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* Point defects in lattices
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(Jhat Are Svactons (

o “Su\;&hm enSioN\[ Part /4 185“
L Motion A2 restricted to a subspace

Ly Thie restraction oSten originates witha conservation Yo

. aaamplet 4D fLattice with Conserved, charaei dipole

k) 1 Charﬂe



muﬂhpoﬂe Conservation

Object /ﬂmweu Tensor Maxwell
Ved:or Po'tevdid' B A 1 A i}
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Why Continuum FT7

. £nables us totransSer what we know Sor fattices
to continuum models we may want to mod gy

* Low eneriy e§fective -f;-'\el(l theorieS are univevsaf
(‘) Finike number 05 relevant o perators

A C
b Taglor expansion 1 T e
OO0 () "
Acen=5 A9 UL
n=0 7%

Ly Trrelevant operaters are ty pically suppressed b‘ﬁ‘
Powers of the Aoattice Constant a

L Mo OV-IR m’\'x%n*



Breakdoun of Continuum FT

* Let A be discontinuong

Y tupical scenario Sor lattice $ield theories

L) Sractons are ﬂocaﬂ%g,e& whith motivates malecing
A discontinuous

4 ew=§m
’ A\m(«) Can now be ourbitrariitz hrgeKdJk

G Hig‘\ef ovder terms are not irrelevant Sor continuumyT
L UV and TR max

. Keg) nvuesﬁov\: Can wWe Construct & contintum §ie))
theory fhat exhibits Srackong?



JTlathematicad Detour
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Open covers of base space|
\tv‘ams') Eion §'uvxct10ns] /’

$iber bund le c,onstruc’ciw‘

Unusual 9lofaf Symmetry Ny r

Q uqv\t"la,at‘io“ o&

Magnetic mono polles

‘G—auge MYariance

lOFBV‘ Covers o5 base space|a | Jractons iy
\tramsqt‘\om Sunctions| /' the Continuum

| $iber bund le c,onstruchon‘




E% Dira(, }nonopoles

* Divac (Magnebic) monopoles
Emerge Srom the obstruckion
to & single smooth Yauge

¢ CGV\ lnowe “;UOO 3&&9@5 wath
A'\I = AS + VoL
Where «(6,4) has an Gmbw’ju\%t}

Jrom the Perioc\mb} o4 O e[0,2m
’ &ample:

= € I-cxY — —_€ l+cosl
An YTR “sing snd As “TR  Sing

with o = =0 or x= =0 6 (%-Y)



E% Dira(, }nonopo!es

» This obstruction” to o smogt),
choice o¥ gauge Sield 1§ the
origin of the Dirac monopole

15 S andk T (¢')=Z So we Can

construct & "non-trinvial U()y §iber bund fe”

' &x Parkition S? into v, Ugs.t OyLUg=S2
Now Let . ‘On10s—>00) be the" transition Sunetion”
€. TB)=e™%with neZ where n spis the charge



(9()) Tensor Gauge Theor

G-o,\xse SﬁeQi (Ae,Apos) in 2+ D g ?°5'(AM-A%’°)
L A, P Ap +9, & and Agos = Apos +a\9/.°t

* (rambe invariant electric £ield two c\em’VatWes‘.

L) E - at A?os _—axa‘z At I SPMQ 1S

v Lo ‘)\rm‘,’)-‘mn flli;/a Shes!xs!
L) l - s E + 2 F|l*=0615 a thtev\ eSﬁ-ect“term

' :] that sets the ' 'magnetic’
- E'bMt“ms 05 Mot ion chavge 0§ Any Srackon d.tjons

,E=0  and 9, E=0

2¢J3 =0 0nd 2,24T=0



Piecc wise Disc.o ntinuwities

Partition Inte U,
Base Smooth patches u-: )
5 pace —>
ﬁx '&1

.le—t the- b&‘:é SPGCQ be S'yx Q' S‘ ‘M\A attach
LCD) Sabers AL and Apes to each point (t,%,Y)

* Let A be smoth and single valued on each patch And,
only have piecewise discontinuities giren by
nown- trivial transition Sunctions T;) 50 that

There 15 no A that 15 gaotk E’Yerqwhere.



TY'(LY\ Gﬁ’t"\ on 3'U\v\ ctions

. Set 10t be an “open cover' of the base space,then
the transition Sunctions Tt ViV, =2 00) cq,
be used to construct a Siver bundle.
+ Genersally, the “connection’ i pateh; is relatedto U; by
A= T AT+ T T,
' Heve, we consider
A) = A+ ’39(9‘}1:-3
and fet A, and Aps be single valued on eag),
Patch with transition Sunctions 0§ the Sorm

Tixy)= 2w = B(9-9) + & oy X
(/V,, 0 A B (x-%,) f\&-i/\/.,



Fluxes

» We Consider the transition Sunction (gaugﬁ tVﬂVﬁdoYW\aﬁbﬂ

Ty = 27(5 B-Y9) + & Gra) - X
(a) ( N, (50 N’é‘ @(« /’(o) "2;-(‘/‘.7%

‘ SD we hd\’ve N;I't‘\ A?os:o t“\d\‘b APos'—' Apos+ aanT

~ _ :E- \ - |
Apx® = 23 (L S9de 8&-«.)-”‘7%)

— Recall: E=3; Apyg —9x9y A¢
4,10 = §0\t§&} E =2mdlx-x,)

fotw)= §ot§ar E = 2WI Y-y,
Which 91ve rise to the Quantized §luxes (in ZTTZ)
Px(x %) = S;zM Pax)  and Byldude)= 3‘?%‘3 WY

B'YOW\ whqch we See



.": Hoo)c t LooP OPeTa‘tOF

. Recald the concerved Cuvrent 15 J=2E/¢ + @/
Where 2. 3=0 0nd 2,293 =0 The usual Lines

« The gauge invariant objects are » are charged and

N l . hence gauge variant
' - ) =3 ]
€ 't HooSt - Wilson strip operators Connot Crogs a

ny ("(UIXZB = e1S:TM §&% APOS (&/scont";{\u"rbgbor
. (U, . would not be
Wy (4, 9) = 2 3a0dy §du Ares gpuae mharian

» To be gauge mvariant the

!Coop opevators must be
maariont nnden Apos ‘Apos T%

b this 15 0“93 possiblle 15 (x,%2)
Contoins no Lipes 0§ diStonkANITkY




}ractons as De frects

« Monopole motion 15 restricted

to OD. Dipo le motion 15 4n 4D, Cannot CroeS @
discontinuity or
. The 't HooSt-Walson strip OPeraters W would not be

are the qaunge-invariont operators Jauge nMvarjant
that genervate the various ground ¢
States oS5 the theory

| QU5 = WIS 1y

' P\nﬁs‘:c«u‘g, W is generating &

& Poﬂ€~aw\,‘1-&l POQQ Py, WA N\'w}s One

avound the torug and onnih"lat%v\% X,

» The ground-state o\egev\emua goes i Nigt N1
which 15 Nol o Constant or a. volume 94!

X2



Sumary: F() Modef

» Gauge InYariance caw restrict the modidity of excitations

« The UC) tensor moded real"n:bas keg Leatures of Sractons:
b Srackional W\ox(y:.la'ta

Ly exotit 3ﬁobal (c\"\?ofe) $3mmetné
L wnusual (~V"?) Scal ing o5 ground sta te deﬂenerw}

o The restrictions origimate From discontinuities in

the gangé Siedd described by “Lransition Sunetions’
Ehat construct o non-trivial Siber bundle  4n, amlogg

+to the wnon- trivial Aund e of the Dirac monopole



@t\ner Jodeds

. )T)M“A lattice and afew continnum models
* Common Seatures

‘ I,oc«&"\?)ation

* Unusua (tensor) global sgmmetﬁ'es
* Unusuad ground-State degenem&y

* X~ Cube moded: the paradigmatic attice vhodd

0 ﬁ mode,e in 14D ,
€< K il-L ) = wr e

¢ Z,\/ modal An 2+ID: S"\m?ﬁe exten sion oS UC) model
i: _A_i E
em




Koncﬂu.ﬁiOn.

* Fractons broaden the phenomenology we shauld
expect to describe using Continuum fiedd theories

e Thag Fhe‘nomeﬂdogg 15 r—ioh, Con extend Many vv\aolelg
and. has mavy - genevaliations: e.9. different Fibers/
connections, time-Aocalized Sractons, and matter Coupling

* Behavior characteristic 0% Svactons can emerge
N & Simple VU tensor Continuum Sseld Theory

e« The preseénce o5 Sracton-Like defects in req d
Crostal Lattices 3¢ welld estaflished
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