 (↵,⇡↵)x~k + fk
2 (↵,⇡↵) ȳ�~k�2~⌧ ,

b̄(x,y)~k
= gk1 (↵,⇡↵)x~k + gk2 (↵,⇡↵) ȳ�~k�2~⌧

<latexit sha1_base64="C/g9Km/QGd1kogtsj12Lym6m+gM="></latexit><latexit sha1_base64="C/g9Km/QGd1kogtsj12Lym6m+gM="></latexit><latexit sha1_base64="C/g9Km/QGd1kogtsj12Lym6m+gM="></latexit><latexit sha1_base64="C/g9Km/QGd1kogtsj12Lym6m+gM="></latexit>

fk
2 = eiF

k
2

q
1�

��fk
1

��2 gk1 = eiJk f̄k
2 , gk2 = �eiJk f̄k

1
<latexit sha1_base64="UPKUhv7pa/LFzRWNuuaek+zRVSs="></latexit><latexit sha1_base64="UPKUhv7pa/LFzRWNuuaek+zRVSs="></latexit><latexit sha1_base64="UPKUhv7pa/LFzRWNuuaek+zRVSs="></latexit><latexit sha1_base64="UPKUhv7pa/LFzRWNuuaek+zRVSs="></latexit>

(↵,⇡↵) �! (↵̃, ⇡̃↵) = (↵+�↵̃,⇡↵ +�⇡̃↵)
<latexit sha1_base64="oEPX8oHx96lWw1SK7KIlDG4/msk="></latexit><latexit sha1_base64="oEPX8oHx96lWw1SK7KIlDG4/msk="></latexit><latexit sha1_base64="oEPX8oHx96lWw1SK7KIlDG4/msk="></latexit><latexit sha1_base64="oEPX8oHx96lWw1SK7KIlDG4/msk="></latexit>

quadratic in fermionic perturbations



Fermionic variables
• We restrict the choices to those such that: 

In QFTCS, the dynamics is unitarily implementable 

Standard particle/antiparticle convention in the UV 



Fermionic variables
• We restrict the choices to those such that, when              : 

• The fermionic Hamiltonian is a sum of  modes over        
that have the asymptotic behavior, when              : !k ! 1
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hk
J = O(1)
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hk
I = i⇡̃↵

M̃e�↵̃

2!k
eiF

k
2 +O(Max[✓k,!

�2
k ]).

<latexit sha1_base64="1c8M69NUX6kHaE3jhD9LlPUujK0="></latexit><latexit sha1_base64="1c8M69NUX6kHaE3jhD9LlPUujK0="></latexit><latexit sha1_base64="1c8M69NUX6kHaE3jhD9LlPUujK0="></latexit><latexit sha1_base64="1c8M69NUX6kHaE3jhD9LlPUujK0="></latexit>

fk
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s
⇠k � !k

2⇠k
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M̃e↵

2!k

h
eiF

k
2 � 1

i
+ ✓k,

X

~k

|✓k|2 < 1
<latexit sha1_base64="fsYhK2vXBchuNHD1aw3slNK4Y+c="></latexit><latexit sha1_base64="fsYhK2vXBchuNHD1aw3slNK4Y+c="></latexit><latexit sha1_base64="fsYhK2vXBchuNHD1aw3slNK4Y+c="></latexit><latexit sha1_base64="fsYhK2vXBchuNHD1aw3slNK4Y+c="></latexit>

⇠k =
q
!2
k + M̃2e2↵

<latexit sha1_base64="SdN5bS9NVmKBv/14o94G5cut/3E="></latexit><latexit sha1_base64="SdN5bS9NVmKBv/14o94G5cut/3E="></latexit><latexit sha1_base64="SdN5bS9NVmKBv/14o94G5cut/3E="></latexit><latexit sha1_base64="SdN5bS9NVmKBv/14o94G5cut/3E="></latexit>

!k ⇠ |~k|
<latexit sha1_base64="zxS9eRH7PNRv4c3tWhqJLJ+H6bc=">AAAB/nicdVDLSgNBEJyNrxhfq+LJy2AQPIXdKCZ7C3rxGME8IBvC7KSTDJnZXWZmA2ET8Fe8eFDEq9/hzb9x8hBUtKChqOqmuyuIOVPacT6szMrq2vpGdjO3tb2zu2fvH9RVlEgKNRrxSDYDooCzEGqaaQ7NWAIRAYdGMLye+Y0RSMWi8E6PY2gL0g9Zj1GijdSxj/xIQJ90hr5iYuKPgKbD6aRj552C53nnZRcbUipfFr058bySi92CM0ceLVHt2O9+N6KJgFBTTpRquU6s2ymRmlEO05yfKIgJHZI+tAwNiQDVTufnT/GpUbq4F0lTocZz9ftESoRSYxGYTkH0QP32ZuJfXivRvXI7ZWGcaAjpYlEv4VhHeJYF7jIJVPOxIYRKZm7FdEAkodokljMhfH2K/yf1YsF1Cu7tRb5ytYwji47RCTpDLiqhCrpBVVRDFKXoAT2hZ+veerRerNdFa8ZazhyiH7DePgHjj5bA</latexit><latexit sha1_base64="zxS9eRH7PNRv4c3tWhqJLJ+H6bc=">AAAB/nicdVDLSgNBEJyNrxhfq+LJy2AQPIXdKCZ7C3rxGME8IBvC7KSTDJnZXWZmA2ET8Fe8eFDEq9/hzb9x8hBUtKChqOqmuyuIOVPacT6szMrq2vpGdjO3tb2zu2fvH9RVlEgKNRrxSDYDooCzEGqaaQ7NWAIRAYdGMLye+Y0RSMWi8E6PY2gL0g9Zj1GijdSxj/xIQJ90hr5iYuKPgKbD6aRj552C53nnZRcbUipfFr058bySi92CM0ceLVHt2O9+N6KJgFBTTpRquU6s2ymRmlEO05yfKIgJHZI+tAwNiQDVTufnT/GpUbq4F0lTocZz9ftESoRSYxGYTkH0QP32ZuJfXivRvXI7ZWGcaAjpYlEv4VhHeJYF7jIJVPOxIYRKZm7FdEAkodokljMhfH2K/yf1YsF1Cu7tRb5ytYwji47RCTpDLiqhCrpBVVRDFKXoAT2hZ+veerRerNdFa8ZazhyiH7DePgHjj5bA</latexit><latexit sha1_base64="zxS9eRH7PNRv4c3tWhqJLJ+H6bc=">AAAB/nicdVDLSgNBEJyNrxhfq+LJy2AQPIXdKCZ7C3rxGME8IBvC7KSTDJnZXWZmA2ET8Fe8eFDEq9/hzb9x8hBUtKChqOqmuyuIOVPacT6szMrq2vpGdjO3tb2zu2fvH9RVlEgKNRrxSDYDooCzEGqaaQ7NWAIRAYdGMLye+Y0RSMWi8E6PY2gL0g9Zj1GijdSxj/xIQJ90hr5iYuKPgKbD6aRj552C53nnZRcbUipfFr058bySi92CM0ceLVHt2O9+N6KJgFBTTpRquU6s2ymRmlEO05yfKIgJHZI+tAwNiQDVTufnT/GpUbq4F0lTocZz9ftESoRSYxGYTkH0QP32ZuJfXivRvXI7ZWGcaAjpYlEv4VhHeJYF7jIJVPOxIYRKZm7FdEAkodokljMhfH2K/yf1YsF1Cu7tRb5ytYwji47RCTpDLiqhCrpBVVRDFKXoAT2hZ+veerRerNdFa8ZazhyiH7DePgHjj5bA</latexit><latexit sha1_base64="zxS9eRH7PNRv4c3tWhqJLJ+H6bc=">AAAB/nicdVDLSgNBEJyNrxhfq+LJy2AQPIXdKCZ7C3rxGME8IBvC7KSTDJnZXWZmA2ET8Fe8eFDEq9/hzb9x8hBUtKChqOqmuyuIOVPacT6szMrq2vpGdjO3tb2zu2fvH9RVlEgKNRrxSDYDooCzEGqaaQ7NWAIRAYdGMLye+Y0RSMWi8E6PY2gL0g9Zj1GijdSxj/xIQJ90hr5iYuKPgKbD6aRj552C53nnZRcbUipfFr058bySi92CM0ceLVHt2O9+N6KJgFBTTpRquU6s2ymRmlEO05yfKIgJHZI+tAwNiQDVTufnT/GpUbq4F0lTocZz9ftESoRSYxGYTkH0QP32ZuJfXivRvXI7ZWGcaAjpYlEv4VhHeJYF7jIJVPOxIYRKZm7FdEAkodokljMhfH2K/yf1YsF1Cu7tRb5ytYwji47RCTpDLiqhCrpBVVRDFKXoAT2hZ+veerRerNdFa8ZazhyiH7DePgHjj5bA</latexit>

|~k| ! 1
<latexit sha1_base64="jG9NN0XuAAQxgHx7wD/wzUY9NBk=">AAACA3icdVBNS8NAEN34WetX1ZteFovgKSQqtrmJXjxWsFVoQtlsN+3SzSbsTiolFrz4V7x4UMSrf8Kb/8bth6CiDwYe780wMy9MBdfgOB/WzOzc/MJiYam4vLK6tl7a2GzoJFOU1WkiEnUdEs0El6wOHAS7ThUjcSjYVdg7G/lXfaY0T+QlDFIWxKQjecQpASO1Stu3fp/RvDe89RXvdIEoldz4XEYwaJXKju153mHVxYZUqscH3ph4XsXFru2MUUZT1Fqld7+d0CxmEqggWjddJ4UgJwo4FWxY9DPNUkJ7pMOahkoSMx3k4x+GeM8obRwlypQEPFa/T+Qk1noQh6YzJtDVv72R+JfXzCCqBjmXaQZM0smiKBMYEjwKBLe5YhTEwBBCFTe3YtolilAwsRVNCF+f4v9J48B2Hdu9OCqfnE7jKKAdtIv2kYsq6ASdoxqqI4ru0AN6Qs/WvfVovVivk9YZazqzhX7AevsEX5aZSQ==</latexit><latexit sha1_base64="jG9NN0XuAAQxgHx7wD/wzUY9NBk=">AAACA3icdVBNS8NAEN34WetX1ZteFovgKSQqtrmJXjxWsFVoQtlsN+3SzSbsTiolFrz4V7x4UMSrf8Kb/8bth6CiDwYe780wMy9MBdfgOB/WzOzc/MJiYam4vLK6tl7a2GzoJFOU1WkiEnUdEs0El6wOHAS7ThUjcSjYVdg7G/lXfaY0T+QlDFIWxKQjecQpASO1Stu3fp/RvDe89RXvdIEoldz4XEYwaJXKju153mHVxYZUqscH3ph4XsXFru2MUUZT1Fqld7+d0CxmEqggWjddJ4UgJwo4FWxY9DPNUkJ7pMOahkoSMx3k4x+GeM8obRwlypQEPFa/T+Qk1noQh6YzJtDVv72R+JfXzCCqBjmXaQZM0smiKBMYEjwKBLe5YhTEwBBCFTe3YtolilAwsRVNCF+f4v9J48B2Hdu9OCqfnE7jKKAdtIv2kYsq6ASdoxqqI4ru0AN6Qs/WvfVovVivk9YZazqzhX7AevsEX5aZSQ==</latexit><latexit sha1_base64="jG9NN0XuAAQxgHx7wD/wzUY9NBk=">AAACA3icdVBNS8NAEN34WetX1ZteFovgKSQqtrmJXjxWsFVoQtlsN+3SzSbsTiolFrz4V7x4UMSrf8Kb/8bth6CiDwYe780wMy9MBdfgOB/WzOzc/MJiYam4vLK6tl7a2GzoJFOU1WkiEnUdEs0El6wOHAS7ThUjcSjYVdg7G/lXfaY0T+QlDFIWxKQjecQpASO1Stu3fp/RvDe89RXvdIEoldz4XEYwaJXKju153mHVxYZUqscH3ph4XsXFru2MUUZT1Fqld7+d0CxmEqggWjddJ4UgJwo4FWxY9DPNUkJ7pMOahkoSMx3k4x+GeM8obRwlypQEPFa/T+Qk1noQh6YzJtDVv72R+JfXzCCqBjmXaQZM0smiKBMYEjwKBLe5YhTEwBBCFTe3YtolilAwsRVNCF+f4v9J48B2Hdu9OCqfnE7jKKAdtIv2kYsq6ASdoxqqI4ru0AN6Qs/WvfVovVivk9YZazqzhX7AevsEX5aZSQ==</latexit><latexit sha1_base64="jG9NN0XuAAQxgHx7wD/wzUY9NBk=">AAACA3icdVBNS8NAEN34WetX1ZteFovgKSQqtrmJXjxWsFVoQtlsN+3SzSbsTiolFrz4V7x4UMSrf8Kb/8bth6CiDwYe780wMy9MBdfgOB/WzOzc/MJiYam4vLK6tl7a2GzoJFOU1WkiEnUdEs0El6wOHAS7ThUjcSjYVdg7G/lXfaY0T+QlDFIWxKQjecQpASO1Stu3fp/RvDe89RXvdIEoldz4XEYwaJXKju153mHVxYZUqscH3ph4XsXFru2MUUZT1Fqld7+d0CxmEqggWjddJ4UgJwo4FWxY9DPNUkJ7pMOahkoSMx3k4x+GeM8obRwlypQEPFa/T+Qk1noQh6YzJtDVv72R+JfXzCCqBjmXaQZM0smiKBMYEjwKBLe5YhTEwBBCFTe3YtolilAwsRVNCF+f4v9J48B2Hdu9OCqfnE7jKKAdtIv2kYsq6ASdoxqqI4ru0AN6Qs/WvfVovVivk9YZazqzhX7AevsEX5aZSQ==</latexit>



Quantum fermionic dynamics



Quantum dynamics
• Kinematical Hilbert space 

• Ansatz for quantum states: 

•     “almost-solutions” of  the unperturbed cosmology. 

• Imposition of  the constraint & Born-Oppenheimer approx. 
(neglect          ): 

H
grav
LQC ⌦ L2(R, d�)⌦ FD.

<latexit sha1_base64="Ja+G1JFiZgv4OV3yDFWaYJny+tg="></latexit><latexit sha1_base64="Ja+G1JFiZgv4OV3yDFWaYJny+tg="></latexit><latexit sha1_base64="Ja+G1JFiZgv4OV3yDFWaYJny+tg="></latexit><latexit sha1_base64="Ja+G1JFiZgv4OV3yDFWaYJny+tg="></latexit>

�(V,�) D(ND,�),
<latexit sha1_base64="9viRN9bsvgnCiuQCJjhZQ/vIJXY="></latexit><latexit sha1_base64="9viRN9bsvgnCiuQCJjhZQ/vIJXY="></latexit><latexit sha1_base64="9viRN9bsvgnCiuQCJjhZQ/vIJXY="></latexit><latexit sha1_base64="9viRN9bsvgnCiuQCJjhZQ/vIJXY="></latexit>

V / e3↵̃
<latexit sha1_base64="W62WduxiZCVnYTevXvytuSF61SI=">AAACA3icdVBNS8NAEN34WetX1JteFovgqSRVsb0VvXisYD+giWWznbZLN8myuxFKKHjxr3jxoIhX/4Q3/42btkIVfTDweG+GmXmB4Expx/m0FhaXlldWc2v59Y3NrW17Z7eh4kRSqNOYx7IVEAWcRVDXTHNoCQkkDDg0g+Fl5jfvQCoWRzd6JMAPST9iPUaJNlLH3m94QsZCxxhu0xNPM94Fj3AxIOOOXXCLzgTYKVYqFfeslJGyU3LK+NsqoBlqHfvD68Y0CSHSlBOl2q4jtJ8SqRnlMM57iQJB6JD0oW1oREJQfjr5YYyPjNLFvViaijSeqPMTKQmVGoWB6QyJHqjfXib+5bUT3Sv7KYtEoiGi00W9hGPzchYI7jIJVPORIYRKZm7FdEAkodrElp8P4X/SKBVdp+henxaqF7M4cugAHaJj5KJzVEVXqIbqiKJ79Iie0Yv1YD1Zr9bbtHXBms3soR+w3r8AlimYIg==</latexit><latexit sha1_base64="W62WduxiZCVnYTevXvytuSF61SI=">AAACA3icdVBNS8NAEN34WetX1JteFovgqSRVsb0VvXisYD+giWWznbZLN8myuxFKKHjxr3jxoIhX/4Q3/42btkIVfTDweG+GmXmB4Expx/m0FhaXlldWc2v59Y3NrW17Z7eh4kRSqNOYx7IVEAWcRVDXTHNoCQkkDDg0g+Fl5jfvQCoWRzd6JMAPST9iPUaJNlLH3m94QsZCxxhu0xNPM94Fj3AxIOOOXXCLzgTYKVYqFfeslJGyU3LK+NsqoBlqHfvD68Y0CSHSlBOl2q4jtJ8SqRnlMM57iQJB6JD0oW1oREJQfjr5YYyPjNLFvViaijSeqPMTKQmVGoWB6QyJHqjfXib+5bUT3Sv7KYtEoiGi00W9hGPzchYI7jIJVPORIYRKZm7FdEAkodrElp8P4X/SKBVdp+henxaqF7M4cugAHaJj5KJzVEVXqIbqiKJ79Iie0Yv1YD1Zr9bbtHXBms3soR+w3r8AlimYIg==</latexit><latexit sha1_base64="W62WduxiZCVnYTevXvytuSF61SI=">AAACA3icdVBNS8NAEN34WetX1JteFovgqSRVsb0VvXisYD+giWWznbZLN8myuxFKKHjxr3jxoIhX/4Q3/42btkIVfTDweG+GmXmB4Expx/m0FhaXlldWc2v59Y3NrW17Z7eh4kRSqNOYx7IVEAWcRVDXTHNoCQkkDDg0g+Fl5jfvQCoWRzd6JMAPST9iPUaJNlLH3m94QsZCxxhu0xNPM94Fj3AxIOOOXXCLzgTYKVYqFfeslJGyU3LK+NsqoBlqHfvD68Y0CSHSlBOl2q4jtJ8SqRnlMM57iQJB6JD0oW1oREJQfjr5YYyPjNLFvViaijSeqPMTKQmVGoWB6QyJHqjfXib+5bUT3Sv7KYtEoiGi00W9hGPzchYI7jIJVPORIYRKZm7FdEAkodrElp8P4X/SKBVdp+henxaqF7M4cugAHaJj5KJzVEVXqIbqiKJ79Iie0Yv1YD1Zr9bbtHXBms3soR+w3r8AlimYIg==</latexit><latexit sha1_base64="W62WduxiZCVnYTevXvytuSF61SI=">AAACA3icdVBNS8NAEN34WetX1JteFovgqSRVsb0VvXisYD+giWWznbZLN8myuxFKKHjxr3jxoIhX/4Q3/42btkIVfTDweG+GmXmB4Expx/m0FhaXlldWc2v59Y3NrW17Z7eh4kRSqNOYx7IVEAWcRVDXTHNoCQkkDDg0g+Fl5jfvQCoWRzd6JMAPST9iPUaJNlLH3m94QsZCxxhu0xNPM94Fj3AxIOOOXXCLzgTYKVYqFfeslJGyU3LK+NsqoBlqHfvD68Y0CSHSlBOl2q4jtJ8SqRnlMM57iQJB6JD0oW1oREJQfjr5YYyPjNLFvViaijSeqPMTKQmVGoWB6QyJHqjfXib+5bUT3Sv7KYtEoiGi00W9hGPzchYI7jIJVPORIYRKZm7FdEAkodrElp8P4X/SKBVdp+henxaqF7M4cugAHaJj5KJzVEVXqIbqiKJ79Iie0Yv1YD1Zr9bbtHXBms3soR+w3r8AlimYIg==</latexit>

�i@��(V,�) =
ˆ̃
H0�(V,�)

<latexit sha1_base64="yWuUROMcjg2enIR/aA3l9t1U9Yc="></latexit><latexit sha1_base64="yWuUROMcjg2enIR/aA3l9t1U9Yc="></latexit><latexit sha1_base64="yWuUROMcjg2enIR/aA3l9t1U9Yc="></latexit><latexit sha1_base64="yWuUROMcjg2enIR/aA3l9t1U9Yc="></latexit>

�
<latexit sha1_base64="GOMH2soI9zV7A+BNPW1Mj/a/tsQ=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJFsd0VXeiygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BszbYUqeuDC4Zx7ufeeKOHMWIQ+vdzK6tr6Rn6zsLW9s7tX3D9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRVea3Hqg2TMk7O05oKPBAspgRbJ3U7F5jIXCvWAp8NANEfrVaDc7LGamgMqrAb6sEFqj3ih/dviKpoNISjo3pBCix4QRrywin00I3NTTBZIQHtOOoxIKacDK7dgpPnNKHsdKupIUzdXligoUxYxG5ToHt0Pz2MvEvr5PauBJOmExSSyWZL4pTDq2C2euwzzQllo8dwUQzdyskQ6wxsS6gwnII/5Nm2Q+QH9yelWqXizjy4Agcg1MQgAtQAzegDhqAgHvwCJ7Bi6e8J+/Ve5u35rzFzCH4Ae/9C7BcjzQ=</latexit><latexit sha1_base64="GOMH2soI9zV7A+BNPW1Mj/a/tsQ=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJFsd0VXeiygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BszbYUqeuDC4Zx7ufeeKOHMWIQ+vdzK6tr6Rn6zsLW9s7tX3D9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRVea3Hqg2TMk7O05oKPBAspgRbJ3U7F5jIXCvWAp8NANEfrVaDc7LGamgMqrAb6sEFqj3ih/dviKpoNISjo3pBCix4QRrywin00I3NTTBZIQHtOOoxIKacDK7dgpPnNKHsdKupIUzdXligoUxYxG5ToHt0Pz2MvEvr5PauBJOmExSSyWZL4pTDq2C2euwzzQllo8dwUQzdyskQ6wxsS6gwnII/5Nm2Q+QH9yelWqXizjy4Agcg1MQgAtQAzegDhqAgHvwCJ7Bi6e8J+/Ve5u35rzFzCH4Ae/9C7BcjzQ=</latexit><latexit sha1_base64="GOMH2soI9zV7A+BNPW1Mj/a/tsQ=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJFsd0VXeiygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BszbYUqeuDC4Zx7ufeeKOHMWIQ+vdzK6tr6Rn6zsLW9s7tX3D9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRVea3Hqg2TMk7O05oKPBAspgRbJ3U7F5jIXCvWAp8NANEfrVaDc7LGamgMqrAb6sEFqj3ih/dviKpoNISjo3pBCix4QRrywin00I3NTTBZIQHtOOoxIKacDK7dgpPnNKHsdKupIUzdXligoUxYxG5ToHt0Pz2MvEvr5PauBJOmExSSyWZL4pTDq2C2euwzzQllo8dwUQzdyskQ6wxsS6gwnII/5Nm2Q+QH9yelWqXizjy4Agcg1MQgAtQAzegDhqAgHvwCJ7Bi6e8J+/Ve5u35rzFzCH4Ae/9C7BcjzQ=</latexit><latexit sha1_base64="GOMH2soI9zV7A+BNPW1Mj/a/tsQ=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJFsd0VXeiygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BszbYUqeuDC4Zx7ufeeKOHMWIQ+vdzK6tr6Rn6zsLW9s7tX3D9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRVea3Hqg2TMk7O05oKPBAspgRbJ3U7F5jIXCvWAp8NANEfrVaDc7LGamgMqrAb6sEFqj3ih/dviKpoNISjo3pBCix4QRrywin00I3NTTBZIQHtOOoxIKacDK7dgpPnNKHsdKupIUzdXligoUxYxG5ToHt0Pz2MvEvr5PauBJOmExSSyWZL4pTDq2C2euwzzQllo8dwUQzdyskQ6wxsS6gwnII/5Nm2Q+QH9yelWqXizjy4Agcg1MQgAtQAzegDhqAgHvwCJ7Bi6e8J+/Ve5u35rzFzCH4Ae/9C7BcjzQ=</latexit>

@2� D
<latexit sha1_base64="8nm5qg//rCW793+/Xf0CgNjpnVw=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4CokRbHdFXXhsoJ9QBPDZDpph06SYWYilJCNv+LGhSJu/Qx3/o2TtkIVPXDhcM69d+aegDMqlW1/GqWl5ZXVtfJ6ZWNza3vH3N3ryCQVmLRxwhLRC5AkjMakrahipMcFQVHASDcYXxZ+954ISZP4Vk048SI0jGlIMVJa8s0DlyOhKGJ3NT9z+YjmLpfUv/LNqmPZU0DbajQazlmtIHW7Ztfht1UFc7R888MdJDiNSKwwQ1L2HZsrLyuWY0byiptKwhEeoyHpaxqjiEgvmx6Qw2OtDGCYCF2xglN1cSJDkZSTKNCdEVIj+dsrxL+8fqrCupfRmKeKxHj2UJgyqBJYpAEHVBCs2EQThAXVf4V4hATCSmdWWQzhf9KpWY5tOTen1ebFPI4yOARH4AQ44Bw0wTVogTbAIAeP4Bm8GA/Gk/FqvM1aS8Z8Zh/8gPH+BV8Ilug=</latexit><latexit sha1_base64="8nm5qg//rCW793+/Xf0CgNjpnVw=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4CokRbHdFXXhsoJ9QBPDZDpph06SYWYilJCNv+LGhSJu/Qx3/o2TtkIVPXDhcM69d+aegDMqlW1/GqWl5ZXVtfJ6ZWNza3vH3N3ryCQVmLRxwhLRC5AkjMakrahipMcFQVHASDcYXxZ+954ISZP4Vk048SI0jGlIMVJa8s0DlyOhKGJ3NT9z+YjmLpfUv/LNqmPZU0DbajQazlmtIHW7Ztfht1UFc7R888MdJDiNSKwwQ1L2HZsrLyuWY0byiptKwhEeoyHpaxqjiEgvmx6Qw2OtDGCYCF2xglN1cSJDkZSTKNCdEVIj+dsrxL+8fqrCupfRmKeKxHj2UJgyqBJYpAEHVBCs2EQThAXVf4V4hATCSmdWWQzhf9KpWY5tOTen1ebFPI4yOARH4AQ44Bw0wTVogTbAIAeP4Bm8GA/Gk/FqvM1aS8Z8Zh/8gPH+BV8Ilug=</latexit><latexit sha1_base64="8nm5qg//rCW793+/Xf0CgNjpnVw=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4CokRbHdFXXhsoJ9QBPDZDpph06SYWYilJCNv+LGhSJu/Qx3/o2TtkIVPXDhcM69d+aegDMqlW1/GqWl5ZXVtfJ6ZWNza3vH3N3ryCQVmLRxwhLRC5AkjMakrahipMcFQVHASDcYXxZ+954ISZP4Vk048SI0jGlIMVJa8s0DlyOhKGJ3NT9z+YjmLpfUv/LNqmPZU0DbajQazlmtIHW7Ztfht1UFc7R888MdJDiNSKwwQ1L2HZsrLyuWY0byiptKwhEeoyHpaxqjiEgvmx6Qw2OtDGCYCF2xglN1cSJDkZSTKNCdEVIj+dsrxL+8fqrCupfRmKeKxHj2UJgyqBJYpAEHVBCs2EQThAXVf4V4hATCSmdWWQzhf9KpWY5tOTen1ebFPI4yOARH4AQ44Bw0wTVogTbAIAeP4Bm8GA/Gk/FqvM1aS8Z8Zh/8gPH+BV8Ilug=</latexit><latexit sha1_base64="8nm5qg//rCW793+/Xf0CgNjpnVw=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4CokRbHdFXXhsoJ9QBPDZDpph06SYWYilJCNv+LGhSJu/Qx3/o2TtkIVPXDhcM69d+aegDMqlW1/GqWl5ZXVtfJ6ZWNza3vH3N3ryCQVmLRxwhLRC5AkjMakrahipMcFQVHASDcYXxZ+954ISZP4Vk048SI0jGlIMVJa8s0DlyOhKGJ3NT9z+YjmLpfUv/LNqmPZU0DbajQazlmtIHW7Ztfht1UFc7R888MdJDiNSKwwQ1L2HZsrLyuWY0byiptKwhEeoyHpaxqjiEgvmx6Qw2OtDGCYCF2xglN1cSJDkZSTKNCdEVIj+dsrxL+8fqrCupfRmKeKxHj2UJgyqBJYpAEHVBCs2EQThAXVf4V4hATCSmdWWQzhf9KpWY5tOTen1ebFPI4yOARH4AQ44Bw0wTVogTbAIAeP4Bm8GA/Gk/FqvM1aS8Z8Zh/8gPH+BV8Ilug=</latexit>

i@� D(ND,�) =
l0h

\
V 2/3e↵̃H̃Di� � C

(�)
D (�)

h
ˆ̃
H0i�

 D(ND,�)

<latexit sha1_base64="KNQVctbK3lOOZn4Pmxnlyo5cUog="></latexit><latexit sha1_base64="KNQVctbK3lOOZn4Pmxnlyo5cUog="></latexit><latexit sha1_base64="KNQVctbK3lOOZn4Pmxnlyo5cUog="></latexit><latexit sha1_base64="KNQVctbK3lOOZn4Pmxnlyo5cUog="></latexit>



Quantum dynamics
• Kinematical Hilbert space 

• Ansatz for quantum states: 

•     “almost-solutions” of  the unperturbed cosmology. 

• Imposition of  the constraint & Born-Oppenheimer approx. 
(neglect          ): 

H
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LQC ⌦ L2(R, d�)⌦ FD.
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Measures (mean) backreaction



Quantum dynamics
• Associated Heisenberg equations for fermionic operators: 

• By construction of  the representation, known asymptotics of  
expectation values when              :
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Unitarity & backreaction



Unitarity
• Solutions to the Heisenberg equations at time             with 

initial conditions                   :  

• Known asymptotics of  Bogoliubov coefficients when

⌘� = ⌘,
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â(x,y)~k
, b̂(x,y)†~k

<latexit sha1_base64="QjWRdqV1bJd5j8UAnEqwRWmQU1U="></latexit><latexit sha1_base64="QjWRdqV1bJd5j8UAnEqwRWmQU1U="></latexit><latexit sha1_base64="QjWRdqV1bJd5j8UAnEqwRWmQU1U="></latexit><latexit sha1_base64="QjWRdqV1bJd5j8UAnEqwRWmQU1U="></latexit>
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(x,y)
~k

+ ei
R ⌘
⌘0

d⌘� J̃(�)
k ↵̄k(⌘, ⌘0)b̂

(x,y)†
~k

<latexit sha1_base64="6slyMkSuLyYPu++SreZ6L3g3mKQ="></latexit><latexit sha1_base64="6slyMkSuLyYPu++SreZ6L3g3mKQ="></latexit><latexit sha1_base64="6slyMkSuLyYPu++SreZ6L3g3mKQ="></latexit><latexit sha1_base64="6slyMkSuLyYPu++SreZ6L3g3mKQ="></latexit>

|↵k|2 + |�k|2 = 1
<latexit sha1_base64="9L2NtllbDubpJVi6HHR+fw+VO0s=">AAACBXicdVDLSgMxFL1TX7W+qi51ESyCIJSZom1nIRTduKxgH9CpJZOmbWjmQZIRStuNG3/FjQtF3PoP7vwb0+kIKnrgwsk595J7jxtyJpVpfhiphcWl5ZX0amZtfWNzK7u9U5dBJAitkYAHouliSTnzaU0xxWkzFBR7LqcNd3gx8xu3VEgW+NdqFNK2h/s+6zGClZY62f2Jg3k4wJ0hmtwUjieOS1XyOLM62ZyZt23bKpaRJsXTYtmMSckulZCVN2PkIEG1k313ugGJPOorwrGULcsMVXuMhWKE02nGiSQNMRniPm1p6mOPyvY4vmKKDrXSRb1A6PIVitXvE2PsSTnyXN3pYTWQv72Z+JfXilSv3B4zP4wU9cn8o17EkQrQLBLUZYISxUeaYCKY3hWRARaYKB1cRofwdSn6n9QLecvMW1cnucp5Ekca9uAAjsCCElTgEqpQAwJ38ABP8GzcG4/Gi/E6b00Zycwu/IDx9gm32JgT</latexit><latexit sha1_base64="9L2NtllbDubpJVi6HHR+fw+VO0s=">AAACBXicdVDLSgMxFL1TX7W+qi51ESyCIJSZom1nIRTduKxgH9CpJZOmbWjmQZIRStuNG3/FjQtF3PoP7vwb0+kIKnrgwsk595J7jxtyJpVpfhiphcWl5ZX0amZtfWNzK7u9U5dBJAitkYAHouliSTnzaU0xxWkzFBR7LqcNd3gx8xu3VEgW+NdqFNK2h/s+6zGClZY62f2Jg3k4wJ0hmtwUjieOS1XyOLM62ZyZt23bKpaRJsXTYtmMSckulZCVN2PkIEG1k313ugGJPOorwrGULcsMVXuMhWKE02nGiSQNMRniPm1p6mOPyvY4vmKKDrXSRb1A6PIVitXvE2PsSTnyXN3pYTWQv72Z+JfXilSv3B4zP4wU9cn8o17EkQrQLBLUZYISxUeaYCKY3hWRARaYKB1cRofwdSn6n9QLecvMW1cnucp5Ekca9uAAjsCCElTgEqpQAwJ38ABP8GzcG4/Gi/E6b00Zycwu/IDx9gm32JgT</latexit><latexit sha1_base64="9L2NtllbDubpJVi6HHR+fw+VO0s=">AAACBXicdVDLSgMxFL1TX7W+qi51ESyCIJSZom1nIRTduKxgH9CpJZOmbWjmQZIRStuNG3/FjQtF3PoP7vwb0+kIKnrgwsk595J7jxtyJpVpfhiphcWl5ZX0amZtfWNzK7u9U5dBJAitkYAHouliSTnzaU0xxWkzFBR7LqcNd3gx8xu3VEgW+NdqFNK2h/s+6zGClZY62f2Jg3k4wJ0hmtwUjieOS1XyOLM62ZyZt23bKpaRJsXTYtmMSckulZCVN2PkIEG1k313ugGJPOorwrGULcsMVXuMhWKE02nGiSQNMRniPm1p6mOPyvY4vmKKDrXSRb1A6PIVitXvE2PsSTnyXN3pYTWQv72Z+JfXilSv3B4zP4wU9cn8o17EkQrQLBLUZYISxUeaYCKY3hWRARaYKB1cRofwdSn6n9QLecvMW1cnucp5Ekca9uAAjsCCElTgEqpQAwJ38ABP8GzcG4/Gi/E6b00Zycwu/IDx9gm32JgT</latexit><latexit sha1_base64="9L2NtllbDubpJVi6HHR+fw+VO0s=">AAACBXicdVDLSgMxFL1TX7W+qi51ESyCIJSZom1nIRTduKxgH9CpJZOmbWjmQZIRStuNG3/FjQtF3PoP7vwb0+kIKnrgwsk595J7jxtyJpVpfhiphcWl5ZX0amZtfWNzK7u9U5dBJAitkYAHouliSTnzaU0xxWkzFBR7LqcNd3gx8xu3VEgW+NdqFNK2h/s+6zGClZY62f2Jg3k4wJ0hmtwUjieOS1XyOLM62ZyZt23bKpaRJsXTYtmMSckulZCVN2PkIEG1k313ugGJPOorwrGULcsMVXuMhWKE02nGiSQNMRniPm1p6mOPyvY4vmKKDrXSRb1A6PIVitXvE2PsSTnyXN3pYTWQv72Z+JfXilSv3B4zP4wU9cn8o17EkQrQLBLUZYISxUeaYCKY3hWRARaYKB1cRofwdSn6n9QLecvMW1cnucp5Ekca9uAAjsCCElTgEqpQAwJ38ABP8GzcG4/Gi/E6b00Zycwu/IDx9gm32JgT</latexit>

!k ! 1 :
<latexit sha1_base64="wsSUXFXVjesiGaMFng+2W/8cG6o=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKcyIZvEU9OIxglkgE0JPpydp0tM9dNcoIQS8+CtePCji1Z/w5t/YWQQVfVDweK+KqnpBLLgB1/1wUguLS8sr6dXM2vrG5lZ2e6duVKIpq1EllG4GxDDBJasBB8GasWYkCgRrBIOLid+4YdpwJa9hGLN2RHqSh5wSsFInu+eriPVIZ+Br3usD0Vrd+lyGMDzrZHNuvlwue4UStqRwWii5U1IsF4vYy7tT5NAc1U723e8qmkRMAhXEmJbnxtAeEQ2cCjbO+IlhMaED0mMtSyWJmGmPpj+M8aFVujhU2pYEPFW/T4xIZMwwCmxnRKBvfnsT8S+vlUBYao+4jBNgks4WhYnAoPAkENzlmlEQQ0sI1dzeimmfaELBxpaxIXx9iv8n9eO85+a9q5Nc5XweRxrtowN0hDxURBV0iaqohii6Qw/oCT07986j8+K8zlpTznxmF/2A8/YJgryYvA==</latexit><latexit sha1_base64="wsSUXFXVjesiGaMFng+2W/8cG6o=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKcyIZvEU9OIxglkgE0JPpydp0tM9dNcoIQS8+CtePCji1Z/w5t/YWQQVfVDweK+KqnpBLLgB1/1wUguLS8sr6dXM2vrG5lZ2e6duVKIpq1EllG4GxDDBJasBB8GasWYkCgRrBIOLid+4YdpwJa9hGLN2RHqSh5wSsFInu+eriPVIZ+Br3usD0Vrd+lyGMDzrZHNuvlwue4UStqRwWii5U1IsF4vYy7tT5NAc1U723e8qmkRMAhXEmJbnxtAeEQ2cCjbO+IlhMaED0mMtSyWJmGmPpj+M8aFVujhU2pYEPFW/T4xIZMwwCmxnRKBvfnsT8S+vlUBYao+4jBNgks4WhYnAoPAkENzlmlEQQ0sI1dzeimmfaELBxpaxIXx9iv8n9eO85+a9q5Nc5XweRxrtowN0hDxURBV0iaqohii6Qw/oCT07986j8+K8zlpTznxmF/2A8/YJgryYvA==</latexit><latexit sha1_base64="wsSUXFXVjesiGaMFng+2W/8cG6o=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKcyIZvEU9OIxglkgE0JPpydp0tM9dNcoIQS8+CtePCji1Z/w5t/YWQQVfVDweK+KqnpBLLgB1/1wUguLS8sr6dXM2vrG5lZ2e6duVKIpq1EllG4GxDDBJasBB8GasWYkCgRrBIOLid+4YdpwJa9hGLN2RHqSh5wSsFInu+eriPVIZ+Br3usD0Vrd+lyGMDzrZHNuvlwue4UStqRwWii5U1IsF4vYy7tT5NAc1U723e8qmkRMAhXEmJbnxtAeEQ2cCjbO+IlhMaED0mMtSyWJmGmPpj+M8aFVujhU2pYEPFW/T4xIZMwwCmxnRKBvfnsT8S+vlUBYao+4jBNgks4WhYnAoPAkENzlmlEQQ0sI1dzeimmfaELBxpaxIXx9iv8n9eO85+a9q5Nc5XweRxrtowN0hDxURBV0iaqohii6Qw/oCT07986j8+K8zlpTznxmF/2A8/YJgryYvA==</latexit><latexit sha1_base64="wsSUXFXVjesiGaMFng+2W/8cG6o=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKcyIZvEU9OIxglkgE0JPpydp0tM9dNcoIQS8+CtePCji1Z/w5t/YWQQVfVDweK+KqnpBLLgB1/1wUguLS8sr6dXM2vrG5lZ2e6duVKIpq1EllG4GxDDBJasBB8GasWYkCgRrBIOLid+4YdpwJa9hGLN2RHqSh5wSsFInu+eriPVIZ+Br3usD0Vrd+lyGMDzrZHNuvlwue4UStqRwWii5U1IsF4vYy7tT5NAc1U723e8qmkRMAhXEmJbnxtAeEQ2cCjbO+IlhMaED0mMtSyWJmGmPpj+M8aFVujhU2pYEPFW/T4xIZMwwCmxnRKBvfnsT8S+vlUBYao+4jBNgks4WhYnAoPAkENzlmlEQQ0sI1dzeimmfaELBxpaxIXx9iv8n9eO85+a9q5Nc5XweRxrtowN0hDxURBV0iaqohii6Qw/oCT07986j8+K8zlpTznxmF/2A8/YJgryYvA==</latexit>

Square summable: 
Unitary evolution
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Backreaction
• Explicit construction of  the unitary operator that implements 

the dynamics, in terms of            :  

• The evolved vacuum            can be seen to provide solutions 
to the Schrödinger equation, with:

↵k,�k
<latexit sha1_base64="qDPoCt9PwKxIe/C9k5jEPnQtFiM=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuJCQ1EDrrujGZQV7gSaEyXTSDp1MwsxEKbGP4saFIm59Ene+jZO2gor+MPDxn3M4Z/4wZVQq2/4wSiura+sb5c3K1vbO7p5Z3e/KJBOYdHDCEtEPkSSMctJRVDHSTwVBcchIL5xcFvXeLRGSJvxGTVPix2jEaUQxUtoKzKqHWDpGweQUeiFRGgKzZlvnTdd167CAs0bdLUDLdaBj2XPVwFLtwHz3hgnOYsIVZkjKgWOnys+RUBQzMqt4mSQpwhM0IgONHMVE+vn89Bk81s4QRonQjys4d79P5CiWchqHujNGaix/1wrzr9ogU1HTzylPM0U4XiyKMgZVAosc4JAKghWbakBYUH0rxGMkEFY6rYoO4eun8H/o1i3Htpxrt9a6WMZRBofgCJwABzRAC1yBNugADO7AA3gCz8a98Wi8GK+L1pKxnDkAP2S8fQIx+JP4</latexit><latexit sha1_base64="qDPoCt9PwKxIe/C9k5jEPnQtFiM=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuJCQ1EDrrujGZQV7gSaEyXTSDp1MwsxEKbGP4saFIm59Ene+jZO2gor+MPDxn3M4Z/4wZVQq2/4wSiura+sb5c3K1vbO7p5Z3e/KJBOYdHDCEtEPkSSMctJRVDHSTwVBcchIL5xcFvXeLRGSJvxGTVPix2jEaUQxUtoKzKqHWDpGweQUeiFRGgKzZlvnTdd167CAs0bdLUDLdaBj2XPVwFLtwHz3hgnOYsIVZkjKgWOnys+RUBQzMqt4mSQpwhM0IgONHMVE+vn89Bk81s4QRonQjys4d79P5CiWchqHujNGaix/1wrzr9ogU1HTzylPM0U4XiyKMgZVAosc4JAKghWbakBYUH0rxGMkEFY6rYoO4eun8H/o1i3Htpxrt9a6WMZRBofgCJwABzRAC1yBNugADO7AA3gCz8a98Wi8GK+L1pKxnDkAP2S8fQIx+JP4</latexit><latexit sha1_base64="qDPoCt9PwKxIe/C9k5jEPnQtFiM=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuJCQ1EDrrujGZQV7gSaEyXTSDp1MwsxEKbGP4saFIm59Ene+jZO2gor+MPDxn3M4Z/4wZVQq2/4wSiura+sb5c3K1vbO7p5Z3e/KJBOYdHDCEtEPkSSMctJRVDHSTwVBcchIL5xcFvXeLRGSJvxGTVPix2jEaUQxUtoKzKqHWDpGweQUeiFRGgKzZlvnTdd167CAs0bdLUDLdaBj2XPVwFLtwHz3hgnOYsIVZkjKgWOnys+RUBQzMqt4mSQpwhM0IgONHMVE+vn89Bk81s4QRonQjys4d79P5CiWchqHujNGaix/1wrzr9ogU1HTzylPM0U4XiyKMgZVAosc4JAKghWbakBYUH0rxGMkEFY6rYoO4eun8H/o1i3Htpxrt9a6WMZRBofgCJwABzRAC1yBNugADO7AA3gCz8a98Wi8GK+L1pKxnDkAP2S8fQIx+JP4</latexit><latexit sha1_base64="qDPoCt9PwKxIe/C9k5jEPnQtFiM=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuJCQ1EDrrujGZQV7gSaEyXTSDp1MwsxEKbGP4saFIm59Ene+jZO2gor+MPDxn3M4Z/4wZVQq2/4wSiura+sb5c3K1vbO7p5Z3e/KJBOYdHDCEtEPkSSMctJRVDHSTwVBcchIL5xcFvXeLRGSJvxGTVPix2jEaUQxUtoKzKqHWDpGweQUeiFRGgKzZlvnTdd167CAs0bdLUDLdaBj2XPVwFLtwHz3hgnOYsIVZkjKgWOnys+RUBQzMqt4mSQpwhM0IgONHMVE+vn89Bk81s4QRonQjys4d79P5CiWchqHujNGaix/1wrzr9ogU1HTzylPM0U4XiyKMgZVAosc4JAKghWbakBYUH0rxGMkEFY6rYoO4eun8H/o1i3Htpxrt9a6WMZRBofgCJwABzRAC1yBNugADO7AA3gCz8a98Wi8GK+L1pKxnDkAP2S8fQIx+JP4</latexit>

ÛD = ÛBÛL,
<latexit sha1_base64="8TA124h0/GB+ardUmi9ndN75V10=">AAACBnicdZDLSsNAFIYnXmu9RV2KMFgEFxKSGmhdCKW6cOGigmkLbQiT6aQdOrkwMxFK6MqNr+LGhSJufQZ3vo2TXkBFfxj4+M85nDm/nzAqpGl+aguLS8srq4W14vrG5ta2vrPbFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfXuT11h3hgsbRrRwlxA1RP6IBxUgqy9MPugMkM2fsXZ7PqT6H6xNPL5nGWdW27TLM4bRStnNQsi1oGeZEJTBTw9M/ur0YpyGJJGZIiI5lJtLNEJcUMzIudlNBEoSHqE86CiMUEuFmkzPG8Eg5PRjEXL1Iwon7fSJDoRCj0FedIZID8buWm3/VOqkMqm5GoySVJMLTRUHKoIxhngnsUU6wZCMFCHOq/grxAHGEpUquqEKYXwr/h2bZsEzDurFLtfosjgLYB4fgGFigAmrgCjSAAzC4B4/gGbxoD9qT9qq9TVsXtNnMHvgh7f0Lp52ZQA==</latexit><latexit sha1_base64="8TA124h0/GB+ardUmi9ndN75V10=">AAACBnicdZDLSsNAFIYnXmu9RV2KMFgEFxKSGmhdCKW6cOGigmkLbQiT6aQdOrkwMxFK6MqNr+LGhSJufQZ3vo2TXkBFfxj4+M85nDm/nzAqpGl+aguLS8srq4W14vrG5ta2vrPbFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfXuT11h3hgsbRrRwlxA1RP6IBxUgqy9MPugMkM2fsXZ7PqT6H6xNPL5nGWdW27TLM4bRStnNQsi1oGeZEJTBTw9M/ur0YpyGJJGZIiI5lJtLNEJcUMzIudlNBEoSHqE86CiMUEuFmkzPG8Eg5PRjEXL1Iwon7fSJDoRCj0FedIZID8buWm3/VOqkMqm5GoySVJMLTRUHKoIxhngnsUU6wZCMFCHOq/grxAHGEpUquqEKYXwr/h2bZsEzDurFLtfosjgLYB4fgGFigAmrgCjSAAzC4B4/gGbxoD9qT9qq9TVsXtNnMHvgh7f0Lp52ZQA==</latexit><latexit sha1_base64="8TA124h0/GB+ardUmi9ndN75V10=">AAACBnicdZDLSsNAFIYnXmu9RV2KMFgEFxKSGmhdCKW6cOGigmkLbQiT6aQdOrkwMxFK6MqNr+LGhSJufQZ3vo2TXkBFfxj4+M85nDm/nzAqpGl+aguLS8srq4W14vrG5ta2vrPbFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfXuT11h3hgsbRrRwlxA1RP6IBxUgqy9MPugMkM2fsXZ7PqT6H6xNPL5nGWdW27TLM4bRStnNQsi1oGeZEJTBTw9M/ur0YpyGJJGZIiI5lJtLNEJcUMzIudlNBEoSHqE86CiMUEuFmkzPG8Eg5PRjEXL1Iwon7fSJDoRCj0FedIZID8buWm3/VOqkMqm5GoySVJMLTRUHKoIxhngnsUU6wZCMFCHOq/grxAHGEpUquqEKYXwr/h2bZsEzDurFLtfosjgLYB4fgGFigAmrgCjSAAzC4B4/gGbxoD9qT9qq9TVsXtNnMHvgh7f0Lp52ZQA==</latexit><latexit sha1_base64="8TA124h0/GB+ardUmi9ndN75V10=">AAACBnicdZDLSsNAFIYnXmu9RV2KMFgEFxKSGmhdCKW6cOGigmkLbQiT6aQdOrkwMxFK6MqNr+LGhSJufQZ3vo2TXkBFfxj4+M85nDm/nzAqpGl+aguLS8srq4W14vrG5ta2vrPbFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfXuT11h3hgsbRrRwlxA1RP6IBxUgqy9MPugMkM2fsXZ7PqT6H6xNPL5nGWdW27TLM4bRStnNQsi1oGeZEJTBTw9M/ur0YpyGJJGZIiI5lJtLNEJcUMzIudlNBEoSHqE86CiMUEuFmkzPG8Eg5PRjEXL1Iwon7fSJDoRCj0FedIZID8buWm3/VOqkMqm5GoySVJMLTRUHKoIxhngnsUU6wZCMFCHOq/grxAHGEpUquqEKYXwr/h2bZsEzDurFLtfosjgLYB4fgGFigAmrgCjSAAzC4B4/gGbxoD9qT9qq9TVsXtNnMHvgh7f0Lp52ZQA==</latexit>

ÛL
<latexit sha1_base64="WujaEmGsyr4KGaRufBD/7wsXX6c=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqoPVW9OLBQwXTVtpQNttNu3Q3CbsboYT+Ci8eFPHqz/Hmv3HTVlDRBwOP92aYmRcknClt2x9WYWV1bX2juFna2t7Z3SvvH7RVnEpCPRLzWHYDrChnEfU005x2E0mxCDjtBJPL3O/cU6lYHN3qaUJ9gUcRCxnB2kh3/THWmTcbXA/KFbt63nBdt4ZyclavuTkxcB3kVO05KrBEa1B+7w9jkgoaacKxUj3HTrSfYakZ4XRW6qeKJphM8Ij2DI2woMrP5gfP0IlRhiiMpalIo7n6fSLDQqmpCEynwHqsfnu5+JfXS3XY8DMWJammEVksClOOdIzy79GQSUo0nxqCiWTmVkTGWGKiTUYlE8LXp+h/0q5VHbvq3LiV5sUyjiIcwTGcggN1aMIVtMADAgIe4AmeLWk9Wi/W66K1YC1nDuEHrLdPZkeQzg==</latexit><latexit sha1_base64="WujaEmGsyr4KGaRufBD/7wsXX6c=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqoPVW9OLBQwXTVtpQNttNu3Q3CbsboYT+Ci8eFPHqz/Hmv3HTVlDRBwOP92aYmRcknClt2x9WYWV1bX2juFna2t7Z3SvvH7RVnEpCPRLzWHYDrChnEfU005x2E0mxCDjtBJPL3O/cU6lYHN3qaUJ9gUcRCxnB2kh3/THWmTcbXA/KFbt63nBdt4ZyclavuTkxcB3kVO05KrBEa1B+7w9jkgoaacKxUj3HTrSfYakZ4XRW6qeKJphM8Ij2DI2woMrP5gfP0IlRhiiMpalIo7n6fSLDQqmpCEynwHqsfnu5+JfXS3XY8DMWJammEVksClOOdIzy79GQSUo0nxqCiWTmVkTGWGKiTUYlE8LXp+h/0q5VHbvq3LiV5sUyjiIcwTGcggN1aMIVtMADAgIe4AmeLWk9Wi/W66K1YC1nDuEHrLdPZkeQzg==</latexit><latexit sha1_base64="WujaEmGsyr4KGaRufBD/7wsXX6c=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqoPVW9OLBQwXTVtpQNttNu3Q3CbsboYT+Ci8eFPHqz/Hmv3HTVlDRBwOP92aYmRcknClt2x9WYWV1bX2juFna2t7Z3SvvH7RVnEpCPRLzWHYDrChnEfU005x2E0mxCDjtBJPL3O/cU6lYHN3qaUJ9gUcRCxnB2kh3/THWmTcbXA/KFbt63nBdt4ZyclavuTkxcB3kVO05KrBEa1B+7w9jkgoaacKxUj3HTrSfYakZ4XRW6qeKJphM8Ij2DI2woMrP5gfP0IlRhiiMpalIo7n6fSLDQqmpCEynwHqsfnu5+JfXS3XY8DMWJammEVksClOOdIzy79GQSUo0nxqCiWTmVkTGWGKiTUYlE8LXp+h/0q5VHbvq3LiV5sUyjiIcwTGcggN1aMIVtMADAgIe4AmeLWk9Wi/W66K1YC1nDuEHrLdPZkeQzg==</latexit><latexit sha1_base64="WujaEmGsyr4KGaRufBD/7wsXX6c=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqoPVW9OLBQwXTVtpQNttNu3Q3CbsboYT+Ci8eFPHqz/Hmv3HTVlDRBwOP92aYmRcknClt2x9WYWV1bX2juFna2t7Z3SvvH7RVnEpCPRLzWHYDrChnEfU005x2E0mxCDjtBJPL3O/cU6lYHN3qaUJ9gUcRCxnB2kh3/THWmTcbXA/KFbt63nBdt4ZyclavuTkxcB3kVO05KrBEa1B+7w9jkgoaacKxUj3HTrSfYakZ4XRW6qeKJphM8Ij2DI2woMrP5gfP0IlRhiiMpalIo7n6fSLDQqmpCEynwHqsfnu5+JfXS3XY8DMWJammEVksClOOdIzy79GQSUo0nxqCiWTmVkTGWGKiTUYlE8LXp+h/0q5VHbvq3LiV5sUyjiIcwTGcggN1aMIVtMADAgIe4AmeLWk9Wi/W66K1YC1nDuEHrLdPZkeQzg==</latexit>

 dominant phase of  alpha coeffs. 

ÛB
<latexit sha1_base64="lgDOb9tZHRLsiS1KmKPAIGEhDwU=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqoPVW6sVjBdNW2lA22227dLMJuxOhhP4KLx4U8erP8ea/cdNWUNEHA4/3ZpiZFyaCa3CcD6uwtr6xuVXcLu3s7u0flA+P2jpOFWU+jUWsuiHRTHDJfOAgWDdRjEShYJ1wepX7nXumNI/lLcwSFkRkLPmIUwJGuutPCGT+fNAclCuOfVn3PK+Kc3JRq3o5MfBc7NrOAhW0QmtQfu8PY5pGTAIVROue6yQQZEQBp4LNS/1Us4TQKRmznqGSREwH2eLgOT4zyhCPYmVKAl6o3ycyEmk9i0LTGRGY6N9eLv7l9VIY1YOMyyQFJuly0SgVGGKcf4+HXDEKYmYIoYqbWzGdEEUomIxKJoSvT/H/pF21Xcd2b7xKo7mKo4hO0Ck6Ry6qoQa6Ri3kI4oi9ICe0LOlrEfrxXpdthas1cwx+gHr7RNXH5DE</latexit><latexit sha1_base64="lgDOb9tZHRLsiS1KmKPAIGEhDwU=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqoPVW6sVjBdNW2lA22227dLMJuxOhhP4KLx4U8erP8ea/cdNWUNEHA4/3ZpiZFyaCa3CcD6uwtr6xuVXcLu3s7u0flA+P2jpOFWU+jUWsuiHRTHDJfOAgWDdRjEShYJ1wepX7nXumNI/lLcwSFkRkLPmIUwJGuutPCGT+fNAclCuOfVn3PK+Kc3JRq3o5MfBc7NrOAhW0QmtQfu8PY5pGTAIVROue6yQQZEQBp4LNS/1Us4TQKRmznqGSREwH2eLgOT4zyhCPYmVKAl6o3ycyEmk9i0LTGRGY6N9eLv7l9VIY1YOMyyQFJuly0SgVGGKcf4+HXDEKYmYIoYqbWzGdEEUomIxKJoSvT/H/pF21Xcd2b7xKo7mKo4hO0Ck6Ry6qoQa6Ri3kI4oi9ICe0LOlrEfrxXpdthas1cwx+gHr7RNXH5DE</latexit><latexit sha1_base64="lgDOb9tZHRLsiS1KmKPAIGEhDwU=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqoPVW6sVjBdNW2lA22227dLMJuxOhhP4KLx4U8erP8ea/cdNWUNEHA4/3ZpiZFyaCa3CcD6uwtr6xuVXcLu3s7u0flA+P2jpOFWU+jUWsuiHRTHDJfOAgWDdRjEShYJ1wepX7nXumNI/lLcwSFkRkLPmIUwJGuutPCGT+fNAclCuOfVn3PK+Kc3JRq3o5MfBc7NrOAhW0QmtQfu8PY5pGTAIVROue6yQQZEQBp4LNS/1Us4TQKRmznqGSREwH2eLgOT4zyhCPYmVKAl6o3ycyEmk9i0LTGRGY6N9eLv7l9VIY1YOMyyQFJuly0SgVGGKcf4+HXDEKYmYIoYqbWzGdEEUomIxKJoSvT/H/pF21Xcd2b7xKo7mKo4hO0Ck6Ry6qoQa6Ri3kI4oi9ICe0LOlrEfrxXpdthas1cwx+gHr7RNXH5DE</latexit><latexit sha1_base64="lgDOb9tZHRLsiS1KmKPAIGEhDwU=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqoPVW6sVjBdNW2lA22227dLMJuxOhhP4KLx4U8erP8ea/cdNWUNEHA4/3ZpiZFyaCa3CcD6uwtr6xuVXcLu3s7u0flA+P2jpOFWU+jUWsuiHRTHDJfOAgWDdRjEShYJ1wepX7nXumNI/lLcwSFkRkLPmIUwJGuutPCGT+fNAclCuOfVn3PK+Kc3JRq3o5MfBc7NrOAhW0QmtQfu8PY5pGTAIVROue6yQQZEQBp4LNS/1Us4TQKRmznqGSREwH2eLgOT4zyhCPYmVKAl6o3ycyEmk9i0LTGRGY6N9eLv7l9VIY1YOMyyQFJuly0SgVGGKcf4+HXDEKYmYIoYqbWzGdEEUomIxKJoSvT/H/pF21Xcd2b7xKo7mKo4hO0Ck6Ry6qoQa6Ri3kI4oi9ICe0LOlrEfrxXpdthas1cwx+gHr7RNXH5DE</latexit>

rest of  Bogoliubov transformation

ÛD|0i
<latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit><latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit><latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit><latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit>

c(x,y)~k
<latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit><latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit><latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit><latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit>

arbitrary part of  the phase of  ÛD|0i
<latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit><latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit><latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit><latexit sha1_base64="p8AsEitDgS8B0Y6jg8AsgLeD3W4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCp5DUQOutqAePFUxbaErZbDft0s0m7G7EEvNXvHhQxKt/xJv/xk1bQUUfDDzem2FmXpAwKpVtfxilldW19Y3yZmVre2d3z9yvdmScCkw8HLNY9AIkCaOceIoqRnqJICgKGOkG04vC794SIWnMb9QsIYMIjTkNKUZKS0Oz6k+Qyrx8eHlv+wLxMSNDs2ZbZ03XdeuwIKeNulsQDdeBjmXPUQNLtIfmuz+KcRoRrjBDUvYdO1GDDAlFMSN5xU8lSRCeojHpa8pRROQgm9+ew2OtjGAYC11cwbn6fSJDkZSzKNCdEVIT+dsrxL+8fqrC5iCjPEkV4XixKEwZVDEsgoAjKghWbKYJwoLqWyGeIIGw0nFVdAhfn8L/SaduObblXLu11vkyjjI4BEfgBDigAVrgCrSBBzC4Aw/gCTwbufFovBivi9aSsZw5AD9gvH0CnG2U0g==</latexit>
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<latexit sha1_base64="bq4CWcrQU05u9klaBkExya7J+NE="></latexit><latexit sha1_base64="bq4CWcrQU05u9klaBkExya7J+NE="></latexit><latexit sha1_base64="bq4CWcrQU05u9klaBkExya7J+NE="></latexit><latexit sha1_base64="bq4CWcrQU05u9klaBkExya7J+NE="></latexit>

at dominant order
(!k ! 1)

<latexit sha1_base64="eDOheaWg+FkYTCfZJmbhgbo2FEg=">AAACBHicdVBNS8NAEN34bf2qevSyWAS9lKQGWm+iF48KtgpNKJvtpl262Q27E6WEHrz4V7x4UMSrP8Kb/8ZNW0FFHww83pthZl6UCm7AdT+cmdm5+YXFpeXSyura+kZ5c6tlVKYpa1IllL6OiGGCS9YEDoJdp5qRJBLsKhqcFv7VDdOGK3kJw5SFCelJHnNKwEqd8s5+oBLWI51BoHmvD0RrdRtwGcPwoFOuuNWjhu/7NVyQw3rNL4iF72Gv6o5RQVOcd8rvQVfRLGESqCDGtD03hTAnGjgVbFQKMsNSQgekx9qWSpIwE+bjJ0Z4zypdHCttSwIeq98ncpIYM0wi25kQ6JvfXiH+5bUziBthzmWaAZN0sijOBAaFi0Rwl2tGQQwtIVRzeyumfaIJBZtbyYbw9Sn+n7RqVc+tehd+5fhkGscS2kG7aB95qI6O0Rk6R01E0R16QE/o2bl3Hp0X53XSOuNMZ7bRDzhvn7ecmM0=</latexit><latexit sha1_base64="eDOheaWg+FkYTCfZJmbhgbo2FEg=">AAACBHicdVBNS8NAEN34bf2qevSyWAS9lKQGWm+iF48KtgpNKJvtpl262Q27E6WEHrz4V7x4UMSrP8Kb/8ZNW0FFHww83pthZl6UCm7AdT+cmdm5+YXFpeXSyura+kZ5c6tlVKYpa1IllL6OiGGCS9YEDoJdp5qRJBLsKhqcFv7VDdOGK3kJw5SFCelJHnNKwEqd8s5+oBLWI51BoHmvD0RrdRtwGcPwoFOuuNWjhu/7NVyQw3rNL4iF72Gv6o5RQVOcd8rvQVfRLGESqCDGtD03hTAnGjgVbFQKMsNSQgekx9qWSpIwE+bjJ0Z4zypdHCttSwIeq98ncpIYM0wi25kQ6JvfXiH+5bUziBthzmWaAZN0sijOBAaFi0Rwl2tGQQwtIVRzeyumfaIJBZtbyYbw9Sn+n7RqVc+tehd+5fhkGscS2kG7aB95qI6O0Rk6R01E0R16QE/o2bl3Hp0X53XSOuNMZ7bRDzhvn7ecmM0=</latexit><latexit sha1_base64="eDOheaWg+FkYTCfZJmbhgbo2FEg=">AAACBHicdVBNS8NAEN34bf2qevSyWAS9lKQGWm+iF48KtgpNKJvtpl262Q27E6WEHrz4V7x4UMSrP8Kb/8ZNW0FFHww83pthZl6UCm7AdT+cmdm5+YXFpeXSyura+kZ5c6tlVKYpa1IllL6OiGGCS9YEDoJdp5qRJBLsKhqcFv7VDdOGK3kJw5SFCelJHnNKwEqd8s5+oBLWI51BoHmvD0RrdRtwGcPwoFOuuNWjhu/7NVyQw3rNL4iF72Gv6o5RQVOcd8rvQVfRLGESqCDGtD03hTAnGjgVbFQKMsNSQgekx9qWSpIwE+bjJ0Z4zypdHCttSwIeq98ncpIYM0wi25kQ6JvfXiH+5bUziBthzmWaAZN0sijOBAaFi0Rwl2tGQQwtIVRzeyumfaIJBZtbyYbw9Sn+n7RqVc+tehd+5fhkGscS2kG7aB95qI6O0Rk6R01E0R16QE/o2bl3Hp0X53XSOuNMZ7bRDzhvn7ecmM0=</latexit><latexit sha1_base64="eDOheaWg+FkYTCfZJmbhgbo2FEg=">AAACBHicdVBNS8NAEN34bf2qevSyWAS9lKQGWm+iF48KtgpNKJvtpl262Q27E6WEHrz4V7x4UMSrP8Kb/8ZNW0FFHww83pthZl6UCm7AdT+cmdm5+YXFpeXSyura+kZ5c6tlVKYpa1IllL6OiGGCS9YEDoJdp5qRJBLsKhqcFv7VDdOGK3kJw5SFCelJHnNKwEqd8s5+oBLWI51BoHmvD0RrdRtwGcPwoFOuuNWjhu/7NVyQw3rNL4iF72Gv6o5RQVOcd8rvQVfRLGESqCDGtD03hTAnGjgVbFQKMsNSQgekx9qWSpIwE+bjJ0Z4zypdHCttSwIeq98ncpIYM0wi25kQ6JvfXiH+5bUziBthzmWaAZN0sijOBAaFi0Rwl2tGQQwtIVRzeyumfaIJBZtbyYbw9Sn+n7RqVc+tehd+5fhkGscS2kG7aB95qI6O0Rk6R01E0R16QE/o2bl3Hp0X53XSOuNMZ7bRDzhvn7ecmM0=</latexit>
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<latexit sha1_base64="v3zOowxThQAIbIXcr0meh1X+oR8="></latexit><latexit sha1_base64="v3zOowxThQAIbIXcr0meh1X+oR8="></latexit><latexit sha1_base64="v3zOowxThQAIbIXcr0meh1X+oR8="></latexit><latexit sha1_base64="v3zOowxThQAIbIXcr0meh1X+oR8="></latexit>



Backreaction
• In order to avoid any regularization by means of          , or 

conditional sums, we impose that: 

• We know its dominant asymptotic order in terms of  

• The backreaction is absolutely convergent iff:  

• Similar arguments show that the fermionic Hamiltonian is 
well-defined on the vacuum iff:

c(x,y)~k
<latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit><latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit><latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit><latexit sha1_base64="WkIv3ZJEs5dof3Q44IZhMOkmU8E=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQQUpSA627ohuXFewD2hgm00k7dPJgZlIMIf6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3HjdiVEjD+NAKK6tr6xvFzdLW9s7unr5/0BVhzDHp4JCFvO8iQRgNSEdSyUg/4gT5LiM9d3qZ+70Z4YKGwY1MImL7aBxQj2IkleToZeykwxnB6TTLbtPq3Wlykjl6xaidNy3LqsOcnDXqVk4ULBOaNWOOClii7ejvw1GIY58EEjMkxMA0ImmniEuKGclKw1iQCOEpGpOBogHyibDT+fEZPFbKCHohVxVIOFe/T6TIFyLxXdXpIzkRv71c/MsbxNJr2ikNoliSAC8WeTGDMoR5EnBEOcGSJYogzKm6FeIJ4ghLlVdJhfD1KfyfdOs106iZ11aldbGMowgOwRGoAhM0QAtcgTboAAwS8ACewLN2rz1qL9rrorWgLWfK4Ae0t093BZVN</latexit>

is absolutely summable over ~k 2 Z3
<latexit sha1_base64="GJWZWNc5xukAmC1nUUPgpUjmKe4=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5C0gdZd0Y3LCvaBTSyT6aQdOpmEmUmhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu5Z06QMCqVbX8YS8srq2vrhY3i5tb2zq65t9+ScSowaeKYxaITIEkY5aSpqGKkkwiCooCRdjC6yP32mAhJY36tJgnxIzTgNKQYKS31zENvTHA2mnqUexFSwyDIbqa3lZ5Zsq2zmuu6ZZiTSrXs5kTDdaBj2TOUwAKNnvnu9WOcRoQrzJCUXcdOlJ8hoShmZFr0UkkShEdoQLqachQR6Wez/FN4opU+DGOhH1dwpn7fyFAk5SQK9GSeUf72cvEvr5uqsOZnlCepIhzPD4UpgyqGeRmwTwXBik00QVhQnRXiIRIIK11ZUZfw9VP4P2mVLce2nCu3VD9f1FEAR+AYnAIHVEEdXIIGaAIM7sADeALPxr3xaLwYr/PRJWOxcwB+wHj7BBivls0=</latexit><latexit sha1_base64="GJWZWNc5xukAmC1nUUPgpUjmKe4=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5C0gdZd0Y3LCvaBTSyT6aQdOpmEmUmhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu5Z06QMCqVbX8YS8srq2vrhY3i5tb2zq65t9+ScSowaeKYxaITIEkY5aSpqGKkkwiCooCRdjC6yP32mAhJY36tJgnxIzTgNKQYKS31zENvTHA2mnqUexFSwyDIbqa3lZ5Zsq2zmuu6ZZiTSrXs5kTDdaBj2TOUwAKNnvnu9WOcRoQrzJCUXcdOlJ8hoShmZFr0UkkShEdoQLqachQR6Wez/FN4opU+DGOhH1dwpn7fyFAk5SQK9GSeUf72cvEvr5uqsOZnlCepIhzPD4UpgyqGeRmwTwXBik00QVhQnRXiIRIIK11ZUZfw9VP4P2mVLce2nCu3VD9f1FEAR+AYnAIHVEEdXIIGaAIM7sADeALPxr3xaLwYr/PRJWOxcwB+wHj7BBivls0=</latexit><latexit sha1_base64="GJWZWNc5xukAmC1nUUPgpUjmKe4=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5C0gdZd0Y3LCvaBTSyT6aQdOpmEmUmhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu5Z06QMCqVbX8YS8srq2vrhY3i5tb2zq65t9+ScSowaeKYxaITIEkY5aSpqGKkkwiCooCRdjC6yP32mAhJY36tJgnxIzTgNKQYKS31zENvTHA2mnqUexFSwyDIbqa3lZ5Zsq2zmuu6ZZiTSrXs5kTDdaBj2TOUwAKNnvnu9WOcRoQrzJCUXcdOlJ8hoShmZFr0UkkShEdoQLqachQR6Wez/FN4opU+DGOhH1dwpn7fyFAk5SQK9GSeUf72cvEvr5uqsOZnlCepIhzPD4UpgyqGeRmwTwXBik00QVhQnRXiIRIIK11ZUZfw9VP4P2mVLce2nCu3VD9f1FEAR+AYnAIHVEEdXIIGaAIM7sADeALPxr3xaLwYr/PRJWOxcwB+wHj7BBivls0=</latexit><latexit sha1_base64="GJWZWNc5xukAmC1nUUPgpUjmKe4=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5C0gdZd0Y3LCvaBTSyT6aQdOpmEmUmhxC78FTcuFHHrb7jzb5y0FVT0wMDhnHu5Z06QMCqVbX8YS8srq2vrhY3i5tb2zq65t9+ScSowaeKYxaITIEkY5aSpqGKkkwiCooCRdjC6yP32mAhJY36tJgnxIzTgNKQYKS31zENvTHA2mnqUexFSwyDIbqa3lZ5Zsq2zmuu6ZZiTSrXs5kTDdaBj2TOUwAKNnvnu9WOcRoQrzJCUXcdOlJ8hoShmZFr0UkkShEdoQLqachQR6Wez/FN4opU+DGOhH1dwpn7fyFAk5SQK9GSeUf72cvEvr5uqsOZnlCepIhzPD4UpgyqGeRmwTwXBik00QVhQnRXiIRIIK11ZUZfw9VP4P2mVLce2nCu3VD9f1FEAR+AYnAIHVEEdXIIGaAIM7sADeALPxr3xaLwYr/PRJWOxcwB+wHj7BBivls0=</latexit>

(independently of     ) �
<latexit sha1_base64="8AjiMMTcXu0b+rtaf2Y3mrkQYVc=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaaN0VXeiygn1AG8pkOmnHziPMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57ooRRbTzvwymsrK6tbxQ3S1vbO7t75f2DtpapwqSFJZOqGyFNGBWkZahhpJsognjESCeaXOZ+554oTaW4NdOEhByNBI0pRsZK7f4V4hwNyhXPPa8HQVCFOTmrVYOcWAQ+9F1vjgpYojkov/eHEqecCIMZ0rrne4kJM6QMxYzMSv1UkwThCRqRnqUCcaLDbH7tDJ5YZQhjqWwJA+fq94kMca2nPLKdHJmx/u3l4l9eLzVxPcyoSFJDBF4silMGjYT563BIFcGGTS1BWFF7K8RjpBA2NqCSDeHrU/g/aVdd33P9m6DSuFjGUQRH4BicAh/UQANcgyZoAQzuwAN4As+OdB6dF+d10VpwljOH4Aect0/tzo9e</latexit><latexit sha1_base64="8AjiMMTcXu0b+rtaf2Y3mrkQYVc=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaaN0VXeiygn1AG8pkOmnHziPMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57ooRRbTzvwymsrK6tbxQ3S1vbO7t75f2DtpapwqSFJZOqGyFNGBWkZahhpJsognjESCeaXOZ+554oTaW4NdOEhByNBI0pRsZK7f4V4hwNyhXPPa8HQVCFOTmrVYOcWAQ+9F1vjgpYojkov/eHEqecCIMZ0rrne4kJM6QMxYzMSv1UkwThCRqRnqUCcaLDbH7tDJ5YZQhjqWwJA+fq94kMca2nPLKdHJmx/u3l4l9eLzVxPcyoSFJDBF4silMGjYT563BIFcGGTS1BWFF7K8RjpBA2NqCSDeHrU/g/aVdd33P9m6DSuFjGUQRH4BicAh/UQANcgyZoAQzuwAN4As+OdB6dF+d10VpwljOH4Aect0/tzo9e</latexit><latexit sha1_base64="8AjiMMTcXu0b+rtaf2Y3mrkQYVc=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaaN0VXeiygn1AG8pkOmnHziPMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57ooRRbTzvwymsrK6tbxQ3S1vbO7t75f2DtpapwqSFJZOqGyFNGBWkZahhpJsognjESCeaXOZ+554oTaW4NdOEhByNBI0pRsZK7f4V4hwNyhXPPa8HQVCFOTmrVYOcWAQ+9F1vjgpYojkov/eHEqecCIMZ0rrne4kJM6QMxYzMSv1UkwThCRqRnqUCcaLDbH7tDJ5YZQhjqWwJA+fq94kMca2nPLKdHJmx/u3l4l9eLzVxPcyoSFJDBF4silMGjYT563BIFcGGTS1BWFF7K8RjpBA2NqCSDeHrU/g/aVdd33P9m6DSuFjGUQRH4BicAh/UQANcgyZoAQzuwAN4As+OdB6dF+d10VpwljOH4Aect0/tzo9e</latexit><latexit sha1_base64="8AjiMMTcXu0b+rtaf2Y3mrkQYVc=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIaaN0VXeiygn1AG8pkOmnHziPMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57ooRRbTzvwymsrK6tbxQ3S1vbO7t75f2DtpapwqSFJZOqGyFNGBWkZahhpJsognjESCeaXOZ+554oTaW4NdOEhByNBI0pRsZK7f4V4hwNyhXPPa8HQVCFOTmrVYOcWAQ+9F1vjgpYojkov/eHEqecCIMZ0rrne4kJM6QMxYzMSv1UkwThCRqRnqUCcaLDbH7tDJ5YZQhjqWwJA+fq94kMca2nPLKdHJmx/u3l4l9eLzVxPcyoSFJDBF4silMGjYT563BIFcGGTS1BWFF7K8RjpBA2NqCSDeHrU/g/aVdd33P9m6DSuFjGUQRH4BicAh/UQANcgyZoAQzuwAN4As+OdB6dF+d10VpwljOH4Aect0/tzo9e</latexit>

=(G(�)
k �̄k)

<latexit sha1_base64="mLfJABUw4dA3zkP8ZlHBOS9eNKg="></latexit><latexit sha1_base64="mLfJABUw4dA3zkP8ZlHBOS9eNKg="></latexit><latexit sha1_base64="mLfJABUw4dA3zkP8ZlHBOS9eNKg="></latexit><latexit sha1_base64="mLfJABUw4dA3zkP8ZlHBOS9eNKg="></latexit>

✓k = �i
M̃e�↵

4!2
k

⇡↵e
iFk

2 + #k,
<latexit sha1_base64="CcywFwBSmMxOKP5SVC3h3tlREmA="></latexit><latexit sha1_base64="CcywFwBSmMxOKP5SVC3h3tlREmA="></latexit><latexit sha1_base64="CcywFwBSmMxOKP5SVC3h3tlREmA="></latexit><latexit sha1_base64="CcywFwBSmMxOKP5SVC3h3tlREmA="></latexit>

X

~k2Z3

!k|#k|2 < 1
<latexit sha1_base64="aS3GOc5vf9QMNHVCL0JUXZyvMaE="></latexit><latexit sha1_base64="aS3GOc5vf9QMNHVCL0JUXZyvMaE="></latexit><latexit sha1_base64="aS3GOc5vf9QMNHVCL0JUXZyvMaE="></latexit><latexit sha1_base64="aS3GOc5vf9QMNHVCL0JUXZyvMaE="></latexit>

X

~k2Z3

!2
k|#k|2 < 1

<latexit sha1_base64="1ST1DrJqdMc7cq5Fa420gQmTGuk="></latexit><latexit sha1_base64="1ST1DrJqdMc7cq5Fa420gQmTGuk="></latexit><latexit sha1_base64="1ST1DrJqdMc7cq5Fa420gQmTGuk="></latexit><latexit sha1_base64="1ST1DrJqdMc7cq5Fa420gQmTGuk="></latexit>

G(�)
k .

<latexit sha1_base64="7ZzFmlVwZgzvSu1U1eDfI5bAvP8=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaLUDchKWraXdFFXVawrdDGMJlO2qEzSZiZCDX0Sdy4UMStj+LOt3F6oajoDwOH7z+Hc+YPEkalsu1PI7eyura+kd8sbG3v7BbNvf22jFOBSQvHLBa3AZKE0Yi0FFWM3CaCIB4w0glGl1O/c0+EpHF0o8YJ8TgaRDSkGCmNfLPY8Ed3WbnXQJyjk4nlmyXbqlXPK7UKdCx7JqiJ655V3SUpgYWavvnR68c45SRSmCEpu46dKC9DQlHMyKTQSyVJEB6hAenqMkKcSC+bHT6Bx5r0YRgL/SIFZ/T7RIa4lGMe6E6O1FD+9qbwL6+bqrDqZTRKUkUiPF8UpgyqGE5TgH0qCFZsrAuEBdW3QjxEAmGlsyroEJZ//79oVyzHtpzr01L9YhFHHhyCI1AGDnBBHVyBJmgBDFLwCJ7Bi/FgPBmvxtu8NWcsZg7ADxnvXxJwkrY=</latexit><latexit sha1_base64="7ZzFmlVwZgzvSu1U1eDfI5bAvP8=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaLUDchKWraXdFFXVawrdDGMJlO2qEzSZiZCDX0Sdy4UMStj+LOt3F6oajoDwOH7z+Hc+YPEkalsu1PI7eyura+kd8sbG3v7BbNvf22jFOBSQvHLBa3AZKE0Yi0FFWM3CaCIB4w0glGl1O/c0+EpHF0o8YJ8TgaRDSkGCmNfLPY8Ed3WbnXQJyjk4nlmyXbqlXPK7UKdCx7JqiJ655V3SUpgYWavvnR68c45SRSmCEpu46dKC9DQlHMyKTQSyVJEB6hAenqMkKcSC+bHT6Bx5r0YRgL/SIFZ/T7RIa4lGMe6E6O1FD+9qbwL6+bqrDqZTRKUkUiPF8UpgyqGE5TgH0qCFZsrAuEBdW3QjxEAmGlsyroEJZ//79oVyzHtpzr01L9YhFHHhyCI1AGDnBBHVyBJmgBDFLwCJ7Bi/FgPBmvxtu8NWcsZg7ADxnvXxJwkrY=</latexit><latexit sha1_base64="7ZzFmlVwZgzvSu1U1eDfI5bAvP8=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaLUDchKWraXdFFXVawrdDGMJlO2qEzSZiZCDX0Sdy4UMStj+LOt3F6oajoDwOH7z+Hc+YPEkalsu1PI7eyura+kd8sbG3v7BbNvf22jFOBSQvHLBa3AZKE0Yi0FFWM3CaCIB4w0glGl1O/c0+EpHF0o8YJ8TgaRDSkGCmNfLPY8Ed3WbnXQJyjk4nlmyXbqlXPK7UKdCx7JqiJ655V3SUpgYWavvnR68c45SRSmCEpu46dKC9DQlHMyKTQSyVJEB6hAenqMkKcSC+bHT6Bx5r0YRgL/SIFZ/T7RIa4lGMe6E6O1FD+9qbwL6+bqrDqZTRKUkUiPF8UpgyqGE5TgH0qCFZsrAuEBdW3QjxEAmGlsyroEJZ//79oVyzHtpzr01L9YhFHHhyCI1AGDnBBHVyBJmgBDFLwCJ7Bi/FgPBmvxtu8NWcsZg7ADxnvXxJwkrY=</latexit><latexit sha1_base64="7ZzFmlVwZgzvSu1U1eDfI5bAvP8=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaLUDchKWraXdFFXVawrdDGMJlO2qEzSZiZCDX0Sdy4UMStj+LOt3F6oajoDwOH7z+Hc+YPEkalsu1PI7eyura+kd8sbG3v7BbNvf22jFOBSQvHLBa3AZKE0Yi0FFWM3CaCIB4w0glGl1O/c0+EpHF0o8YJ8TgaRDSkGCmNfLPY8Ed3WbnXQJyjk4nlmyXbqlXPK7UKdCx7JqiJ655V3SUpgYWavvnR68c45SRSmCEpu46dKC9DQlHMyKTQSyVJEB6hAenqMkKcSC+bHT6Bx5r0YRgL/SIFZ/T7RIa4lGMe6E6O1FD+9qbwL6+bqrDqZTRKUkUiPF8UpgyqGE5TgH0qCFZsrAuEBdW3QjxEAmGlsyroEJZ//79oVyzHtpzr01L9YhFHHhyCI1AGDnBBHVyBJmgBDFLwCJ7Bi/FgPBmvxtu8NWcsZg7ADxnvXxJwkrY=</latexit>



Conclusions & outlook
• Separation of  the phase space in inflationary hybrid LQC 

so that the fermionic backreaction is well-defined. 

• Leads to a very specific choice of  annihilation and creation-
like variables for the fermionic degrees of  freedom: 

Dynamical characterization of  the excitations. 
Restriction of  the choices of  vacua. 

• Conditions can be strengthen so that the fermionic 
Hamiltonian is well-defined on the Fock vacuum. 

• Results point to further possible restrictions via a 
diagonalization of  the Hamiltonian on particle-states.


