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INTRODUCTION DUALITITES IN STRING THEORY

DUALITITES IN STRING THEORY

m net of theories
m string cosmology
m moduli stabilization

m string vacuum
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INTRODUCTION T-pUALITY IN TYPE II THEORIES

T-DUALITY IN TYPE II THEORIES ON A TORUS T¢
S= / d%0 (V—hh*® G, —eaﬂan) Do XX (1)
Equations of motion <= Bianchi identities
0,62 (X™) =0 eP0,05X™ =0

Momentum <= Winding mode
radius of the torus R <= o//R (for T}, d = 1)

2 2 p2

n m-R ~

Dual coordinates )N(u, whose Bianchi identities are EOM for X*.
X = X; + X_, X = X; — X_ — independent

[A. Tseytlin, P. West, M. Duff, J. Lul

M? =
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INTRODUCTION THE BUSCHER RULES

THE BUSCHER RULES

S= / d?0(Gn + Bmn)04 X™O_X" = / d?0Em, 0  X™O_X"

The Buscher rules for ST, X™ = (9, X™):

Gy Eps = Eps
06 G997 0a G6'9 03>
/ L / 1
E§9 = _G—%,E§6’ EAb Eéb - EéeG—%EQZ)
The Buscher rules for T4 (non-linear):
aE+b |a b
E'=— O(d,d
cE+d [ d] € 0(d,d)

E. Musaev (QMUL) ToPOLOGY EFFECTS IN DFT



INTRODUCTION NON-GEOMETRY

NON-GEOMETRIC BACKGROUNDS

T-duality mixes
m the metric Gp,, and the gauge field Bpy.
m diffeomorphisms and gauge transformations.

New class of consistent string-theory backgrounds — T-folds.

Transition functions
m Manifold: diffeos;
m T-fold: T-duality; I
m U-fold: U-duality;

m Mirror-fold: mirror symmetry;

schematically:
Uo
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INTRODUCTION NON-GEOMETRY

NON-GEOMETRY (A TOY-MODEL OF T?%)

Backgrounds with fluxes f and Q.

m Torsion fope # 0 (Kaluza-Klein monopole/5% — brane)
ds? = (dx + Nzdy)? + dy?> + dz?, B =0,
z—z+1l, x—=>x+Ny, NecZ
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INTRODUCTION NON-GEOMETRY

NON-GEOMETRY (A TOY-MODEL OF T?%)

Backgrounds with fluxes f and Q.

m Torsion fope # 0 (Kaluza-Klein monopole/5% — brane)
ds? = (dx + Nzdy)? + dy?> + dz?, B =0,
z—z+1l, x—=>x+Ny, NecZ
m Non-geometric flux Qupc # 0 (53 — brane)

ds? = 1+T12z2(dX2 +dy? +dz?), B= N2 —Z dx A dy.
z—z+1, glued by T—duallty
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INTRODUCTION NON-GEOMETRY

NON-GEOMETRY (A TOY-MODEL OF T?%)

Backgrounds with fluxes f and Q.

m Torsion fope # 0 (Kaluza-Klein monopole/5% — brane)
ds? = (dx + Nzdy)? + dy?> + dz?, B =0,
z—z+1l, x—=>x+Ny, NecZ

m Non-geometric flux Qupc # 0 (53 — brane)

ds? = gpez (AP + dy? + dz?), B = - azdx Ady.

z—z+1, glued by T-duality

Tx T, T,
nyz > nyz %y Qxyz > RY%

[B. Wecht (lectures) hep-th/0708.3984]
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INTRODUCTION NON-GEOMETRY

NON-GEOMETRY

® non-commutativity
[Xm’Xn] N% ana dXQ
C
B non-associativity
[Xm’ Xn’Xa] ~ Rmna
[0. Hohm, D. Lust hep-th/1204.1979 ]

T-fold backgrounds:

e string compactifications in the presence of fluxes
e gauged supergravities (O, contains fluxes)

e moduli stabilization
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EXTENDED GEOMETRY POINCARE SYMMETRY

POINCARE SYMMETRY (ILLUSTRATION OF THE IDEA)
1SO(3,1): symmetry of Maxwell equations

divE = p, divH =0
rotH = E—Ff, rotE = —H.

i Extra coordinate: time;
I New fundamental fields A* € R, of SO(3,1);
@ E&H appear on the same footing in F,, = J;,A,};
! Equations become simple
OuF™ =" €M 95F,, =0. (7)

The fundamental field A, has a geometric interpretation!
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EXTENDED GEOMETRY DOUBLED GEOMETRY

DOUBLED (EXTENDED) GEOMETRY

Duff's procedure = the dual coordinate Xom.

Xm G,, — B,,B"y, —B.," 0 om
M _ N — ab ar b a _ n
XY = [XJ,/HMN [ Bm, Gmn]ﬂ?MN [52 0]-

m Gy, & B, are on equal footing;
m T-duality acts linearly by an O(d, d) rotation;
XM = OM XN 1)y = OK Kk Oty
m Diffeos+gauge transformations = Generalised Diffeos;
LeVM = LM 4 My ongR vVE

[C. Hull, 0. Hohm, B. Zwiebach, D. Berman, M. Perry, M. Grana et al.]
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EXTENDED GEOMETRY LOCAL PROPERTIES

LOCAL PROPERTIES
Transformation of a (generalised) vector

Oy VM = (ﬁz V) M _ (Lz V)M + ’I7MN’I7A58NZAVB. (8)

The Jacobi identities fail to satisfy

[05,,05,,05,]VM £ 0 (9)
C-bracket (in general the algebra is not closed)
[V1, Vo]c = % (ﬁvlvz—ﬁle) (10)
[Le,, Le,] = Lig 6] + Fo
The section condition:
"BOsedpe =0 — Fy=0 (11)
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EXTENDED GEOMETRY THE EFFECTIVE ACTION

THE EFFECTIVE ACTION

The effective action for DFT (T-duality covariant)
= / dXdXe 2 (O[H, OH, d] + Vi O EX AONE gHAF ).

Two natural choices for the vielbein Hyy = EMAENB’H;\B

el 0 e eppm
EY = |, EY= - (12)
e B €’ 0 eb

The 2-vector = ™0, A O, is a sign of non-geometry.

[Xm’Xf'l] ~ len
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EXTENDED GEOMETRY GAUGED SUPERGRAVITIES

(GAUGED SUPERGRAVITIES

Q_':xtended geometr))
[ M-theory |

Generalised
low|energy reduction
(up to boundary terms)
<Supegravity (D = 10, 1ID

reduction in presence of

reduction - pform fluxes [ F(P) = Gy
on torus — torsion (geometric flux)
T" de? = 77)aceb A e€

— non-geometric flux

gauging
@ngauged supergravit;)—»CGauged supergravitD

E. Musaev (QMUL) ToPOLOGY EFFECTS IN DFT 15 / 24




EXTENDED GEOMETRY GENERALIZED FLUX

GENERALIZED FLUX
Ordinary torsion (gmn = e,éne,tf??gi;):

[e3, e5] = F5z65.
Generalized "torsion” (Hyn = E;‘MEBN’H;\B)
[Ea Eslc = Fas“Ee,

F35€ encodes all fluxes (schematically):

F K _ fmn K Hmnk
MN ank Rmnk

The embedding tensor <> generalized flux.

Xun' = Fun™ + Zun™
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BOUNDARY TERMS THE ACTION

THE ACTION

Boundary terms = Gibbons-Hawking terms.

The full action differs from S¢ by a full derivative
Sk = Sg + 27{8,4 (e_2dHABNB)
1o}

Non-trivial monodromy when going around one of the cycles of the torus.
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BOUNDARY TERMS NON-TRIVIAL MONODROMIES

NON-TRIVIAL MONODROMIES

Electrodynamics: the classical monopole

/F:/dA:/ dAN+/ dAS:/d/\.
s? s? Un Us st

Gauge transformation Ay = Ags + dA.

. Us@ As

Non-trivial topology = quantization of the monopole charge.
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BOUNDARY TERMS THE RESULT

THE RESULT

0 — 6+27
Tilde gauge (with B) Hat gauge (with f3)
SB —2v / n? anaane—2)\ + / F’bfbmnﬁmne_2>\ +
’H‘gflx’ﬁ‘d ’]I‘d><’~]I‘g*1

+ 2v

/ ) n’"anO”e_z)‘—/ ) AmB™Ope | .
T9~ % Td Tdx T4~

m Fluxes f and Q couple magnetically to the B-field and the 2-vector;
m The expression is T-duality invariant;
m Looks like the Gibbons-Hawking term for a charged black hole

Sen ~ (M — Qo)
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BOUNDARY TERMS EXOTIC STATES: THE 5% BRANE PRIMER

EXOTIC STATES: THE 55 BRANE PRIMER

1 2 3 4 5 6 7|8 9

NS5 X X X X x| -
KKM X X X X X |® -
53 X X X X xX|O® 0

The non-geometric flux Q%9 = o = const

H
ds? = H(dr? + r?d6?) + mdsgg + dsg3as67;
Hob

H
8 9 —2¢ _
7H2+J292dx ANdx?, e _7H2+a292’

(18)
B2 —

The torus Tég is glued by a T-duality transformation when going around
the brane (the cycle 8 — 6 + 27).
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BOUNDARY TERMS EXOTIC STATES: THE 5% BRANE PRIMER

EXOTIC STATES: THE 55 BRANE PRIMER

Sg = 2/\/—ganQ899889 (19)

0=27

Sg o]

05 1 15 2 25

The contribution of the topological term for configurations with flux o
close to |o| = 1 is dominant in the partition function.
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BOUNDARY TERMS CONCLUSION

CONCLUSION

7l The boundary contribution to the DFT action was presented in terms
of the fluxes f and Q;

I The exotic state corresponding to the 53-brane gives non-zero
contribution to the partition function;

i For a single 53-brane contributions with the flux o = 1 dominate;
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BOUNDARY TERMS CONCLUSION

CONCLUSION

7l The boundary contribution to the DFT action was presented in terms
of the fluxes f and Q;

I The exotic state corresponding to the 53-brane gives non-zero
contribution to the partition function;

i For a single 53-brane contributions with the flux o = 1 dominate;

Future problems
O Consider backgrounds with non-zero R-, f- and H-flux.

O Formulate a Gibbons-Hawking-like thermodynamics for these objects
using the calculated boundary action.

O Consider generalised reduction with the boundary terms included.
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