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INTRODUCTION :
DIPOLE SYMHETRY




Standard Conservotion law : 9, I = ao;J°+ a;J"'.-.-_- 0,

l what if J*= ad-J"J?
"4

Dipole conervekion lew : 9. J°+ . 2, J9 =0



O\

Consevwed scalar clncrae comerved dipole moment

@ = (dz 7. D = [dR TG0



Consevved Scalay dncfae comerved dipole moment
@ = (dz 7. D = [dR TG0

i* 8;d :J‘J =0

"4
conseveck trace q‘f c'uaolmpo\e moment

X = |42 22 3%G1)



O\

Conserved Scalar dnerae comerved dipole moment

@ = (dz 7. D = [dR TG0

I3 Qis fin::&e and noniero, +hen :Dy(;l (S the center qr C\,,Qrae.
Consevvation qr Q & D => mok ..wzj comtraint |






™) u“i”CfSO-wD q[’ +he locel dipole coniervation law, in 2+ dim:
o I° &:jrnplcdic Jorm of the -sai’tcm
® J9 <« skress tenjor
(@) Exlended momentum a\aebra. , In 244 dim:
- - L
Momewltum P;— 65]) => {‘P”B} = 630‘

(@) Absence of well- defined momewtum denit

oka. "binear momentum onb\em" => constramnis on +he
Iow-enaaa q)ec’frum



LOCAL DIPOLE
CONSERVATION LAWS




m& -Po_wﬁ_ : ‘Pha.&e - SPQCQ Jonnul alion Ql’ bou)ni.e -‘F;c)d -}kcog

o ?ha..\e spate set q" maps ¢A: [Rd—a M (Jcarad s]:o.cc)
® oction funchonal :
S = [drat (9,98 - w(¢))

samp\ec‘hc Po-lenhal /‘ \ Hamilionian clemc'.tj
A-Sormon M ¢ Q@)= W, @) dé depends on ¢ 3P ...

Assumptions : @ invoriance under Spacetime {ranslations
® no hia\ner- ovder -lemroro.\ or mwed derwahves




Tollow Noeter-lke rca.;onbn(j k Pefform variahon under an
infinidesimal local spatial Hrenslabon  x* — X+ @)
5y (drat = [ L@V + ) o
l "\ stress dentor
| /]M('beckq[‘ © fo spacetime by ¢
%S = H* at 3' (30, ~ 9w+ 3J°'.'.) W =0, 9},49

l for on-shell fields r

W~ W, = — '.-9J0'J . ( local momentum coniervation
in dt'.s’juise)



P c o Q \

% Fa-i
J = ehre g0,

Special ¢ = '
P Qe o =2 SPa:l'la.\ damenions :

°= P == éd.al:c)d. J- .o

J S '= ¢4 A2

‘Pu.ll"'bc.d: qr Q o [Ra(tPace) = (ad ] d)
- ad eikcdn)

1 1

9P + 2,2, J9 = Y
jJ4 =0 e Jizd(ho' +,)
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LIE ALGEBRA OF
SPATIAL SYMMETRIES




Poisson bracket os Junctiondls on Fhasc Space fvom aamplcdic structure:

(A e, SF G
{F,6} = [ax 9 lew) Py .
/ ol _ A

makix invene of Slng = 3P P

Qo -|-0Pol03(cq| c\ncvac <> all Pisson brackets o‘r Q vonish.
Uo,k;_na n d=2 dimenion ) wdvoduce a class o_r ckformed Chavaes‘:

- 2 ¥ .«
Q.= [t N0 €da0,(60) =1 [ 56) €0 (6026 0) 280)



Q.= [ N0 €432, (60) = 1 [ 50) €0, (6 916 ) 360
The set G, generales Volume-preterving - spatial dliffeomorphisms :
566 = {60,Q} =-lpmwas) = {@,a}=-Qux

L ‘classicel Wo— daebm"

Cubsed qr Q, acnefa;\zs %Ptﬂial translabony & votations

B=Q --'="----e;<i'D‘i } LR} =€ P

=€
{R,a} =~ 690.

=p

L=Qu, =7X

Y2




EXAMPLES



FERROMAGNETS
@ Targel spece * M = SuR)/un) = S 2:9:3; 2ation
[ SamPlec-hc s-\vudwe FlXCA “3 {n(x) ) n(g)} f h(x) 8(;-3)
x

Q=— ‘im"eabc Y)QdVlednc
o ToPoloai.ca\ chavae : \.)Lndina numbey qf 3 : IRQ - Sz

Q[ﬂ] =—= jd.i‘ G'Jn (anX‘Dn) = — Yrm w(A]
¥

iR'B} = 1re,dm win]




SUPERFLWDS
® EFT o_‘f Gross - Pitaeyskil tJPe : M=C
@ Samplech:c tructwe : S = Icf‘;d.{-. iqf QY + ...
Y + . ot
Q=ig|;d4; = Q=idpAd}
o ToPologéoe\ Chczvae

Qly) = S'o%i €4 a;\l;' aﬂ, vortex Solution

Vo) — o RS 2, wip)
|

/

Winding number af
4+he SMPQT fuid Phagc

{R:n'%k = 9.1\'e-,én°w[e]




(Where does the nonero bpdoaim\ charac come jvom?'

SamPIe.c{:(.c confiauration
SaS{em Jorm K2 w&? Q+0
ferrom aane{: ::(:-:c:x:: Skavmi.on.
superfluicl exact vortex




LINEAR MOMENTUM
PROBLEM




How can iP.:.Pé} ever be noneo ¢ Start Srom the loce|
momentum alae.\oro. Satisfied L,a momentum maa 0,

Sip@ = {p®) R] = - ap;&)

in’cesrcr\e
over S?ch.

skll nonevo vesult

'S‘g'm """h fw.lds with nontroal momeytum o\e.nsi.g
Sn.naula.ruhcs a&amP'l'Uﬂc; a‘- inff-ﬂi-t-’ dDCS hO‘l’. exie 'l'. ‘



What's Urona With Pi= '-----c.)/‘,,‘a;ﬁﬁ°~ = -0, (Noe-H'ler) [,
| Saﬁsfics a local comervation law

® vot d.ef.ned alobc\la on M
i{ Q is cloed but not exact X

Whet's Wrong weth P =—¢j; x"e a c.;ej (cipole moment Qf
“‘}, +opoloadcel chorae) 1

® well-defined 8|obal|2’ on M
® violatey the loce] momentum a\adpm
BORE = —ap® + ¢ p®)



W hat's wrona with, TV V= — Z -8——8- or eciuWa.len-} ¢

J:é‘ 83)"’
Absence °-" Well-defined momentum olem&a => Consistent couylivﬁ

o badground geomebyy not powible. X

Linegr momentum
‘Fvololem in the IR

“The low—enerm
EFT is anomP\ete!

Translationally - invayiant
d
P\nasic.s n e W




FERROMAGNETS

i theo
No translations in UV :j
ladtice spwn models

EFT wéth
TIncomplete
;,I'::carmimnevdum onhlem

Gapless fermions

metallc ferromﬂ‘jnc-ls

bosons
Additional aapless

mmo.anc{-ic unsulatos
« ted -fewomaancts
Can




FERROMAGNETS

i theo
No translations in UV y
ladtice spwn models

EFT wéth
TIncomplete
;,I'::carmimnen‘lum ‘onuem

Gapless fermions

metallc ferromci‘jnc-ls

bosons
Additional anpless

LC (nulators
netuC (niu
:zmaromaanc{s




CURING LMP BY CLASSICAL MEDIUNM
Loaro.nai,a.v\ aescription qf classical metler : %X —> Xa'(*.t)
material coordunates

Mafter curvent : /= BX 8,,X > 3 X A.. AKX

-;T q,a,\‘

Action in presence of +he medium : medium V§|°¢H3

> I:;dt det {39(“} (.)A (ao+ %‘-6)49 + ...

A
S = [drar 0,96 +.
I | 24
=7 | eaa, OOIAKK A . n ™

The entire momentum s vow cafried by the medium variebles .9



CONCLUSIONS



@ New {wm qr difo\e ﬁmmctra where :
® QO sa h]nloadcel chavae
® g?qlio.\ momendum & dipole moment o_[’ o,
(2) Streamlined derivation of extended momentum a\gebra, {P ,'5}=-e5c,1
® descends ols'rec*g Yoom the &amp\eclic Shucture
@ vobuit aaabns-l Peﬁwha-kom
(3 New imiald in the Linear momentum problem :
® Seneml cons‘rai-n{‘ on the |R sPechfum (“clqs;f,cql omoma\a")

® 'Phb&\cq‘ COfNC?ueV)CQS D,t +the 'Pfedlc‘ed "%VM‘P"MOVD courlfrﬁ@






GENERALIZATION TO
HIGHER JDIMENSIONS




LOCAL CONSERVATION LAW

[ Fa-r _ _H-pPai VA
J = el e 0,

' Qo — 3.0, = —30,

])'L?O‘e"'apc consewation |aw ¢

I L Cag §&
909 2 + adak J {‘ — O
‘ensor charge densi Jensor cuprent

‘ . Y ese . : 4 ® °
g>4 g2 _ eb g gdo Jln l-o.-z,)k= 5‘: a2 “lckl

d ceela k€ 0
4+ o"‘)
£



LIE ALGEBRA OF MOMENTUM

The cloved 2-Jorm KL defines a (t-2) - Jorm xammciva. .
NG
Define aenerali.uol che rget % iv\:leam:Hon

over o Selected Coordinate *Plahe :
Q) = [de e a@. () : / /

fun over iIﬁ‘} //XI

These %nerde in-plane tranvformations o_[ local felds -

A .o
5,50 = {60, Q.5 =~ €450 2.6 553



Generaliied a)agbyq o_[ in-plane 8&«0.405 =
10,9 B} = - Ay 5G-3)

(L®), PG} =€ PG 5G-3)
{E@aﬁfé')} =T &y Q@) 5(5"'8')

."'ka'“'::m""“m \ -loPoloai.cn\ chcrac mealuredh un the
R=[d5 ) choren coordinate plane

avoids +he no-qo theorem on ceniel
BRI =-€;qg)| erension ¢ Fucldean algeba in d>2 clim




LINEAR MOMENTUM TPROBLEM

FOR
HIGHER~-FORM SYMMETRIES



Maxuell's e\ed'todanqmics coul:\ed ‘o axion bad?mmd :

L=AE-F)+COEB

LMP .‘M])Ohib\e to dg%.’nc consistent momentum olem:la
even When O has q comtant 3md-wr|'
@ _ﬁ = Exi oo 3wae-invo.mn+
not \oc.a.\\a conteved X
- _ - H Q S -.s:‘
® B, =ExB+>V0 (A-3) ... locally contewed,
not gauge-invoxinn'l’ X



Came consiraints on Uuv Comrle-h'.on as in -ren'omqand'sj

No ‘ranglahons
foxedk boc\cavourd OR)

Electrodanamics Gapless fermions
c’?"P\ o meston suPercarrm-l-
aon badtamd phase q" denie QCD

GaP\ ess boions
chaal solton laltice
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