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1. Introduction

« AT DR BHFFZEDHEF

1. Bi5:open string DB/ ZHIEERD IE R H#LTE
2. Flux, nongeometric flux : closed string M JERT A4,

QF‘f‘iA'lf'E
Y T-duality

(X

hZEHYIAT 2L Generalized Geometryh iE 2 ?

alternative:
1. Generalized Com

HZB%h

Double Field Theory, Doubled Geometry
plex Geometry, Calabi-Yaua> /NI MED £

RO DFICHERES.

2. D-brane® & 3hE

DBI{EFH, Seiberg-Witten map, H-fluxMsh &
Non-geometricD ERFIRHL—=27



. EISADPoT=
2. Generalized Geometry | e

Target space M _E @ generalized tangent bundle &I[E
BENAURILERENRILEZEDLERED

TM =TM®T*M — M
Generalized vector
v+€el(TM), vel'(TM), £E€T(T"M)

v+ & =vMoy + EppdaM

1 1 (u\? (0 1) (v
W*ﬁ <u+£av+77> — 5(%774'%5) = 5 (6) (1 O) (n)a
O(D, D)
anchor map n: N (TM) - T (TM), r(v+£&) = v



o EZR EDATRILIFII Lie bracket TEAL %

BARORLT(TM) MR Lie algebra
* Anchormap: a @ LE=TM — TM

[u, fv] = flu,v] + (a(w) f)v Lie algebroid

* Generalized tangent vector|Z[&

Lie bracket — Dorfman bracket
[u+&v+n = [u,v] + Lun —wdé, T (TM)
anchor map n : N(TM) - T (TM), nf(v+£&) = v

Lie algebroid — Courant algebroid



Courant algebroid DXt ¥ € TM

e Diffeomorphism

Diff(M): For a diffeo. f: M — M,

u+ & — fa(u)

1),

. B-transformation: For B € Q2 .4(M),

eBu4€) —»u+ &+ wB,

Shift of 1-form

« —H&MB H-twisted Courant algebroid



FEH

Differential geometry Generalized Geometry
T'M TM ®T*M
v =ovMa,, v+ & =vMoy + EypdaM
Lie bracket [-, ] - Dorfman bracket [', ]
Lie algebroid Courant algebroid
symmetry  Diff (M) DIff (M) x Q2,___ (M)
generator  Lie derivative Generalized Lie derivative

/Jv £v+£



2. D-brane as Dirac structure

' D-brane M AIFHILTEFE DTS Dirac &
(Dirac structure) T#H .

Standard description of D-brane:

D-brane [ZDWLWTEEHTEHLE
v Embedding ¢ : ~30% < zM(c)e M

D-brane @) Fluctuations!&

* Scalar fields ®* (in static gauge): transverse
displacements

* Gauge fields Ag:

In static gauge: they are function of z% = ¢¢
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Dirac structure

Dirac &I XD L5 EEZEED subbundle L
e Isotropic: VX,Y €I'(L) (X,Y)=0

* |nvolutive: LD Y]KT=generalized vector @
Dorfman $EHIIAEAL %

BEFR7L subbundle in G.G.
o {5

L=Span{dy, ...,0p,dx’ ---dz”~1}  ~flat Dp-brane
X = &9, + Aqdz® € L*



» Dirac ¥&1& : maximally isotropic, involutiveZi s £

1. Isotropic (X,Y) = 0 (L

= [u,v] + Lun — 1d§

= [u,v] + Lun — Lo§ —d{u+ &, v+ n)
Dorfman A\ Lie bracketl 2755

2. Maximally &ldsubbundle® X IThHY D

3. Involutive Z&5 (X
Dorfman#g il Tgeneralized vectorMEHL 5.
Courant algebroidh\Lie algebroidl 275 5.
DFEYTMD—iREIZIEH> TS,

(Lie (anti) + anchor+Jacobi)




Geometrical image of D-brane

Static gauge: ®'(z?) aji independent
( a D-brane = aleaf )

Lie algebroid [& foliation ZE 8%

Mathematically, a Lie algebroid (Lie bracket of
v € (TS)) defines a foliation.

Foliation M —2D MleafzxD-braneé R 5

ANT—15EDiffecl T KHETFEDER LR
Z B h Static gauge CTIEIMEARTEEZEINT=
THEB-TEHRLY,
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Fluctuation of D-brane in Ge. Ge.

D-brane = sub-bundle w=)  Dirac structure
Fluctuation Z & & TDirac structure

Subbundle L = span{0g,dz'} C TM
T Dsection Vi = v%(x)dy + &;(x)dz* € L.
Fluctuation @+ A= '9; + A.dx®inL*
Fluctuation ©%; [EDiffeo, —fi%IZ[EGeneralized Diffeo.
o TxthizLT=DirackE (L Lr = e *+4L C TM,
Lr3V 4+ FV) = 0v%2)(0a + 0aP'8; + Fpdz®) + & (2)(dz’ — 8P 'dx?),

F = Fda® Ada® + 0, D'da® A 0; € T(A2LY),



FS9l-kBES FluctuationZ =1
Dirac {&1&

K
L LF

F(V) S V + J_"(V)

L

Dp-branelZFEEH T
ADirac {#&&

v




Symmetry of the Dirac structure

Generalized diffeo.L.4 ,, Diffeo.x B-field gauge trans-
formation:

e=¢|+e; =0y = "0y + €0,
A=A+ A = Ayda™ = Nda' + Nada®,
Note that ¢ +Ap € L and e + A € L*.
Symmetry:
1. Generalized Diffeo which preserve foliation:

2. Generalized Diffoe which preserve leaf:

L-Diff C F-Diff ( a D-brane = aleaf )
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Non-linear realization

F-Diff H3D- brane@é*ﬁ’r\Ii’CfohatmnOﬂ%a_’é{%o

D-brane & LeaflCELZ&IZLS T, BRERIXIFAED N
F-Diff ‘ L-Diff

NEIY BN T EILNGE TnonlinearlZEHEINS
generalized diffeo. ZERS5ZETZE B (broken part)l&

/\a — ECFCGJ _I_ /\]‘Caa,cbk7
e’ — €0, P".

SA,
Yok

RIFIVIGHEDHTNGRY LV LEIRTES

EXRMEDLETOAREENSDBYERZIELSE
(CENTES.




3. Dirac structures & SW map

o ZDEOGEYRT YT TE AL Seiberg-
Witten maplZ DWW TE A TH =L



Dirac {6 ENDELHFKRIA

Dirac \BIEDN T TV KEKRTRERHE. 2BYDRKIT
MAJREIEEM T NV S.
LUTTIEBED-OICEEIZ/ZSHDirackEEEL T
&A%, (D9-brane) [, = T M
FBHE2-form w e N2T*M BNEz 5B E

Ly ={X+w(X)|X eTM}
D DirackE&E (274 5. 2T w lEBackground T
symplectic &9 5. 95 ERE L DiractgiEhi2-vector 9
THLRETES.




DiraclEN2DONKRITEZT TTITRSE 0 = %Qij@- A 0O

T* M Ly
o
¢ X +w(X) =&+ 6(6)
W
X "M

E=w(X) = winjd:ci = —iyw
X = 0(&) = 69¢,0;
& = w(0(8)) 0 — 1



Generalized metric structure

Generalized Geometry Tl&. metrictsubbundle&L THHED
FBTENTERBIZT STELTRHELTES |
E=g+B : TM - T*M : X)— (g+ B);; X’

—Msubbundleld. generalized tangent vector® R T
EDQORIZFHF DL >MvectorDES

Cp ={Vy =v+(g+B)w) [veTM}, , (V4,Vy) =g(v,v) >0
C_o={V_ =v4+(—g+B)v)|lveTM}, , (V_,V_) = —g(v,v) <O
*1= ™M

GVy=4Vy, for Viel(Cy). Cy

e v
il )

’ /Q+B
O(D,D) — O(D) xO(D) .TM




CDmetric = Lg hibR5

FlFE ERERIC

E+(0+6)(&) =X+ (g+ B)(X)

£2T
0+t=(9+B)""
ZZT U E Ly D DHTzmetric EEZBRELRDT
'+ 5o = g+B M 2o
&ELVSSeibergf=6 DB R 9 /¢

FTEEOpen-closed relationZ1§5. /

g+ B

~T'M




e Seiberg-Witten map

==*=
nA

D-brane L D4 — 15D effective theory
SW (A Ad) — (As A, d)

75 {0] S FA A8 AR

(Aa)\ad) — (AQJ)\QadQ) — (A*a)\*ad*)

classical SW Formality map



* classical SW map
F=dA by =dp,Ag + Ag N Ag
—>
0A = d)\ 6Ag = dgrg + {Ap, Mo }o
—_TC 0 [ Poisson bi-vector,
0 = 3090; A0,
0(f,9) = iaqqiqrt = {f, 9}¢
f1=L [0,0]q¢ = 9@'[3'87;9’“” — O (acobifBZER)

Poisson bi-vectorMHAIGEEIZIXZFIIZERLBRZ3A4TD
WMARBEEEZT HENTES,



“Poisson differential algebra” (Gerstenhaber alg.)
Poly-vector L D77 2=k GDA p-form(&p-vector

X0, AYIO; A p Zhe, = FTTRG NN A Oy
Differntial BZIDMNZERDEIITERT S

dgh = 09 (9;0)0;  deA(f) = {f, Ao

dgz? = 49, dgA = (9;\)dg7
BE & D 4 [L 1-form THamiltonian vector 5 (23 it
— A% D 1-formlE1-vector| Xt is a9 = Hijajai = aidg.’I;i
p-formDWHE  dowy = [wg, 8] g
4512 dgf = [0,0]g =0 = d5 =0

Bl dgag = lag,0ls = 5(0;a; — 0;a;)0% 0, A 6919,



* Moser’s Lemma,
Symmplectic manifold (M, w) [ZHELT
wt =w+tda , t = [0, 1]
DB, PuW1 = WO Efpbdiffeo. Pa MTEET S
Eiked b

6, =0(1+¢tf0)~1 | f=da
0r = —0(1L+tfO)=1fo(1 +tfo)~1t = —0,f0,

Fitt-dflow: pr0t = 0o NFEET 3.
Flow[ZXDY—HnTEZbNS.

0r = —Lx, 0t wi(Xa) =a



SW mapMDigik[Wess et al.]

O _
A= pt —id  plh= 0T =0y,

Prtax — Pa = Agtar — Aa = dgAp;

T (ag,+3)"(N)
A=Y —F)

P2+d,\(f) — pa(f)

dgA(pa(S) = {pa(f), A}

deX(f + A(N)

SAa(f) doA(f) + {A(F), A}
{p*(f),p" (@)} — p™{f. g}

dgA(f)(g) — dgA(g)(f) + {A(F), A(g)} — A({f. 9})
(dr,A)(f,9) + {A(f). Alg)}

— I .dax’ j r— 1
Fy Fwd(ga} N dpx B = 1—|—F9F

Fo(f,9)

[SW]



* Generalized geometry and Moser’s Lemma
fluctuation L2 YD HETERESD

E+ 0+ F)(E) = X + (w+ F)(X)
0+ F=(w+F)1=14+06F)"10
F=[14+6F)"1-110= -1 +06F)"1oFs
F=0F'0

n
ELLSWOBRFRR




N ORRFZRIH D .. Moser®Diffeo. DT~ N
R EKRDHDHZEMNTES.

Ry wipsi(u) =&+ 0p45.(8)
P:0i(&)+¢ Q:u+ wi(u)

Ly
—DEPQE OIS A /‘
Generalized diffeoh 5 ’]’] __________________ Q Lt_|_5t
L X 4uwp(X)

a+ 0;(a) =X + wi(X)
TaZEERT H&

wy = Ly, (g)wt = da
THAHAZENTMD. 5

ZlEMoserDXZDED
TH5.
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Generalized GeometryM\bld F =6 — 6
DY E SR7ED-brane @ Fluctuation

LML, F=dgd EZEFBIENDMDEDTEARMIZUL)D
FETH5.

NITHIEKRYAR B DHDirac #EiEH BbraneDfluctuation
iR L= 11D T, U )T —U M ENENT=.

— 7, D7 —BEg L poisson algebroid EDTYVILELT
ENMNTLVS. DFY, R-fluxEREIFRD poissonf2-flux, 2vector
ELT —DHEwREREABRLTLND.

—5 Fy = p*(0' — 0) OEKkIZREA



Diract8& [, = T*M HboDERELT LQ ZTERL
LTL5.

S DB TIET*MIL. D-instanton(Zxt &L TULYS.

%+_T, L ZD-instantonMEETRET ENTENIL
ARHADSW- map&@&ﬁﬁﬁ\ﬁzéﬂ)flitubﬂé

ZDT=BHIZIEmulti-D-braneDIEREL NN E|Z11 5.

— BN TENIL, multi-D-braneDDBIYERAMNE(TSHZ LI
AYSY

H-twist & 2 A &I A[gE
R-twistlZEH2HM ?



