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Ingredients for NS/NS sector of DFT on group manifolds

» Drinfeld double D with MNAB FAgc, Hag and d

» symmetries of the theory

1. generalized diffeomorphisms
2. 2D diffeomorphisms
3. global O(D,D) transformations
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Ingredients for NS/NS sector of DFT on group manifolds

» Drinfeld double D with MNAB FABCs Hag and d

» symmetries of the theory

1. generalized diffeomorphisms
2. 2D diffeomorphisms
3. global O(D,D) transformations

» max.isotropic subgroup H of D — SC solution

target space

d(X') = g(x")g(x) ta= (12 t.) D/G
2 D-diffeom. >< global O(D,D) PL-TD
d(X') = g(x"Ng(x" "= (t; %) D/G

» generalized frame field makes contact with SUGRA fields
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Restrictions on 7/ 45 and d to admit Poisson-Lie T-duality

_ Poisson-Lie T-duality (2D-diff.) o
> in general Hag(x') > Hag(x", x"")

> X/ part not compatible with ansatz for SUGRA reduction — avoid it
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Restrictions on 7/ 45 and d to admit Poisson-Lie T-duality

_ Poisson-Lie T-duality (2D-diff.) o
> in general Hag(x') > Hag(x", x"")

> X/ part not compatible with ansatz for SUGRA reduction — avoid it

’A doubled space (D, H g, d) admits Poisson-Lie T-dual R
supergravity descriptions iff

1. LgHAB:O Vf — DAHBCZO
\2. Led=0 V¢ — (Da—Fpe29=0
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Restrictions on 7/ 45 and d to admit Poisson-Lie T-duality

_ Poisson-Lie T-duality (2D-diff.) o
> in general Hag(x') > Hag(x", x"")

> X/ part not compatible with ansatz for SUGRA reduction — avoid it

’A doubled space (D, H g, d) admits Poisson-Lie T-dual R
supergravity descriptions iff

1. LgHAB:O Vf — DAHBCZO
\2. Led=0 V¢ — (Da—Fpe29=0

Remarks:
» F4 = Djlog ‘det(EB/)‘
» biggest possible isometry group D x Dgr

» for Poisson-Lie T-duality just Dy required
» if additionally 7 C Dgr gauge it — dressing coset
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Dilaton transformation

> (Dy— Fple29=0 — 8/(?d + log | det v| + log | det ‘NCD =0

-~

= 2¢g = const.
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Dilaton transformation

> (Dy— Fple29=0 — 8/(?d + log | det v| + log | det ‘NCD =0

-~

= 2¢g = const.
» d=¢—1/4log|detg| —%Iog]det\”/]
¢ = ¢o + 5 log | det g| — 3 log | det v|
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Dilaton transformation

> (Dy— Fple??=0 — 8/(2d + log | det v| + log | det VD

-~

= 2¢g = const.
> d=¢—1/4log|detg| — % log|det 7|
¢:q50—|—%log\detg\—%Iog\detv\

((BO 4+ go)ab _ EOab
ab _ Mach
> g=vielev with ¢ e e " =gy —(Bo+Mgy'(Bo+N)
& & = Go
e =& +& (By+N)
\ 0 0 0
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Dilaton transformation

> (Dy— Fple??=0 — 8/(2d + log | det v| + log | det VD

-~

= 2¢g = const.
> d=¢—1/4log|detg| — % log|det 7|
¢:qﬁo—|—%log\detg\—%Iog\detv\

((BO _|_§O)ab _ EOab
ab __ Mach
> g=vielev with ¢ e e " =gy —(Bo+Mgy'(Bo+N)
&5 & = do
\ e_T:éo—l—éO_T(Bo—l—n)

> gb:gbo+%|og\dete\ :¢O—%Iog\deté0\—%|og|det (1 +§]51(Bo+l‘l))‘

» reproduces [Jurco and Vysoky, 2018]
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O(D,D) Majorana-Weyl spinor on D

> -matrices: {[4,M g} = 2nas
> Chlrallty FgDH with {|_2[)_|_1 ; FA} =0
> charge conjugation C with CT4C~" = (I'4)f
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O(D,D) Majorana-Weyl spinor on D

> -matrices: {[4,M g} = 2nas
> Chlrallty I'29+1 with {r20_|_~| ; I'A} =0
> charge conjugation C with CT4C~" = (I'4)f

. O ()
» spinor can be expressed as y = pz—:o WC&_”% [a1-3|0)
> [@ = creation op. and I, = annihilation op. ({T'%, T} = 252)
> (M%) =T,and|0) = vacuum (T,4/0) =0)

» v is chiral/anti-chiral if all C(P) are even/odd
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O(D,D) Majorana-Weyl spinor on D

> -matrices: {[4,M g} = 2nas
> Chlrallty I'20+1 with {I_ZD—H ; I'A} =0
> charge conjugation C with CT4C~" = (I'4)f

. O ()
» spinor can be expressed as y = pz—:o WC&_”% [a1-3|0)
> [@ = creation op. and I, = annihilation op. ({T'%, T} = 252)
> (M%) =T,and|0) = vacuum (T,4/0) =0)

» v is chiral/anti-chiral if all C(P) are even/odd

» O(D,D) transformation in spinor representation
SolaS,' =Tg0B,  OTnO =1
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R/R sector of DFT on group manifolds

» action SRR — %f d2dX (WX)]L S?—[ WX

> covariant derivative Yy = (MDa — 15MP“Fagc — 5 Fa) x
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R/R sector of DFT on group manifolds
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> covariant derivative Yy = (MDa — 15MP“Fagc — 5 Fa) x
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R/R sector of DFT on group manifolds

» action SRR — %f d2dX (WX)]L S?—[ WX
> covariant derivative Yy = (MDa — 15MP“Fagc — 5 Fa) x

> ¥° = 0 under SC

»  is chiral (IIB) or anti-chiral (lIA)
» satisfies self duality condition
G=-KG with G=Yy and K=C1Sy4
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Symmetries of the action

> Sg/r invariant for X'— X'+ ¢AE,! and
1. x = x+Lex and  HAB - HAB 1 LHAB
2. x > x+Lx and HAB - HAB 4 [ HAB
1. generalized diffeomorphisms

1 1
Lex =V ax + EVAfBrABX + EVAfAX

LeVA=¢PVgVA + (VA — Ve VE + wvgePvA
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Symmetries of the action

> Sg/r invariant for X'— X'+ ¢AE,! and

1. x = x+Lex and  HAB - HAB 1 LHAB
2. x > x+Lx and HAB - HAB 4 [ HAB

1. generalized diffeomorphisms

1 1
Lex = EAVax + EVAfBrABX + EVAfAX
LeVA=¢PVgVA + (VA — Ve VE + wvgePvA
2. 2D-diffeomorphisms

Lex = EADax — 3(§8Fa — Daé?)x  and  LeHAB = ¢CDoHAP
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Symmetries of the action

> Sg/r invariant for X'— X'+ ¢AE,! and

1. x = x+Lex and  HAB - HAB 1 LHAB
2. x > x+Lx and HAB - HAB 4 [ HAB

1. generalized diffeomorphisms

Lex = EAVax + %VAfBrABX + %VAfAX

LeVA=¢PVgVA + (VA — Ve VE + wvgePvA
2. 2D-diffeomorphisms

Lex = EADax — 3(§8Fa — Daé?)x  and  LeHAB = ¢CDoHAP
3. global O(D,D) transformations (0408 pncP = nAB)

Y — Sox and HAB - OALHCPOB,
» section condition (SC) for fi, f> with weights wy, ws

(Dafy — wy Fafy)(DAfy — woFAR) = 0
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Equivalence to (m)SUGRA: 1. R/R field strengths

» transport y to the generalized tangent space:
5(\ — \det éai|_1/2SEX ( taéai — Q_1d§)

» remember generalized metric from yesterday:
al _ EA7HABEBJ
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Remember S? is not parallelizable, but generalized parallelizable

Def.. M is parallelizable if 4 d=dim M
smooth vector fields providing a basis e,
for T,M at every point p on M.

> examples: S3, S/, Lie groups

» Scherk-Schwarz compactifications on
M do not break any SUSY

» counterexample S? (hairy ball)

» all spheres are generalized parallelizable on TM & A9—2T*M
> generalized frame field E fulfilling Lz Ep = Fag®Ec

» consistent ansatze from compactification with max. SUSY
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Equivalence to (m)SUGRA: 1. R/R field strengths
» transport y to the generalized tangent space:
X = |det 857 1/2Szx (1385 =g 'dg)
» remember generalized metric from yesterday:
al _ EA7HABEBJ
» same for covariant derivative
| det éa,-\—VZSEWX — (é? - Xﬁ) X with X;= (_IIVI)
SEFASE1 EJ=T" and @=T70

> X; vanishes if g is unimodular
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Equivalence to (m)SUGRA: 1. R/R field strengths

» transport y to the generalized tangent space:
X = |det 857 1/2Szx (1385 =g 'dg)
» remember generalized metric from yesterday:
al _ EA7HABEBJ
» same for covariant derivative
| det éa/\_”zSgWX = (a - Xﬁ) X with  X;= (—/I\/,)
SEFASE1 EJ=T" and @=T70
> X; vanishes if g is unimodular
» introduce field strength F = e?Sg (q? — Xﬁ) X

> and derivative d = e?Sp (a —~ Xﬁ) Sgle?
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Equivalence to (m)SUGRA: 2. field equations & Bianchi identity

> DFT R/R field equations: YV (KL G) = O remember 6 — v
» rewrite them as:

dxF =0 *:C_1351
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Equivalence to (m)SUGRA: 2. field equations & Bianchi identity

> DFT R/R field equations: YV (KL G) = O remember 6 — v

» rewrite them as:
dxF=0 x= C_1Sg_1

» plus Bianchi identity: YV G
dF =0
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Equivalence to (m)SUGRA: 2. field equations & Bianchi identity

>
>

DFT R/R field equations: Y (KL G) = O remember 6 — v
rewrite them as:

dxF =0 >0<:C_1-Sg_1

olus Bianchi identity: YV G
dF =0

action on polyforms

d <~ d+HAN—-ZN—y with Z=d¢p+¢yB-V

* < *

matches the R/R sector of (m)SUGRA
some holds for the NS/NS sector

Reminder Dilaton R/R sector Application

000

0]0) 0000000 0000

Outlook
00



Restrictions on # 45 and x to admit Poisson-Lie Symmetry

_ Poisson-Lie T-duality (2D-diff.) o
> remember Hag(x’) > Has(x", x")

> X/ part not compatible with ansatz for SC solutions — avoid it
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Restrictions on # 45 and x to admit Poisson-Lie Symmetry

_ Poisson-Lie T-duality (2D-diff.) o
> remember Hag(x’) > Has(x", x")

> X/ part not compatible with ansatz for SC solutions — avoid it

/A doubled space (D, Hag, d) has Poisson-Lie symmetry iff )
1. L{HAB =0 V€ — DAHBC =0
2. Lex=0 V¢ — Dax=1iF

)
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Restrictions on # 45 and x to admit Poisson-Lie Symmetry

_ Poisson-Lie T-duality (2D-diff.) o
> remember Hag(x’) > Has(x", x")

> X/ part not compatible with ansatz for SC solutions — avoid it

/A doubled space (D, Hag, d) has Poisson-Lie symmetry iff )
1. L{HAB =0 Vf — DAHBC =0
2. Lex=0 V¢ — Dax=1iF

)

» YV = 0 for Poisson-Lie symmetric y is algebraic
Yx = 15 FascM B¢
» finding R/R solutions reduces to linear algebra

» similar for NS/NS sector
(here field equations are in general quadratic)
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Application to integrable deformations

» one parameter deformation of the PCM
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Application to integrable deformations

» one parameter deformation of the PCM
» starting point is solution to (m)CYBE
[Rx, Ry] = R([RxX,y] + [x, Ry]) = —¢°[, y]

1. ¢® = —1 Yang-Baxter o-model or n-deformation
2. ¢ = 1 \-deformation
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Application to integrable deformations

» one parameter deformation of the PCM
» starting point is solution to (m)CYBE
[Rx, Ry] = R([RxX,y] + [x, Ry]) = —¢°[, y]

1. ¢® = —1 Yang-Baxter o-model or n-deformation
2. ¢® = 1 \-deformation

» generalized metric after global O(D,D) very simple

K 0
HAB _ ( gb kab)

» structure coefficients have non-trivial components
—1/2
Fabe =0, Fap° =~ / fab®

I:abC _ O, Fabc _ /£3/202kadkbefdec
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Application to integrable deformations

» one parameter deformation of the PCM
» starting point is solution to (m)CYBE
[Rx, Ry] = R([RxX,y] + [x, Ry]) = —¢°[, y]

1. ¢® = —1 Yang-Baxter o-model or n-deformation
2. ¢® = 1 \-deformation

» generalized metric after global O(D,D) very simple

Kap O
HAP = ( (a) kab)
» structure coefficients have non-trivial components

Fapc = 0, FezbC — "‘3_1/2fabca

I:abC _ O, Fabc _ /£3/202kadkbefdec

» field equations for NS/NS + R/R sector become linear
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Field equations: 1. Variation of the NS/NS action
» two contributions

1. 0Sng = —2f d?P Xe—29Réd
2. 0SNs = deDXe_zd/CAB57'[AB

R = 4H BV ,Ved — VaVEH B — AHABY 4d Vgd + 4V 4d V g HAB

1 1 1
+ gH PV HAsVoHY — SHPVEH PV pHac + o FacFs® 1™

1 1
Kag = gvAHCDVBHCD -2 (Ve —2(Ved)|HPV pHag +2V(aVe)d

— V(AHCDVDHB)C + [VD — Z(V[)d)] [%CDV(AHB)C + HC(AVCHDB)]
1

+ 5 FacpFs“”
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Field equations: 1. Variation of the NS/NS action
» two contributions

1. 0Sng = —2f d?P Xe—29Réd
2. 0SNs = fd2DXe_2d/CAB5HAB

R = 4H BV ,Ved — VaVEH B — AHABY 4d Vgd + 4V 4d V g HAB

1 1 1
+ gH PV HAsVoHY — SHPVEH PV pHac + o FacFs® 1™

1 1
Kag = gvAHCDVBHCD -2 (Ve —2(Ved)|HPV pHag +2V(aVe)d

— V(AHCDVDHB)C + [VD — Z(V[)d)] [%CDV(AHB)C + HC(AVCHDB)]
1

+ 5 FacpFs“”

» T g Not just symmetric but restricted to O(D,D) — project K g
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Field equations: 2. Poisson-Lie symmetry

» generalized Ricci curvature
Rag = 2Pa“KcpPg)”

Pag = 5(nas +Hag) and  Pag = 3(nas — Has)

» finally the field equations are:
R=0

1

8

R/R gector

Ha"Rep = —

\ .

G’ Cl,5G
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Field equations: 2. Poisson-Lie symmetry

» generalized Ricci curvature
Rag = 2Pa“KcpPg)”

Pag = 5(nas +Hag) and  Pag = 3(nas — Has)

» finally the field equations are:
R=0

8

\ .

1
HiReg = —=G  Cl A5G

R/R gector
» Poisson-Lie symmetry simplifies R and R4z

’
R — = FaceFapr (SHABUCD EF HABHCDHEF)

1

~(HacHsr — nacner)(HPHTE — " Pn 5P © Fpe”

R A —
AB = g
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Generalized frame field and target space fields

/{1/Zeai /{1/2(|—|ab_|_l:?ab)ebi>

» generalized frame field: EA7 — ( 0 /2]
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Generalized frame field and target space fields

%1/263,' /{1/2(|—|ab_|_Rab)ebi>

» generalized frame field: EA7 — ( 0 /2]

/\/\/\

» metric G and B-field from generalized metric H"
g+B=¢e’ ((kk)"'+R+N)e t,e?:dx’ = g~ ldg
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Generalized frame field and target space fields

0 l€_1/263i

/\/\/\

» metric G and B-field from generalized metric H"
g+B=¢e’ ((kk)"'+R+N)e t,e?:dx’ = g~ ldg

~ 3 1/2pa. ,—1/2(mjab ab\ . i
> generalized frame field: E,' = ('f e k(N + A )eb>

> dilaton ¢ = ¢ + 5 log|det g| + & log | det €|
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Generalized frame field and target space fields

~ 3 1/2pa. ,—1/2(mjab ab\ . i
> generalized frame field: E,' = ('f e k(N + A )eb>

0 li_1/263i

/\/\/\

» metric G and B-field from generalized metric H"
g+B=¢e’ ((kk)"'+R+N)e t,e?:dx’ = g~ ldg

> dilaton ¢ = ¢ + 5 log|det g| + & log | det €|

~ bcf a,, i
» modified SUGRA vector: X' = % (R fgc Va)
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Generalized frame field and target space fields

» generalized frame field: EA7 — (

/\/\/\

» metric G and B-field from generalized metric H"

g+B=¢e’ ((kk)"'+R+N)e t,ed;dx' = g~ 'dg

> dilaton ¢ = ¢ + 5 log|det g| + & log | det €|

~ bcf a,, i
» modified SUGRA vector: X' = % (R foc Va)

0

- 1 2

a0) _ }2“ (M + R)2f,p €°
» R/R fields:

~ 1+ kK

G®) = forc€2 A el A e°

3v2
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There are many interesting questions

» translation of all the intriguing results in Poisson-Lie T-duality e.g.
» implement dressing cosets

> study global properties
(non-abelian momentum and winding exchange)

» D-branes
» Dbetter understand supersymmetry
» apply to background with just partial PL-symmetry
» quantization of £-model <> o' corrections

» EFT has similar structure as DFT.
Can we formulate “Poisson-Lie” U-duality?






