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Action

S[x] = R/z d2f[%?7a5GW[x] + eaﬁBW[x] OaxH0px"

» bosonic string in the coordinate dependant background

> string is propagating in D=26 dimensions

» worldsheet is parametrized with one time-like (§, = 7) and
one space-like ({1 = o) parameter

S[x] = Ii/z dzfa_i_x“l_l_i_w,[x]@_x", Miw[x] = Bu[x] £ %GW[X]
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oL = 0 5 (Gg)"



T-duality

» T-duality is an equivalence of two seemingly different physical
theories in a way that all observable quantities in one theory
are identified with quantities in its dual theory

» T-duality connects different superstring theories: two flavors
of heterotic string theory (SO(32) and Eg x Eg) and theories
of type lla and llb

» T-duality is used in a construction of equivalent Calabi-Yau
manifolds.



Example: Closed string in the background with one
dimension compactified on the radius R

= W

» Spectrum doesn’t change under the simultaneous
transformations K <+ W and R « %

» Momenta in one theory are winding numbers in its T-dual
theory and vice versa



Construction of the T-dual theory of sigma model

» Buscher procedure

> at least one Abelian isometry is required

> isometry is gauged by introducing the gauge fields

» gauge fields should not carry the additional degrees of freedom
» Generalized Buscher procedure

» constructed for certain coordinate-dependant background fields
> invariant coordinate as the line integral of the covariant
derivatives of the original coordinates

Action:
“Sly] = x / €0y, T (AV(1))0-y,



Currents in the original theory

» Hamiltonian as a function of some currents j; ,:

1

1
. 1 . . _ .
H= iou(CT)jew + jvn(G DL,

Jtp =T+ 2/-$I_Iiw,x”’

» Currents can be rewritten in the following form:

Jp =iy £ /iGWx’”, Iy =, + 2nBWX”’



Currents in the T-dual theory

» Hamiltonian as a function of currents *k/ in dual theory:

_ E v E v
H= LopiGE ke 4 *kJ‘:GW*k

K= 2Ty

» Currents can be rewritten in the following form:
*ku_*/p:l:(G )yyy/ */“Z*W“—FTBWyL

» They satisfy the following relations:

1
K =M XM k0T, = M+ ;(Ggl)"”ﬂy,

I kxP 4 kOM T,



General currents

The most general currents:
Je(ua) = " (x)iy + au(x)x™
JR(u,a) = UM(X)WM + a“(x)/”

Currents ji, and k! can be obtained with following
transformations:

ay = £RGyuY, Jc(u@) — utjy,

1
u' = £=(GEY ay, JR(ua) = okl
K



Current algebra

> Poisson brackets between the currents:

{iu(0). i(0")} = ~26Byupx?5(o — o)

{I"(0), I"(0")} = =kQ " IPé(0 — ') — K2RMPT8(0 — o)
» Structure constants are given by

B = 0uBup + 0y By + 0, By
QY = D,
RHVP = 170,677 + 677 9,0°% + 67 0, 1



Current algebra
Algebra between the most general currents:

{JC(u,a)(U)7 JC(V,B)(U/)} = JC(W,'y)(S(U_U/)'i_ ((u’ O‘)’ (V, ﬂ)) 6/(0_0/)

wh = (vVo,ut — u” 0, v*)
Vo = =2Bupttv" + u(9pB = 0uBp) + (audp + dury)v*
((u,a), (v,ﬁ)) =u'B, + al'y,

r(a)(@): a5V} = Jrudlo—o' 1+ (v, ), (v, 8) )8 (0—o)

wh = 0, uPv” — O vH Y — Ko 0"POpvH — Kow 0, v 0"P + Koy, vPO,0"H +
KO"P DUt By, — K0P By — KD, BP0 — KERM P, B,

Yo = Oy v + a, 0 v + k07P0,00,8, — k0P 0, P00+
u’(0uBy — 0By) — QP By



Charges

» Charges are defined as usual:

QC(u,a) :/dUJC(u,a)(G)v QR(LI,O!) :/dUJR(u,Oc)(U)

» They satisfy following algebra:

{Qc(ua): Qec(v,p)} = —Qcl(ua),(v.8)lc
{Qr(ua): Qr(v.8)} = — QR[(u0).(v.8)Ir



Courant bracket

» Courant bracket is a generalization of the Lie bracket.

> Lie bracket is the operation on the tangent bundle, while
Courant bracket is the operation on the direct sum of the
tangent bundle and the vector bundle of 1-forms.

[u+o, v+B]c = [u, v]L—i-Luﬂ—Lva—%d(iuﬁ—i\,a)—FH(u, v,.)

» Courant bracket does not satisfy the Jacobi identity. The
Jacobiator of the Courant bracket is an exact form.
In our theory:

[u+a,v+ Blc = (VO u” — u” O vH) + u" (0,8, — Oubp)
— v (Opay — Opap) vt — 2B, utv?



Roytenberg bracket

» Roytenberg bracket is a generalization of Courant bracket, in
a way that it includes a bi-vector I1 = %I’I””@,ﬁu as well.

[u+a,v+ Blgr =[u,v]L + LuS — Ly (/uﬂ iva) + H(u,v,.)—
HN(u, v) + NH(a, v, .) —NH(B, u,.)
(Lo — Ly3 + %d(i,,ﬁ o)+
NNH(a,.,v) — NNH(B, ., u) — o, Bln+
N°MNH(a, B,.) — [v, o], + [u, BN+
(%[I‘I,I‘I]S —/\3|'|H)(a,5, )



Questions?



