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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
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> Correlations functions
» Decay channels
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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
> Correlations functions
» Decay channels
» Density of states

Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré

The Red Queen offers advice to

Carrollian Archeology Alice, who finds herself running
Jean-Marc Lévy-Leblond intensely, but not actually moving
Université de Nice forward: “Now, here, you see,” says
_notaithuanding the sagacious advice by Lewis the Red Queen, “it takes aII the
Carroll, wha wrote

A s going back ta yesterday, because | was a running you can dO, to keep in the
different parsen then™

same place. If you want to get
somewhere else, you must run at

least twice as fast as that!”
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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
» Correlations functions
» Decay channels
» Density of states
Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré
» Symmetries of null hypersurfaces horizons, flat space asymptotics
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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
> Correlations functions
» Decay channels
» Density of states
Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré
» Symmetries of null hypersurfaces horizons, flat space asymptotics
» Symmetries of tensionless strings

Tensile . : Space-filling
dlosed string String grows longer and fills out s pacetime as tension decreases D-brane

o @ Ly &

tension = _L_ tension = 0

Decreasing string tension
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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
> Correlations functions
» Decay channels
» Density of states
Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré
» Symmetries of null hypersurfaces horizons, flat space asymptotics
» Symmetries of tensionless strings
» Fractons & cosmology

Inflation

Quantum
Fluctuations
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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
> Correlations functions
» Decay channels
» Density of states
Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré
Symmetries of null hypersurfaces norizons, flat space asymptotics
Symmetries of tensionless strings
Fractons & cosmology
Carroll gravity
Idea: theories with local Carroll boost & diff invariance

vvyyvyy

e.g. Carroll Jackiw—Teitelboim model DG, Hartong, Prohazka, Salzer '20;
Gomis, Hidalgo, Salgado-Rebolledo 20

e.g. Carroll black holes Ecker, DG, Hartong, Perez, Prohazka, Troncoso '23
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https://arxiv.org/abs/2308.10947

Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
» Correlations functions
» Decay channels
> Density of states
Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré
Symmetries of null hypersurfaces norizons, flat space asymptotics
Symmetries of tensionless strings
Fractons & cosmology
Carroll gravity
Carroll CFTs and flat space holography
BMSg ~ CCA5 Bagchi, Barnich, Detournay, Fareghbal, DG, Simon, ...'10-'13
BMSD+1 ~ CCAp Duval, Gibbons, Horvathy '14

vVvyvyyVvyy
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Carrollian symmetries

Symmetries ubiquitious in constraining physics
» Kinematics & Dynamics
» Correlations functions
» Decay channels
> Density of states
Carrollian symmetries arise in various contexts
» Formally ¢ — 0 limit of Poincaré
Symmetries of null hypersurfaces norizons, flat space asymptotics
Symmetries of tensionless strings
Fractons & cosmology
Carroll gravity
Carroll CFTs and flat space holography
Carroll QFTS de Boer, Hartong, Obers, Sybesma, Vandoren '23 & refs. therein

vVvyVvyVvyyvyy
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Carrollian symmetries

Symmetries ubiquitious in constraining physics

>
>
>
>

Kinematics & Dynamics
Correlations functions
Decay channels

Density of states

Carrollian symmetries arise in various contexts

| 2

vVvyVvyVvyy

>

Formally ¢ — 0 limit of Poincaré

Symmetries of null hypersurfaces norizons, flat space asymptotics
Symmetries of tensionless strings

Fractons & cosmology

Carroll gravity

Carroll CFTs and flat space holography

Carroll QFTs

Carrollian symmetries key in numerous recent developments
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Landscape of applications of Carrollian physics

Q6P and Heavy ions
collisions

Ultra relativistic fluids

Flat Holography

BH accretion

dises?
Carroll fluids Cosmological phase
transitions?

Holography

Cosmology

Carrollian
Matter theories Black Holes

Condensed

7 Flat bands
Fractons? Tensionless/null strings

Luttinger Liquids Strin g The ory

Carroll strings

slide provided by Arjun Bagchi in Edinburgh 2023

Daniel Grumiller — Carroll swiftons Motivation for Carrollian physics



Outline

Carrollian symmetries

Daniel Grumiller — Carroll swiftons Carrollian symmetries 6/19



Formally: take ¢ — O limit of Poincaré symmetries
Analogous to Galilean limit but with reversed roles of space and time

» Unchanged: translations H = 0;, P; = 0;, rotations J;; = x;0; — x;0;
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Formally: take ¢ — O limit of Poincaré symmetries
Analogous to Galilean limit but with reversed roles of space and time

» Unchanged: translations H = 0;, P; = 0;, rotations J;; = x;0; — x;0;
» Changed: boosts
0
Bi = 02t 81 — Xy 8t c:>> Bl = —I; 8,5
Carrollian boosts shift time but do not affect space:
Carroll boost: ' =t — b - 7 =z
This behavior is opposite to well-known Galilean boosts (limit ¢ — oo):
Galilei boost: t' = ¢ ¥ =T—0t
Therefore, the Carrollian limit is often dubbed “ultra-relativistic”
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Formally: take ¢ — O limit of Poincaré symmetries
Analogous to Galilean limit but with reversed roles of space and time

» Unchanged: translations H = 0;, P; = 0;, rotations J;; = x;0; — x;0;
» Changed: boosts

c—0

Bi = C2t GZ — X at — Bl = —=X; Bt

Carrollian algebra like Poincaré, except for boosts:
| 4 Hamiltonian commutes W|th Carro”ian bOOStS Hamiltonian in center of Carroll algebra

[Bi, H] =0
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Formally: take ¢ — O limit of Poincaré symmetries
Analogous to Galilean limit but with reversed roles of space and time

» Unchanged: translations H = 0;, P; = 0;, rotations J;; = x;0; — x;0;
» Changed: boosts

c—0

Bi = 02t GZ — X 8,5 — Bl = —=X; Bt

Carrollian algebra like Poincaré, except for boosts:
| 4 Hamiltonian commutes W|th Carro”ian bOOStS Hamiltonian in center of Carroll algebra

[B;, H =0
» Carrollian boosts commute with each other no “Thomas precession”

[Bi7 Bj] =0
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Formally: take ¢ — O limit of Poincaré symmetries
Analogous to Galilean limit but with reversed roles of space and time

» Unchanged: translations H = 0;, P; = 0;, rotations J;; = x;0; — x;0;
» Changed: boosts

c—0

Bi = 02t GZ — X 8,5 — Bl = —=X; Bt

Carrollian algebra like Poincaré, except for boosts:
| 4 Hamiltonian commutes W|th Carro”ian bOOStS Hamiltonian in center of Carroll algebra

[B;, H =0
» Carrollian boosts commute with each other no “Thomas precession”
[Bi, Bj] =0
» Spatial translations do not commute with Carrollian boosts Heisenberg
[Bi, Pj] = bij H

boosts and translations generate subalgebra of Carroll algebra
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Formally: take ¢ — O limit of Poincaré symmetries
Analogous to Galilean limit but with reversed roles of space and time

» Unchanged: translations H = 0;, P; = 0;, rotations J;; = x;0; — x;0;
» Changed: boosts

c—0

Bi = 02t 81 — X at — Bl = —=X; 8,5

Carrollian algebra like Poincaré, except for boosts:
| 4 Hamiltonian commutes W|th Carro”ian bOOStS Hamiltonian in center of Carroll algebra

[B;, H =0
» Carrollian boosts commute with each other no “Thomas precession”
[Biv Bj] =0
» Spatial translations do not commute with Carrollian boosts Heisenberg
[Bi, Pj] = 6i; H
» Angular rotations do not commute with Carrollian boosts vector trafo
(B, Jij] = 0xs By
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Carrollian limit of Minkowski metric

> Metric degenerates to spatial metric:

—0

ds® = N dot da” = —? dt2+5ij dztda? B ds? = dij dz* da?
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Carrollian limit of Minkowski metric
> Metric degenerates to spatial metric:
c—0

ds® = N dot da” = —? dt2+5ij dztda? B ds? = dij dz* da?

P Inverse metric degenerates to temporal bi-vector:

1 0 —0 .
2 c
-t = (0 —026’7) = ot with v = §}'
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Carrollian limit of Minkowski metric
> Metric degenerates to spatial metric:
ds® = N dot da” = —? dt2+5ij deidz? = ds? = dij dz* da?
P Inverse metric degenerates to temporal bi-vector:

1 0 —0 .
2 c
-t = (0 —c25ij> = ot with v = §}'

» Carroll spacetimes require specification of Carrol metric h,, with

signature (0,+,+,...,+) and time-like Carroll vector v* with
v
hywv” =0
could envisage generalization to metrics with signature (0,...,0, —, ..., —, +...,4)
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Carrollian limit of Minkowski metric
> Metric degenerates to spatial metric:
ds® = N dot da” = —? dt2+5ij deidz? = ds? = dij dz* da?

P Inverse metric degenerates to temporal bi-vector:

1 0 —0 .
2 c
-t = (0 —c25ij> = ot with v = §}'

» Carroll spacetimes require specification of Carrol metric h,, with
signature (0,+,+,...,+) and time-like Carroll vector v* with

hyyv” =0

» Carroll symmetries preserve this Carroll structure
Lehyy, =0 = Lot

Carroll symmetries generated by vector £/ through Lie derivative

Daniel Grumiller — Carroll swiftons Carrollian symmetries 8/19
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Electric and magnetic free scalar field
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action

1

Lo ~ 5 [ 10007~ 257(016)(0,0)]
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action
1 .
Lo ~ 5 [ 10007~ 257(016)(0,0)]

> vyields electric Carrollian scalar action

1
@~2/@@2
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action
1 .
Lo ~ 5 [ 10007~ 257(016)(0,0)]

> vyields electric Carrollian scalar action
1
I ~ 5 /(8t¢)2

» with ultralocal EOM 92¢ = 0
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action
1 .
Lo ~ 5 [ 10007~ 257(016)(0,0)]

> vyields electric Carrollian scalar action

1
I, ~ 5 /(atd))2

» with ultralocal EOM 9%¢ =0
» Direct ¢ — 0 limit of Hamiltonian KG action yields magnetic Carollian
scalar action

In~ [ [M00-369@0)0,0) ]
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action
1 .
Lo ~ 5 [ 10007~ 257(016)(0,0)]

> vyields electric Carrollian scalar action

1
I, ~ 5 /(atd))2

» with ultralocal EOM 9%¢ =0
» Direct ¢ — 0 limit of Hamiltonian KG action yields magnetic Carollian
scalar action

1 ..
In~ [ [M00-369@0)0,0) ]
» with on-shell constraint ;¢ = 0 and Laplace EOM §%9,0;¢ = 0
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action
1 .
Lo ~ 5 [ 10007~ 257(016)(0,0)]

> vyields electric Carrollian scalar action

1
I, ~ 5 /(8t¢)2

» with ultralocal EOM 9%¢ =0
» Direct ¢ — 0 limit of Hamiltonian KG action yields magnetic Carollian
scalar action

1 ..
In~ [ [M00-369@0)0,0) ]
» with on-shell constraint ;¢ = 0 and Laplace EOM §%9,0;¢ = 0

[ Both cases: no propagation with finite velocity ]
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Two Carroll limits of Klein—Gordon action

» Direct ¢ — 0 limit of Lagrangean KG action
1 .
Lo ~ 5 [ 10007~ 257(016)(0,0)]

> vyields electric Carrollian scalar action

1
I, ~ 5 /(8t¢)2

» with ultralocal EOM 9%¢ =0
» Direct ¢ — 0 limit of Hamiltonian KG action yields magnetic Carollian
scalar action

1 ..
In~ [ [M00-369@0)0,0) ]
» with on-shell constraint ;¢ = 0 and Laplace EOM §%9,0;¢ = 0

Both cases: no propagation with finite velocity
Can we do better?
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Issues with propagation in Carrollian theories

1. lightcone collapses, so only tachyonic modes can propagate
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Issues with propagation in Carrollian theories

1. lightcone collapses, so only tachyonic modes can propagate

2. "inverse metric" h*" not Carroll boost invariant, so cannot raise
tensor indices while maintaining Carroll boost invariance

definition: .
WPV = 5" 5t 5Y
)

not invariant under Carroll boosts
Sy hMY = AFoY £ AV oM
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Issues with propagation in Carrollian theories

1. lightcone collapses, so only tachyonic modes can propagate

2. “inverse metric’ h*" not Carroll boost invariant, so cannot raise
tensor indices while maintaining Carroll boost invariance

[ How to deal with these issue? ]
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Issues with propagation in Carrollian theories

lightcone collapses, so only tachyonic modes can propagate

2. “inverse metric’ h*" not Carroll boost invariant, so cannot raise
tensor indices while maintaining Carroll boost invariance

[ How to deal with these issue? ]

1. accept presence of Carrollian tachyons (= swiftons) but check
boundedness of energy to make sure they are kosher

Daniel Grumiller — Carroll swiftons Electric and magnetic free scalar field 11/19



Issues with propagation in Carrollian theories

lightcone collapses, so only tachyonic modes can propagate

2. “inverse metric’ h*" not Carroll boost invariant, so cannot raise
tensor indices while maintaining Carroll boost invariance

[ How to deal with these issue? ]

1. accept presence of Carrollian tachyons (= swiftons) but check
boundedness of energy to make sure they are kosher

2. work with covectors 0, that are transverse, 0,v* = 0; then their norm
nw _ p2
0,0" =10

is Carroll boost invariant and can be used as interaction term
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Issues with propagation in Carrollian theories

1. lightcone collapses, so only tachyonic modes can propagate

2. “inverse metric’ h*" not Carroll boost invariant, so cannot raise
tensor indices while maintaining Carroll boost invariance

[ How to deal with these issue? ]

1. accept presence of Carrollian tachyons (= swiftons) but check
boundedness of energy to make sure they are kosher

2. work with covectors 0, that are transverse, 0,v* = 0; then their norm
0,0" = 6*

is Carroll boost invariant and can be used as interaction term

works also for tensors 6,,, ., transverse in all indices: 62 is invariant!
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Issues with propagation in Carrollian theories

1. lightcone collapses, so only tachyonic modes can propagate

2. “inverse metric’ h*" not Carroll boost invariant, so cannot raise
tensor indices while maintaining Carroll boost invariance

{ How to deal with these issue? ]

1. accept presence of Carrollian tachyons (= swiftons) but check
boundedness of energy to make sure they are kosher

2. work with covectors 0, that are transverse, 0,v" = 0; then their norm
0,0" = 62

is Carroll boost invariant and can be used as interaction term

Example: 0,,¢ is transverse if v/'0,¢ = ;¢ = $ = 0 = explains on-shell
constraint of magnetic theory!

Daniel Grumiller — Carroll swiftons Electric and magnetic free scalar field 11/19
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Swifton action
Baig, Distler, Karch, Raz, Sun '23; Ecker, DG, Henneaux, Salgado-Rebolledo '24

» Technical key observation:

By, = (au¢1au¢2 - a,u¢281/¢1)

is trivially transversal, v B, =0
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Swifton action
Baig, Distler, Karch, Raz, Sun '23; Ecker, DG, Henneaux, Salgado-Rebolledo '24

» Technical key observation:

By, = (au¢1au¢2 - a,u¢2811¢1)

is trivially transversal, v B, =0
» Suggests derivative interaction term B?
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Swifton action
Baig, Distler, Karch, Raz, Sun '23; Ecker, DG, Henneaux, Salgado-Rebolledo '24

» Technical key observation:
B, =" (au¢1au¢2 - (9#@5281,(251)

is trivially transversal, v B, =0
» Suggests derivative interaction term B?
» Adding this to electric Carroll action for two scalars yields

Hononl = [ |3+ 405

= swifton action (Carroll boost invariant by construction)
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Swifton action
Baig, Distler, Karch, Raz, Sun '23; Ecker, DG, Henneaux, Salgado-Rebolledo '24

» Technical key observation:

By, =" (8u¢1ay¢2 - 6p¢20u¢1)

is trivially transversal, v B, =0
» Suggests derivative interaction term B2
» Adding this to electric Carroll action for two scalars yields

I[p1, 2] :/[;¢%+;(}3%+932

= swifton action (Carroll boost invariant by construction)
> energy density is positive definite

1
H = —HABWAWB

2vh

= energy bounded from below! (differs from tachyons)

1
HAB — §AB L i 5A 5, B
T @ T e T B @~ i) T o ove”)
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Swifton action
Baig, Distler, Karch, Raz, Sun '23; Ecker, DG, Henneaux, Salgado-Rebolledo '24

» Technical key observation:

By, = (au¢1au¢2 - (9#@5281,(251)

is trivially transversal, v B, =0
» Suggests derivative interaction term B?
» Adding this to electric Carroll action for two scalars yields

Hononl = [ |3+ 405

= swifton action (Carroll boost invariant by construction)
> energy density is positive definite

1
H=——H"Bn,np

2vh

= energy bounded from below! (differs from tachyons)
» Poisson bracket {H(z), H(z')} = 0, agrees with general arguments

Bunster, Henneaux '12

Daniel Grumiller — Carroll swiftons Swiftons 13/19



Taylor expanded Swiftons
» Taylor expand scalar fields around non-trivial background
o1 =cp+0(e) ¢o =t + O(c?)
Note: O(1) is exact solution of EOM

$1 = g0, (W'Y By d2) — g8: (h"Y BL 0, ¢2)

G2 = g0y (h*V B,y ¢1) — g0, (h*Y B 1)
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Taylor expanded Swiftons
» Taylor expand scalar fields around non-trivial background
o1=cp+0(e) 2 =1+ O(e?)

P action quadratic in fluctuations

2

electric

1 )
I[¢] 262/[ —¢® +ghH 6%08”«/9]
& —_——

magnetic

has Klein-Gordon wave operator for negative values of g
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Taylor expanded Swiftons
» Taylor expand scalar fields around non-trivial background
o1=cp+0(e) ¢2 =t +0()
P action quadratic in fluctuations

2

electric

1 )
I[¢] 262/[ —¢® +ghH 6%08”«/9]
& —_——

magnetic

has Klein-Gordon wave operator for negative values of g

» propagation velocity depends on size of coupling constant =
emergent effective speed of light
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Taylor expanded Swiftons
» Taylor expand scalar fields around non-trivial background
o1=cp+0(e) 2 =1+ O(e?)

P action quadratic in fluctuations

1 )
I[¢] 262/[ 5«/92 +g ¥ 6%08”«/9]
& —_——

. magnetic
electric €

has Klein-Gordon wave operator for negative values of g

» propagation velocity depends on size of coupling constant =
emergent effective speed of light

» Swifton theory Carroll boost invariant

» Quadratic fluctuations around non-trivial background propagate

Daniel Grumiller — Carroll swiftons Swiftons

14/19
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Generalizations and outlook
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Generalizations without gravity

» bi-scalar swiftons = multi-scalar swiftons

N .
I[ps] = / [Zﬁb? +9B* - V(i)
i=1
with
Bo.yy =0"Buiuy By .un = (8[m¢1) (8uN]¢N)
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Generalizations without gravity

» bi-scalar swiftons = multi-scalar swiftons

> electromagnetic model; technical key observation (F' = dA)
Curn = V' F],,, F)y) is transversal

= (C? Carroll boost invariant interaction term
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Generalizations without gravity

» bi-scalar swiftons = multi-scalar swiftons

> electromagnetic model; technical key observation (F' = dA)

Curn i= V" F,,, F)y is transversal

= (C? Carroll boost invariant interaction term

P electromagnetic swifton action
1
I[A,] = / b(quw/)z +902}

leads again to non-negative energy density

provided g > —1/B2 with B2 ~ hHYhACF, \ Fy
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Generalizations without gravity
> bi-scalar swiftons = multi-scalar swiftons
> electromagnetic model; technical key observation (F' = dA)
Cure = V! F],,, F)y) is transversal

= (C? Carroll boost invariant interaction term
> electromagnetic swifton action

1 2 2
14 = [ [ B2 +9¢7]
leads again to non-negative energy density
> propagation of fluctuations above constant electric background
Fyj = 67 E + e&; + O(%) Fij = eBij + O(€%)
yields dispersion relation
w? = cfﬂ(kj +k2)
for fluctuations, with effective speed of light

Cgﬁ' =g E?
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Generalizations without gravity

v

bi-scalar swiftons = multi-scalar swiftons

> electromagnetic model; technical key observation (F' = dA)
Curn i= V" F,,, F)y is transversal

= (C? Carroll boost invariant interaction term

P electromagnetic swifton action

1A, = / E(U“Fw/)z +902}

leads again to non-negative energy density

P> propagation of fluctuations above constant electric background vyields
again swiftonic propagating modes with finite propagation speed

» can combine complex scalar swifton and couple to electromagnetic

swiftons; as expected, U(1) symmetry local by minimal substitution
Oy — 0y — 1A,
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Generalization with gravity | — swiftons on Carroll backgrounds

» focus on generic Carroll dilaton gravity in 2d

Icpa :/[de+XH(dT+w/\e) + Xpde+ 7 AeV(X, Xu)
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Generalization with gravity | — swiftons on Carroll backgrounds
» focus on generic Carroll dilaton gravity in 2d
Icpg = / [de+XH(dT+w/\e) + Xpde+7AeV(X, Xu)

» technical key observation: Stiickelberg-like trafo

under local Carroll boosts
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Generalization with gravity | — swiftons on Carroll backgrounds
» focus on generic Carroll dilaton gravity in 2d
Icpg = / [de+XH(dT+w/\e) + Xpde+7AeV(X, Xu)
> technical key observation: Stiickelberg-like trafo

under local Carroll boosts
» define Carroll boost invariant spatial derivative

. X,
0:=elo, + X, 0,

5,0 =0

Note: singular locus Xy = 0 is Carroll extremal surface for Carroll black hole solutions
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Generalization with gravity | — swiftons on Carroll backgrounds
» focus on generic Carroll dilaton gravity in 2d
Icpg = / [de+XH(dT+w/\e) + Xpde+7AeV(X, Xu)
> technical key observation: Stiickelberg-like trafo

under local Carroll boosts
» define Carroll boost invariant spatial derivative

~ Xp
0:=e'o, + — "0
H XH I
» Carroll boost invariant single scalar swifton action

1ol = [ [5*+5 @0) 1 o0]

yields propagating modes for negative g
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Generalization with gravity | — swiftons on Carroll backgrounds
» focus on generic Carroll dilaton gravity in 2d
Icpg = / [de+XH(dT+w/\e) + Xpde+7AeV(X, Xu)
» technical key observation: Stiickelberg-like trafo
» define Carroll boost invariant spatial derivative
. X,
0:=e'o, + X, vh0,
» Carroll boost invariant single scalar swifton action
1. g a2
16 = [ [56*+ 5 (00)"

» example: scalar swifton on Carroll-Schwarzschild background

2gm 2m
02 + g 02U = g—g(l - —)\If
T T
. = r ¢, Regge—Wheeler coordinate 7, := r + 2m ln(ﬁ —1)
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Generalization with gravity |l
Dynamical torsion from swifton backreaction
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> torsion equations have scalar field (!) as source

e : g ;a
intrinsic torsion: de=——=-9¢0¢pT Ae
X
. gXp ;A
torsion: dr +wAhe= pOdT Ne
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Generalization with gravity |l
Dynamical torsion from swifton backreaction

» Couple single scalar swifton action to Carroll dilaton gravity
» non-linear EOM couple to each other

> torsion equations have scalar field (!) as source

intrinsic torsion: de = —L d)éqﬁ TAE
Xu
X . .
torsion: dT—I—w/\e:gXqu@ng/\e
H

» Qualitative new features as compared to Lorentzian theories

» To be explored!
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>

» aim: find interacting Carroll invariant QFTs with propagation

» Swiftons = Caroll tachyons but with energy bounded from below
>

constructed Carroll boost invariant scalar, vector, tensor models
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