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Duality [ Gauge/Cravity Duality
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Duality [: Gauge/Gravity Duality
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Duality (V: Maggive Thirring model

© ([+{)-dimengional massive Thirring model.

e / d*z {i-z/f('}ft/f — mpYP) — %(1/)7“‘1/1)2]

© Droperties:

© The magslese 4-Fermi theory is exactly solvable for coupling g >
© The magsive theory ie not exactly colvable but hag a well-defined perturbative expangion.
© No golitong in ite epectrum.

© Spectrum containg perturbative fermiong and 1 — 4 bound states.
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Duality V: bogonization.

© Clasgically, the two are related by bosonization

_27T i ()(;)( ) 7 ff
(N —<\|)[1§--/ 2 .#()Td = zﬂr/)( r)
© Thig ig a strong/weak duality since the coupling constants are related through
i LIFTE
A2 1+ g

© At the quantum level

2 G H )
l/! — . exp |:f;:; '/”X ('f)g?_) + ’ (/)( )

© Under the duality:

© Perturbative Greeng functiong of $G mesong map to fermion bound states.

© Topological golitong of the ¢@ model map to Thirring fermions.
Jeff Murugan (UCT/IAS)
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(00)? + (cos p — 1) < ipPp — mapa) — (PyHah)
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Darticle- Uon‘ex Dualn‘g [: Heurietice

[Lee & Figher, Peskin, Dasgupta & Halperm Burgess & Dolan. ]

© The planar abelian-Higge model for a complex gcalar ¢ coupled to a Ull) gauge field A,
containg localized zerog of ¢ with non-trivial winding number called vortices.

© With ¢ = ve™ the Lagrangian denaity

2 1
(0,0 —qA,)" = g“ + &# (0,60 — gA,)

z
Lag = — _
AH = 3 . P

© Winding around a (antilvortex changes the phage ¢ by (—)2r with the interaction energy
between a vortex and anti-vortex separated by a digtance R ~ / (V6)? ~ In(R/a)
ik &
© Since / — @k ~In(|#/a) vortices and anti-vortices interact like “point charges”
with Coulomb interaction.
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Darhcle Uon‘ex Dualn‘g [I: formaliam

© The gcalar phage can be gplit into a “emooth” part and a “vortex” part

ﬁAH = —2 5 ‘;L ‘(('),L()Huluolll () (}vmt(x (]A“)

© [ntegrating out the smooth part = & = €9, ax

_._] 2 I\ ‘
L — =g T e**8uax (0.0vortex — 9AL)

_Electromagnetic current

l

il —l_zrr”l’}vml:\—l_/l ]; (/

/1,“" .‘”’ U(Jl‘f!’!)( rmhzhfi:i\

i v l
=" _ m f/‘;:‘/ Sfeti= 9 ;.r 2W!(’,1U _‘w—- A ]“

i

Vortex field
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Particle-Vortex Duality (l[: path integration

© Start from the partition function for a complex scalar @ = @,e?” coupled to a
UIl) gauge field

Z = /DrtuD(l"u’[)()(»x]) {_i) / d*z |(0, — ":f'”‘!")(p‘z}

)

© [ncorporating A, = 9,0 ag a new independent variable constrained to "9, A, = 0
|ead9, 1'0 a “mag'l'er” aeﬁOn Split according to smooth

| " ..A.JL-._‘T/M fluctuations and vortex oneg
. .“ . : ] ‘
Z - / DH 'Dh“ tl)”'r)/\.u {‘N]) { o / f,’\"_r [((')'rftl)'})__. ‘

' =, |
b N2 52 1 |
F A ortexdt €0F)“P5 + —€"YPh, 0,
=
Lagrange

smooth

multiplier

© \ote that:

© [ntegrating out b, reproduces the original action.

© [ntegrating out A, on the other hand, resulte in the equation of motion
(A A

PRTORE N i WY
smooth vortex + ca )( ([)[} i ¢ ().u)\p
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Particle-Vortex Duality [V: regulte

© Substituting back into the magter action then yields the dual action

: oy R d 3 2T 1) -
Z = / D®dyDa, Db, ('..\'p{ i / fm-l F fOm 4 eB¥eh 8,a, - : A stexbu + i)(a,,q),,)-’]}

22
4¢ <|}”

© Note that:
| 4 , .
© The vortex current j ... ,)ﬁc""’\ﬁ.,f‘),\(f appears ag an explicit source term in the dual action.
" . ‘i l LA ¢ '
© The duality relateg it to the scalar current through iorex = 5—zz ¢ dui
! 4]

© The Lagrange multiplierb,, of the original theory ie promoted to a fully dynamical Maxwell gauge field
dual to the phage ¢

© The field modulug &, of the original theory plays the role of the coupling congtant for b,

Jeff Murugan (UCT/IAS)
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. , : ,_ 1
|D/\(/)|2 = |'(/)|1 = |D“(p‘2 = |¢P|/1 = gAd“

Jeff Murugan (UCT/IAS)

Pirsa: 16080042 Page 15/42



The ABIM model

© The (2+)-dimencional ABIM model:

©ig an N = 6 super-Chern-Simong field theory with gauge group U (N)y, x U(N)_j,

[Aharony et.al’ O8]

© ariges a¢ the worldvolume theory for N coincident M2-braneg living in R*! x C*/Z,

© gontaing Chern-Simone gauge fielde A, and A

; : I
1., bifundamental ecalare C " and fermione 1! |

©ig the CFT dual to the fype 1A quperstring on AdSy x CP* | in the limit when k > N'/®

© g defined through the (not particularly enlightening) action

S k ; 2 ; ! 1R tE S
iy /rf'ﬁ:!'(llrr-t"”'\ (."'1‘,,('),,;"1,\ f _; x"l,,:],,:'l,\ ;“l',,(');,,ft,\ .; ‘;'I_“_,-'l_',“.'l_/\)

) 472 ; S5
[)“(gj DH( 1] "I'f,/""flhr“l);.n'{f'f - {;T) ((1f(y‘:(r.f(1'{}(lvf\ ( 1}\.
E (.v}(vf(_l"ll(f./(v}\'( 1K } ’1(_li'(_|l'|’(1(\'(.‘}("}(\'1\' 1 (5(|I(1[’( r.f(lv}(_rf\'(vj\’)
2t

- 22 (CleTy ey - wtoClyy - 20107y, + 2071y,

L IJK L( r:,|' 'f.p’ll'.,' ( 1}'\' 'l.ff‘ff €1 IK 1’4( I {i,.".f'| C K -a.,-"'"'"F) )
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Mageive ABIM and abelian projectiong

[Gomig et.al.’O8, Terashima’08 Mohammed JM & Nagtase’l2]
© ABJM allows for a maximally supersymmetric one-parameter mags deformation that

breake the R-eymmetry to SU(2) x SU(2) x U(1)a x U(1)p x Zs
© The masgive ABJM theory supports a rich golitonic epectrum including vortices,
Q-balle and domain walls and fuzzy gphere ground stateg repregented by matrices

Bifundamental under (“‘T’ WP agmey
SR GA= G4 :r}l,‘ﬁ
the gauge group

b /\Jr}mr combinationg
O The angatz A, = a@G'Gl +aVG?GY, A, = P GG + aVGIG?, Q% = $oG*, R* = xaG®
reduces the full ABJM action to an abehan effective acetion

N(N — 1)

by _—
2

| Kt o 5
/fm [wa”( (2 )/,, S rr“ /,,\) + |Dpdil® + |Duxil* + Uil Ixa])

© Thig system algo posgesees vortex like eolutiong which can be understood ag D-brane
configurations in the dual theory on AdsS; x CIP*
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Agide: The Mukhi-Papageorgakis mechanigm
- [Mukhi-papageorga;}é’bS,Ohu et.al.'lO]

© Higge-Englert-Brout-Guralnik-Hagen-Kibble mechaniem: a masgelese gauge field “eate”

a scalar and becomeg maggive.
© (g there an analogue for Chern-Simong theories?

© Congider a complex scalar coupled to a topological (CS) field in (2-+)-dimensiong

? I ' i :
. ’”}ﬂ(“r(.)_u”-jl i l)|(()ff 1 f((,‘”)\lf|j } ‘(‘KIJ|‘2}

ASY"

Chern-Simong

level ff
© [mplement a Higgs mechanism by
© Expanding scalar degrees of freedom around the vacuum ag W = (b + d4))e™*"

|
© Shifting the Chern-Simons gauge field a,, — @), = a, + 9,0

The gauge field ie
/” now dynamical
P
LK

. k2 “in the fluctuationg
U . 4 " 2 ¢ o0

Jeff Murugan (UCT/IAS)
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© [ntegrating out the phage field to get
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Son’s conjecture and particle-hole eymmetry

[Son’l5, Metliteki & Vichwanath’l6]

A higgling problem in flat-land: A ystem of nonrelativictic parﬂc[eg\
with a 2-body interaction is Pand T" symmetric. (n a uniform B-
field, the system ie P7*symmetric BUT the phygics of the lowegt
Landau level aleo exhibite another discrete particle-hole

try!
symmetry V

_ 1 | |
VDAV — g/-l dA < WP _qp + EA da — gAdA
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Son’s conjecture and particle-hole eymmetry

[Son’l5, Metliteki & Vichwanath’l6]

A higgling problem in flat-land: A ystem of nonrelativictic parﬂc[eg\ ot

with a 2-body interaction is Pand 7" symmetric. n a uniform B- Particle-Hole symmetry e

field, the system ie P7*eymmetric BUT the phygics of the lowegt emergent on projecting onto
Landau level aleo exhibits another digcrete particle-hole the LLL and not realiced ag a
symmetry! local operation acting on fields.
8y y s local operat ing on fields.

v y

_ 1 . 1 1
VYDAV — —AdA & D _op + —Ada — —AdA
87 4 87
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Son’s conjecture and particle-hole eymmetry

[Son’l5, Metliteki & Vichwanath’l6]

A higgling problem in flat-land: A ystem of nonrelativictic parﬂa[eg\ =5

with a 2-body interaction is Pand T" symmetric. (n a uniform B- Particle-Hole symmetry e

field, the system ie P7*eymmetric BUT the phygics of the lowegt emergent on projecting onto
Landau level aleo exhibite another digerete particle-hole the LLL and not realiced ag a
symmetry! local operation acting on fields.
sy y 3 local operat ing on fields.

v y

_ | - | |
YDAV — —AdA & D _op + —Ada — —AdA
8T 4 87

i

The composite fermion ie a massless Dirac fermion which, under
p

article-hole conjugation traneforme ag ¢ — ioa)

Jeff Murugan (UCT/IAS)
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Son’s conjecture and particle-hole eymmetry

[Son’l5, Metliteki & Vichwanath’l6]

A higgling problem in flat-land: A ystem of nonrelativictic parﬂc[eg\ £ =L

with a 2-body interaction is Pand 7" symmetric. n a uniform B- Particle-Hole symmetry ie

field, the system ie P7*symmetric BUT the phygics of the lowest emergent on projecting onto
Landau level algo exhibite another digcrete particle-hole the LLL and not realiced ag a
symmetry! local operation acting on fields.
8y y 5 local operat ing on fields.

v y

: 1 - 1 1
WD AT — gA dA < WP _qp + EA da — QA(IA

’ i

i
(The compogite fermion should be l/ 1.
inferpreted ag a kind of fermionic The compogite fermion i a massless Dirae fermion which, under
particle-hole conjugation trangforme ag 1 — i)

vortex that arigeg from a
fermionic particle-vortex

@ualifg i

Jeff Murugan (UCT/IAS)
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A web of (abelian) 3-0 dualities

[Aharony'l6, IM & Nastase, Seiberg et.al., Karch & Tong, Kachru et.al.]

L

iXPax + 5

. _— | |
WD AV < |Dyop|” — |¢]* + —bdb+ —bdA
4 2m

Dadl? — [6l* ¢ |Dal? — Il

|
— —Ada
.)ﬂ

)

l | | | I
adb bdb bhdA AdA — CS(g) > 1P 4
m 2 ' 3

27 2 S

AdA+ CS(g)

J
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A web of (abelian) 3-0 dualities

[Aharony'l6, TM & Nastase, Seiberg et.al., Karch & Tong, Kachru et.al.]

Particle-Vortex duality and it’e fermionic counterpart
are part of a larger, richer set of 3-dimengional
dualities. Key to thie web ic 3-D bosonization

V

e N
. . | |
. (12
iWP AV < |Dyop|* = |¢]° + —bdb+ —bdA
4 2m
n . |
|Dag|? = |¢|* & |Da|? = |]* — 5-Ada
ixXPax ')l a db \,I bdb + l)l bhdA J AdA — C8S(g) <> WPV *I AdA 4+ CS(g)
& T & s ¥ s ¥}
\. J
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IED of (abclian) 2-D dusliie

[Aharony'l6, M & Nastase, Seiberg et.al., Karch & Tong, Kachru et.al.]

Particle-Vortex duality and it’e fermionic counterpart
are part of a larger, richer get of 3-dimengional
dualities. Key o thie web i 3-D bosonization

V

[For N = k = Ny = 1 the dualities have the sfrucfura

A fermion coupledtoU(1)_y /2  «  Ascalar
A fermion ¢ A scalar coupled to U(1)y
A fermion coupled toU(1) _3/o  ¢» A scalar coupled to U(1),

-,

\'4

’i-‘l’//),l | R |I)g,(/)’2 — |¢

|\Dag

5 | |
£ 4 —bdb+ —bdA
4

e

2T

. 5 [
“ lf/)‘" & |Dgl* — \ap|'| — —Ada
2T

\

';\I/)'a\ | '..’.lrr” b ‘Jlr.' bdb + '.3|,*r bdA Hln.lu'.‘\ CS(g) « iVPAY 4 HIJT AdA+ CS(g)
\_ J
Jeff Murugan (UCT/IAS)
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BED of (abclian) 2D duslities

[Aharony 'l6, TM & Nastase, Seiberg et.al., Karch & Tong, Kachru et.al.]

Particle-Vortex duality and it’e fermionic counterpart
are part of a larger, richer get of 3-dimengional

e R
For N = k = N; = 1 the dualities have the structure

A fermion coupledtoU(1)_y/2  «  Ascalar
dualities. Key to thie web i¢ 3-D bosonization Afermion ¢ Ascalar coupled to U(1)y
A fermion coupled toU(1) 3,2 ¢+ Ascalar coupled to U(1),
V Vv i
4 1 l N\
iV AV > | Dyop|* — |(/'J"‘5 + l—b db + ‘)—b dA
4 2
e . |
| DA “ |r,f)“| < U),,_|”) - \ap|'| — —Ada
2
iXPax '..’.l}'r” db ZIT.' bdb 4 '.3|fr bdA ler.‘l dA — CS(g) ¢ 1P AW 4 HIJT AdA+ CS(g)
\. J/
i
A 1
Thege dualitiee can be “derived” by starting from A = 4 mirror
symmetry in 3-dimengione and breaking the SUSY in a controlled
way by adding a background D-term.
Jeff Murugan (UCT/IAS)
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A web of (abehan) 3-0) duglitieg

[Aharony’l6, TM & Nagtase, Seiberg et.al., Karch & Tong, Kachruet.al.]

[ For N = k = N; = 1the dualities have the sfrucfura

A fermion coupled toU(1)_y/2  «  Ascalar

Particle-Vortex duality and it’e fermionic counterpart
are part of a larger, richer get of S-dimengional
dualities. Key to thie web i 3-D bosonization

A fermion > A scalar coupled to U (1),

A fermion coupled to U(1) 5,5 ¢ Ascalar coupled to U(1)y
V Y i
4 1 l 3\
WP AV & | Dyo|* — |o)? + 71) db + —b dA
l
‘- |r/)“' < ‘/),,_| \af/|| - —/1 da
HF
1 | | | . I .
iXPax '.er” db 2::’””’ f lzfrhrf;'u H:‘rqll dA — CS(g) ¢ 1PV 4 o AdA+ CS(g)
\. J/
k= /\
Thege dualitiee can be “derived” by starting from A = 4 mirror Can the duality web be
symmetry in 3-dimengione and breaking the SUSY in a controlled generaliged to the
way by adding a background D-term. nonabelian cage?

Jeff Murugan (UCT/IAS)
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Nonabelian T-duality |

[de la Ogsa & (iixé;;edo, Rodek & Verlinde]

5 — / (/‘-*a{(g;,,,z)ld\*m XY + Qb XHLE
| +QiuLL8_X¥ + EyLi, L
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Nonabelian T-duality

[de la Ossa & Quevedo, Rodek & Verlinde]

| /Abe[iaﬁhT-dua[ifg e a symmetry of the )
perturbative etring path integral and can be
implemented ag a duality trancformation on
the worldsheet acting on commuting abelian
icometriee. How does it generalise to

\nonabelian isometries? '

W’

5 — / (/%[Q;,,,z),xm XY + Qb XHLE
| +Qp, LE 8- XY <+ Byl I

Jeff Murugan (UCT/IAS)
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Nonabelian T-duality

[de la Ossa & Quevedo, Rodek & Verlinde]

‘ IAbe[iaﬁhT-dualifg e a symmetry of the )

N

perturbative string path integral and can be Step . Gauge global SU(2) symmetry with 49 — Dig = (9+ — Ay)g

implemented ag a duality traneformation on _ } il i ¥
F J Step 2: Constrain the gauge field to be trivial by imposing F'y. = 0 through a

the worldsheet acting on commuting abelian 4 ;
J g Lagrange multiplier term —iTr[vF; _|

isometries. How does it generalise to
nonabelian isometries? » Step 3: Integrate out the Lagrange multiplier to return to the original action

N a2 or integrate out the gauge field to get the T-dual theory Y

v

g — / (/‘-*n{(,g;,,,z)}x“a XY + Q04 XPLE
| Q1. L0 XV o EyiLh L-"]

Jeff Murugan (UCT/IAS)
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Nonabelian T-duality |

[de la Ossa & Quevedo, Rodek & Verlinde]

furbative string path infegral and can be | [‘Qen b f 2
perturbative gfring path integral and can be Step l: Gauge global SU(2) symmetry with dyg — Dig = (94 — As)g

implemented ag a duality trancformation on
the worldsheet acting on commuting abelian
isometries. How does it generalise to

‘ ’Abe[iaﬁAT-dua[ifg e a symmetry of the )

Step 2: Conetrain the gauge field to be trivial by imposing Fy. = 0 through a
Lagrange multiplier term —:Tr[vF" _|

nonabelian isometries? s Step 3: lnfe.graie out the Lagrange multiplier o return to the original action
“ " o or integrate out the gauge field to get the T-dual theory )

V

g — / d%[c,g;,,,z)}xm XY + Qs X*L
| Oy, I8 O XY 4= Byt L-"]

/i
I A =

# - N
S(lllu‘l = / (izﬂ' [CJ!,V(:)JrX'H(.) 00

+(B4vi + Quidy X*) M (B_v; — (.,)..,-,[e)ﬁX“)}

1
$(z,v) = () — 5 In(det M)

- J
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Nonabelian T-duality

[de la Ossa & Quevedo, Rodek & Verlinde]

‘ IAbe[iaﬁhT-dualifg e a symmetry of the )
perturbative etring path integral and can be
implemented ag a duality trancformation on
the worldsheet acting on commuting abelian

=5 ™\
Step l: Gauge global SU(2) symmetry with dyg — Dig = (94 — Ax)g

Step 2: Constrain the gauge field to be trivial by imposing F'y. = 0 through a

Lagrange multiplier term —:Tr[vF; _
isometries. How does it generalise to il P g

nonabelian isometries? 5 Step 3: lnfclzgraie out the Lagrange multiplier to return to the original action
“ f - or integrate out the gauge field to get the T-dual theory )

S = / d%o {qu")-} b I B A B T L i <(Implemenflng the nonabelian
- : » o [-duality ie non-trivial,
+QiuL40_ X" + By L L1 |

even in (I+1)-dimengiong,

i  with well-known global
- : B ey ~ isgues and unregolved
S(llull = / dzﬁ [CJ!H)UJr X” ()7 X,/ ({UQRHOI’\Q {]bOUf fhe

coordinate ranges
N

+(0+vi + QuiO+ X*) M, al i Ak v — CJ..,-,;E)_X“‘)]

1
b(z,v) = () — 5 In(det M)

- J

Jeff Murugan (UCT/IAS)
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Nonabelian particle-vortex duality

[TM & Nasfase:hédiéeuié, Tong & Turner]

v

‘a1l . I . Iy b s
| _ A ‘ kN2 kN2 puvri rim wp, i i
bm;\.sl.vr - / d”a [ ;((),u([)[l) - G(([)H) .(f! ]".u I‘;’»]/r'j e MV f'f,]‘;;,,]
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Nonabelian particle-vortex duality

[TM & Nas:fasejtﬁédiéeuié, Tong & Turner]

To nonabelianize the standard particle-vortex duality, we [ift the |
[+(-dimensional nonabelian T-duality. Again, integrating out
the Lagrange multipliers v, yeilds a flat connection and allows ug
togetA, =0

el = / d’z [ .',wp.(b.’;)” .lwh!;r’.u'“’ L, L} Ei; ]

; )

e I . I . VY b
1 . A ‘ kN2 kN2 pvri rim wp, gt
bm;\.h‘l.ul' — / da [ G (()u([)[l) o G(([)l]) (fl ]".u l‘:z]/ij e el ”“ ]‘;;,,iI

v

N

Jeff Murugan (UCT/IAS)
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Nonabelian particle-vortex duality

e [IM & Nastase, Radidevis, Tong & Turner]
’ i i 1 . : \

o nonabelianize the standard particle-vortex duality, we lift the
[+[-dimensional nonabelian T-duality. Again, integrating out

the Lagrange multipliers v, yeilds a flat connection and allows ug

To get the dual theory, we gauge fix g = 1in
LY i[t'g' D,g] then integrate out the
tosetAd, =0 gauge field A, to get the action

y X l ‘ N2 1 N T % ) :
hm'ip.in:ll : / (f',’.l' [ 9 (”\”([);'.] J 5 ((1);"))HU’ I‘p. ]"':fir"#";‘ J Sat ‘l) / A3
G 4 2,

(8,02 + Vi M;'VE

e

Y
1 ' 3 I : kN2 I kN2 uvri TJ 10 mrp, ot
Sester = (s i1 fa((),ﬁ[’“) — ;(([)”) g LBy By € P,
/!
( s iaen |
To identify thie transformation with partiele-vortex duality in 2+- i) |

Thie procedure furnishes a duality
transformation at the level of the path integral
in 2+-dimengional theories of the general form
above. But ig it particle-vortex?

dimengiong, we need to be able to:

- derive Soriginal from a standard vortex-admitting action
- couple the theory to a nontrivial external gauge field and
- add a vortex current term to the action

~i)Ue are only able to implement the duality on a specific ansatz J
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E xample: semi-local vorticeg

| 0 A & 2\ 2 L.z LY
£=-2|Du®" - 7 (20 - v?)" = 2 S f*
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E xample: semi-local vorticeg

\
Semi-local vortices are topological defects in 3+

dimengione  with local and global symmetries
pregent. Unlike coemic strings, they can exiet even if
@3 vacuum manifold ie simply connected.

v

I 2
E — *E‘I)“([)l- —

_J

A

4 ((l)‘{‘(l) o 'l?2)2 a :!]'/./r.u./wv
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E xample: semi-local vorticeg

\
Semi-local vortices are topological defecte in 3+(-

dimengions with local and global symmetries
pregent. Unlike coemic strings, they can exiet even if

[ Inour example, we have an SU(2)¢ x U(1)y,

@sz vacuum manifold ie simply connected.

v

—

symmetry with the scalar trangforming in the
fundamental of the flavor group. At eritical coupling, thig
model admite Bogomolnyi vortices

v n 5
ag = () ar=0; O%=1s%r]= =

\_ '\/'5-"""'” Ly,
V

A

I 9
L=—=|D,®? -
~ID, 2 - 5

((l)'{'(l) — .”2)2 o :’:I,}’.U./»/;u
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E xample: semi-local vorticeg

» ~ S
emi-local vorticee are topological defecte in S+(-
Qemi-local vortic topological defect 2+

dimengione with local and global symmetries
pregent. Unlike coemic strings, they can exiet even if
@sz vacuum manifold ie gimply connected.

Y

{"In our example we have an SU(2)a x U(1), R

symmetry with the scalar trangforming in the
fundamental of the flavor group. At eritical coupling, thig
model admite Bogomolnyi vortices

BANRY i 1
g = —- ”.(_’.): = “‘ ‘l’” 't!\’,a"'('i')r"”””
A ivas 4

V

v

I 2
E — *E‘I,)“([)r —

(([)T([) — -”3)2 =

Ld @
51,““./ v

T
/

Thig form is compatible with our
and gives the magter action

AT |
1 3 ( 1\2
S eaten /ff & )({)‘,,‘l'”) % () g* 2 IF.’ I Ui
l S = 4=
2 ' B 1
]—/f‘r’n V(P) A 1ok "‘;, ‘r'r",u
4 i=1,2,3 ’ J

angatz ¢

IR ‘ B
Of exp (J /r!.r"’ L, F;
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E xample: semi-local vorticeg

\
Semi-local vortices are topological defecte in 3+(-

dimengione with local and global symmetries
pregent. Unlike coemic strings, they can exiet even if

@sz vacuum manifold ie simply connected.

v

=

(" In our example we have an SU(2)e x U(1),, R

symmetry with the scalar trangforming in the
fundamental of the flavor group. At eritical coupling, thig
model admite Bogomolnyi vortices

v n a a VN g
alrly o =0; O ="1ESlEE

= v i
\'4

The dual action ie [ I D ®|2 A
obtained by - 7}‘ u®l” - 4
integrating out the

(([)T([) — -”3)2 =

I
i.,jf.l/./l“)

i
/

gauge field with the
duality between

particle and vortex and gives the magter action
currents expressed

through

| =
,I', ‘ ey, .J,- ‘ ) 4 i
Jvortox { (2[4,;;)3 \

S

maston

Thig form is compatible with our angatz &* = @ exp (; / dal I.;Ilr,)

(0,®5)* — 5 (@5)*g"" L Li L} By

|
2
45 1
ehvp N ol ;
#h Uk

i=1,2,3 J

|
2
V(d

n &)
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Conclugiong and connectiong

anyon quantum Hall
superconductivity offoct
nonabelian finite temperature
anyons duality
30 Mirror ; ;
Particle-Vortex Duality FQHE

Topological Topological
Ineulatorg superconductors Jeff Murugan (UCT/1AQ)
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