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O(2) spins : well understood

Spin waves + vorticel

TS novortices —» always ardered in D23

D) spins: no simple decomposition

Sharp question: whdl remains when

P e, a

all hedgehogs are suppressed

Earlier attempts : Monte Carlo studies
05 O(2) spin model with eliminated hedgehos

Lau & Dasqupta (83) complete suppression;
- Jound only ordered phase
Kamal & Murthy (3%) less restrichive
(a\\owina hedqehoca- ant\ hedgehog Fa‘\rs);
- fouwnd also disordered phase;

- new O@)ordering transition in D=3
(;{;vrng, aavﬂ.{ﬂl(iﬂfi*f}_ asfrf-t‘fj

This work. :

@ Explicit stat mech OB)spin system
with no hedgehogs and disordered phase

® Tdentification of %ogg\ogical order
in this phase;
Qap\ess photon excitotion

@ CS5ective description
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® Ordering transition described by this
Lie\d theory

(in c,ont'muum)
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Evidence for disordered Fhase
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- ESSective NCCPY description
Bopry - Spvf laXbice
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Efdeck of Zeeman Sield

O(@) spin m odel :

NCcCcpL
< urfl nduce
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m (12e\+\gy1*), m20

apply

h=0

small W90 the photon phase is stab\e

wons ore oo

Pho‘\:on = -3(—3 c,hlm\‘\t\j correlations

#4 condenses; usual paramaﬁnet
(inerted XY transition )

anrea%‘m& h

#* directly tested

O(?D P\m&e d{aqrum €asy plane

ESSect of Sinite temperature
( T70 « 2D classiel )

T=o0 °¢* phase : gapped spinons , coxrry
qauge cha.rgqs 9 nteract \o%ar‘uthm‘\cp.\lY

i’““‘” o Sintte density of thermally

exauted parkicles;

Charges are bound into gouge-neutral pairs
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unbinding (KT") transition
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6&33 - plane deSormation
Spin model.:
- =5
IR —> Ty (o emlnd )+ Jynie}
NCCPL medel: 0dd = (gt izy)”
Y20 prefers [Zelm |2y\

Exbr eme _easy=pPlang: [2el=(2)
%1\"’ e"e' 3 i.l'vv e"el

53 o inval
- :

XX-ordered phase
GO LTI T
Mo - phonon

W no hedgehogd "“P\wto'n'
_ ‘ phase @xa)*
\(e.“e V=@ P =0, ¥ ON=g

—

Set§ - duality in the eas\[-p\ane model

Particle description
tuo particles : B‘;Neuit .
bok\n Corcy Qoaqe charge

AN=0 N\ gorge-newtmal <
f-Nz.arbitrary short-ranaed _
wreraction

Nortey description
Luro vorkices: £, —vortex in®y; Ro-vortex in ?

connct be Screened
“loq- Ner TR @
ed by R
£+ %, oxb. Sngr;_'r;;\ga;a; see=\ &{+ & arb/
wnkeractions

Teonstition

\5*,_*- o2

P*—-) X¥-ord. - condensation og' Pm\ric\fs

XNord > P* - condensation of vortices
critical - both descriptions are \dentical
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Towords physical opplications
This work: Suppressed hedgehogs by hand

T & $or all parameter values)
1S hedgehogs are, allowed w Sinite fugesity

Po\x,o.kov - hedcae\nocas Pro\‘\gexqj;e and
destroy the photon phase

assumes gopped motter
This way no \or\%er be true Un the presence
05 qapless matter Jiedds (e.q. ot e

crvtieal POL“t — Conneckion of this work
w the next two talks

- hedqe\no%s oy temain suppressed. e
the efiective sense

(3+‘\)D Coulomb b&l hedc&eho% suppcession

T principle jcon disorder (3+‘\)D
O(>) wmedel without hedge_\w%s

- haven't succeeded in the spin mode)
( hord o Sight o.%mknst ordaring

but cerkainly happens tn NCCP? wodel

Stort n such (3+1)D phase, allow-
Sinite hedqehog Suqacity -

the. ﬁoton phaie is stable since monepoles
ore pout porticles (worldlines {nwo.ttﬁ‘é
- Sractionaliggtion in a model with Su\
Sul2) symmetry
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PersPectLbe on +the origin 0§ oxtificial ?ho’con
n three - dimensiona)l bosonic models
(with T.Sentaid )
Exp\iaih bosonic wodels thak realize Coulomb
?\n,a.%e. #»Foerster, Nickew, Nivowiya' 80 *%&-!::"o)\
% O.Motrunich ond T.%ewnthil 02
* X.G.Vvien '02
% M.Hermele, L.Balents ,and M.PA.Fisher /03
% P.Huse, W.Krauth , R.Moessner, and S.L.Sondhs

03
¥ R.Moessner ond S.Sondwi /03

Yhase Aia%fo.m

Super§luid

Feackionaliy

Coulomb

TInsulator
(Aecerd )

Contenhional
Mott Thsulator (contined)

Proper description

S z -y EE‘\(VO\' Q) + LN (vo,- o.\} -K ECM(V;{Q\

Compact ¥
15 no monopoles =» tuwe yvortices (sepamtely

& E Conserved, )

A '

(31D —stable possibility for such“domain well"
‘nﬂ:ic.le; o remain QQPPQA

H TWO PISTINCT PHYSICAL VORTICES inSF

L)

proliferate both vortices w egqual amplitude

= Coulomb Phﬁ.&e %:ﬁ:‘i .

Tnclude mencpoles




