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Outline of the Talk

e The model and Lifshitz Asymptotics.

e The sources and their transformations.

e Boundary geometry: torsional Newton-Cartan geometry:
e (Gauging the Schroedinger algebra.

e Variation of the on-shell action: the vevs.

e Ward identities.

e Conclusions.



Lifshitz Asymptotics
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e Asymptotics and gauge choice for general z obtained from
gener alization of z=2 results [Christensen, JH, Obers, Rollier, 2013]:
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* R(g) and @(0) determined by the equations of motion.

e Bulk local Lorentz transformations induce boundary local
Galilean transformations.



Boundary Gauge Field
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e The dilatation weight of 4. is fixed by Galilean boost
invariance of the bulk metric.

* In order that the boundary gauge field transforms as a
gauge connection we need that the residual gauge
transformations have a parameter: A = r*"?Ag) +. ..

 In order that the Stueckelberg field is also a boundary

Stueckelberg field (dx ) = Aw)) we need: x =r*"*x@) + ...

e The gauge choice which leads to these residual gauge
transformations is the one given for A, .



L.ocal Transformations Sources
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e The local tangent space transformations are the same for
all z>1. The dilatation weights follow from the leading
order r dependence.

e We did not write the diffeomorphisms.



Invariants

* Inverse vielbeins vfy,,ef; :
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e Invariants (boosts, rotations and gauge trafos) and with
well-defined dilatation weight: 7o), together with
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e where B(g)a = A0)a — JaX(0)

e T(0)aand Ty, are degenerate temporal and spatial metrics.
[nvariant density: e = det (T(0)a) €(g)a)



T(orsionaDNC Geometry

o I'jas 1S a gauge, boost and rotation invariant torsional
connection given by
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e This connection is metric compatible: V%’(;)GT(O)b =50
Voully = 0.
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(Gauging the Schroedinger Algebra I

e The transformations of the sources can be written as local

Schroedinger transformations:
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e where m(0)a = 4(0)a — (2 — 2)X(0)b(0)a and the Schr algebra is:
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(Gauging the Schroedinger Algebra I1

e Local translations are equivalent to difteomorphisms up
to local Sch symmetries by setting certain components of
the Yang-Mills curvature F)e expanded in the
Schroedinger Lie algebra equal to zero.

* Solving these curvature constraints turns some of the
gauge connections such as the ones for boosts and
rotations “oya — W) into dependent gauge fields in
agreement with the expressions that follow from the

NC vielbein postulates:
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e The connection is related to the TNC connection I'{gas

by replacing ordinary derivatives in I',; by dilatation
covariant ones.



Definition of the Vevs

e We assume a counterterm action exists that makes the
variational problem well defined, that respects all the
local symmetries of the bulk theory and that it is local up
to an anomaly term which is assumed to be a local
expression proportional to log r.

e This is sufficient to define the vevs, derive their

transformations under the Schroedinger group and write
down the Ward identities.

o FOHOWing [Ross, Saremi, 2009], {Ross, 2011] we use the HIM
boundary stress tensor {Hollands, Ishibashi, Marolf, 2005}.
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Variation of the On-Shell Action
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Ward Identities
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e (Gauge, rotation and boost invariant vevs with well-
defined scaling weight:
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e The diffeo Ward identity involves torsion terms and force
terms. ®()is the Newton potential.



Conclusions

e We have defined all the sources for asymptotically locally
Lifshitz space-times. An important role is played by the
boundary gauge field (containing the Newton potential)
which sources the mass current.

* The sources transform under the Schroedinger algebra
which is induced by bulk diffeomorphisms, gauge

transformations and local L.orentz transformations.

e The boundary geometry is torsional Newton-Cartan and

can be obtained by gauging the Schroedinger algebra.
® The on-shell action is Schroedinger invariant.

e Not in this talk: special conformal trafos, Killing
symmetries, conserved currents and Lifshitz vacuum.



