S
T-duality and non-geometry

T-duality and non-geometry

Branislav Sazdovié

Institute of Physics,
University of Belgrade, Serbia

9th MATHEMATICAL PHYSICS MEETING 2017
Belgrade, Serbia



T-duality and non-geometry
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» Closed string T-duality
» Open string T-duality
» What is T-dual to local gauge transformations?

» T-dual background fields of the open string
» Relation with standard approach

» Non-geometric theories



T-duality and non-geometry

Closed string

af
S[x] = /'i/): d’¢\/—g [%gaﬁ Gu[x] + \;?ng,[X]] Dax"dpx"”

Action principle S = 0 gives equations of motion and
boundary conditions

A0 fgmr — AO(X)0x" gm0 = 0

where we define o-momentum

(0)(X) _ 05

T oxm

= /<o<2B#,,>'<" — Gu,,x'”)
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Buscher T-duality procedure

» Buscher procedure:
» gauging global symmetries dx* = \¥
Oa X" = Doxt = Opx* + V4,
> vk gauge field
> D, covariant derivative
> Field strength F/y = 0o v — sVl
» T-dual theory must be Physically equivalent to initial theory
FG=Fr=0
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Buscher T-duality procedure-1

» Invariant Action

/!

1 op o
Sinv(X,y,v) = o / [(HTGW + P B, )Dox*Dgx” + ?yﬂ F*

> y. Lagrange multiplier
> Gauge fixing x* =0

> Gauge fixed Action

770‘5 af wo v o L
Stix(y,v) = (5 Guv + e Bu)vavs + - yuF
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Buscher T-duality procedure-2

» Check
7% 6avg — vl =0 = vl = Opx" = Spix — S(x)

» Elimination of gauge fields on equations of motion produces
T-dual Action

"S(y) = / (I G 1 coegiyay 0,
2rad s 2 K ’
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Buscher T-duality procedure-3

» Dual Action *S(y) has the same form as initial one, but with
different background fields

* * v ,{/2 v
Shy] = n/d2£ Dyyy T By, = 7/0125 Dy, 0" 0_y,

*opY —1\uv *Bp,u:f 117
G (GE )™, 20
where T-dual background fields
2
Gh, =Gu —4(BG'B),, 0 = —E(GE‘lBG_l)“”

1 1
Me=Bu+ G, 08 =0"F—(GeH)"
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T-duality transformation of variables

» T-dual transformations
vl 2 oixt = —k@Y 01y,

> together with inverse transformation produces
T-duality transformation of variables

~ 174 ~
Oext = —k0 dry, Oxyp = —2M5 04 x"
> in canonical form
yn o~ *

RX ﬂ-#a ﬂ-MgK’y;/L _H)-(,ug *7&)(y)7 FV,L(LO)(X)%J_K}-/M
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Open string T-duality

» Each term must have its own T-dual

S(x) Gw  Buw  AD AP
I
*S(y) *GHY  x BV *AaD *AIIV

» Coupling for Neumann fields

Sav =2k / dr(ANX? /g — ANX /o)

» Coupling for Dirichlet fields

S0 =25 [ dr(AP() oms — AP() /0-0)
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Zwiebach approach

> Action of closed string theory is invariant under local gauge
transformations

NG =0, By = 0N\, — O\,

» The open string theory is not invariant

IAS[x] = 2/£/d7(/\é,>'<a/0:7r — Nax?/ 5=0)
» To obtain gauge invariant action we should add the term
San[x] = 2k / dr(ANX? gy — ANXT /1 0)

where newly introduced vector field AY transforms with the
same gauge parameter A,

AN = —A,
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What is T-dual to local gauge transformations?
» If variation of energy-momentum tensor T can be written as
0Ty =Ty}

then corresponding transformation of background fields is
target-space symmetry of the theory.

» For I — 'n =2 [ doA,xx"" we can obtain just local gauge
transformations

» T-dual to kx* is 7, so, T-dual to ' is

Me = 2/da g,
and corresponding transformations are

0¢ Gy = =2 (D& + Du)

0¢Buy = =28 By + 28“(Bl,p§p) - 281/(Bupfp)
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What is T-dual to local gauge transformations?

» These transformations exactly have the form of general
coordinate transformations (GCT) (symmetry transformations
of the space-time action)

> Are they symmetries of the o-model action?

» Action of o-model is scalar under GCT, so both closed and
open string actions are invariant under GCT
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What is T-dual to local gauge transformations?

> itis

useful to make

transformations of the background fields

(metric tensor G, and Kalb-Ramond field B,,,)) with
parameter &,

the transformations of the string coordinates x* with different
parameter dx* = &F

Using the equation of motion we obtain

5eSlx] = —2 /8 dr(g,— §) 6000
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What is T-dual to local gauge transformations?

» Residual general coordinate transformations (RGCT) , which
include the transformations of background fields but not
include the transformations of the string coordinates x*

> gu/a:rr = gu/a:O =0

5¢Sx] = —2 /8 _drt, 670y

> x* and 7,&0)(x) are expressions T-dual to each other

» local gauge transformations and RGCT are connected by
T-duality

> strong indication that we are on the right track
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Full gauge invariant action for open string

» Gauge invariant action for open string

Sopen[X] = K [5 d260 xM M, 0—x¥
2% fyp dr| AV = LAPIX]G 1 ()]

where
AP = —;

> In literature
» AN[x] is known as massless vector field on Dp-brane
» AP[x] is known as massless scalar oscillations orthogonal to
the Dp-brane
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Gauge invariant-physical variables

» Gauge invariant and physical variables

Bab - Bab + Fa(z) 5 gab = G
By = Bj—2AlBy; — F{”(AP)
Gy = Gy + F{)(AP)

» Field strengths

F$ = 0.A) —0,Al, FP(AP) = —2(9,AP + 9,AP)

A =2B;G YUK AR
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T-dual background fields of the open string

» Choose background Vector fields linear in coordinates

B,., = const , G, = const

1

V) = A= JFDe AP = A -

(s)
5 Fab Fij X
so that corresponding field strengths are constant

» These forms of background fields satisfies space-time
equations of motion for open string
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T-dual background fields of the open string

» Action depends on the coordinate x* itself and not only on its
derivatives with respect to 7 and o,

» Part with A,-D(x) does not have global shift symmetry,

because the expression %go) contain x% which is not total

derivative with respect to integration variable 7.

» So, we should apply T-dualization procedure which work in
absence of global symmetry
Lj. Davidovi¢ and B. Sazdovi¢, JHEP 11 (2015) 119
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T-dual background fields of the open string

» T-dual background fields in terms of initial ones

*GHY — G—l uv *BHY Eouu
( E ) ’ 2

FAB(V) = GEPAR (V) TAN(V) = GTHAP(V)

» T-duality interchange Neumann with Dirichlet gauge fields
VE = —k "y, + G- 3,

Y = —EQB/dﬁaagy’u = /(dTyL + doy,)

V=Y., J.=w
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Relation with standard approach

» Up to gauge transformation
1 ) ..
A= G (A D)L A= AP

» In standard approach one can not recognize Dirichlet vector
fields. So AiD =0 and *A}, = 0 and

Ay=0, - 24

This is consistency of standard approach
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The field strength for non-geometric theories

» The particular form of V¥ = —x 6"y, + GElW ¥, implies
features of non-geometric theories

Lj. Davidovi¢, B. Nikoli¢ and B. Sazdovi¢, EPJ C 74 (2014)
2734

Lj. Davidovi¢, B. Nikoli¢ and B. Sazdovi¢, EPJ C 75 (2015)
576

It produces non-commutativity and non-associativity of closed
string coordinates

> In geometric theories the field strength for Abelian vector field
is simple F,, = 0,A, — 0,A,

Because in non-geometric theories the vector field depends on
VH, we expect that T-dual field strength will contain
derivatives with respect to both variables y, and y,
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The field strength for non-geometric theories

» How to define the field strength for non-geometric theories?

For Neumann vector fields (initial theory)

SNIx] = 2&/ drAN(x)x* = m/ d?€0, x* Fap O_xP
)x X
where only antisymmetric part contributes
Far = F) = 0,AN(x) — 0,AY (%)

We are going to generalize such relation to non-geometric
theories
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The field strength for non-geometric theories
For Dirichlet vector fields (initial theory)

SRIx] =2k /Bz dr( - %AP(X)G—”JVJ(O)(XD

= 2K / dT(.Ao,'[X])'(i —Al,[x]x“') =K / d?€ 0. x" Fyj0_xI
ox X
Now, both antisymmetric and symmetric parts contribute
@ 1
Fij=Fi + 57
where
(a) _ —1kq oD —1kq AD

F = [01(2Bx 6947 ) - 05 (284 6947 )|

= 0;Agj(x) — 0;Aoi(x)

FE = 24P + 0AP) = 2(91.A44)(x) + 0 Aui(x))
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The field strength for non-geometric theories
» For Dirichlet vector fields (T-dual theory)

1 * —1 %
"SR =2n [ _dr( = ap(v)* 651l )
— i [ 0.y, FP 0y,
b
*]:ab __ xTab + 1* ab
— Y@ Ty T
» For Neumann vector fields (T-dual theory)

"KW =2 [ dr(*Au(V)n) = [ ey Fioy,
)X >

1
* T _ %l * ij
Fr="Fat 5
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The field strength for non-geometric theories

Dirichlet
(aals — _,{/293CF£§) edb o GEMCF,EZ) GE—ldb
(s) —_ —2K|:G_13CF(a) edb + HaCF(a) G- 1dbi|

Neumann

*_FU _

K ( pik £(s) ~—1qj ~1ik (s) gaj
= Z<9 F G710+ G99

j 11 “lgi , -l ~1qj
*]_-(Js):_§ (GElkFIEtS;)G 1CU+G llkFIE(s])GE ‘U)
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The field strength for non-geometric theories

> Write out expressions for T-dual field strengths *F*” in terms
of derivative of T-dual gauge fields *A3(V) and *AJ(V) with
respect to variables y, and y,

*]-'é’; =9 *Ag(V) — 8y "AG(V) + 05 “A{(V) - 05 "A{(V),

T =2 [0 AG(V) + 05 AB(V) + Ot AL (V) + 9 AL(V))|

> We can check this expression in other way
*Salyl = "SR] + *SAly] = 2w /8 _ AT ALV] Oy

= /4;/ d?€0.y,* F* o _y,
ba
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The field strength for non-geometric theories

» The red expression we can consider as a general definition of
the field strength

» Beside antisymmetric part *]-'(’g; it also contains the

nz

symmetric one *f(s)
> In definition of both parts, derivatives with respect to both
T-dual coordinate y,, and to its double y, contribute

» The unusual form of *F*¥ is a consequence of two facts:

1. the T-dual vector field *A% (V) are not multiplied by y, but

with T-dual o-momentum *G_,1*f)

2. the T-dual vector fields depend on V# which is function on
both y,, and ¥,



