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Introduction



Fracton phases [Chamon 05], [Haah 11],...

Quantum system with the following exotic features.

! Exponentially large ground state degeneracy.  But the residual entropy is 
not extensive.

log(# ground states) ∝ (area)Eg. (cf. Blackhole entropy)

! Particle-like excitation with restricted mobility.

! Subsystem symmetry (≠ higher form symmetry)

xx

[Pretko 17],... 

Review papers: [Nandkishore, Hermele 1803.11196], [Pretko, Chen, You 2001.01722]



Fracton phases
There are a lot of examples of lattice quantum mechanics 
models which show fracton phases. [Haah 11], [Vijay, Haah, Fu 15, 16],...

Continuum quantum field theory?
[Pretko 17], [Ma, Hermele, Chen 18], [Bulmash, Barkeshli 18], [Seiberg 19], [Seiberg, Shao 20],...

Strict continuum limit may be difficult (eg. # ground states →∞)

But it is a nice way to consider universal features independent of the 
microscopic detail

We employ this continuum field theory approach.



Fracton phases

Fermions ?
No nice principles (no Lorents symmetry, no continuous rotational symmetry,...)

※ Some fermionic fracton phases are considered in [You, von Oppen 19], [Tantivasadakarn 20], [Shirley 20] 



Fracton phases Fermions ?

Let us introduce Supersymmetry
bosons fermions

A “natural” fermionic fracton phase.



Strategy

Eg.   3+1 dim ! theory [You, Bi, Pretko 19], [Gorantla, Lam, Seiberg, Shao 20]

(One of the simplest QFT with subsystem symmetry)

〜resemble 1+1 dim massless free scalar

supersymmetrize

1+1 dim massless free scalar + massless Majorana fermion
same procedure

Supersymmetric ! theory 

= ! theory + (a fermionic system)

[GLSS]



Summary of results
In 3+1 dimensions

! Supersymmetric ! theory

" action

" log(# ground states) ∝ (Area)

" (Self-duality)

! Supersymmetric tensor gauge theory
" action

" BPS fractons as defect



! ! theory

!Results in supersymmetric ! theory

! Superfield formalism

! Supersymmetric tensor gauge theory

! Summary and discussion

Plan



! theory



! theory action [You, Bi, Pretko 19], [Gorantla, Lam, Seiberg, Shao 20]

3 + 1 dim
<latexit sha1_base64="cKIwoEY7j1N49tqg2M0UBQr4A0w="></latexit>G,~, I

<latexit sha1_base64="M31c7sjd0g4VPqCH3vO4jOibKSI="></latexit>

C
periodic boundary condtion

<latexit sha1_base64="yBW+L4YQCuoPMP4SEpblswYvDAI="></latexit>

q (G,~, I, C) : real bosonic field with periodicity
<latexit sha1_base64="/9DGlVU4N+bVIc8D2F+YwEdZuYc="></latexit>

q ⇠ q + 2c
<latexit sha1_base64="EdMmOlT6R4sj8OsU4YLpeWekmmM="></latexit>

L =
1

2
(mCq)2 �

1

2
(mG m~mIq)2 = 2m+qm�q

<latexit sha1_base64="lhRSKwZIxts6gTS6ybEPhwhoGK8="></latexit>

m± :=
1

2
(mC ± mG m~mI)

At least superficial resembulance to 1+1 dim free scalar in which 
<latexit sha1_base64="CoVako5AFTT70z5pQEJogtmraBc="></latexit>

m± :=
1

2
(mC ± mG )



<latexit sha1_base64="J85zov8RlGNT/mDh7YxwhqrLNH8="></latexit>L = 2m+qm�q

Subsystem symmetry (momentum and winding quadrupole symmetry)

E.O.M.
<latexit sha1_base64="ReJsrO4GHOK5jM4skHD8Pm71Juo="></latexit>

m+m�q = 0
<latexit sha1_base64="Kvod7ozusL+Az+zZa2z829ETc4I="></latexit>(m±�)⌫ +�(m±⌫) = (total derivative) < m±(�⌫)※Leibniz rule is not simple

In 2+1 dim φ theory the expression is a bit different

<latexit sha1_base64="HwNjETdWaFtwvIwtF+wJj7JEc3g="></latexit>

�± := m±qCurrents:

<latexit sha1_base64="MjKIDb+kKkKkXktoMCnVkoJ8ni4="></latexit>

m+ �� = m� �+ = 0 Conservation law!



<latexit sha1_base64="MjKIDb+kKkKkXktoMCnVkoJ8ni4="></latexit>

m+ �� = m� �+ = 0

Subsystem symmetry
<latexit sha1_base64="+nVPnpAJ9izwODl8oCk/avZ5RxE="></latexit>

mC �± = ±mG m~mI �±

<latexit sha1_base64="qwBm5ovtaVKW6M7isQf1s0Zb/bA="></latexit>

&~I
± (~, I, C) =

π
3G �±(G,~, I, C)

is conserved (time independent)!

<latexit sha1_base64="rEQCJBdi+VbeFJEdyEBnxbO39N0="></latexit>G
<latexit sha1_base64="BhZifNvkMhgLjdjs1XtoYNknCmc="></latexit>~

<latexit sha1_base64="6bgqFyRu56xnbDoqOTmL8oVn9e4="></latexit>I
such charges are conserved within each 
line parallel to x-axis.

Subsystem symmetry



Subsystem symmetry

<latexit sha1_base64="rEQCJBdi+VbeFJEdyEBnxbO39N0="></latexit>G
<latexit sha1_base64="BhZifNvkMhgLjdjs1XtoYNknCmc="></latexit>~

<latexit sha1_base64="6bgqFyRu56xnbDoqOTmL8oVn9e4="></latexit>I
<latexit sha1_base64="kaDo1mlE8XErM85ZORLd0/jkq2c="></latexit>

&~I
± (~, I)

Once regularized,

(#                 ) ∝(# lines parallel to x-axis)
∝(Area of yz-plane)

<latexit sha1_base64="j5D1OA08grsyg0gK0Ij0L6tDAok="></latexit>

&G~
± (G,~), &IG

± (I, G)There are also

# conserved charges ∝ (Area)



Summary of this section

<latexit sha1_base64="J85zov8RlGNT/mDh7YxwhqrLNH8="></latexit>L = 2m+qm�q

! ! theory: 3+1 dim QFT
<latexit sha1_base64="lhRSKwZIxts6gTS6ybEPhwhoGK8="></latexit>

m± :=
1

2
(mC ± mG m~mI)

! Resemble to 1+1 dim massless free scalar

<latexit sha1_base64="rEQCJBdi+VbeFJEdyEBnxbO39N0="></latexit>G
<latexit sha1_base64="BhZifNvkMhgLjdjs1XtoYNknCmc="></latexit>~

<latexit sha1_base64="6bgqFyRu56xnbDoqOTmL8oVn9e4="></latexit>I
! Subsystem symmetry

# conserved charges ∝ (Area)



! ! theory

!Results in supersymmetric ! theory

! Superfield formalism

! Supersymmetric tensor gauge theory

! Summary and discussion

Plan



Results in 
supersymmetric ! theory



Action

<latexit sha1_base64="yZUEoICO76/lwv6rs5gKbQWIJeI="></latexit>L = 2m+qm�q + 8k+m�k+ + 8k�m+k�

Introduce 
<latexit sha1_base64="PLQHM/bO+vqjhy6ylv96MASU3Wk="></latexit>

k± : real fermionic fields in addition to 

Lagrangian density

<latexit sha1_base64="9lncnQrf2fxNUbI1q1abAQmRC7U="></latexit>

q

<latexit sha1_base64="JH8vSzE5js+4SHpM7iO7eLOdK6M="></latexit>

Xq = 8n�k+ � 8n+k�,

Xk+ = �2n�m+q, Xk� = 2n+m�q

SUSY transformation

Same form as 1+1 dim N=(1,1) SUSY besides 

<latexit sha1_base64="dfKWKEQRt3WzdSMVJ7sPHddTw9o="></latexit>n± : real infinitesimal fermionic parameter of transformation

<latexit sha1_base64="lhRSKwZIxts6gTS6ybEPhwhoGK8="></latexit>

m± :=
1

2
(mC ± mG m~mI)

“ψ theory”



Fermionic charges

currents of 
subsystem symmetry

<latexit sha1_base64="7OPZg//NI/WmlSKSDg6F5+UloUg="></latexit>

�±
<latexit sha1_base64="PLQHM/bO+vqjhy6ylv96MASU3Wk="></latexit>

k±

SUSY

<latexit sha1_base64="+oOZYtl8cgjxZxMVg02YAFMvr+Q="></latexit>

m+k� = m�k+ = 0 (⇔ E.O.M. from 
)

<latexit sha1_base64="MTP2QSt88fjNMgsvvzjKz/IHVVs="></latexit>L = 8k+m�k+ + 8k�m+k�

conservation law!



Fermionic charges
<latexit sha1_base64="+oOZYtl8cgjxZxMVg02YAFMvr+Q="></latexit>

m+k� = m�k+ = 0

<latexit sha1_base64="QRJEVENMqBO7d/GJFu0tE1ePluM="></latexit>

@~I± (~, I) =
π

3Gk±(G,~, I, C)
<latexit sha1_base64="rEQCJBdi+VbeFJEdyEBnxbO39N0="></latexit>G

<latexit sha1_base64="BhZifNvkMhgLjdjs1XtoYNknCmc="></latexit>~

<latexit sha1_base64="6bgqFyRu56xnbDoqOTmL8oVn9e4="></latexit>I

is conserved!

<latexit sha1_base64="7fzZ0cqmgqrfTR9u7lQ4dtqj/Ds="></latexit>

@~I± (~, I), @G~± (G,~), @IG± (I, G)
<latexit sha1_base64="2ywOtuyj3nQsieG/bm0lrumM2cE="></latexit>

&~I
± (~, I), &G~

± (G,~), &IG
± (I, G)

bosonic charges fermionic charges

SUSY

In particular, (# bosonic charges)=(# fermionic charges) in a “nice” regularization



Ground state degeneracy (! theory has a unique vacuum [GLSS] )

(# fermionic charges)=(# bosonic charges)=:       ∝ (Area) 
<latexit sha1_base64="7fzZ0cqmgqrfTR9u7lQ4dtqj/Ds="></latexit>

@~I± (~, I), @G~± (G,~), @IG± (I, G)Linear combination of
<latexit sha1_base64="lwUNY1dJXHGbPWX7bU7oqs5Ck2M="></latexit>

W0, (0 = 1, . . . ,�) <latexit sha1_base64="ruKb6HaKCmOr23tpO1uBLAmtc2o="></latexit>{W0,W1} = 2X01s.t.

<latexit sha1_base64="DhPmnSLcPoAdC//Za/hUz4y4OrU="></latexit>

�

Clifford algebra!

dim of irrep = 
<latexit sha1_base64="30Ijo5Dn4W9CgQ/xufjhJS+AQDQ="></latexit>

2�/2

log(# ground state) =
<latexit sha1_base64="T9cTfqXg17cRXzMc8cXqY73UwN0="></latexit>

�

2
log 2 ∝ (Area)



An attempt to regularize the ψ theory
<latexit sha1_base64="MTP2QSt88fjNMgsvvzjKz/IHVVs="></latexit>L = 8k+m�k+ + 8k�m+k�

3 dim cubic lattice with periodic boundary condition 
<latexit sha1_base64="ysgGEdS1Ao8szXJ/REkB9zr9zoM="></latexit>

!G ⇥ !~ ⇥ !I

<latexit sha1_base64="QndpwiJALEmSwi5bFRrvRLP1FTo="></latexit>

!G <latexit sha1_base64="oVHoYULEyxKfj+e/swOjtaKHcN0="></latexit>

!~

<latexit sha1_base64="UOvLf6XpH5jBxPGpvsvSiHKNTWM="></latexit>

!I
<latexit sha1_base64="9wAeI9Xob6WEzRROc+3cJfkRoMo="></latexit>2 Æ=Real fermion        at each site

<latexit sha1_base64="eiDJnXVWIXc75Mx/LX/g3fO8DlE="></latexit>

Æ= = (=G ,=~,=I)
<latexit sha1_base64="1GDnwkPRXVWgOrAcAOMF5da4cGQ="></latexit>

=8 2 Z

<latexit sha1_base64="6afRNyGj2PTLFB51MqWWC9NAiYA="></latexit>

� =
’
Æ=
2 Æ=8�G~I2 Æ=

<latexit sha1_base64="jf8lXD1olUGWl2Lu/r9/7Wvv2rI="></latexit>

�G~I2 Æ= :=
1

8
(2 (=G+1,=~+1,=I+1) � 2 (=G�1,=~+1,=I+1) � 2 (=G+1,=~�1,=I+1) + 2 (=G�1,=~�1,=I+1)

� 2 (=G+1,=~+1,=I�1) + 2 (=G�1,=~+1,=I�1) + 2 (=G+1,=~�1,=I�1) � 2 (=G�1,=~�1,=I�1) )
<latexit sha1_base64="zBOwacvTk629k7Cr/Awmm8X71Vo="></latexit>

! 03mG m~mI2
naively

<latexit sha1_base64="3VWUML4vLqHr7+pI2iUbdz2kvtI="></latexit>{2 Æ=, 2 Æ=0} = X Æ=,Æ=0



<latexit sha1_base64="6afRNyGj2PTLFB51MqWWC9NAiYA="></latexit>

� =
’
Æ=
2 Æ=8�G~I2 Æ=Solved

<latexit sha1_base64="+TVykRlDHJsCpjlNPfd0PLecnck="></latexit>

2 Æ= =
1p

!G!~!I

’
Æ:

1 Æ:4
8 Æ: ·Æ= <latexit sha1_base64="5OURa/r4MVW4xua+qkjrwfOK4Bk="></latexit>

Æ: = (:G ,:~,:I), :8 2
2c

!8
Z, :8 ⇠ :8 + 2c

<latexit sha1_base64="NKvdX9b8xtHymfC5LZF4WVRXi2U="></latexit>

� =
’
Æ:

sin:G sin:~ sin:I1�Æ:1 Æ:

<latexit sha1_base64="WD4pC63aGNrgEHBTOaYWFlmbRUw="></latexit>{1 Æ: ,1 Æ:0} = X Æ:,�Æ:0
<latexit sha1_base64="mmhgJr5zO62+3k75XbMJmUNsEJ4="></latexit>

1†Æ:
= 1�Æ:

<latexit sha1_base64="1PZupdqGrvozvPqGvR74HaTakYc="></latexit>

:~

<latexit sha1_base64="+Bn17wqTbL3brMm5AJ44TTd/AmU="></latexit>| sin:G sin:~ |

<latexit sha1_base64="gmQyOD47lpGRSrEM+3clYKevXBM="></latexit>

:G



<latexit sha1_base64="NKvdX9b8xtHymfC5LZF4WVRXi2U="></latexit>

� =
’
Æ:

sin:G sin:~ sin:I1�Æ:1 Æ:
Ground state degeneracy

(# zero modes) = <latexit sha1_base64="nyihvtK9ht5cCqkvC2DMeR2WdyY="></latexit>

2!G!~ + 2!~!I + 2!I!G � 4!G � 4!~ � 4!I + 8

<latexit sha1_base64="JsFGKqT++IRVsTWX4YaowJ3fYxE="></latexit>

2!G!~+!~!I+!I!G�2!G�2!~�2!I+4(# ground states)=



<latexit sha1_base64="gmQyOD47lpGRSrEM+3clYKevXBM="></latexit>

:G

In addition to large wave length point                 
<latexit sha1_base64="+vYJ1KoXSb0tcfKVHAgmuM7DmHg="></latexit>

Æ: ⇠ (0, 0, 0)

there are 7 points of 
<latexit sha1_base64="jmb3j8SuAIF1kb6kLMA/MoQK9q4="></latexit>(sin:G , sin:~, sin:I) ⇠ (0, 0, 0) “doublers”

4 copies of ψ theory? It may be still too naive.

<latexit sha1_base64="1PZupdqGrvozvPqGvR74HaTakYc="></latexit>

:~

<latexit sha1_base64="+Bn17wqTbL3brMm5AJ44TTd/AmU="></latexit>| sin:G sin:~ |

Continuum limit?

In low energy, not only modes around 8 
doublers, but also modes around zero 
modes survive.  It is not easy to take 
“continuum limit” of this lattice theory.



Summary of this section

! Supersymmetric ! theory = ! theory + ψ theory

! Subsystem symmetry: bosonic charges ⇔ fermionic charges

! An attempt to regularize the ψ theory

<latexit sha1_base64="yZUEoICO76/lwv6rs5gKbQWIJeI="></latexit>L = 2m+qm�q + 8k+m�k+ + 8k�m+k�

log(# ground states) ∝ (Area)

It is an open problem.



! ! theory

!Results in supersymmetric ! theory

! Superfield formalism

! Supersymmetric tensor gauge theory

! Summary and discussion

Plan



Superfield formalism



Idea of superfield

Introduce real fermionic coordinates                  in addition to 
<latexit sha1_base64="uBcRyqTh2o5QA5t7/rv2JG06CAA="></latexit>

\+, \�
<latexit sha1_base64="tSllGZ2sFCxRnrNI2nGFwoUyr4k="></latexit>

G,~, I, C

<latexit sha1_base64="J/n1gKOr473a+WCaYivRtIObz/k="></latexit>

�(G,~, I, C, \+, \�) “superfield”

<latexit sha1_base64="7U3TJS7NyxNclbjPxxB73V87Qqo="></latexit>

( =
π

34G

π
32\↵(�, derivatives)



Our superfield formalism is almost parallel to 1+1 dim N=(1,1) superfield
besides an obstacle.

<latexit sha1_base64="7U3TJS7NyxNclbjPxxB73V87Qqo="></latexit>

( =
π

34G

π
32\↵(�, derivatives)

<latexit sha1_base64="cBrqyr47JLYa9+qTlVoQ3rOZ0wI="></latexit>

↵ must be quadratic in superfields in order to 
have supersymmetry.



Warm up 1
<latexit sha1_base64="9lncnQrf2fxNUbI1q1abAQmRC7U="></latexit>

q : local field Translation
<latexit sha1_base64="zELixlOJqTEai7/q9aOR1QNwauo="></latexit>

XGq = nmGq

How to write down an invariant action 
under translation?

<latexit sha1_base64="aAGgt1e8jVUD9pb+UO3cNvnfN5U="></latexit>

q1, q2 local field
<latexit sha1_base64="7BBqm08HmgsqzlmOWCKLK+aO7yY="></latexit>

q3 := q1q2
<latexit sha1_base64="p2RfRRqA8OKvdNiKVyKAoYfK8+0="></latexit>

m`q1,                       are local fields

<latexit sha1_base64="vAB1CKXUnAzVq3f0eVwq3Vsgzek="></latexit>

XGq3 = (XGq1)q2 + q1 (XGq2) = n (mGq1)q2 + nq1 (mGq2) = nmG (q1q2) = nmGq3

Leibniz rule
<latexit sha1_base64="DpwL7vlD71+8/WPx6UCdMs4iyio="></latexit>LLagrangian density        is local field if it is a polynomial of local fields 

and their derivatives.
<latexit sha1_base64="ilEnLKRrpWwAXU7+UJYIzm362mI="></latexit>

XGL = nmGL
<latexit sha1_base64="DpwL7vlD71+8/WPx6UCdMs4iyio="></latexit>L is invariant up to a total derivative.



Warm up 2
<latexit sha1_base64="9lncnQrf2fxNUbI1q1abAQmRC7U="></latexit>

q : local field

Consider transformation 
<latexit sha1_base64="D5AwpJnkI2nNiReBnaA0X6iXneI="></latexit>

XG~Iq = nmG m~mIq “xyz-local field”

How to write down an invariant action 
under this transformation?

<latexit sha1_base64="aAGgt1e8jVUD9pb+UO3cNvnfN5U="></latexit>

q1, q2 xyz- local field
<latexit sha1_base64="p2RfRRqA8OKvdNiKVyKAoYfK8+0="></latexit>

m`q1 are xyz-local fields
<latexit sha1_base64="7BBqm08HmgsqzlmOWCKLK+aO7yY="></latexit>

q3 := q1q2But                            is NOT an xyz-local fields

<latexit sha1_base64="NaHyTW8ST0hHvI4th1xUOCMN1AA="></latexit>

XG~Iq3 = (XG~Iq1)q2 + q1 (XG~Iq2) = n (mG m~mIq1)q2 + nq1 (mG m~mIq2)
= nmG m~mI (q1q2) = nmG m~mIq3



Warm up 2
<latexit sha1_base64="9lncnQrf2fxNUbI1q1abAQmRC7U="></latexit>

q : local field Consider transformation 
<latexit sha1_base64="D5AwpJnkI2nNiReBnaA0X6iXneI="></latexit>

XG~Iq = nmG m~mIq “xyz-local field”

<latexit sha1_base64="7BBqm08HmgsqzlmOWCKLK+aO7yY="></latexit>

q3 := q1q2

<latexit sha1_base64="R5ihdavxnqJQkmhnnHHAuQqHIFk="></latexit>

XG~Iq3 = (XG~Iq1)q2 + q1 (XG~Iq2) = n (mG m~mIq1)q2 + nq1 (mG m~mIq2)
= (total derivative)

<latexit sha1_base64="DpwL7vlD71+8/WPx6UCdMs4iyio="></latexit>LIf the Lagrangian density        is quadratic (or lower) polynomial of xyz-local 
field,        is invariant under this transformation up to total derivative.

<latexit sha1_base64="DpwL7vlD71+8/WPx6UCdMs4iyio="></latexit>L



Supersymmetry
<latexit sha1_base64="yvQ22ArHL1gt+kuikIPLjzjlHTw="></latexit>

�(C, G,~, I, \+, \�)
<latexit sha1_base64="oCrq3C2Q/sKg8GWtagMy884qWrg="></latexit>

X� = (8n�Q+ � 8n+Q�)� “superfield”

<latexit sha1_base64="bL/YdjQFD3xOzLqlPyjLNabBQms="></latexit>

Q± := �8 m

m\±
+ 2\±m±

<latexit sha1_base64="FttEDFrpjuvDf3bfoCmvcIfRpfU="></latexit>

m± :=
1

2
(mC ± mG m~mI)

<latexit sha1_base64="ItOU1pFS4lVTiE8LE2TA/enSW2c="></latexit>

�1,�2

How to write down an invariant action 
under supersymmetry?

: superfield
<latexit sha1_base64="pT9r9pAOB/DHwju6wLK23VIDmx0="></latexit>D±�1, m±�1

<latexit sha1_base64="x+amYu5QQamxYUuTvhOUiejHbeA="></latexit>

D± := �8 m

m\±
� 2\±m±

are superfields

<latexit sha1_base64="IfX6t1MfNUXgbNam5Y5jypqdB4I="></latexit>

�1�2 is NOT!



Supersymmetry
<latexit sha1_base64="oCrq3C2Q/sKg8GWtagMy884qWrg="></latexit>

X� = (8n�Q+ � 8n+Q�)� “superfield”

<latexit sha1_base64="ItOU1pFS4lVTiE8LE2TA/enSW2c="></latexit>

�1,�2 : superfield
<latexit sha1_base64="wS8Wucn8lyKOwvRvbvhBwl6dmE0="></latexit>

X (�1�2) = (total derivative)

<latexit sha1_base64="cBrqyr47JLYa9+qTlVoQ3rOZ0wI="></latexit>

↵If        is quadratic (or lower) polynomial of 
superfields,       is invariant under supersymmetry 
transformation up to total derivative.

<latexit sha1_base64="cBrqyr47JLYa9+qTlVoQ3rOZ0wI="></latexit>

↵

<latexit sha1_base64="HQhF2mY04AJsLQluHvKvv6UcKEQ="></latexit>

↵ =
1

2
D��D+�

Eg.
<latexit sha1_base64="W9Hx9WDDK/xK+Lq1VLNlSyA0jtA="></latexit>

� ⇠ � + 2c = Supersymmetric ! theory



How to write down interacting theories?

open problem



Summary of this section

! Supersymmetric theory
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↵ : quadratic or lower in superfields.

Eg. supersymmetric ! theory
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Supersymmetric tensor gauge theory
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Shift symmetry
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_ : constant

Gauge this shift symmetry!
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 (C, G,~, I, \+, \�)Gauge transformation parameter

Gauge transformation
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Introduce gauge superfields
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Gauge transformation
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Where is tensor gauge fields?
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Gauge transformation of A components
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They are tensor gauge fields considered in 
[You, Bi, Pretko 19], [You, Burnell, Hughs 19], [Gorantla, Lam, Seiberg, Shao 20]
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�± are SUSY completion of this tensor gauge fields



Action
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kinetic term gaugino mass, 
BF coupling theta term

(All terms are quadratic or linear in superfields)



Fracton
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Introducing charged test “particle” 
(defect) at rest.

Wilson line

This particle cannot move since 
there is no                         . 
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Fracton
It breaks all the supersymmetry.

Are there any BPS fracton?
(preserving a part of supersymmetry)



Are there any BPS fracton?
(preserving a part of supersymmetry) YES!
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3C (�C + f))
a scalar component in the gauge superfield

This one preserves half of the supersymmetry.

※ A combination of 4 fractons in tensor gauge theory can move. 
However I could not find any BPS analogs in our supersymmetric theory.



Summary of this section

! Supersymmetric tensor gauge theory action is written.

! BPS fracton exists.
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Summary and discussion



Summary of results
In 3+1 dimensions

! Supersymmetric ! theory

" action

" log(# ground states) ∝ (Area)

" (Self-duality)

! Supersymmetric tensor gauge theory
" action

" BPS fractons as defect



Future prospects

! Curved space

" Patchwork of rectangular patches          various topologies

"N=(2,2) and twist → topological field theory

! Lattice realization of fermionic system.

! How to write down interacting theories.

! Chiral theories similar to 1+1 dim ones and their anomaly.

" Eg. chiral ! theory
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