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Introduction and motivation
• Brief review:


• Spin - intrinsic angular 
momentum of a particle


• It is a property of a particle (like 
mass or charge for example)


• L=mvr 

• Spin is quantum - if a particle 
of the size of an electron 
rotated with speed required to 
explain experiments, it would 
be faster than a speed of light
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Introduction and motivation

• Evidence that the spin is quantum was given by the Stern-Gerlach experiment


•  Silver atoms have one electron in their outer shell which grants the atom magnetic 
moment


•  Because of that moment external magnetic field will induce a force on the atoms 


• The direction of that force depends on where the little magnetic moments are pointing, 
relative to magnetic field 4



Introduction and motivation
• The motivation for their introduction 

is to improve the UV behaviour of 
gravity 


• Theories in Standard Model can be 
quantised, renormalised, and 
unified, up to the point when we 
need to include gravity


• There are many candidates for 
quantum gravity


• HS fields naturally emerge in string 
theory, which includes infinite tower 
of massive HS fields
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Introduction and motivation

• Alternative speculation: String 
theory appears as a broken-
phase of some underlying 
higher spin gauge theory


• Independently of string 
theory, the AdS/CFT 
correspondence indicates 
that higher spin states  may 
be important to resolve the 
quantum gravity problem.
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Introduction and motivation
• HS theory describes higher 

spin particles and their 
behaviour


• First introduced theories 
were for the free non-
interacting massless higher 
spin particles


• Adding interaction - the 
action becomes more and 
more complicated by adding 
each higher spin particle.
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Introduction and motivation
• Initially, HS theories encountered 

number of no-go theorems


• e.g. Coleman-Manudla theorem 
(restriction on symmetry of S-
matrix); Weinberg low energy 
theorem (all HS fields must have 
constant coupling, assumes Lorentz 
invariance) - HS fields on AdS 
background avoid them


• in HS theory - there is a huge gauge 
symmetry


• There are few explicit examples of 
HS theory
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Introduction and motivation

• Vasiliev invented formalism 
that describes interacting HS 
field theory at the level of 
equations of motion


• Fronsdal - free massless HS 
theory


• Fradkin, Tseytlin, Segal - 
conformal HS theory


• Important: symmetries, 4D 
Chiral model
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Introduction and motivation
• Theories in 3D - great 

playground for studying the HS 
properties - it is simpler


• It is possible to have interacting 
HS theory with finite number of 
particles


• There are Einstein equations 
and equations of motion, 
however there are no 
propagating d.o.f.-s


• There are no gravitational waves 
in 3d, however there are BHs
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Future prospects
• Choice of the topics - such that they provide a basis to understand minimal 

model holography


• Higher-spin black holes


• Semiclassical methods to compute observables in CFT with W-symmetry


• Higher spins and strings


• 3D higher spin theories in flat space


• Metric-like formulation


• Higher spin theories in 3D


• Non-relativistic 3D higher-spin theories



Higher spins and 

Chern-Simons Theory

• In 3D the theories we can write Einstein-Hilbert action as:

SEH =
1

16⇡G

Z
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Higher spins and 

Chern-Simons Theory

• To write it in the Chern-Simons form we use

!a =
1

2
✏abc!bc

<latexit sha1_base64="atC9Y1ZX68n9TV06RDZNjyzM+U0=">AAACFnicbVDLSsQwFE19O75GXbopDoIbh1YE3QiDblwqOA+Y1nKbuR2DaVKSVBhKv8KNv+LGhSJuxZ1/Y+axUMcDgcM553JzT5xxpo3nfTkzs3PzC4tLy5WV1bX1jermVkvLXFFsUsml6sSgkTOBTcMMx06mENKYYzu+Ox/67XtUmklxbQYZhin0BUsYBWOlqHoQyBT7cAOnQaKAFn5ZHJYBZppxKW4KiGk5TkSFpVG15tW9Edxp4k9IjUxwGVU/g56keYrCUA5ad30vM2EByjDKsawEucYM6B30sWupgBR1WIzOKt09q/TcRCr7hHFH6s+JAlKtB2lskymYW/3XG4r/ed3cJCdhwUSWGxR0vCjJuWukO+zI7TGF1PCBJUAVs3916S3YeoxtsmJL8P+ePE1ah3Xfq/tXR7XG2aSOJbJDdsk+8ckxaZALckmahJIH8kReyKvz6Dw7b877ODrjTGa2yS84H9/XFKBs</latexit><latexit sha1_base64="atC9Y1ZX68n9TV06RDZNjyzM+U0=">AAACFnicbVDLSsQwFE19O75GXbopDoIbh1YE3QiDblwqOA+Y1nKbuR2DaVKSVBhKv8KNv+LGhSJuxZ1/Y+axUMcDgcM553JzT5xxpo3nfTkzs3PzC4tLy5WV1bX1jermVkvLXFFsUsml6sSgkTOBTcMMx06mENKYYzu+Ox/67XtUmklxbQYZhin0BUsYBWOlqHoQyBT7cAOnQaKAFn5ZHJYBZppxKW4KiGk5TkSFpVG15tW9Edxp4k9IjUxwGVU/g56keYrCUA5ad30vM2EByjDKsawEucYM6B30sWupgBR1WIzOKt09q/TcRCr7hHFH6s+JAlKtB2lskymYW/3XG4r/ed3cJCdhwUSWGxR0vCjJuWukO+zI7TGF1PCBJUAVs3916S3YeoxtsmJL8P+ePE1ah3Xfq/tXR7XG2aSOJbJDdsk+8ckxaZALckmahJIH8kReyKvz6Dw7b877ODrjTGa2yS84H9/XFKBs</latexit><latexit sha1_base64="atC9Y1ZX68n9TV06RDZNjyzM+U0=">AAACFnicbVDLSsQwFE19O75GXbopDoIbh1YE3QiDblwqOA+Y1nKbuR2DaVKSVBhKv8KNv+LGhSJuxZ1/Y+axUMcDgcM553JzT5xxpo3nfTkzs3PzC4tLy5WV1bX1jermVkvLXFFsUsml6sSgkTOBTcMMx06mENKYYzu+Ox/67XtUmklxbQYZhin0BUsYBWOlqHoQyBT7cAOnQaKAFn5ZHJYBZppxKW4KiGk5TkSFpVG15tW9Edxp4k9IjUxwGVU/g56keYrCUA5ad30vM2EByjDKsawEucYM6B30sWupgBR1WIzOKt09q/TcRCr7hHFH6s+JAlKtB2lskymYW/3XG4r/ed3cJCdhwUSWGxR0vCjJuWukO+zI7TGF1PCBJUAVs3916S3YeoxtsmJL8P+ePE1ah3Xfq/tXR7XG2aSOJbJDdsk+8ckxaZALckmahJIH8kReyKvz6Dw7b877ODrjTGa2yS84H9/XFKBs</latexit><latexit sha1_base64="atC9Y1ZX68n9TV06RDZNjyzM+U0=">AAACFnicbVDLSsQwFE19O75GXbopDoIbh1YE3QiDblwqOA+Y1nKbuR2DaVKSVBhKv8KNv+LGhSJuxZ1/Y+axUMcDgcM553JzT5xxpo3nfTkzs3PzC4tLy5WV1bX1jermVkvLXFFsUsml6sSgkTOBTcMMx06mENKYYzu+Ox/67XtUmklxbQYZhin0BUsYBWOlqHoQyBT7cAOnQaKAFn5ZHJYBZppxKW4KiGk5TkSFpVG15tW9Edxp4k9IjUxwGVU/g56keYrCUA5ad30vM2EByjDKsawEucYM6B30sWupgBR1WIzOKt09q/TcRCr7hHFH6s+JAlKtB2lskymYW/3XG4r/ed3cJCdhwUSWGxR0vCjJuWukO+zI7TGF1PCBJUAVs3916S3YeoxtsmJL8P+ePE1ah3Xfq/tXR7XG2aSOJbJDdsk+8ckxaZALckmahJIH8kReyKvz6Dw7b877ODrjTGa2yS84H9/XFKBs</latexit>

• CS action (up to redefinition of constants and boundary terms)

SEH = SCS [A]� SCS [Ã]
<latexit sha1_base64="SnlEK3bnhzJ2Xth+rkUPzAqo3UY=">AAACC3icbZBNS8MwGMdTX+d8q3r0EjYEL45WBL0Im0PYcTL3Al0paZptYWlaklQYpXcvfhUvHhTx6hfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XF96ncfiJA04vdqEhM3RENOBxQjpSXPLLW89LaRXeur3sqcmnuWU19RFpC0lrmeWbYq1qzgMtg5lEFeTc/86gcRTkLCFWZISse2YuWmSCiKGcmK/USSGOExGhJHI0chkW462yWDJ1oJ4CAS+nAFZ+rviRSFUk5CX3eGSI3kojcV//OcRA2u3JTyOFGE4/lDg4RBFcFpMDCggmDFJhoQFlT/FeIREggrHV9Rh2AvrrwMnfOKbVXsu4ty9SaPowCOQQmcAhtcgipogCZoAwwewTN4BW/Gk/FivBsf89YVI585An/K+PwBIJSaeA==</latexit><latexit sha1_base64="SnlEK3bnhzJ2Xth+rkUPzAqo3UY=">AAACC3icbZBNS8MwGMdTX+d8q3r0EjYEL45WBL0Im0PYcTL3Al0paZptYWlaklQYpXcvfhUvHhTx6hfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XF96ncfiJA04vdqEhM3RENOBxQjpSXPLLW89LaRXeur3sqcmnuWU19RFpC0lrmeWbYq1qzgMtg5lEFeTc/86gcRTkLCFWZISse2YuWmSCiKGcmK/USSGOExGhJHI0chkW462yWDJ1oJ4CAS+nAFZ+rviRSFUk5CX3eGSI3kojcV//OcRA2u3JTyOFGE4/lDg4RBFcFpMDCggmDFJhoQFlT/FeIREggrHV9Rh2AvrrwMnfOKbVXsu4ty9SaPowCOQQmcAhtcgipogCZoAwwewTN4BW/Gk/FivBsf89YVI585An/K+PwBIJSaeA==</latexit><latexit sha1_base64="SnlEK3bnhzJ2Xth+rkUPzAqo3UY=">AAACC3icbZBNS8MwGMdTX+d8q3r0EjYEL45WBL0Im0PYcTL3Al0paZptYWlaklQYpXcvfhUvHhTx6hfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XF96ncfiJA04vdqEhM3RENOBxQjpSXPLLW89LaRXeur3sqcmnuWU19RFpC0lrmeWbYq1qzgMtg5lEFeTc/86gcRTkLCFWZISse2YuWmSCiKGcmK/USSGOExGhJHI0chkW462yWDJ1oJ4CAS+nAFZ+rviRSFUk5CX3eGSI3kojcV//OcRA2u3JTyOFGE4/lDg4RBFcFpMDCggmDFJhoQFlT/FeIREggrHV9Rh2AvrrwMnfOKbVXsu4ty9SaPowCOQQmcAhtcgipogCZoAwwewTN4BW/Gk/FivBsf89YVI585An/K+PwBIJSaeA==</latexit><latexit sha1_base64="SnlEK3bnhzJ2Xth+rkUPzAqo3UY=">AAACC3icbZBNS8MwGMdTX+d8q3r0EjYEL45WBL0Im0PYcTL3Al0paZptYWlaklQYpXcvfhUvHhTx6hfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XF96ncfiJA04vdqEhM3RENOBxQjpSXPLLW89LaRXeur3sqcmnuWU19RFpC0lrmeWbYq1qzgMtg5lEFeTc/86gcRTkLCFWZISse2YuWmSCiKGcmK/USSGOExGhJHI0chkW462yWDJ1oJ4CAS+nAFZ+rviRSFUk5CX3eGSI3kojcV//OcRA2u3JTyOFGE4/lDg4RBFcFpMDCggmDFJhoQFlT/FeIREggrHV9Rh2AvrrwMnfOKbVXsu4ty9SaPowCOQQmcAhtcgipogCZoAwwewTN4BW/Gk/FivBsf89YVI585An/K+PwBIJSaeA==</latexit>

SCS [A] =
k

4⇡

Z
tr

✓
A ^ dA+

2

3
A ^A ^A

◆

<latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit><latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit><latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit><latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit>

ea =
l

2
(Aa � Ãa)

<latexit sha1_base64="hGeM1em07LdDK9KN+TePtR42MoY=">AAACCXicbZC7SgNBFIZnvcZ4W7W0GQxCLAy7QdBGiNpYRjAXyG7C7ORsMmT2wsysEJZtbXwVGwtFbH0DO9/GSbKFJv4w8PGfczhzfi/mTCrL+jaWlldW19YLG8XNre2dXXNvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5o5tJvfUAQrIovFfjGNyADELmM0qUtnomhi65dHxBaMqztJqVr7rk1FGM9yHVmJ30zJJVsabCi2DnUEK56j3zy+lHNAkgVJQTKTu2FSs3JUIxyiErOomEmNARGUBHY0gCkG46vSTDx9rpYz8S+oUKT93fEykJpBwHnu4MiBrK+drE/K/WSZR/4aYsjBMFIZ0t8hOOVYQnseA+E0AVH2sgVDD9V0yHRMeidHhFHYI9f/IiNKsV26rYd2el2nUeRwEdoiNURjY6RzV0i+qogSh6RM/oFb0ZT8aL8W58zFqXjHzmAP2R8fkDv4KZtg==</latexit><latexit sha1_base64="hGeM1em07LdDK9KN+TePtR42MoY=">AAACCXicbZC7SgNBFIZnvcZ4W7W0GQxCLAy7QdBGiNpYRjAXyG7C7ORsMmT2wsysEJZtbXwVGwtFbH0DO9/GSbKFJv4w8PGfczhzfi/mTCrL+jaWlldW19YLG8XNre2dXXNvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5o5tJvfUAQrIovFfjGNyADELmM0qUtnomhi65dHxBaMqztJqVr7rk1FGM9yHVmJ30zJJVsabCi2DnUEK56j3zy+lHNAkgVJQTKTu2FSs3JUIxyiErOomEmNARGUBHY0gCkG46vSTDx9rpYz8S+oUKT93fEykJpBwHnu4MiBrK+drE/K/WSZR/4aYsjBMFIZ0t8hOOVYQnseA+E0AVH2sgVDD9V0yHRMeidHhFHYI9f/IiNKsV26rYd2el2nUeRwEdoiNURjY6RzV0i+qogSh6RM/oFb0ZT8aL8W58zFqXjHzmAP2R8fkDv4KZtg==</latexit><latexit sha1_base64="hGeM1em07LdDK9KN+TePtR42MoY=">AAACCXicbZC7SgNBFIZnvcZ4W7W0GQxCLAy7QdBGiNpYRjAXyG7C7ORsMmT2wsysEJZtbXwVGwtFbH0DO9/GSbKFJv4w8PGfczhzfi/mTCrL+jaWlldW19YLG8XNre2dXXNvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5o5tJvfUAQrIovFfjGNyADELmM0qUtnomhi65dHxBaMqztJqVr7rk1FGM9yHVmJ30zJJVsabCi2DnUEK56j3zy+lHNAkgVJQTKTu2FSs3JUIxyiErOomEmNARGUBHY0gCkG46vSTDx9rpYz8S+oUKT93fEykJpBwHnu4MiBrK+drE/K/WSZR/4aYsjBMFIZ0t8hOOVYQnseA+E0AVH2sgVDD9V0yHRMeidHhFHYI9f/IiNKsV26rYd2el2nUeRwEdoiNURjY6RzV0i+qogSh6RM/oFb0ZT8aL8W58zFqXjHzmAP2R8fkDv4KZtg==</latexit><latexit sha1_base64="hGeM1em07LdDK9KN+TePtR42MoY=">AAACCXicbZC7SgNBFIZnvcZ4W7W0GQxCLAy7QdBGiNpYRjAXyG7C7ORsMmT2wsysEJZtbXwVGwtFbH0DO9/GSbKFJv4w8PGfczhzfi/mTCrL+jaWlldW19YLG8XNre2dXXNvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5o5tJvfUAQrIovFfjGNyADELmM0qUtnomhi65dHxBaMqztJqVr7rk1FGM9yHVmJ30zJJVsabCi2DnUEK56j3zy+lHNAkgVJQTKTu2FSs3JUIxyiErOomEmNARGUBHY0gCkG46vSTDx9rpYz8S+oUKT93fEykJpBwHnu4MiBrK+drE/K/WSZR/4aYsjBMFIZ0t8hOOVYQnseA+E0AVH2sgVDD9V0yHRMeidHhFHYI9f/IiNKsV26rYd2el2nUeRwEdoiNURjY6RzV0i+qogSh6RM/oFb0ZT8aL8W58zFqXjHzmAP2R8fkDv4KZtg==</latexit>

!a =
1

2
(Aa + Ãa)

<latexit sha1_base64="6vyARqbL+qCihVCg2pxtVPao8bw=">AAACDnicbVDJSgNBEO1xjXGLevQyGAIRIcwEQS9CohePEcwCmSTUdGqSJj0L3T1CGOYLvPgrXjwo4tWzN//GznLQxAcFj/eqqKrnRpxJZVnfxsrq2vrGZmYru72zu7efOzhsyDAWFOs05KFouSCRswDriimOrUgg+C7Hpju6mfjNBxSShcG9GkfY8WEQMI9RUFrq5QpO6OMAunDleAJoYqdJOS1Wu3DmKMb7mFTTLpz2cnmrZE1hLhN7TvJkjlov9+X0Qxr7GCjKQcq2bUWqk4BQjHJMs04sMQI6ggG2NQ3AR9lJpu+kZkErfdMLha5AmVP190QCvpRj39WdPqihXPQm4n9eO1beZSdhQRQrDOhskRdzU4XmJBuzzwRSxceaABVM32rSIehYlE4wq0OwF19eJo1yybZK9t15vnI9jyNDjskJKRKbXJAKuSU1UieUPJJn8krejCfjxXg3PmatK8Z85oj8gfH5A2Tvm6s=</latexit><latexit sha1_base64="6vyARqbL+qCihVCg2pxtVPao8bw=">AAACDnicbVDJSgNBEO1xjXGLevQyGAIRIcwEQS9CohePEcwCmSTUdGqSJj0L3T1CGOYLvPgrXjwo4tWzN//GznLQxAcFj/eqqKrnRpxJZVnfxsrq2vrGZmYru72zu7efOzhsyDAWFOs05KFouSCRswDriimOrUgg+C7Hpju6mfjNBxSShcG9GkfY8WEQMI9RUFrq5QpO6OMAunDleAJoYqdJOS1Wu3DmKMb7mFTTLpz2cnmrZE1hLhN7TvJkjlov9+X0Qxr7GCjKQcq2bUWqk4BQjHJMs04sMQI6ggG2NQ3AR9lJpu+kZkErfdMLha5AmVP190QCvpRj39WdPqihXPQm4n9eO1beZSdhQRQrDOhskRdzU4XmJBuzzwRSxceaABVM32rSIehYlE4wq0OwF19eJo1yybZK9t15vnI9jyNDjskJKRKbXJAKuSU1UieUPJJn8krejCfjxXg3PmatK8Z85oj8gfH5A2Tvm6s=</latexit><latexit sha1_base64="6vyARqbL+qCihVCg2pxtVPao8bw=">AAACDnicbVDJSgNBEO1xjXGLevQyGAIRIcwEQS9CohePEcwCmSTUdGqSJj0L3T1CGOYLvPgrXjwo4tWzN//GznLQxAcFj/eqqKrnRpxJZVnfxsrq2vrGZmYru72zu7efOzhsyDAWFOs05KFouSCRswDriimOrUgg+C7Hpju6mfjNBxSShcG9GkfY8WEQMI9RUFrq5QpO6OMAunDleAJoYqdJOS1Wu3DmKMb7mFTTLpz2cnmrZE1hLhN7TvJkjlov9+X0Qxr7GCjKQcq2bUWqk4BQjHJMs04sMQI6ggG2NQ3AR9lJpu+kZkErfdMLha5AmVP190QCvpRj39WdPqihXPQm4n9eO1beZSdhQRQrDOhskRdzU4XmJBuzzwRSxceaABVM32rSIehYlE4wq0OwF19eJo1yybZK9t15vnI9jyNDjskJKRKbXJAKuSU1UieUPJJn8krejCfjxXg3PmatK8Z85oj8gfH5A2Tvm6s=</latexit><latexit sha1_base64="6vyARqbL+qCihVCg2pxtVPao8bw=">AAACDnicbVDJSgNBEO1xjXGLevQyGAIRIcwEQS9CohePEcwCmSTUdGqSJj0L3T1CGOYLvPgrXjwo4tWzN//GznLQxAcFj/eqqKrnRpxJZVnfxsrq2vrGZmYru72zu7efOzhsyDAWFOs05KFouSCRswDriimOrUgg+C7Hpju6mfjNBxSShcG9GkfY8WEQMI9RUFrq5QpO6OMAunDleAJoYqdJOS1Wu3DmKMb7mFTTLpz2cnmrZE1hLhN7TvJkjlov9+X0Qxr7GCjKQcq2bUWqk4BQjHJMs04sMQI6ggG2NQ3AR9lJpu+kZkErfdMLha5AmVP190QCvpRj39WdPqihXPQm4n9eO1beZSdhQRQrDOhskRdzU4XmJBuzzwRSxceaABVM32rSIehYlE4wq0OwF19eJo1yybZK9t15vnI9jyNDjskJKRKbXJAKuSU1UieUPJJn8krejCfjxXg3PmatK8Z85oj8gfH5A2Tvm6s=</latexit>

13



Higher spins and 

Chern-Simons Theory

• Inclusion of higher spins

14

ea1..as�1 = eµ
a1...as�1dxµ,

<latexit sha1_base64="Cbg+oZH/RbYmguD+bbcXdz192G0=">AAACHHicbZDLSsNAFIYnXmu9RV26CRbBhYZEBd0IRTcuK9gLtGmYTE7boZMLMxOxhDyIG1/FjQtF3LgQfBunaRBtPTDw83/ncOb8XsyokJb1pc3NLywuLZdWyqtr6xub+tZ2Q0QJJ1AnEYt4y8MCGA2hLqlk0Io54MBj0PSGV2PevAMuaBTeylEMToD7Ie1RgqWyXP0Euil2bdPEbiqO7Cy7ADftBEmWZgX4If59NyeHrl6xTCsvY1bYhaigomqu/tHxI5IEEErCsBBt24qlk2IuKWGQlTuJgBiTIe5DW8kQByCcND8uM/aV4xu9iKsXSiN3f0+kOBBiFHiqM8ByIKbZ2PyPtRPZO3dSGsaJhJBMFvUSZsjIGCdl+JQDkWykBCacqr8aZIA5JlLlWVYh2NMnz4rGsWlbpn1zWqleFnGU0C7aQwfIRmeoiq5RDdURQQ/oCb2gV+1Re9betPdJ65xWzOygP6V9fgMU1KFf</latexit><latexit sha1_base64="Cbg+oZH/RbYmguD+bbcXdz192G0=">AAACHHicbZDLSsNAFIYnXmu9RV26CRbBhYZEBd0IRTcuK9gLtGmYTE7boZMLMxOxhDyIG1/FjQtF3LgQfBunaRBtPTDw83/ncOb8XsyokJb1pc3NLywuLZdWyqtr6xub+tZ2Q0QJJ1AnEYt4y8MCGA2hLqlk0Io54MBj0PSGV2PevAMuaBTeylEMToD7Ie1RgqWyXP0Euil2bdPEbiqO7Cy7ADftBEmWZgX4If59NyeHrl6xTCsvY1bYhaigomqu/tHxI5IEEErCsBBt24qlk2IuKWGQlTuJgBiTIe5DW8kQByCcND8uM/aV4xu9iKsXSiN3f0+kOBBiFHiqM8ByIKbZ2PyPtRPZO3dSGsaJhJBMFvUSZsjIGCdl+JQDkWykBCacqr8aZIA5JlLlWVYh2NMnz4rGsWlbpn1zWqleFnGU0C7aQwfIRmeoiq5RDdURQQ/oCb2gV+1Re9betPdJ65xWzOygP6V9fgMU1KFf</latexit><latexit sha1_base64="Cbg+oZH/RbYmguD+bbcXdz192G0=">AAACHHicbZDLSsNAFIYnXmu9RV26CRbBhYZEBd0IRTcuK9gLtGmYTE7boZMLMxOxhDyIG1/FjQtF3LgQfBunaRBtPTDw83/ncOb8XsyokJb1pc3NLywuLZdWyqtr6xub+tZ2Q0QJJ1AnEYt4y8MCGA2hLqlk0Io54MBj0PSGV2PevAMuaBTeylEMToD7Ie1RgqWyXP0Euil2bdPEbiqO7Cy7ADftBEmWZgX4If59NyeHrl6xTCsvY1bYhaigomqu/tHxI5IEEErCsBBt24qlk2IuKWGQlTuJgBiTIe5DW8kQByCcND8uM/aV4xu9iKsXSiN3f0+kOBBiFHiqM8ByIKbZ2PyPtRPZO3dSGsaJhJBMFvUSZsjIGCdl+JQDkWykBCacqr8aZIA5JlLlWVYh2NMnz4rGsWlbpn1zWqleFnGU0C7aQwfIRmeoiq5RDdURQQ/oCb2gV+1Re9betPdJ65xWzOygP6V9fgMU1KFf</latexit><latexit sha1_base64="Cbg+oZH/RbYmguD+bbcXdz192G0=">AAACHHicbZDLSsNAFIYnXmu9RV26CRbBhYZEBd0IRTcuK9gLtGmYTE7boZMLMxOxhDyIG1/FjQtF3LgQfBunaRBtPTDw83/ncOb8XsyokJb1pc3NLywuLZdWyqtr6xub+tZ2Q0QJJ1AnEYt4y8MCGA2hLqlk0Io54MBj0PSGV2PevAMuaBTeylEMToD7Ie1RgqWyXP0Euil2bdPEbiqO7Cy7ADftBEmWZgX4If59NyeHrl6xTCsvY1bYhaigomqu/tHxI5IEEErCsBBt24qlk2IuKWGQlTuJgBiTIe5DW8kQByCcND8uM/aV4xu9iKsXSiN3f0+kOBBiFHiqM8ByIKbZ2PyPtRPZO3dSGsaJhJBMFvUSZsjIGCdl+JQDkWykBCacqr8aZIA5JlLlWVYh2NMnz4rGsWlbpn1zWqleFnGU0C7aQwfIRmeoiq5RDdURQQ/oCb2gV+1Re9betPdJ65xWzOygP6V9fgMU1KFf</latexit>

!a1...as�1 = !µ
a1...as�1dxµ
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• In Chern-Simons formulation

Aa1...as�1 =

✓
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Ãa1...as�1 =
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,
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• Why is this important?



Higher spins and 

Chern-Simons Theory

• We can write A as Lie algebra valued one form, gauge parameter is 
Lie algebra valued zero form


• We can choose the algebra in which we evaluate A


• Generalization from the EH action to HS theory is generalisation 
from the


• to


• CS theory with that gauge algebra describes gauge fields of spin 
s=2,3,…,N
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so(2, 2) ⇠ sl(2,R)� sl(2,R)
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sl(N,R)� sl(N,R)
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Asymptotic symmetries
• This section talks about asymptotic symmetries of 3d HS  

theory on a asymptotically AdS spacetime. 


• These transformations correspond to global symmetries 
of the system


• They preserve boundary conditions on the fields while 
acting on boundary data


• Transformations of this kind contain a subset that is 
canonically generated by global charges defined on the 
boundary of spacetime 
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Asymptotic symmetries
• Here, we start with CS formulation, explain boundary 

conditions and how they lead to Lie algebra of asymptotic 
symmetries


• Then - we include additional constraints which 
characterise asymptotically AdS field configurations 


• That leads to reduction of Lie algebra to a classical W 
algebra - which is called Drinfeld-Sokolov reduction


• For gravity - that leads to Virasoro algebra (Brown, 
Henneaux)
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Asymptotic symmetries

⇢
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<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

⌃ = R⇥D2
<latexit sha1_base64="9sTwk6Evylci8xWzhxQeuqQhaBk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoBuhqAuX9dFWaEKYTCft0JlJmJkIJXTjxl9x40IRt/6DO//GSZuFth64cDjnXu69J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFWcSkxaOGaxvA+RIowK0tJUM3KfSIJ4yEgnHF7kfueBSEVjcadHCfE56gsaUYy0kQJ737ulfY7OPI70IAyzm7GnKScKXgb1SmBXnZozAZwnbkGqoEAzsL+8XoxTToTGDCnVdZ1E+xmSmmJGxhUvVSRBeIj6pGuoQGaTn02+GMNDo/RgFEtTQsOJ+nsiQ1ypEQ9NZ36smvVy8T+vm+ro1M+oSFJNBJ4uilIGdQzzSGCPSoI1GxmCsKTmVogHSCKsTXB5CO7sy/OkXa+5Ts29Pq42zos4ymAPHIAj4IIT0ABXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9zVZfe</latexit><latexit sha1_base64="9sTwk6Evylci8xWzhxQeuqQhaBk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoBuhqAuX9dFWaEKYTCft0JlJmJkIJXTjxl9x40IRt/6DO//GSZuFth64cDjnXu69J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFWcSkxaOGaxvA+RIowK0tJUM3KfSIJ4yEgnHF7kfueBSEVjcadHCfE56gsaUYy0kQJ737ulfY7OPI70IAyzm7GnKScKXgb1SmBXnZozAZwnbkGqoEAzsL+8XoxTToTGDCnVdZ1E+xmSmmJGxhUvVSRBeIj6pGuoQGaTn02+GMNDo/RgFEtTQsOJ+nsiQ1ypEQ9NZ36smvVy8T+vm+ro1M+oSFJNBJ4uilIGdQzzSGCPSoI1GxmCsKTmVogHSCKsTXB5CO7sy/OkXa+5Ts29Pq42zos4ymAPHIAj4IIT0ABXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9zVZfe</latexit><latexit sha1_base64="9sTwk6Evylci8xWzhxQeuqQhaBk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoBuhqAuX9dFWaEKYTCft0JlJmJkIJXTjxl9x40IRt/6DO//GSZuFth64cDjnXu69J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFWcSkxaOGaxvA+RIowK0tJUM3KfSIJ4yEgnHF7kfueBSEVjcadHCfE56gsaUYy0kQJ737ulfY7OPI70IAyzm7GnKScKXgb1SmBXnZozAZwnbkGqoEAzsL+8XoxTToTGDCnVdZ1E+xmSmmJGxhUvVSRBeIj6pGuoQGaTn02+GMNDo/RgFEtTQsOJ+nsiQ1ypEQ9NZ36smvVy8T+vm+ro1M+oSFJNBJ4uilIGdQzzSGCPSoI1GxmCsKTmVogHSCKsTXB5CO7sy/OkXa+5Ts29Pq42zos4ymAPHIAj4IIT0ABXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9zVZfe</latexit><latexit sha1_base64="9sTwk6Evylci8xWzhxQeuqQhaBk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoBuhqAuX9dFWaEKYTCft0JlJmJkIJXTjxl9x40IRt/6DO//GSZuFth64cDjnXu69J0wYVdpxvq3SwuLS8kp5tbK2vrG5ZW/vtFWcSkxaOGaxvA+RIowK0tJUM3KfSIJ4yEgnHF7kfueBSEVjcadHCfE56gsaUYy0kQJ737ulfY7OPI70IAyzm7GnKScKXgb1SmBXnZozAZwnbkGqoEAzsL+8XoxTToTGDCnVdZ1E+xmSmmJGxhUvVSRBeIj6pGuoQGaTn02+GMNDo/RgFEtTQsOJ+nsiQ1ypEQ9NZ36smvVy8T+vm+ro1M+oSFJNBJ4uilIGdQzzSGCPSoI1GxmCsKTmVogHSCKsTXB5CO7sy/OkXa+5Ts29Pq42zos4ymAPHIAj4IIT0ABXoAlaAINH8AxewZv1ZL1Y79bHtLVkFTO74A+szx9zVZfe</latexit>
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◆

<latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit><latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit><latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit><latexit sha1_base64="zZnCMyAJWa7h+S5nzfew3EmlVCQ="></latexit>

⌃
<latexit sha1_base64="p6FCSsB51WyGshtquHEZJOS+t+8=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0d5PuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc3+Z++4kqzWL5aKYJDQQeShYxgo2VOr0HNhTYdfuVqlfz5kCrxC9IFQo0+pWv3iAmqaDSEI617vpeYoIMK8MIpzO3l2qaYDLGQ9q1VGJBdZDN752hM6sMUBQrW9Kgufp7IsNC66kIbafAZqSXvVz8z+umJroOMiaT1FBJFouilCMTo/x5NGCKEsOnlmCimL0VkRFWmBgbUR6Cv/zyKmld1Hyv5t9fVus3RRxlOIFTOAcfrqAOd9CAJhDg8Ayv8OZMnBfn3flYtJacYuYY/sD5/AHYMY8r</latexit><latexit sha1_base64="p6FCSsB51WyGshtquHEZJOS+t+8=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0d5PuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc3+Z++4kqzWL5aKYJDQQeShYxgo2VOr0HNhTYdfuVqlfz5kCrxC9IFQo0+pWv3iAmqaDSEI617vpeYoIMK8MIpzO3l2qaYDLGQ9q1VGJBdZDN752hM6sMUBQrW9Kgufp7IsNC66kIbafAZqSXvVz8z+umJroOMiaT1FBJFouilCMTo/x5NGCKEsOnlmCimL0VkRFWmBgbUR6Cv/zyKmld1Hyv5t9fVus3RRxlOIFTOAcfrqAOd9CAJhDg8Ayv8OZMnBfn3flYtJacYuYY/sD5/AHYMY8r</latexit><latexit sha1_base64="p6FCSsB51WyGshtquHEZJOS+t+8=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0d5PuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc3+Z++4kqzWL5aKYJDQQeShYxgo2VOr0HNhTYdfuVqlfz5kCrxC9IFQo0+pWv3iAmqaDSEI617vpeYoIMK8MIpzO3l2qaYDLGQ9q1VGJBdZDN752hM6sMUBQrW9Kgufp7IsNC66kIbafAZqSXvVz8z+umJroOMiaT1FBJFouilCMTo/x5NGCKEsOnlmCimL0VkRFWmBgbUR6Cv/zyKmld1Hyv5t9fVus3RRxlOIFTOAcfrqAOd9CAJhDg8Ayv8OZMnBfn3flYtJacYuYY/sD5/AHYMY8r</latexit><latexit sha1_base64="p6FCSsB51WyGshtquHEZJOS+t+8=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0d5PuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc3+Z++4kqzWL5aKYJDQQeShYxgo2VOr0HNhTYdfuVqlfz5kCrxC9IFQo0+pWv3iAmqaDSEI617vpeYoIMK8MIpzO3l2qaYDLGQ9q1VGJBdZDN752hM6sMUBQrW9Kgufp7IsNC66kIbafAZqSXvVz8z+umJroOMiaT1FBJFouilCMTo/x5NGCKEsOnlmCimL0VkRFWmBgbUR6Cv/zyKmld1Hyv5t9fVus3RRxlOIFTOAcfrqAOd9CAJhDg8Ayv8OZMnBfn3flYtJacYuYY/sD5/AHYMY8r</latexit>
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Z

@⌃
dtd✓tr(AtA✓)

◆

<latexit sha1_base64="Oc05+CTfnrBgtO12Iuc5yQw5dY8="></latexit><latexit sha1_base64="Oc05+CTfnrBgtO12Iuc5yQw5dY8="></latexit><latexit sha1_base64="Oc05+CTfnrBgtO12Iuc5yQw5dY8="></latexit><latexit sha1_base64="Oc05+CTfnrBgtO12Iuc5yQw5dY8="></latexit>

derivative with respect to t
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Asymptotic symmetries
•      only enters algebraically and enforces the constraint At

<latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit><latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit><latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit><latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit>

F⇢✓ ⌘ @⇢A✓ � @✓A⇢ + [A⇢, A✓] = 0
<latexit sha1_base64="SXa9A5E55d95RDqP3oa9m2X4sNU="></latexit><latexit sha1_base64="SXa9A5E55d95RDqP3oa9m2X4sNU="></latexit><latexit sha1_base64="SXa9A5E55d95RDqP3oa9m2X4sNU="></latexit><latexit sha1_base64="SXa9A5E55d95RDqP3oa9m2X4sNU="></latexit>
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dtd✓tr(A✓�At �At�A✓)
<latexit sha1_base64="lFmJyjmi8E4aWtHuQYAKuyDG2pI="></latexit><latexit sha1_base64="lFmJyjmi8E4aWtHuQYAKuyDG2pI="></latexit><latexit sha1_base64="lFmJyjmi8E4aWtHuQYAKuyDG2pI="></latexit><latexit sha1_base64="lFmJyjmi8E4aWtHuQYAKuyDG2pI="></latexit>

• boundary conditions on                  but not on   �A✓
<latexit sha1_base64="facR288rUBjtItwJVdG8IcBaPcY=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPUi8cI5gHZJcxOepMhsw9mepWw5lO8eFDEq1/izb9xkuxBEwsaiqpuuruCVAqNjvNtrayurW9slrbK2zu7e/t25aClk0xxaPJEJqoTMA1SxNBEgRI6qQIWBRLawehm6rcfQGmRxPc4TsGP2CAWoeAMjdSzK14fJDJ61cs9HAKySc+uOjVnBrpM3IJUSYFGz/7y+gnPIoiRS6Z113VS9HOmUHAJk7KXaUgZH7EBdA2NWQTaz2enT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOnnIk4zhJjPF4WZpJjQaQ60LxRwlGNDGFfC3Er5kCnG0aRVNiG4iy8vk9ZZzXVq7t15tX5dxFEiR+SYnBKXXJA6uSUN0iScPJJn8krerCfrxXq3PuatK1Yxc0j+wPr8AR0ak+U=</latexit><latexit sha1_base64="facR288rUBjtItwJVdG8IcBaPcY=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPUi8cI5gHZJcxOepMhsw9mepWw5lO8eFDEq1/izb9xkuxBEwsaiqpuuruCVAqNjvNtrayurW9slrbK2zu7e/t25aClk0xxaPJEJqoTMA1SxNBEgRI6qQIWBRLawehm6rcfQGmRxPc4TsGP2CAWoeAMjdSzK14fJDJ61cs9HAKySc+uOjVnBrpM3IJUSYFGz/7y+gnPIoiRS6Z113VS9HOmUHAJk7KXaUgZH7EBdA2NWQTaz2enT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOnnIk4zhJjPF4WZpJjQaQ60LxRwlGNDGFfC3Er5kCnG0aRVNiG4iy8vk9ZZzXVq7t15tX5dxFEiR+SYnBKXXJA6uSUN0iScPJJn8krerCfrxXq3PuatK1Yxc0j+wPr8AR0ak+U=</latexit><latexit sha1_base64="facR288rUBjtItwJVdG8IcBaPcY=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPUi8cI5gHZJcxOepMhsw9mepWw5lO8eFDEq1/izb9xkuxBEwsaiqpuuruCVAqNjvNtrayurW9slrbK2zu7e/t25aClk0xxaPJEJqoTMA1SxNBEgRI6qQIWBRLawehm6rcfQGmRxPc4TsGP2CAWoeAMjdSzK14fJDJ61cs9HAKySc+uOjVnBrpM3IJUSYFGz/7y+gnPIoiRS6Z113VS9HOmUHAJk7KXaUgZH7EBdA2NWQTaz2enT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOnnIk4zhJjPF4WZpJjQaQ60LxRwlGNDGFfC3Er5kCnG0aRVNiG4iy8vk9ZZzXVq7t15tX5dxFEiR+SYnBKXXJA6uSUN0iScPJJn8krerCfrxXq3PuatK1Yxc0j+wPr8AR0ak+U=</latexit><latexit sha1_base64="facR288rUBjtItwJVdG8IcBaPcY=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPUi8cI5gHZJcxOepMhsw9mepWw5lO8eFDEq1/izb9xkuxBEwsaiqpuuruCVAqNjvNtrayurW9slrbK2zu7e/t25aClk0xxaPJEJqoTMA1SxNBEgRI6qQIWBRLawehm6rcfQGmRxPc4TsGP2CAWoeAMjdSzK14fJDJ61cs9HAKySc+uOjVnBrpM3IJUSYFGz/7y+gnPIoiRS6Z113VS9HOmUHAJk7KXaUgZH7EBdA2NWQTaz2enT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOnnIk4zhJjPF4WZpJjQaQ60LxRwlGNDGFfC3Er5kCnG0aRVNiG4iy8vk9ZZzXVq7t15tX5dxFEiR+SYnBKXXJA6uSUN0iScPJJn8krerCfrxXq3PuatK1Yxc0j+wPr8AR0ak+U=</latexit>
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Quantum W-algebras and 
minimal model holography

• Classical W-algebras appear as asymptotic symmetries of 
HS gauge theories on AdS_3 backgrounds


• They are classical, would they appear as well in a 
quantised theory?


• example: Virasoro algebra

i{L̂mL̂n} = (m� n)L̂m+n + �m,�n
c

12
m(m2 � 1)
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• Quantum Virasoro algebra:

[Lm, Ln] = (m� n)Lm+n + �m,�n
c

12
m(m2 � 1)
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• it is expected appear in the spirit of holographic 
correspondence between a gravitational theory on 
asymptotically                spacetimes and a conformal field 
theory on d-dimensional boundary, for d=2


• Virasoro algebra is linear - replacing classical modes with 
quantum operators was simple


• HS algebras are non-linear, and we need to be careful of the 
ordering quantum operators

AdSd+1
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Quantum W-algebras and 
minimal model holography

21



Quantum W-algebras and 
minimal model holography

22

• Conformal field theory (CFT) is a quantum field theory 
which is invariant under conformal transformations


• In 2D, in Euclidean formulation, it is considered on the 
compactified complex plane


• Group of global conformal transformations that is 
mapping       to itself is  


• Special set of fields, that transform covariantly under 
these transformations                               are  quasi-
primary fields
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<latexit sha1_base64="29XhK+qsOO5ewRUKxNu03Ua14OU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6L3bisYB/QhDKZTtqhk0mYmQglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bYqa+sbm1vV7drO7t7+gX141FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeMG0Vfu+RSsVi8aBnCfUjPBYsZARrIw3tEy82drGdeRHWkyDIWnk+tOtOw5kDrRK3JHUo0R7aX94oJmlEhSYcKzVwnUT7GZaaEU7zmpcqmmAyxWM6MFTgiCo/m8fP0blRRiiMpXlCo7n6eyPDkVKzKDCTRUS17BXif94g1eGNnzGRpJoKsjgUphzpGBVdoBGTlGg+MwQTyUxWRCZYYqJNYzVTgrv85VXSvWy4TsO9v6o3b8s6qnAKZ3ABLlxDE+6gDR0gkMEzvMKb9WS9WO/Wx2K0YpU7x/AH1ucPIrmWOg==</latexit><latexit sha1_base64="29XhK+qsOO5ewRUKxNu03Ua14OU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6L3bisYB/QhDKZTtqhk0mYmQglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bYqa+sbm1vV7drO7t7+gX141FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeMG0Vfu+RSsVi8aBnCfUjPBYsZARrIw3tEy82drGdeRHWkyDIWnk+tOtOw5kDrRK3JHUo0R7aX94oJmlEhSYcKzVwnUT7GZaaEU7zmpcqmmAyxWM6MFTgiCo/m8fP0blRRiiMpXlCo7n6eyPDkVKzKDCTRUS17BXif94g1eGNnzGRpJoKsjgUphzpGBVdoBGTlGg+MwQTyUxWRCZYYqJNYzVTgrv85VXSvWy4TsO9v6o3b8s6qnAKZ3ABLlxDE+6gDR0gkMEzvMKb9WS9WO/Wx2K0YpU7x/AH1ucPIrmWOg==</latexit><latexit sha1_base64="29XhK+qsOO5ewRUKxNu03Ua14OU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6L3bisYB/QhDKZTtqhk0mYmQglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bYqa+sbm1vV7drO7t7+gX141FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeMG0Vfu+RSsVi8aBnCfUjPBYsZARrIw3tEy82drGdeRHWkyDIWnk+tOtOw5kDrRK3JHUo0R7aX94oJmlEhSYcKzVwnUT7GZaaEU7zmpcqmmAyxWM6MFTgiCo/m8fP0blRRiiMpXlCo7n6eyPDkVKzKDCTRUS17BXif94g1eGNnzGRpJoKsjgUphzpGBVdoBGTlGg+MwQTyUxWRCZYYqJNYzVTgrv85VXSvWy4TsO9v6o3b8s6qnAKZ3ABLlxDE+6gDR0gkMEzvMKb9WS9WO/Wx2K0YpU7x/AH1ucPIrmWOg==</latexit><latexit sha1_base64="29XhK+qsOO5ewRUKxNu03Ua14OU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6L3bisYB/QhDKZTtqhk0mYmQglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bYqa+sbm1vV7drO7t7+gX141FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeMG0Vfu+RSsVi8aBnCfUjPBYsZARrIw3tEy82drGdeRHWkyDIWnk+tOtOw5kDrRK3JHUo0R7aX94oJmlEhSYcKzVwnUT7GZaaEU7zmpcqmmAyxWM6MFTgiCo/m8fP0blRRiiMpXlCo7n6eyPDkVKzKDCTRUS17BXif94g1eGNnzGRpJoKsjgUphzpGBVdoBGTlGg+MwQTyUxWRCZYYqJNYzVTgrv85VXSvWy4TsO9v6o3b8s6qnAKZ3ABLlxDE+6gDR0gkMEzvMKb9WS9WO/Wx2K0YpU7x/AH1ucPIrmWOg==</latexit>

PSL(2,C)
<latexit sha1_base64="sh1DbEbgITsGRd74WLKCG4VN9fU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCLosduPCRUX7gLaUTJppQzOZIckoZeynuHGhiFu/xJ1/Y6adhbYeCBzOuZd7cryIM6Ud59taWV1b39jMbeW3d3b39u3CQVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3riW+q0HKhULxb2eRLQX4KFgPiNYG6lvF+p3N6XKWTfAeuR5SW162reLTtmZAS0TNyNFyFDv21/dQUjigApNOFaq4zqR7iVYakY4nea7saIRJmM8pB1DBQ6o6iWz6FN0YpQB8kNpntBopv7eSHCg1CTwzGQaUS16qfif14m1f9lLmIhiTQWZH/JjjnSI0h7QgElKNJ8YgolkJisiIywx0aatvCnBXfzyMmlWyq5Tdm/Pi9WrrI4cHMExlMCFC6jCNdShAQQe4Rle4c16sl6sd+tjPrpiZTuH8AfW5w+tbZL4</latexit><latexit sha1_base64="sh1DbEbgITsGRd74WLKCG4VN9fU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCLosduPCRUX7gLaUTJppQzOZIckoZeynuHGhiFu/xJ1/Y6adhbYeCBzOuZd7cryIM6Ud59taWV1b39jMbeW3d3b39u3CQVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3riW+q0HKhULxb2eRLQX4KFgPiNYG6lvF+p3N6XKWTfAeuR5SW162reLTtmZAS0TNyNFyFDv21/dQUjigApNOFaq4zqR7iVYakY4nea7saIRJmM8pB1DBQ6o6iWz6FN0YpQB8kNpntBopv7eSHCg1CTwzGQaUS16qfif14m1f9lLmIhiTQWZH/JjjnSI0h7QgElKNJ8YgolkJisiIywx0aatvCnBXfzyMmlWyq5Tdm/Pi9WrrI4cHMExlMCFC6jCNdShAQQe4Rle4c16sl6sd+tjPrpiZTuH8AfW5w+tbZL4</latexit><latexit sha1_base64="sh1DbEbgITsGRd74WLKCG4VN9fU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCLosduPCRUX7gLaUTJppQzOZIckoZeynuHGhiFu/xJ1/Y6adhbYeCBzOuZd7cryIM6Ud59taWV1b39jMbeW3d3b39u3CQVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3riW+q0HKhULxb2eRLQX4KFgPiNYG6lvF+p3N6XKWTfAeuR5SW162reLTtmZAS0TNyNFyFDv21/dQUjigApNOFaq4zqR7iVYakY4nea7saIRJmM8pB1DBQ6o6iWz6FN0YpQB8kNpntBopv7eSHCg1CTwzGQaUS16qfif14m1f9lLmIhiTQWZH/JjjnSI0h7QgElKNJ8YgolkJisiIywx0aatvCnBXfzyMmlWyq5Tdm/Pi9WrrI4cHMExlMCFC6jCNdShAQQe4Rle4c16sl6sd+tjPrpiZTuH8AfW5w+tbZL4</latexit><latexit sha1_base64="sh1DbEbgITsGRd74WLKCG4VN9fU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCLosduPCRUX7gLaUTJppQzOZIckoZeynuHGhiFu/xJ1/Y6adhbYeCBzOuZd7cryIM6Ud59taWV1b39jMbeW3d3b39u3CQVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3riW+q0HKhULxb2eRLQX4KFgPiNYG6lvF+p3N6XKWTfAeuR5SW162reLTtmZAS0TNyNFyFDv21/dQUjigApNOFaq4zqR7iVYakY4nea7saIRJmM8pB1DBQ6o6iWz6FN0YpQB8kNpntBopv7eSHCg1CTwzGQaUS16qfif14m1f9lLmIhiTQWZH/JjjnSI0h7QgElKNJ8YgolkJisiIywx0aatvCnBXfzyMmlWyq5Tdm/Pi9WrrI4cHMExlMCFC6jCNdShAQQe4Rle4c16sl6sd+tjPrpiZTuH8AfW5w+tbZL4</latexit>

z ! w = f(z)
<latexit sha1_base64="aFqfiOHS+IstN11W8AES6b8QeJY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZREBL0IRS8eK9gPaEPZbDft0s0m7E4saal/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzPNjwTU4zreVW1vf2NzKbxd2dvf2D+zDo4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3g785uPTGkeyQdIY+aFpC95wCkBI3Xt4rijeH8ARKlohEfXQXl81rVLTsWZA68SNyMllKHWtb86vYgmIZNABdG67ToxeBOigFPBpoVOollM6JD0WdtQSUKmvcn8+Ck+NUoPB5EyJQHP1d8TExJqnYa+6QwJDPSyNxP/89oJBFfehMs4ASbpYlGQCAwRniWBe1wxCiI1hFDFza2YDogiFExeBROCu/zyKmmcV1yn4t5flKo3WRx5dIxOUBm56BJV0R2qoTqiKEXP6BW9WU/Wi/VufSxac1Y2U0R/YH3+AFrUlI0=</latexit><latexit sha1_base64="aFqfiOHS+IstN11W8AES6b8QeJY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZREBL0IRS8eK9gPaEPZbDft0s0m7E4saal/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzPNjwTU4zreVW1vf2NzKbxd2dvf2D+zDo4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3g785uPTGkeyQdIY+aFpC95wCkBI3Xt4rijeH8ARKlohEfXQXl81rVLTsWZA68SNyMllKHWtb86vYgmIZNABdG67ToxeBOigFPBpoVOollM6JD0WdtQSUKmvcn8+Ck+NUoPB5EyJQHP1d8TExJqnYa+6QwJDPSyNxP/89oJBFfehMs4ASbpYlGQCAwRniWBe1wxCiI1hFDFza2YDogiFExeBROCu/zyKmmcV1yn4t5flKo3WRx5dIxOUBm56BJV0R2qoTqiKEXP6BW9WU/Wi/VufSxac1Y2U0R/YH3+AFrUlI0=</latexit><latexit sha1_base64="aFqfiOHS+IstN11W8AES6b8QeJY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZREBL0IRS8eK9gPaEPZbDft0s0m7E4saal/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzPNjwTU4zreVW1vf2NzKbxd2dvf2D+zDo4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3g785uPTGkeyQdIY+aFpC95wCkBI3Xt4rijeH8ARKlohEfXQXl81rVLTsWZA68SNyMllKHWtb86vYgmIZNABdG67ToxeBOigFPBpoVOollM6JD0WdtQSUKmvcn8+Ck+NUoPB5EyJQHP1d8TExJqnYa+6QwJDPSyNxP/89oJBFfehMs4ASbpYlGQCAwRniWBe1wxCiI1hFDFza2YDogiFExeBROCu/zyKmmcV1yn4t5flKo3WRx5dIxOUBm56BJV0R2qoTqiKEXP6BW9WU/Wi/VufSxac1Y2U0R/YH3+AFrUlI0=</latexit><latexit sha1_base64="aFqfiOHS+IstN11W8AES6b8QeJY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZREBL0IRS8eK9gPaEPZbDft0s0m7E4saal/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzPNjwTU4zreVW1vf2NzKbxd2dvf2D+zDo4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3g785uPTGkeyQdIY+aFpC95wCkBI3Xt4rijeH8ARKlohEfXQXl81rVLTsWZA68SNyMllKHWtb86vYgmIZNABdG67ToxeBOigFPBpoVOollM6JD0WdtQSUKmvcn8+Ck+NUoPB5EyJQHP1d8TExJqnYa+6QwJDPSyNxP/89oJBFfehMs4ASbpYlGQCAwRniWBe1wxCiI1hFDFza2YDogiFExeBROCu/zyKmmcV1yn4t5flKo3WRx5dIxOUBm56BJV0R2qoTqiKEXP6BW9WU/Wi/VufSxac1Y2U0R/YH3+AFrUlI0=</latexit>



Quantum W-algebras and 
minimal model holography

�h,h(z, z) ! �̃h,h(w,w) = (f 0(z))
�h

(f 0(z))
�h

�h,h(z, z)
<latexit sha1_base64="tSbHJTsxNCe2zUUC4hW/AbMcEtI="></latexit><latexit sha1_base64="tSbHJTsxNCe2zUUC4hW/AbMcEtI="></latexit><latexit sha1_base64="tSbHJTsxNCe2zUUC4hW/AbMcEtI="></latexit><latexit sha1_base64="tSbHJTsxNCe2zUUC4hW/AbMcEtI="></latexit>

Conformal weights, real and non-negative in unitary theory

scaling dimension spin

• Conservation of currents implies that     and     are separately 
conserved


• Currents can be split into holomorphic           and antiholomorphic


• The set of  (anti)holomorphic currents is closed  under OPE. i.e. OPE 
of two such fields is again (anti)holomorphic field. These fields 
define (quantum) W-algebra

z
<latexit sha1_base64="EJJSQqGHf/eODR0n4z3ZFiNgQxc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0kwxJRqhDf8ONC0Xc+jPu/Bsz01lo64HA4Zx7uDcnTDjTxnW/ncra+sbmVnW7trO7t39QPzzqapkqQjtEcqn6IdaUM0E7hhlO+4miOA457YXT29zvPVKlmRQPZpbQIMZjwSJGsLGS70tr5tnsaT6sN9ymWwCtEq8kDSjRHta//JEkaUyFIRxrPfDcxAQZVoYRTuc1P9U0wWSKx3RgqcAx1UFW3DxHZ1YZoUgq+4RBhfo7keFY61kc2skYm4le9nLxP2+Qmug6yJhIUkMFWSyKUo6MRHkBaMQUJYbPLMFEMXsrIhOsMDG2ppotwVv+8irpXjQ9t+ndXzZaN2UdVTiBUzgHD66gBXfQhg4QSOAZXuHNSZ0X5935WIxWnDJzDH/gfP4AwoSSJA==</latexit><latexit sha1_base64="EJJSQqGHf/eODR0n4z3ZFiNgQxc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0kwxJRqhDf8ONC0Xc+jPu/Bsz01lo64HA4Zx7uDcnTDjTxnW/ncra+sbmVnW7trO7t39QPzzqapkqQjtEcqn6IdaUM0E7hhlO+4miOA457YXT29zvPVKlmRQPZpbQIMZjwSJGsLGS70tr5tnsaT6sN9ymWwCtEq8kDSjRHta//JEkaUyFIRxrPfDcxAQZVoYRTuc1P9U0wWSKx3RgqcAx1UFW3DxHZ1YZoUgq+4RBhfo7keFY61kc2skYm4le9nLxP2+Qmug6yJhIUkMFWSyKUo6MRHkBaMQUJYbPLMFEMXsrIhOsMDG2ppotwVv+8irpXjQ9t+ndXzZaN2UdVTiBUzgHD66gBXfQhg4QSOAZXuHNSZ0X5935WIxWnDJzDH/gfP4AwoSSJA==</latexit><latexit sha1_base64="EJJSQqGHf/eODR0n4z3ZFiNgQxc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0kwxJRqhDf8ONC0Xc+jPu/Bsz01lo64HA4Zx7uDcnTDjTxnW/ncra+sbmVnW7trO7t39QPzzqapkqQjtEcqn6IdaUM0E7hhlO+4miOA457YXT29zvPVKlmRQPZpbQIMZjwSJGsLGS70tr5tnsaT6sN9ymWwCtEq8kDSjRHta//JEkaUyFIRxrPfDcxAQZVoYRTuc1P9U0wWSKx3RgqcAx1UFW3DxHZ1YZoUgq+4RBhfo7keFY61kc2skYm4le9nLxP2+Qmug6yJhIUkMFWSyKUo6MRHkBaMQUJYbPLMFEMXsrIhOsMDG2ppotwVv+8irpXjQ9t+ndXzZaN2UdVTiBUzgHD66gBXfQhg4QSOAZXuHNSZ0X5935WIxWnDJzDH/gfP4AwoSSJA==</latexit><latexit sha1_base64="EJJSQqGHf/eODR0n4z3ZFiNgQxc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0kwxJRqhDf8ONC0Xc+jPu/Bsz01lo64HA4Zx7uDcnTDjTxnW/ncra+sbmVnW7trO7t39QPzzqapkqQjtEcqn6IdaUM0E7hhlO+4miOA457YXT29zvPVKlmRQPZpbQIMZjwSJGsLGS70tr5tnsaT6sN9ymWwCtEq8kDSjRHta//JEkaUyFIRxrPfDcxAQZVoYRTuc1P9U0wWSKx3RgqcAx1UFW3DxHZ1YZoUgq+4RBhfo7keFY61kc2skYm4le9nLxP2+Qmug6yJhIUkMFWSyKUo6MRHkBaMQUJYbPLMFEMXsrIhOsMDG2ppotwVv+8irpXjQ9t+ndXzZaN2UdVTiBUzgHD66gBXfQhg4QSOAZXuHNSZ0X5935WIxWnDJzDH/gfP4AwoSSJA==</latexit>

z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

Wsi(z)
<latexit sha1_base64="egJoMT+ddi51E4OyMLc1Sm+CkVg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbEDbbabt0swm7G6GG/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3HlFpHst7M07Qj+hA8j5n1FjpoRVkOuCTytNZUCq7VXcGsky8nJQhRz0ofXV7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/zOqnpX/kZl0lqULL5on4qiInJ9H3S4wqZEWNLKFPc3krYkCrKjA2paEPwFl9eJs3zqudWvbuLcu06j6MAx3ACFfDgEmpwC3VoAAMJz/AKb452Xpx352PeuuLkM0fwB87nDyu0kJI=</latexit><latexit sha1_base64="egJoMT+ddi51E4OyMLc1Sm+CkVg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbEDbbabt0swm7G6GG/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3HlFpHst7M07Qj+hA8j5n1FjpoRVkOuCTytNZUCq7VXcGsky8nJQhRz0ofXV7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/zOqnpX/kZl0lqULL5on4qiInJ9H3S4wqZEWNLKFPc3krYkCrKjA2paEPwFl9eJs3zqudWvbuLcu06j6MAx3ACFfDgEmpwC3VoAAMJz/AKb452Xpx352PeuuLkM0fwB87nDyu0kJI=</latexit><latexit sha1_base64="egJoMT+ddi51E4OyMLc1Sm+CkVg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbEDbbabt0swm7G6GG/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3HlFpHst7M07Qj+hA8j5n1FjpoRVkOuCTytNZUCq7VXcGsky8nJQhRz0ofXV7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/zOqnpX/kZl0lqULL5on4qiInJ9H3S4wqZEWNLKFPc3krYkCrKjA2paEPwFl9eJs3zqudWvbuLcu06j6MAx3ACFfDgEmpwC3VoAAMJz/AKb452Xpx352PeuuLkM0fwB87nDyu0kJI=</latexit><latexit sha1_base64="egJoMT+ddi51E4OyMLc1Sm+CkVg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbEDbbabt0swm7G6GG/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3HlFpHst7M07Qj+hA8j5n1FjpoRVkOuCTytNZUCq7VXcGsky8nJQhRz0ofXV7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/zOqnpX/kZl0lqULL5on4qiInJ9H3S4wqZEWNLKFPc3krYkCrKjA2paEPwFl9eJs3zqudWvbuLcu06j6MAx3ACFfDgEmpwC3VoAAMJz/AKb452Xpx352PeuuLkM0fwB87nDyu0kJI=</latexit>

W si(z)
<latexit sha1_base64="rBL9JZnZ3nzoD1Clk2xcOD+7DyM=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxmUF+4C2hMl00g6dTMLMRKghWzf+ihsXirj1D9z5N07agNp6YOBwzj3cucePOVPacb6speWV1bX10kZ5c2t7Z9fe22+pKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5X77jkrFInGrJzHth3goWMAI1kbybNSLjJ2n03bmpcpjWfVHus9OPLvi1Jwp0CJxC1KBAg3P/uwNIpKEVGjCsVJd14l1P8VSM8JpVu4lisaYjPGQdg0VOKSqn04vydCxUQYoiKR5QqOp+juR4lCpSeibyRDrkZr3cvE/r5vo4KKfMhEnmgoyWxQkHOkI5bWgAZOUaD4xBBPJzF8RGWGJiTbllU0J7vzJi6R1WnOdmntzVqlfFnWU4BCOoAounEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9Elq8gcwB9YH9/fLJsP</latexit><latexit sha1_base64="rBL9JZnZ3nzoD1Clk2xcOD+7DyM=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxmUF+4C2hMl00g6dTMLMRKghWzf+ihsXirj1D9z5N07agNp6YOBwzj3cucePOVPacb6speWV1bX10kZ5c2t7Z9fe22+pKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5X77jkrFInGrJzHth3goWMAI1kbybNSLjJ2n03bmpcpjWfVHus9OPLvi1Jwp0CJxC1KBAg3P/uwNIpKEVGjCsVJd14l1P8VSM8JpVu4lisaYjPGQdg0VOKSqn04vydCxUQYoiKR5QqOp+juR4lCpSeibyRDrkZr3cvE/r5vo4KKfMhEnmgoyWxQkHOkI5bWgAZOUaD4xBBPJzF8RGWGJiTbllU0J7vzJi6R1WnOdmntzVqlfFnWU4BCOoAounEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9Elq8gcwB9YH9/fLJsP</latexit><latexit sha1_base64="rBL9JZnZ3nzoD1Clk2xcOD+7DyM=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxmUF+4C2hMl00g6dTMLMRKghWzf+ihsXirj1D9z5N07agNp6YOBwzj3cucePOVPacb6speWV1bX10kZ5c2t7Z9fe22+pKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5X77jkrFInGrJzHth3goWMAI1kbybNSLjJ2n03bmpcpjWfVHus9OPLvi1Jwp0CJxC1KBAg3P/uwNIpKEVGjCsVJd14l1P8VSM8JpVu4lisaYjPGQdg0VOKSqn04vydCxUQYoiKR5QqOp+juR4lCpSeibyRDrkZr3cvE/r5vo4KKfMhEnmgoyWxQkHOkI5bWgAZOUaD4xBBPJzF8RGWGJiTbllU0J7vzJi6R1WnOdmntzVqlfFnWU4BCOoAounEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9Elq8gcwB9YH9/fLJsP</latexit><latexit sha1_base64="rBL9JZnZ3nzoD1Clk2xcOD+7DyM=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxmUF+4C2hMl00g6dTMLMRKghWzf+ihsXirj1D9z5N07agNp6YOBwzj3cucePOVPacb6speWV1bX10kZ5c2t7Z9fe22+pKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5X77jkrFInGrJzHth3goWMAI1kbybNSLjJ2n03bmpcpjWfVHus9OPLvi1Jwp0CJxC1KBAg3P/uwNIpKEVGjCsVJd14l1P8VSM8JpVu4lisaYjPGQdg0VOKSqn04vydCxUQYoiKR5QqOp+juR4lCpSeibyRDrkZr3cvE/r5vo4KKfMhEnmgoyWxQkHOkI5bWgAZOUaD4xBBPJzF8RGWGJiTbllU0J7vzJi6R1WnOdmntzVqlfFnWU4BCOoAounEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9Elq8gcwB9YH9/fLJsP</latexit>

23

� = h+ h
<latexit sha1_base64="XBNo2F8ZnEOjNifIUpDMiFZgbGQ=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuhGKOrCZQX7gM5QMumdNjSTGZKMUIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOfc5OYECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJoUljHstOQBRwJqCpmebQSSSQKODQDkY3ud9+BKlYLB70OAE/IgPBQkaJNlLPPvBugWtyNTz1YpPLr8mGk55ddWrOFHiRuAWpogKNnv3l9WOaRiA05USprusk2s+I1IxymFS8VEFC6IgMoGuoIBEoP5uuP8HHRunjMJbmCI2n6u+JjERKjaPAJCOih2rey8X/vG6qw0s/YyJJNQg6eyhMOdYxzrvAfSaBaj42hFDJzK6YDokkVJvGKqYEd/7Li6R1VnOdmnt/Xq1fF3WU0SE6QifIRReoju5QAzURRRl6Rq/ozXqyXqx362MWLVnFzD76A+vzB0x/lbM=</latexit><latexit sha1_base64="XBNo2F8ZnEOjNifIUpDMiFZgbGQ=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuhGKOrCZQX7gM5QMumdNjSTGZKMUIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOfc5OYECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJoUljHstOQBRwJqCpmebQSSSQKODQDkY3ud9+BKlYLB70OAE/IgPBQkaJNlLPPvBugWtyNTz1YpPLr8mGk55ddWrOFHiRuAWpogKNnv3l9WOaRiA05USprusk2s+I1IxymFS8VEFC6IgMoGuoIBEoP5uuP8HHRunjMJbmCI2n6u+JjERKjaPAJCOih2rey8X/vG6qw0s/YyJJNQg6eyhMOdYxzrvAfSaBaj42hFDJzK6YDokkVJvGKqYEd/7Li6R1VnOdmnt/Xq1fF3WU0SE6QifIRReoju5QAzURRRl6Rq/ozXqyXqx362MWLVnFzD76A+vzB0x/lbM=</latexit><latexit sha1_base64="XBNo2F8ZnEOjNifIUpDMiFZgbGQ=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuhGKOrCZQX7gM5QMumdNjSTGZKMUIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOfc5OYECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJoUljHstOQBRwJqCpmebQSSSQKODQDkY3ud9+BKlYLB70OAE/IgPBQkaJNlLPPvBugWtyNTz1YpPLr8mGk55ddWrOFHiRuAWpogKNnv3l9WOaRiA05USprusk2s+I1IxymFS8VEFC6IgMoGuoIBEoP5uuP8HHRunjMJbmCI2n6u+JjERKjaPAJCOih2rey8X/vG6qw0s/YyJJNQg6eyhMOdYxzrvAfSaBaj42hFDJzK6YDokkVJvGKqYEd/7Li6R1VnOdmnt/Xq1fF3WU0SE6QifIRReoju5QAzURRRl6Rq/ozXqyXqx362MWLVnFzD76A+vzB0x/lbM=</latexit><latexit sha1_base64="XBNo2F8ZnEOjNifIUpDMiFZgbGQ=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuhGKOrCZQX7gM5QMumdNjSTGZKMUIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOfc5OYECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJoUljHstOQBRwJqCpmebQSSSQKODQDkY3ud9+BKlYLB70OAE/IgPBQkaJNlLPPvBugWtyNTz1YpPLr8mGk55ddWrOFHiRuAWpogKNnv3l9WOaRiA05USprusk2s+I1IxymFS8VEFC6IgMoGuoIBEoP5uuP8HHRunjMJbmCI2n6u+JjERKjaPAJCOih2rey8X/vG6qw0s/YyJJNQg6eyhMOdYxzrvAfSaBaj42hFDJzK6YDokkVJvGKqYEd/7Li6R1VnOdmnt/Xq1fF3WU0SE6QifIRReoju5QAzURRRl6Rq/ozXqyXqx362MWLVnFzD76A+vzB0x/lbM=</latexit>

s = h� h
<latexit sha1_base64="Xdo0xI0wq9Y4kLN6exBkLycqUiM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWVGBN0IRTcuK9gHtEPJpJk2NJMMSaZQhv6JGxeKuPVP3Pk3ZtpZaOuBwOGcc5ObEyacaeN5305pbX1jc6u8XdnZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+D732xOqNJPiyUwTGsR4KFjECDZW6ruuvh1d9KSN5Ddko1nfrXo1bw60SvyCVKFAo+9+9QaSpDEVhnCsddf3EhNkWBlGOJ1VeqmmCSZjPKRdSwWOqQ6y+eYzdGaVAYqkskcYNFd/T2Q41noahzYZYzPSy14u/ud1UxPdBBkTSWqoIIuHopQjI1FeAxowRYnhU0swUczuisgIK0yMLatiS/CXv7xKWpc136v5j1fV+l1RRxlO4BTOwYdrqMMDNKAJBCbwDK/w5mTOi/PufCyiJaeYOYY/cD5/ALEqk7A=</latexit><latexit sha1_base64="Xdo0xI0wq9Y4kLN6exBkLycqUiM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWVGBN0IRTcuK9gHtEPJpJk2NJMMSaZQhv6JGxeKuPVP3Pk3ZtpZaOuBwOGcc5ObEyacaeN5305pbX1jc6u8XdnZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+D732xOqNJPiyUwTGsR4KFjECDZW6ruuvh1d9KSN5Ddko1nfrXo1bw60SvyCVKFAo+9+9QaSpDEVhnCsddf3EhNkWBlGOJ1VeqmmCSZjPKRdSwWOqQ6y+eYzdGaVAYqkskcYNFd/T2Q41noahzYZYzPSy14u/ud1UxPdBBkTSWqoIIuHopQjI1FeAxowRYnhU0swUczuisgIK0yMLatiS/CXv7xKWpc136v5j1fV+l1RRxlO4BTOwYdrqMMDNKAJBCbwDK/w5mTOi/PufCyiJaeYOYY/cD5/ALEqk7A=</latexit><latexit sha1_base64="Xdo0xI0wq9Y4kLN6exBkLycqUiM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWVGBN0IRTcuK9gHtEPJpJk2NJMMSaZQhv6JGxeKuPVP3Pk3ZtpZaOuBwOGcc5ObEyacaeN5305pbX1jc6u8XdnZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+D732xOqNJPiyUwTGsR4KFjECDZW6ruuvh1d9KSN5Ddko1nfrXo1bw60SvyCVKFAo+9+9QaSpDEVhnCsddf3EhNkWBlGOJ1VeqmmCSZjPKRdSwWOqQ6y+eYzdGaVAYqkskcYNFd/T2Q41noahzYZYzPSy14u/ud1UxPdBBkTSWqoIIuHopQjI1FeAxowRYnhU0swUczuisgIK0yMLatiS/CXv7xKWpc136v5j1fV+l1RRxlO4BTOwYdrqMMDNKAJBCbwDK/w5mTOi/PufCyiJaeYOYY/cD5/ALEqk7A=</latexit><latexit sha1_base64="Xdo0xI0wq9Y4kLN6exBkLycqUiM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWVGBN0IRTcuK9gHtEPJpJk2NJMMSaZQhv6JGxeKuPVP3Pk3ZtpZaOuBwOGcc5ObEyacaeN5305pbX1jc6u8XdnZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvh+D732xOqNJPiyUwTGsR4KFjECDZW6ruuvh1d9KSN5Ddko1nfrXo1bw60SvyCVKFAo+9+9QaSpDEVhnCsddf3EhNkWBlGOJ1VeqmmCSZjPKRdSwWOqQ6y+eYzdGaVAYqkskcYNFd/T2Q41noahzYZYzPSy14u/ud1UxPdBBkTSWqoIIuHopQjI1FeAxowRYnhU0swUczuisgIK0yMLatiS/CXv7xKWpc136v5j1fV+l1RRxlO4BTOwYdrqMMDNKAJBCbwDK/w5mTOi/PufCyiJaeYOYY/cD5/ALEqk7A=</latexit>



• Formulate equations of motion for the free scalar field on      
in the so-called unfolded form 

• This allows to couple it to a HS background 

• Unfolded equations of motion are studied in oscillator 
formulation of HS algebra  

• First we want to describe a free scalar field coupled to 
gravity and to HS fields 

• We need a scalar compatible with the first-order frame-like 
formulation of HS gravity.

Coupling to matter
AdS3

<latexit sha1_base64="q7H9qxH5/kEHFHGDYj5MlWgrPrM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPVi8eKpi20oWw2m3bp7ibsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MOVMG9f9dkorq2vrG+XNytb2zu5edf+gpZNMEeqThCeqE2JNOZPUN8xw2kkVxSLktB2Obqd++4kqzRL5aMYpDQQeSBYzgo2V/OvooX/er9bcujsDWiZeQWpQoNmvfvWihGSCSkM41rrruakJcqwMI5xOKr1M0xSTER7QrqUSC6qDfHbsBJ1YJUJxomxJg2bq74kcC63HIrSdApuhXvSm4n9eNzPxVZAzmWaGSjJfFGccmQRNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqre27du7+oNW6KOMpwBMdwCh5cQgPuoAk+EGDwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ABx/jjY=</latexit><latexit sha1_base64="q7H9qxH5/kEHFHGDYj5MlWgrPrM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPVi8eKpi20oWw2m3bp7ibsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MOVMG9f9dkorq2vrG+XNytb2zu5edf+gpZNMEeqThCeqE2JNOZPUN8xw2kkVxSLktB2Obqd++4kqzRL5aMYpDQQeSBYzgo2V/OvooX/er9bcujsDWiZeQWpQoNmvfvWihGSCSkM41rrruakJcqwMI5xOKr1M0xSTER7QrqUSC6qDfHbsBJ1YJUJxomxJg2bq74kcC63HIrSdApuhXvSm4n9eNzPxVZAzmWaGSjJfFGccmQRNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqre27du7+oNW6KOMpwBMdwCh5cQgPuoAk+EGDwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ABx/jjY=</latexit><latexit sha1_base64="q7H9qxH5/kEHFHGDYj5MlWgrPrM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPVi8eKpi20oWw2m3bp7ibsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MOVMG9f9dkorq2vrG+XNytb2zu5edf+gpZNMEeqThCeqE2JNOZPUN8xw2kkVxSLktB2Obqd++4kqzRL5aMYpDQQeSBYzgo2V/OvooX/er9bcujsDWiZeQWpQoNmvfvWihGSCSkM41rrruakJcqwMI5xOKr1M0xSTER7QrqUSC6qDfHbsBJ1YJUJxomxJg2bq74kcC63HIrSdApuhXvSm4n9eNzPxVZAzmWaGSjJfFGccmQRNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqre27du7+oNW6KOMpwBMdwCh5cQgPuoAk+EGDwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ABx/jjY=</latexit><latexit sha1_base64="q7H9qxH5/kEHFHGDYj5MlWgrPrM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPVi8eKpi20oWw2m3bp7ibsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MOVMG9f9dkorq2vrG+XNytb2zu5edf+gpZNMEeqThCeqE2JNOZPUN8xw2kkVxSLktB2Obqd++4kqzRL5aMYpDQQeSBYzgo2V/OvooX/er9bcujsDWiZeQWpQoNmvfvWihGSCSkM41rrruakJcqwMI5xOKr1M0xSTER7QrqUSC6qDfHbsBJ1YJUJxomxJg2bq74kcC63HIrSdApuhXvSm4n9eNzPxVZAzmWaGSjJfFGccmQRNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqre27du7+oNW6KOMpwBMdwCh5cQgPuoAk+EGDwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ABx/jjY=</latexit>

hs[�]
<latexit sha1_base64="BvhS2sZMx1dypjeaDD/zC5OVIJA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCLosunFZwT6gCWUymbRDJ5MwMxFK7MJfceNCEbf+hjv/xkmbhbYeGDicew/3zAlSzpR2nG+rsrK6tr5R3axtbe/s7tn7Bx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuObYt59oFKxRNzrSUr9GA8FixjB2kgD+8iLsR5FEo/zkZr2PW6sIfYHdt1pODOgZeKWpA4lWgP7ywsTksVUaMKxUn3XSbWfY6kZ4XRa8zJFU0zGeEj7hgocU+Xns/xTdGqUEEWJNE9oNFN/O3IcKzWJA7NZpFWLs0L8b9bPdHTl50ykmaaCzA9FGUc6QUUZKGSSEs0nhmAimcmKyAhLTLSprGZKcBe/vEw65w3Xabh3F/XmdVlHFY7hBM7AhUtowi20oA0EHuEZXuHNerJerHfrY75asUrPIfyB9fkDoA+WeQ==</latexit><latexit sha1_base64="BvhS2sZMx1dypjeaDD/zC5OVIJA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCLosunFZwT6gCWUymbRDJ5MwMxFK7MJfceNCEbf+hjv/xkmbhbYeGDicew/3zAlSzpR2nG+rsrK6tr5R3axtbe/s7tn7Bx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuObYt59oFKxRNzrSUr9GA8FixjB2kgD+8iLsR5FEo/zkZr2PW6sIfYHdt1pODOgZeKWpA4lWgP7ywsTksVUaMKxUn3XSbWfY6kZ4XRa8zJFU0zGeEj7hgocU+Xns/xTdGqUEEWJNE9oNFN/O3IcKzWJA7NZpFWLs0L8b9bPdHTl50ykmaaCzA9FGUc6QUUZKGSSEs0nhmAimcmKyAhLTLSprGZKcBe/vEw65w3Xabh3F/XmdVlHFY7hBM7AhUtowi20oA0EHuEZXuHNerJerHfrY75asUrPIfyB9fkDoA+WeQ==</latexit><latexit sha1_base64="BvhS2sZMx1dypjeaDD/zC5OVIJA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCLosunFZwT6gCWUymbRDJ5MwMxFK7MJfceNCEbf+hjv/xkmbhbYeGDicew/3zAlSzpR2nG+rsrK6tr5R3axtbe/s7tn7Bx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuObYt59oFKxRNzrSUr9GA8FixjB2kgD+8iLsR5FEo/zkZr2PW6sIfYHdt1pODOgZeKWpA4lWgP7ywsTksVUaMKxUn3XSbWfY6kZ4XRa8zJFU0zGeEj7hgocU+Xns/xTdGqUEEWJNE9oNFN/O3IcKzWJA7NZpFWLs0L8b9bPdHTl50ykmaaCzA9FGUc6QUUZKGSSEs0nhmAimcmKyAhLTLSprGZKcBe/vEw65w3Xabh3F/XmdVlHFY7hBM7AhUtowi20oA0EHuEZXuHNerJerHfrY75asUrPIfyB9fkDoA+WeQ==</latexit><latexit sha1_base64="BvhS2sZMx1dypjeaDD/zC5OVIJA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCLosunFZwT6gCWUymbRDJ5MwMxFK7MJfceNCEbf+hjv/xkmbhbYeGDicew/3zAlSzpR2nG+rsrK6tr5R3axtbe/s7tn7Bx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuObYt59oFKxRNzrSUr9GA8FixjB2kgD+8iLsR5FEo/zkZr2PW6sIfYHdt1pODOgZeKWpA4lWgP7ywsTksVUaMKxUn3XSbWfY6kZ4XRa8zJFU0zGeEj7hgocU+Xns/xTdGqUEEWJNE9oNFN/O3IcKzWJA7NZpFWLs0L8b9bPdHTl50ykmaaCzA9FGUc6QUUZKGSSEs0nhmAimcmKyAhLTLSprGZKcBe/vEw65w3Xabh3F/XmdVlHFY7hBM7AhUtowi20oA0EHuEZXuHNerJerHfrY75asUrPIfyB9fkDoA+WeQ==</latexit>



• To do this, we consider unfolded reformulation of Klein-
Gordon equation

Coupling to matter

d� = haC
a

<latexit sha1_base64="6hRqAbsMyL5BKy2O0fnGtN0/GqY=">AAACAHicbVDNS8MwHE3n15xfVQ8evBSH4Gm0IuhFGO7icYL7gLWWNE3XsDQpSSqM0ov/ihcPinj1z/Dmf2O69aCbDwKP994vye8FKSVS2fa3UVtZXVvfqG82trZ3dvfM/YO+5JlAuIc45WIYQIkpYbiniKJ4mAoMk4DiQTDplP7gEQtJOLtX0xR7CRwzEhEElZZ88yh0uzG5drkOlXfkceHDzgP0zabdsmewlolTkSao0PXNLzfkKEswU4hCKUeOnSovh0IRRHHRcDOJU4gmcIxHmjKYYOnlswUK61QroRVxoQ9T1kz9PZHDRMppEuhkAlUsF71S/M8bZSq68nLC0kxhhuYPRRm1FLfKNqyQCIwUnWoCkSD6rxaKoYBI6c4augRnceVl0j9vOXbLubtotm+qOurgGJyAM+CAS9AGt6ALegCBAjyDV/BmPBkvxrvxMY/WjGrmEPyB8fkD3amWkQ==</latexit><latexit sha1_base64="6hRqAbsMyL5BKy2O0fnGtN0/GqY=">AAACAHicbVDNS8MwHE3n15xfVQ8evBSH4Gm0IuhFGO7icYL7gLWWNE3XsDQpSSqM0ov/ihcPinj1z/Dmf2O69aCbDwKP994vye8FKSVS2fa3UVtZXVvfqG82trZ3dvfM/YO+5JlAuIc45WIYQIkpYbiniKJ4mAoMk4DiQTDplP7gEQtJOLtX0xR7CRwzEhEElZZ88yh0uzG5drkOlXfkceHDzgP0zabdsmewlolTkSao0PXNLzfkKEswU4hCKUeOnSovh0IRRHHRcDOJU4gmcIxHmjKYYOnlswUK61QroRVxoQ9T1kz9PZHDRMppEuhkAlUsF71S/M8bZSq68nLC0kxhhuYPRRm1FLfKNqyQCIwUnWoCkSD6rxaKoYBI6c4augRnceVl0j9vOXbLubtotm+qOurgGJyAM+CAS9AGt6ALegCBAjyDV/BmPBkvxrvxMY/WjGrmEPyB8fkD3amWkQ==</latexit><latexit sha1_base64="6hRqAbsMyL5BKy2O0fnGtN0/GqY=">AAACAHicbVDNS8MwHE3n15xfVQ8evBSH4Gm0IuhFGO7icYL7gLWWNE3XsDQpSSqM0ov/ihcPinj1z/Dmf2O69aCbDwKP994vye8FKSVS2fa3UVtZXVvfqG82trZ3dvfM/YO+5JlAuIc45WIYQIkpYbiniKJ4mAoMk4DiQTDplP7gEQtJOLtX0xR7CRwzEhEElZZ88yh0uzG5drkOlXfkceHDzgP0zabdsmewlolTkSao0PXNLzfkKEswU4hCKUeOnSovh0IRRHHRcDOJU4gmcIxHmjKYYOnlswUK61QroRVxoQ9T1kz9PZHDRMppEuhkAlUsF71S/M8bZSq68nLC0kxhhuYPRRm1FLfKNqyQCIwUnWoCkSD6rxaKoYBI6c4augRnceVl0j9vOXbLubtotm+qOurgGJyAM+CAS9AGt6ALegCBAjyDV/BmPBkvxrvxMY/WjGrmEPyB8fkD3amWkQ==</latexit><latexit sha1_base64="6hRqAbsMyL5BKy2O0fnGtN0/GqY=">AAACAHicbVDNS8MwHE3n15xfVQ8evBSH4Gm0IuhFGO7icYL7gLWWNE3XsDQpSSqM0ov/ihcPinj1z/Dmf2O69aCbDwKP994vye8FKSVS2fa3UVtZXVvfqG82trZ3dvfM/YO+5JlAuIc45WIYQIkpYbiniKJ4mAoMk4DiQTDplP7gEQtJOLtX0xR7CRwzEhEElZZ88yh0uzG5drkOlXfkceHDzgP0zabdsmewlolTkSao0PXNLzfkKEswU4hCKUeOnSovh0IRRHHRcDOJU4gmcIxHmjKYYOnlswUK61QroRVxoQ9T1kz9PZHDRMppEuhkAlUsF71S/M8bZSq68nLC0kxhhuYPRRm1FLfKNqyQCIwUnWoCkSD6rxaKoYBI6c4augRnceVl0j9vOXbLubtotm+qOurgGJyAM+CAS9AGt6ALegCBAjyDV/BmPBkvxrvxMY/WjGrmEPyB8fkD3amWkQ==</latexit>

h
a
= �µ

adxµ
<latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="z362eaA2d7yWjZNjZh4KP05h9z4=">AAACBXicbZC9TsMwFIVvyl8pBQIrS0SFYKoSFliQkFgYi0R/pCaNHMdprdpJZDuIKsojsPAqLAwgxCuw8TY4aQdoOZKlT+f4yr4nSBmVyra/jdra+sbmVn27sdPc3ds3D5o9mWQCky5OWCIGAZKE0Zh0FVWMDFJBEA8Y6QfTmzLvPxAhaRLfq1lKPI7GMY0oRkpbvnnqJjoup/NJMUJXbkiYQn7u8qzItRE+jir2zZbdtitZq+AsoAULdXzzyw0TnHESK8yQlEPHTpWXI6EoZqRouJkkKcJTNCZDjTHiRHp5tVBhnWgntKJE6BMrq3J/T+SISznjgb7JkZrI5aw0/8uGmYouvZzGaaZIjOcPRRmzVGKV7VghFQQrNtOAsKD6rxaeIIGw0h02dAnO8sqr0DtvO3bbubOhDkdwDGfgwAVcwy10oAsYnuAF3uDdeDZejY95XTVj0dsh/JHx+QMttpz0</latexit><latexit sha1_base64="z362eaA2d7yWjZNjZh4KP05h9z4=">AAACBXicbZC9TsMwFIVvyl8pBQIrS0SFYKoSFliQkFgYi0R/pCaNHMdprdpJZDuIKsojsPAqLAwgxCuw8TY4aQdoOZKlT+f4yr4nSBmVyra/jdra+sbmVn27sdPc3ds3D5o9mWQCky5OWCIGAZKE0Zh0FVWMDFJBEA8Y6QfTmzLvPxAhaRLfq1lKPI7GMY0oRkpbvnnqJjoup/NJMUJXbkiYQn7u8qzItRE+jir2zZbdtitZq+AsoAULdXzzyw0TnHESK8yQlEPHTpWXI6EoZqRouJkkKcJTNCZDjTHiRHp5tVBhnWgntKJE6BMrq3J/T+SISznjgb7JkZrI5aw0/8uGmYouvZzGaaZIjOcPRRmzVGKV7VghFQQrNtOAsKD6rxaeIIGw0h02dAnO8sqr0DtvO3bbubOhDkdwDGfgwAVcwy10oAsYnuAF3uDdeDZejY95XTVj0dsh/JHx+QMttpz0</latexit><latexit sha1_base64="hRnw8+zu/NnYuAT/bK4DjvoM85g=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAimKmGBBamChbFI9CE1aeQ4TmvViSPbQVRRPoGFX2FhACFWRjb+BifNAC1HsnR0zj26vsdPGJXKsr6NpeWV1bX12kZ9c2t7Z9fc2+9KngpMOpgzLvo+koTRmHQUVYz0E0FQ5DPS8yfXhd+7J0JSHt+paULcCI1iGlKMlJY888Th2i7S2TgfoksnIEwhL3OiNM+0EDwMS+6ZDatplYCLxK5IA1Roe+aXE3CcRiRWmCEpB7aVKDdDQlHMSF53UkkShCdoRAaaxigi0s3Kg3J4rJUAhlzoFytYqr8TGYqknEa+noyQGst5rxD/8wapCi/cjMZJqkiMZ4vClEHFYdEODKggWLGpJggLqv8K8RgJhJXusK5LsOdPXiTds6ZtNe1bq9G6quqogUNwBE6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWjyhyAPzA+fwD53Z5r</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit><latexit sha1_base64="kXlgax5c+eR+Avwa/nDzru/hFNQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6KokIuhGKblxWsA9o0jCZTNuhk5kwMxFLyCe48VfcuFDErUt3/o2TNAttPTBwOOce7twTxJRIZdvfRmVpeWV1rbpe29jc2t4xd/c6kicC4TbilIteACWmhOG2IoriXiwwjAKKu8HkOve791hIwtmdmsbYi+CIkSFBUGnJN49dru08nY6zAbx0Q0wV9FM3SrJUC+HDoOC+WbcbdgFrkTglqYMSLd/8ckOOkggzhSiUsu/YsfJSKBRBFGc1N5E4hmgCR7ivKYMRll5aHJRZR1oJrSEX+jFlFervRAojKadRoCcjqMZy3svF/7x+ooYXXkpYnCjM0GzRMKGW4lbejhUSgZGiU00gEkT/1UJjKCBSusOaLsGZP3mRdE4bjt1wbs/qzauyjio4AIfgBDjgHDTBDWiBNkDgETyDV/BmPBkvxrvxMRutGGVmH/yB8fkD+x2ebw==</latexit>

Ca = h
µa
@µ�

<latexit sha1_base64="JFLVnqQKpqh9dSYcHhmPhNToyEU=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURQTdCsRuXFewDmjbcTCft0EkmzEyEEvoPbvwVNy4UcevGnX/jpO1CWw8MnHvua+4JEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wdNJVJJaIMILmQ7AEU5i2lDM81pO5EUooDTVjCq5fnWA5WKifhejxPajWAQs5AR0Eby7bNaD649YUryCdlw0su8KMUw8RKQmgH389hEQ+bbZafiTIGXiTsnZTRH3be/vL4gaURjTTgo1XGdRHezfC7hdFLyUkUTICMY0I6hMURUdbPpTRN8YpQ+DoU0L9Z4qv7uyCBSahwFpjICPVSLuVz8L9dJdXjVzVicpJrGZLYoTDnWAucG4T6TlGg+NgSIZOavmAxBAtHGxpIxwV08eZk0zyuuU3HvLsrVm7kdRXSEjtEpctElqqJbVEcNRNAjekav6M16sl6sd+tjVlqw5j2H6A+szx+Z/J8+</latexit><latexit sha1_base64="JFLVnqQKpqh9dSYcHhmPhNToyEU=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURQTdCsRuXFewDmjbcTCft0EkmzEyEEvoPbvwVNy4UcevGnX/jpO1CWw8MnHvua+4JEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wdNJVJJaIMILmQ7AEU5i2lDM81pO5EUooDTVjCq5fnWA5WKifhejxPajWAQs5AR0Eby7bNaD649YUryCdlw0su8KMUw8RKQmgH389hEQ+bbZafiTIGXiTsnZTRH3be/vL4gaURjTTgo1XGdRHezfC7hdFLyUkUTICMY0I6hMURUdbPpTRN8YpQ+DoU0L9Z4qv7uyCBSahwFpjICPVSLuVz8L9dJdXjVzVicpJrGZLYoTDnWAucG4T6TlGg+NgSIZOavmAxBAtHGxpIxwV08eZk0zyuuU3HvLsrVm7kdRXSEjtEpctElqqJbVEcNRNAjekav6M16sl6sd+tjVlqw5j2H6A+szx+Z/J8+</latexit><latexit sha1_base64="JFLVnqQKpqh9dSYcHhmPhNToyEU=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURQTdCsRuXFewDmjbcTCft0EkmzEyEEvoPbvwVNy4UcevGnX/jpO1CWw8MnHvua+4JEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wdNJVJJaIMILmQ7AEU5i2lDM81pO5EUooDTVjCq5fnWA5WKifhejxPajWAQs5AR0Eby7bNaD649YUryCdlw0su8KMUw8RKQmgH389hEQ+bbZafiTIGXiTsnZTRH3be/vL4gaURjTTgo1XGdRHezfC7hdFLyUkUTICMY0I6hMURUdbPpTRN8YpQ+DoU0L9Z4qv7uyCBSahwFpjICPVSLuVz8L9dJdXjVzVicpJrGZLYoTDnWAucG4T6TlGg+NgSIZOavmAxBAtHGxpIxwV08eZk0zyuuU3HvLsrVm7kdRXSEjtEpctElqqJbVEcNRNAjekav6M16sl6sd+tjVlqw5j2H6A+szx+Z/J8+</latexit><latexit sha1_base64="JFLVnqQKpqh9dSYcHhmPhNToyEU=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURQTdCsRuXFewDmjbcTCft0EkmzEyEEvoPbvwVNy4UcevGnX/jpO1CWw8MnHvua+4JEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wdNJVJJaIMILmQ7AEU5i2lDM81pO5EUooDTVjCq5fnWA5WKifhejxPajWAQs5AR0Eby7bNaD649YUryCdlw0su8KMUw8RKQmgH389hEQ+bbZafiTIGXiTsnZTRH3be/vL4gaURjTTgo1XGdRHezfC7hdFLyUkUTICMY0I6hMURUdbPpTRN8YpQ+DoU0L9Z4qv7uyCBSahwFpjICPVSLuVz8L9dJdXjVzVicpJrGZLYoTDnWAucG4T6TlGg+NgSIZOavmAxBAtHGxpIxwV08eZk0zyuuU3HvLsrVm7kdRXSEjtEpctElqqJbVEcNRNAjekav6M16sl6sd+tjVlqw5j2H6A+szx+Z/J8+</latexit>

coefficient functions that encode 
derivatives of the scalar field

constant 
vielbein

0 = d2� = �ha ^ dCa
<latexit sha1_base64="29HW3mn5c5NOcCnm+hxc3rG5EWo=">AAACDXicbVDLSgMxFM3UV62vUZduglVwY5kpgm4KxW5cVrAP6LQlk7ltQzMPkoxShv6AG3/FjQtF3Lp359+YaWehrQcCh3POTXKPG3EmlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyjAWFBo05KFou0QCZwE0FFMc2pEA4rscWu64lvqtexCShcGdmkTQ9ckwYANGidJS3zyxKl6v7NRHrHLuhDqZXpSMpn3iPIA3BOzVeqRvFq2SNQNeJnZGiihDvW9+OV5IYx8CRTmRsmNbkeomRChGOUwLTiwhInRMhtDRNCA+yG4y22aKT7Xi4UEo9AkUnqm/JxLiSznxXZ30iRrJRS8V//M6sRpcdRMWRLGCgM4fGsQcqxCn1WCPCaCKTzQhVDD9V0xHRBCqdIEFXYK9uPIyaZZLtlWyby+K1eusjjw6QsfoDNnoElXRDaqjBqLoET2jV/RmPBkvxrvxMY/mjGzmEP2B8fkDbvSbKQ==</latexit><latexit sha1_base64="29HW3mn5c5NOcCnm+hxc3rG5EWo=">AAACDXicbVDLSgMxFM3UV62vUZduglVwY5kpgm4KxW5cVrAP6LQlk7ltQzMPkoxShv6AG3/FjQtF3Lp359+YaWehrQcCh3POTXKPG3EmlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyjAWFBo05KFou0QCZwE0FFMc2pEA4rscWu64lvqtexCShcGdmkTQ9ckwYANGidJS3zyxKl6v7NRHrHLuhDqZXpSMpn3iPIA3BOzVeqRvFq2SNQNeJnZGiihDvW9+OV5IYx8CRTmRsmNbkeomRChGOUwLTiwhInRMhtDRNCA+yG4y22aKT7Xi4UEo9AkUnqm/JxLiSznxXZ30iRrJRS8V//M6sRpcdRMWRLGCgM4fGsQcqxCn1WCPCaCKTzQhVDD9V0xHRBCqdIEFXYK9uPIyaZZLtlWyby+K1eusjjw6QsfoDNnoElXRDaqjBqLoET2jV/RmPBkvxrvxMY/mjGzmEP2B8fkDbvSbKQ==</latexit><latexit sha1_base64="29HW3mn5c5NOcCnm+hxc3rG5EWo=">AAACDXicbVDLSgMxFM3UV62vUZduglVwY5kpgm4KxW5cVrAP6LQlk7ltQzMPkoxShv6AG3/FjQtF3Lp359+YaWehrQcCh3POTXKPG3EmlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyjAWFBo05KFou0QCZwE0FFMc2pEA4rscWu64lvqtexCShcGdmkTQ9ckwYANGidJS3zyxKl6v7NRHrHLuhDqZXpSMpn3iPIA3BOzVeqRvFq2SNQNeJnZGiihDvW9+OV5IYx8CRTmRsmNbkeomRChGOUwLTiwhInRMhtDRNCA+yG4y22aKT7Xi4UEo9AkUnqm/JxLiSznxXZ30iRrJRS8V//M6sRpcdRMWRLGCgM4fGsQcqxCn1WCPCaCKTzQhVDD9V0xHRBCqdIEFXYK9uPIyaZZLtlWyby+K1eusjjw6QsfoDNnoElXRDaqjBqLoET2jV/RmPBkvxrvxMY/mjGzmEP2B8fkDbvSbKQ==</latexit><latexit sha1_base64="29HW3mn5c5NOcCnm+hxc3rG5EWo=">AAACDXicbVDLSgMxFM3UV62vUZduglVwY5kpgm4KxW5cVrAP6LQlk7ltQzMPkoxShv6AG3/FjQtF3Lp359+YaWehrQcCh3POTXKPG3EmlWV9G7mV1bX1jfxmYWt7Z3fP3D9oyjAWFBo05KFou0QCZwE0FFMc2pEA4rscWu64lvqtexCShcGdmkTQ9ckwYANGidJS3zyxKl6v7NRHrHLuhDqZXpSMpn3iPIA3BOzVeqRvFq2SNQNeJnZGiihDvW9+OV5IYx8CRTmRsmNbkeomRChGOUwLTiwhInRMhtDRNCA+yG4y22aKT7Xi4UEo9AkUnqm/JxLiSznxXZ30iRrJRS8V//M6sRpcdRMWRLGCgM4fGsQcqxCn1WCPCaCKTzQhVDD9V0xHRBCqdIEFXYK9uPIyaZZLtlWyby+K1eusjjw6QsfoDNnoElXRDaqjBqLoET2jV/RmPBkvxrvxMY/mjGzmEP2B8fkDbvSbKQ==</latexit>

• Solution of that eq. can be parametrised by symmetric 
field C̃ab

<latexit sha1_base64="ulW2eD4ZpZkRPakwXclFX921LHo=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHYi8cKthXatGw2m3bpZhN2J0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaenwiu0XG+rdLa+sbmVnm7srO7t39QPTzq6DhVlLVpLGL14BPNBJesjRwFe0gUI5EvWNefNGd+95EpzWN5j9OEeREZSR5yStBIgz5yEbCsmQ8y4ufDas2pO3PYq8QtSA0KtIbVr34Q0zRiEqkgWvdcJ0EvIwo5FSyv9FPNEkInZMR6hkoSMe1l86tz+8wogR3GypREe67+nshIpPU08k1nRHCsl72Z+J/XSzG89jIukxSZpItFYSpsjO1ZBHbAFaMopoYQqri51aZjoghFE1TFhOAuv7xKOhd116m7d5e1xk0RRxlO4BTOwYUraMAttKANFBQ8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+APAXksg=</latexit><latexit sha1_base64="ulW2eD4ZpZkRPakwXclFX921LHo=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHYi8cKthXatGw2m3bpZhN2J0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaenwiu0XG+rdLa+sbmVnm7srO7t39QPTzq6DhVlLVpLGL14BPNBJesjRwFe0gUI5EvWNefNGd+95EpzWN5j9OEeREZSR5yStBIgz5yEbCsmQ8y4ufDas2pO3PYq8QtSA0KtIbVr34Q0zRiEqkgWvdcJ0EvIwo5FSyv9FPNEkInZMR6hkoSMe1l86tz+8wogR3GypREe67+nshIpPU08k1nRHCsl72Z+J/XSzG89jIukxSZpItFYSpsjO1ZBHbAFaMopoYQqri51aZjoghFE1TFhOAuv7xKOhd116m7d5e1xk0RRxlO4BTOwYUraMAttKANFBQ8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+APAXksg=</latexit><latexit sha1_base64="ulW2eD4ZpZkRPakwXclFX921LHo=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHYi8cKthXatGw2m3bpZhN2J0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaenwiu0XG+rdLa+sbmVnm7srO7t39QPTzq6DhVlLVpLGL14BPNBJesjRwFe0gUI5EvWNefNGd+95EpzWN5j9OEeREZSR5yStBIgz5yEbCsmQ8y4ufDas2pO3PYq8QtSA0KtIbVr34Q0zRiEqkgWvdcJ0EvIwo5FSyv9FPNEkInZMR6hkoSMe1l86tz+8wogR3GypREe67+nshIpPU08k1nRHCsl72Z+J/XSzG89jIukxSZpItFYSpsjO1ZBHbAFaMopoYQqri51aZjoghFE1TFhOAuv7xKOhd116m7d5e1xk0RRxlO4BTOwYUraMAttKANFBQ8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+APAXksg=</latexit><latexit sha1_base64="ulW2eD4ZpZkRPakwXclFX921LHo=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHYi8cKthXatGw2m3bpZhN2J0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaenwiu0XG+rdLa+sbmVnm7srO7t39QPTzq6DhVlLVpLGL14BPNBJesjRwFe0gUI5EvWNefNGd+95EpzWN5j9OEeREZSR5yStBIgz5yEbCsmQ8y4ufDas2pO3PYq8QtSA0KtIbVr34Q0zRiEqkgWvdcJ0EvIwo5FSyv9FPNEkInZMR6hkoSMe1l86tz+8wogR3GypREe67+nshIpPU08k1nRHCsl72Z+J/XSzG89jIukxSZpItFYSpsjO1ZBHbAFaMopoYQqri51aZjoghFE1TFhOAuv7xKOhd116m7d5e1xk0RRxlO4BTOwYUraMAttKANFBQ8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+APAXksg=</latexit>

C̃ab = h
µa
h
⌫b
@µ@⌫�

<latexit sha1_base64="T9gaeJgLp7wzCi8kEEOSbQZJuZQ="></latexit><latexit sha1_base64="T9gaeJgLp7wzCi8kEEOSbQZJuZQ="></latexit><latexit sha1_base64="T9gaeJgLp7wzCi8kEEOSbQZJuZQ="></latexit><latexit sha1_base64="T9gaeJgLp7wzCi8kEEOSbQZJuZQ="></latexit>



• Impose the Klein-Gordon equation                              , 
which constrains the trace part

Coupling to matter
⇤� = M2�

<latexit sha1_base64="B1Ce8fXTrgE/C+2DLQmt4l1P6CU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqswUQTdCqRs3QgX7gM5YMmmmDc0kQ5JRy9hPceNCEbd+iTv/xkw7C209cLmHc+4lNyeIGVXacb6twsrq2vpGcbO0tb2zu2eX99tKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wfgy8zv3RCoq+K2exMSP0JDTkGKkjdS3y15DPEKvOaIX13e1rPftilN1ZoDLxM1JBeRo9u0vbyBwEhGuMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZylFElJ/OTp/CY6MMYCikKa7hTP29kaJIqUkUmMkI6ZFa9DLxP6+X6PDcTymPE004nj8UJgxqAbMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv45WXSrlVdp+renFbqjTyOIjgER+AEuOAM1MEVaIIWwOABPINX8GY9WS/Wu/UxHy1Y+c4B+APr8wfSBJMO</latexit><latexit sha1_base64="B1Ce8fXTrgE/C+2DLQmt4l1P6CU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqswUQTdCqRs3QgX7gM5YMmmmDc0kQ5JRy9hPceNCEbd+iTv/xkw7C209cLmHc+4lNyeIGVXacb6twsrq2vpGcbO0tb2zu2eX99tKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wfgy8zv3RCoq+K2exMSP0JDTkGKkjdS3y15DPEKvOaIX13e1rPftilN1ZoDLxM1JBeRo9u0vbyBwEhGuMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZylFElJ/OTp/CY6MMYCikKa7hTP29kaJIqUkUmMkI6ZFa9DLxP6+X6PDcTymPE004nj8UJgxqAbMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv45WXSrlVdp+renFbqjTyOIjgER+AEuOAM1MEVaIIWwOABPINX8GY9WS/Wu/UxHy1Y+c4B+APr8wfSBJMO</latexit><latexit sha1_base64="B1Ce8fXTrgE/C+2DLQmt4l1P6CU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqswUQTdCqRs3QgX7gM5YMmmmDc0kQ5JRy9hPceNCEbd+iTv/xkw7C209cLmHc+4lNyeIGVXacb6twsrq2vpGcbO0tb2zu2eX99tKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wfgy8zv3RCoq+K2exMSP0JDTkGKkjdS3y15DPEKvOaIX13e1rPftilN1ZoDLxM1JBeRo9u0vbyBwEhGuMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZylFElJ/OTp/CY6MMYCikKa7hTP29kaJIqUkUmMkI6ZFa9DLxP6+X6PDcTymPE004nj8UJgxqAbMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv45WXSrlVdp+renFbqjTyOIjgER+AEuOAM1MEVaIIWwOABPINX8GY9WS/Wu/UxHy1Y+c4B+APr8wfSBJMO</latexit><latexit sha1_base64="B1Ce8fXTrgE/C+2DLQmt4l1P6CU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqswUQTdCqRs3QgX7gM5YMmmmDc0kQ5JRy9hPceNCEbd+iTv/xkw7C209cLmHc+4lNyeIGVXacb6twsrq2vpGcbO0tb2zu2eX99tKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wfgy8zv3RCoq+K2exMSP0JDTkGKkjdS3y15DPEKvOaIX13e1rPftilN1ZoDLxM1JBeRo9u0vbyBwEhGuMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZylFElJ/OTp/CY6MMYCikKa7hTP29kaJIqUkUmMkI6ZFa9DLxP6+X6PDcTymPE004nj8UJgxqAbMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv45WXSrlVdp+renFbqjTyOIjgER+AEuOAM1MEVaIIWwOABPINX8GY9WS/Wu/UxHy1Y+c4B+APr8wfSBJMO</latexit>

dCa = hbC
ab +

1

3
M2h

a
�

<latexit sha1_base64="3N32b6+Qky8LzW75mgxWaUm0vs4=">AAACJXicbVDLSgMxFM34rPVVdekmWARBKDNV0IVCsRs3QgX7gM5MuZNm2tDMgyQjlGF+xo2/4saFRQRX/orpY1FbDwQO55yb5B4v5kwq0/w2VlbX1jc2c1v57Z3dvf3CwWFDRokgtE4iHomWB5JyFtK6YorTViwoBB6nTW9QHfvNZyoki8InNYypE0AvZD4joLTUKdx0qy7c2pHOjK9I+1nHw1U3BS87t30BJLWy9CJ7cMvzGRewXeuzTqFolswJ8DKxZqSIZqh1CiO7G5EkoKEiHKRsW2asnBSEYoTTLG8nksZABtCjbU1DCKh00smWGT7VShf7kdAnVHiizk+kEEg5DDydDED15aI3Fv/z2onyr52UhXGiaEimD/kJxyrC48pwlwlKFB9qAkQw/VdM+qC7UbrYvC7BWlx5mTTKJcssWY+XxcrdrI4cOkYn6AxZ6ApV0D2qoToi6AW9oQ80Ml6Nd+PT+JpGV4zZzBH6A+PnF3G9pdM=</latexit><latexit sha1_base64="3N32b6+Qky8LzW75mgxWaUm0vs4=">AAACJXicbVDLSgMxFM34rPVVdekmWARBKDNV0IVCsRs3QgX7gM5MuZNm2tDMgyQjlGF+xo2/4saFRQRX/orpY1FbDwQO55yb5B4v5kwq0/w2VlbX1jc2c1v57Z3dvf3CwWFDRokgtE4iHomWB5JyFtK6YorTViwoBB6nTW9QHfvNZyoki8InNYypE0AvZD4joLTUKdx0qy7c2pHOjK9I+1nHw1U3BS87t30BJLWy9CJ7cMvzGRewXeuzTqFolswJ8DKxZqSIZqh1CiO7G5EkoKEiHKRsW2asnBSEYoTTLG8nksZABtCjbU1DCKh00smWGT7VShf7kdAnVHiizk+kEEg5DDydDED15aI3Fv/z2onyr52UhXGiaEimD/kJxyrC48pwlwlKFB9qAkQw/VdM+qC7UbrYvC7BWlx5mTTKJcssWY+XxcrdrI4cOkYn6AxZ6ApV0D2qoToi6AW9oQ80Ml6Nd+PT+JpGV4zZzBH6A+PnF3G9pdM=</latexit><latexit sha1_base64="3N32b6+Qky8LzW75mgxWaUm0vs4=">AAACJXicbVDLSgMxFM34rPVVdekmWARBKDNV0IVCsRs3QgX7gM5MuZNm2tDMgyQjlGF+xo2/4saFRQRX/orpY1FbDwQO55yb5B4v5kwq0/w2VlbX1jc2c1v57Z3dvf3CwWFDRokgtE4iHomWB5JyFtK6YorTViwoBB6nTW9QHfvNZyoki8InNYypE0AvZD4joLTUKdx0qy7c2pHOjK9I+1nHw1U3BS87t30BJLWy9CJ7cMvzGRewXeuzTqFolswJ8DKxZqSIZqh1CiO7G5EkoKEiHKRsW2asnBSEYoTTLG8nksZABtCjbU1DCKh00smWGT7VShf7kdAnVHiizk+kEEg5DDydDED15aI3Fv/z2onyr52UhXGiaEimD/kJxyrC48pwlwlKFB9qAkQw/VdM+qC7UbrYvC7BWlx5mTTKJcssWY+XxcrdrI4cOkYn6AxZ6ApV0D2qoToi6AW9oQ80Ml6Nd+PT+JpGV4zZzBH6A+PnF3G9pdM=</latexit><latexit sha1_base64="3N32b6+Qky8LzW75mgxWaUm0vs4=">AAACJXicbVDLSgMxFM34rPVVdekmWARBKDNV0IVCsRs3QgX7gM5MuZNm2tDMgyQjlGF+xo2/4saFRQRX/orpY1FbDwQO55yb5B4v5kwq0/w2VlbX1jc2c1v57Z3dvf3CwWFDRokgtE4iHomWB5JyFtK6YorTViwoBB6nTW9QHfvNZyoki8InNYypE0AvZD4joLTUKdx0qy7c2pHOjK9I+1nHw1U3BS87t30BJLWy9CJ7cMvzGRewXeuzTqFolswJ8DKxZqSIZqh1CiO7G5EkoKEiHKRsW2asnBSEYoTTLG8nksZABtCjbU1DCKh00smWGT7VShf7kdAnVHiizk+kEEg5DDydDED15aI3Fv/z2onyr52UhXGiaEimD/kJxyrC48pwlwlKFB9qAkQw/VdM+qC7UbrYvC7BWlx5mTTKJcssWY+XxcrdrI4cOkYn6AxZ6ApV0D2qoToi6AW9oQ80Ml6Nd+PT+JpGV4zZzBH6A+PnF3G9pdM=</latexit>

• we got undetermined traceless symmetric part of Cab
<latexit sha1_base64="VZqhcY+5qzo1pwb6bXBMZ9cYvlk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMdgLh4jmAcka5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjSuz/z2E9WGKXlvJwkNBR5KFjOCrZNa9YcMR9N+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU18KvB3WWldpPHUYQTOIVzCOAKanALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/gemPEg==</latexit><latexit sha1_base64="VZqhcY+5qzo1pwb6bXBMZ9cYvlk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMdgLh4jmAcka5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjSuz/z2E9WGKXlvJwkNBR5KFjOCrZNa9YcMR9N+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU18KvB3WWldpPHUYQTOIVzCOAKanALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/gemPEg==</latexit><latexit sha1_base64="VZqhcY+5qzo1pwb6bXBMZ9cYvlk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMdgLh4jmAcka5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjSuz/z2E9WGKXlvJwkNBR5KFjOCrZNa9YcMR9N+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU18KvB3WWldpPHUYQTOIVzCOAKanALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/gemPEg==</latexit><latexit sha1_base64="VZqhcY+5qzo1pwb6bXBMZ9cYvlk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMdgLh4jmAcka5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjSuz/z2E9WGKXlvJwkNBR5KFjOCrZNa9YcMR9N+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU18KvB3WWldpPHUYQTOIVzCOAKanALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/gemPEg==</latexit>

• applying derivative on it we get a condition on           
which has as a solution traceless symmetric Cabc

<latexit sha1_base64="DH0SCDX+hPEYw31bkEbL9RIGWTQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx4r2A9oY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHssHM03Qj+hI8pAzaqzUaTxmNGCzQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLcGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/Hcy5AqZEVNLKFPc3krYmCrKjE2oZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDepwB01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPz80j38=</latexit><latexit sha1_base64="DH0SCDX+hPEYw31bkEbL9RIGWTQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx4r2A9oY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHssHM03Qj+hI8pAzaqzUaTxmNGCzQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLcGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/Hcy5AqZEVNLKFPc3krYmCrKjE2oZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDepwB01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPz80j38=</latexit><latexit sha1_base64="DH0SCDX+hPEYw31bkEbL9RIGWTQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx4r2A9oY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHssHM03Qj+hI8pAzaqzUaTxmNGCzQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLcGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/Hcy5AqZEVNLKFPc3krYmCrKjE2oZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDepwB01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPz80j38=</latexit><latexit sha1_base64="DH0SCDX+hPEYw31bkEbL9RIGWTQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx4r2A9oY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHssHM03Qj+hI8pAzaqzUaTxmNGCzQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLcGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/Hcy5AqZEVNLKFPc3krYmCrKjE2oZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDepwB01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPz80j38=</latexit>

dCab
<latexit sha1_base64="HyJVznCwa5K8lamfZsuR8mBhoQ0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz24rGC/YA2ls1m0y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4JxY+Z3nrg2IlEPOEm5H9OhEpFgFK3UCRuPOQ2mg0rVrblzkFXiFaQKBZqDylc/TFgWc4VMUmN6npuin1ONgkk+Lfczw1PKxnTIe5YqGnPj5/Nzp+TcKiGJEm1LIZmrvydyGhsziQPbGVMcmWVvJv7n9TKMbvxcqDRDrthiUZRJggmZ/U5CoTlDObGEMi3srYSNqKYMbUJlG4K3/PIqaV/WPLfm3V9V67dFHCU4hTO4AA+uoQ530IQWMBjDM7zCm5M6L86787FoXXOKmRP4A+fzB0DOj4A=</latexit><latexit sha1_base64="HyJVznCwa5K8lamfZsuR8mBhoQ0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz24rGC/YA2ls1m0y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4JxY+Z3nrg2IlEPOEm5H9OhEpFgFK3UCRuPOQ2mg0rVrblzkFXiFaQKBZqDylc/TFgWc4VMUmN6npuin1ONgkk+Lfczw1PKxnTIe5YqGnPj5/Nzp+TcKiGJEm1LIZmrvydyGhsziQPbGVMcmWVvJv7n9TKMbvxcqDRDrthiUZRJggmZ/U5CoTlDObGEMi3srYSNqKYMbUJlG4K3/PIqaV/WPLfm3V9V67dFHCU4hTO4AA+uoQ530IQWMBjDM7zCm5M6L86787FoXXOKmRP4A+fzB0DOj4A=</latexit><latexit sha1_base64="HyJVznCwa5K8lamfZsuR8mBhoQ0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz24rGC/YA2ls1m0y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4JxY+Z3nrg2IlEPOEm5H9OhEpFgFK3UCRuPOQ2mg0rVrblzkFXiFaQKBZqDylc/TFgWc4VMUmN6npuin1ONgkk+Lfczw1PKxnTIe5YqGnPj5/Nzp+TcKiGJEm1LIZmrvydyGhsziQPbGVMcmWVvJv7n9TKMbvxcqDRDrthiUZRJggmZ/U5CoTlDObGEMi3srYSNqKYMbUJlG4K3/PIqaV/WPLfm3V9V67dFHCU4hTO4AA+uoQ530IQWMBjDM7zCm5M6L86787FoXXOKmRP4A+fzB0DOj4A=</latexit><latexit sha1_base64="HyJVznCwa5K8lamfZsuR8mBhoQ0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz24rGC/YA2ls1m0y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4JxY+Z3nrg2IlEPOEm5H9OhEpFgFK3UCRuPOQ2mg0rVrblzkFXiFaQKBZqDylc/TFgWc4VMUmN6npuin1ONgkk+Lfczw1PKxnTIe5YqGnPj5/Nzp+TcKiGJEm1LIZmrvydyGhsziQPbGVMcmWVvJv7n9TKMbvxcqDRDrthiUZRJggmZ/U5CoTlDObGEMi3srYSNqKYMbUJlG4K3/PIqaV/WPLfm3V9V67dFHCU4hTO4AA+uoQ530IQWMBjDM7zCm5M6L86787FoXXOKmRP4A+fzB0DOj4A=</latexit>

dCa1...an = hbC
a1...anb +

n

3
M2h

(a1
Ca2...an)

<latexit sha1_base64="/6IGt7dO7XcYr6wrprEOGT0d1Uo="></latexit><latexit sha1_base64="/6IGt7dO7XcYr6wrprEOGT0d1Uo="></latexit><latexit sha1_base64="/6IGt7dO7XcYr6wrprEOGT0d1Uo="></latexit><latexit sha1_base64="/6IGt7dO7XcYr6wrprEOGT0d1Uo="></latexit>


