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Calabi-Yau 0 OO 0O OO

- Calabi-Yau 3-fold ~

RicciJ O OO0 Kahler OO I [
O00oodnon
000000 SU@3) cSU4) ~SO(6)

dsiop = N (@) dat dz” + gun(z,y) dy™ dy"
4D CcY

Levi-Civita 000000000000 O0O0OO200(J)000300 (Q)0
dJ = Vipdnp =0 dQ =V, Q0 = 0
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Z RN (O OO OO0 00n

- non-CY 3-fold ~

Ricci 2-form O 0O [
00000000 (non-Kahler)
dJ #0 and/or d2#0

Ccvogoonod

3 _
dJ:§Im(W1Q)—|—W4/\J—|—W3, dQ=WHJANJT+Wo ANJ+W5AS)
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: RN ] L] OO

Oo0D00o0DOo (dJ,dQ) 0000000000000 000O0000d

D=d-H"A—f-—-Q-—RL (H = H" + dB)
I I AT ~A
7 15 N eA mA W
Qg EAT M WA
eol,eqr:  H-flux charges (H" = —eplar + egr3?)

eql,eqr:  geometric flux charges (0O OO 0O)

m™ . m® . Non-geometric flux charges (ea,ea; O “000"00)
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Exotic feature

Non-geometric structure O O 0O O 0O O O O

00O = ODiffeod (GL(d,R)) ¢ 00000 (0(d,d), U-0000)0

~~
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ooty

GL(d,R) C duality transf.

Generalized Geometry
Doubled Geometry
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Generalized geometries
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geometry

: . Conventional geometry (manifold
associated with J y ( )

O(6) global symmetry

Imn
geom.etry : Generalized geometry
M associated with .
Gmn» Bmn O(6,6) T-duality symmetry
geometry

: . Exceptional generalized geometr
associated with P S 2] y

Goms B, Cpy | F7(m U-duality symmetry
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to € LieGy global
Ty € LieG  gauge
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Exotic feature

T, T'N] ~Tyunt Tp

8y, Oy ta

0000 TyN" 0000000000000 ooo0n
P _
TNy ©p% = 0
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ﬁ Exotic feature

p-form potentials
Hodge-dual in D-dim

(D — p — 2)-form potentials
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_ Embedding tensor formalism

oot :

O 0000 dimG xdimGe O OOOOOOO

<DM = (‘9,& — gAfy @Ma ta>

D | U-duality Gg

constraints on R(M) ® R(«)

9 GL(2)

7 SL(5)
6| SO(5,5)
0 Ee o)
4 B
3 Exs)

8 | SL(3) ® SL(2) (3,2) ®[(8,1)® (1,3)] =

2e1)@Bal) = 1|2 0233 |04
(3,2) |® (3:2) ® (3:4) ®| (6,2) | (15:2)
10®24 = W0d| 15 || 40 | d 175
16 @45 = 16@| 144 |® 560
2T® 78 = 27®| 351 |@ 1728
56 ® 133 = 56 ®| 912 | 6480
248 ® 248 = | 1 |©248@| 3875 | D 27600 & 30380

F.Riccioni, D.Steele and P.West, arXiv:0906.1177
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http://arxiv.org/abs/0906.1177

i Embedding tensors 0 0O O O [
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Vot = 0,0% —g X5 AL — g Ay
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Embedding tensors [1 [0 00 O O [

©>™ : nongeometric flux charges 0 0 O (?)
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Nongeometric flux compactifications

work_in progress...
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D 32-SUSY 16-SUSY 8-SUSY

9 | arXiv:1105.1760 (unknown) —

8 | arXiv:1203.6562 (unknown) —

7 | hep-th/0506237 (unknown) —

6 | arXiv:0712.4277 (unknown) arXiv:1012.1818
5 | hep-th/0412173 hep-th/0702084 (unknown)

4 | arXiv:0705.2101 hep-th/0602024 arXiv:1107.3305

3 | hep-th/0103032 arXiv:0806.2584  arXiv:0807.2841
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M-theory on S1(R,) mass/tension (I;=1) type IIA

longitudinal M2 1 F1 ; ; : R
0] 1 ! 2 3 ! 4 : 5 6 7 ' 8 ! 9 : M
1 1 1 1 1 1 1 [ :
transverse M2 g_ D2 \/\/\/\/\/\/\/Sl R3
1 1 |
longitudinal M5 - D4 KK6 — 63 - Taub-NUT
Js
1
transverse M5 — NS5
gs
R? 2
longitudinal KK6 =N KK5 . (R1---R.)
gs bn . M —
1 gs'
KK6 with Rty = Rs — D6
Gs
}#
transverse KK6 T?)N 65
9s

for review: N. Obers and B. Pioline, hep-th /9809039
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Exotic feature
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Exotic feature

H
ds? = —dt* + daiyzys + H(dr* + r2d6?) + = dz3,
0 H
ng = —?O-, 6261) — E, K = H2—|—O'292
I Rg Ry
H(r) = htol (—) | =
(r) T o8 T ’ 2ma’
=0 Ggs = Gogg = H-1
H
9 — 2 (; — (; =
" 5 o H? + (270)?

Globally nongeometric : -0 000000000 fiber T% O single-valued O O O
Locally geometric: DO O O0OO0O0OOOOO0OOOOON
(non)geometric flux Q?°, 0O 00O T-fold
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Exotic feature

0000000 dOogddn exotic branes [ 0 O [
D-00000 co-dm. 2,1 000000

co-dim. 2 : Defect Branes < (D — 2)-form potentials

co-dim. 1 : Domain Walls < (D — 1)-form potentials

oo pD-ogodouoonoooogot
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(D — 1)-form
potentials

D-form
field strengths

Domain Walls




(D — 1)-form
potentials

D-form
field strengths

)

Domain Walls

0-form
field strengths

Deformation
Parameters




Domain Walls

e D8-brane in 10-dim.

RR potential Cy O [
>|<1OdC'9=m(E|D)DDDDHADDDDDDDDDDD
— Romans’ massive ITA SUGRA

e (D — 2)-branes in D-dim.

OO000O0O000 SUSY DomainWallsOOOdOoOGOoOOO
DomanmWalls O OODOD4d4d4dddooooooddd
OO0 0O DomanWallsOODODOODoOoddoddodoooooo

THREE EXOTICS -40 -




Domain Walls

(D — 1)-form potentials 0 DWs OO0 00O

_|_

OO0 DOOOOO (D —1)-form potentials 00000 O O
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U-duality Go O 0O 00O O form potentials U [ [

D U-duality G 1-forms  2-forms 3-forms 4-forms  5-forms  6-forms 7-forms 8-forms 9-forms  10-forms
1A R+ b1 1 1 - 1 1 1 1 1 1®1
1B SL(2,R) . 2 - 1 - 2 - 3 — 492

9 GL(2,R) 201 2 1 1 2 201 331 32 4P2d2 -

. (15,1)
i Q Q (87 1) (672) @(373) _ _
®(3,1)
b B - 70
7 SL(5,R) 10 5 5 10 24 40 15 D45 - - -
! ®5
| 320
6 SO(5,5) 16 10 16 45 144 ®©126 - — - —
| @10
5 1728
5 Es(6) 27 27 78 351 277 - - - - -
i 8645
4 E7 7y 56 133 912 133 - - - - - -
147250

3 Egs) 248 38751 P3875 - - - - - - -

$©248

(D — 1)-forms[] Embedding Tensors ©,* 000000000

F.Riccioni, D.Steele and P.West, arXiv:0906.1177
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http://arxiv.org/abs/0906.1177

# of (Elementary SUSY) DWs

fundamental  Dirichlet solitonic
D n=>0 n=—1 n=—2 n=-3 n=—4 n=-—95 #
ITA 1 1
9 1 — 1 2
8 (1,2)r _ 4C(3,2)r 6
. 41 4 C 107 12 C 207 o
4 C 107 — 1t
6 8|t 32 C 56¢|T 32 C 56g|T 8c|T 80
5 167 80 C 120 80 C 144~ 40 C 457 216
4 327 160 C 2207 192 C 3527 160 C 2207 327 576
3 1 647 280 C 364 448 C 8327 ?ZOCCI%)?lng 448 C 8327 5160
(a < —6) 280 C 3647 _g 641 - Ir_ g |

brane's tension ~ gt"

THREE EXOTICS

E.A. Bergshoeff et al, arXiv:1108.5067, arXiv:1210.1422
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http://arxiv.org/abs/1108.5067
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String theory “origin” of EDWs in D-dim.

D n=0 n=-1 n=-—2 n=-3 n=—4 n<-5
ITA D8 [Cy]
9 D7 [Cs] 7;(30’1) [Eo.1.1]
8 D6 [C+] 6§,1’1) [E9.2.1]
NS5 [Dg]
7 D5 [Cs]  KKM [Dr,] 5" [Eosi] 53 [Fo,3]
55 [Ds 2]
6 D4 [Cy] 48 [Eg 4] 45 [Fy 1]
5 D3 [C4] 3;(34’1) [Fo,5,1] 3¢ [Fo,5,2]
4 D2 [C5] 2§,5’1) [Fo,6,1] 2% [F9.6,3]
1Y [F
3 | F1[Bs] D1 [Cs] 1;(36’1) [Eo.7 1] ?6,0,1)[ o7
14 [F9,7,1,1]

T . . ) 1 ,I
Ap_1.1,+1,.1,-forms : “mixed-symmetry fields” <5 bl ""™2)-branes

T+b+> . Ii=D—1 withT =1": transverse, b : spatial, I; : isometry directions
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Exotic branes b, 000 00O
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J. de Boer and M. Shigemori, arXiv:1004.2521 and arXiv:1209.6056
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Q®. vs Oy* :G. Dall’Agata et al, arXiv:0712.1026
O  vs b¢ . E. Bergshoeff et al, arXiv:1206.5697

n

Jooboobooood
Jubogdboutdlbl - obouotdbootdbogbbotgd

000 4DN =20000 Q%®.vsOy,c0000

(0O0)ODOoDOODOOoOoOODOoOO0ooDOoDOOobOooOoooDOooood

THREE EXOTICS - 49 -


http://arxiv.org/abs/0712.1026
http://arxiv.org/abs/1206.5697

| 0ooooooodg

Flux Compactifications on SU(3) x SU(3) generalized geometry
VS

Embedding Tensor Formalism in 4D A = 2 theory

DO0000000 gauged supergravity 1 OO0 000000
Q¥ . vs Oy 00000000

Jotboootdgbtbobogbotdbotobobooububobogbogn

[ 0 0O O embedding tensor formalism DO 0 0 O0O0O000OO00OOOOOOO

[ rigid special Kahler vs local special Kahlerld [ hyper-Kahler cone vs quaternonic Kahlerd etc.
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Calabi-Yau compactification in type ITA

NS-NS[ OO OO
o(x,y) = ¢(x)

pq
gmﬁ(xay) = W (37) (Wa)mﬁ(y), gmn(x,y) = 1z (.1‘)( HQHz > (y)

By(w,y) = Ba(r) + b*(z)wa(y)

R-ROOOONO
Cs(z,y) = A(z) ANwaly) + &' (z)ar(y) — Er(x)B (y)
ooooog 00 0oo
1) Wy a — ,...,h(l’l)
HO g g1 wp = (1, we) A=01,... ;LY dwy = 0 = dw?
H22) g g6 ot = (@, |§g{;|) doa; = 0 = dg!
H®Y Xi i =1,..., h@D
H®) (eur, BY) I =01,... 42D
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AD N = 2 SUGRA from type ITA on Calabi-Yau

10D type IIA action SI(%gD) = Sns + Sr + Scs:

1 _ P
Sns = §/e_2¢{R*]l—|—4dgb/\>kdgb—§H3/\*H3}

1 ~ ~ ~ ~ o~ ~ ~ o~ 1 [~ ~ o~
SR+SCS = —Z/{Fg/\*Fg—l—(F4—CJ/\Fg)/\*<F4—OJAFg)}—E/BQ/\F4/\F4

4D N = 2 ungauged SUGRA: Neither gauge couplings, Nor scalar potential

1 - 1 1
G(4D) _ / {5 Rx1— G 7z dt" A *dt® — hy, dg® A xdg” + 5 ImNAsFN A F> + 5 ReNpsF A FE}

gravitational multiplet Guv, A9

vector multiplet (VM) Al e P t* € SKGy

hypermultiplet (HM) 2,7, €, EJ Z* € SKGy

universal hypermultiplet (UHM) 0, a, £, EO a < By (Hodge dual)

HM = Special QG

{} = {7} + {€.§}+{0.a,8&} =T} +{p}+ {a,¢ &5}
dny+4 2ny(SKGh) 2nH 4 (UHM) SKGy “Heisenberg”
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Intrinsic torsion classes of SU(3)-structure manifolds

3
dJ = §Im(W1Q)—|—W4/\J—|-W3,

dQ)} = le/\J—l-WQ/\J—I-W5/\Q

hermitian

balanced

complex
Kahler

Calabi-Yau

symplectic
nearly Kahler
almost Kahler
almost complex

quasi Kahler

semi Kahler

half-flat

special hermitian !

conformally CY

___________________________________________

Wi =Wy =0

Wi =We=Wy=0
Wi=Wo=Ws=Ws=0
Wi=Wo=W3s=W,=0
Wi=Wo=Ws=W,=W5=0
Wi =Wy =Wz =3Ws+2W5 =0

Ile = ImWQ — W4 = W5 =0

APPENDIX
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Geometric flux compactification in type ITA

10D type IIA action SI(%XD) = Sns + §R = Sns + Sk + Scs: (democratic form)
1

. 1 ~ N _ 1 [ ~
Sye = §/e_2¢{R*]l+4d¢/\>|<d¢—§H3/\*H3}, Sp = —g/[F/\*F]m

P

with “constraint F = A(xF)” and “EoM (Bianchi) (d + HA)«F =0 < (d — HA)F = 0"
\l, non-CY with SU(3)-structure with ms = 0
AD N = 2 abelian gauged SUGRA (with ¢/ = (¢/,¢)7):

pvpo _ o
S(4Db) — /d4az\/_ [ R+ Im./\fAEFA FEHy _ 86 _Re./\/'AgFli\VFpZU — 9.7 00" — g5 0, 2" M7
e?¥ I J e?? J
- u808“80+ 7(MH)IJDuf DFET — T(D/ﬂ —5 (CH)IJD;K= ) (t t, Q)
- N

° (eAI,eA[) : ge.ometrlc flulx charges & era : RR-flux charges ——  nonCY data
(with constraints ex’es; — epres! = 0)

o t%c SKGy and z' € SKGy € HM are ungauged (in general)

o DT =0, —erTAY & D,&r =0, — eas Al

e D,a=0,a— (2€RA—516M+§[€A])A§}

e V(t,t,q): scalar potential D. Cassani, arXiv:0804.0595

J
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http://arxiv.org/abs/0804.0595

Generic form of 4D N = 2 gauged SUGRA with B-field

Non-vanishing m% dualizes the axion field a in standard SUGRA to B-field.

4D gauged action is different from the standard one:

1 1 1 = . _
S@4D) — / [5 R(x1) + §ImNAgF§\ A*Fy 4 §ReNAzF5\ AFy — g7t Axdt’ — gizdz" A xdz?
—4p e2¢

—dp A xdp — ¢ 1 Hg ANxHgy — T(MH)IJDﬁI A *DET — V(x1)

1 ~ 1
+§dB N [fI(CH)IJDfJ + (2era — ear + fIGAI>AZJ\] - §m/R\€RABQ A By

Constraints among flux charges:

I:O AT __

1
CA €X] — EAICY

APPENDIX -57 -




Scalar potential

Scalar potential from (non)geometric flux compactifications:

3
Vo= ?[4hk R + Y (9 DaPeDgPy = 3[Pu?)| = ... = s+ VR (abelian: k§ = 0)
r=1

Vs = g"°DaPiD;Py + g7 DiPLD5P 4 — 2Py |?
— 9922 [ﬁ?. Q" My QT + TIy Q My Q™ Ty + 41T}, Cf QT (I, ITY + TIVITY) Q Ciy HH]
Vk = ¢"D,PsD;Ps + |Ps|?

| _ ) _
= —-g%e*(ern — enr€’ + ea’&r) ImN) HA% (epyy — exyré! + ex’é;)

2
I, = ICV/Q(XA F )T\ T 4 | — Kn/2 A G T
v=e T Py = Pi+iPy = 2e°1IL QCy Iy o= (2T, G)
ta:Xa/XO . T L ZZ:ZZ/ZO
P_ = P —iPy = 2”1l QCyIl4 :
a=1,...,ny ) - " 1=1,...,ny
S SKGy of vector-moduli ) Ps = e*IlL, Cy(cr + QF) L SKGy of hyper-moduli

0 1 enl  ear ~ T mR
C = ; = : = C C CR =
V.H ( 1o ) Q ( AL A ) Q HQCy R o

Cassani et.al., arXiv:0804.0595, arXiv:0911.2708
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