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SUPERSYMMETRIC COMPACTIFICATIONS WITHOUT FLUXES

10D string theory on ds2
10 = ds2

4(M4) + ds2
6(X)

• SUSY⇒ covariantly constant spinor

• ⇔


� real two-form J

� complex three-form Ω (c1(X) = 0)

� J ∧ Ω = 0 and dJ = dΩ = 0

• X - is a manifold of SU(3) holonomy - CY ( Kähler with c1(X) = 0)

D-branes

(calibrated submanifolds with stable bundles)
:

� B: Im(eiαe−iJ+F ) = 0

� A: Im(eiαΩ ∧ F l) = 0

� mirror symmetry: A⇔ B



SUPERSYMMETRIC FLUX BACKGROUNDS

10D string theory with

• the fluxes : NS 3-form : dH = 0

RR (even/odd - IIA/B) : F (10) = F + vol4 ∧ λ(∗F ) (λ(Fn) = (−1)Int[n/2]Fn)

• the metric: ds2
10 = e2A(y)ds2

4(M4) + ds2
6

Equations

of motion
⇔



• susy ⇔ pure spinor equations

d (e3AΦ1) = 0 ⇔ Gen. CY structure

d (e2AReΦ2) = 0

d (e4AImΦ2) = e4Ae−B ∗ λ(F )

〈Φ1, γΦ2〉 = 0

• Bianchi identities

(d−H∧)F = δ(source)



Φ1 and Φ2 are even/odd poly-forms for IIA/B: IIA→
Φ1 = Φ+

Φ2 = Φ−
IIB→

Φ1 = Φ−

Φ2 = Φ+

What are Φ±?

Φ+ = 8 e−φe−B |η1
+ ⊗ η

2 †
+ |norm 7−→ eiθ+e−φe−B e−iJ (SU(3) structure manifolds)

Φ− = 8 e−φe−B |η1
+ ⊗ η

2 †
− |norm 7−→ −ieiθ−e−φe−BΩ

〈Φ1, γΦ2〉 = 0 7−→ J ∧ Ω = 0, and J3 = 3i
4 Ω ∧ Ω̄

(use: η1
+ ⊗ η

2 †
± = 1

8

∑6
k=0

1
k!

(
η2 †
± γmk...m1η

1
+

)
γm1...mk for spinors

IIA → ε1 = ζ+ ⊗ η1
+ + ζ− ⊗ η1

− IIB → ε1 = ζ+ ⊗ η1
+ + ζ− ⊗ η1

−

ε2 = ζ+ ⊗ η2
− + ζ− ⊗ η2

+ ε2 = ζ+ ⊗ η2
+ + ζ− ⊗ η2

− )



Generalized complex structure (GCG)

• GCG J : T ⊕ T ∗ −→ T ⊕ T ∗ (J 2 = −1; J †IJ = I)

� Structure group: ⇒ U(3,3)

• GCS integrable: π+[π−(v), π−(w)]Lie = 0 7→ Π+[Π−(X),Π−(Y )]C = 0 with
Courant bracket:

[v + ξ, w + η] = [v, w]Lie +
{
Lvη − Lwξ − 1

2 d(ıvη − ıwξ)
}

(Courant closes on LJ – the i-eigenbundles of J .)

• Closed B-transform (v1, ρ1) 7→ eB(v1, ρ1) = (v1, ρ1 + ıv1B) is an auto-morphism of
Courant : [eB(v1, ρ1), eB(v2, ρ2)] 7→ eB [(v1, ρ1), (v2, ρ2)]

• Twisting: d 7→ d−H∧, [., .]C 7→ [., .]C + ıvıwH

• Two compatible GCS’s (Structure group: ⇒ U(3)×U(3) ): [J1,J2] = 0 ⇒

G = J1J2 =

 −g−1B g−1

g −Bg−1B Bg−1





Pure spinors and integrability of GCS (GCY)

• i-eigenbundle of J LJ is of max dimension (6) and is null - max. isotropic.

• Spinor bundle S ∼ Λ•T ∗:

� Clifford action on a spinor Φ: (v + ζ) · Φ = vmı∂m Φ + ζmdxm ∧ Φ

� LΦ = {v + ζ ∈ T ⊕ T ∗ | (v + ζ) · Φ = 0} is isotropic
(((v + ζ) · (v + ζ)Φ) = −(v + ζ, v + ζ)Φ)

� If LΦ of max. dimension – Φ - pure spinor

� If LJ = LΦ ⇒ J ↔ line of pure spinors

• For A,B ∈ LΦ, [A,B]CΦ = (AB −BA) · dΦ

� dΦ = (ιv + ζ∧)Φ ⇔ J -integrable

� dΦ = 0 ([A,B]C ∈ LΦ = LJ ) – GCY condition



On generalized tangent bundle :

0 −→ T ∗M −→ E
π−→ TM −→ 0 ,

Φ± ∈ L⊗ Λeven/oddT ∗M .

Dilaton φ together with g and B needed to define ismorphism between S±(E) and
Λeven/oddT ∗M

Sections of E:

X =

v
ξ

 7−→ X ′ = e−BX =

 I 0

−B I

v
ξ

 =

 v

ξ − ivB

 .

• B-transformed pure spinor eB Φ± - global : structure group on TX ⊕ T ∗X SU(3,3);
a pair of compatible pure spinors (Φ+ & Φ−) – SU(3)×SU(3)



Back to Pure Spinor equations:

• N = 1 SUSY ⇔ GCY

• RR part is completely fixed by (g,B) (e.g. 32 components of RR flux vs. 42
components of SU(3) intrinsic torsion)
Pure spinor equations⇔ supersymmetry (D=6!)

•
∫
〈(d−H∧)F, e3AImΦ2〉 = ... =

∫
e4A 〈F, ∗λ(F )〉 has definite sign

� Projection into singlet⇔ Tr(δL(4)/δgµν) ←− TADPOLE

� Need for negative charge sources −→ O-planes

� Individual terms may correspond both to O-planes and D-branes

� Sources given by:

(d−H∧)Fp−3 ≡ ciηi = Qi(source) voli

• 4+6 split lifts the Self-Duality of RR fields

F 10
n = (−)Int[n/2] ∗10 F

10
10−n ⇒ F + vol4 ∧ λ(∗F )

(But Pure Spinors are SD: /Φ± γ = i   
 

λ(∗Φ±))



ORIENTIFOLDS

Orientifold action:

• O3/O7 and O6: ΩWS(−)FLσ

• O5/O9 and O4/O8 ΩWSσ

• IIA: σI = −I, IIB: σI = I

For SU(3) structure:
IIA: σΩ3 = ∓Ω̄3 σe−iJ = eiJ ,

IIB: σΩ3 = ∓Ω3 σe−iJ = e−iJ .

In general:

O3/O7 O5 06

σ(Φ+) = −λ(Φ̄+) σ(Φ+) = λ(Φ̄+) σ(Φ+) = −λ(Φ+)

σ(Φ−) = λ(Φ−) σ(Φ−) = −λ(Φ−) σ(Φ−) = λ(Φ̄−)

The phases in the pure spinors get fixed. For type IIB the compact backgrounds are:

� Type B: π/2 (mod π)

� Type C: 0 (mod π)



3-STEP CONSTRUCTION OF SUPERSYMMETRIC BACKGROUNDS

NON-COMPACT COMPACT

STEP 1 Φ1 is compatible with involution σ

(Twisted) GCY structure dHΦ1 = 0 dHΦ1 = 0

STEP 2 Φ2 compatible with Φ1 Φ2 compatible with Φ1

Metric and σ

SU(3, 3)→ S(3)× SU(3) dHΦ2 = ∗FRR dHΦ2 = ∗FRR

STEP 3 compute FRR compute FRR

Tadpole dHF
RR = 0 dHF

RR = sources



EXAMPLE: CONFORMAL CY BACKGROUND

• X6 - conformally CY

• F3 + τH3 - (2,1) and primitive type B

• F5 ∼ ∗6dA (A - warp factor)

• The tadpole: dF5 = F3 ∧H3 + sources 6= 0

� Need O3’s and D3’s

� The tadpole is a top-form (singlet)!

• X6 can be chosen to be (conformally) T 6

• Can use the isometries of the background to perform T-dualities:
�NEW VACUA� (’02-’03)

Ex: Two T-dualities with F3, F5 → F̃3 (O3,D3→ O5,D5) and a new manifold:

T 2 � � // M6

��
T 4

Nilmanifold - “Twisted torus” type C

Negative curvature - Not CY



DELOCALIZED SOURCE SOLUTIONS

• The nilmanifold (0,0,0,12,23,14-35):

S1
{6}

� � // M6

��
T 2
{4,5}

� � // M5

��
T 3
{1,2,3}

• The metric is given by:
(B = 0)

Ω3 = (e1 − ie3) ∧ (e2 + iτe6) ∧ (e4 + ie5)

J = −t1e1 ∧ e3 + t2τre
2 ∧ e6 + t3e

4 ∧ e5

• RR 3-form: F3 = −(τie2 − |τ |2e6) ∧
(
t2(e1 ∧ e4 − e3 ∧ e5) + t3

τr
(e1 ∧ e5 + e3 ∧ e4)

)
• Moduli: τ = τr + iτi - CS, t1, t2, t3 - “Kähler” (get fixed by BI)
ti > 0 and 1 + |τ |2 ≥ 2|τr| - for positive definite metric

• The tadpole: dF3 = −2 |τ |2
(

t3
τ2
r t1t2

vol11236 + t2
t1t3

vol21345
)

O5-planes along 45 26 - intersecting sources

• Not T-dual, but ... can be connected to other solutions!



COORDINATE-DEPENDENT O(n,n) TRANSFORMATIONS
Tn action

• Principal torus bundle Tn ↪→ X
π−→M :

• A globally well-defined smooth 1-form Θ on X with values in t := Lie Tn ∼= Rn.

• Isometries: ıK Θ = I ∈ t∗ ⊗ t (LKΘ = 0) and LKH = 0

• 3-form H:

H = π∗H3 + 〈π∗H2,Θ〉+
1
2
〈π∗H1,Θ ∧Θ〉+

1
6
〈π∗H0,Θ ∧Θ ∧Θ〉

(but Bα = B2α + 〈B1α,Θ〉+ 1
2 〈B0α,Θ ∧Θ〉 (No π∗!))

→ Hj ∈ Ωj(M ; Λ3−jt) for j = 0, 1, 2, 3

→ 〈·, ·〉: the natural pairing t∗ ⊗ t→R
→ dH = 0 ⇒ dHj + 〈Hj−1, F 〉 = 0



Tn action & Courant

• Courant bracket:
[(v, ρ), (w, λ)]H = [v, w] +

{
Lvλ− Lwρ− 1

2 d(ıvλ− ıwρ) + ıvıwH
}

• v = vM + 〈K, f〉 and ρ = ρM + 〈φ,Θ〉
LKv = 0 and LKρ = 0,⇒ f ∈ Ω0(M, t) and φ ∈ Ω0(M, t∗). ( Tn-invariant section of
TX can be written as an element (vM , f) ∈ TM ⊕ t, while a Tn-invariant section of
TX∗ can be written as (ρM , φ) ∈ T ∗M ⊕ t∗. )

• Courant with Tn action:

[(vM , f ;ρM , φ), (wM , g;λM , ω)]H = [(vM ; ρM ), (wM ;λM )]H3+(
0︸︷︷︸

vector

,LvM g − LwM f︸ ︷︷ ︸
function

; 〈ω, df〉 − 〈φ, dg〉 − d(〈ω, f〉 − 〈φ, g〉)/2︸ ︷︷ ︸
1−form

,LvMω − LwMφ︸ ︷︷ ︸
function

)
+

(
0, ıvM ıwMF ; 〈ω, ıvMF 〉+ 〈ıvMF#, g〉 − 〈ıwMF#, f〉 − 〈φ, ıwMF 〉, ıvM ıwMF#

)
−(

0, 0; 〈H1, [f, g]〉, 〈H0, [f, g]〉
)

(don’t like H1 and H0!)

where F I# := ı( ∂
∂θI

)H = HI
2 +(−HIJ

1 ∧ΘJ + 1
2 H

IJK
0 ΘJ ∧ΘK) and dF I# = 0



Automorphisms of the bracket:

� Constant O(n, n) transformations on t⊕ t∗:

St(X) =


I 0 0 0

0 A 0 B

0 0 I 0

0 C 0 D




v

f

ρ

φ


� Generalized B-transforms

X 7→ eB̂X =
(
v, f + ıvU ; ρ+ ıvb

B + 〈b, f〉+ 〈φ,U〉, φ+ ıvb
)T

with closed two-form bB and one-forms b and U .

• The automorphism (unobstructed T-duality):

[St(e
B̂X), St(e

B̂Y )] = St(e
B̂ [X,Y ])

(one-forms b and U are coordinate dependent now)

Automorphisms with coordinate-dependent O(n, n) −→ “TWIST”



“TWIST” and PURE SPINORS

� Φ± 7−→ Φ′± = O± · Φ±

� O = eiθ
±
c 1√

detA
e−ymndxm∧dxn ea

m
ndxn∧ ι∂m exmndxm∧dxn = eiθ

±
c Of

O is a combination of

• B-transform

• a scaling transformation of (parts of) the metric ⇒ a shift in dilaton

• a (pair of) U(1) rotation(s)

• a change in the connection - twist of Tn

For Φ′± ⇒


d (e3AΦ′1) = 0 ⇔ Gen. CY structure

d (e2AReΦ′2) = 0

d (e4AImΦ′2) = R′

� d(Of ) Φ1 = 0

� New integrability defect from RR part R = e4Ae−B ∗ λ(F ):
R′ = cos(θ+

c )Of R+ sin(θ+
c )d(e2AOf ) e2AReΦ2 + cos(θ+

c )d(Of ) e4AImΦ2



TWISTED TORUS BACKGROUNDS FROM TWIST DUALITY

� T4 × T2 ⇒ T2 ↪→M
π−→ T4

� SU(3) structure after the twist:
J ′ = JM +

i

2
g′zz Θ ∧Θ

Ω′ =
√
g′ ωM ∧Θ

� PS equations⇒ conditions on curvature π∗F = dΘ:

F ∧ JM = F ∧ JM = 0

F ∧ ωM = 0

 ⇒ F = F 2,0 + F 1,1
−

� Five solutions:

(0, 0, 0, 0, 12, 34) M = N3 ×N3 b2(M) = 8

(0, 0, 0, 0, 13, 14) M = S1 ×M5 b2(M) = 9

(0, 0, 0, 0, 2× 13, 14 + 23) M = N
(1)
6 b2(M) = 8

(0, 0, 0, 0, 13 + 42, 14 + 23) M = N
(2)
6 b2(M) = 8

(0, 0, 0, 0, 0, 14− 23) M = S1 ×N5 b1(M) = 5



ITERATING THE TWIST

� S1 ×M5 ⇒ S1 ↪→M
π′−→M5

� Conditions on curvature :

F ∧ (e3 + ie4) ∧ (e5 + ie6) = 0

F ∧ (e1 ∧ e3 ∧ e4 + e1 ∧ e5 ∧ e6) = 0

� M : (0, F, 0, 0, 13, 14) ∼= (0, 0, 0, 12, 23, 14− 35), b1(M) = 3

� Bianchi Identity

gsdF3 = 2i∂∂̄(e−2AJ) = δ(D5)− δ(O5)

with intersecting sources.

• Can recover ALL solutions on iterations of torus bundles over tori (nilamnifolds)



T-duality - coord-independent O(n, n) transformation in a background with n
isometries vi. Acts separately on NS and RR sectors - perturbative symmetry.

Preserves susy if LviΦ± = 0.

Topology change:

X̃

π̃

��?
??

??
??

??
??

??

X ×M X̃

p

��?
??

??
??

??
??

??

p̃

����
��

��
��

��
��

�

M

X

π

����
��

��
��

��
��

��

Correspondence space Y = X ×M X̃:

� a circle bundle over X with first Chern class π∗(c1(X̃))

� a circle bundle over X̃ with first Chern class π̃∗(c1(X̃))

T-duality:
π∗H = c1(X̃) π̃∗H̃ = c1(X) ∈ H2(M)



EXAMPLE: twisted torus (nilmanifold)

T duality:
∫
H ↔ c1(X̃)

T 3 : (x1, x2, x3)

H3 : Ndx1 ∧ dx2 ∧ dx3

 ⇔
 X̃3 : (de1 = 0; de2 = 0; de3 = Ne1 ∧ e2)⇔ (0, 0, N × 12)

H̃3 : 0

X̃3 = G/Γ : (x1, x2, x3) ∼ (x1, x2 + a, x3) ∼ (x1, x2, x3 + b)∼ (x1 + c, x2, x3 −Ncx1))
→ nilpotent Twist

X̃3 is an S1 fibration over T 2 with c1 = N

!! Choosing B2 = Nx1dx2 ∧ dx3 have two isometries. BUT... problems with the second
T-duality: After the first T-duality, ds2

X̃
= dx2

1 + dx2
2 + (dx3 +Nx1dx2)2, and ∂2 is no

longer well-defined (due to x1 being periodic - this not a local problem) !!

⇒ generalization of the correspondence space?



Action of O(n,n) is obstructed for H0 6= 0 & H1(M) 6= 0!!!

Geometrization of H ( dı( ∂
∂θI

)H = 0 ⇒ p∗(F I#) = dΘI
# ) gives

instead of: Y - correspondence space

with Θ̃I = ΘI
# +BIJ0 ΘJ



Generalized correspondence space

• The gluing conditions for Bα compatible with the Tn-invariance L( ∂
∂θI

)Bα = 0:

BIJ0α −BIJ0β = mIJ
αβ

→ {mIJ
αβ} - skewsymmetric integral valued matrices defined on Mαβ satisfying

cocycle condition mαβ +mβγ +mγα = 0

→ mIJ
αβ → 0 ⇒ BIJ0 – globally defined smooth function; no obstructions

for O(n,n) action

• Generalized correspondence space Y – affine Tn × Tn-torus bundle over M :

The gluing conditions for corresponding affine connection:Θ̃α

Θα

 ≡
dθ̃α +B1α

dθα +Aα

 =

I mαβ

0 I

Θ̃β

Θβ


• ΘI

#|Yα = Θ̃I
α −BIJ0α ΘJ – a globally well defined 1-form on the total space of the

affine torus bundle



Obstructed T-duality ↔ “non-geometric backgrounds”

• Courant bracket as the algebra of sections of the generalised tangent bundle E:

0→ T ∗X → E → TX → 0

→ Choice of B ⇒ identification with T ⊕ T ∗

(v + ξ)|Xα = vα + (ξ̂α + ivBα).

→ On two-foold intersection Xα ∩Xβ : Bα = Bβ + dAαβ

xα + ξ̂α = xβ + ξ̂β − iXdAαβ

→ Courant on E⇒ twisted Courant on T ⊕ T ∗

→ Global spinor on E: eBαΦα = eBβΦβ



Generalised tangent bundle E

• Spin connection ωab = 1
2 (fabc + facb − fbca) ec is defined by:

[ṽa, ṽb] = f cabṽc , ⇔ dea = − 1
2f

a
b ∧ eb = − 1

2f
a
cbe

c ∧ eb .

• Passing to E (local basis): Ea = ṽa − ıṽaB, Ea = ea

• Restriction of the Courant bracket to the basis:

[Ea, Eb] = f cabEc −HabcE
c

[Ea, Eb] = −f bacEc

[Ea, Eb] = 0

H = 1
6Habce

a ∧ eb ∧ ec = 1
2

(
ṽc(Bab)− fdabBcd

)
ea ∧ eb ∧ ec (ṽb(ea) = − 1

2f
a
bce

c).

• PS equations lift to E

→ (d−H)Φ ⇔ dΦα = 0

• T-duality preserves the form of the PS equations:

eB
(2)

Φ±0 7→ eβ Φ̃±0

eBd(e−BΦ0) = dΦ0 −H ∧ Φ0 7→ eβd(e−βΦ̃0) = dΦ̃0 −QxΦ̃0



Example: T-duality (action on gen. tangent space)

• ds2 = ds2
M + ΘIΘI , B = 1

2Bµν dx
µ ∧ dxν +BµIdx

µ ∧ΘI + 1
2BIJΘI ∧ΘJ

• Torus fibration: ΘI = dθI +AI

• Basis on E :
Ea
′

EI

Ea′

EI

 =


ea
′

µ 0

AIµ I

−(Ba′µ +Ba′IA
I
µ) −Ba′I Eµa′ −E

µ
a′A

I
µ

−(BIµ +BIJA
J
µ) −BIJ 0 I

 ·

dxµ

dθI

∂µ

∂I


• Two T-dualities (I, J = 1, 2) give:

TT{I}·


[ea
′

µ ]4×4 0

AIµ I2×2

−B̂a′µ −Ba′I Eµa′ −AIa′
−B̃Iµ −BIJ 0 I

·T{I} ⇔


ea
′

µ 0 0 0

(εB̃)Iµ −(ε · ε)JI 0 −(εBε)IJ

−B̂a′µ −(εA)a′I Eµa −(εB)Ia′

−(εA)Iµ 0 0 −(ε · ε)IJ


• B̂µν - invariant; AIµ ↔ B̃Iµ = BIµ +BIJA

J
µ; BIJ ↔ (εBε)IJ = βIJ



β - transform and Courant bracket

• Gluing with β transform:
(X + ξ)|Xα = (Xα + ξyβα) + ξ̂

Cannot identify with T ⊕ T ∗ !!! (unless ...)

• New basis:
Ea = ṽa , Ea = ea + (eaxβ) = ea + βabṽb

• New algebra:
[Ea, Eb] = f cabEc

[Ea, Eb] = −f bacEl +QbcaEc

[Ea, Eb] = QabcE
c +RabcEc

• Generalized spin connection:

→ ωab = 1
2 (fabc + facb − fbca) ec

→ Qabc = ṽc(βab) + βadf bcd − βbdfacd
→ Rabc = βad ṽd(βbc)− βbd ṽd(βac) + βadβbef cde



• Background with isometries

→ Tn ↪→ X
π−→M :

f cab =


f c
′
a′b′ for a′, b′, c′ - along the base

f Ia′b′ for I, J - along the fibre Td, ([ṽI , ṽJ ] = 0)

0 otherwise

→ β = 1
2 β

IJ ıI ∧ ıJ

• R = 0 and Q = d β

• For constant β along Td – β–transform is an auto-morphism of the Courant bracket

• Local GL(n) transformation can take β → B (Q→ 0) but ...

→ If H1(M,Z) 6= 0 the transformation is not single valued!

→ If H1(M,Z) = 0, Q can be shifted away



General O(n,n)

• The spinor:
Φ± = eA+B+βΦ±(0)

• The algebra:

[Em, En] = f lmnEl +HmnlE
l

[Em, En] = −f̃nmlEl − Q̃nlmEl

[Em, En] = Qmnl El +RmnlEl

The conclusion

• For H1(M,Z) 6= 0, O(n,n) action is obstructed, and no restriction to T ⊕ T ∗ (of
anything!) is possible. For H1(M,Z) = 0, can think of the O(n,n)-inv. algebra as a
(twisted) Courant on E (i.e. choose Q→ 0).

• SUSY equations continue to hold!



NON-supersymmetric (incl. DE SITTER) Solutions

• The theory has source terms:

Sbulk − Tp
∫

dp+1x e−φ
√
|i∗[g10] + F| , T 2

p =
π

κ2
(4π2α′)3−p

• for SUSY branes

• use calibrations to replace the volume form on the brane worldvolume by the
pullback of the non-integrable pure spinor(

i∗[ImΦ−] ∧ eF
)

=
|a|2

8

√
|i∗[g10] + FdΣx

• keeping this condition does not allow for SUGRA de Sitter vacua

• An essential property of SUSY branes: ∗λ(F ) is trivial in (d−H)-cohomology:

dH(e3A−φImΦ−) =
|a|2

8
e3A ∗ λ(F )



• Keep this property for SUSY-breaking sources - define a odd polyform (in IIA):

X =
√
|g4| d4x ∧X− =

√
|g4| d4x ∧X−

X− =
8

||Φ−||

(
α0Φ− + α0Φ− + αmnγ

mΦ−γn + αmnγ
mΦ−γn

+αLmγ
mΦ+ + αLmγ

mΦ+ + αRnΦ+γ
n + αRnΦ+γ

n
)

such that
(d−H)ImX− = c0 gs ∗ λ(F )

the RR-flux EOMs are automatic.

• use X− to ”calibrate” the non-susy source

(
i∗[ImX−] ∧ eF

)
=
|a|2

8

√
|i∗[g10] + FdΣx

• Can satisfy all EOM and BI!



CONCLUSIONS

• Generalised Complex Geometry appears as the unifying framework for describing
flux backgrounds

• – N = 1 vacua are Generalised Calabi Yau manifolds

– RR ∗λ(F ) trivial in (d−H) - cohomology ↔ second pure spinor

– compatibility of two pure spinors

• Geometry without supersymmetry (... with “integrability”)

• First order equations for non-susy vacua from pure spinors (d−H) ReX− = 0 ,

(d−H) ImX− = c0 gs e
−B ∗ λ(F )

• Integrability of GCS as a stability condition (d−H)X+ = ıvX+ + ρ ∧X+

• Lack of compatibility 〈X+, γX−〉 = m ∗ Vol6 (m 6= 0! ) as susy breaking


