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|. Introduction

2014/3/19 Exotic Structures of spacetime @ YITP



motivation

& Gravity theory beyond Einstein’s gravity

“general covariance” = Einstein gravity theory

2 “ Manifest T-duality 7 = effective gravity of string

(T-duality symmetry in massless sector of string)
€ New string background geometry beyond Rleman

* Double field theory
‘93 Siegel, ’09 Hull&Zwiebach,’10 Hohm, Kwaw; Jeon, L§ rk
Thompson; Tseytlin,...
* Generalized geometry

‘02 Hitchin, ‘04 Gualtieri, ‘07 Hull ‘08 Pacchco & Waldram, ‘09
Grana, Louis, Sim,‘10 Berman & Perry,’11 Coimbra, Strickland-

Constable ...; Koerber, Baraglia, Dabholkar ,Copland, Reid-Edwards
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T-duality in SUGRA’s

* Hidden T-duality « Manifest T-duality

4
a background All backgrounds
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T duallty ]n moT‘enta ©wmdmg
gravity vs string QO

Hidden in target space Manifest in worldsheet
Effective gravity action String Hamiltonian

L =R -+ (@d))g -+ (aB)Q 7_[7' — (p: acr-l)M ( af'l

(Gmn G™pB__
(G +p)— UGTBI b M= ( By G — BBy, )
c(G+B)+d

- Fractional transf. of M=E'E. E— EA
components fields . Linear transf. of

under O(d,d) vielbein under O(d,d)
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Q. How to approach it?

% SUGRA IN SUPERSPACE

FROM SUPERSTRING
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ll. Manifestly T-dual formalism

1. Affine Lie algebra
2. Vielbein
3. Torsions

4. Dimensional reductions
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II-1. Affine Lie algebra flat

93 Siegel
* Bosonic string current: >, = (p,.. 9,2™)

» Algebra:
[lsiw(f? ) D‘J\;(O)] = f MNK E"K5 (f-T ) + NN Os0 (f-T )

Jacobi identity =
i [MNR / L]I{J =0& funk =1 ﬂ-fNLT?LK =f [IMNK]

. : i totally
symmetric group metric 5" : :
M. —  DPm m antisymmetric
r]i‘l«fﬁ' é‘:rn.
TL

Oyx™

% nondegenerate group metric required.
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[1-2. Vielbein curved

« Covariant derivative: >, = £, M >,

» Algebra:
[D‘A(J); D‘B(O)} = TABC D'Cfg(ﬁ) + 'UABaJ(s(O')

« Orthonormal condition on E " & SEwEcHiEL

EnE' =1 ., nun = nap

totally antisym.torsion

Tapc = (Dia EBM)EC]M + EAMERNEc" funt

% Vielbein can be orthonormal O(d,d)
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« Hamiltonian constraint:
(3, = By M By = 513y |5 = ( ! 1)

Bosonic string

* Vielbein: g™ — ( Ca” Ca” 0(d,d)/0(d)?
" #(G, B)=d

R ' mn mp
ETa‘EM( G G By )

_Bm-pGpn Gmn o BT?LpquBqn
% Vielbein is O(d,d)/0(d)?
% G&B are coset parameter
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 Diffeo. constraint:

H, = ﬁﬂ_ir-'r]” N |Z>;\ — |>'A-'r]‘4B >

. de[ivatives
P @(2)] = (Dy @)

e

/7‘( ]—d b = DI'U}’]UF\ (D (I))

 condition on double coordinates

HD’ — ﬁ'm ﬁ'm — pmacrfm =0

% o-Diffeo. Is given by string algebra basis.
% It gives cond. In double coordinate space
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 T-duality covariant gauge symmetry

SFE 4 = [E4 S\]T zero-mode part
of string algebra!

e @y X

* General coordinate transf. & gauge transf.

6(::7“-” — AI a [ C;-na,-n_ + a( m Af (;f n)
6B M — Aga.{ B LT _I_ a[;rn_ )\! B [ | ?1.] —I_ a['ﬂ’l )\?’1-]

% zero-mode string alg. Gives T-dual gauge sym.
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[1-3. Torsions

 Covariant derivative & curvature
>y=wiS + ey [Pa Pl =Rap®S +Tap" e

« Constrain torsion by hand

Tppp = () = Luppp = e(aﬁ?)t?:[wppp = ()B]
 Curvature tensor

2P BIEEANY \rvature in terms of w’s
% T-dual cov. geometry is given !
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[1-3. Torsions

 Covariant derivative & curvature

« Constrain torsion by hand

Tppp = () = Luppp = e(@e)e;[wppp = ()B]
 Curvature tensor

2P BIEEANY \rvature in terms of w’s
% T-dual cov. geometry is given !
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. ‘13 Polacek & Siegel
String algebra “Natural curvature for

. manifest T-duality”
nondegenerate Poincare
[P ms PH] — Emn + Tlmn 606

Dﬂf — (S P E) X2 [Smn EM] O[m +T75'Eaﬂ’5

* metric | 1
IMN = P
 Vielbein 2 NS-NS 3 form
e & torsion
EM—
3

% T-dual geometry is given by Poincare/Lorentz
% NS-NS 3form & torsion are mixed under T
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II-4. Dimensional reduction
* Constraints by sym)metry generators

S, — C—

= o7m,

P.-P =0= P +P ~Pp=1"
oxr

S, =S =0 = Z5=

% Symmetry generator commutes with covariant
derivative, so it does not change local structure.
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RECl PE: ‘13 Polacek & Siegel
manifestly T-dual gravity

1. Affine Lie algebra & double generators
2. Make covariant derivatives with vielbein
3. Constrain torsions by hands

4. Break manifest T-duality to hidden one
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Ill. Manifestly T-dual superspace
from type |l superstring

1. Affine Lie algebra
2. Vielbein
3. Torsions

4. Dimensional reductions
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RECI PE: ‘“14 Kamimura,&SiAi.gﬁ.l
manifestly T-dual superspace

1. Supestring algebra X2
2. Supervielbein

3. Constrain torsions by kappa symmetry

4. Break manifest T-duality to hidden one
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RECI PE: ‘“14 Kamimura,&SiAi.gﬁ.l
manifestly T-dual superspace

1. Supestring algebra X2
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l1I-1. Superstring algebra

* Non-degenerate super-Poincare

m\

r>f\-f — (S mn s D 1L Rnr QH.- Zmﬂ.) X2
Dim. 0 1/2 1 3/2 2

- S D P QX
 Metric:
( L)

—1

IIMN —
1

\ | /
* 2setsof P, (D,0),(S,2) are used as sust.alg.
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Nondegenerate super-poincare
algbera

Dim.

" {D.D} ="
3/2 | D, Pp| = 4m$2

2 | P Pu] = Zhin + mn050
D. Q) = X"V + D00
Sy ] = m + 152040
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RECI PE: ‘“14 Kamimura,&SiAi.gﬁ.l
manifestly T-dual superspace

1. Supestring algebra X2

2. Supervielbein
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2014/3/19

(2

(4]

I1l-2. Supervielbein

B{f‘t‘ L/
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I1l-2. Supervielbein

Super B fields \

s 1
Super connections .
NS-NS field — 1 o
strength p M _ - W,
QO A

Ty

€a Bf:e " Bmz

[y V ., n G it
‘ - ‘ — LB““‘N? ]s% fields
| frov ”? amn | e,

2/%

‘ L..L* _L.Lf\_L.Lf

R-R field strength gravitino
% NS-NS, R-R field strengths are mixed
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I1l-2. Supervielbein

s (1 \

P

p | wal et Ba“@ Prepotential
EA M = 5 W, @a D ean Bav

0 W | ETY o qhen e

5o\ 7 |—uv-T —wh et 1)

% Bpuv turns out to be a prepotential of all fields
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RECI PE: ‘“14 Kamimura,&SiAi.gﬁ.l
manifestly T-dual superspace

1. Supestring algebra X2
2. Supervielbein

3. Constrain torsions by kappa symmetry
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Ill-3. K-sym. constrains torsions

 Fermionic constraits: D, =0

[{_Dm- Dﬁ} :E){};‘j] P2 =0

« 15t class ---kappa-symmetry generator
D=0 = ABCD =0

« 2nd class ---must be eliminated
D, =70
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« K-symmetric Virasoro constraints

Dim.

2
3/2

2014/3/19

1 ) 1 '

A = SP’+QD+ %5 Virasoro
B = DP — 39 Kappa-symmetry
Cor = DD+ ($P)jus 2% class)
D-m. = D Vm (){TD + Z:-mn, S nIH
Smn- — S-m."-n," =0 Lorentz
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« Consistency of K-sym. =Torsion constraints.

>, =0

Do Al =0

& Taupoer=0ftor B,C = (S,D,, P)

{D..B} ~0

s Do, Ds}t = Dy
Tosp = (vp)as » Tapx =0 for X = (5,5, Dy, Dy, P')
Topy =0for Y =(S.5.D,.P. P .Q Q)

% All vielbein fields are written by

a prepotential [B,, = E,® = Epp|
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RECI PE: ‘“14 Kamimura,&SiAi.gﬁ.l
manifestly T-dual superspace

1. Supestring algebra X2
2. Supervielbein

3. Constrain torsions by kappa symmetry

4. Break manifest T-duality to hidden one
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e Dimensional reduction

e =0 =0

P.—P. =0=P,+P_—P

Sy =0

S, +S_ —>§:xi+9&)a+9’a&,

ox
 Coordinates

% Dim. Red.gives usual coordinate space
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IV. M & D-branes

1. Affine Lie algebra
2. Vielbein
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M5-brane
* M5 algebra base 0(5,5)spinor | |
Sy = (5, O ) P
— (pm; Elja-i;l’maj;l‘ p a[-.rjl.’l‘[ml . @15]1”“5])
¢ “metl’iC” 7_[@ — Pma@:l’m =+ E'ij1mj4Ej1j2 Ej3j4

a b
cD'ix-fPil'fhr >y =0 & pPMN =1 a b
b
d(BIMD) =B, B =
b (BT,D) = BB 4 e, DA

‘13 Kamimura & M.H.
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* Vielbein
e, ', OBl Cll L OBl A
EAPVI - (eT?la)Q OB]

(ema)fﬁ

. Gau%e symmetry

r
&5 Ea]ys
OgG — ﬁ(f(;f General transf.
0:CBl = £.CBl 4 d¢l Gauge transf.

0:C18 = £.C11 4 debl + OBl A del2

% M5 alg. is closed with self-dual gauge field
& define gauge sym.
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D3-brane

* D3 algebra base

D>

e “metric

1m

ITLILE

(Dm > |I> [>

(P Eﬁimkkaudhi

43 Hz’ — pmd'Im + FijEj
= DUIOU?\ |>‘;'ﬂ».k = ()

‘12 Kimura & M.H.

DBI U(1)
field

e 0™ 0" Ot

* Dp alg. is closed
with DBI gauge field
& give gauge transf.

(alb e 4" =0
pMN = g S N
\ ) ) . ':'>[3]mn-5 n I;[n 5[1]IE] — 0
* Vielbein:
L a M= Eﬂ-n (621 ﬂm|(\rn%]n (T?[i*mmz ms3 + CT (T'EQ 'm'3)

2014/3/19
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A

V. Conclusions .4
ODuahty covariant geometry is formulated

from brane algebras:

@ Superspace with manifestly T-duality from
superstring (nondegenerate super-Poincare)

@ Kappa-Virasoro gives torsion constraints
€ Bpv is a prepotential } -

@ Future problems
®R-R sector, D-branes, M branes, exotic branes
& effective theory of F theory

S
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