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Why generalized geometry?
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What is generalized geometry?

Generalized tangent bundle: TM & 17 M
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Outline

» Generalized geometry
“EEDER (9)
-EE & MHE (2)
A (1)
» Non-geometric75v9 X (4)
* Poisson generalized geometry (4)
* Conclusion and discussion (2)
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5D YEA (Polyakov{E F)
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CurrentfX#iEDorfmantgilll Alekseev, Strobl]

XFMEIZFTRET SAL Uk
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BuscherEJJ tTS(X'I)(\'J"le [Buscher]
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Ordinary Geometry Generalized Geometry

[03 Hitchin]
» Tangent Bundle » Generalized Tangent Bundle
1M E=TM®&T" M
» Section: vector field » Section: vector field + 1-form
v = v'0; v+ =0'0; + & drt
> LiedEil(Rx#O,vyac0) > DorfmanBil(R## X, vat O)
v, w] = Lyw v+ wA o
= Lo,w+ L1 — 1,,dE
=: Lye(w + 1)
» Symmetry: » Symmetry:
-Diffeomorphism -Diffeomorphism

-Gauge transf. of B-field
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> (Rx#O,aE X)

L. .
u+&v+nle = |u,v]+ Lyn — L€ — §d(2u77 — 1y§)
> O(D, D) canonical inner Product
(wttorny = tGam+ne=2( ") (0 2)(¢
) 2 Uu (Y 2 6 1 0 77
O(D, D)% IR/ 2 .,
STOs =0 S:1+X:1+<B g)
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FER BZ: {4 LT
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» B-transformation and H =dB

[P (u+8&),e”(v+n)]c=u+&+ Blu),v+n+ B)c
— eB([u + & v+ 77]0) + 4y, dB

dB = () => Courant{&ilIZ DL\ TERE
dB # 0 => Courant}E3l M & F % (Twisted br.) T, UL A BE

> /[ -transformation

e’ (u+¢€),e’ (v+n)c =[u+ &+ B(E),v+n+B(n)c
£ e’ ([u+&v+m)c)
B OMEREFTIEENERALIEOALL
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Generalized Riemannian geometry [saraglia, etc]

O(D,D) => O Negative definite
Cy = {X(+g+ B)(X)| X € TM}

- Oy EICEGNERTES: Viu=1([X",ulc)
=1L X =X+ (—g+B)(X)eC_, uelCy, 7. :TM&TM—C,
i.e. LeibnizBl Vyix(gu) = fgVxu+ f(Lxg)u
- : R(X,Y)u:=(VxVy - VyVx — Vix vy )u
ie. Tensort R(fX,gY)hu= fghR(X,Y)u

1 ..
- - R — ZH”’“HZ-jk -+ +Torsion&L T AN NS
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T-dualities and non-geometric fluxes Kaloper....

T-BHAEEDTTIIANDIERH -

Hupe — f5 — Q¢ — ROY°

CCTHITVIRIE
€a; €] = fapee + Hance’, €, : Vector field
by be b e
e, €] = Qe e
T . Qab e Jac . e :1-form
e’,e’| = R"%. + Q. ¢€°

[CIERNSZRE, e.q.
Liettsh [Xa, Xo] = fop Xe
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Example

— 1 H-flux B TOR—352 T° =~ 2 +1 etc.
ds® = dx* + dy* +dz* B = kxdy N\ dz
y-AREz-ARICFTEEBHZIFIKRFLTEL

y-AEIZHR>T
T- Tt 22 2
—>  ds® =dz* +dz* + (dy + kxdz)? B =0

BuscherH|

N

14/10/24 HEXE FHRFFHEGRWEE 19/29



Geometric interpretation of f-flux

ds® = dz* + dz* + (dy + kxzdz)* B =0

Nbd:
771 — dr 1 =dy+ kxdz n° = dz

n'(n;) =0
11, n3) = [0z, 0, — kzdy] = —kdy = fi3mp
[t m] = dy + kadz, 0,) = —hdz = fE7°
07 ms] = —fisn’
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Non-geometric flux [Hull, etc.]

ds® = dx® + dz° + (dy + kxzdz)* B =0
z-FEICE B EBIBIHRELTHL

z-AmEIZAD>T

T- 3t 25 1 —kxdy N dz
— ds® =dz’ + dy? + dz?) B =

Buscherfl 1+ k%2 ( ’ ) 1+ k22"

r—x+1 OYEHHEIC

manifold: FEEZZE R TEEY &5
23 -~ ]€
N CERA YA P 1
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R-flux?

T-WxZEH ~ Vector < 1-form

1, T, T,
2 23 123
Hyoz3 — fi3 — Q7" = R

T 3-form Tri-vector?

ensor

Type  (0.3) (1,2) (2,1) 6.0)
Geometrical
meaning is
UNCLEAR!

—> Analogue of Gen. Geom. but
Vector <~ 1-form can describe R ?
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Poisson geometry

Lie algebroid (1" M, 6, |-,-]o)
-section: 1-from & = &;dx"
-anchor map: 0 : T*M — TM, & 0(€) = £0Y0,
-Lie bracket: |§;n]o = Lg(e)n — to(y)dE  :Koszul bracket

1
Poisson bi-vector ¢ = 59” 0; N 0;
-Poisson bracket {f,g}rs = 0(df,dg) = 0”0, f0;g
-Jacobi identity {{f,g},h} + {{g,h}, f} +{{h [}, 9} =0

= [97 H]S =0
Schouten bracket: e.g. [ X AY, Z]s = | X, Z|\NY = [V, Z] N X

Extension of Lie br. to multi-vector
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Cartan algebra in Poisson geometry

Schouten bracket:
Extension of Lie br. to multi-vector

-Nilpotency d5 =0 <=[0,0]s =0

“Lie derivative” L¢f :=t¢dgf

‘CC‘S c= [C7£]9
,CCX = (d@ig + igd@)X

{ie,in} =0, A{do,ic} = Le, [Leyin] = i[e s
[Eg,ﬁn] — LZ[gm]Q, [d@,ﬁg] = 0.

“Exterior derivative” dg = [9 : ']S
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Poisson generalized geometry [ASMW]

Analogue of generalized geometry based on Poisson geom.
(T*Mv 0, ['7 ]9)

-Same as a vector bundle T"M @ T M

X6 4] = [€nlo + £eY — £,X + Sdolixn — iv€)

1
c.f. [u+&v+nle=uv]+ Lyn— L€ — §d(z‘un — iv€)

-Same O(D,D)-inv. inner product
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Symmetry: /-diffeo. + A-transf.  [aAndriot, etc]

/3 -diffeo. (iLg . generated by 1-form f
Le(X 4+, Y +n]+ [(X +8), LY +n] = Le[(X +€),Y + 1]

5 : Leibniz rule
[ -transf. €

e? (X +€), " (Y +n)] =’ (X +£Y +n) +[0,8s(&m)
R = d@ﬁ — [975]5

c.f. H-fux H = dB
P (u+8),e"(v+n)le =e"([u+&v+nlo) +iyiudB
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Conclusion

Hrf-%iCourantiFilZz R HL, HEFHAT-
1
[X -+ 57 Y + 77] — [ga 77]9 + £§Y o EUX =+ §d9(zX77 o ZYg)

xt#ifE : £-diffeo. + B-transf. = R = dpf

R-75v4H XN K IIZwell-defineds E&FEE 5 Z 1-
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Discussions

VD TT O REDER, T-Wxf ?
v #H LU CourantiE il D LR
v Gen. geom. EDREHZR ?

v WZW-like model® 8 E HIBFTHEIH?
-R-flux chargeM =+F1E?

We can do almost the same things done in ge. ge.!
CzCx
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