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((I)glz)ml...mp — Tr(cbglzf)/ml...mp) J TET" — TOT
24 1 J%=-112
= N+ Tml..mpTl+
Ex: ~N
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(SU(2) structure) (I)i = N %d complex, 1d symplectic)
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Structure on TOT*: defined by O(6,6) pure spinors

Py = ni ® niT sum of forms «—— 1-1 correpondance with GACS
((I)glz)ml...mp — Tr(cbglzf)/ml...mp) J TET" — TOT
24 1 J%=-112
= N+ Tml..mpTl+
Ex: ~N
el = g2 P ®° = ()3 — complex structure
AW &H° iJ : :
— — lectic struct generalized
(SU(3) structure) + =€ symplectic structure ?’ complex
: i structures
2 = (0t it )y DL = (v + iv’)e*? — 1d complex, 2d symplectic
N AL
(SU(2) structure) (I)i = N %d complex, 1d symplectic)

type

cy: dby =0 and dP_ =0




Structure on TOT*: defined by O(6,6) pure spinors

27 sum of forms —> 1-1 correpondance with GACS

((I):lz)??”d...mp = TT((I)(;E'le...mp) J:TET* - TOT*

27 1 g% =-112
= N+ Tml..mpTl+

(I):t—n+®77

Ex: ~N
el = g2 (I)° = ()3 — complex structure
\ PO 1J : :
— — lectic struct generalized
(SU(3) structure) + € Symplectic structure ?’ complex
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. 2= (vt )y ®° = (v + iv')e” — 1d complex, 2d symplectic
m \ I
(SU(2) structure) (I)+ = s A e v — 2d complex, 1d symplectlc)

type

cy: dby =0 and dP_ =0
GCY:




Structure on TOT*: defined by O(6,6) pure spinors

1-1 correpondance with GACS

(I)it = ni X 77:2t]L sum of forms —>
((I)glz)ml...mp — TT((I)gtfyml...mp) J:TET* - TET
20 1 g2 =-112
= N+ Tml..mpTl+
Ex: ~N
=2 P ®° = ()3 — complex structure
N PO i J . .
— e~ — symplectic structure generalized
(SU(3) structure) + ?’ complex
: i structures
2 = (0t it )y DL = (v + iv’)e*? — 1d complex, 2d symplectic

N oA
(SU(2) structure) (I)i = N e og complex, 1d symplectic
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type
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1-1 correpondance with GACS

(I)it = ni X 77:2t]L sum of forms —>
((I)glz)ml...mp — TT((I)gtfyml...mp) J:TET* - TET
20 1 g2 =-112
= N+ Tml..mpTl+
Ex: ~N
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(SU(3) structure) + ?’ complex
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(SU(2) structure) (I)i = N e og complex, 1d symplectic
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Structure on TOT*: defined by O(6,6) pure spinors

1-1 correpondance with GACS

(I)it = ni X 77:2t]L sum of forms —>
((I)glz)ml...mp — TT((I)gtfyml...mp) J:TET* - TET
20 1 g2 =-112
= N+ Tml..mpTl+
Ex: ~N
=2 P ®° = ()3 — complex structure
N PO i J . .
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(SU(3) structure) + ?’ complex
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2 = (0t it )y DL = (v + iv’)e*? — 1d complex, 2d symplectic
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T
type

|
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Structure on TOT*: defined by O(6,6) pure spinors

1-1 correpondance with GACS

(I)it = ni X 77:2t]L sum of forms —>
((I)glz)ml...mp — Tr(cbglzf)/ml...mp) J TOT* — TET
20 1 g2 =-112
= N+ Tml..mpTl+
Ex: ~N
=2 P ®° = ()3 — complex structure
N PO iJ . .
— — lect generalized
(SU(3) structure) + =€ symplectic structure ?, omplox
: ~ structures
2 = (0t it )y DL = (v + iv’)e*? — 1d complex, 2d symplectic

N oA
(SU(2) structure) (I)i = N e og complex, 1d symplectic
T
type

cY: d®; =0 and dP_ =0
cey: dPy =0 or dP_ =0

What does SUSY tell us about integrability of the pure spinors?
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dP_ = dAND_ +ix Fy

b = eBe2A_¢77i & 77:2tJr

Fp=e3MNFy + Fy + Fy + Fy)




A
d(I)_|_ — O

dP_ = dAND_ +ix Fy

b 4 is closed

q)j: _ 6B62A—qb771 R 7721‘
U Fp=e3Fy+ Fy + Fy + Fp)




A 1IB
d(I)+ — O

dP_ = dAND_ +ix Fy

b 4 is closed

q)j: _ 6B62A—qb771 ®n21‘
U Fp=e3Fy+ Fy + Fy + Fp)




A 1B
dq)_|_ — O d(I)_ — 0

dP_ = dAND_ +ix Fy

b 4 is closed

b = eBe?4— qbn}r & 77:2|EJr

Fp=e3Fy+ Fy + Fy + Fp)
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dq)_|_ — O d(I)_ — 0

dq)_:dA/\(i)_—F’i*FA d(I)+:dA/\(I)+—|—Z*FB

<I>+ is closed
b = eBeM_(/b?ﬁr ® 77:2|EJr

Fp = (Fy+ Fy + Fy + Fp)
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d(I)+ — O d(I)_ — 0

dq)_:dA/\(i)_—FZ.*FA dq)+:dAA(I)++Z*FB

b 4 is closed

(I)j: _ 6B62A—¢771 ®772T
U Fp=e3Fy+ Fy + Fy + Fp)

Fp = **(Fy + F3 + F5)
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d(I)+ — O d(I)_ — 0

dq)_:dA/\(i)_—FZ.*FA dq)+:dAA(I)++Z*FB

|

<I>+ is closed
_ 2
P, = B2 qbn}r ® niT

Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)




A
AP, =0

dP_ = dAND_ +ix Fy

b 4 is closed

b = eB«f32A_¢7ﬁr 034 77:2|EJr

B
do_ =0

dq)+:dAA(I)++Z*FB

|

® _ is closed

Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)




A
AP, =0

dP_ = dAND_ +ix Fy

B
do_ =0

dq)+:dAA(I)++Z*FB

generalized l

6] . is closed Tirror symmetry ® _ is closed

b = eB«f32A_¢7ﬁr 034 niT

Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)
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AP, =0

dP_ = dAND_ +ix Fy

B
do_ =0

dq)+:dz4/\(i)_|_—|—2*FB

generalized l

6] . is closed Tirror symmetry ® _ is closed

Susy vacua are all generalized Calabi-Yau's !
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Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)
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O, is closed :mg:r:;ayl:?etry ’ ® _is closed

Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R*>2, J) in SU(3)

b = eBe2A_¢7ﬁr X niT

Fp=e3MNFy + Fy + Fy + Fy)
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dq)_|_ — O d(I)_ — O
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O, is closed :mg:r:;ayl:?etry ’ ® _is closed

Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R*>2, J) in SU(3)

is hybrid C2 ® (R, J) in SU(2)
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Fp = **(Fy + F3 + F5)
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dq)_:dA/\(i)_—Fi*FA dq)+:dAA(I)++Z*FB
O, is closed :mg:r:;ayl:?etry ’ ® _is closed

Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R*>2, J) in SU(3)

is hybrid C2 ® (R, J) in SU(2)

b = eBe2A_¢7ﬁr 034 niT

M is complex (C3) in SU(3)

Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)
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dq)_|_ — O d(I)_ — O
dq)_:dA/\(i)_—Fi*FA dq)+:dAA(I)++Z*FB
O, is closed :mg:r:;ayl:?etry ’ ® _is closed

Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R*>2, J) in SU(3)

is hybrid C2 ® (R, J) in SU(2)

b = eBe2A_¢7ﬁr 034 niT

M is complex (C3) in SU(3)
is hybrid C' ® (R2*2, J) in SU(2)

Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)
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dq)_|_ — O d(I)_ — O

dq)_:dA/\(i)_—Fi*FA dq)+:dAA(I)++Z*FB

. generalized l
6] . is closed Tirror symmetry ® _ is closed

Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R3x2, J) in SU(3) M is complex (C3) in SU(3)
is hybrid C2 @ (R™2, J) in SU(2) is hybrid C' ® (R2*%?, J) in SU(2)
(I)O
A
r \T
B _2A— 1 2
b =e"e qu_ QN4

Fp=e3MNFy + Fy + Fy + Fy)

Fp = **(Fy + F3 + F5)
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. generalized l
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Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R3x2, J) in SU(3) M is complex (C3) in SU(3)
is hybrid C2 @ (R™2, J) in SU(2) is hybrid C' ® (R2*%?, J) in SU(2)
(I)O
A
r \T
B _2A— 1 2
b =e"e qu_ QN4

Fp=e3MNFy + Fy + Fy + Fy)
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6] . is closed Tirror symmetry ® _ is closed

Susy vacua are all generalized Calabi-Yau's !

M is symplectic (R3x2, J) in SU(3) M is complex (C3) in SU(3)
is hybrid C2 @ (R™2, J) in SU(2) is hybrid C' ® (R2*%?, J) in SU(2)
(I)O
A
r \T
B _2A— 1 2
b =e"e qu_ QN4

Fp=e3MNFy + Fy + Fy + Fy)

d— HAN)®L = ePddY
(T—’) + + FB _ €3A(F1 _I_F3 _|_F5)
H
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(d—HN)P_ =0 — d(e34Q3) =0
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(d o H/\)(D— — O . d(GBAQS) —0

(d— HN®, =dAAN D, +ie® * Fg / (e“?J)
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Type B solution:

(d—HN)D_
(d— HN)D,
d_ = 340

O, =qe

3A

=0

—dAND, +ie?x Fg/

zJ

SU(3) structure, F3, Hs and Fs,¢ constant

— d(e34Q3) =0

ds® =

=7
2A —2A
Nudztdx” + e " dsqy

d(e**J) =0
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~ 2
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_ d(e**J) =0
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Type B solution: SU(3) structure, F3, H3 and Fs @ constant

(d—HN)P_ =0 — d(e34Q3) =0

=2
ds® = &2, dxtdx” + e *Adsgy

_ d(e**J) =0
d(€4A) = 64A ES F5
b :QSAQ —H:€¢>I<F3
(I)_|_ _ ZGSA 1J

>I<G3 — *(Fg -+ i€_¢H3) — ZGS

Beyond type B solutions... beyond CY
but GCY!
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(el, e?, e3, e?, ed, ef)

@ = (e'+ie?) A (e3+ie4) A (e5+ied) ®* = expli(e'ne?2 + e3ne? + ednef)]




Simplest case: torus

(el, e?, e3, e?, ed, ef)
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type 3 type 0




Simplest case: torus

(el, e?, e3, e?, ed, ef)

@ = (e'+ie?) A (e3+ie4) A (e5+ied) ®* = expli(e'ne?2 + e3ne? + ednef)]

type 3 type 0

@ = (el+ie?) expli(e3N e4+ e5 A eb)])




Simplest case: torus

(el, e?, e3, e?, ed, ef)

@ = (e'+ie?) A (e3+ie4) A (e5+ied) ®* = expli(e'ne?2 + e3ne? + ednef)]

type 3 type 0

@ = (e'+ie?) exp[i(e3A e4+ e5 A eb)]) d* = (e3+ie4) A (e5+iesd) exp[i e'Ae?]]




Simplest case: torus

(el, e?, e3, e?, ed, ef)

@ = (el+ie?) A (e3+ie4) A (e5+ies) ®* = expli(e'ne?2 + e3ne? + ednef)]
type 3 type 0
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Simplest case: torus

(el, e?, e3, e?, ed, ef)
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type 3 type 0
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Simplest case: torus

(el, e?, e3, e?, ed, ef)

@ = (el+ie?) A (e3+ie4) A (e5+ies)

type 3

@ = (el+ie?) expli(e3N e4+ e5 A eb)])

type 1

On a torus, all ®@ ‘s are closed

®* = expli(e'ne?2 + e3ne? + ednef)]

type O

D+ = (e3+ied) A (e5+ies) expli e'Ae?]]
type 2




Simplest case: twisted torus

(el, e?, e3, e?, ed, ef)

@ = (el+ie?) A (e3+ie4) A (e5+ies)

type 3

@ = (el+ie?) expli(e3N e4+ e5 A eb)])

type 1

On a torus, all ®@ ‘s are closed

®* = expli(e'ne?2 + e3ne? + ednef)]

type O

D+ = (e3+ied) A (e5+ies) expli e'Ae?]]
type 2




Simplest case: twisted torus

1
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2 C
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type 3 type 0
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type 1 type 2

On a torus, all ®@ ‘s are closed




Simplest case: twisted torus

(e, e?, e3, e4, ed, ef) de® = —

@ = (el+ie?) A (e3+ie4) A (e5+ies)

type 3

1
2

structure constants of Lie algebra

l

b ed A €€

®* = expli(e'ne?2 + e3ne? + ednef)]

type O

@ = (el+ie?) expli(e3N e4+ e5 A eb)])

type 1

On a torus, all ®@ ‘s are closed

D+ = (e3+ied) A (e5+ies) expli e'Ae?]]
type 2




Simplest case: twisted torus

(e, e?, e3, e4, ed, ef) de® = —

@ = (el+ie?) A (e3+ie4) A (e5+ies)

type 3

1
2

structure constants of Lie algebra

1 algebra nilpotent:
g eb A e 34 classes of 6D nilmanifolds
c

®* = expli(e'ne?2 + e3ne? + ednef)]

type O

@ = (el+ie?) expli(e3N e4+ e5 A eb)])

type 1

On a torus, all ®@ ‘s are closed

* = (e3+ie4) A (e5+ies) expli e'Ae?]]
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Simplest case: twisted torus

(e, e?, e3, e4, ed, ef) de® = —

@ = (e'+ie2) A (e3+ie4) A (e5+ies)

type 3

1
2

structure constants of Lie algebra

1 algebra nilpotent:
g eb A e 34 classes of 6D nilmanifolds
c

®* = expli(e'ne?2 + e3ne? + ednef)]

type O

@ = (el+ie?) expli(e3N e4+ e5 A eb)])

type 1

On a torus, all ®@ ‘s are closed

On a twisted torus, not all closed

* = (e3+ie4) A (e5+ies) expli e'Ae?]]
type 2




SImpIeSt case: twistedtorus structure constants of Lie algebra

1 1 algebra nilpotent:
(e, €2, €3, e*, €5, ef) de® — 5 I;lc eb A ef 34 classes of 6D nilmanifolds
@ = (e'+ie?) A (e3+ie4) A (e5+ied) ®* = expli(e'ne?2 + e3ne? + ednef)]
type 3 type 0
@ = (e'+ie?) exp[i(e3A e4+ e5 A e6))]) * = (e3+ie4) A (es+ies) expli e'Ae?]]
type 2

type 1

On atorus, all ® 's are closed Calvacanti and Gualtieri 04

6D nilmanifolds

On a twisted torus, not all closed

generalized complex
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SImpIeSt case: twistedtorus structure constants of Lie algebra

1 1 algebra nilpotent:
(e, €2, €3, e*, €5, ef) de® — 5 I;lc eb A ef 34 classes of 6D nilmanifolds
@ = (e'+ie?) A (e3+ie4) A (e5+ied) ®* = expli(e'ne?2 + e3ne? + ednef)]
type 3 type 0
@ = (e'+ie?) exp[i(e3A e4+ e5 A e6))]) * = (e3+ie4) A (es+ies) expli e'Ae?]]
type 2

type 1

On a torus, all ®@ ‘s are closed

6D nilmanifolds Calvacanti and Gualtieri 04

On a twisted torus, not all closed

generalized complex

type 1




Simplest case: twisted torus

(el, e?, e3, e?, ed, ef)

@ = (el+ie?) A (e3+ie4) A (e5+ies)

type 3

@ = (el+ie?) expli(e3N e4+ e5 A eb)])

type 1

On a torus, all ®@ ‘s are closed

On a twisted torus, not all closed

type 1

de® = — gbceb/\ec

structure constants of Lie algebra

1 1 algebra nilpotent:
34 classes of 6D nilmanifolds

2

®* = expli(e'ne?2 + e3ne? + ednef)]

type O

* = (e3+ie4) A (e5+ies) expli e'Ae?]]
type 2
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n Nilmanifold class

2.1 (0,0,12,13,14,15)

2.2 (0,0,12,13,14,34 + 52)

2.3 (0,0,12,13,14,23+ 15)

2.4 (0,0,12,13,23,14)

2.5 (0,0,12,13,23,14 — 25)

2.6 (0,0,12,13,23,14 + 25)

2.7 || (0,0,12,13,14 + 23,34 + 52)
2.8 (0,0,12,13,14 + 23,24 + 15)
3.1 (0,0,0,12,13,14 4 35)

3.2 (0,0,0,12,13,14 4 23)

3.3 (0,0,0,12,13,24)

34 | (0,0,0,12,13,14)

3.5 (0,0,0,12,13,23)

3.6 (0,0,0,12,14,15+ 23)

3.7 (0,0,0,12,14,15+ 23 + 24)
3.8 (0,0,0,12,14,15+ 24)

3.9 | (0,0,0,12,14,15)

3.10 || (0,0,0,12,14,24)

3.11 || (0,0,0,12,14,13 + 42)

3.12 || (0,0,0,12,14,23 + 24)

3.13 || (0,0,0,12,23,14+ 35)

3.14 || (0,0,0,12,23,14 — 35)

3.15 || (0,0,0,12,14 — 23,15 + 34)
3.16 || (0,0,0,12,14+ 23,13 +42)
4.1 (0,0,0,0,12,15+ 34)

4.2 (0,0,0,0,12,15)

4.3 (0,0,0,0,12,14 + 25)

4.4 (0,0,0,0,12,14 + 23)

4.5 (0,0,0,0,12,34)

4.6 (0,0,0,0,12,13)

4.7 (0,0,0,0,13 4+ 42,14 + 23)
5.1 (0,0,0,0,0,12 + 34)

5.2 (0,0,0,0,0,12)

[6.1 ] (0,0,0,0,0,0)

Nilmanifolds

11



vacua (but T-dual to T°)

n Nilmanifold class

2.1 (0,0,12,13,14,15)

2.2 (0,0,12,13,14,34 + 52)

2.3 (0,0,12,13,14,23+ 15)

2.4 (0,0,12,13,23,14)

2.5 (0,0,12,13,23,14 — 25)

2.6 (0,0,12,13,23,14 + 25)

2.7 || (0,0,12,13,14 + 23,34 + 52)
2.8 (0,0,12,13,14 + 23,24 + 15)
3.1 (0,0,0,12,13,14 4 35)

3.2 (0,0,0,12,13,14 4 23)

3.3 (0,0,0,12,13,24)

34 | (0,0,0,12,13,14)

3.5 (0,0,0,12,13,23)

3.6 (0,0,0,12,14,15+ 23)

3.7 (0,0,0,12,14,15+ 23 + 24)
3.8 (0,0,0,12,14,15+ 24)
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4.7 (0,0,0,0,13 4+ 42,14 + 23)
5.1 (0,0,0,0,0,12 + 34)

5.2 (0,0,0,0,0,12)

6.1 ]| (0,0,0,0,0,0)

Nilmanifolds
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vacua (but T-dual to T°)

n Nilmanifold class
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Nilmanifolds

Only non T-dual vacuum
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vacua (but T-dual to T°)
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3.11 || (0,0,0,12,14,13 + 42)

3.12 || (0,0,0,12,14,23 + 24)

3.13 || (0,0,0,12,23,14 + 35)

3.14 || (0,0,0,12,23,14 — 35)

3.16 || (0,0,0,12,14+ 23,13 +42)
4.1 (0,0,0,0,12,15+ 34)

4.2 (0,0,0,0,12,15)

4.3 (0,0,0,0,12,14 + 25)

4.4 (0,0,0,0,12,14 + 23)

4.5 (0,0,0,0,12,34)

4.6 (0,0,0,0,12,13)

4.7 (0,0,0,0,13 4+ 42,14 + 23)
5.1 (0,0,0,0,0,12 + 34)

5.2 (0,0,0,0,0,12)

6.1 ]| (0,0,0,0,0,0)

Nilmanifolds

Only non T-dual vacuum
(0,0,0,12,23,14-35)

Siey—— Mg

|

T2
s M

|

Tf’1,2,3}

11



vacua (but T-dual to T°)

n Nilmanifold class

2.1 (0,0,12,13,14,15)

2.2 (0,0,12,13,14,34 + 52)

2.3 (0,0,12,13,14,23+ 15)

2.4 (0,0,12,13,23,14)

2.5 (0,0,12,13,23,14 — 25)

2.6 (0,0,12,13,23,14 + 25)
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3.8 (0,0,0,12,14,15+ 24)
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3.11 || (0,0,0,12,14,13 + 42)

3.12 || (0,0,0,12,14,23 + 24)

3.13 || (0,0,0,12,23,14 + 35)

3.14 || (0,0,0,12,23,14 — 35)

3.16 || (0,0,0,12,14+ 23,13 +42)
4.1 (0,0,0,0,12,15+ 34)

4.2 (0,0,0,0,12,15)

4.3 (0,0,0,0,12,14 + 25)

4.4 (0,0,0,0,12,14 + 23)

4.5 (0,0,0,0,12,34)

4.6 (0,0,0,0,12,13)

4.7 (0,0,0,0,13 4+ 42,14 + 23)
5.1 (0,0,0,0,0,12 + 34)

5.2 (0,0,0,0,0,12)

6.1 ]| (0,0,0,0,0,0)

Nilmanifolds

Large volume limit (A=>0)

Only non T-dual vacuum
(0,0,0,12,23,14-35)
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vacua (but T-dual to T°)

n Nilmanifold class
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2.2 (0,0,12,13,14,34 + 52)
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3.5 (0,0,0,12,13,23)
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3.8 (0,0,0,12,14,15+ 24)
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3.11 || (0,0,0,12,14,13 + 42)

3.12 || (0,0,0,12,14,23 + 24)

3.13 || (0,0,0,12,23,14 + 35)

3.14 || (0,0,0,12,23,14 — 35)

3.16 || (0,0,0,12,14+ 23,13 +42)
4.1 (0,0,0,0,12,15+ 34)
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Nilmanifolds

Large volume limit (A=>0)

Q3 = (e! —ie®) A (e* +i1e®) A (e* +ie?)

Only non T-dual vacuum
(0,0,0,12,23,14-35)
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vacua (but T-dual to T°)

n Nilmanifold class
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4.1 (0,0,0,0,12,15+ 34)

4.2 (0,0,0,0,12,15)

4.3 (0,0,0,0,12,14 + 25)

4.4 (0,0,0,0,12,14 + 23)

4.5 (0,0,0,0,12,34)

4.6 (0,0,0,0,12,13)

4.7 (0,0,0,0,13 4+ 42,14 + 23)
5.1 (0,0,0,0,0,12 + 34)

5.2 (0,0,0,0,0,12)
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vacua (but T-dual to T°)

n Nilmanifold class

2.1 (0,0,12,13,14,15)

2.2 (0,0,12,13,14,34 + 52)

2.3 (0,0,12,13,14,23+ 15)

2.4 (0,0,12,13,23,14)

2.5 (0,0,12,13,23,14 — 25)

2.6 (0,0,12,13,23,14 + 25)

2.7 || (0,0,12,13,14 + 23,34 + 52)
2.8 (0,0,12,13,14 + 23,24 + 15)
3.1 (0,0,0,12,13,14 4 35)

3.2 (0,0,0,12,13,14 4 23)

3.3 (0,0,0,12,13,24)

34 | (0,0,0,12,13,14)

3.5 (0,0,0,12,13,23)

3.6 (0,0,0,12,14,15+ 23)

3.7 (0,0,0,12,14,15+ 23 + 24)
3.8 (0,0,0,12,14,15+ 24)

3.9 | (0,0,0,12,14,15)

3.10 || (0,0,0,12,14,24)

3.11 || (0,0,0,12,14,13 + 42)

3.12 || (0,0,0,12,14,23 + 24)

3.13 || (0,0,0,12,23,14 + 35)

3.14 || (0,0,0,12,23,14 — 35)

3.16 || (0,0,0,12,14+ 23,13 +42)
4.1 (0,0,0,0,12,15+ 34)

4.2 (0,0,0,0,12,15)

4.3 (0,0,0,0,12,14 + 25)

4.4 (0,0,0,0,12,14 + 23)

4.5 (0,0,0,0,12,34)

4.6 (0,0,0,0,12,13)

4.7 (0,0,0,0,13 4+ 42,14 + 23)
5.1 (0,0,0,0,0,12 + 34)

5.2 (0,0,0,0,0,12)

6.1 ]| (0,0,0,0,0,0)

Nilmanifolds

Large volume limit (A=>0)

Q3 = (e! —ie®) A (e* +i1e®) A (e* +ie?)

Only non T-dual vacuum
(0,0,0,12,23,14-35)
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complex structure modulus

J = —tieted + tor,.e?el + tzete”

11



vacua (but T-dual to T°)

n Nilmanifold class

2.1 (0,0,12,13,14,15)

2.2 (0,0,12,13,14,34 + 52)

2.3 (0,0,12,13,14,23+ 15)

2.4 (0,0,12,13,23,14)

2.5 (0,0,12,13,23,14 — 25)

2.6 (0,0,12,13,23,14 + 25)

2.7 || (0,0,12,13,14 + 23,34 + 52)
2.8 (0,0,12,13,14 + 23,24 + 15)
3.1 (0,0,0,12,13,14 4 35)

3.2 (0,0,0,12,13,14 4 23)

3.3 (0,0,0,12,13,24)

34 | (0,0,0,12,13,14)

3.5 (0,0,0,12,13,23)

3.6 (0,0,0,12,14,15+ 23)

3.7 (0,0,0,12,14,15+ 23 + 24)
3.8 (0,0,0,12,14,15+ 24)

3.9 | (0,0,0,12,14,15)

3.10 || (0,0,0,12,14,24)

3.11 || (0,0,0,12,14,13 + 42)

3.12 || (0,0,0,12,14,23 + 24)

3.13 || (0,0,0,12,23,14 + 35)

3.14 || (0,0,0,12,23,14 — 35)

3.16 || (0,0,0,12,14+ 23,13 +42)
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2.5 0,0,12,13,23,14 — 25)

2.6 0,0,12,13,23,14 4 25)

2.7 || (0,0,12,13,14 + 23,34 + 52)
2.8 0,0,12,13,14 4 23,24 + 15)
3.1 0,0,0,12,13,14 + 35)

3.2 0,0,0,12,13,14 + 23)

3.3

34 | (0,0,0,12,13,14)

3.5

0,0,0,12,13,23)

(
(
(
(
(
(
(
(
(
(
(0,0,0,12,13,24)
(
(
(
(
(
(
(
(
(
(
(

36 | (0,0,0,12,14,15+ 23)

3.7 | (0,0,0,12, 14, 15+ 23 + 24)
38 | (0,0,0,12,14, 15+ 24)

3.9 | (0,0,0,12,14, 15)

3.10 || (0,0,0,12, 14, 24)

311 || (0,0,0,12,14, 13 + 42)

312 |[ (0,0,0,12, 14,23 + 24)

3.13 || (0,0,0,12,23,14 + 35)

3.14 || (0,0,0,12,23,14 — 35)

3.16 || (0,0,0,12, 14+ 23,13 + 42)
41 [ (0,0,0,0,12,15+ 34)

12 [ (0,0,0,0,12,15)

13 1 (0,0,0,0,12, 14+ 25)

14 | (0,0,0,0,12, 14+ 23)

4.5 | (0,0,0,0,12,34)

46 | (0,0,0,0,12,13)

47 ][ (0,0,0,0,13 + 42, 14 + 23)
51 | (0,0,0,0,0,12+ 34)

52 | (0,0,0,0,0,12)

6.1 ]| (0,0,0,0,0,0)

Only non T-dual vacuum

Nilmanifolds
d (0,0,0,12,23,14-35)

Siey—— Mg

|

T2
s M

|

Large volume limit (A=>0)

Qs = (e' —ie’) A (e* +iTe®) A (e* + ie”) T3
1 {1,2,3}
complex structure modulus
J = —tie'e’ +tarre’e’ + tgete”
) 4 4
Kahler moduli
t
Fy = —(rie® — |7]%e") A <t2(€1€4 —e3ed) + 2 (ele® + 6364))
T’T’
Bianchi

11



vacua (but T-dual to T°)

n Nilmanifold class

2.1 0,0,12,13,14,15)

2.2 0,0,12,13,14,34 + 52)

2.3 0,0,12,13,14,23 4+ 15)
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2.4 0,0,12,13,23,14)
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2.6 (0,0,12,13,23,14 + 25)
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2.8 (0,0,12,13,14 + 23,24 + 15)
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3.9 | (0,0,0,12,14,15)
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vacua (but T-dual to T°)

n Nilmanifold class

2.1 (0,0,12,13,14,15)

2.2 (0,0,12,13,14,34 + 52)

2.3 (0,0,12,13,14,23+ 15)
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3.2 (0,0,0,12,13,14 4 23)

3.3 (0,0,0,12,13,24)

34 | (0,0,0,12,13,14)

3.5 (0,0,0,12,13,23)

3.6 (0,0,0,12,14,15+ 23)

3.7 (0,0,0,12,14,15+ 23 + 24)
3.8 (0,0,0,12,14,15+ 24)

3.9 | (0,0,0,12,14,15)

3.10 || (0,0,0,12,14,24)
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23,0, 26, —56,46,0)

35 — 26,45+ 16, —46, 36,0, 0)
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(
(
(
(
(
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(
(
(
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all “algebraic” compact solvmanifolds:

24+ 35,0, —56,0, 36, 0)

also admits

3 models

(
E
(35 — 26, 45 + 16, —46, 36,0, 0)
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23,-13,0,56,-46,0)

» ( (25,—15, 045, —a35,0,0

with fluxes

23,-13,0,56,0,0)
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23,34,-24,0,0,0)

23 + 457 _353 257 0, 07 O)

(
(
(25,0,45,-35,0,0)
(
(

23,-13,0,0,0,0)

° (Os5-Ds (along 13,24)
6
o 06-D6 (136,246)
o (06-D6 (136,246), D4 (along ) H # 0

SU(2)
SU(3)
SU(2)

e All non T-dual solutions need intersecting sources!
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e May consider more geometries
higher dimensional algebras and continuous [

7 dim: « nilpotent (countable, come in families) and no classification of solvable algebras

... Or “non-geometries”

12 dim algebras with O(6,6)-covariant structure constants : f, H, Q, R  (Kiritsis’ talk)

e “Valleys of landscape” consisting of susy Minkowski geometric vacua with
moduli stabilized at tree level by bulk fluxes seem very rare
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