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Example: Compactified Boson

» Compactity: Restrict the domain of variation of a free roson to a circle
of radius R.

» Torus modular invariant partition function:

1 1(eymR)2 _1(e_mR)2 ir
Z(R):W Y gV gGE-w) = 3

e,meZ e,meZ

2

» Electric-maanetic duslity (e «+» m) resuiting £rom the invariance of the
partition function under the duality transformation R < 2/R

Z(R) = Z(2/R)
CFTs at radius R and R’ = 2/R are isomorphic; the isomorphism inverts the

sian of J, J.
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Abelian vs Non-Abelian Duality

PROPER TY \ ATD \ NATD
Invertigility

Exactness
7.

Zoriginal = Zdual v
Modular invariance v
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Abelian vs Non-Abelian Duality

» Duality with respect to Arelian isometry aroup G (ATD) E, fgsfl‘:‘f“;al :gf
How: S[g] @auce isometries Sga.uge[g7 V,Ai] 5*[g7 V,Ai]
add Laaranae mult.v
What: (g, b, ¢, G)+(g*, b*, ¢*, G*); G* is the rep. ring, also a Group.

intearate over Ai

PROPERTY \ ATD \ NATD
Invertigility

Exactness
7.

Zoriginal = Zdual v
Modular invariance v

Dimitris Manolopoulos HEP 2019 Qi Asp of Non-Abelian T-Duality 4 /13




Duality in a Nutshel 'M
set Pont y HEP 2019 NCSR "Demokritos" #’{@

Abelian vs Non-Abelian Duality

» Duality with respect to Arelian isometry aroup G (ATD) E, fgsfl‘:‘f“;al :gf
How: S[g] @auce isometries Sga.uge[g7 V,Ai] 5*[g7 V,Ai]
add Laaranae mult.v
What: (g, b, ¢, G)+(g*, b*, ¢*, G*); G* is the rep. ring, also a Group.

intearate over Ai

PROPERTY \ ATD \ NATD
Invertigility

Vi
Exactness v
! 7

v

Zoriginal = Zdual
Modular invariance

Dimitris Manolopoulos HEP 2019 Qi Asp of Non-Abelian T-Duality 4 /13




Duality in a Nutshel 'M
oset Point N HEP 2019 NCSR "Demokritos" #’{@

Abelian vs Non-Abelian Duality

i i i i Buscher '87,’88
» Duality with respect to Agelian isometry aroup G (ATD) | il

GauGe isometries intearate over Ai
How: S[g] Ssauge[g7 VvAi] 5*[g7 V>Ai]
add Laaranae mult.v

What: (g, b, ¢, G)+(g*, b*, ¢*, G*); G* is the rep. ring, also a Group.

» Duality with respect to non-Arelian isometry aroup G (NATD) 4 Qu‘i,_igf?;g
How: Similar to ATD
What: (g, b, 0, G) (g*, b*, ", G*); G* is the rep. ring, 8 Group.

PROPERTY |ATD |[NATD

Invertigility v
Exactness v

?
Zoriginal = Zdual v
Modular invariance v
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Abelian vs Non-Abelian Duality

» Duality with respect to Arelian isometry aroup G (ATD) E, fgsf/‘:;“ﬁl :gf
—HO\/\)I S[g] GauGe Isometries ng‘ge[g7 V,Ai] 5*[g, V,Ai]
add Laaranae mult.v

What: (g, b, ¢, G)+(g*, b*, ¢*, G*); G* is the rep. ring, also a Group.

intearate over Ai

de la Ossa

> Duality with respect to non-Agelian isometry aroup G (NATD) ¢ Quevedo 93
How: Similar to ATD
What: (g, b, 0, G) (g*, b*, ", G*); G* is the rep. ring, 8 Group.

PROPERTY |ATD |[NATD

Invertigility v X
Exactness v x
?
Zo'igi"al = Zaua v X } Fraser, DM ¢ Sgetsos I8
Modular invariance | v 4 :
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Reminder: The Coset Construction N e oS

» Consider the §, and h; WZ\W models, with h C g. Their Virasoro modes L9

and L satisfy the Virasoro alaesra with central charaes c, and ¢, where
kdi
Ck = :rm J : g = dual Coxeter numper of g.
g

» Then their difference

B kD LY,
also satisfies the Virasoro alaesra with central charae
C=Ck— Cy.
> We are interested in diagonal cosets:
Gk D e
Gk+e

3

with central charce
C = Ck + C¢ — Ckte.
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51(2) /1(1)

central charae
2 e,

¥ 2y

k+2

A RS U
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3
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» Consider the §, and h; WZ\W models, with h C g. Their Virasoro modes L9

and L satisfy the Virasoro alaesra with central charaes c, and ¢, where
kdi
Ck = er J : g = dual Coxeter numper of g.
g

» Then their difference

A RS U
also satisties the Virasoro alaekra with central charae

G — G G

» We are interested in diaaonal cosets: Example:

Ok D e
Ok+e

g=su(2), =1,

’ central charae
6
p(p+1)’

Unitary Minimal Models

c=1 p=k+22>3

with central charae

C = Ck + C¢ — Ckte.
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NATD as a Large Level Limit

Stetsos "9+

» For the WZ W model consider the alogal symmetry g — hgh™ !, for
constant he H

» NATD can re realized as the limit

C o O @ i
lim ——— = gx|NAT™D wrt b
{— 00 hk+l

» What arout at the Quantum level?
» We consider the case where g = h = su(2)
571(2)[( &® 5/{1(2)5

5/{1(2)k+g
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Coset Space Geometry of (5U(2) x SU(2))/SU(2)

Polychronsakos + Stetsos IOl

> The coset space is parameterized By a pair of spheres: (57, S?), modded out
RY the diaaonal SU(2),;¢ action

(g1,8) ~ (heth™ hexh™),  (g1.8) € (SU(2)k, SU(2)e) h € SU2)k+e
» EmBed BOth spheres into R* as a2 + a2 =1and 33 + B> =1
» Coordinates on the coset space: (ag, fo, 7 = =/|a- )

»: Dilaton: €72 = (1 —o2)(1 = B?)—7?
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The Quantum Theory

Coset Space Geometry of (5U(2) x SU(2))/SU(2)

Polychronsakos + Stetsos IOl

» The coset space is parameterized By a pair of spheres: (52, 57), modded out
By the diagonal SU(2),, action

(g1,8) ~ (heth™ hexh™),  (g1.8) € (SU(2)k, SU(2)e) h € SU2)k+e

» Emeed Both spheres into R* as o3 + |a]? =1 and 33 + 8] =1

» Coordinates on the coset space: (ag, fo, 7 = =/|a- )

» Dilaton: e 2® = (1 — a2)(1 — 2) — 12
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Dual of SU (2) WZW Polychronakos ¢ Spetsos 0]l

We want to take ( — co so that the radius of the S} Becomes larae

» Limit |: Consider focussing around 5y =1 and v = 0, ie. at the North pole

ot S}
2 : 2
ds* =tk <d¢2 i —Co; ¢dx2 A o o 15;:(5)51/; ;— 20 ) ; e#%® = y? cos’ ¢

This is the NATD rackaround found ea. in Giveon = R.ocek 94
» Limit 2: Consider focussing around 3, = 0, ie. at the center of S}

ds® = k (dz* + dy® + tan” d¢?) e 2% = cos? ¢

This is the CFT rackaround Sgggk x R
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High Spin Limit

Polychronakos + Stetsos IOl

> A coset primary field is larelled By three weiahts, namely { A, u; v} with
conformal weiaht
G O R TR e )
4k+2) 4(L+2) 4k+L+2)

> Take ( — oo in such 8 way so that limy o hyy 4y < 00

» Specifically, let

0 <\ <Kk, = E My ,uz%(mﬁ
pEn AA+2) 0-2
; + —2n
lim hry o = s
s OUEIE Tt T

Dimitris Manolopoulos HEP 2019 Qi A of Non-Abelian T-Duality 9 /13




w
HEP 2019 NCSR "Demokritos" ?g@

High Spin Limit

Polychronakos + Stetsos IOl

> A coset primary field is larelled By three weiahkts, namely {\, u; v} with
conformal weiaht
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Just twice the
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The Quantum Theory

Representat|on Theory Fraser, DM < Sfetsos 18

» Hileert space: Charae conjuaation CFT

b = @ H{/\,p,;u} ®ﬁ{)\,u;u}
A+pu—ve2Z

N vt~ d{k=Al—p;k+L—v}
» Task |: Extract Coset characters via Branching rules

k+2 ke

RA ® R, = @H{)\,/L;y} & Rl/ = XE\ )(Z T)XELZ)( ) Z E{A,/L;V}(T)Xz(/kJre)(zv T)
v=0 v=0

» Task 2: Construct modular invariant partition function from coset
characters:

1 —
Zcoset(T) o E Z |:{)\,/1,;1/}(7—)|2

Ap—v€E27
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Limit of the Partition Function

Fraser, DM < Sfetsos 18

> Resutt:
i Zel@ = 3 S g
n(q )‘ Im 75Z 0 B=—k+1
e #ZB%( R) * Zkparat.

SU(2)

o <R

» Parafermions coupled to an uncompactified roson:

» Modular invariant
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Summary & Future Directions

In conclusion
» We found the torus modular invariant partition function for the NATD
of the su(2)x WZ W model.
» The partition function of the oriainal and dual theories are not the same.
> Interestinaly, Both limiting Backarounds seem to share the same partition
function

Open Questions

> Implement the high spin limit to more general cosets.

> What is the relation with higher spin theories and holoaraphy? (su(/N)
diagonal coset)

> H will Be interesting to see if our findinas may have relevance in the
presence of R.amond-R.amond Backarounds.

> We first Quantized strinas on the coset Backaround and then took the
limit in the Quantum theory: Does Quantization and the larae level limit
commute?
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The Quantum Theory

Questions

Thank youl

Dimitris Manolopoulos

d.manolopoulos@phys.uoa.gr
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