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advancement in high-energy and condensed matter physics [anmadi-Jahmani and Parvizi, 2025]

® Strong interactions among microscopic particles frequently lead to the emergence of
quasiparticle excitations that exhibit properties markedly distinct from those of any
established fundamental particle. (pretko et al., 2020]

® Recently, a novel class of emergent quasiparticles has been identified, distinguished
from all previously characterized particles by unique and unconventional properties.

These quasiparticles are referred to as "fractons.”

3/18



Introduction

4/18



Introduction

® Fractons are a type of quasiparticle characterized by their limited mobility or, in
some cases, Complete |mm0b|||ty [Pretko et al., 2020, Nandkishore and Hermele, 2019]

4/18



Introduction

® Fractons are a type of quasiparticle characterized by their limited mobility or, in
some cases, Complete |mm0b|||ty [Pretko et al., 2020, Nandkishore and Hermele, 2019]

e A fracton, when isolated, cannot move in response to an applied force.[pretko et al., 2020]

4/18



Introduction

® Fractons are a type of quasiparticle characterized by their limited mobility or, in
some cases, Complete |mm0b|||ty [Pretko et al., 2020, Nandkishore and Hermele, 2019]

e A fracton, when isolated, cannot move in response to an applied force.[pretko et al., 2020]

® Immobility can be understood as a consequence of dipole moment conservation.

[Pretko et al., 2020]

4/18



Introduction

® Fractons are a type of quasiparticle characterized by their limited mobility or, in
some cases, Complete |mm0b|||ty [Pretko et al., 2020, Nandkishore and Hermele, 2019]

e A fracton, when isolated, cannot move in response to an applied force.[pretko et al., 2020]

® Immobility can be understood as a consequence of dipole moment conservation.

[Pretko et al., 2020]

® Fractons can occasionally move by forming specific bound states, such as dipoles.
These mobile bound states typically exhibit mobility only in certain directions, giving
rise to terms such as lineon and planon.ipretko et al., 2020]
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Why Fractons?

® Fractons appear in a diverse range of physical contexts, including:

[Pretko et al., 2020, Nandkishore and Hermele, 2019]

1. Elasticity theory
2. Applications in the context of quantum information storage
3. Gravitational physics

4. Holography
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Fractons in gauge field

® Fractons exhibit not only charge conservation, but also dipole moment
conservation.|Pretko, 2017a, Pretko, 2017b]

Fracton conservation laws
/p = constant, /p)? = constant, (1)

® From a mathematical perspective, fractons emerge as intriguing phenomena that can
be described by tensor gauge theories.pretko, 2017a, Pretko, 2017b]
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Scalar charge theory:

{Q, @} ={Q,P} =0, {P,Q;}=05;Q,
(P, Jiy = 0uPj — 8Pk, { Qi Ji} = 04 Q; — 6 Qx, (2)
{Jijs Ty = 0udie — Suciy + Oy — 8 J,
Dipole Transformations
dpxi =0, dgpi=qBi, 0gE =0, d3t=0 (3)
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Fractons in gauge field

® |solated Fractons:

Isolated fractons
. o R e
SFracton = /dT[—Et + (P - qX) CX = E(Ez - 62)]7 (4)
The equations of motion for this type of particles are

f=—eE, ¥x=0, E=0, p=gqy (5)
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e Static Dipole:

Static Dipole
Sbipole = /dT[—Ef +p5X— 2(52 — 0%) + d't9;A0(X, t) — X' dAy(X, 1) (6)
Consequently, we can express the equations of motion as follows:

f=—eE, X=0,
E=—d9;A) + d'i,0;A0 — X/ d'9,A;; = 0,
Pm = A + d'10;0,A0(%, t) — X' dDpA;j
= 0t Amj + ' 0;0mAg = d’ Em.

(7)
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® Mobile Dipole:

1- The first mobile dipole:

The first mobile dipole

SDipo|e:/dT[—Ei‘+ﬁ').?—

N @

(P° — )+

X (d—§) + d't9;Ao(%, t) — X' A(R, £)].

(8)
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® Mobile Dipole:

1- The first mobile dipole:

The first mobile dipole

E N e - - -, i: - of_of -
Sl = /dT[ —Et+p-X— §(p2 — )+ X (d =)+ d'tdi A (X, t) — x d’ Aji(X, t)].
(8)
The resulting equations of motion are:
=0, X=ep
(9)

E=-2d%¥Ej, pm=dxX(0jAnj—OmAj) = d(e;ix'Bl).
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2- The second mobile dipole:

Second mobile dipole
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2- The second mobile dipole:

Second mobile dipole

-,

Soiple = [ drl-E+ 5% = £(62 — @) = S(E2~ 02) + X+ (3~ ) + A 10:Au(R.1)

N @

— X' A;(R, 1))
(10)

14/18
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2- The second mobile dipole:

Second mobile dipole

o 5 e - - -, i 5
SDipoIe:/dT[_Et+p' E(P —é) - 2( E?—0%)+ - (d — ¥) + d'i0;Av(X, t)

— X' A;(R, 1))
(10)

The resulting equations of motion are:

t=—8E, X=ep, E=-2dXE;,

11
P = A [(£0:Amj + X 0;Amj) + 10i0mA0(%, t) — X dIOpAj] = & (Emj + €% BL). (1)
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Conclusion

® QOur work explores the duality and relationship between Fractons and non-Lorentzian
physics. Key findings include:

1. Fracton/Carroll duality
2. Fracton/Galilean duality
3. Algebraic connections

4. Geometric manifestations
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Conclusion

® |n this context, several research proposals have been put forward by us:

[ay

. Fractons Quantum Theory: Tunneling, Entanglement,...
2. Conformal construction of Fracton Gravity
3. Connections between Fracton Geometry and Non-Lorentzian geometry

4. Anisotropic in Fracton Gravity
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