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Revisiting Goldstone’s 
theorem
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Recollections

After so many years, we have tried repeatedly, but failed to write a 
paper together!

Met 1st time (Madrid 1981?)

Boston, DZF, BU, BGR, CFT, String Theory…

Return to Europe 

Benasque, N=2 SW…

Neural nets, computational complexity, quantum computing

1905 Centennial, public talks

Failed to go to El Bulli…

 MEP (Entanglement) back to the USA
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“Never underestimate the pleasure people get when they listen to something 
they already know”. (E. Fermi)

SIM
POSIO

 LA
TORRE



Lu
is

 A
lv

ar
ez

-G
au

m
e 

JI@
60

  M
ay

 3
1s

t 2
01

9

�4

Motivation

A  few  years  ago,  Hellerman,  Orlando,  Reffert  and  Watanabe 
studied in detail the behavior of the Wilson-Fisher fixed point for 
O(2) in the limit of large charge.  In other words, they computed 
some of  the  anomalous dimensions and properties  around the 
fixed point by expanding in large charges.  

Our work together tries to understand why such approach, which 
one would think is doomed to failure, works much better than 
expected,  as  shown  by  numerical  simulations.  Work  together 
with Orlando, Reffert and Loukas (and thanks to Orestis for help 
with the slides).

This  led  us  to  the  study  of  novel  ways  of  understanding 
symmetry  breaking  patterns  in  QFT,  the  appearance  of  NR 
behavior  at  low  energies,  and  in  some  limits  (large  charge)  a 
possible systematic way of computing some properties of CFT’s

Many of our arguments are heuristic, but we are encouraged by 
the reasonable agreement with MC computations 
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RG Flows

CFT play a central role in QFT

Fixed points of RG flows

Critical phenomena

String theory & Q-gravity

Long distance: IR fixed points

Short distance:  UV fixed points

Description near fixed points well defined

In-between: messy, unclear except d=2

Zamolodchikov’s metric, monotonicity

Why only fixed points…
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RG Flows

The problem is that most CFTs do not have 
small parameters generically

Lattice  computations,  Non-perturbative 
methods, whenever possible.

Bootstrap in its  new incarnation is  quite 
successful

Are  there  other  methods  that  could 
qualitatively  help  us  understand  generic 
features of IR CFTs?

We  explore  the  large  charge  sectors  of 
theories with global symmetries. 

This  is  similar  to  the  case  of  Rydberg 
states  in  atoms,  or  the  limit  of  large 
quantum  numbers  (Sommerfeld,  Maslov, 
WKB…)
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Symmetries

In relativistic, local QFT, we are familiar with the  WW or NG
realization of  global symmetries.  The general properties are 
well understood.

In the context of NR theories, symmetry breaking patterns are 
rather  rich,  and  we  may  still  be  far  from  a  complete 
understanding.

We have been looking at a kind of intermediate case, which is 
the  study of  states  of  a  QFT/CFT with  large  values  of  the 
global charge.  Many of our results are heuristic, but they are 
confirmed by “exact” lattice computations.SIM
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Goldstone I

In the  relativistic  case,  a  local  unitary  QFT satisfies  Coleman’s 
theorem.   This  shows  the  strong  consequences  of  these 
assumptions,  in  particular  CPT and the  inevitable  existence  of 
antiparticles:

Coleman’s theorem:

The symmetries of the vacuum are the symmetries of the world.

Given a current, not necessarily conserved, assume the associated 
charge annihilates the ground state,

@µ j
µ = 0

<latexit sha1_base64="mUPRjSYWUCIWLEODqFn12dk4+qQ=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOwYOMVgS9CEMvHie4F1hrSbNsi0vSkqTCKMOLX8WLB0W8+im8+W1Mux508w+BH//neZI8/zBmVGnH+bZKC4tLyyvl1cra+sbmlr2901JRIjFp4ohFshMiRRgVpKmpZqQTS4J4yEg7HF1l9fYDkYpG4laPY+JzNBC0TzHSxgrsPS9GUlPEgtTjycQ7vr/L4cIJ7KpTc3LBeXALqIJCjcD+8noRTjgRGjOkVNd1Yu2n2fWYkUnFSxSJER6hAekaFIgT5af5ChN4aJwe7EfSHKFh7v6eSBFXasxD08mRHqrZWmb+V+smun/up1TEiSYCTx/qJwzqCGZ5wB6VBGs2NoCwpOavEA+RRFib1ComBHd25XlondRcp+benFbrl0UcZbAPDsARcMEZqINr0ABNgMEjeAav4M16sl6sd+tj2lqyipld8EfW5w98dZd2</latexit><latexit sha1_base64="mUPRjSYWUCIWLEODqFn12dk4+qQ=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOwYOMVgS9CEMvHie4F1hrSbNsi0vSkqTCKMOLX8WLB0W8+im8+W1Mux508w+BH//neZI8/zBmVGnH+bZKC4tLyyvl1cra+sbmlr2901JRIjFp4ohFshMiRRgVpKmpZqQTS4J4yEg7HF1l9fYDkYpG4laPY+JzNBC0TzHSxgrsPS9GUlPEgtTjycQ7vr/L4cIJ7KpTc3LBeXALqIJCjcD+8noRTjgRGjOkVNd1Yu2n2fWYkUnFSxSJER6hAekaFIgT5af5ChN4aJwe7EfSHKFh7v6eSBFXasxD08mRHqrZWmb+V+smun/up1TEiSYCTx/qJwzqCGZ5wB6VBGs2NoCwpOavEA+RRFib1ComBHd25XlondRcp+benFbrl0UcZbAPDsARcMEZqINr0ABNgMEjeAav4M16sl6sd+tj2lqyipld8EfW5w98dZd2</latexit><latexit sha1_base64="mUPRjSYWUCIWLEODqFn12dk4+qQ=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOwYOMVgS9CEMvHie4F1hrSbNsi0vSkqTCKMOLX8WLB0W8+im8+W1Mux508w+BH//neZI8/zBmVGnH+bZKC4tLyyvl1cra+sbmlr2901JRIjFp4ohFshMiRRgVpKmpZqQTS4J4yEg7HF1l9fYDkYpG4laPY+JzNBC0TzHSxgrsPS9GUlPEgtTjycQ7vr/L4cIJ7KpTc3LBeXALqIJCjcD+8noRTjgRGjOkVNd1Yu2n2fWYkUnFSxSJER6hAekaFIgT5af5ChN4aJwe7EfSHKFh7v6eSBFXasxD08mRHqrZWmb+V+smun/up1TEiSYCTx/qJwzqCGZ5wB6VBGs2NoCwpOavEA+RRFib1ComBHd25XlondRcp+benFbrl0UcZbAPDsARcMEZqINr0ABNgMEjeAav4M16sl6sd+tj2lqyipld8EfW5w98dZd2</latexit><latexit sha1_base64="mUPRjSYWUCIWLEODqFn12dk4+qQ=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOwYOMVgS9CEMvHie4F1hrSbNsi0vSkqTCKMOLX8WLB0W8+im8+W1Mux508w+BH//neZI8/zBmVGnH+bZKC4tLyyvl1cra+sbmlr2901JRIjFp4ohFshMiRRgVpKmpZqQTS4J4yEg7HF1l9fYDkYpG4laPY+JzNBC0TzHSxgrsPS9GUlPEgtTjycQ7vr/L4cIJ7KpTc3LBeXALqIJCjcD+8noRTjgRGjOkVNd1Yu2n2fWYkUnFSxSJER6hAekaFIgT5af5ChN4aJwe7EfSHKFh7v6eSBFXasxD08mRHqrZWmb+V+smun/up1TEiSYCTx/qJwzqCGZ5wB6VBGs2NoCwpOavEA+RRFib1ComBHd25XlondRcp+benFbrl0UcZbAPDsARcMEZqINr0ABNgMEjeAav4M16sl6sd+tj2lqyipld8EfW5w98dZd2</latexit>

(Using Federbush-Johnson)

This is not true in the NR case, particles and antiparticles split

Q =

Z
j0(t, x) dx, Q|0i = 0

<latexit sha1_base64="bEgAanWkDsZYHoVm1hx5HYtGGRA=">AAACG3icbVDLSgMxFM34rPU16tJNsAgVhpIpgm6EohuXLdgHdGrJZNI2NpOZJhlpqf0PN/6KGxeKuBJc+Demj4W2HggczjmX3Hv8mDOlEfq2lpZXVtfWUxvpza3tnV17b7+iokQSWiYRj2TNx4pyJmhZM81pLZYUhz6nVb97Nfar91QqFokbPYhpI8RtwVqMYG2kpp0vec6F53hMaHh3i7Lagf0Tz4FB34Fer5fgAJYekCexaHM6iaKmnUE5NAFcJO6MZMAMxab96QURSUIqNOFYqbqLYt0YYqkZ4XSU9hJFY0y6uE3rhgocUtUYTm4bwWOjBLAVSfPMjhP198QQh0oNQt8kQ6w7at4bi/959US3zhtDJuJEU0GmH7USDnUEx0XBgElKNB8YgolkZldIOlhiok2daVOCO3/yIqnkcy7KuaXTTOFyVkcKHIIjkAUuOAMFcA2KoAwIeATP4BW8WU/Wi/VufUyjS9Zs5gD8gfX1A+jSnjw=</latexit><latexit sha1_base64="bEgAanWkDsZYHoVm1hx5HYtGGRA=">AAACG3icbVDLSgMxFM34rPU16tJNsAgVhpIpgm6EohuXLdgHdGrJZNI2NpOZJhlpqf0PN/6KGxeKuBJc+Demj4W2HggczjmX3Hv8mDOlEfq2lpZXVtfWUxvpza3tnV17b7+iokQSWiYRj2TNx4pyJmhZM81pLZYUhz6nVb97Nfar91QqFokbPYhpI8RtwVqMYG2kpp0vec6F53hMaHh3i7Lagf0Tz4FB34Fer5fgAJYekCexaHM6iaKmnUE5NAFcJO6MZMAMxab96QURSUIqNOFYqbqLYt0YYqkZ4XSU9hJFY0y6uE3rhgocUtUYTm4bwWOjBLAVSfPMjhP198QQh0oNQt8kQ6w7at4bi/959US3zhtDJuJEU0GmH7USDnUEx0XBgElKNB8YgolkZldIOlhiok2daVOCO3/yIqnkcy7KuaXTTOFyVkcKHIIjkAUuOAMFcA2KoAwIeATP4BW8WU/Wi/VufUyjS9Zs5gD8gfX1A+jSnjw=</latexit><latexit sha1_base64="bEgAanWkDsZYHoVm1hx5HYtGGRA=">AAACG3icbVDLSgMxFM34rPU16tJNsAgVhpIpgm6EohuXLdgHdGrJZNI2NpOZJhlpqf0PN/6KGxeKuBJc+Demj4W2HggczjmX3Hv8mDOlEfq2lpZXVtfWUxvpza3tnV17b7+iokQSWiYRj2TNx4pyJmhZM81pLZYUhz6nVb97Nfar91QqFokbPYhpI8RtwVqMYG2kpp0vec6F53hMaHh3i7Lagf0Tz4FB34Fer5fgAJYekCexaHM6iaKmnUE5NAFcJO6MZMAMxab96QURSUIqNOFYqbqLYt0YYqkZ4XSU9hJFY0y6uE3rhgocUtUYTm4bwWOjBLAVSfPMjhP198QQh0oNQt8kQ6w7at4bi/959US3zhtDJuJEU0GmH7USDnUEx0XBgElKNB8YgolkZldIOlhiok2daVOCO3/yIqnkcy7KuaXTTOFyVkcKHIIjkAUuOAMFcA2KoAwIeATP4BW8WU/Wi/VufUyjS9Zs5gD8gfX1A+jSnjw=</latexit><latexit sha1_base64="bEgAanWkDsZYHoVm1hx5HYtGGRA=">AAACG3icbVDLSgMxFM34rPU16tJNsAgVhpIpgm6EohuXLdgHdGrJZNI2NpOZJhlpqf0PN/6KGxeKuBJc+Demj4W2HggczjmX3Hv8mDOlEfq2lpZXVtfWUxvpza3tnV17b7+iokQSWiYRj2TNx4pyJmhZM81pLZYUhz6nVb97Nfar91QqFokbPYhpI8RtwVqMYG2kpp0vec6F53hMaHh3i7Lagf0Tz4FB34Fer5fgAJYekCexaHM6iaKmnUE5NAFcJO6MZMAMxab96QURSUIqNOFYqbqLYt0YYqkZ4XSU9hJFY0y6uE3rhgocUtUYTm4bwWOjBLAVSfPMjhP198QQh0oNQt8kQ6w7at4bi/959US3zhtDJuJEU0GmH7USDnUEx0XBgElKNB8YgolkZldIOlhiok2daVOCO3/yIqnkcy7KuaXTTOFyVkcKHIIjkAUuOAMFcA2KoAwIeATP4BW8WU/Wi/VufUyjS9Zs5gD8gfX1A+jSnjw=</latexit>
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Basic relativistic example

Work in a space box of side L and PBC

L =
1

2
@µ�@µ� � ! �+ const jµ = @µ�

<latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="NnSxVDMnN8B7c1KmKQW9zS6EuZE="></latexit><latexit sha1_base64="NnSxVDMnN8B7c1KmKQW9zS6EuZE="></latexit><latexit sha1_base64="50gJFjbRPf+vqsynpmBOjVgHaOw="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit><latexit sha1_base64="p0MoGn6/WCIuHdbfTD0KH520iyY="></latexit>

[iQ,�(x)] = 1 ei⇠Q�(x)e�i⇠Q = �(x) + ⇠
<latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yFRfyMSczBVEts1CXruSPv7sEHc=">AAACJHicbZBdSwJBGIXf7dPMauu2myEJjEx2u6kbIQiiS4X8AHeT2XHUwdkPZ2ZDWfxH3fRXvIkoop/SqBuUdmDg8JwZ3nmPF3EmlWW9GWvrG5tb25md7G5ub//APMzVZRgLQmsk5KFoelhSzgJaU0xx2owExb7HacMb3M7yxhMVkoXBgxpH1PVxL2BdRrDSqG3etRiqFp2ozwqjM7dsO8NhjDuIPibMGelogtJshi4YWkCnWHaKP8m5Zm0zb5WsudCqsVOTh1SVtjl1OiGJfRoowrGULduKlJtgoRjhdJJ1YkkjTAa4R1vaBtin0k3m+07QqSYd1A2FPoFCc/r7RYJ9Kce+p2/6WPXlcjaD/2WtWHWv3YQFUaxoQBaDujFHKkSz8lCHCUoUH2uDiWD6r4j0scBE6YqzugR7eeVVU78s2VbJrlqQgWM4gQLYcAU3cA8VqAGBZ5jCO3wYL8ar8bmoa81IezuCPzK+vgGMmqTJ</latexit><latexit sha1_base64="yFRfyMSczBVEts1CXruSPv7sEHc=">AAACJHicbZBdSwJBGIXf7dPMauu2myEJjEx2u6kbIQiiS4X8AHeT2XHUwdkPZ2ZDWfxH3fRXvIkoop/SqBuUdmDg8JwZ3nmPF3EmlWW9GWvrG5tb25md7G5ub//APMzVZRgLQmsk5KFoelhSzgJaU0xx2owExb7HacMb3M7yxhMVkoXBgxpH1PVxL2BdRrDSqG3etRiqFp2ozwqjM7dsO8NhjDuIPibMGelogtJshi4YWkCnWHaKP8m5Zm0zb5WsudCqsVOTh1SVtjl1OiGJfRoowrGULduKlJtgoRjhdJJ1YkkjTAa4R1vaBtin0k3m+07QqSYd1A2FPoFCc/r7RYJ9Kce+p2/6WPXlcjaD/2WtWHWv3YQFUaxoQBaDujFHKkSz8lCHCUoUH2uDiWD6r4j0scBE6YqzugR7eeVVU78s2VbJrlqQgWM4gQLYcAU3cA8VqAGBZ5jCO3wYL8ar8bmoa81IezuCPzK+vgGMmqTJ</latexit><latexit sha1_base64="5B3J/zJYPsYv3+h9ZA/RS4Tlh0o="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit><latexit sha1_base64="dQD8WckXtMGBt8u0/cFI0+yDm44="></latexit>

�(x, t) = �0 + t⇡0 +
X

k 6=0

1p
2V k

�
a(k)e�ik.x + a(k)+eik.x

�

<latexit sha1_base64="90PLLCpQfqw5bn8m+h7mNFiq+VI="></latexit><latexit sha1_base64="90PLLCpQfqw5bn8m+h7mNFiq+VI="></latexit><latexit sha1_base64="90PLLCpQfqw5bn8m+h7mNFiq+VI="></latexit><latexit sha1_base64="90PLLCpQfqw5bn8m+h7mNFiq+VI="></latexit>

a =
1p
2
(�0 + iL⇡0), a+ =

1p
2
(�0 � iL⇡0) [a, a+] =

1

L2
, Q =

L2

i
p
2
(a� a+)

<latexit sha1_base64="9o9RgX2gsQVh0Ymqul1ucka+cWU="></latexit><latexit sha1_base64="9o9RgX2gsQVh0Ymqul1ucka+cWU="></latexit><latexit sha1_base64="9o9RgX2gsQVh0Ymqul1ucka+cWU="></latexit><latexit sha1_base64="9o9RgX2gsQVh0Ymqul1ucka+cWU="></latexit>

a|0i = 0, a(k)|0i = 0, h0|�(x, t)|0i = 0, |⇠i = e�i⇠Q|0i
<latexit sha1_base64="yGQr7oulU4wOU8dUwu9gJPNOvUU="></latexit><latexit sha1_base64="yGQr7oulU4wOU8dUwu9gJPNOvUU="></latexit><latexit sha1_base64="yGQr7oulU4wOU8dUwu9gJPNOvUU="></latexit><latexit sha1_base64="yGQr7oulU4wOU8dUwu9gJPNOvUU="></latexit>

h0|⇠i = e�
1
4 ⇠

2V
D�2
D�1 h0|0i

<latexit sha1_base64="2AkmlCqoJAVW/mdn4i6cMXDBF78="></latexit><latexit sha1_base64="2AkmlCqoJAVW/mdn4i6cMXDBF78="></latexit><latexit sha1_base64="2AkmlCqoJAVW/mdn4i6cMXDBF78="></latexit><latexit sha1_base64="2AkmlCqoJAVW/mdn4i6cMXDBF78="></latexit>
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Basic non-relativistic example

L = i + @

@t
 � 1

2m
r + ·r 

<latexit sha1_base64="g6lIcxXnpq+HA9L7jJGUtTH7iEM="></latexit><latexit sha1_base64="g6lIcxXnpq+HA9L7jJGUtTH7iEM="></latexit><latexit sha1_base64="g6lIcxXnpq+HA9L7jJGUtTH7iEM="></latexit><latexit sha1_base64="g6lIcxXnpq+HA9L7jJGUtTH7iEM="></latexit>

Work in a space box of side L and PBC, and consider the Schroedinger field theory, 
whose symmetry group is ISO(2):

 (x, t) =
1p
V

X

k

a(k)e�i(✏(k)t�k·x)

<latexit sha1_base64="0v/d7WBKrPsT9b8lm9psQE259ZA="></latexit><latexit sha1_base64="0v/d7WBKrPsT9b8lm9psQE259ZA="></latexit><latexit sha1_base64="0v/d7WBKrPsT9b8lm9psQE259ZA="></latexit><latexit sha1_base64="0v/d7WBKrPsT9b8lm9psQE259ZA="></latexit>

✏(k) =
1

2m
k2

<latexit sha1_base64="NKj8H1sgq1+7Gw6HCJIT0bVXe9A=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqpswUQTdC0Y3LCvYB7VgyaaYNk8eQZIQydOHGX3HjQhG3foQ7/8a0nYW2HggczjmXm3vChFFtPO/bWVldW9/YLGwVt3d29/bdg8OWlqnCpIklk6oTIk0YFaRpqGGkkyiCeMhIO4yvp377gShNpbgz44QEHA0FjShGxkp9t9QjiaZMikp8epn5PWnDsMYnML6v9d2yV/VmgMvEz0kZ5Gj03a/eQOKUE2EwQ1p3fS8xQYaUoZiRSbGXapIgHKMh6VoqECc6yGZHTOCJVQYwkso+YeBM/T2RIa71mIc2yZEZ6UVvKv7ndVMTXQQZFUlqiMDzRVHKoJFw2ggcUEWwYWNLEFbU/hXiEVIIG9tb0ZbgL568TFq1qu9V/duzcv0qr6MASuAYVIAPzkEd3IAGaAIMHsEzeAVvzpPz4rw7H/PoipPPHIE/cD5/ADGDlyM=</latexit><latexit sha1_base64="NKj8H1sgq1+7Gw6HCJIT0bVXe9A=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqpswUQTdC0Y3LCvYB7VgyaaYNk8eQZIQydOHGX3HjQhG3foQ7/8a0nYW2HggczjmXm3vChFFtPO/bWVldW9/YLGwVt3d29/bdg8OWlqnCpIklk6oTIk0YFaRpqGGkkyiCeMhIO4yvp377gShNpbgz44QEHA0FjShGxkp9t9QjiaZMikp8epn5PWnDsMYnML6v9d2yV/VmgMvEz0kZ5Gj03a/eQOKUE2EwQ1p3fS8xQYaUoZiRSbGXapIgHKMh6VoqECc6yGZHTOCJVQYwkso+YeBM/T2RIa71mIc2yZEZ6UVvKv7ndVMTXQQZFUlqiMDzRVHKoJFw2ggcUEWwYWNLEFbU/hXiEVIIG9tb0ZbgL568TFq1qu9V/duzcv0qr6MASuAYVIAPzkEd3IAGaAIMHsEzeAVvzpPz4rw7H/PoipPPHIE/cD5/ADGDlyM=</latexit><latexit sha1_base64="NKj8H1sgq1+7Gw6HCJIT0bVXe9A=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqpswUQTdC0Y3LCvYB7VgyaaYNk8eQZIQydOHGX3HjQhG3foQ7/8a0nYW2HggczjmXm3vChFFtPO/bWVldW9/YLGwVt3d29/bdg8OWlqnCpIklk6oTIk0YFaRpqGGkkyiCeMhIO4yvp377gShNpbgz44QEHA0FjShGxkp9t9QjiaZMikp8epn5PWnDsMYnML6v9d2yV/VmgMvEz0kZ5Gj03a/eQOKUE2EwQ1p3fS8xQYaUoZiRSbGXapIgHKMh6VoqECc6yGZHTOCJVQYwkso+YeBM/T2RIa71mIc2yZEZ6UVvKv7ndVMTXQQZFUlqiMDzRVHKoJFw2ggcUEWwYWNLEFbU/hXiEVIIG9tb0ZbgL568TFq1qu9V/duzcv0qr6MASuAYVIAPzkEd3IAGaAIMHsEzeAVvzpPz4rw7H/PoipPPHIE/cD5/ADGDlyM=</latexit><latexit sha1_base64="NKj8H1sgq1+7Gw6HCJIT0bVXe9A=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqpswUQTdC0Y3LCvYB7VgyaaYNk8eQZIQydOHGX3HjQhG3foQ7/8a0nYW2HggczjmXm3vChFFtPO/bWVldW9/YLGwVt3d29/bdg8OWlqnCpIklk6oTIk0YFaRpqGGkkyiCeMhIO4yvp377gShNpbgz44QEHA0FjShGxkp9t9QjiaZMikp8epn5PWnDsMYnML6v9d2yV/VmgMvEz0kZ5Gj03a/eQOKUE2EwQ1p3fS8xQYaUoZiRSbGXapIgHKMh6VoqECc6yGZHTOCJVQYwkso+YeBM/T2RIa71mIc2yZEZ6UVvKv7ndVMTXQQZFUlqiMDzRVHKoJFw2ggcUEWwYWNLEFbU/hXiEVIIG9tb0ZbgL568TFq1qu9V/duzcv0qr6MASuAYVIAPzkEd3IAGaAIMHsEzeAVvzpPz4rw7H/PoipPPHIE/cD5/ADGDlyM=</latexit>

⇢1 = i( �  +), j1 =
1

2m
r( +  +)

⇢2 = ( +  +), j1 =
1

2mi
r( �  +)

<latexit sha1_base64="wISdoWsj4NnjRpxcZrp0hVV1kow="></latexit><latexit sha1_base64="wISdoWsj4NnjRpxcZrp0hVV1kow="></latexit><latexit sha1_base64="wISdoWsj4NnjRpxcZrp0hVV1kow="></latexit><latexit sha1_base64="wISdoWsj4NnjRpxcZrp0hVV1kow="></latexit>

⇢3 =  + , j3 =
1

2mi
 +r 

<latexit sha1_base64="0s5bIWuf7Yt6TB5A0aGxcuvBhJM="></latexit><latexit sha1_base64="0s5bIWuf7Yt6TB5A0aGxcuvBhJM="></latexit><latexit sha1_base64="0s5bIWuf7Yt6TB5A0aGxcuvBhJM="></latexit><latexit sha1_base64="0s5bIWuf7Yt6TB5A0aGxcuvBhJM="></latexit>

[Q3, Q1] = �iQ2

[Q3, Q2] = +iQ1
<latexit sha1_base64="3JXF0rRLP3Q7tL7Wgd0ARW4+P4M=">AAACInicbZDLSgMxFIYz9VbrrerSTbAUBGuZVEFdFIpuXHbAXmBmGDJp2oZmLiQZoZQ+ixtfxY0LRV0JPoyZdhba+kPg5zvncHJ+P+ZMKtP8MnIrq2vrG/nNwtb2zu5ecf+gLaNEENoiEY9E18eSchbSlmKK024sKA58Tjv+6Datdx6okCwK79U4pm6AByHrM4KVRl7x2ra884rlIbd+xqDl1RynkKGaWz9NEdKorBmaM1hzKpDBtlcsmVVzJrhsUGZKIFPTK344vYgkAQ0V4VhKG5mxcidYKEY4nRacRNIYkxEeUFvbEAdUupPZiVNY1qQH+5HQL1RwRn9PTHAg5TjwdWeA1VAu1lL4X81OVP/KnbAwThQNyXxRP+FQRTDNC/aYoETxsTaYCKb/CskQC0yUTrWgQ0CLJy+bdq2KzCqyLkqNmyyOPDgCx+AEIHAJGuAONEELEPAInsEreDOejBfj3fict+aMbOYQ/JHx/QPR+p5D</latexit><latexit sha1_base64="3JXF0rRLP3Q7tL7Wgd0ARW4+P4M=">AAACInicbZDLSgMxFIYz9VbrrerSTbAUBGuZVEFdFIpuXHbAXmBmGDJp2oZmLiQZoZQ+ixtfxY0LRV0JPoyZdhba+kPg5zvncHJ+P+ZMKtP8MnIrq2vrG/nNwtb2zu5ecf+gLaNEENoiEY9E18eSchbSlmKK024sKA58Tjv+6Datdx6okCwK79U4pm6AByHrM4KVRl7x2ra884rlIbd+xqDl1RynkKGaWz9NEdKorBmaM1hzKpDBtlcsmVVzJrhsUGZKIFPTK344vYgkAQ0V4VhKG5mxcidYKEY4nRacRNIYkxEeUFvbEAdUupPZiVNY1qQH+5HQL1RwRn9PTHAg5TjwdWeA1VAu1lL4X81OVP/KnbAwThQNyXxRP+FQRTDNC/aYoETxsTaYCKb/CskQC0yUTrWgQ0CLJy+bdq2KzCqyLkqNmyyOPDgCx+AEIHAJGuAONEELEPAInsEreDOejBfj3fict+aMbOYQ/JHx/QPR+p5D</latexit><latexit sha1_base64="3JXF0rRLP3Q7tL7Wgd0ARW4+P4M=">AAACInicbZDLSgMxFIYz9VbrrerSTbAUBGuZVEFdFIpuXHbAXmBmGDJp2oZmLiQZoZQ+ixtfxY0LRV0JPoyZdhba+kPg5zvncHJ+P+ZMKtP8MnIrq2vrG/nNwtb2zu5ecf+gLaNEENoiEY9E18eSchbSlmKK024sKA58Tjv+6Datdx6okCwK79U4pm6AByHrM4KVRl7x2ra884rlIbd+xqDl1RynkKGaWz9NEdKorBmaM1hzKpDBtlcsmVVzJrhsUGZKIFPTK344vYgkAQ0V4VhKG5mxcidYKEY4nRacRNIYkxEeUFvbEAdUupPZiVNY1qQH+5HQL1RwRn9PTHAg5TjwdWeA1VAu1lL4X81OVP/KnbAwThQNyXxRP+FQRTDNC/aYoETxsTaYCKb/CskQC0yUTrWgQ0CLJy+bdq2KzCqyLkqNmyyOPDgCx+AEIHAJGuAONEELEPAInsEreDOejBfj3fict+aMbOYQ/JHx/QPR+p5D</latexit><latexit sha1_base64="3JXF0rRLP3Q7tL7Wgd0ARW4+P4M=">AAACInicbZDLSgMxFIYz9VbrrerSTbAUBGuZVEFdFIpuXHbAXmBmGDJp2oZmLiQZoZQ+ixtfxY0LRV0JPoyZdhba+kPg5zvncHJ+P+ZMKtP8MnIrq2vrG/nNwtb2zu5ecf+gLaNEENoiEY9E18eSchbSlmKK024sKA58Tjv+6Datdx6okCwK79U4pm6AByHrM4KVRl7x2ra884rlIbd+xqDl1RynkKGaWz9NEdKorBmaM1hzKpDBtlcsmVVzJrhsUGZKIFPTK344vYgkAQ0V4VhKG5mxcidYKEY4nRacRNIYkxEeUFvbEAdUupPZiVNY1qQH+5HQL1RwRn9PTHAg5TjwdWeA1VAu1lL4X81OVP/KnbAwThQNyXxRP+FQRTDNC/aYoETxsTaYCKb/CskQC0yUTrWgQ0CLJy+bdq2KzCqyLkqNmyyOPDgCx+AEIHAJGuAONEELEPAInsEreDOejBfj3fict+aMbOYQ/JHx/QPR+p5D</latexit>

[Q1, Q2] = 2 iV
<latexit sha1_base64="ZJ9zwpsHEgOilNz43MbEK1BUTrY=">AAACI3icbZDLSgMxFIYzXut4q7p0EywFwVomo6AIhaIbly3YC8wMQybNtKGZC0lGKKXv4sZXceNCKW5c+C6mF0Fbfwj8fOccTs4fpJxJZVmfxsrq2vrGZm7L3N7Z3dvPHxw2ZZIJQhsk4YloB1hSzmLaUExx2k4FxVHAaSvo303qrUcqJEviBzVIqRfhbsxCRrDSyM/fFJ26f1Gq+8irnDNY923XNX+Y7VXOJgxpphGaIWi7Jchg088XrLI1FVw2aG4KYK6anx+7nYRkEY0V4VhKB1mp8oZYKEY4HZluJmmKSR93qaNtjCMqveH0xhEsatKBYSL0ixWc0t8TQxxJOYgC3Rlh1ZOLtQn8r+ZkKrz2hixOM0VjMlsUZhyqBE4Cgx0mKFF8oA0mgum/QtLDAhOlYzV1CGjx5GXTtMvIKqP6ZaF6O48jB47BCTgFCFyBKrgHNdAABDyBF/AG3o1n49UYGx+z1hVjPnME/sj4+gY1T55y</latexit><latexit sha1_base64="ZJ9zwpsHEgOilNz43MbEK1BUTrY=">AAACI3icbZDLSgMxFIYzXut4q7p0EywFwVomo6AIhaIbly3YC8wMQybNtKGZC0lGKKXv4sZXceNCKW5c+C6mF0Fbfwj8fOccTs4fpJxJZVmfxsrq2vrGZm7L3N7Z3dvPHxw2ZZIJQhsk4YloB1hSzmLaUExx2k4FxVHAaSvo303qrUcqJEviBzVIqRfhbsxCRrDSyM/fFJ26f1Gq+8irnDNY923XNX+Y7VXOJgxpphGaIWi7Jchg088XrLI1FVw2aG4KYK6anx+7nYRkEY0V4VhKB1mp8oZYKEY4HZluJmmKSR93qaNtjCMqveH0xhEsatKBYSL0ixWc0t8TQxxJOYgC3Rlh1ZOLtQn8r+ZkKrz2hixOM0VjMlsUZhyqBE4Cgx0mKFF8oA0mgum/QtLDAhOlYzV1CGjx5GXTtMvIKqP6ZaF6O48jB47BCTgFCFyBKrgHNdAABDyBF/AG3o1n49UYGx+z1hVjPnME/sj4+gY1T55y</latexit><latexit sha1_base64="ZJ9zwpsHEgOilNz43MbEK1BUTrY=">AAACI3icbZDLSgMxFIYzXut4q7p0EywFwVomo6AIhaIbly3YC8wMQybNtKGZC0lGKKXv4sZXceNCKW5c+C6mF0Fbfwj8fOccTs4fpJxJZVmfxsrq2vrGZm7L3N7Z3dvPHxw2ZZIJQhsk4YloB1hSzmLaUExx2k4FxVHAaSvo303qrUcqJEviBzVIqRfhbsxCRrDSyM/fFJ26f1Gq+8irnDNY923XNX+Y7VXOJgxpphGaIWi7Jchg088XrLI1FVw2aG4KYK6anx+7nYRkEY0V4VhKB1mp8oZYKEY4HZluJmmKSR93qaNtjCMqveH0xhEsatKBYSL0ixWc0t8TQxxJOYgC3Rlh1ZOLtQn8r+ZkKrz2hixOM0VjMlsUZhyqBE4Cgx0mKFF8oA0mgum/QtLDAhOlYzV1CGjx5GXTtMvIKqP6ZaF6O48jB47BCTgFCFyBKrgHNdAABDyBF/AG3o1n49UYGx+z1hVjPnME/sj4+gY1T55y</latexit><latexit sha1_base64="ZJ9zwpsHEgOilNz43MbEK1BUTrY=">AAACI3icbZDLSgMxFIYzXut4q7p0EywFwVomo6AIhaIbly3YC8wMQybNtKGZC0lGKKXv4sZXceNCKW5c+C6mF0Fbfwj8fOccTs4fpJxJZVmfxsrq2vrGZm7L3N7Z3dvPHxw2ZZIJQhsk4YloB1hSzmLaUExx2k4FxVHAaSvo303qrUcqJEviBzVIqRfhbsxCRrDSyM/fFJ26f1Gq+8irnDNY923XNX+Y7VXOJgxpphGaIWi7Jchg088XrLI1FVw2aG4KYK6anx+7nYRkEY0V4VhKB1mp8oZYKEY4HZluJmmKSR93qaNtjCMqveH0xhEsatKBYSL0ixWc0t8TQxxJOYgC3Rlh1ZOLtQn8r+ZkKrz2hixOM0VjMlsUZhyqBE4Cgx0mKFF8oA0mgum/QtLDAhOlYzV1CGjx5GXTtMvIKqP6ZaF6O48jB47BCTgFCFyBKrgHNdAABDyBF/AG3o1n49UYGx+z1hVjPnME/sj4+gY1T55y</latexit>

h0|⇢a(x)|ki ⇠
1p
V
eik·x

<latexit sha1_base64="xYlrN3GGcqO8A/5FLAAKeguAbAM="></latexit><latexit sha1_base64="xYlrN3GGcqO8A/5FLAAKeguAbAM="></latexit><latexit sha1_base64="xYlrN3GGcqO8A/5FLAAKeguAbAM="></latexit><latexit sha1_base64="xYlrN3GGcqO8A/5FLAAKeguAbAM="></latexit>

h0|ja(x)|ki ⇠
k

2m
p
V
eik·x

<latexit sha1_base64="VknGzZagRDxKOioriM1kzGwqEps="></latexit><latexit sha1_base64="VknGzZagRDxKOioriM1kzGwqEps="></latexit><latexit sha1_base64="VknGzZagRDxKOioriM1kzGwqEps="></latexit><latexit sha1_base64="VknGzZagRDxKOioriM1kzGwqEps="></latexit>

A single Goldstone boson couples to two currents.  This is similar to what happens 
with  magnons  in  Heisenberg  ferromagnets.   We  have  broken  the  relativistic 
necessity of having particles and antiparticles.  
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Goldstone II
Chadha-Nielsen Theorem

Given  a  Lagrangian  invariant  under  a  symmetry  group  G  of 
dimension n, we can construct the corresponding Noether charges 
and fields satisfying:

deth0|[�i, Qa]|0i 6= 0, i, a = 1, . . .m
<latexit sha1_base64="Mf75BHZVQT13rUK2PrPR9Bx6pT0="></latexit><latexit sha1_base64="Mf75BHZVQT13rUK2PrPR9Bx6pT0="></latexit><latexit sha1_base64="Mf75BHZVQT13rUK2PrPR9Bx6pT0="></latexit><latexit sha1_base64="Mf75BHZVQT13rUK2PrPR9Bx6pT0="></latexit>

For local operators A,B, 

Translational invariance is maintained, then:

x ! 1 : |h0|[A(x, t), B(0)]|0i| ! e�⌧ |x|, ⌧ > 0
<latexit sha1_base64="ucOaZLvrBI+/IB/K/DHNOlk7H44="></latexit><latexit sha1_base64="ucOaZLvrBI+/IB/K/DHNOlk7H44="></latexit><latexit sha1_base64="ucOaZLvrBI+/IB/K/DHNOlk7H44="></latexit><latexit sha1_base64="ucOaZLvrBI+/IB/K/DHNOlk7H44="></latexit>

nI + 2nII = m
<latexit sha1_base64="CSkf65MQcWMiz3UNrFWLquiLvRw="></latexit><latexit sha1_base64="CSkf65MQcWMiz3UNrFWLquiLvRw="></latexit><latexit sha1_base64="CSkf65MQcWMiz3UNrFWLquiLvRw="></latexit><latexit sha1_base64="CSkf65MQcWMiz3UNrFWLquiLvRw="></latexit>

EI ⇠ p2r+1
I EII ⇠ p2rII

<latexit sha1_base64="Tlj8kpCy6TPG1AS3Gtg1DB7VXXw="></latexit><latexit sha1_base64="Tlj8kpCy6TPG1AS3Gtg1DB7VXXw="></latexit><latexit sha1_base64="Tlj8kpCy6TPG1AS3Gtg1DB7VXXw="></latexit><latexit sha1_base64="Tlj8kpCy6TPG1AS3Gtg1DB7VXXw="></latexit>

Chadha  and  Nielsen  proved  an  inequality,  many  other  people 
have  worked  on  this  problem,  including  Guralnik,  Hagen, 
Kibble,  and  more  recently  Leutwyler,  Murayama,  Brauner, 
Watanabe,  Nicolis, Piazza…
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Goldstone III

We can consider a different situation (Nicolis-Piazza…), spontaneous symmetry 
probing:  This is a controlled way of breaking Lorentz invariance, at the same 
time that you break a symmetry (SSP).  Hence we explore a class of theories 
which are secretly relativistic, but whose low energy behavior in the situation 
considered breaks Lorentz invariance spontaneously.  Hence some version of the 
Chadha-Nielsen theorem applies.

This happens in our case of interest which will explores a QFT with a global 
symmetry group in the sector of large values of some of the charges, or charge 
densities.  Similar situations arise in the study of QCD at finite baryon density, 
non-topological solitons, Q-balls…

We find that in the study of “natural hamiltonians”, where there are no obvious 
expansion parameters,  we can get access to some information by considering 
properties of the system at large values of the charge, and obtain a systematic
Expansion in powers of 1/Q.  Similar to the case of large-N

Ground state + Goldstones + 1/Q corrections

Some of these contributions are universal
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Including charge density
Consider the simplest case of a classical theory with Hamiltonian H and charge Q.  
Since  we  will  be  considering  the  case  where  translations  and  rotations  are 
maintained, and we work at finite volume, let’s be sloppy and use Q and charge 
density interchangeably ([H,Q]=0), the charge generates canonically the symmetry 
transformations in the theory.   Imposing the constraint of constant charge density 
should be done systematically
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Quantum mechanically

hv|H|vi
<latexit sha1_base64="cw/CVOANw8/XMXBiei1WkrwKYlA=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJ+3QySTMTAol7cJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+QcKa043xba+sbm1vbpZ3y7t7+waF9dNxScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6n/vtMZWKxeJRTxLqR3ggWMgI1kbq2acex2LAKRpPUX2Kxp7Mnz274lSdHGiVuAWpQIFGz/7y+jFJIyo04Viprusk2s+w1IxwOit7qaIJJiM8oF1DBY6o8rN8/xm6MEofhbE0JTTK1d8TGY6UmkSB6YywHqplby7+53VTHd76GRNJqqkgi4/ClCMdo3kYqM8kJZpPDMFEMrMrIkMsMdEmsrIJwV0+eZW0rqquU3Ufriu1uyKOEpzBOVyCCzdQgzo0oAkEpvAMr/BmPVkv1rv1sWhds4qZE/gD6/MHcBqVtw==</latexit><latexit sha1_base64="cw/CVOANw8/XMXBiei1WkrwKYlA=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJ+3QySTMTAol7cJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+QcKa043xba+sbm1vbpZ3y7t7+waF9dNxScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6n/vtMZWKxeJRTxLqR3ggWMgI1kbq2acex2LAKRpPUX2Kxp7Mnz274lSdHGiVuAWpQIFGz/7y+jFJIyo04Viprusk2s+w1IxwOit7qaIJJiM8oF1DBY6o8rN8/xm6MEofhbE0JTTK1d8TGY6UmkSB6YywHqplby7+53VTHd76GRNJqqkgi4/ClCMdo3kYqM8kJZpPDMFEMrMrIkMsMdEmsrIJwV0+eZW0rqquU3Ufriu1uyKOEpzBOVyCCzdQgzo0oAkEpvAMr/BmPVkv1rv1sWhds4qZE/gD6/MHcBqVtw==</latexit><latexit sha1_base64="cw/CVOANw8/XMXBiei1WkrwKYlA=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJ+3QySTMTAol7cJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+QcKa043xba+sbm1vbpZ3y7t7+waF9dNxScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6n/vtMZWKxeJRTxLqR3ggWMgI1kbq2acex2LAKRpPUX2Kxp7Mnz274lSdHGiVuAWpQIFGz/7y+jFJIyo04Viprusk2s+w1IxwOit7qaIJJiM8oF1DBY6o8rN8/xm6MEofhbE0JTTK1d8TGY6UmkSB6YywHqplby7+53VTHd76GRNJqqkgi4/ClCMdo3kYqM8kJZpPDMFEMrMrIkMsMdEmsrIJwV0+eZW0rqquU3Ufriu1uyKOEpzBOVyCCzdQgzo0oAkEpvAMr/BmPVkv1rv1sWhds4qZE/gD6/MHcBqVtw==</latexit><latexit sha1_base64="cw/CVOANw8/XMXBiei1WkrwKYlA=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJ+3QySTMTAol7cJfceNCEbf+hjv/xmmahbYeuHDmnHuZe0+QcKa043xba+sbm1vbpZ3y7t7+waF9dNxScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6n/vtMZWKxeJRTxLqR3ggWMgI1kbq2acex2LAKRpPUX2Kxp7Mnz274lSdHGiVuAWpQIFGz/7y+jFJIyo04Viprusk2s+w1IxwOit7qaIJJiM8oF1DBY6o8rN8/xm6MEofhbE0JTTK1d8TGY6UmkSB6YywHqplby7+53VTHd76GRNJqqkgi4/ClCMdo3kYqM8kJZpPDMFEMrMrIkMsMdEmsrIJwV0+eZW0rqquU3Ufriu1uyKOEpzBOVyCCzdQgzo0oAkEpvAMr/BmPVkv1rv1sWhds4qZE/gD6/MHcBqVtw==</latexit>

hv|H � E0 �m⇢|vi
<latexit sha1_base64="IWunmTEfVjFWJcAwPDulWzTnzos=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuWhIRdFkUocsK9gFNCJPptB06mQkzk0JJu3bjr7hxoYhbv8Cdf+M0zUJbD1w4nHMv994Txowq7Tjf1srq2vrGZmGruL2zu7dvHxw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLh7cxvjYhUVPAHPY6JH6E+pz2KkTZSYJ94DPE+I3A0gbXyXeCUI+jJgYCTkSczJ7BLTsXJAJeJm5MSyFEP7C+vK3ASEa4xQ0p1XCfWfoqkppiRadFLFIkRHqI+6RjKUUSUn2avTOGZUbqwJ6QprmGm/p5IUaTUOApNZ4T0QC16M/E/r5Po3rWfUh4nmnA8X9RLGNQCznKBXSoJ1mxsCMKSmlshHiCJsDbpFU0I7uLLy6R5UXGdint/Ware5HEUwDE4BefABVegCmqgDhoAg0fwDF7Bm/VkvVjv1se8dcXKZ47AH1ifP4ZtmYU=</latexit><latexit sha1_base64="IWunmTEfVjFWJcAwPDulWzTnzos=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuWhIRdFkUocsK9gFNCJPptB06mQkzk0JJu3bjr7hxoYhbv8Cdf+M0zUJbD1w4nHMv994Txowq7Tjf1srq2vrGZmGruL2zu7dvHxw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLh7cxvjYhUVPAHPY6JH6E+pz2KkTZSYJ94DPE+I3A0gbXyXeCUI+jJgYCTkSczJ7BLTsXJAJeJm5MSyFEP7C+vK3ASEa4xQ0p1XCfWfoqkppiRadFLFIkRHqI+6RjKUUSUn2avTOGZUbqwJ6QprmGm/p5IUaTUOApNZ4T0QC16M/E/r5Po3rWfUh4nmnA8X9RLGNQCznKBXSoJ1mxsCMKSmlshHiCJsDbpFU0I7uLLy6R5UXGdint/Ware5HEUwDE4BefABVegCmqgDhoAg0fwDF7Bm/VkvVjv1se8dcXKZ47AH1ifP4ZtmYU=</latexit><latexit sha1_base64="IWunmTEfVjFWJcAwPDulWzTnzos=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuWhIRdFkUocsK9gFNCJPptB06mQkzk0JJu3bjr7hxoYhbv8Cdf+M0zUJbD1w4nHMv994Txowq7Tjf1srq2vrGZmGruL2zu7dvHxw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLh7cxvjYhUVPAHPY6JH6E+pz2KkTZSYJ94DPE+I3A0gbXyXeCUI+jJgYCTkSczJ7BLTsXJAJeJm5MSyFEP7C+vK3ASEa4xQ0p1XCfWfoqkppiRadFLFIkRHqI+6RjKUUSUn2avTOGZUbqwJ6QprmGm/p5IUaTUOApNZ4T0QC16M/E/r5Po3rWfUh4nmnA8X9RLGNQCznKBXSoJ1mxsCMKSmlshHiCJsDbpFU0I7uLLy6R5UXGdint/Ware5HEUwDE4BefABVegCmqgDhoAg0fwDF7Bm/VkvVjv1se8dcXKZ47AH1ifP4ZtmYU=</latexit><latexit sha1_base64="IWunmTEfVjFWJcAwPDulWzTnzos=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuWhIRdFkUocsK9gFNCJPptB06mQkzk0JJu3bjr7hxoYhbv8Cdf+M0zUJbD1w4nHMv994Txowq7Tjf1srq2vrGZmGruL2zu7dvHxw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLh7cxvjYhUVPAHPY6JH6E+pz2KkTZSYJ94DPE+I3A0gbXyXeCUI+jJgYCTkSczJ7BLTsXJAJeJm5MSyFEP7C+vK3ASEa4xQ0p1XCfWfoqkppiRadFLFIkRHqI+6RjKUUSUn2avTOGZUbqwJ6QprmGm/p5IUaTUOApNZ4T0QC16M/E/r5Po3rWfUh4nmnA8X9RLGNQCznKBXSoJ1mxsCMKSmlshHiCJsDbpFU0I7uLLy6R5UXGdint/Ware5HEUwDE4BefABVegCmqgDhoAg0fwDF7Bm/VkvVjv1se8dcXKZ47AH1ifP4ZtmYU=</latexit>

hv|�̇|vi = µ
<latexit sha1_base64="Vl5ywlFF7HR7Lv0beGNJ8vfzFwY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG5cV7AOaUCbTSTt0MgkzN4WSduvGX3HjQhG3/oE7/8ZpmoW2HrhwOOfemXtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6jhVlDVoLGLVDohmgkvWAA6CtRPFSBQI1gqGtzO/NWJK81g+wDhhfkT6koecEjBS18aeILIvGB5NsNeLwaMDPhl5KhevvSjt2hWn6uTAy8QtSAUVqHftL/MOTSMmgQqidcd1EvAzooBTwaZlL9UsIXRI+qxjqCQR036WXzLFp0bp4TBWpiTgXP09kZFI63EUmM6IwEAvejPxP6+TQnjlZ1wmKTBJ5x+FqcAQ41ksuMcVoyDGhhCquNkV0wFRhIIJr2xCcBdPXibN86rrVN37i0rtpoijhI7RCTpDLrpENXSH6qiBKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QPILJph</latexit><latexit sha1_base64="Vl5ywlFF7HR7Lv0beGNJ8vfzFwY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG5cV7AOaUCbTSTt0MgkzN4WSduvGX3HjQhG3/oE7/8ZpmoW2HrhwOOfemXtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6jhVlDVoLGLVDohmgkvWAA6CtRPFSBQI1gqGtzO/NWJK81g+wDhhfkT6koecEjBS18aeILIvGB5NsNeLwaMDPhl5KhevvSjt2hWn6uTAy8QtSAUVqHftL/MOTSMmgQqidcd1EvAzooBTwaZlL9UsIXRI+qxjqCQR036WXzLFp0bp4TBWpiTgXP09kZFI63EUmM6IwEAvejPxP6+TQnjlZ1wmKTBJ5x+FqcAQ41ksuMcVoyDGhhCquNkV0wFRhIIJr2xCcBdPXibN86rrVN37i0rtpoijhI7RCTpDLrpENXSH6qiBKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QPILJph</latexit><latexit sha1_base64="Vl5ywlFF7HR7Lv0beGNJ8vfzFwY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG5cV7AOaUCbTSTt0MgkzN4WSduvGX3HjQhG3/oE7/8ZpmoW2HrhwOOfemXtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6jhVlDVoLGLVDohmgkvWAA6CtRPFSBQI1gqGtzO/NWJK81g+wDhhfkT6koecEjBS18aeILIvGB5NsNeLwaMDPhl5KhevvSjt2hWn6uTAy8QtSAUVqHftL/MOTSMmgQqidcd1EvAzooBTwaZlL9UsIXRI+qxjqCQR036WXzLFp0bp4TBWpiTgXP09kZFI63EUmM6IwEAvejPxP6+TQnjlZ1wmKTBJ5x+FqcAQ41ksuMcVoyDGhhCquNkV0wFRhIIJr2xCcBdPXibN86rrVN37i0rtpoijhI7RCTpDLrpENXSH6qiBKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QPILJph</latexit><latexit sha1_base64="Vl5ywlFF7HR7Lv0beGNJ8vfzFwY=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG5cV7AOaUCbTSTt0MgkzN4WSduvGX3HjQhG3/oE7/8ZpmoW2HrhwOOfemXtPkAiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6jhVlDVoLGLVDohmgkvWAA6CtRPFSBQI1gqGtzO/NWJK81g+wDhhfkT6koecEjBS18aeILIvGB5NsNeLwaMDPhl5KhevvSjt2hWn6uTAy8QtSAUVqHftL/MOTSMmgQqidcd1EvAzooBTwaZlL9UsIXRI+qxjqCQR036WXzLFp0bp4TBWpiTgXP09kZFI63EUmM6IwEAvejPxP6+TQnjlZ1wmKTBJ5x+FqcAQ41ksuMcVoyDGhhCquNkV0wFRhIIJr2xCcBdPXibN86rrVN37i0rtpoijhI7RCTpDLrpENXSH6qiBKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QPILJph</latexit>

H = H � µ⇢� E0
<latexit sha1_base64="00dfm4PWW9Qqzh40PJwdqPoX0os=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KYlEUE3QlGELivYBzQhTKaTduhMJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfDv1u49EKiriBz1JiM/RMKYRxUgbKbCPMg8jBpv5dbPm8RR6ciRqd4ET2FWn7swAl4lbkCoo0ArsL28gcMpJrDFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DY0RJ8rPZg/k8NQoAxgJaSrWcKb+nsgQV2rCQ9PJkR6pRW8q/uf1Ux1d+RmNk1STGM8XRSmDWsBpGnBAJcGaTQxBWFJzK8QjJBHWJrOKCcFdfHmZdM7rrlN37y+qjZsijjI4BifgDLjgEjRAE7RAG2CQg2fwCt6sJ+vFerc+5q0lq5g5BH9gff4AwD6VMw==</latexit><latexit sha1_base64="00dfm4PWW9Qqzh40PJwdqPoX0os=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KYlEUE3QlGELivYBzQhTKaTduhMJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfDv1u49EKiriBz1JiM/RMKYRxUgbKbCPMg8jBpv5dbPm8RR6ciRqd4ET2FWn7swAl4lbkCoo0ArsL28gcMpJrDFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DY0RJ8rPZg/k8NQoAxgJaSrWcKb+nsgQV2rCQ9PJkR6pRW8q/uf1Ux1d+RmNk1STGM8XRSmDWsBpGnBAJcGaTQxBWFJzK8QjJBHWJrOKCcFdfHmZdM7rrlN37y+qjZsijjI4BifgDLjgEjRAE7RAG2CQg2fwCt6sJ+vFerc+5q0lq5g5BH9gff4AwD6VMw==</latexit><latexit sha1_base64="00dfm4PWW9Qqzh40PJwdqPoX0os=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KYlEUE3QlGELivYBzQhTKaTduhMJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfDv1u49EKiriBz1JiM/RMKYRxUgbKbCPMg8jBpv5dbPm8RR6ciRqd4ET2FWn7swAl4lbkCoo0ArsL28gcMpJrDFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DY0RJ8rPZg/k8NQoAxgJaSrWcKb+nsgQV2rCQ9PJkR6pRW8q/uf1Ux1d+RmNk1STGM8XRSmDWsBpGnBAJcGaTQxBWFJzK8QjJBHWJrOKCcFdfHmZdM7rrlN37y+qjZsijjI4BifgDLjgEjRAE7RAG2CQg2fwCt6sJ+vFerc+5q0lq5g5BH9gff4AwD6VMw==</latexit><latexit sha1_base64="00dfm4PWW9Qqzh40PJwdqPoX0os=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KYlEUE3QlGELivYBzQhTKaTduhMJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHSVSiUkbCyZkL0SKMBqTtqaakV4iCeIhI91wfDv1u49EKiriBz1JiM/RMKYRxUgbKbCPMg8jBpv5dbPm8RR6ciRqd4ET2FWn7swAl4lbkCoo0ArsL28gcMpJrDFDSvVdJ9F+hqSmmJG84qWKJAiP0ZD0DY0RJ8rPZg/k8NQoAxgJaSrWcKb+nsgQV2rCQ9PJkR6pRW8q/uf1Ux1d+RmNk1STGM8XRSmDWsBpGnBAJcGaTQxBWFJzK8QjJBHWJrOKCcFdfHmZdM7rrlN37y+qjZsijjI4BifgDLjgEjRAE7RAG2CQg2fwCt6sJ+vFerc+5q0lq5g5BH9gff4AwD6VMw==</latexit>

(H � µQ)|vi = 0
<latexit sha1_base64="gsRazGzKHVXmbwIqWhHM7XB6ths=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmRNCNUHTTZQv2AZ2hZNJMG5pkhiRTqGPxV9y4UMSt/+HOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Z+wdNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILh3dRvjYhUNBL3ehwTn6O+oCHFSBupax+VquceT2D97HHkSST6jNw4XbvolJ0Z4DJxM1IEGWpd+8vrRTjhRGjMkFId14m1nyKpKWZkUvASRWKEh6hPOoYKxIny09n1E3hqlB4MI2lKaDhTf0+kiCs15oHp5EgP1KI3Ff/zOokOr/2UijjRROD5ojBhUEdwGgXsUUmwZmNDEJbU3ArxAEmEtQmsYEJwF19eJs2LsuuU3fplsXKbxZEHx+AElIALrkAFVEENNAAGD+AZvII368l6sd6tj3lrzspmDsEfWJ8/u96UHA==</latexit><latexit sha1_base64="gsRazGzKHVXmbwIqWhHM7XB6ths=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmRNCNUHTTZQv2AZ2hZNJMG5pkhiRTqGPxV9y4UMSt/+HOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Z+wdNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILh3dRvjYhUNBL3ehwTn6O+oCHFSBupax+VquceT2D97HHkSST6jNw4XbvolJ0Z4DJxM1IEGWpd+8vrRTjhRGjMkFId14m1nyKpKWZkUvASRWKEh6hPOoYKxIny09n1E3hqlB4MI2lKaDhTf0+kiCs15oHp5EgP1KI3Ff/zOokOr/2UijjRROD5ojBhUEdwGgXsUUmwZmNDEJbU3ArxAEmEtQmsYEJwF19eJs2LsuuU3fplsXKbxZEHx+AElIALrkAFVEENNAAGD+AZvII368l6sd6tj3lrzspmDsEfWJ8/u96UHA==</latexit><latexit sha1_base64="gsRazGzKHVXmbwIqWhHM7XB6ths=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmRNCNUHTTZQv2AZ2hZNJMG5pkhiRTqGPxV9y4UMSt/+HOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Z+wdNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILh3dRvjYhUNBL3ehwTn6O+oCHFSBupax+VquceT2D97HHkSST6jNw4XbvolJ0Z4DJxM1IEGWpd+8vrRTjhRGjMkFId14m1nyKpKWZkUvASRWKEh6hPOoYKxIny09n1E3hqlB4MI2lKaDhTf0+kiCs15oHp5EgP1KI3Ff/zOokOr/2UijjRROD5ojBhUEdwGgXsUUmwZmNDEJbU3ArxAEmEtQmsYEJwF19eJs2LsuuU3fplsXKbxZEHx+AElIALrkAFVEENNAAGD+AZvII368l6sd6tj3lrzspmDsEfWJ8/u96UHA==</latexit><latexit sha1_base64="gsRazGzKHVXmbwIqWhHM7XB6ths=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmRNCNUHTTZQv2AZ2hZNJMG5pkhiRTqGPxV9y4UMSt/+HOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Z+wdNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILh3dRvjYhUNBL3ehwTn6O+oCHFSBupax+VquceT2D97HHkSST6jNw4XbvolJ0Z4DJxM1IEGWpd+8vrRTjhRGjMkFId14m1nyKpKWZkUvASRWKEh6hPOoYKxIny09n1E3hqlB4MI2lKaDhTf0+kiCs15oHp5EgP1KI3Ff/zOokOr/2UijjRROD5ojBhUEdwGgXsUUmwZmNDEJbU3ArxAEmEtQmsYEJwF19eJs2LsuuU3fplsXKbxZEHx+AElIALrkAFVEENNAAGD+AZvII368l6sd6tj3lrzspmDsEfWJ8/u96UHA==</latexit>

As in the interpretation of effective actions, we can use the variational approach.  
We want to find the state minimizing:

In  this  general  context  one  can  apply  the  standard  techniques  in  Goldstone’s 
theorem to show the possible existence of gapless excitations.  It is important to 
notice that we are using the time evolution with the standard Hamiltonian.  We find 
simpler to work an example.

(H � E0 �m⇢)|vi = 0
<latexit sha1_base64="aRJMKkosjqeKKrMkn5cmQ1SE6mU=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqoiUjgm6EoghdVrAP6AxDJk3b0ExmSDKFMnbhxl9x40IRt36EO//GtJ2Fth64cDjnXu69J4g5Uxqhb2tldW19YzO3ld/e2d3btw8OmypKJKENEvFItgOsKGeCNjTTnLZjSXEYcNoKhjdTvzWiUrFI3OtxTL0Q9wXrMYK1kXy7AEu18q2PyiF05SCCpw8jV2LR5/QK+XYRVdAMcJk4GSmCDHXf/nK7EUlCKjThWKmOg2LtpVhqRjid5N1E0RiTIe7TjqECh1R56eyJCTwxShf2ImlKaDhTf0+kOFRqHAamM8R6oBa9qfif10l079JLmYgTTQWZL+olHOoIThOBXSYp0XxsCCaSmVshGWCJiTa55U0IzuLLy6R5VnFQxbk7L1avszhyoACOQQk44AJUQQ3UQQMQ8AiewSt4s56sF+vd+pi3rljZzBH4A+vzB5RHliY=</latexit><latexit sha1_base64="aRJMKkosjqeKKrMkn5cmQ1SE6mU=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqoiUjgm6EoghdVrAP6AxDJk3b0ExmSDKFMnbhxl9x40IRt36EO//GtJ2Fth64cDjnXu69J4g5Uxqhb2tldW19YzO3ld/e2d3btw8OmypKJKENEvFItgOsKGeCNjTTnLZjSXEYcNoKhjdTvzWiUrFI3OtxTL0Q9wXrMYK1kXy7AEu18q2PyiF05SCCpw8jV2LR5/QK+XYRVdAMcJk4GSmCDHXf/nK7EUlCKjThWKmOg2LtpVhqRjid5N1E0RiTIe7TjqECh1R56eyJCTwxShf2ImlKaDhTf0+kOFRqHAamM8R6oBa9qfif10l079JLmYgTTQWZL+olHOoIThOBXSYp0XxsCCaSmVshGWCJiTa55U0IzuLLy6R5VnFQxbk7L1avszhyoACOQQk44AJUQQ3UQQMQ8AiewSt4s56sF+vd+pi3rljZzBH4A+vzB5RHliY=</latexit><latexit sha1_base64="aRJMKkosjqeKKrMkn5cmQ1SE6mU=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqoiUjgm6EoghdVrAP6AxDJk3b0ExmSDKFMnbhxl9x40IRt36EO//GtJ2Fth64cDjnXu69J4g5Uxqhb2tldW19YzO3ld/e2d3btw8OmypKJKENEvFItgOsKGeCNjTTnLZjSXEYcNoKhjdTvzWiUrFI3OtxTL0Q9wXrMYK1kXy7AEu18q2PyiF05SCCpw8jV2LR5/QK+XYRVdAMcJk4GSmCDHXf/nK7EUlCKjThWKmOg2LtpVhqRjid5N1E0RiTIe7TjqECh1R56eyJCTwxShf2ImlKaDhTf0+kOFRqHAamM8R6oBa9qfif10l079JLmYgTTQWZL+olHOoIThOBXSYp0XxsCCaSmVshGWCJiTa55U0IzuLLy6R5VnFQxbk7L1avszhyoACOQQk44AJUQQ3UQQMQ8AiewSt4s56sF+vd+pi3rljZzBH4A+vzB5RHliY=</latexit><latexit sha1_base64="aRJMKkosjqeKKrMkn5cmQ1SE6mU=">AAACBHicbVDLSgMxFM34rPU16rKbYBHqoiUjgm6EoghdVrAP6AxDJk3b0ExmSDKFMnbhxl9x40IRt36EO//GtJ2Fth64cDjnXu69J4g5Uxqhb2tldW19YzO3ld/e2d3btw8OmypKJKENEvFItgOsKGeCNjTTnLZjSXEYcNoKhjdTvzWiUrFI3OtxTL0Q9wXrMYK1kXy7AEu18q2PyiF05SCCpw8jV2LR5/QK+XYRVdAMcJk4GSmCDHXf/nK7EUlCKjThWKmOg2LtpVhqRjid5N1E0RiTIe7TjqECh1R56eyJCTwxShf2ImlKaDhTf0+kOFRqHAamM8R6oBa9qfif10l079JLmYgTTQWZL+olHOoIThOBXSYp0XxsCCaSmVshGWCJiTa55U0IzuLLy6R5VnFQxbk7L1avszhyoACOQQk44AJUQQ3UQQMQ8AiewSt4s56sF+vd+pi3rljZzBH4A+vzB5RHliY=</latexit>

hv|vi = 1, hv|⇢|vi = ⇢̄
<latexit sha1_base64="j0rUyGr1AGwsNY1hpyUpzYeMdGg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EqhuXFewDOkO5k6ZtaCYzTTKFMvZ73PgrbrpQils/xHRasLYeCBzOOZebe/yIM6Vte2Jl1tY3Nrey27md3b39g/zhUVWFsSS0QkIeyroPinImaEUzzWk9khQCn9Oa33uY+rUBlYqF4lkPI+oF0BGszQhoIzXzdy4H0eEUD17wwJUpv3Uu3H4/hhb+NV3ZDfFCxPVBJlNx1MwX7KKdAq8SZ04KaI5yMz92WyGJAyo04aBUw7Ej7SUgNSOcjnJurGgEpAcd2jBUQECVl6SnjvCZUVq4HUrzhMapujiRQKDUMPBNMgDdVcveVPzPa8S6feMlTESxpoLMFrVjjnWIp73hFpOUaD40BIhk5q+YdEEC0abdnCnBWT55lVQvi45ddJ6uCqX7eR1ZdIJO0Tly0DUqoUdURhVE0Ct6Rx/o03qzxtbE+ppFM9Z85hj9gfX9Aw2mp6s=</latexit><latexit sha1_base64="j0rUyGr1AGwsNY1hpyUpzYeMdGg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EqhuXFewDOkO5k6ZtaCYzTTKFMvZ73PgrbrpQils/xHRasLYeCBzOOZebe/yIM6Vte2Jl1tY3Nrey27md3b39g/zhUVWFsSS0QkIeyroPinImaEUzzWk9khQCn9Oa33uY+rUBlYqF4lkPI+oF0BGszQhoIzXzdy4H0eEUD17wwJUpv3Uu3H4/hhb+NV3ZDfFCxPVBJlNx1MwX7KKdAq8SZ04KaI5yMz92WyGJAyo04aBUw7Ej7SUgNSOcjnJurGgEpAcd2jBUQECVl6SnjvCZUVq4HUrzhMapujiRQKDUMPBNMgDdVcveVPzPa8S6feMlTESxpoLMFrVjjnWIp73hFpOUaD40BIhk5q+YdEEC0abdnCnBWT55lVQvi45ddJ6uCqX7eR1ZdIJO0Tly0DUqoUdURhVE0Ct6Rx/o03qzxtbE+ppFM9Z85hj9gfX9Aw2mp6s=</latexit><latexit sha1_base64="j0rUyGr1AGwsNY1hpyUpzYeMdGg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EqhuXFewDOkO5k6ZtaCYzTTKFMvZ73PgrbrpQils/xHRasLYeCBzOOZebe/yIM6Vte2Jl1tY3Nrey27md3b39g/zhUVWFsSS0QkIeyroPinImaEUzzWk9khQCn9Oa33uY+rUBlYqF4lkPI+oF0BGszQhoIzXzdy4H0eEUD17wwJUpv3Uu3H4/hhb+NV3ZDfFCxPVBJlNx1MwX7KKdAq8SZ04KaI5yMz92WyGJAyo04aBUw7Ej7SUgNSOcjnJurGgEpAcd2jBUQECVl6SnjvCZUVq4HUrzhMapujiRQKDUMPBNMgDdVcveVPzPa8S6feMlTESxpoLMFrVjjnWIp73hFpOUaD40BIhk5q+YdEEC0abdnCnBWT55lVQvi45ddJ6uCqX7eR1ZdIJO0Tly0DUqoUdURhVE0Ct6Rx/o03qzxtbE+ppFM9Z85hj9gfX9Aw2mp6s=</latexit><latexit sha1_base64="j0rUyGr1AGwsNY1hpyUpzYeMdGg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EqhuXFewDOkO5k6ZtaCYzTTKFMvZ73PgrbrpQils/xHRasLYeCBzOOZebe/yIM6Vte2Jl1tY3Nrey27md3b39g/zhUVWFsSS0QkIeyroPinImaEUzzWk9khQCn9Oa33uY+rUBlYqF4lkPI+oF0BGszQhoIzXzdy4H0eEUD17wwJUpv3Uu3H4/hhb+NV3ZDfFCxPVBJlNx1MwX7KKdAq8SZ04KaI5yMz92WyGJAyo04aBUw7Ej7SUgNSOcjnJurGgEpAcd2jBUQECVl6SnjvCZUVq4HUrzhMapujiRQKDUMPBNMgDdVcveVPzPa8S6feMlTESxpoLMFrVjjnWIp73hFpOUaD40BIhk5q+YdEEC0abdnCnBWT55lVQvi45ddJ6uCqX7eR1ZdIJO0Tly0DUqoUdURhVE0Ct6Rx/o03qzxtbE+ppFM9Z85hj9gfX9Aw2mp6s=</latexit>
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O(2n) model
We will consider later a naive scale invariant theory in d=3

We will consider later a naive scale invariant theory in d=3
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Computing anomalous dimensions
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Computing anomalous dimensions

SIM
POSIO

 LA
TORRE



Lu
is

 A
lv

ar
ez

-G
au

m
e 

JI@
60

  M
ay

 3
1s

t 2
01

9

�20

Computing anomalous dimensions
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Computing anomalous dimensions

c3/2 c1/2 ⇡ 1

12
<latexit sha1_base64="u18IyODrWbOawQlNIzfDYCz/IfM=">AAACDXicbZC7TsMwFIadcivlFmBksShIDKjEBQnGChbGItGL1ESR4zqtVSeObAdRRXkBFl6FhQGEWNnZeBvcNgMUfsnSp/+co+PzBwlnSjvOl1VaWFxaXimvVtbWNza37O2dthKpJLRFBBeyG2BFOYtpSzPNaTeRFEcBp51gdDWpd+6oVEzEt3qcUC/Cg5iFjGBtLN8+IH52elLP3WMDyAB0cZJIcQ8z5AozCVE99+2qU3Omgn8BFVAFhZq+/en2BUkjGmvCsVI95CTay7DUjHCaV9xU0QSTER7QnsEYR1R52fSaHB4apw9DIc2LNZy6PycyHCk1jgLTGWE9VPO1iflfrZfq8MLLWJykmsZktihMOdQCTqKBfSYp0XxsABPJzF8hGWKJiTYBVkwIaP7kv9Cu15BTQzdn1cZlEUcZ7IF9cAQQOAcNcA2aoAUIeABP4AW8Wo/Ws/Vmvc9aS1Yxswt+yfr4Bufcmi8=</latexit><latexit sha1_base64="u18IyODrWbOawQlNIzfDYCz/IfM=">AAACDXicbZC7TsMwFIadcivlFmBksShIDKjEBQnGChbGItGL1ESR4zqtVSeObAdRRXkBFl6FhQGEWNnZeBvcNgMUfsnSp/+co+PzBwlnSjvOl1VaWFxaXimvVtbWNza37O2dthKpJLRFBBeyG2BFOYtpSzPNaTeRFEcBp51gdDWpd+6oVEzEt3qcUC/Cg5iFjGBtLN8+IH52elLP3WMDyAB0cZJIcQ8z5AozCVE99+2qU3Omgn8BFVAFhZq+/en2BUkjGmvCsVI95CTay7DUjHCaV9xU0QSTER7QnsEYR1R52fSaHB4apw9DIc2LNZy6PycyHCk1jgLTGWE9VPO1iflfrZfq8MLLWJykmsZktihMOdQCTqKBfSYp0XxsABPJzF8hGWKJiTYBVkwIaP7kv9Cu15BTQzdn1cZlEUcZ7IF9cAQQOAcNcA2aoAUIeABP4AW8Wo/Ws/Vmvc9aS1Yxswt+yfr4Bufcmi8=</latexit><latexit sha1_base64="u18IyODrWbOawQlNIzfDYCz/IfM=">AAACDXicbZC7TsMwFIadcivlFmBksShIDKjEBQnGChbGItGL1ESR4zqtVSeObAdRRXkBFl6FhQGEWNnZeBvcNgMUfsnSp/+co+PzBwlnSjvOl1VaWFxaXimvVtbWNza37O2dthKpJLRFBBeyG2BFOYtpSzPNaTeRFEcBp51gdDWpd+6oVEzEt3qcUC/Cg5iFjGBtLN8+IH52elLP3WMDyAB0cZJIcQ8z5AozCVE99+2qU3Omgn8BFVAFhZq+/en2BUkjGmvCsVI95CTay7DUjHCaV9xU0QSTER7QnsEYR1R52fSaHB4apw9DIc2LNZy6PycyHCk1jgLTGWE9VPO1iflfrZfq8MLLWJykmsZktihMOdQCTqKBfSYp0XxsABPJzF8hGWKJiTYBVkwIaP7kv9Cu15BTQzdn1cZlEUcZ7IF9cAQQOAcNcA2aoAUIeABP4AW8Wo/Ws/Vmvc9aS1Yxswt+yfr4Bufcmi8=</latexit><latexit sha1_base64="u18IyODrWbOawQlNIzfDYCz/IfM=">AAACDXicbZC7TsMwFIadcivlFmBksShIDKjEBQnGChbGItGL1ESR4zqtVSeObAdRRXkBFl6FhQGEWNnZeBvcNgMUfsnSp/+co+PzBwlnSjvOl1VaWFxaXimvVtbWNza37O2dthKpJLRFBBeyG2BFOYtpSzPNaTeRFEcBp51gdDWpd+6oVEzEt3qcUC/Cg5iFjGBtLN8+IH52elLP3WMDyAB0cZJIcQ8z5AozCVE99+2qU3Omgn8BFVAFhZq+/en2BUkjGmvCsVI95CTay7DUjHCaV9xU0QSTER7QnsEYR1R52fSaHB4apw9DIc2LNZy6PycyHCk1jgLTGWE9VPO1iflfrZfq8MLLWJykmsZktihMOdQCTqKBfSYp0XxsABPJzF8hGWKJiTYBVkwIaP7kv9Cu15BTQzdn1cZlEUcZ7IF9cAQQOAcNcA2aoAUIeABP4AW8Wo/Ws/Vmvc9aS1Yxswt+yfr4Bufcmi8=</latexit>

In the naive model at tree level, and in the fit, it 
seems that this relation is well satisfied !?!
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Computing anomalous dimensions
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Feliz cumpleaños old friend!
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Same for all fields

Gory details 1
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Gory details 2

Using the symmetries we can rotate the ground state 
to a rather simple configuration

O(2) sectorU(k-1) sector
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Gory details 2

A very technical  analysis  shows that  if  we integrate  out  the  massive  modes,  the 
effective couplings have the form:

for m � 4
<latexit sha1_base64="GnRG7FihWMwRVJ2an7ky3hpzywQ=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgQsqMFHRZdOOygn1AZyiZ9E4bmmSGJCOUoeCvuHGhiFu/w51/Y6btQltPCBzOuZecnCjlTBvP+3ZWVtfWNzZLW+Xtnd29fffgsKWTTFFo0oQnqhMRDZxJaBpmOHRSBUREHNrR6Lbw24+gNEvkgxmnEAoykCxmlBgr9dzjPFACx4maBBfFwSIYQK3nVryqNwVeJv6cVNAcjZ77FfQTmgmQhnKiddf3UhPmRBlGOUzKQaYhJXREBtC1VBIBOsyn8Sf4zCr9IoO90uCp+nsjJ0LrsYjspCBmqBe9QvzP62Ymvg5zJtPMgKSzh+KMY5PgogvcZwqo4WNLCFXMZsV0SBShxjZWtiX4i19eJq3Lqu9V/ftapX4zr6OETtApOkc+ukJ1dIcaqIkoytEzekVvzpPz4rw7H7PRFWe+c4T+wPn8AZ2klJg=</latexit><latexit sha1_base64="GnRG7FihWMwRVJ2an7ky3hpzywQ=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgQsqMFHRZdOOygn1AZyiZ9E4bmmSGJCOUoeCvuHGhiFu/w51/Y6btQltPCBzOuZecnCjlTBvP+3ZWVtfWNzZLW+Xtnd29fffgsKWTTFFo0oQnqhMRDZxJaBpmOHRSBUREHNrR6Lbw24+gNEvkgxmnEAoykCxmlBgr9dzjPFACx4maBBfFwSIYQK3nVryqNwVeJv6cVNAcjZ77FfQTmgmQhnKiddf3UhPmRBlGOUzKQaYhJXREBtC1VBIBOsyn8Sf4zCr9IoO90uCp+nsjJ0LrsYjspCBmqBe9QvzP62Ymvg5zJtPMgKSzh+KMY5PgogvcZwqo4WNLCFXMZsV0SBShxjZWtiX4i19eJq3Lqu9V/ftapX4zr6OETtApOkc+ukJ1dIcaqIkoytEzekVvzpPz4rw7H7PRFWe+c4T+wPn8AZ2klJg=</latexit><latexit sha1_base64="GnRG7FihWMwRVJ2an7ky3hpzywQ=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgQsqMFHRZdOOygn1AZyiZ9E4bmmSGJCOUoeCvuHGhiFu/w51/Y6btQltPCBzOuZecnCjlTBvP+3ZWVtfWNzZLW+Xtnd29fffgsKWTTFFo0oQnqhMRDZxJaBpmOHRSBUREHNrR6Lbw24+gNEvkgxmnEAoykCxmlBgr9dzjPFACx4maBBfFwSIYQK3nVryqNwVeJv6cVNAcjZ77FfQTmgmQhnKiddf3UhPmRBlGOUzKQaYhJXREBtC1VBIBOsyn8Sf4zCr9IoO90uCp+nsjJ0LrsYjspCBmqBe9QvzP62Ymvg5zJtPMgKSzh+KMY5PgogvcZwqo4WNLCFXMZsV0SBShxjZWtiX4i19eJq3Lqu9V/ftapX4zr6OETtApOkc+ukJ1dIcaqIkoytEzekVvzpPz4rw7H7PRFWe+c4T+wPn8AZ2klJg=</latexit><latexit sha1_base64="GnRG7FihWMwRVJ2an7ky3hpzywQ=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgQsqMFHRZdOOygn1AZyiZ9E4bmmSGJCOUoeCvuHGhiFu/w51/Y6btQltPCBzOuZecnCjlTBvP+3ZWVtfWNzZLW+Xtnd29fffgsKWTTFFo0oQnqhMRDZxJaBpmOHRSBUREHNrR6Lbw24+gNEvkgxmnEAoykCxmlBgr9dzjPFACx4maBBfFwSIYQK3nVryqNwVeJv6cVNAcjZ77FfQTmgmQhnKiddf3UhPmRBlGOUzKQaYhJXREBtC1VBIBOsyn8Sf4zCr9IoO90uCp+nsjJ0LrsYjspCBmqBe9QvzP62Ymvg5zJtPMgKSzh+KMY5PgogvcZwqo4WNLCFXMZsV0SBShxjZWtiX4i19eJq3Lqu9V/ftapX4zr6OETtApOkc+ukJ1dIcaqIkoytEzekVvzpPz4rw7H7PRFWe+c4T+wPn8AZ2klJg=</latexit>
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Summary

The different avatars of symmetry realizations in QFT 
continue to amaze us.   Noether’s paper was published 
in 1918.  Her fundamental vision, when combined with 
quantum mechanics has provided a  vast landscape that 
has not yet yielded all its secrets…

The  hybrid  interplay  between  R  and  NR  d.o.f.  in  a 
relativistic  microscopic  theory  may  yield  interesting 
insights in the study of CFTs in regions that could be 
difficult  to  reach  using  bootstrap  approaches.   The 
argument is also independent of dimension, and it can 
be combined with other tools, like large-N expansions.

Direct approaches in the bootstrap context have already 
started (Jafferis, Zhiboedov, Caron-Huot,…)
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