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Terminology:

Ann. Inst. Henri Epincaré, Section A :
Vol. III, n® 1,§1965,%p. 1-12. Physigue théorigue.

\J

Une nouvelle limite non-relativiste

du groupe de Poincaré

par

| _Iean-Matc LEVY-LEBLONDI
(Laboralorre de Physigue 1heorique, Orsay).

ABSTRACT. — It is shown that, for the Galilean approximation to the Poin-
caré group to be valid, not only do we have to consider pure Lorentz trans-
formation with low velocities, but also great time-like intervals. Under

tha namn nanditiane tha fenmcfavmaatinn asnmantian Af asand nsnan Lilra fabae
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Terminology:

6 JEAN-MARC LEVY-LEBLOND

P, le générateur des translations de temps. Il est instructif de comparer les
algébres de Lie du groupe de Carroll et des groupes de Poincaré et Galilée.
On a respectivement :

[0: Il = izt (i Ll =i=de (0 3= iegjrdy A
[T, Kj]l=i=puKe [Ji, Kj] =ieunKy [T, Kj]=ienKa
K, Kj]=0 [Ki, Kj] = — feid [K:, Kj1=0
[J Pil= ieuPy [Ji, Pj] = iePy i, Pjl= ie;Pr
[Ki, Pii=0 [Ki, P;j]l=1i38;P, [K;i, Pjl=i8;P,
[Ji, Pd=0 i Pl=0 [Ji PJJ=0
[Ki, Po] = iP; [K;, Po] =iP; [Ki, Po]=0
[Pi, P]=0 [P, Pl=0 [P, P;]=0
[Pi: Po] =0 [Pi, Po] =0 [Pis Po] =0
1 | . v
|Galiée| [Poincare | | [Caroll] |

On voit clairement sur ces expressions que substituant :
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Galilean limit Carrollian limit

c—>o:/ \—)0

Relativistic
- .
Lightcone opens up Lightcone closes down
1 e . v .. v
Galilei limit: — -0 <= c¢— Carroll limit: — 200 <= ¢—0
c c
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Motivation

Flat space holography:
Conformal Carroll field theory might be dual to quantum gravity in
asymptotically flat spacetime [S. Pasterski (2021), L. Donnay (2023), ...]
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Motivation

Flat space holography:
Conformal Carroll field theory might be dual to quantum gravity in
asymptotically flat spacetime [S. Pasterski (2021), L. Donnay (2023), ...]

Cosmology and dark energy:
Carroll symmetry might be relevant for de Sitter cosmology and inflation [J. de
Boer, J. Hartong (2022), ...]
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Motivation

Flat space holography:
Conformal Carroll field theory might be dual to quantum gravity in
asymptotically flat spacetime [S. Pasterski (2021), L. Donnay (2023), ...]

Cosmology and dark energy:
Carroll symmetry might be relevant for de Sitter cosmology and inflation [J. de
Boer, J. Hartong (2022), ...]

Carroll gravity:
M. Henneaux (1979), N. A. Obers (2022), D. Grumiller (2023), ...
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Motivation

Flat space holography:
Conformal Carroll field theory might be dual to quantum gravity in
asymptotically flat spacetime [S. Pasterski (2021), L. Donnay (2023), ...]

Cosmology and dark energy:
Carroll symmetry might be relevant for de Sitter cosmology and inflation [J. de
Boer, J. Hartong (2022), ...]

Carroll gravity:
M. Henneaux (1979), N. A. Obers (2022), D. Grumiller (2023), ...

String theory:
Carroll symmetries arise in the tensionless limit of string theory [A. Bagchi (2016),

]
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Motivation

Flat space holography:
Conformal Carroll field theory might be dual to quantum gravity in
asymptotically flat spacetime [S. Pasterski (2021), L. Donnay (2023), ...]

Cosmology and dark energy:
Carroll symmetry might be relevant for de Sitter cosmology and inflation [J. de
Boer, J. Hartong (2022), ...]

Carroll gravity:
M. Henneaux (1979), N. A. Obers (2022), D. Grumiller (2023), ...

String theory:
Carroll symmetries arise in the tensionless limit of string theory [A. Bagchi (2016),

]

Carroll symmetry in hydrodynamics:
L. Ciambelli, C. Marteau (2018), ...
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Carroll Algebra

Carroll Algebra

Recall the Poincaré algebra
[PH ) PV] =0
[Juv s Ppl = Mup Po — Mup P

[Juv s Jpo | = Npp Jvo = Mo Jvp = Mvp Juo + Mue Jup
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Carroll Algebra

Carroll Algebra

Recall the Poincaré algebra
[Pu ) PV] =0
[Juw PP] =Nup Pv — Mvp Py
[Juvs Joo | = Mup Jve = o Jup = T Juo + Mvo Jup

in which
Py Hamiltonian
P, =0, Translation generators
P; Momentum
Jio Boosts
Juw ' =xu 0y — Ty Oy Lorentz generators

Ji; Rotations

are ten Poincaré generators in 4d spacetime.
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Carroll Algebra

Carroll Algebra

Poincare generators, Py, P;, Jio, Jij, including ¢ (i.e. 2* = (ct,z")) become:

1 1
Py = E O P, = 0; Jio = x; E O +cto; Jij = :mﬁj — [L‘jai
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Carroll Algebra

Carroll Algebra

Poincare generators, Py, P;, Jio, Jij, including ¢ (i.e. 2* = (ct,z")) become:

1 1
Py = E O P, = 0; Jio = x; E O +cto; Jij = Iiaj — !Ejai

Rescaling the generators, one gets

cPy - H=0 cJio — Bi:a‘:iat—FCQtai
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11 Algebra

Cdl rroll Algebra

Poincare generators, Po, P;, Jio, Jij, including ¢ (i.e. z* = (ct,z )) become:

1 1
Py = E O P, = 0; Jio = x; E O +cto; Jij = Iiaj — !Ejai

Rescaling the generators, one gets
cPy - H=0 cJio — Bi:a‘:iat—FCQtai

Taking the Carroll limit ¢ — 0, one obtains the Carroll generators:

H = 8t Pi = 81 Bi =XT; az Jij = xﬁj - xj&-
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Carroll Algebra
Carroll Algebra

Poincare generators, Py, P;, Jio, Jij, including ¢ (i.e. 2* = (ct,z")) become:

1 1
Py = E O P, = 0; Jio = x; E O +cto; Jij = Iiaj — !Ejai

Rescaling the generators, one gets
cPy - H=0 cJio — Bi:a‘:iat—FCQtai

Taking the Carroll limit ¢ — 0, one obtains the Carroll generators:

‘H:@t Pi 201' Bi =XT; az Jij :xiaj —xj&-

satisfying the Carroll algebra:

[P, Bj] = 6i; H
[Jij, Px) = 0 Pj — 051 P
[Jij, Br] = 0ix Bj — 01 B

]
]
]
[Jijs Jra] = diwJji — dxJut + 0j0dir, — OurJju
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Carroll Particles
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Carroll Particles

Carroll Parti

Consider a free relativistic particle with energy F, mass m and momentum p'

pP=ym?v E=~vymd E* =52 + m?c
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Carroll Particles

Carroll Parti

Consider a free relativistic particle with energy F, mass m and momentum p'

pP=ym?v E=~vymd E* =52 + m?c

where
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Carroll Particles

Carroll Particles

Consider a free relativistic particle with energy F, mass m and momentum p'

pP=ym?v E=~vymd E* =52 + m?c

where

is not well-defined in the Carroll limit ¢ — 0.
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Carroll Particles

Carroll Particles

Consider a free relativistic particle with energy F, mass m and momentum p'
pP=ym?v E=~vymd E* =52 + m?c
where

1 c—0
—

=0 — ~=1 - p=0 E = md? electric Carroll particles
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Carroll Particles

Carroll Particles

Consider a free relativistic particle with energy F, mass m and momentum p:

pP=ym?v E=~vymd E* =52 + m?c
where
y = 1 c—0 ?
1-% '

0 E = md? electric Carroll particles

2 2 5 = ic/v — pP=mcd E=0 magnetic Carroll particles
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Carroll Particles

Carroll Particles

Consider a free relativistic particle with energy F, mass m and momentum p'
pP=ym?v E=~vymd E* =52 + m?c
where

1 c—0
— 7

electric Carroll particles

> 5 4= ic/v — pP=mcd E=0 magnetic Carroll particles

Jan de Boer et al. [arxiv:2110.02319]
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Carroll Scalar

Carroll Scalar Field Theories (s = 0)
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Carroll Alg ra 0ll Particles Carroll Scalar

There are 4 methods in the literature:

e Lagrange multiplier method v/

e Hamiltonian method v/
e Field expansion method v

e Seed Lagrangian method
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

1
£:*§ uqﬁa“(ﬁ
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

1
£:*§ uqﬁa“(ﬁ

including the speed of light ¢

L= (am) (919)

N | =
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

L= 0u00" s

including the speed of light ¢

= 55 (00) = 2 (0i0)°

by rescaling the field ¢ — c ¢, one has

L

L= @)~ 5 ¢ (Do)
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

L= 0u00" s

including the speed of light ¢

= 55 (00) = 2 (0i0)°

by rescaling the field ¢ — c ¢, one has

L

L= @)~ 5 ¢ (Do)

Taking the Carroll limit ¢ — 0,

Mojtaba Najafizadeh (FUM & IPM) Carroll Fermions & SUSY Wednesday Weekly Seminars (IPM)



Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

L= 0u00" s

including the speed of light ¢

= 55 (00) = 2 (0i0)°

by rescaling the field ¢ — c ¢, one has

L

L= @)~ 5 ¢ (Do)

Taking the Carroll limit ¢ — 0, one obtains

Electric Carroll scalar field: | L. = % (8t¢)2
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

L= 0u00" s

including the speed of light ¢

R U D
= 55 (09)° = 5 (3:9)

by rescaling the field ¢ — c ¢, one has

L

L= @)~ 5 ¢ (Do)

Taking the Carroll limit ¢ — 0, one obtains

Electric Carroll scalar field: | L. = % (8t¢)2

e mass term can be added
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider the Lagrangian of a relativistic massless scalar field

L= 0u00" s

including the speed of light ¢

R U D
= 55 (09)° = 5 (3:9)

by rescaling the field ¢ — c ¢, one has

L

L= @)~ 5 ¢ (Do)

Taking the Carroll limit ¢ — 0, one obtains

Electric Carroll scalar field: | L. = % (8t¢)2

e mass term can be added

J. de Boer (2022), E. A. Bergshoef (2022)
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field

L=-10:60"0
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field

1
L=— 5 MoXo a0
including the speed of light ¢

L= (997 % (0:6)? (1)

2¢2
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field

1
LZ_E M(b@“qb

including the speed of light ¢

L ae?— Laaer
L= 5y (06 — 5 (0:0) M)
This Lagrangian has also an alternative by adding a Lagrange multiplier x:
1 1
L'==5 X +x00 - 3 (0i9)° —Ex+0p=0 2)
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field
1 o
L=-— 5 u¢ "¢

including the speed of light ¢

L ae?— Laaer
L= 5y (06 — 5 (0:0) M)
This Lagrangian has also an alternative by adding a Lagrange multiplier x:
1 1
L'==5 X +x00 - 3 (0i9)° —Ex+0p=0 2)

Taking the Carroll limit ¢ — 0,
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field
1 o
L=-— 5 u¢ "¢

including the speed of light ¢

L ae?— Laaer
L= 5y (06 — 5 (0:0) M)
This Lagrangian has also an alternative by adding a Lagrange multiplier x:
1 1
L'==5 X +x00 - 3 (0i9)° —Ex+0p=0 2)

Taking the Carroll limit ¢ — 0, one obtains

Magnetic Carroll scalar field: | L, = x 0t — % (Di)?
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field
1 o
L=-— 5 u¢ "¢

including the speed of light ¢

L ae?— Laaer
L= 5y (06 — 5 (0:0) M)
This Lagrangian has also an alternative by adding a Lagrange multiplier x:
1 1
L'==5 X +x00 - 3 (0i9)° —Ex+0p=0 2)

Taking the Carroll limit ¢ — 0, one obtains

Magnetic Carroll scalar field: | L, = x 0t — % (Di)?

e mass term can be added as a tachyon
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Carroll Scalar

Carroll Scalar Field Theories

Let us consider again the Lagrangian of a relativistic massless scalar field
1 o
L=-— 5 u¢ "¢

including the speed of light ¢

L ae?— Laaer
L= 5y (06 — 5 (0:0) M)
This Lagrangian has also an alternative by adding a Lagrange multiplier x:
1 1
L'==5 X +x00 - 3 (0i9)° —Ex+0p=0 2)

Taking the Carroll limit ¢ — 0, one obtains

Magnetic Carroll scalar field: | L, = x 0t — % (Di)?

e mass term can be added as a tachyon

J. de Boer (2022), E. A. Bergshoef (2022)
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Carroll Scalar

Carroll Scalar Field Theories

Hamiltonian method: Let us consider a massless scalar field Lagrangian in which
the canonical momentum conjugate to the field reads
oL 1. :
=—==9¢, =0
o= or =t =0
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Carroll Scalar

Carroll Scalar Field Theories

Hamiltonian method: Let us consider a massless scalar field Lagrangian in which
the canonical momentum conjugate to the field reads

== gt 600

and then the Hamiltonian density becomes

mradm =3[P+ 0]
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Carroll Scalar

Carroll Scalar Field Theories

Hamiltonian method: Let us consider a massless scalar field Lagrangian in which
the canonical momentum conjugate to the field reads

oL 1. ;
o= or =@t $=00
and then the Hamiltonian density becomes
; 1
H=mod—L =3 | (ms) +(0:9) ]

Accordingly, the Hamiltonian action becomes

S[q5,7r¢]:/dtd3x{7r¢q.5—7{}:/dtdsx{m,q.ﬁ— %CQ(W(;,)Q - %(aiqf?)Q}
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Carroll Scalar

Carroll Scalar Field Theories

Hamiltonian method: Let us consider a massless scalar field Lagrangian in which
the canonical momentum conjugate to the field reads

oL 1. ;
o= or =@t $=00
and then the Hamiltonian density becomes
; 1
H=mod—L =3 | (ms) +(0:9) ]

Accordingly, the Hamiltonian action becomes

S[q5,7r¢]:/dtd3x{7r¢q.5—7{}:/dtdsx{m,q.ﬁ— %CQ(W(;,)Q - %(aiqf?)Q}

magnetic: ¢ — 0 Sm = / dtd’x {ch ¢ — % (9i0)? }
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Carroll Scalar

Carroll Scalar Field Theories

Hamiltonian method: Let us consider a massless scalar field Lagrangian in which
the canonical momentum conjugate to the field reads

oL 1. ;
o= or =@t $=00
and then the Hamiltonian density becomes
; 1
H=mod—L =3 | (ms) +(0:9) ]

Accordingly, the Hamiltonian action becomes

S[q5,7r¢]:/dtd3x{7r¢q.5—7{}:/dtdsx{m,q.ﬁ— %CQ(W(;,)Q - %(aiqf?)Q}

magnetic: ¢ — 0 Sm = / dtd’x {ch ¢ — % (9i0)? }

o1
electric: ¢ = cp,m — imc—0 |Se= / dtd’z {7r¢ ¢ — 3 (m4)° }
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Carroll Scalar

Carroll Scalar Field Theories

Hamiltonian method: Let us consider a massless scalar field Lagrangian in which
the canonical momentum conjugate to the field reads

oL 1. ;
o= or =@t $=00
and then the Hamiltonian density becomes
; 1
H=mod—L =3 | (ms) +(0:9) ]

Accordingly, the Hamiltonian action becomes

S[q5,7r¢]:/dtd3x{7r¢q.5—7{}:/dtdsx{m,q.ﬁ— %CQ(W(;,)Q - %(aiqf?)Q}

magnetic: ¢ — 0 Sm = / dtd’x {ch ¢ — % (9i0)? }

o1
electric: ¢ = cp,m — imc—0 |Se= / dtd’z {7r¢ ¢ — 3 (m4)° }

M. Henneaux (2021)
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Carroll Scalar

Carroll Scalar Field Theories

e Under a Lorentz boost transformation, the scalar field @ transforms as
. 0i 0 i iq0 i 1
60 =i " @ = pi (20" —2'd") @ = (ct,B 9+ =B xi&)é
c

with 3% being the Lorentz boost parameter, and the Lagrangian transforms into a total
derivative.
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Carroll Scalar

Carroll Scalar Field Theories

e Under a Lorentz boost transformation, the scalar field @ transforms as
. 0i 0 i iq0 i 1
60 =i " @ = pi (20" —2'd") @ = (ct,B 9+ =B xiat)é
c

with 3% being the Lorentz boost parameter, and the Lagrangian transforms into a total
derivative.

Carroll boost transformations:

o In the Lorentz boost trans., by defining 8* = cb, with b* being the Carroll boost
parameter, and then taking the limit ¢ — 0, one gets
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Carroll Scalar

Carroll Scalar Field Theories

e Under a Lorentz boost transformation, the scalar field @ transforms as
. 0i 0 i iq0 i 1
60 =i " @ = pi (20" —2'd") @ = (ct,B 9+ =B xiat)é
c

with 3% being the Lorentz boost parameter, and the Lagrangian transforms into a total
derivative.

Carroll boost transformations:

o In the Lorentz boost trans., by defining 8* = cb, with b* being the Carroll boost
parameter, and then taking the limit ¢ — 0, one gets

¢ = bia; ¢

Carroll boost trans. :

5X = bleatx+b’81¢
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Carroll Fermion

Carroll Fermion Field Theories (s = %)
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Carroll Fermion

Carroll Fermion Field Theories

Let us consider the Lagrangian density of a massless Dirac field including ¢

Ez—@(’y”@M)W:—@(1708t+’yi8i)!7

C
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Carroll Fermion

Carroll Fermion Field Theories

Let us consider the Lagrangian density of a massless Dirac field including ¢
_ _ /1 )
L=—T("9,)¥ = —lp(gqoat +¢ai) w
We then perform an expansion around ¢ = 0 in the Dirac field

¥ = Cﬁ(’l/J +ecn+ (9(02))

for some /3,
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Carroll Fermion

Carroll Fermion Field Theories

Let us consider the Lagrangian density of a massless Dirac field including ¢

_ _ /1 )
L=—T("9,)¥ = —lp(gqoat +¢ai) w
We then perform an expansion around ¢ = 0 in the Dirac field
U= Cﬁ(’l/J +en+ (9(02))

for some S, and introduce L. and L,, through the Lagrangian density

L=t (.ce teLm+ O(CQ))
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Carroll Fermion

Carroll Fermion Field Theories

Let us consider the Lagrangian density of a massless Dirac field including ¢
L=—0(9,)¥ = —Jz(%qoat +¢'ai) w
We then perform an expansion around ¢ = 0 in the Dirac field
U= Cﬁ(’l/J +en+ (9(02))
for some S, and introduce L. and L,, through the Lagrangian density

L=t (./:e teLm+ O(CQ))

By substituting the field expansion into the Lagrangian and comparing with the latter
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Carroll Fermion Field Theories

Let us consider the Lagrangian density of a massless Dirac field including ¢

L=—U(0,)W¥ = —lf/(%qoat +wiai) w
We then perform an expansion around ¢ = 0 in the Dirac field
U= Cﬁ(’l/J +en+ (9(02))
for some S, and introduce L. and L,, through the Lagrangian density

L=t (./:e teLm+ O(CQ))

By substituting the field expansion into the Lagrangian and comparing with the latter

electric Carroll Dirac: L. = — 978, ¥

magnetic Carroll Dirac: £, = — (’LZ’yi(‘)ﬂ/) + 7170 + P4 0, 77)

[K. Koutrolikos, M.N., PRD (2023)]
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Carroll Fermion Field Theories

Carroll Fermion

These Lagrangians are invariant under the following Carroll boost transformations:

Carroll boost trans. :

o9

on

= bil'i 8t ’l/)

= baiden + 3977 iy

e Carroll fermions can be of Dirac, Majorana, or Weyl spinors
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Supersymmetry

On Supersymmetry (SUSY)

e To supersymmetrize a theory, given by a sum of bosonic and fermionic actions

SSUSY = Sb[Qﬂ + SE[A} + Sf[w]

Mojtaba Najafizadeh (FUM & IPM) Carroll Fermions & SUSY Wednesday Weekly Seminars (IPM)



Supersymmetry

On Supersymmetry (SUSY)

e To supersymmetrize a theory, given by a sum of bosonic and fermionic actions

SSUSY = Sb[Qﬂ + SE[A} + Sf[w]

8¢ = e(- )
59

one should find “ SUSY transformations”: { such that

Il
-
N
<

[a)
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Supersymmetry

On Supersymmetry (SUSY)

e To supersymmetrize a theory, given by a sum of bosonic and fermionic actions

SSUSY = Sb[Qﬂ + SE[A} + Sf[w]

) 5¢ = € ( .. ) w
one should find “ SUSY transformations”: such that
6p = (---)ge

1) leave invariant the “ SUSY action”, i.e. §S5,4y =0

2) satisfy the “ SUSY algebra”, i.e. [01, d2] = 2 (€27" €1) Ou

e In the Carroll supersymmetry, the SUSY algebra reads

Carroll SUSY algebra: |[d1, d2] = 2 (€2 ’yo €1) O
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Super-Carroll

Super-electric Carroll theory

We introduce the super-electric Carroll action by [K.K, M.N., PRD (2023)]:

S:ESY = % /dtd3${(8t¢R)2 + (0e¢1)? + Fr® + Fi* — 940 QZJ}
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Super-Carroll

Super-electric Carroll theory

We introduce the super-electric Carroll action by [K.K, M.N., PRD (2023)]:

SUSY 1

s =1 /dtd3x{(8t¢3)2 +(@0)* + Fi + i~ §7°0,0)

and find that the action is invariant under the Super-electric Carroll transformations

dpr = €V
Spr =€in’ 1)
0Fr=—e"" Ot
F = —eiv’7° 0s
59 =0 (pr +i7" ¢1) e — (Fr+i7° Fr)e
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Super-Carroll

Super-electric Carroll theory

We introduce the super-electric Carroll action by [K.K, M.N., PRD (2023)]:

SUSY 1

s =1 /dtd3x{(8t¢3)2 +(@0)* + Fi + i~ §7°0,0)

and find that the action is invariant under the Super-electric Carroll transformations

dpr = €Y
Spr =€in’ 1)
0Fr=—e"" Ot
oFr = —Ei’y5’703t1/1
6 =70 (br+ i~y dr)e — (Fr+i~° Fi)e

We show that these transformations close off-shell for every field

[d1, 02] 22(527061)815
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Super-Carroll

Super-magnetic Carroll theory

We introduce the super-magnetic Carroll action by [K.K, M.N., PRD (2023)]:

SUSY

1- 1-
Smc :/dtd3m{X13t¢R + x20:¢1r + FRGr + F1Gr + 5)\’)’01/1 - 5¢’YO>\}
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Super-Carroll

Super-magnetic Carroll theory

We introduce the super-magnetic Carroll action by [K.K, M.N., PRD (2023)]:

SUSY

1- 1-
Smc :/dtd3m{X13t¢R + x20:¢1r + FRGr + F1Gr + 5)\’)’01/1 - 5¢’YO>\}

and find that the action is invariant under the Super-electric Carroll transformations

O9r =E¥ 661 =i v
Ox1 = €A Sxa = €i7° A
0FRr=—&7" 01 SFy = €ir°7° i
6Gr=—&y" )\ 6Gr =iy’ A
0t =~°0 (pr +iv° d1) e — (Fr+i~° Fr)e
A =7"9 (x1 +i7° x2) e — 9 (Gr+1i7° Gr)e
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Super-Carroll

Super-magnetic Carroll theory

We introduce the super-magnetic Carroll action by [K.K, M.N., PRD (2023)]:

SUSY

1- 1-
Smc :/dtd3m{X13t¢R + x20:¢1r + FRGr + F1Gr + 5)\’)’01/1 - 5¢’YO>\}

and find that the action is invariant under the Super-electric Carroll transformations

O9r =E¥ 661 =i v
Ox1 = €A Sxa = €i7° A
0FRr=—&7" 01 SFy = €ir°7° i
6Gr=—&y" )\ 6Gr =iy’ A
0t =~°0 (pr +iv° d1) e — (Fr+i~° Fr)e
A =7"9 (x1 +i7° x2) e — 9 (Gr+1i7° Gr)e

again these transformations close off-shell for every field

[(51,(52] 22(52’}/061)815
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Super-Carroll

We also derived

Galilei fermions

and generalized them to

Supersymmetry

[K. Koutrolikos, M.Najafizadeh, PRD (2023)]
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Conclus

Summary and open questions

e In summary:

e Carrollian physics can be obtained from a relativistic theory by taking a limit

e It has usually two sectors, electric and magnetic
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Conclus

Summary and open questions

e In summary:

e Carrollian physics can be obtained from a relativistic theory by taking a limit

e It has usually two sectors, electric and magnetic

e Open questions:

e vector supermultiplet (1 , %)

e Carrollian higher spin field theories

Conformal Carroll algebras

Carroll/Fracton correspondence

Carroll particle/gravity

Thank you for your attention!
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