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be attributed to the relative amplitudes which are
clearly dependent on focusing conditions. Extensive
tests were performed to establish that only a minor
portion of the incident beam missed the target and that
the results shown are characteristic of the reAection
from the target and have no other origin.
In the great majority of slow-electron diffraction

units operating at normal incidence, the specularly
rejected beam cannot be observed because it is lost in
the structure of the gun. However, Sproull, '-using a
magnetic deflection method, has studied this beam from
the (112) and (100) faces of tungsten. Sproull's analysis
was within the framework of conventional diffraction
theory and he viewed the specularly reflected beam as
a special case (colatitude angle zero) in which the
' W. T. Sproull, Phys. Rev. 43, 516 (1933).

volume interference condition was satisfied. In this case
a specularly reflected spot splits into two spots which
diverge along a principal azimuth as the incident energy
is raised. There appears no doubt that Sproull's observa-
tions on the (112) face fit this interpretation. However,
in our experiments, even though we could visually
observe the central spot almost continuously for incident
energies from 0 to 180 ev, we observed no tendency for
this spot to split. We suggest therefore that there exist
cases in which the specularly reflected beam should not
be considered as a limiting case of beams diffracted at
other colatitude angles. The theory of MacColla on the
reQection of electrons by metallic crystals appears to be
a good starting point for these cases. We have not yet
attempted to apply this theory to the results of Fig. 2.
' L. A. MacColl, Bell System Tech. J. 30, 888 (1951).
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An electron gas with short-range interactions is considered in the presence of a uniform magnetic field.
It is shown that (1) the cyclotron resonance frequency is independent of the interaction; (2) for a two-
dimensional gas, the de Haas —van Alphen period is independent of the interaction. The low-lying excited
states are briefly discussed.

HERE has been considerable interest in recent
months in the effects of the electron-electron

interaction on the cyclotron resonance frequency and
de Haas —van Alphen oscillations of a gas of electrons.
As some of the theoretical treatments of these problems
use very sophisticated methods, ' and others are based
on incorrect qualitative reasoning, we wish here to
present some simple considerations which we think
shed some light on what has been a rather confusing
sltua Pion.
In the present paper we restrict ourselves to the case

of a short range electron-electron interaction, deferring
specific e6ects of the long-range Coulomb force to a
later account.
We write the Hamiltonian of our system, in a uniform

magnetic field 3C in the s direction, as

and the interaction U is

L'=Q tt(r —r )

then
P—=P;P;,

dP i—=—LH, P]=—
(4)

which is the Lorentz equation for the whole system in
operator form. We now define

CYCLOTRON RESONANCE

We verify directly that if we define the kinetic
momentum of the whole system as

where

P,=[p..., p, , ,+(e5C/c)x, , p...],

P+ Pg+ Imp )
(1)

and the cyclotron frequency,

(o.=eX/mc.
(2) Then by (5) we find that

* Supported in part by the Office of Naval Research.' J, M. Luttinger, Phys. Rev. 121, 1251 (1961). I P,Pg1= +it(a,P~.
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In the absence of umklapp and impurities,
the Fermi liquid is a perfect metal .
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Pomeranchuk instability as a function of coupling J
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Quantum criticality of Ising-nematic ordering in a metal
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<latexit sha1_base64="yu8rDWkp7ce/HUv+bE/tAyDhtz0="></latexit>

a critical boson �
e.g. Ising-nematic order

kx

ky
<latexit sha1_base64="6rjspSxlppOZchoHqgJB25TI+Us=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4WrJtsXorevFYwX5Au5Rsmm1Dk90lyQql9C948aCIV/+QN/+N2XYFFX0w8Hhvhpl5QSK4Nhh/OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCR6xluFGsG6iGJGBYJ1gcp35nXumNI+jOzNNmC/JKOIhp8RkUj/RfFAqY7eKvTrGCLt4AUuqlcsariAvV8qQozkovfeHMU0liwwVROuehxPjz4gynAo2L/ZTzRJCJ2TEepZGRDLtzxa3ztGpVYYojJWtyKCF+n1iRqTWUxnYTknMWP/2MvEvr5ea8MKf8ShJDYvoclGYCmRilD2OhlwxasTUEkIVt7ciOiaKUGPjKdoQvj5F/5N2xfXO3dptrdy4yuMowDGcwBl4UIcG3EATWkBhDA/wBM+OdB6dF+d12bri5DNH8APO2ydTxo5y</latexit>

 

<latexit sha1_base64="ILlHjWHB7/y5eywFYX+tu59jZxo="></latexit>

[�(r)]2

J
+  †(r) (r)�(r)

<latexit sha1_base64="KNlk8azMReGRLYYdWrAqaCec3Mo="></latexit>

L =  †
k

✓
@

@⌧
+ "(k)

◆
 k

Fermi surface + critical boson



<latexit sha1_base64="yu8rDWkp7ce/HUv+bE/tAyDhtz0="></latexit>

a critical boson �
e.g. Ising-nematic order

kx

ky
<latexit sha1_base64="6rjspSxlppOZchoHqgJB25TI+Us=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4WrJtsXorevFYwX5Au5Rsmm1Dk90lyQql9C948aCIV/+QN/+N2XYFFX0w8Hhvhpl5QSK4Nhh/OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCR6xluFGsG6iGJGBYJ1gcp35nXumNI+jOzNNmC/JKOIhp8RkUj/RfFAqY7eKvTrGCLt4AUuqlcsariAvV8qQozkovfeHMU0liwwVROuehxPjz4gynAo2L/ZTzRJCJ2TEepZGRDLtzxa3ztGpVYYojJWtyKCF+n1iRqTWUxnYTknMWP/2MvEvr5ea8MKf8ShJDYvoclGYCmRilD2OhlwxasTUEkIVt7ciOiaKUGPjKdoQvj5F/5N2xfXO3dptrdy4yuMowDGcwBl4UIcG3EATWkBhDA/wBM+OdB6dF+d12bri5DNH8APO2ydTxo5y</latexit>

 

P.A. Lee (1989)

<latexit sha1_base64="ILlHjWHB7/y5eywFYX+tu59jZxo="></latexit>

[�(r)]2

J
+  †(r) (r)�(r)

<latexit sha1_base64="KNlk8azMReGRLYYdWrAqaCec3Mo="></latexit>

L =  †
k

✓
@

@⌧
+ "(k)

◆
 k

<latexit sha1_base64="2yhECnhIHhhvl5IPc7e+J3o1DM4="></latexit>

Solution of Migdal-Eliashberg equations for electron (G)
and boson (D) Green’s functions at small !:

⌃(k̂, i!) ⇠ �isgn(!)|!|2/3 , G(k, i!) =
1

i! � "(k)� ⌃(k̂, i!)
, D(q, i⌦) =

1

⌦2 + q2 + �|⌦|/q

⌃ =
<latexit sha1_base64="pk3ZmbMDJBp861UaFugr9daoJp8=">AAAB7nicbVDLSgMxFL3xWeur6tJNsAiuyswgqAuh6MZlRfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+lho64ELh3Pu5d57olRwYz3vG62srq1vbBa2its7u3v7pYPDhkkyTVmdJiLRrYgYJrhidcutYK1UMyIjwZrR8HbiN5+YNjxRj3aUslCSvuIxp8Q6qdl54H1Jrrulslfxgis/CLAjU2B/kZRhjlq39NXpJTSTTFkqiDFt30ttmBNtORVsXOxkhqWEDkmftR1VRDIT5tNzx/jUKT0cJ9qVsniq/p7IiTRmJCPXKYkdmEVvIv7ntTMbX4Y5V2lmmaKzRXEmsE3w5Hfc45pRK0aOEKq5uxXTAdGEWpdQ0YWw9PIyaQQV36v49+fl6s08jgIcwwmcgQ8XUIU7qEEdKAzhGV7hDaXoBb2jj1nrCprPHMEfoM8fCEKPWw==</latexit><latexit sha1_base64="pk3ZmbMDJBp861UaFugr9daoJp8=">AAAB7nicbVDLSgMxFL3xWeur6tJNsAiuyswgqAuh6MZlRfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+lho64ELh3Pu5d57olRwYz3vG62srq1vbBa2its7u3v7pYPDhkkyTVmdJiLRrYgYJrhidcutYK1UMyIjwZrR8HbiN5+YNjxRj3aUslCSvuIxp8Q6qdl54H1Jrrulslfxgis/CLAjU2B/kZRhjlq39NXpJTSTTFkqiDFt30ttmBNtORVsXOxkhqWEDkmftR1VRDIT5tNzx/jUKT0cJ9qVsniq/p7IiTRmJCPXKYkdmEVvIv7ntTMbX4Y5V2lmmaKzRXEmsE3w5Hfc45pRK0aOEKq5uxXTAdGEWpdQ0YWw9PIyaQQV36v49+fl6s08jgIcwwmcgQ8XUIU7qEEdKAzhGV7hDaXoBb2jj1nrCprPHMEfoM8fCEKPWw==</latexit><latexit sha1_base64="pk3ZmbMDJBp861UaFugr9daoJp8=">AAAB7nicbVDLSgMxFL3xWeur6tJNsAiuyswgqAuh6MZlRfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+lho64ELh3Pu5d57olRwYz3vG62srq1vbBa2its7u3v7pYPDhkkyTVmdJiLRrYgYJrhidcutYK1UMyIjwZrR8HbiN5+YNjxRj3aUslCSvuIxp8Q6qdl54H1Jrrulslfxgis/CLAjU2B/kZRhjlq39NXpJTSTTFkqiDFt30ttmBNtORVsXOxkhqWEDkmftR1VRDIT5tNzx/jUKT0cJ9qVsniq/p7IiTRmJCPXKYkdmEVvIv7ntTMbX4Y5V2lmmaKzRXEmsE3w5Hfc45pRK0aOEKq5uxXTAdGEWpdQ0YWw9PIyaQQV36v49+fl6s08jgIcwwmcgQ8XUIU7qEEdKAzhGV7hDaXoBb2jj1nrCprPHMEfoM8fCEKPWw==</latexit><latexit sha1_base64="pk3ZmbMDJBp861UaFugr9daoJp8=">AAAB7nicbVDLSgMxFL3xWeur6tJNsAiuyswgqAuh6MZlRfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+lho64ELh3Pu5d57olRwYz3vG62srq1vbBa2its7u3v7pYPDhkkyTVmdJiLRrYgYJrhidcutYK1UMyIjwZrR8HbiN5+YNjxRj3aUslCSvuIxp8Q6qdl54H1Jrrulslfxgis/CLAjU2B/kZRhjlq39NXpJTSTTFkqiDFt30ttmBNtORVsXOxkhqWEDkmftR1VRDIT5tNzx/jUKT0cJ9qVsniq/p7IiTRmJCPXKYkdmEVvIv7ntTMbX4Y5V2lmmaKzRXEmsE3w5Hfc45pRK0aOEKq5uxXTAdGEWpdQ0YWw9PIyaQQV36v49+fl6s08jgIcwwmcgQ8XUIU7qEEdKAzhGV7hDaXoBb2jj1nrCprPHMEfoM8fCEKPWw==</latexit> G

<latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit>

<latexit sha1_base64="iDLsTrJLEJJoGF2ewg+2nrH4V1k=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjOD6y2oB48JmAWSIfR0apI2PQvdPUIY8gVePCji1U/y5t/YWQ6a+KDg8V4VVfX8RHClbfvbyq2srq1v5DcLW9s7u3vF/YOGilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q9vJ37zCaXicfSgRwl6Ie1HPOCMaiPV7rrFkl223WvHdYkhUxBnkZRgjmq3+NXpxSwNMdJMUKXajp1oL6NScyZwXOikChPKhrSPbUMjGqLysumhY3JilB4JYmkq0mSq/p7IaKjUKPRNZ0j1QC16E/E/r53q4MrLeJSkGiM2WxSkguiYTL4mPS6RaTEyhDLJza2EDaikTJtsCiaEpZeXScMtOxfl89pZqXIzjyMPR3AMp+DAJVTgHqpQBwYIz/AKb9aj9WK9Wx+z1pw1nzmEP7A+fwCzzozj</latexit>

D
<latexit sha1_base64="GeLjeJ3GeCC47QfLzsS1vptzGkI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVB71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHz7WM9Q==</latexit>g <latexit sha1_base64="GeLjeJ3GeCC47QfLzsS1vptzGkI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVB71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHz7WM9Q==</latexit>g

<latexit sha1_base64="O76XellgtLk8CAD0tEs2v6wnduc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewuPg9C0IvHCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTHDSxoKGo6qa7K0w408Z1v53Cyura+kZxs7S1vbO7V94/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVju5yv/VElWaxfDTjhAYCDySLGMEml7p1dtMrV9yq6197vo8smQJ5i6QCc9R75a9uPyapoNIQjrXueG5iggwrwwink1I31TTBZIQHtGOpxILqIJveOkEnVumjKFa2pEFT9fdEhoXWYxHaToHNUC96ufif10lNdBVkTCapoZLMFkUpRyZG+eOozxQlho8twUQxeysiQ6wwMTaekg1h6eVl0vSr3kX1/OGsUrudx1GEIziGU/DgEmpwD3VoAIEhPMMrvDnCeXHenY9Za8GZzxzCHzifP73zjg8=</latexit>

⇧ =
G

<latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit>

G
<latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit><latexit sha1_base64="h54fE11dOI0reWNP9NuJ3oUhZUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQb0FPegxAfOAZAmzk95kzOzsMjMrhCVf4MWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLLbuXaq1SIJTMQb5mUYIFar/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26IScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE175GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7AhrLy8SpqVsueWvfpFqXqziCMPJ3AK5+DBJVThHmrQAAYIz/AKb86j8+K8Ox/z1pyzmDmGP3A+fwC1Gozc</latexit>
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Figure 3: Doping dependence of the spatially resolved gap filling and gap magnitude. a Gap 
magnitude histogram for each doping concentration. b-d The spatial distributions of the gap 
magnitude for the OD23K, OD12K, and OD3K samples. The spectra that are omitted from the 
histograms (see main text and supplementary SII) are indicated by the white areas in figure 
b-d. e Gap filling histogram for each doping level. f-h Spatial distribution of the gap filling for 
the OD23K, OD12K, and OD3K samples respectively. 
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QMC results: 
beyond SYK-large N

Aavishkar Patel Michael Albergo Peter Lunts



Model for QMC
• Sign-problem free hybrid quantum Monte Carlo with  interactions.

• Set  in order to isolate effects of  (next phase of project will consider )
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Some results: phase transition 

Coupling

Quenched disorder average over 10 samples.
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<latexit sha1_base64="y16uaFvBMIAfBX7kGB/1w3B+WTg=">AAACBnicbVC7SgNBFJ2NrxhfUUsRBoMQm7gbfJVBGwuLCOYB2bjMTu4mQ2Znl5nZQFhS2fgrNhaK2PoNdv6Nk0eh0QMXDufcy733+DFnStv2l5VZWFxaXsmu5tbWNza38ts7dRUlkkKNRjySTZ8o4ExATTPNoRlLIKHPoeH3r8Z+YwBSsUjc6WEM7ZB0BQsYJdpIXn7fpT3mpe4AaOrGPTYaHRddHzTBN/flIy9fsEv2BPgvcWakgGaoevlPtxPRJAShKSdKtRw71u2USM0oh1HOTRTEhPZJF1qGChKCaqeTN0b40CgdHETSlNB4ov6cSEmo1DD0TWdIdE/Ne2PxP6+V6OCinTIRJxoEnS4KEo51hMeZ4A6TQDUfGkKoZOZWTHtEEqpNcjkTgjP/8l9SL5ecs9Lp7UmhcjmLI4v20AEqIgedowq6RlVUQxQ9oCf0gl6tR+vZerPep60Zazazi37B+vgGUsGYYQ==</latexit> �
~ �
/(
�
L
2
)

<latexit sha1_base64="IzaXb2Ii1PMMDkMDwDct+A36vh8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpZFNy4r2Ac0MUymN83QyYOZSaHELPwVNy4UcetvuPNvnD4W2nrgwuGce7n3Hj/lTCrL+jYWFpeWV1ZLa+X1jc2tbXNntymTTFBo0IQnou0TCZzF0FBMcWinAkjkc2j5/ZuR3xqAkCyJ79UwBTcivZgFjBKlJc/cd2jIHvITu/ByZwA0d9KQFYVnVqyqNQaeJ/aUVNAUdc/8croJzSKIFeVEyo5tpcrNiVCMcijKTiYhJbRPetDRNCYRSDcf31/gI610cZAIXbHCY/X3RE4iKYeRrzsjokI5643E/7xOpoIrN2dxmimI6WRRkHGsEjwKA3eZAKr4UBNCBdO3YhoSQajSkZV1CPbsy/OkeVq1L6rnd2eV2vU0jhI6QIfoGNnoEtXQLaqjBqLoET2jV/RmPBkvxrvxMWldMKYze+gPjM8fX+2WWw==</latexit>

��1
~�

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="QKV5/f8zikWkBgphR33P+UQkEbg=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSEnqc1MounHhooJ9QBvKZDpph04mYeZGLKG/4saFIm79EXf+jdM2C209cOFwzr3ce48fC67Bcb6tpeWV1bX13EZ+c2t7Z9feKzR0lCjK6jQSkWr5RDPBJasDB8FasWIk9AVr+sObid98ZErzSD7AKGZeSPqSB5wSMFLXLtxVTp0T3PEZEAy4gstO1y46JWcKvEjcjBRRhlrX/ur0IpqETAIVROu268TgpUQBp4KN851Es5jQIemztqGShEx76fT2MT4ySg8HkTIlAU/V3xMpCbUehb7pDAkM9Lw3Ef/z2gkEV17KZZwAk3S2KEgEhghPgsA9rhgFMTKEUMXNrZgOiCIUTFx5E4I7//IiaZRL7kXp/P6sWL3O4sihA3SIjpGLLlEV3aIaqiOKntAzekVv1th6sd6tj1nrkpXN7KM/sD5/AE//kgw=</latexit>

L = 30,�t = 20

Linear dimension
<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L

• Boson mass dependence on  gives an 
estimate of correlation length exponent  
at  (for a boson dispersion that is 
quadratic at small ).

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="n+Mim1JYK36me73/98i46yPAvj8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4WnbFao9FLx4r2A/oLiWbZtvQJLsm2UIp/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZelHKmjed9O2vrG5tb24Wd4u7e/sFh6ei4qZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0vJv5rRFVmiXy0YxTGgrclyxmBBsrhYHMUKCZQJ5brXRLZc/15kCrxM9JGXLUu6WvoJeQTFBpCMdad3wvNeEEK8MIp9NikGmaYjLEfdqxVGJBdTiZHz1F51bpoThRtqRBc/X3xAQLrccisp0Cm4Fe9mbif14nM3E1nDCZZoZKslgUZxyZBM0SQD2mKDF8bAkmitlbERlghYmxORVtCP7yy6ukeen6127l4apcu83jKMApnMEF+HADNbiHOjSAwBM8wyu8OSPnxXl3Phata04+cwJ/4Hz+AAB9kPU=</latexit>

⌫ ⇠ 0.85

<latexit sha1_base64="VUrCcMYjyqrsSCqsqLWZ+JZ4MrI=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd3g6yIEvXiMYB6QXcLsZDYZMju7zPQKIeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7wlQKg6777aysrq1vbBa2its7u3v7pYPDpkkyzXiDJTLR7ZAaLoXiDRQoeTvVnMah5K1weDf1W09cG5GoRxylPIhpX4lIMIpW8v2QIyVIbkjV7ZbKbsWdgSwTLydlyFHvlr78XsKymCtkkhrT8dwUgzHVKJjkk6KfGZ5SNqR93rFU0ZibYDy7eUJOrdIjUaJtKSQz9ffEmMbGjOLQdsYUB2bRm4r/eZ0Mo+tgLFSaIVdsvijKJMGETAMgPaE5QzmyhDIt7K2EDaimDG1MRRuCt/jyMmlWK95l5eLhvFy7zeMowDGcwBl4cAU1uIc6NIBBCs/wCm9O5rw4787HvHXFyWeO4A+czx8OsZBn</latexit>

�t = 20

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q<latexit sha1_base64="LVGGFyUChX966xHoYLEFgVcweqM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYRFdpUmx1IxRFcVnBXqCNYTKdtkMnkzAzEUqoG1/FjQtF3PoW7nwbp20W2vrDgY//nMPM+f2IUals+9vILCwuLa9kV3Nr6xubW+b2Tl2GscCkhkMWiqaPJGGUk5qiipFmJAgKfEYa/uBy3G88ECFpyO/UMCJugHqcdilGSlueudc7ui/Cc6h0Fa+860JJQ6NQtjwzb1v2RHAenBTyIFXVM7/anRDHAeEKMyRly7Ej5SZIKIoZGeXasSQRwgPUIy2NHAVEusnkghE81E4HdkOhiys4cX9vJCiQchj4ejJAqi9ne2Pzv14rVt0zN6E8ihXhePpQN2ZQhXAcB+xQQbBiQw0IC6r/CnEfCYSVDi2nQ3BmT56HetFyylbp9iRfuUjjyIJ9cACOgQNOQQXcgCqoAQwewTN4BW/Gk/FivBsf09GMke7sgj8yPn8Ag2STGA==</latexit>

g02 = t = 2EF /5 = W/6.

<latexit sha1_base64="Dxi3W8Qz8tUWRcTk7GOKpZLCXyE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURv45FLx4rmLbQhrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hobuo3n1BpHstHM04wiOhA8j5n1FjJV2eqy7rlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf2bIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcV71rqqXDxeV2m0eRxGO4BhOwYNrqME91MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPjsCOiQ==</latexit>r � rc

<latexit sha1_base64="IzaXb2Ii1PMMDkMDwDct+A36vh8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpZFNy4r2Ac0MUymN83QyYOZSaHELPwVNy4UcetvuPNvnD4W2nrgwuGce7n3Hj/lTCrL+jYWFpeWV1ZLa+X1jc2tbXNntymTTFBo0IQnou0TCZzF0FBMcWinAkjkc2j5/ZuR3xqAkCyJ79UwBTcivZgFjBKlJc/cd2jIHvITu/ByZwA0d9KQFYVnVqyqNQaeJ/aUVNAUdc/8croJzSKIFeVEyo5tpcrNiVCMcijKTiYhJbRPetDRNCYRSDcf31/gI610cZAIXbHCY/X3RE4iKYeRrzsjokI5643E/7xOpoIrN2dxmimI6WRRkHGsEjwKA3eZAKr4UBNCBdO3YhoSQajSkZV1CPbsy/OkeVq1L6rnd2eV2vU0jhI6QIfoGNnoEtXQLaqjBqLoET2jV/RmPBkvxrvxMWldMKYze+gPjM8fX+2WWw==</latexit> �
�
1

~ �

Aavishkar Patel, Michael Albergo, Peter Lunts (to appear)

<latexit sha1_base64="Twdw+V5uhgPBkP5iTAf4beqsb/I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahIpak+FoW3bisYB/QxjCZTtuhk0mYmQgh1F9x40IRt36IO//G6WOh1QMXDufcy733BDFnSjvOl5VbWl5ZXcuvFzY2t7Z37N29pooSSWiDRDyS7QArypmgDc00p+1YUhwGnLaC0fXEbz1QqVgk7nQaUy/EA8H6jGBtJN8u4rI8kT45us+qXZGM0TEKfLvkVJwp0F/izkkJ5qj79me3F5EkpEITjpXquE6svQxLzQin40I3UTTGZIQHtGOowCFVXjY9fowOjdJD/UiaEhpN1Z8TGQ6VSsPAdIZYD9WiNxH/8zqJ7l96GRNxoqkgs0X9hCMdoUkSqMckJZqnhmAimbkVkSGWmGiTV8GE4C6+/Jc0qxX3vHJ2e1qqXc3jyMM+HEAZXLiAGtxAHRpAIIUneIFX69F6tt6s91lrzprPFOEXrI9vvAmTjA==</latexit>

a(r � rc)
2⌫ + b

<latexit sha1_base64="tc9Su9/CrCl3LdCjSxcyItYS8e4=">AAACCnicbZDLSgMxFIbPeK31VnXpJloEF6XMiK11IRTduKxgL9AOJZNm2tBMZkgyQint1o2v4saFIm59Ane+jZm2C239IfDlP+eQnN+LOFPatr+tpeWV1bX11EZ6c2t7Zzezt19TYSwJrZKQh7LhYUU5E7Sqmea0EUmKA4/Tute/Ser1ByoVC8W9HkTUDXBXMJ8RrI3VzhxhdIXsvF10cuOWiCeXUiE39qa2fem0M9kEEqFFcGaQhZkq7cxXqxOSOKBCE46Vajp2pN0hlpoRTkfpVqxohEkfd2nToMABVe5wssoInRing/xQmiM0mri/J4Y4UGoQeKYzwLqn5muJ+V+tGWu/5A6ZiGJNBZk+5Mcc6RAluaAOk5RoPjCAiWTmr4j0sMREm/TSJgRnfuVFqJ3lnWK+cHeeLV/P4kjBIRzDKThwAWW4hQpUgcAjPMMrvFlP1ov1bn1MW5es2cwB/JH1+QN725W0</latexit>

a = 0.061, ⌫ = 0.85, b = 0.0091

<latexit sha1_base64="4NXJ0WVxUdfK8+kGtsrKRRadVGc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSElKfWwKRTcuXFSwD2hDmUwn7dDJJMzciCX0V9y4UMStP+LOv3HaZqGtBy4czrmXe+/xY8E1OM63tbK6tr6xmdvKb+/s7u3bB4WmjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX90M/Vbj0xpHskHGMfMC8lA8oBTAkbq2YW7asU5w12fAcGAq7js9OyiU3JmwMvEzUgRZaj37K9uP6JJyCRQQbTuuE4MXkoUcCrYJN9NNIsJHZEB6xgqSci0l85un+ATo/RxEClTEvBM/T2RklDrceibzpDAUC96U/E/r5NAcOWlXMYJMEnni4JEYIjwNAjc54pREGNDCFXc3IrpkChCwcSVNyG4iy8vk2a55F6Uzu8rxdp1FkcOHaFjdIpcdIlq6BbVUQNR9ISe0St6sybWi/VufcxbV6xs5hD9gfX5A1GSkg0=</latexit>

L = 40,�t = 20

<latexit sha1_base64="yVwuj0sDp1Aia6ayx2kr3cP3d/g=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAsoTZSW8yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U391hMqzWP5aMYJ+hEdSB5yRo2VWorcENVjvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9m5E3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQyYbgLb68TJpnVe+yevFwXqnd5nEU4QiO4RQ8uIIa3EMdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w9UOo7t</latexit> r
=

r c

<latexit sha1_base64="yVwuj0sDp1Aia6ayx2kr3cP3d/g=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAsoTZSW8yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U391hMqzWP5aMYJ+hEdSB5yRo2VWorcENVjvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9m5E3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQyYbgLb68TJpnVe+yevFwXqnd5nEU4QiO4RQ8uIIa3EMdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w9UOo7t</latexit> r
=

r c



Some results: boson propagator

Aavishkar Patel, Michael Albergo, Peter Lunts (to appear)

• Frequency dependence of inverse 
propagator is consistent with  Landau 
damping at low frequencies.

<latexit sha1_base64="NiKFS9bVN7VrwICo4J+i2jD+8eY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHZJcxOOsmQ2dllZjYQlvyFFw+KePVvvPk3TpI9aLSgoajqprsrTATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0O/NbY1Sax/LBTBIMIjqQvM8ZNVZ69MfIMj8Z8mm3XHGr7hzkL/FyUoEc9W750+/FLI1QGiao1h3PTUyQUWU4Ezgt+anGhLIRHWDHUkkj1EE2v3hKTqzSI/1Y2ZKGzNWfExmNtJ5Eoe2MqBnqZW8m/ud1UtO/DjIuk9SgZItF/VQQE5PZ+6THFTIjJpZQpri9lbAhVZQZG1LJhuAtv/yXNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gIGEJ3iBV0c7z86b875oLTj5zCH8gvPxDenrkRc=</latexit>

~�

<latexit sha1_base64="QnFQz4nAo9vveUoSG4eccpFe6jQ=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68RjBLJAMoadTkzTpZezuEUKSn/DiQRGv/o43/8ZOMgdNfFDweK+KqnpRwpmxvv/t5VZW19Y38puFre2d3b3i/kHdqFRTqFHFlW5GxABnEmqWWQ7NRAMREYdGNLid+o0n0IYp+WCHCYSC9CSLGSXWSc1xWwnokXGnWPLL/gx4mQQZKaEM1U7xq91VNBUgLeXEmFbgJzYcEW0Z5TAptFMDCaED0oOWo5IIMOFodu8Enzili2OlXUmLZ+rviRERxgxF5DoFsX2z6E3F/7xWauPrcMRkklqQdL4oTjm2Ck+fx12mgVo+dIRQzdytmPaJJtS6iAouhGDx5WVSPysHl+WL+/NS5SaLI4+O0DE6RQG6QhV0h6qohiji6Bm9ojfv0Xvx3r2PeWvOy2YO0R94nz9bFpAx</latexit>

|!|

<latexit sha1_base64="HIP6icNocNHQYc5CeWVNV8hYlqw="></latexit>

D�1(i!n, q = 0)�D�1(0, q = 0) / |!|0.971

• Momentum dependence of inverse propagator is 
close to  at small  (small deviations in exponent 
are due to lattice effects).

<latexit sha1_base64="NiKFS9bVN7VrwICo4J+i2jD+8eY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHZJcxOOsmQ2dllZjYQlvyFFw+KePVvvPk3TpI9aLSgoajqprsrTATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0O/NbY1Sax/LBTBIMIjqQvM8ZNVZ69MfIMj8Z8mm3XHGr7hzkL/FyUoEc9W750+/FLI1QGiao1h3PTUyQUWU4Ezgt+anGhLIRHWDHUkkj1EE2v3hKTqzSI/1Y2ZKGzNWfExmNtJ5Eoe2MqBnqZW8m/ud1UtO/DjIuk9SgZItF/VQQE5PZ+6THFTIjJpZQpri9lbAhVZQZG1LJhuAtv/yXNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gIGEJ3iBV0c7z86b875oLTj5zCH8gvPxDenrkRc=</latexit>

~�

<latexit sha1_base64="eIb0SYFyYiiBrM48FVrZIe6ruYc=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGjPBJYyezQwITZ2XVm1oRs+AQvHjTGq1/kzb9xgD0oWEknlarudHcFseDauO63s7S8srq2ntvIb25t7+wW9vbrOkoUwxqLRKSaAdUouMSa4UZgM1ZIw0BgIxheT/zGEyrNI3lvRjH6Ie1L3uOMGivdPT6UO4WiW3KnIIvEy0gRMlQ7ha92N2JJiNIwQbVueW5s/JQqw5nAcb6daIwpG9I+tiyVNETtp9NTx+TYKl3Si5QtachU/T2R0lDrURjYzpCagZ73JuJ/XisxvUs/5TJODEo2W9RLBDERmfxNulwhM2JkCWWK21sJG1BFmbHp5G0I3vzLi6ReLnnnpbPb02LlKosjB4dwBCfgwQVU4AaqUAMGfXiGV3hzhPPivDsfs9YlJ5s5gD9wPn8ABEWNow==</latexit>

q2
<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="+KtKRTjZIr0G2srga1I7izttLSY="></latexit>

D�1(i!, q)�D�1(i!, 0) / q1.896
<latexit sha1_base64="bsonldt3W9vG92nN7o4koMM4uoQ="></latexit>

D�1(i!, q)�D�1(i!, 0) / q2.268

<latexit sha1_base64="0JKZLnzlb1pyF781ZUtVwweWvHw=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kURshaGNhEcF8QHKEvc1esmZv99jdE8KR/2BjoYit/8fOf+MmuUITHww83pthZl4Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DUMlGENojkUrUDrClngjYMM5y2Y0VxFHDaCkY3U7/1RJVmUjyYcUz9CA8ECxnBxkrNO3SFKm6vWHLL7gxomXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0IlV+iiUypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jw0k+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PIyaZ6VvfNy9b5Sql1nceThCI7hFDy4gBrcQh0aQOARnuEV3hzpvDjvzse8NedkM4fwB87nD7eaje0=</latexit>

L = 40
<latexit sha1_base64="hXzDiJH5b61oVELCrYbn+PXjLaY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKiV6EoBePEcwDskuYncwmQ2YfzPQKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjto5TxXiLxTJWXZ9qLkXEWyhQ8m6iOA19yTv++G7md5640iKOHnGScC+kw0gEglE0kuv6HClBckNq9X65YlftOcgqcXJSgRzNfvnLHcQsDXmETFKte46doJdRhYJJPi25qeYJZWM65D1DIxpy7WXzm6fkzCgDEsTKVIRkrv6eyGio9ST0TWdIcaSXvZn4n9dLMbj2MhElKfKILRYFqSQYk1kAZCAUZygnhlCmhLmVsBFVlKGJqWRCcJZfXiXti6pTr9YeLiuN2zyOIpzAKZyDA1fQgHtoQgsYJPAMr/BmpdaL9W59LFoLVj5zDH9gff4AHFiQcA==</latexit>

�t = 56
<latexit sha1_base64="vaLcDLFzzl/v7KYR5FUEvU2t2E8=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwW0VWbFFvdCEVRXFawF2hjmEwn7dDJJMxMhBKKG1/FjQtF3PoU7nwbp20W2vrDgY//nMPM+b2IUaks69vILCwuLa9kV3Nr6xubW+b2TkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uBy3G8+ECFpyO/UMCJOgHqc+hQjpS3X3Et6R6P7EjyHSlfpyr0uljU0ixXXzFsFayI4D3YKeZCq5ppfnW6I44BwhRmSsm1bkXISJBTFjIxynViSCOEB6pG2Ro4CIp1kcsIIHmqnC/1Q6OIKTtzfGwkKpBwGnp4MkOrL2d7Y/K/XjpV/5iSUR7EiHE8f8mMGVQjHecAuFQQrNtSAsKD6rxD3kUBY6dRyOgR79uR5aJQKdqVQvj3JVy/SOLJgHxyAY2CDU1AFN6AG6gCDR/AMXsGb8WS8GO/Gx3Q0Y6Q7u+CPjM8f696T7A==</latexit>

g0
2
= t = 2EF /5 = W/6

<latexit sha1_base64="gO8O9KslUFMmG4tbVySGZxSygaE=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMryXRjUtM5JHAhHRKgYZOW9sOkUz4DjcuNMatH+POv7HALBQ8yU1Ozrk3994TKc6M9f1vL7eyura+kd8sbG3v7O4V9w/qRiaa0BqRXOpmhA3lTNCaZZbTptIUxxGnjWh4O/UbI6oNk+LBjhUNY9wXrMcItk4KNWpjpbR8QrpDOsWSX/ZnQMskyEgJMlQ7xa92V5IkpsISjo1pBb6yYYq1ZYTTSaGdGKowGeI+bTkqcExNmM6OnqATp3RRT2pXwqKZ+nsixbEx4zhynTG2A7PoTcX/vFZie9dhyoRKLBVkvqiXcGQlmiaAukxTYvnYEUw0c7ciMsAaE+tyKrgQgsWXl0n9rBxcli/uz0uVmyyOPBzBMZxCAFdQgTuoQg0IPMIzvMKbN/JevHfvY96a87KZQ/gD7/MHaWeR4g==</latexit>r ⇡ rc
Quenched disorder average over 22 samples

<latexit sha1_base64="+SK0J+glHyTszbrwL0Sj5sq7vvI="></latexit>

D(i! > 0, q) ⇠ 1

q2 + �|!|
<latexit sha1_base64="dObGKLUpolz+9StlTETyyarpkAE=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpvjZCURcuK9gHNLFMppN26EySzkyEEvIDbvwVNy4UcevenX/jtM1CqwcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbDRnGApM6DlkoWh6ShNGA1BVVjLQiQRD3GGl6g8ux37wnQtIwuFWjiLgc9QLqU4yUljrm3lWJOiEnPQTPoXUIhwfQkZRDxxcIJ3aaDO8qaccsWmVrAviX2Bkpggy1jvnpdEMccxIozJCUbduKlJsgoShmJC04sSQRwgPUI21NA8SJdJPJNync10oX+qHQFSg4UX9OJIhLOeKe7uRI9eWsNxb/89qx8s/chAZRrEiAp4v8mEEVwnE0sEsFwYqNNEFYUH0rxH2kc1A6wIIOwZ59+S9pVMr2Sfn45qhYvcjiyIMdsAtKwAanoAquQQ3UAQYP4Am8gFfj0Xg23oz3aWvOyGa2wS8YH99h7Jnp</latexit>

D(i! = 0, q) ⇠ 1

q2



Some results: fermion self energy

• Frequency scaling of  averaged over contour close to FS is compatible 
with marginal FL form at low frequencies.

<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃

<latexit sha1_base64="0JKZLnzlb1pyF781ZUtVwweWvHw=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kURshaGNhEcF8QHKEvc1esmZv99jdE8KR/2BjoYit/8fOf+MmuUITHww83pthZl4Qc6aN6347uZXVtfWN/GZha3tnd6+4f9DUMlGENojkUrUDrClngjYMM5y2Y0VxFHDaCkY3U7/1RJVmUjyYcUz9CA8ECxnBxkrNO3SFKm6vWHLL7gxomXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0IlV+iiUypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jw0k+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PIyaZ6VvfNy9b5Sql1nceThCI7hFDy4gBrcQh0aQOARnuEV3hzpvDjvzse8NedkM4fwB87nD7eaje0=</latexit>

L = 40

MFL fit:
<latexit sha1_base64="uQVvqEdaXfzFqiihZ45H7dkk8ZQ=">AAACIHicbVDLSsNAFJ34rPUVdelmsAgthTYRtS6LblxWsA9oQplMJu3QySTMTIQS+ilu/BU3LhTRnX6N0yYLbT1w4dxz7mXmHi9mVCrL+jJWVtfWNzYLW8Xtnd29ffPgsCOjRGDSxhGLRM9DkjDKSVtRxUgvFgSFHiNdb3wz87sPREga8Xs1iYkboiGnAcVIaWlgNlDZiUIyRA7jZbvq1bOuUvUyIWvrXqUCqxDr8jNlYJasmjUHXCZ2TkogR2tgfjp+hJOQcIUZkrJvW7FyUyQUxYxMi04iSYzwGA1JX1OOQiLddH7gFJ5qxYdBJHRxBefq740UhVJOQk9PhkiN5KI3E//z+okKrtyU8jhRhOPsoSBhUEVwlhb0qSBYsYkmCAuq/wrxCAmElc60qEOwF09eJp2zmn1Zu7g7LzWv8zgK4BicgDKwQQM0wS1ogTbA4BE8g1fwZjwZL8a78ZGNrhj5zhH4A+P7B7HYoDM=</latexit>

a(! ln(1 + b/!) + b ln(1 + !/b)) + c+ d!

Marginal FL with finite UV cutoff , and a 
constant residual  that is -independent

<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="CpuGTudZT3v+ouFHRmGxxqyJ/Cc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVWa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwByaWM8Q==</latexit>c <latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>

T

<latexit sha1_base64="hXzDiJH5b61oVELCrYbn+PXjLaY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKiV6EoBePEcwDskuYncwmQ2YfzPQKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3+YkUGm372yqsrW9sbhW3Szu7e/sH5cOjto5TxXiLxTJWXZ9qLkXEWyhQ8m6iOA19yTv++G7md5640iKOHnGScC+kw0gEglE0kuv6HClBckNq9X65YlftOcgqcXJSgRzNfvnLHcQsDXmETFKte46doJdRhYJJPi25qeYJZWM65D1DIxpy7WXzm6fkzCgDEsTKVIRkrv6eyGio9ST0TWdIcaSXvZn4n9dLMbj2MhElKfKILRYFqSQYk1kAZCAUZygnhlCmhLmVsBFVlKGJqWRCcJZfXiXti6pTr9YeLiuN2zyOIpzAKZyDA1fQgHtoQgsYJPAMr/BmpdaL9W59LFoLVj5zDH9gff4AHFiQcA==</latexit>

�t = 56
<latexit sha1_base64="vaLcDLFzzl/v7KYR5FUEvU2t2E8=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwW0VWbFFvdCEVRXFawF2hjmEwn7dDJJMxMhBKKG1/FjQtF3PoU7nwbp20W2vrDgY//nMPM+b2IUaks69vILCwuLa9kV3Nr6xubW+b2TkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uBy3G8+ECFpyO/UMCJOgHqc+hQjpS3X3Et6R6P7EjyHSlfpyr0uljU0ixXXzFsFayI4D3YKeZCq5ppfnW6I44BwhRmSsm1bkXISJBTFjIxynViSCOEB6pG2Ro4CIp1kcsIIHmqnC/1Q6OIKTtzfGwkKpBwGnp4MkOrL2d7Y/K/XjpV/5iSUR7EiHE8f8mMGVQjHecAuFQQrNtSAsKD6rxD3kUBY6dRyOgR79uR5aJQKdqVQvj3JVy/SOLJgHxyAY2CDU1AFN6AG6gCDR/AMXsGb8WS8GO/Gx3Q0Y6Q7u+CPjM8f696T7A==</latexit>

g0
2
= t = 2EF /5 = W/6

<latexit sha1_base64="gO8O9KslUFMmG4tbVySGZxSygaE=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMryXRjUtM5JHAhHRKgYZOW9sOkUz4DjcuNMatH+POv7HALBQ8yU1Ozrk3994TKc6M9f1vL7eyura+kd8sbG3v7O4V9w/qRiaa0BqRXOpmhA3lTNCaZZbTptIUxxGnjWh4O/UbI6oNk+LBjhUNY9wXrMcItk4KNWpjpbR8QrpDOsWSX/ZnQMskyEgJMlQ7xa92V5IkpsISjo1pBb6yYYq1ZYTTSaGdGKowGeI+bTkqcExNmM6OnqATp3RRT2pXwqKZ+nsixbEx4zhynTG2A7PoTcX/vFZie9dhyoRKLBVkvqiXcGQlmiaAukxTYvnYEUw0c7ciMsAaE+tyKrgQgsWXl0n9rBxcli/uz0uVmyyOPBzBMZxCAFdQgTuoQg0IPMIzvMKbN/JevHfvY96a87KZQ/gD7/MHaWeR4g==</latexit>r ⇡ rc

nFL fit:

Fit to nFL with exponent  is bad for 
small 

<latexit sha1_base64="1iCMj9FA4tFWNz/I1mxfaOvTMPw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWME88BkCbOT3mTI7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/GbT6g0j+WDGSXoR7QvecgZNVZ69E47mGguYtktld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjwmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1ITXfsZlkhqUbLYoTAUxMZm8T3pcITNiZAllittbCRtQRZmxIRVtCN78y4ukcVbxLisX9+fl6k0eRwEO4QhOwIMrqMId1KAODCQ8wyu8Odp5cd6dj1nrkpPPHMAfOJ8/K5+QnA==</latexit>

1� ✏

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏

<latexit sha1_base64="GonzIHK9+FI7QYNHteXrYWLe8Yc=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIYpkRX8uiG5cV7AM6Y8mkd9rQTDIkGaEM/QA3/oobF4q49QPc+Temj4W2HrhwOOdcknvChDNtXPfbyS0sLi2v5FcLa+sbm1vF7Z26lqmiUKOSS9UMiQbOBNQMMxyaiQIShxwaYf965DceQGkmxZ0ZJBDEpCtYxCgxVmoXSwT7MoYuuc+8Yx8SzbgUQ3yEqZ3OxLIpt+yOgeeJNyUlNEW1XfzyO5KmMQhDOdG65bmJCTKiDKMchgU/1ZAQ2iddaFkqSAw6yMbHDPGBVTo4ksqOMHis/t7ISKz1IA5tMiamp2e9kfif10pNdBlkTCSpAUEnD0Upx0biUTO4wxRQwweWEKqY/SumPaIINba/gi3Bmz15ntRPyt55+ez2tFS5mtaRR3toHx0iD12gCrpBVVRDFD2iZ/SK3pwn58V5dz4m0Zwz3dlFf+B8/gCDQZoF</latexit>

a!1�✏ + c+ d!

Quenched disorder average over 22 samples

<latexit sha1_base64="hRscBlJL0FYEQGuweyRsnK72CSY=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARREqZ6UXtQii6cVnBXqAdSiaTaUMzmSHJCGXoO7jxVdy4UMStG3e+jem0C209EPLx/+eQnN+NGJXKsr6NzMrq2vpGdjO3tb2zu2fuH7RkGAtMmjhkoei4SBJGOWkqqhjpRIKgwGWk7Y5upn77gQhJQ36vxhFxAjTg1KcYKS31zTMEr6BVtGvVAnRTtMq1AsQplsqVAvRmasnum3l9pwWXwZ5DHsyr0Te/el6I44BwhRmSsmtbkXISJBTFjExyvViSCOERGpCuRo4CIp0k3WkCT7TiQT8U+nAFU/X3RIICKceBqzsDpIZy0ZuK/3ndWPmXTkJ5FCvC8ewhP2ZQhXAaEPSoIFixsQaEBdV/hXiIBMJKx5jTIdiLKy9Dq1S0z4vVu0q+fj2PIwuOwDE4BTa4AHVwCxqgCTB4BM/gFbwZT8aL8W58zFozxnzmEPwp4/MHzRmWmg==</latexit>

a = 0.195, b = 0.039, c = 0.234, d = 0.021

<latexit sha1_base64="hI3SxoUbx6RH/sCDXxegF0U1+QY=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwUEY7nR8HYejF4wT3AVsZaZpuYWlaklQYZf+EF/8VLx4U8Sp4878x63rQzQcJj/fej+T3vJhRqWz72ygsLa+srhXXSxubW9s75u5eS0aJwKSJIxaJjockYZSTpqKKkU4sCAo9Rtre6Gbqtx+IkDTi92ocEzdEA04DipHSUt+0ELyCdsW+PLEgzmi1ZsEeiSVlEc8Ex4L+LNQ3y/rOABeJk5MyyNHom189P8JJSLjCDEnZdexYuSkSimJGJqVeIkmM8AgNSFdTjkIi3TTbagKPtOLDIBL6cAUz9fdEikIpx6GnkyFSQznvTcX/vG6iggs3pTxOFOF49lCQMKgiOK0I+lQQrNhYE4QF1X+FeIgEwkoXWdIlOPMrL5JWteKcVWp3p+X6dV5HERyAQ3AMHHAO6uAWNEATYPAInsEreDOejBfj3fiYRQtGPrMP/sD4/AE2eJif</latexit>

a = 0.093, c = 0.25, ✏ = 0.1, d = 0.0

Aavishkar Patel, Michael Albergo, Peter Lunts (to appear)



<latexit sha1_base64="d8xSXS2wUraBNZ6ZbYD+4EH671E="></latexit>

Spatially random Yukawa coupling g0(r) with g0(r) = 0, g0(r)g0(r0) = g02�(r � r0)

kx

ky
<latexit sha1_base64="6rjspSxlppOZchoHqgJB25TI+Us=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4WrJtsXorevFYwX5Au5Rsmm1Dk90lyQql9C948aCIV/+QN/+N2XYFFX0w8Hhvhpl5QSK4Nhh/OCura+sbm4Wt4vbO7t5+6eCwreNUUdaisYhVNyCaCR6xluFGsG6iGJGBYJ1gcp35nXumNI+jOzNNmC/JKOIhp8RkUj/RfFAqY7eKvTrGCLt4AUuqlcsariAvV8qQozkovfeHMU0liwwVROuehxPjz4gynAo2L/ZTzRJCJ2TEepZGRDLtzxa3ztGpVYYojJWtyKCF+n1iRqTWUxnYTknMWP/2MvEvr5ea8MKf8ShJDYvoclGYCmRilD2OhlwxasTUEkIVt7ciOiaKUGPjKdoQvj5F/5N2xfXO3dptrdy4yuMowDGcwBl4UIcG3EATWkBhDA/wBM+OdB6dF+d12bri5DNH8APO2ydTxo5y</latexit>

 

<latexit sha1_base64="sXpWs1GyUtWRFfsH5DytoUdriq0="></latexit>

+v(r) †(r) (r)

<latexit sha1_base64="KNlk8azMReGRLYYdWrAqaCec3Mo="></latexit>
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◆
 k

<latexit sha1_base64="VZCxgZg2YKN8TEv87ziqmzteSlY="></latexit>

Spatially random potential v(r) with v(r) = 0, v(r)v(r0) = v2�(r � r0)

Universal theory of strange metals 
Fermi surface + critical boson with potential and interaction disorder

<latexit sha1_base64="R2bORcCRjESzU3gkCNL1KZHjB94="></latexit>

A critical boson �
e.g. Ising-nematic order,

spin-density wave order,

Higgs boson for Fermi-volume changing transition

<latexit sha1_base64="azb2Z510R51KXnb7sJkxbyuerYA="></latexit>

L� = s[�(r)]2 + [g + g0(r)] †(r) (r)�(r)


