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Abstract: We will see how generalized Calabi-Y au manifolds as defined by Hitchin emerge from supersymmetry equationsin type 11 theories. In the
first lecture, we will review the formalism of G-structures, which is central in the context of compactification with fluxes. In the second lecture we
will see how (twisted) generalized Calabi-Y au manifolds emerge from supersymmetry equations using SU(3) structure. In the last lecture, we will
discuss specia features about compactifications on Generalized Calabi-Yau's.
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' Generalized Complex Geometry to understand “compactifications”
of type |l theories on Az In presence of fluxes |
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Generalized Complex Geometry to understand “compactifications”
of type Il theories on 24 in presence of fluxes

Type |l sugra on M,y = M, x Mg
Minimal supersymmetry

|
&HG |S CY bapesimamces - 3”66;& {at best conformal C')
SU(3) holonomy » SU(3) structure
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Generalized Complex Geometry to understand “compactifications”
of type |l theories on Az In presence of fluxes

Type |l sugra on 2,5 = M, x Mg
Minimal supersymmetry

| |
_ﬂflf; |S CY ook = '('MGG;Q {at best conformal C')
SU(3) holonomy » SU(3) structure
CY Twisted Generalized

O~
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Outline
* Introduction / Motivation for flux compactifications
* G-structures (1n particular SU(3) structure)
* Generalized CY from N=I supergrsvity vacua
» Generalized structures and N=2 sugra vacua

» Generalized structures and N=2 etfective actions
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Introduction / Motivation
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Introduction / Motivation

Supersymmetric string/M-theory solutions with fluxes play important role in
compactifications

» Break part or all of supersymmetry

» Fix some of the moduli of the compactification
» Have non conformal gauge theory duals

» Induce soft susy breaking terms on D-branes
» Generate warp factors — hierarchy problem?
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Introduction / Motivation

Supersymmetric string/M-theory solutions with fluxes play important role in
compactifications

» Break part or all of supersymmetry

 Fix some of the moduli of the compactification
» Have non conformal gauge theory duals

» Induce soft susy breaking terms on D-branes
» Generate warp factors — hierarchy problem?

New compactification manifolds are not Calabi-Yau
» Characterization of allowed geometries

» Extension of properties of conventional compactifications on CY to the new geometries
(moduli spaces, moduli fixing, mirror symmetry, D-branes, supersymmetry breaking...)
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Introduction / Motivation

Supersymmetric string/M-theory solutions with fluxes play important role in
compactifications

» Break part or all of supersymmetry

» Fix some of the moduli of the compactification
» Have non conformal gauge theory duals

» Induce soft susy breaking terms on D-branes
» Generate warp factors — hierarchy problem?

New compactification manifolds are not Calabi-Yau

» Characterization of allowed geometries
» Extension of properties of conventional compactifications on CY to the new geometries
(moduli spaces, moduli fixing, mirror symmetry, D-branes, supersymmetry breaking...)

Generalized complex geometry provides a natural framewaork to study flux backgrounds

Make use of the formalism of G-structures

rrt: ds@@h tO progress in understanding properties of flux backgrounds: Page 15243
classification of allowed aeometries



Supersymmetric solutions with fluxes <« G-structures
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Supersymmetric solutions with fluxes <« G-structures

SUSY vacuum: <0 | {Q,. 75} 0>=0 =<0| S, s | 0>

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2
« dilatino 2! — <3_24>=0
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 | {Q,. 75} 0>=0=<0| S, s | 0>

Fermionic fields: « gravitino y',, — <5_y*,>=0 A=1.2
«dilatino 2! — <3_2%>=0

I:i.g war = viuf + H-Unp“;npc}jf _|_ ED Z ,éFn."‘.'_UPnf g /{:rl — Fal...ufl':r"”]'”'u” 2
n

T — ol o
n=1,3579forllB ; n=0,24.6,8,10 for lI1A
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 [{Q,. 75} 0>=0 =<0| S, s | 0>

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2

e dilatino 2! — <3_2A>=0
e — ol o2
n=1,3,5,7.9for lIB ; n=0,24.6,8,10 for lIA

Linear in fields and derivatives ( EOM <0 |H|0>=<0|{Q.Q}| 0> are quadratic)

2 o 5 3 :
OeW)\r = T_UE + H—‘Urnp :ﬂpg €+ e? Z ;:F”_ .’_1[Pri.f : /d_—-n e Falmu”?ul...u”
L
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 [{Q,. 75} 0>=0 =<0 S, s | 0>

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2
e dilatino 2! — <3§_24>=0

y - S ol o2
n=1,3,5,7,9for lIB ; n=0,24,6,8,10 for lIA
Linear in fields and derivatives ( EOM <0 |H|0>=<0|{Q.,Q}| 0> are quadratic)

Sol to SUSY + Bianchi identity and EOM for the fluxes ( dF = d«F = 0) — sol EOM

¥ e . 3 .
O¢ YA — T.‘-.IE + H.‘tfﬂp ¥ L -|— ED Z /!Fn_ .’_1[Pri.f ; /d_—-n 4o Falmanﬁrul...u”
n
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 [ {Q,. 75} 0>=0 =<0| S, g |0 >

Fermionic fields: « gravitino y,, — < 5_y*,>=0 A=1.2

e dilatino 2! — <3_2A>=0
e ol o2
n=1,3,5,7.9for lIB ; n=0,24.6,8,10 for lIA

Y S, b 3 i
Oty = Ve + H_Unp i g Z AnyrPne, /{:ﬂ — F(I]_...a,f:r'ulmu”
n

« Without fluxes vy =0 = Vye=20

L-'1l£1|:|= L-'1l£4 . ..1lt'_'6

juh]

ndel
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 [{Q,. 75} 0>=0=<0| S, s | 0>

Fermionic fields: « gravitino y,, — < 5_y*,>=0 A=1.2

e dilatino 2! — <3§_2%>=0
Oy = V pre + H-Unp“f"npgsf +e?)  FnyumPnre, Fn=Fgy. a1 P, =0l 52
mn
n=1.3.579forlIB : n=0.24.6,8.10 for ll1A
« Without fluxes oYy =0 = v._UE =0 Candelas. Horowitz, Strominger, Witten 85

— e — M | r
..-'1lf1|:|_ _,1{4 A -"1“'-'6 —» 9JMN ( 0 gmn J,]

d,0 = Q. 6 is a constant spinor in 4d
e—0®n _'*V_UE:D< . : : i :
"mn = 0, 71 is a covariantly ionstant spinor on 34

24 has reduced holonomy

RZ

:
e
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 [ {Q,. 75} 0>=0 =<0| S, s | 0>

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2

e dilatino 2! — <3_2A>=0
y -, e ol o2
n=1,3,5,7.9for lIB ; n=0,24.6,8,10 for lIA

y A=, r) - 3 - —
detpr = Ve + Hypppy™Po”e + € E FnyaPne. Fn = Fal_“a”ﬂrﬂl---ﬂn
T

s. Horowitz, Strominger., Witten 85

« Without fluxes vy =0 = Vye=20

/ \
i e 0
Myg= Mgy X Mg _5 9MN ( 0 gmn j]

e—0®n — Vye=0 <

Vmn = 0, 71 is a covariantly constant spinor on Az
.
2L has reduced holonomy : SU(3)

M, is Calabi-Yau

L

k)

dub = 0, £ is a constant spinor in 4d

SU(3) holonomy SO(6) — SU(3)

Pirsa: 05030077 Page 23/243



Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 | {Q,. 75} 0>=0=<0| S, s | 0>

Fermionic fields: « gravitino y',, — <5_y*,>=0 A=1.2

e dilatino 2! — <3_2A>=0
Scvns = Vare + Hynp "o e +€° Y FryarPne, Fn = Fay. ay"t"" P, =01, 02
T
n=1,3,5,7.9 for lIB ; n=0,2.4,6,8,10 for IIA
- Without fluxes ¥y =0 = Vye =0 Sandelas, Horowitz, Strominger, Witten 85

0 - | Mpzee B |
L?ILID— L?lf4 % .s“@ —» JMN = ( 0 gmn J,]

d,0 = Q. 6 is a constant spinor in 4d
e—=0Q®n —*VUE:D< = . : .
: Vmn=0,Misa covariantly constant spinor on 34
|
24 has reduced holonomy : SU(3)

SU(3) holonomy SO(6) — SU(3) 9, is Calabi-Yau
vector 6
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 | {Q,. 75} 0>=0=<0| S, s |0 >

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2

e dilatino 2! — <3§_24>=0
e — ol o2
n=1,3,5,7.9for lIB ; n=0,24.6,8,10 for lIA

- s - i 3 £
OeY )N = v_‘uf -+ H.Unp :npo. - e® E ;Fn. ,r_‘upnf : /F'n — Falma”,.r.ﬂl---un
mn

— nop .

Horowitz. Strominaer. \

- el L '.-'

- Without fluxes 0¥y =0 = Ve =0
: S . s 0 )
L-'1lL1 0~ L”4 X ..”.'6 —» IMN = ( Sp . ;]

d,0 = Q. 6 is a constant spinor in 4d
6298'7} _*V1IE:D< # S ! i
g Vmn = 0, 71 is a covariantly constant spinor on :z
|
24 has reduced holonomy : SU(3)

SU(3) holonomy SO(6) — SU(3) ¢, is Calabi-Yau
vector 6 — 3+3

NN
1]
Ly
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Supersymmetric solutions with fluxes <« G-structures
SUSY vacuum: <0 [{Q,. 75} 0>=0 =<0| S, s | 0>

Fermionic fields: « gravitino y',, — <5_y*,>=0 A=1.2

e dilatino 2! — <3§_24>=0
y - s ol o2
n=1,3,5,7.9for lIB ; n=0,24.6,8,10 for lIA

: g i 3 .
0¥ = Vre + Hypnp y"Poe + EDZ FnyrrPre, Fn = Fal...u””rul'"u”
n

- Without fluxes d¢¥y =0 = Vye =0 owitz, Strominge

SaR = | B 4 \ r
_,-TILID— ,1!4 . .-]H'-IS —» JMN ( 0 gmn J,]

.60 = 0. 6 is a constant spinor in 4d
e=0®n = Vye=0 _" | S |
g Vmn = 0, 71 is a covariantly constant spinor on 3

[ ] |

;'; = AL ATIT

,_
ip

uh]
ol

!
2t has reduced holonomy : SU(3)
SU(3) holonomy SO(6) — SU(3) 9, is Calabi-Yau
vector 6 — 3+3 n
g S o
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Supersymmetric solutions with fluxes <« G-structures

SUSY vacuum: <0 [{Q,. 75} 0>=0=<0| S, s | 0>

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2
e dilatino 2! — <3_2A>=0
/{:rt = Fal.“a”,:r,.u]_...rln .Pn = ﬂ_l‘ 0_2

dens = Vare + Hypnpy"Po e+ €2 FnyaPre.
T
n=1,3,5,7.9for lIB ; n=0,2.4,6,8,10 for lIA

- Without fluxes 0¥y =0 = Ve =0 Sand
M O \]

j‘!']D: :’“4 ; ;’1'!6 —» JMN = ( 0 gmn /
duf = Q. 6 is a constant spinor in 4d

= () * = —
e=0Qn Vume=0 < "mn = 0, 71 is a covariantly constant spinor on 3
!
24 has reduced holonomy : SU(3)

2, is Calabi-Yau

SU(3) holonomy SO(6) — SU(3)
vector 6 — 3+3 n
S G RS o

A, 15 . 8+43+3+1
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Supersymmetric solutions with fluxes <« G-structures

SUSY vacuum: <0 [{Q,. 75} 0>=0 =<0| S, s | 0>

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2
e dilatino 2! — <3§_24>=0
/F'ﬂ‘. i F(I]_---Unp:flulman 'Pn — {Tl. 0'2

denr = Vare + HypnpyPooe + €2 FryarPre.
n
n=1,3.5,7.9for lIB ; n=0,2.4.6,8.10 for lIA

delas. Horo -T: Stron el

- el

- Without fluxes 0¥y =0 = Ve =0
Mu O x)

:1"!1[:': :'M-’il - "1“!6 —» JMN = ( 0 gmn /
duf = O, 6 is a constant spinor in 4d

e=0@n > Vye=0 <:er? — Q. 71 is a covariantly constant spinor on 3¢

.
24 has reduced holonomy : SU(3)
SU(3) holonomy SO(6) — SU(3) a4, is Calabi-Yau
vector 6 — 343

spinor 4 — 341 7
A 15 — 8+43+43+1¥

A W 63
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Supersymmetric solutions with fluxes <« G-structures

SUSY vacuum: <0 [{Q,. 75} 0>=0=<0| S, s |0 >

Fermionic fields: « gravitino me —<d yhy>=0 A=12
«dilatino 2! — <3_2A>=0
/:F'Tl - F(I]_---Un‘-:f:ulmu” 'Pn — {Tl.ﬂ'z

JEE_‘\[ = v‘hrf + H_Unp'jr'npc}jf -|— ED Z ;F”_"jr_hrpnf .
n
n=1,3,5.7.9for lIB ; n=0,2.4,6.8,10 for lIA

-
lml=1
e R

1algc =t |'.—._-".'|'—

« Without fluxes ¥y =0 = Vyre=0 0
Mue O x]

1lf1|:| ”4 “ _,1;'_'6 —» IMN = ( o s
!
duf = 0. 6 is a constant spinor in 4d

e=60Q@n — Vye=0 <‘Fm?? — Q. 71 is a covariantly constant spinor on 3¢

!
2L has reduced holonomy : SU(3)
SU(3) holonomy SO(6) — SU(3) ¥, is Calabi-Yau
vector 6 — 343 n
s 4 > 31T 7

A, 15 . 8+3+3+1¥
Az 10 — 6+3+1x92
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Supersymmetric solutions with fluxes <« G-structures

SUSY vacuum: <0 [ {Q,. 75} 0>=0=<0| S, s |0 >

Fermionic fields: « gravitino y',, — < 5_y*,>=0 A=1.2

« dilatino 2! — <3§_24>=0
s aq...a
,an — Fa]_...a”’:r' 1 = e — Jl‘gz

n=1,3,5,79for lIB ; n=0,24,6,8,10 for lIA

Strominger, Witten 8

] | na

45.5 vy = vhrf + H.Unpﬁ' RPG‘SE - - e? Z ;Fn_"‘.r_upnf -
n

T T o
{ T

- Without fluxes 0¥y =0 = Ve =0 elas, Horowitz
: e : n 0
l-?l.-!ﬂj— L-'1l£4 ad ..1lr'_'6 —» JMN = ( Sy Shen j]

auf =0, g is a constant spinor in 4d

e=0Q@n = Vye=20 <:er', — Q. 71 is a covariantly constant spinor on 3¢

!
24 has reduced holonomy : SU(3)
SU(3) holonomy SO(6) — SU(3) a4, is Calabi-Yau
vector 6 — 3+3 n
spa 4 > 31” 7

A, 15 . 8+3+3+1¥
Az 10 — 6+3+1x92

el ;
. - II 22 i .oy Mqg= My x CYg . A =2 In4d e






:Mm - :M4 X :M6

* Noflux= a5 1sCY - SU(3) holonomy

* d globally defined SU(3) invariant tensors ~ Jmn, 2mnp

or

iy =1J : JAQ=0
« 3SU(3) invt. spinor n <:1 e i

1L"I"':”nm,{)(l +)n = ianp iQAQ = J3
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M= M, x M,

* Noflux= a4 1sCY - SU(3) holonomy

* d globally defined SU(3) invariant tensors  Jmn, 2mnp

or
T,..,, = e
Ymn YN = 1 Jmn . JAS)=—1
» 3 SU(3) invt. spinorn <: e OND = 3
* 1 is cov. constant: V_ n =0 <gé j{? ' g =02y > N =2

* Turn on flux = back-reaction Turn on fluxes preserving SO(1.3) only
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iMm - .‘M4 X .‘M6

* Noflux= a5 1sCY - SU(3) holonomy

* d globally defined SU(3) invariant tensors  Jmn, 2mnp
or . -
. . n ﬂ]’m.n'}”f}':i mn - JAS2 =1
» 3 8U(3) invt. spinorn < = AR SRR OAND = 3

* 1 Is cov. constant: V_n =0 <:

* Turn on flux = back-reaction

Pirsa: 05030077

dJ =0
d€2 =20

B B . i
EID_H Ny =N —1

Turn on fluxes preserving SO(1,3) only
Use F, = (-1)MM2 x5 Fyo,

to write for ex. F,,, interms of F o
— all fluxes are internal

Page 35/243



* Noflux= a5 1sCY - SU(3) holonomy

*  globally defined SU(3) invariant tensors

« 3 SU(3) invt. spinor n <:

or T
N Ymn7yT — t JJmn

dJ =0

* 1 Is cov. constant: V_n =0 <:dQ =0

* Turn on flux = back-reaction

M=

B mnp(l e r):'? — Eanp

M,y = M, XM,

Jmn, an,p

JAQ=0

iQAQ = J3

e

My Xy Mg [dstg = 24(y)ﬂ#ud:r#d$y + dsg(y)]

e A=2 — A=1 (relation between §land 62)

Pirsa: 05030077

el = aby @ny +c.c.
5,22 = f)f9.+_ X N4 + c.c.

@R

a -+ b

a — b
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* Noflux= a5 1sCY - SU(3) holonomy

* J globally defined SU(3) invariant tensors

« 3 SU(3) invt. spinor n <:

or .

N'Ymn YN = 1 JJmn

dJ =0

* 1 Is cov. constant: V_n =0 <:dQ =0

* Turn on flux = back-reaction

* My =

My Xy My [ds2g =

e A=2 — A=1 (relation between §land 62)

Pirsa: 05030077

531

=aby @ny +cc

.,:2 = f)f9_+_ X N4 + c.c.

@R

B mnp(l 5 - I)T‘? i Eanp

.‘Mm - .‘M4 )(W.‘.M6

Jmn., anp

JAQ=0

iQAQ = J3

s s

e 4(y)ﬂﬂyd:r‘[‘d:r” — dsﬁ(y)]

a -+ b

a — b
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* Noflux= a5 1sCY - SU(3) holonomy

* d globally defined SU(3) invariant tensors  Jmn, 2mnp

ar ]L
T Ymn™YT] — t Jmn

- 3 SU(3) invt. spinor <: Tymnp(1L 4 1) = i Qg

- 1 is cov. constant: V_1n =0 <3§£ z{?

* Turn on flux = back-reaction

JAQ=0

iQAQ = J3

g =02y > N =2

S0 —

* Mg = My Xy Mg [ds? 10 = Eé(y)??pyd:r#diry + dSG(Q)]

e A=2 — A=1 (relation between §land 62)

el = aby @ny +c.c.
2 =b0L @0y +cec

Pres s acquires torsion = SU(3) structure

@R

a -+ b

a— b

.. Page38/243 _ _



* Noflux= a5 1sCY - SU(3) holonomy

My = M, X M

* d globally defined SU(3) invariant tensors  Jmn, 2mnp

or -

N'Ymn YN =t Jmn

-HSU@NmKSWMWﬂ<:TumWU%—Jn—%Qm@

- 1 is cov. constant: V_1n =0 <gé z{?

* Turn on flux = back-reaction

JASE—14
iQAQ = J3

| S et

* Mg = My Xy M [ds? 10 = 24(5’)??;;:;{13:#&13” " dﬁﬁ(y)]

e A=2 — A=1 (relation between §land 62)

el = aby @ny +c.c.
u2 = 59.}_ XNy + c.c.

Pres oo acquires torsion =¥ SU(3) structure

@R

a -+ b

a — b

.. Page39/243 _ _



* Noflux= a5 1sCY - SU(3) holonomy

M,y = M, XM,

* d globally defined SU(3) invariant tensors  Jimn, 2mnp

or ]L
" Ymn YT} — t Jmn

« 3 SU(3) Invt. spinor <: TA mnp(l +9)n = tﬂmnp

- 1 is cov. constant: V_1n =0 <:jé zé}

* Turn on flux = back-reaction

JAQ=0

iQAQ = J3

€10 =

* Mg = My Xy Mg [ds? 10 = QA(Q)ﬂgyd:rﬂdiry 2 3 dﬁﬁ(y)]

e A'=2 — A=1 (relation between §land 62)

el = afy @ny +c.c.
u2 = 59+ X N4 + c.c.

P o acquires torsion  =» SU(3) structure

@R

a -+ b

a — b

# Page 40/243 . _



* Noflux= a51sCY - SU(3) holonomy

M, = M, XM,

* d globally defined SU(3) invariant tensors  Jimn, 2mnp

or ]L
N Ymn7yTN — 1 JJmn

» 3 SU(3) invt. spinor n <: Tymnp(1 + 7)1 = i Qmnp

- 1 is cov. constant: V_1n =0 <gé z{?

* Turn on flux = back-reaction

JAQ=0

iQAQ = J3

12 by 912 :_E n — _'\' — 2

=N

* Mg = My Xy Mg [ds? 10 = 24(y)ﬂpyd:rﬂd—j:y 2 dﬁﬁ(y)]

e A=2 — A=1 (relation between §land 62)

el = aby @ny +c.c.
uz = 59+ X N4 + c.c.

Prss o acquires torsion =¥ SU(3) structure

@R

a -+ 1b

a — b

s



* Noflux= a51sCY - SU(3) holonomy

My, = M, XM,

* d globally defined SU(3) invariant tensors  Jmn, 2mnp

or
T} YmnYT] — t Jmn

»3SUE)invt spinorn <1k (1 4+ v)n = i Qo

- 1 is cov. constant: V_1n =0 <gé z{?

* Turn on flux = back-reaction

JASE=—A41
iQAQ = J3

i B S -

* Mg = My Xy Mg [ds? 10 = Ei(y)ﬂpyd:rﬂdiry z 2 dﬁﬁ(y)]

e A=2 — A=1 (relation between §land 62)

el = aby @ny +c.c.
u2 = 59+ X N4 + c.c.

Prs o acquires torsion =¥ SU(3) structure

@R

a -+ b

a — b

|



* Noflux= a5 1sCY - SU(3) holonomy

Myo= M, XuM

* d globally defined SU(3) invariant tensors  Jmn, 2mnp

or .

N'Ymn YN = 1 Jmn

-HSUQNmHSWMWﬂ<:T,WWUA—JH—EQm@

- 1 is cov. constant: V_1n =0 <gé z{?

* Turn on flux = back-reaction

JAQ=0

iQAQ = J3

12 gk, 912 :E n — _!\'.Il. — 2

i |

* Mg = My Xy Mg [ds? 10 = 24(y)ﬂ;¢yd:rﬁdiry 3 dﬁﬁ(y)]

e A=2 — A=1 (relation between §land 62)

el = aby ®ny +cc.
u2 = b@.;r_ X N4 + c.c.

Prss o acquires torsion =¥ SU(3) structure
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* Noflux= a5 1sCY - SU(3) holonomy

LMIU = LMJ; XW"‘MG

* d globally defined SU(3) invariant tensors  Jimn, 2mnp

or -
”fmn",r"f}' = 2 Jmn

+ 3 SU(3) invt. spinor n < "ymnp(L + 7)1 = i Qg

- 1 is cov. constant: V_1n =0 <gé z{?

* Turn on flux = back-reaction

JAQ=0

iQAQ =J3

S

P Mo = MK s [ds3g = 24 Wy, datdx” + dsg(y)]

e A'=2 — A=1 (relation between §land 62)

el = afy @ny +c.c.
u2 = 59.}_ X N4 + c.c.

Prs s acquires torsion =» SU(3) structure

@R

a -+ 1b

a — b
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* Noflux= a5 1sCY - SU(3) holonomy

* d globally defined SU(3) invariant tensors  Jmn, 2mnp

or Jf
Ymn YT — t Jmn

-HSUBNmKSWMWﬂ<:T,WWU%—JH—EQmw

- 1 is cov. constant: V_1n =0 <gé z{?

* Turn on flux = back-reaction

JASE—H1
iQAQ = J3

1LY 13 g
€10 =0"3@n =N =2

* Mg = My Xy Mg [ds? 10 = 24(y)??gyd:rﬂdiry 5 2 dﬁﬁ(y)]

e A=2 — A=1 (relation between §land 62)

el = aby @ny +c.c.
2 =b0L @0y +ce

Prss o acquires torsion =¥ SU(3) structure
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Basic notions about G-structures “hiosi, Joyce, Salomon

* Structure group of a manifold:
group of transformations required to patch the orthonormal frame bundle
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group of transformations required to patch the orthonormal frame bundle

ais Riemannian = SO(d)
reduced structure =» G < SO(d)
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Basic notions about G-structures “hiosi, Joyce, Salomon

* Structure group of a manifold:
group of transformations required to patch the orthonormal frame bundle

ais Riemannian = SO(d)
reduced structure = G < SO(d)
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Basic notions about G-structures “hiosi, Joyce, Salomon

* Structure group of a manifold:

group of transformations required to patch the orthonormal frame bundle

ais Riemannian =% SO(d)
reduced structure =+ G < SO(d)

A manifold has G-structure if (equivalently)

» The structure group reduces to G
« 3 globally defined non-vanishing G-invariant tensors
« 3 globally defined non-vanishing G-invariant spinor

Pirsa: 05030077 Page 54/243



Basic notions about G-structures “hiosi, Joyce, Salomon

* Structure group of a manifold:

group of transformations required to patch the orthonormal frame bundle

ais Riemannian = SO(d)
reduced structure =» G < SO(d)

A manifold has G-structure if (equivalently)

« The structure group reduces to G
« 3 globally defined non-vanishing G-invariant tensors
« 3 globally defined non-vanishing G-invariant spinor

Pirsa: 05030077 Page 55/243



Basic notions about G-structures “hiosi, Joyce, Salomon

* Structure group of a manifold:

group of transformations required to patch the orthonormal frame bundle

ais Riemannian = SO(d)
reduced structure =» G < SO(d)

A manifold has G-structure if (equivalently)

» The structure group reduces to G
« 3 globally defined non-vanishing G-invariant tensors
« 3 globally defined non-vanishing G-invariant spinor

Pirsa: 05030077 Page 56/243



Basic notions about G-structures “hiosi, Joyce, Salomon

* Structure group of a manifold:

group of transformations required to patch the orthonormal frame bundle

ais Riemannian = SO(d)
reduced structure =» G < SO(d)

A manifold has G-structure if (equivalently)

» The structure group reduces to G
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Basic notions about G-structures

* Structure group of a manifold:

group of transformations required to patch the orthonormal frame bundle

ais Riemannian = SO(d)
reduced structure =» G < SO(d)

A manifold has G-structure if (equivalently)

» The structure group reduces to G
« 3 globally defined non-vanishing G-invariant tensors
« 3 globally defined non-vanishing G-invariant spinor

SU(3) structure in 6 dimensions

Vector
A
Ag
Spinor

Pirsa: 05030077
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Basic notions about G-structures

* Structure group of a manifold:
group of transformations required to patch the orthonormal frame bundle
Ais Riemannian =*  SO(d)
reduced structure =» G < SO(d)

A manifold has G-structure if (equivalently)

» The structure group reduces to G
« 3 globally defined non-vanishing G-invariant tensors
« 3 globally defined non-vanishing G-invariant spinor

SU(3) structure in 6 dimensions

SO(6) — SU(3) :
Vector 6 — 3+ 3 . n Y yn = i Jmn
A B SS8=3a3afi - :
AE 10 5 6+3+1 Qmnp nlﬁfmﬂp(l +)n =1 Qmnp
3 ;
Shinr 4 5 359-1
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00
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e We used J and Q, but one can define the SU(3) structure in terms of real forms
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e Must be stable: live in open orbit under action of GL(6,R) Hitchin 0
each element in a neighborhood of p is GL{6.R)-equivalent to p
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e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J,p) :p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

— Stable p dim orbit = dim A3 T* =20
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J,.p) p=Reld

« Must be stable: live in open orbit under action of GL(6,R) Hitchin 00
each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A2 T =20

— Stable p _ i . TR .
dim stabilizer = dim GL{6,R} — dim orbit
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(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A2 T =20

— Stable p . 5 SR
dim stabilizer = dim GL{6,R} — dim orbit

Pirsa: 05030077 Page 74/243



For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin Of
each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A° T =20
dim stabilizer = dim GL(6.R) — dim orbit
36 - 20

— Stable p
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each element in a neighborhood of p is GL{6.R)-equivalent to p
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dim orbit = dim A° T =20
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e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00
each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T =20
dim stabilizer = dim GL(6.R) — dim orbit
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— Stable pdefines SL(3,C) structure

— Stable J defines Sp(6,R) structure
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
(J.p) p=Rell

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T =20
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T =20
dim stabilizer = dim GL({6.R) — dim orbit
21 = 36 - 20

— Stable pdefines SL(3,C) structure

— Stable J defines Sp(6,R) structure

Together they define SU(3) structure provided
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T =20
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21 = 36 - 20
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— Stable J defines Sp(6,R) structure

Together they define SU(3) structure provided
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J3= p p
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(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T =20
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21 = 36 - 20
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T* =20
dim stabilizer = dim GL(6.R) — dim orbit
21 = 36 - 20

— Stable pdefines SL(3,C) structure

— Stable J defines Sp(6,R) structure

Together they define SU(3) structure provided

Jrnp=0
J3= Fp 5 — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p — = p
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A3 T* =20

— Stable pdefines SL(3,C) structure : E ] a0 B :
dim stabilizer = dim GL{6,R} — dim orbit

21 = 36 - 20
— Stable J defines Sp(6,R) structure
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Rell

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A3 T* =20
dim stabilizer = dim GL(6.R) — dim orbit
21 = 36 - 20

— Stable pdefines SL(3,C) structure

— Stable J defines Sp(6,R) structure

Together they define SU(3) structure provided

J — 0
J3= p p

T

|m p:*p

— embeddings of Sp(6,R) and SL(3,C) are compatible
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21 = 36 - 20

— Stable pdefines SL(3,C) structure

— Stable J defines Sp(6,R) structure

Together they define SU(3) structure provided

Jrnp=0
J3= Fp 5 — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p — = p
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Rell

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p
dim orbit = dim A° T* =20
dim stabilizer = dim GL(6.R) — dim orbit
71 = 36 - 20

— Stable pdefines SL(3,C) structure

— Stable J defines Sp(6,R) structure

Together they define SU(3) structure provided

Jrnp=0
Jo= Fp 5 — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p — p
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A3 T* =20

— Stable pdefines SL(3,C) structure _ & _ et _
dim stabilizer = dim GL(6.R) — dim orbit

21 = 36 - 20
— Stable J defines Sp(6,R) structure
Together they define SU(3) structure provided
2 iF— 0 : :
E=pn b — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p — % p

e Since SU(3) = SO(6), (J,p) defines SO(6) structure — metric
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A3 T* =20

— Stable pdefines SL(3,C) structure _ i _ e s _
dim stabilizer = dim GL{6,R} — dim orbit

21 = 36 - 20
— Stable J defines Sp(6,R) structure
Together they define SU(3) structure provided
J iF— 0 : :
Eoni — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p — % p

e Since SU(3) = SO(6), (J,p) defines SO(6B) structure — metric
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For later use...

e We used J and Q, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A2 T =20

— Stable pdefines SL(3,C) structure _ 7 _ (e R _
dim stabilizer = dim GL{6,R} — dim orbit

i s - 20
— Stable J defines Sp(6,R) structure
Together they define SU(3) structure provided
J i — 0 : :
st — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p — % p

e Since SU(3) = SO(6), (J,p) defines SO(6) structure — metric
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For later use...

e We used J and Q2, but one can define the SU(3) structure in terms of real forms
(J.p) p=Reld

e Must be stable: live in open orbit under action of GL(6,R) Hitchin 00

each element in a neighborhood of p is GL{6.R)-equivalent to p

dim orbit = dim A2 T =20

— Stable pdefines SL(3,C) structure ; 5 _ e Do _
dim stabilizer = dim GL{6,R} — dim orbit

21 = 36 - 20
— Stable J defines Sp(6,R) structure
Together they define SU(3) structure provided
J i — 0 . :
B=p b — embeddings of Sp(6,R) and SL(3,C) are compatible
|m p e p

e Since SU(3) = SO(6), (J,p) defines SO(6) structure — metric
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Intrinsic Torsion

« Given a metric compatible connection V' (V'g=0) define
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Intrinsic Torsion

: : : _ P : curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
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Intrinsic Torsion

_ _ _ _ s _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
V' Vil Vp = _Rmnpq vq — i Bl

o
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Intrinsic Torsion

: . : . S _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
V' Vil VD = _Rmnpq vq = AL o

p
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Intrinsic Torsion

. : : ; b _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘m' \‘_‘n] Vp = 'Rmnpq vq - Tmﬂr \_‘r Vp T: torsion
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Intrinsic Torsion

. : : : G : curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘rw v r'|] Vp = _Rmﬂpq Vq -2 Trﬂr‘lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection
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Intrinsic Torsion

_ _ _ : i : curvature
« Given a metric compatible connection V° (V'g=0) define <

torsion
[\_‘rw \_‘n] vp = _Rmﬂpq vq = Trﬂr‘lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection
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Intrinsic Torsion

_ _ _ _ o _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘rw \'_‘n] vp — _Rmﬂpq vq -2 Trﬂr‘lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e Any V' can bewritten : V' =V + k
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Intrinsic Torsion

_ _ ; : S curvature
» Given a metric compatible connection V° (V'g=0) define <

torsion
[\_‘rw \'_‘n] Vp = _Rmﬂpq vq -2 Trﬂr‘lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e Any V' can bewritten : V' =V + k
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Intrinsic Torsion

_ _ : : S0 curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[V‘m* \‘_‘n] Vp —= _Rmnpq Vq - Tmnr ‘k‘_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

« Any V' can bewritten: V' =V + k | e co_nt_c_}rsion
Metric compatibility = k=K.
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Intrinsic Torsion

: _ _ _ e _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] Vp — _Rmnpq Vq -2 Trrmr \_‘r Vp T: torsion
e Levi Civita V . unique torsionless connection
e« Any V' can bewritten : V' =V + k KmnP> CONtOrsion

Metric compatibility = k. =k
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Intrinsic Torsion

_ : : _ e : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] Vp = _Rmnpq vq - Tmﬂr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?: CONtOrsion

Metric compatibility = k=K
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Intrinsic Torsion

; _ : : S curvature
« Given a metric compatible connection V° (V'g=0) define <
torsion
[\_‘m' \‘_‘n] Vp — _Rmnpq vq = Tmﬂr ‘\_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k KmnP> CONtOrsion

Metric compatibility = k=K
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Intrinsic Torsion

_ _ _ _ et ; curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘rw \_‘n] vp = _Rmﬂpq vq -2 Trﬂr‘lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

« Any V' can bewritten: V' =V + k _ e co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V" _]: 1-1 correspondence between T and k
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Intrinsic Torsion

: _ : _ L _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘rw \_‘n] vp = _Rmﬂpq vq =2 Trﬂr‘lr ‘\_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e« Any V' can bewritten: V' =V + k | o co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V"] 1-1 correspondence between T and k
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Intrinsic Torsion

_ : _ : S : curvature
« Given a metric compatible connection V° (V'g=0) define <

torsion
[\_‘rw \'_‘n] Vp = _Rmﬂpq vq -2 Trﬂr‘lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e« Any V' can bewritten: V' =V + k | . co_nt_c_}rsion
Metric compatibility = k =k

Inserting in [V"_, V" _]: 1-1 correspondence between T and k
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Intrinsic Torsion

_ _ _ : e _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘rw \'_‘n] Vp = _Rmnpq Vq = Trﬂr'lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e« Any V' can bewritten: V' =V + k _ . co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V" _]: 1-1 correspondence between T and k
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Intrinsic Torsion

_ _ : ; e : curvature
« Given a metric compatible connection V° (V'g=0) define <
torsion
[\‘_‘m' \_‘n] Vp = _Rmnpq vq -2 Tmﬂr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k. =K.

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

Tk i

. r
mn [mn] Tmn
k. —F =F =) " so(d)=g+ g*
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Intrinsic Torsion

_ : : : 5 curvature
« Given a metric compatible connection V" (V'g=0) define <
torsion
[\_‘m' \'_‘n] Vp = _Rmnpq Vq -2 Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k. =k

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

= Ay

] A e p -~

mn mn . r
e Tmn

kmnp: Tmnp+T +T R, so(d)=g+ gt
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Intrinsic Torsion

_ : _ : e : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\‘_‘m' \_‘n] Vp = _Rmnpq vq e Trrmr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k Kmn?: CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" ] 1-1 correspondence between T and k

A= -

1 T
mn [mn] Tmn
k. —TF =T =1 " so(d)=g ¢ g*
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Intrinsic Torsion

_ _ _ _ s curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] vp = _Rmnpq vq = Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k KmnP: CONtOrsion

Metric compatibility = k. =K.

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

Tk -

. r
mn [mn] Tmn
E —F =f =1 " so(d)=g ¢ g*
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Intrinsic Torsion

_ _ _ ; o _ curvature
e Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' ¥ n] vp = _Rmnpq Vq -2 Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

ek =

1 T
mn [mn] Tmn
k. —T =T =} " so(d)=g+ g*
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Intrinsic Torsion

: _ _ : e _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] Vp = _Rmnpq Vq - Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

Tk -

! T
mn [mn] Tmn
k. —T =T =1 " so(d)=g+ g*
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Intrinsic Torsion

_ _ _ : e : curvature
« Given a metric compatible connection V" (V'g=0) define <

torsion
[\*_‘rw \"_‘n] vp — _Rmﬂpq vq el Trﬂr‘lr ‘\*_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e« Any V' can bewritten: V' =V + k | e co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

cA
S E

Ton” <A ©(@®gY
e B WL 5

N so(d)=g+&g*
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Intrinsic Torsion

: _ _ _ A _ curvature
« Given a metric compatible connection V° (V'g=0) define <
torsion
[\_‘m' \ n] Vp = _Rmnpq vq -2 Tmﬂr ‘\_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e Any V' can bewritten : V' =V + k KmnP> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

b Pl

= Tmn'  cnO(@gY
K —F =55 2 N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &

Vmé#=0 3vD viDe =0
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Intrinsic Torsion

: _ : _ S _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \'_‘n] Vp = _Rmnpq Vq -2 Trrmr ‘\_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k Kmn?> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" ] 1-1 correspondence between T and k

Tk -

e Tmn' <=nrC(@2gh
K —F sF = N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &

Vmé =0 3IvD viDe =0
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Intrinsic Torsion

: _ : _ Fi _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\*_‘m' \*_‘n] vp = _Rmnpq vq _2 Tmﬂr ‘\*_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k. =K.

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

e T i

g Tmn"  =M0(g%¢Y
E —TF =T = N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &

Vmé =0 3IvD viDe =0
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Intrinsic Torsion

: : _ : B _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \‘_‘n] vp = 'Rmnpq Vq -3 Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> cONtOrsion

Metric compatibility = k =k

Inserting in [V"_, V" ] 1-1 correspondence between T and k

e T a8

S0 Tmn' <=nO(@gh
R—F 5 N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &

Vmé %0 3IvD viDe =0
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Intrinsic Torsion

: ; : : o _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\‘_‘m' \_‘n] Vp = _Rmnpq Vq -2 Tmﬂr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k KmnP> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

T = Ko rf‘”‘“

mn [mn] Tmn r - f‘k»] & '[:Q o QL]'
k. —T +T_ =1 " so(d)=g =& gt

* On a manifold with G-structure, given a G-invariant tensor &

VmE =0 3IvD viDe =0

Vin ;:(‘T - kDmnp +k’ mnp ) 3
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Intrinsic Torsion

: : _ : e ; curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] vp = _Rmnpq vq T Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k KmnP> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

Er -

mn [mn] Tmn r = ~\L1 & (g o QL]'
k. —F =5 =1 " so(d)=g=& gt

* On a manifold with G-structure, given a G-invariant tensor &

Vmé =0 3vD viDe =0

Vi ;’;:(‘\_ - kDmnp +k’ mnp ) 5
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Intrinsic Torsion

_ _ : s e : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] Vp = _Rmnpq Vq e Trrmr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?: CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

e P

i B Tmn' =MO@2gY
E —F sF = N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &

Vmé =0 3IvD viDe =0

Vi ;:("\_ + kDmnp +k mnp ) 3
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Intrinsic Torsion

: : _ : N : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] vp — _Rmnpq vq -2 Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k Kmn?> CONtOrsion

Metric compatibility =k =-k_

Inserting in [V"_, V"] 1-1 correspondence between T and k

L o,

i R Tmn"  =n2(g%¢Y
k'rnnp: Tmnp+Tpmn+Tpnm " so(d) = g+ gt

* On a manifold with G-structure, given a G-invariant tensor &

VméE =0 3IvD viDe =0

Vi ;:(‘T - kDmnp +k’ mnp ) &
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Intrinsic Torsion

_ _ : _ o : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' » n] Vp = _Rmnpq Vq -2 Tmﬂr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k. =k

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

it T 0

5 e Toos A @(gEgh)
E . —F =F = N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &
Vmé =0 3IvD viDe =0
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Intrinsic Torsion

_ _ _ : R : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] Vp = _Rmnpq vq -2 Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k KmnP> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

= A
T =k 0P gor ¢
g e Tmn' <=M C(@egh
kmnp: Tmﬂp+Tpmn+Tpnm " so(d) = g+t gt
* On a manifold with G-structure, given a G-invariant tensor 2
Vmé#0 3V viDe=0
s lfmn“k}ff’) = KO mr?= T2 intrinsic torsion

A &l A o0



Intrinsic Torsion

: : _ _ s _ curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\_‘rw \_‘n] vp = _Rmnpq vq 2 Trﬂr'lr \_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

« Any V' can bewritten: V' =V + k | L co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

= A
T =k _ P po -
mn [mn] Tmn r = A, (g QL:]'
kmnp: Tmﬂp+Tpmn+Tpnm " so(d) = g+t gt
* On a manifold with G-structure, given a G-invariant tensor &
Vmé#=0 3vD) viDe=0
L e lfmn“k%ﬁ) = KO, reyP= T0, - intrinsic torsion

A & ol A &0



Intrinsic Torsion

_ _ _ _ S _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] Vp — _Rmnpq Vq -2 Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k KmnP> CONtOrsion

Metric compatibility = k. =K.,

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

= A
T =k _ P A
e Tmn"  <n0(@%g)
kmnp: Tmnp+Tpmn+Tpnm ™\ so(d) = g+ gt
* On a manifold with G-structure, given a G-invariant tensor &
Vmé=0 3vD) viDe=0
VN £=(V + K, P +kingg) .
&=( S Ko iP= T9-P- Intrinsic torsion
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Intrinsic Torsion

: _ : : i : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\*_‘m' \"_‘n] Vp — 'Rmnpq Vq 3 Tmnr \*_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten: V' =V + k Kmn?> CONtOrsion

Metric compatibility = k. =-k

Inserting in [V"_, V" ] 1-1 correspondence between T and k

o r“‘“

mn [mn] Tmn T . A»] & '['Q o QL]'
E —F =F =l " so(d)=g =& gt

* On a manifold with G-structure, given a G-invariant tensor &

Vmé %0 3IvD viDe =0

VM e=(V + kO P +kﬁ§) 2 K epP= TP.P: intrinsic torsion
Al A &0
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Intrinsic Torsion

: _ _ _ i : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] vp = _Rmnpq vq = Tmﬂr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k KmnP> CONtOrsion

Metric compatibility =k =-k_

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

Tk -

e [mn] Tmn . A @(gEgh
E —F = =2 N so(d)=g+&g*

* On a manifold with G-structure, given a G-invariant tensor &
Vmé#=0 3vD) viDe=0
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Intrinsic Torsion

: : : : Ao : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \'_‘n] Vp = _Rmnpq Vq g Trrmr \_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k Kmn?> CONtOrsion

Metric compatibility = k. =k

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

B n .

& Tmn' <=nC(@gh
E —F =F = N so(d)=g & g*

* On a manifold with G-structure, given a G-invariant tensor 2

Vmé =0 3vD viDe =0

. 5 e
VM E=(V + KO P +KINP) & Ko, mP= TP, intrinsic torsion
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Intrinsic Torsion

_ _ : : e : curvature
» Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \_‘n] vp = _Rmnpq Vq - Tmﬂr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k Kmn?> CONtOrsion

Metric compatibility = k=K.

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

= A
E.r—k » do
e Tmn"  <n0(@%gY
kmnp: Tmﬂp+Tpmn+Tpnm " so(d) = gtgt
* On a manifold with G-structure, given a G-invariant tensor &
Vmé =0 3IvD viDe =0
L Ve lfmn“k%ﬁ) < KO mrP= TP,,,,°: intrinsic torsion

A &l A 0



Intrinsic Torsion

_ : _ : o _ curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \'_‘n] Vp — 'Rmnpq Vq 3 Tmnr \*_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k KmnP> CONtOrsion

Metric compatibility = k. =K.,

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

T = Ko ="

mn [mn] Tmn r - f‘k»] & '['Q o QL]'
k. —F =F =} " so(d)=g=& gt

* On a manifold with G-structure, given a G-invariant tensor &

Vat=0 T viDe =0

- G e
VIMES(V + K0, P HKINP) € KO mri?= T°,..: intrinsic torsion
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Intrinsic Torsion

: : _ _ S : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \'_‘n] Vp = _Rmnpq Vq -2 Trrmr ‘k‘_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e« Any V' can bewritten : V' =V + k Kmn?: CONtOrsion

Metric compatibility = k_ =-k

Inserting in [V"_, V" ] : 1-1 correspondence between T and k

T -

mn [mn] Tmn  § = A»] & '['Q o QL]'
E —F = =) " so(d)=g=& gt

* On a manifold with G-structure, given a G-invariant tensor &

Vmé#=0 3IvD viDe =0

e e £ R .
VI E=(V + KO, P+KTP) & KO mri?= T°,..: intrinsic torsion
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Intrinsic Torsion

_ _ _ _ S : curvature
« Given a metric compatible connection V' (V'g=0) define <
torsion
[\_‘m' \'_‘n] Vp = _Rmnpq Vq o Tmﬂr \*_‘r Vp T: torsion
e Levi Civita V : unique torsionless connection
e Any V' can bewritten : V' =V + k Kmn?> CONtOrsion

Metric compatibility = k=K

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

= A
T =k ° LA
mn [mn] Tmn r . f‘k»] & (g o QL]'
kmnp: Tmﬂp+Tpmn+Tpnm " so(d) = g+t gt
* On a manifold with G-structure, given a G-invariant tensor &
VmE=0 v viDe =0
. Y l‘:mn“k}ff) = KO mr?= TCnP: intrinsic torsion

A &l A &0



Intrinsic Torsion

: _ _ : e : curvature
« Given a metric compatible connection V' (V'g=0) define <

torsion
[\‘_‘rw \‘_‘n] Vp = _Rmﬂpq Vq -2 Trﬂr'lr ‘k‘_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e« Any V' can bewritten: V' =V + k _ e co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

= A
Pk = S
mn [mn] Tmn r . le & '['Q o QL}
kmnp: Tmﬂp+Tpmn+Tpnm ™\ so(d) = g+t gt
* On a manifold with G-structure, given a G-invariant tensor &
Vmé =0 3IvD viDe =0
b, B
VI E=(V + Ko P +K15P) S KO = TCnP: intrinsic torsion
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Intrinsic Torsion

_ _ _ : w _ curvature
e Given a metric compatible connection V* (V'g=0) define <

torsion
[\_‘m' \‘_‘n] Vp = 'Rmnpq vq 2 Tmﬂr \‘_‘r Vp T: torsion

e Levi Civita V : unique torsionless connection

e« Any V' can bewritten: V' =V + k | e co_nt_c_}rsion
Metric compatibility = k=K.

Inserting in [V"_, V" _]: 1-1 correspondence between T and k

= A
T =k _ P A
mn [mn] Tmn r " le & (g o QL}
kmnp: Tmﬂp+Tpmn+Tpnm " so(d) = g+tgt
* On a manifold with G-structure, given a G-invariant tensor &
Voi=a Wt viDe =0
P YWa e lfmn“k%ﬁ) = KO, reyP= TO,: intrinsic torsion

o o (drop 0 from now on)



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

Pirsa: 05030077
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Intrinsic Torsion

e Doing V(M

Pirsa: 05030077

Measure of the failure of a G-structure to become G-holonomy

s=(V+T,,P)e  forz=J Q2 and antisymmetrizing
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Intrinsic Torsion

e Doing V(M

Pirsa: 05030077

Measure of the failure of a G-structure to become G-holonomy

e=(V+T,,P)c  forz=J Q2 and antisymmetrizing

Page 155/243



Intrinsic Torsion

e Doing V(M

Pirsa: 05030077

Measure of the failure of a G-structure to become G-holonomy

c=(V+ TP )2  forz=JQ and antisymmetrizing

Page 156/243



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhex(V+ T P )& forE=J,Q2 and antisymmetrizing
(d€2)mnpq = 12T[mn JT‘S_’zzr*|,15n:g]

(dJ)nlnp — 6 T[mn r'J},.u‘,)]
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )< forE=J,Q2 and antisymmetrizing
(dQ)mnpq p— 12 T[TTIH rQr|pq]

(dJ)mnp =6 T[mn r*]r|p]
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& forE=J,Q2 and antisymmetrizing
(dQ)mnpq - ].2 T[TTIH rQr|pq]

(dT)mnp = 6 T, " Jrp)
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhex(V+ T P )&  for&=J,Q2 and antisymmetrizing
(dQ)mﬂpq — T[mn rQr|pq]
(dJ) mnp — 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vex(V+ T P )&  forE=J,Q2 and antisymmetrizing
(dg)mnpq = 12 .T[TTIH rQr|pq]
(d‘])mﬂp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& for&=J,Q2 and antisymmetrizing
(dQ)mnpq - 12 T[TTIH— rQr|pq]
(dJ)ngnp — 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Ve(V+ T P )& forE=J,Q2 and antisymmetrizing

(dQ)mﬂpq — 12 T[mn rQr|pq]

(dJ)mnp — 6T[mn r'J},.Lp]

* Decompose T into irreducible SU(3) representations: torsion classes
a <A
Tmn e

% :
so(d)=g+ gt
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )E for&=J,Q2 and antisymmetrizing

(d€2)mnpq = 12 T[mn. rQr|pq]
(dJ)mnp — T[mn rJT|p]

* Decompose T into irreducible SU(3) representations: torsion classes
= = A
Trn" €N @su3B)T=B+3)(1+3+3)
so(d) =¥ gt = (14+1)+(848)+(6+8)+(3+3)+(3+3)

Pirsa: 05030077

Page 164/243



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& forE=J,Q2 and antisymmetrizing

(dQ)mﬂpq =12 T[mn rQr|pq]

(dej)mnp — 6T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes
= A
Trn" €N @su(3)T=GB+3)(1+3+3)
" sold) =g g* = (14+1)+(848)+(6+8)+(34+3)+(3+3)

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& forE=J,Q2 and antisymmetrizing

(dQ)mﬂpf} =12 T[mn. Ir‘Slir*hz:ﬁq]

(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes
= A
Tmn' €M @su3)"=(3+3)®@(1+3+3)
so(d) =¥ gt = (14+1)+(848)+(6+8)+(3+3)+(3+3)

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Ve=(V+ T P )& forE=J,Q2 and antisymmetrizing
(dQ)mnm =12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

o = A
Trn" €N @suB)T=B+3)(1+3+3)
“so(d) =5 g = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)

Pirsa: 05030077

Page 167/243



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& forE=J,Q2 and antisymmetrizing
(dQ)mﬂPq =12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn r‘]r|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @su@B)T=GB+3)(1+3+3)
Nso(d) =5 g = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1}  (211(1.2) (1,0)+(0.1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )E forE=J,Q and antisymmetrizing
(dQ)mﬂpf} =12 T[mn rQr|pq]
(d‘])mﬂp = 6 T[mn T'Jr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

o = A
Trn" €N @su(3)T=B+3)(1+3+3)
p =(1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21)x1.2) (1,0+(0,1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vihex(V+ T P )& for&g=J,Q2 and antisymmetrizing
(dQ)mﬂpq = 12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @suB)=B+3)(1+3+3)
o L, =(1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

1
scalar (1.1) (21+(1.2) (1,0+(0,1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )&  for&=J,Q2 and antisymmetrizing
(dQ)mﬂpq =12 T[mn rQr|pq]
(dJ)mnp = 6 T[mn rJ;r‘|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @suB)T=B+3)(1+3+3)
py, B, S = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1 (21#+(1.,2) (1,.0+(0.1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhie=(V+ T P )E forE=J,Q and antisymmetrizing
(dg)mﬂpq =12 T[mn rQr|pq]
(d‘])mﬂp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

o = A
Trmn  €eM®suB)r=CB+3)0(1+3+3)
o, SR, SR = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21)x1.2) (1,0+(0,1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Ve(V+ T P )& forE=J,Q2 and antisymmetrizing
(dg)mﬂ'ﬁq =12 T[mn. rQr|pq]
(dJ)mnp — 6T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @su3B)T=B+3)(1+3+3)
p O P =(1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21+(1.2) (1,0+(0,1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhex(V+ T P )&  forg=J,Q2 and antisymmetrizing
(dQ)mnpq - 12 T[TTI-H— rQr|pq]
(dJ)mnp = 6 T[mn rJT.|p]

* Decompase T into irreducible SU(3) representations: torsion classes

= A
Trn" €M su(3)t=3B+3)°(1+3+3)
o S T = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1}  (211(1.2) (1,.0+(0.1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& forE=J,Q2 and antisymmetrizing
(dQ)mﬂPq =12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €M @su3)t=CB+3)(1+3+3)
g SR, PGS =(1+I)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21)+1.2) (1,0+(0,1)
primitive  primitive

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vihex(V+ T P )& forE=J,Q2 and antisymmetrizing
(dQ)mﬂpf} =12 T[mn. rQr|pq]
(dJ)mn-p — "~ T[mn I‘Jr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

o~ = A
Trn" €N @su(3)T=GB+3)(1+3+3)
o RV, S = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21)+1.2) (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (W, Q) + W+ W, A J

dQ=W, 2+ W, AJ+W, A Q

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhie=(V+ T P )& for&=J,Q2 and antisymmetrizing
(dg)mﬂpq =12 T[mn. rQr|pq]
(d‘])mﬂp = 6 T[mn r'J;r‘|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @su(3B)T=B+3)(1+3+3)
N = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

1
scalar (1,1} (211(1.2) (1,0+(0.1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (W, Q) + W+ W, A J
dQ=W, 2+ W, AJ+W,AQ

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& for=J,Q2 and antisymmetrizing
(d€2)mnpg = 12 T[mn. rQr|pq]
(dJ)mnp — 6 T[mn rJ},.Lp]

* Decompose T into irreducible SU(3) representations: torsion classes

<A
Ton  €eM@su(3)=B+3)(1+3+3)
iy, SR N = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21)%1.2) (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (W, Q) + W+ W, A J
dQ=W, 2+ W, AJ+ W, AQ

Pirsa: 05030077
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& for&=J,Q2 and antisymmetrizing
(dQ)mﬂpq =12 T[mn rQr|pq]
(dJ)mn-p = 6 T[mn r'J;r‘|p]

* Decompose T into irreducible SU(3) representations: torsion classes

o < A
Trn" €N @suB)T=B+3)(1+3+3)
B = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

1
scalar (1,1}  (211(1.2) (1,0+(0.1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (A Q) + W+ W, ot

dQ=W, 2+ WA J+W, AQ

Pirsa: 05030077

<« complex
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vex(V+ T P )&  forE=J,Q2 and antisymmetrizing
(dQ)mnm =12 T[mn. rQr|pq]
(dJ)mnp — 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

o = A
Trn" €N @su(3)T=B+3)”(1+3+3)
By I = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

1
scalar (1.1) (2112 (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (A Q) + W+ W, e

dQ=W, 2+ WA J+W, AQ

Pirsa: 05030077

<« complex
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& for&=J,Q2 and antisymmetrizing
(dQ)mﬂpq =12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn €M @su(3)=B+3)(1+3+3)
iy ST = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1}  (211(1.2) (1,0+(0.1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

W1=W2=0 <« complex

— ]
s gl WA=W3=W4=0 «» symplectic

dQ=W, J2+ W, AJ+W, A Q
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhie=(V+ T P )< forE=J,Q and antisymmetrizing
(dQ)mﬂPq =12 T[mn rQr|pq]
(dJ)mnp — 6 T[mn rJT‘|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @su3B)T=B+3)(1+3+3)
. e = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1  (211(1.2) (1,.0+0.1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

W1=W2=0 <« complex

= () A
Sty o A T WA=W3=W4=0 «» symplectic

dQ=W, 2+ W, AJ+W, A Q
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Ve=x(V+ T P )& forE=J, Q2 and antisymmetrizing
(dQ)mﬂpf} =12 T[mn rQr|pq]
(dJ)mnp — T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @su3B)T=GB+3) (1 +3+3)
Nso(d) =¥ g = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (2112 (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ = Im (W, Q) + Wi+ W, A J W1=W2=0 - compleyt

dO=W 2+ W AJ+ W AQ W1=W3=W4=0 < symplectic
: : g W1=W2=W3=W4=0 <« Kahler
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Ve(V+ T P )& for&=J,Q2 and antisymmetrizing
(dg)mﬂpq = 12 T[mn. rQr|pq]
(dJ)mnp == 6 T[mn rJr|p]

* Decompaose T into irreducible SU(3) representations: torsion classes

o = A
Trn" €N @su@3)T=B+3)(1+3+3)
i, AP CE = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (21)%1.2) (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

1 : g WI1=W2=W3=W4=0 <« Kahler

Pirsa: 05030077 W1 :W2 :WS:W4:W5: D . Page 243



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe=(V+ T P )< forE=J,Q and antisymmetrizing
(dQ)mﬂpq =12 T[mn. rQr|pq]
(d‘])mﬂp = 6 T[mn rJr|p]

* Decompaose T into irreducible SU(3) representations: torsion classes

o = A
Trn" €N @su(3)T=B+3)(1+3+3)
Py, S S = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1.1) (2112 (1.0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ = Im (W, Q) + Wit W, A J st o e
do :W J2 _I_W AJ +W/ AO W1=W3=W4=0 «— SYM pIECtIC
1 > ; W1=W2=W3=W4=0 <« Kahler

Pirsa: 05030077 W1 :W2 :WS:W4:W5: D I Page 243



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& for&=J,Q2 and antisymmetrizing
(dQ)mﬂpq =12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @suB)T=GB+3)(1+3+3)
B D = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1}  (211(1.2) (1,0+(0.1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ = Im (W, Q) + Wit W, A J T e
| 2 5 WASW2=W3=W4=0 <+ Kahler

Pirsa: 05030077 W1 :W2 :W 3:W4:W5: D S Pa{é_:DQIWMS



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& for&=J,Q2 and antisymmetrizing
(dQ)mﬂPq =12 T[mn Ir‘Slir*hz:ﬁq]
(dJ)mnp — 6T[mn i“J],.Lp]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trmn"  €M@s5u3)"=B+3)21+3+3)
Nso(d) =¥ g = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

scalar (1,1}  (211(1.2) (1,0)+(0.1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

1 : ; WI1=W2=W3=W4=0 <« Kahler

Pirsa: 05030077 W1 :W2 :W 3:W4:W5: D PR Pa{é_:l‘ﬁrmﬁ



Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vihex(V+ T P )< for=J,Q2 and antisymmetrizing
(dQ)mnpq = 12 T[TTI-H— rQr|pq]
(dJ)mnp = 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Tmn €M @s5u3)"=B+3)®(1+3+3)
IS R = (1+1)+(84+8)+(6+8)+(3+3)+(3+3)
W W W W W

1
scalar (1,1) (21+(1.2) (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (W, Q) + W+ W, A J W1=W2=0 - compleyt

dO=W L+ W AJ+W_ A Q W1=W3=W4=0 «— symplectic
1 g : W1=W2=W3=W4=0 « Kahler

Pirsa: 05030077 W1 :W2 :WS:W4:W5: D e Page 243
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Ve(V+ T P )& for&=J,Q2 and antisymmetrizing
(dQ)mﬂPq =12 T[mn rQr|pq]
(dJ)mnp — 6 T[mn rJr|p]

* Decompose T into irreducible SU(3) representations: torsion classes

= A
Trn" €N @su(3)T=B+3)2(1+3+3)
Nso(d) = g — (14 1)+ (848)+(648)+(31+3)+(3+3)
W W W W W

1
scalar 1L 162 (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, ©

dJ =Im (W, Q) + W+ W, A J W1=W2=0 - complexf

dO=W 2+ W AJ+ W AQ W1=W3=W4=0 < symplectic
" . : W1=W2=W3=W4=0 «— Kahler

Pirsa: 05030077 W1 :W2 :WS:W4:W5: D g Page 243
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Intrinsic Torsion

Measure of the failure of a G-structure to become G-holonomy

eDoing Vhe(V+ T P )& forE=J,Q2 and antisymmetrizing
(dQ)mﬂpq = 12 T[mn. rQr|pq]
(dJ)mnp = 6 T[mn r‘]r|p]

* Decompose T into irreducible SU(3) representations: torsion classes

a <A
Trn" €N @su3B)T=GB+3)(1+3+3)
PP S = (1+1)+(8+8)+(6+8)+(3+3)+(3+3)
W W W W W

1
scalar (1,1) (21)+(1.2) (1,0+(0,1)
primitive  primitive

e WritedJ, dQ interms of W's and J, Q

dJ =Im (W, Q) + W+ W, A J W1=W2=0 — complexf

dO=W 2+ W AJ+W_ A Q W1=W3=W4=0 «— symplectic
" . e W1=W2=W3=W4=0 « Kahler

Pirsa: 05030077 W1 :W2 :WS:W4:W5: D Sl Page 243
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Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

181 33

dO=W,J2 +W. AQ+W, A J

66

181 343 8%8
11 343 6+6 848
Torsion |1 (W, |2 (W,.W.) (W;) |1 (W)
H. 1 1
A F, L 222 =S 1 (F, Fy)
IB: Fp.y |1 (F3) [3 (F,F3F5) (Fa)

Pirsa: 05030077

Page 191/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

181 33

dO=W,J2 +W. AQ+W, A J

6% 6

181 353 8% 8
11 343 6+6 848
Torsion |1 (W, |2 (W,.W.) (W;) |1 (W)
H. 1 1
A F., Lo = e =5 1 (F, Fy)
IB: Fy.y |1 (F3) |3 (F,F3F5) (Fa)

Pirsa: 05030077

Page 192/243



Torsion versus fluxes

Torsion:

dJ=1Im (W, Q) + W, A J+ W, _

11 33

dO=W,J2 +W. AQ+W,AJ

6 <+ 6

181 323 8% 8
141 3¢3 6+6 8+38
Torsion |1 (W, |2 (W,.W.) (W;) |1 (W)
H. 1 1
A F, | =5 =5 1 (F, Fy)
IB: Fyry |1 (F3) |3 (FFsF9) (F3)

Pirsa: 05030077

Page 193/243



Torsion versus fluxes

Torsion:

dJ=1Im (W, Q) + W, A J+ W, _

181 33

dO=W,J2 +W. AQ+W,AJ

6 < 6

1e1 33 8<8
141 343 6+6 8+38
Torsion |1 (W, |2 (W,.W.) (W3) |1 (W)
H. 1 1
A F, 2EEEFNE E F 1 (F, Fy)
IB: Fyy |1 (F3) |3 (FyF5F9) (Fa)

Pirsa: 05030077

Page 194/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

181 33

dO=W,J2 +W. AQ+W,AJ

6 < 6

181 3&3 8% 8
141 343 6+6 848
Torsion 1T (W) 2 (W, W, |1 (W |1 (W,
H. 1 1 1
A F, r == i =S 1 (F, Fy)
IB: Fpr.y |1 (F3) [3 (FF3Fs) |1 (F3)

Pirsa: 05030077

Page 195/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

151 33

dO=W,J2 +W. AQ+W,AJ

6 <6

1e1 33 8<8
141 343 646 8+38
Torsion |1 (W, |2 (W,W.) (W;) |1 (W)
H. 1 1
A F, BT E B 1 (F, Fy)
IB: Fyry |1 (F3) |3 (FyF5F9) (F)

Pirsa: 05030077

Page 196/243



Torsion versus fluxes

Torsion:  dJ=Im (W, Q) +W, A J+ W,

151 363 6 <6

dO=W,J2 +W. AQ+W, A J

161 343 8%8
141 343 6+6 8%+8

Torsion 1T (W) 2 (W, W, |1 (W |1 (W)

H, 1 1 1 0
A F,, 272 FLF] R E_E]
ESE - ¢ &) ISEEE3 T B3 IO

Pirsa: 05030077 Page 197/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

11 33

6% 6

dO=W,J2 +W. AQ+W, A J

181 3&3 8% 8
141 3+3 6+6 8+38
Torsion |1 (W, |2 (W,W.) (W3) |1 (W)
H. 1 1 0
IA: F., v = = =2 A =5 1 (F, Fy)
L . I &) 2R (F) |0

Pirsa: 05030077

Page 198/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W,
11 363 6<x6
dO=W,J2 +W. AQ+W,AJ
131 33 8% 8
1¢1 3+3 6¢6 8¢ 8
Torsion 1T (W) 2 (W, W, |1 (W, |1 (W,
H, 1 1 1 0
A F, L === s 3a = 1 (F, Fy)
=) 0

B:F,., |1 (F)

Pirsa: 05030077

Page 199/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) +W, A J+ W,
11 3¢3 6T 6
dO=W,J2 +W. AQ+W, A J
151 33 88
141 343 6¢6 8+38
Torsion 1T (W) 2 (W, W, |1 Wy |1 (W)
H, 1 1 1 0
A F, Lo == = 1 (F, Fy)
3 0

IB:F,., |1 (F)

Pirsa: 05030077

Page 200/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W,
161 383 6 <=6
dO=W,J2 +W. AQ+W, A J
151 33 8% 8
1¢1 3+3 6¢6 8+38
Torsion 1 (W) 2 (W, W, |1 Wy |1 (W,
H, 1 1 1 0
A F, BEE BNl E B 1 (F, Fy)
3 0

B:F,., |1 (F)

Pirsa: 05030077

Page 201/243



Torsion versus fluxes

Torsion:  dJ=Im (W, Q) +W, A J+W,

151 363 6 <6

dO=W,J2 +W. AQ+W,AJ

121 33 8<8
141 3¢3 6+6 8%+8

Torsion 1T (W) 2 (W, W, |1 (W, |1 (W)

H, 1 1 1 0
IAF, |2 (F,F.F)|2 (F,F,) 1 (F, F,)
IB:F,., |1 F [3 EEFR |1 (F) |0

InlIBW,=0 (integeabiiity of

complex structure)

Pirsa: 05030077 Page 202/243



Torsion versus fluxes

Torsion:

11 33

dO=W,J2 +W. AQ+W, A J

dJ =Im (W, Q) + W, A J+ W,
= 3 66

11 343 8<8
1+ 1 33 6+ 6 8«8
Torsion 1 (W,) 2 (W,W,) W3 |1 (W)
H. 1 1 0
A F., Lo =z ==l = 1 (F, Fy)
B:F,., |1 () |3 (F,F.F) (Fy) |©
In |IB WE = Oé;ﬁﬁﬂ%iﬁe)

Pirsa: 05030077

Page 203/243



Torsion versus fluxes

Torsion:  dJ=Im (W, Q) + W, A J+ W,

161 363 6<6

dO=W,J2 +W. AQ+W, A J

181 3&3 8% 8
141 3¢3 6+6 8%+8

Torsion 1T (W) 2 (W, W, |1 (W |1 (W)

H, 1 1 1 0
IAF, |2 (F,F.F)|2 (F,F.) 1 (F,, F.)
IB:F,., |1 F) [3 EEFR |1 (F) |0

InlIBW,=0 (integeabiiity of

complex structure)

Pirsa: 05030077 Page 204/243



Torsion versus fluxes

Torsion:  dJ=Im (W, Q) + W, A J+ W,

11 =3 6 <+ 6

dO=W,J2 +W. AQ+W, A J

11 33 8<8
141 3+3 6+6 8+38
Torsion 1 (W,) 2 (W,W.) [1 (W) |1 (W)
H. 1 1 1 0
A F., EE T FE F 1 (F, Fy)
IB:F,.., |1 () |3 FREF) |1 (R) |0

Pirsa: 05030077

InlIBW,=0 (integraBiiity of

complex structure)

Page 205/243



Torsion versus fluxes

Torsion:  dJ=Im (W, Q) + W, A J+ W,

11 363 6<=6

dO=W,J2 +W. AQ+W, A J

1e1 33 8<8
141 343 646 8%+8

Torsion 1T (W) 2 (W, W, |1 (W |1 (W,

H, 1 1 1 0
IAF, |2 (F,F.F)|2 (F,F.) 1 (F, F,)
IB:F,., |1 ) [3 FEFR |1 F) |0

InlIBW,=0 (integraBiiity of

complex structure)

Pirsa: 05030077 Page 206/243



Torsion versus fluxes

Torsion:

=Im (W, ) + W, A J+ W,
11 3= 3 66
dO=W,J2 +W. AQ+W,AJ
1$1 3:3 878
1+1 33 6+6 8+ 8
Torsion 1T (W) 2 (W, W, |1 Wy |1 (W)
H, 1 1 1 0
IAF, |2 (F,F,E)|2 (F,F,) |0 1 (F,,F,)
ESE - ¢ @) IYEEEli B3 I0

Pirsa: 05030077

In 1B W, = 0 (ineerstiy of

complex structure)

Page 207/243



Torsion versus fluxes

Torsion:

dJ=1Im (W, Q) + W, A J+ W, _

181

=

= 3 6% 6

dO=W,J2 +W. AQ+W, A J

Pirsa: 05030077

11 3&3 8<8
1+1 343 6+6 8+ 8
Torsion |1 (W, 2 (W,W.) |1 1 (W)
H. 1 1 1 0
A F, 2 BRI & ) 10 1 (F, Fy)
BE., I & |3 G5 | .
InIBW,=0/Bever - In AW, ~ HO (et

Page 208/243



Torsion versus fluxes

Torsion:

= Im (W,1 Q) +W, / J+W3_
161 3&3 E
dO=W,J2 +W_ AQ+W,.
1€1 3:3 878
141 343 646 848
Torsion |1 (W) 2 (W, W,) |1 1 (W)
H. 1 1 1 0
A F, EE BT & B 0 1 (F, Fy)
EEE . N B P EEE 0

: 05030077

In 1B W, = Q (inieerstiiy of

complex structure)

In A W

Page 209/243

=i (6) {sym C
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Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

151

=

= 3 6% 6

dO=W,J2 +W. AQ+W, A J

Pirsa: 05030077

11 353 8% 8
1+ 1 33 6+ 6 88
Torsion |1 (W) 2 (W, W, |1 1 (W)
H. 1 1 1 0
A F., ZEERIZ &) It 1 (F, Fy)
BE.., T & |12 58 | 0
In 1B W, =0/l | In AW, ~ HO e

Page 210/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

11 =l

B3 6% 6

dO=W,J2 +W. AQ+W,AJ

Pirsa: 05030077

181 343 8«8
141 343 646 848
Torsion |1 (W, |2 (W,W,) |1 1 (W)
H, 1 1 1 0
HA: 2. )12 Kl 0 T L E
. M & 13 R 0
In B W, = 0 (meariityef I 1A W, ~ H®) eymplectc

Page 211/243



Torsion versus fluxes

Torsion:

dJ =1Im (W, Q) + W, A J+ W, _

11

=

= 3 6FE 6

dO=W,J2 +W. AQ+W, A J

Pirsa: 05030077

11 33 8% 8
1%+ 1 343 6+6 8+8
Torsion |1 (W) 2 (W,W.) |1 1T (W)
H. 1 1 1 0
A F, 2E.ER)IZ &) |O 1 (F; Fy)
EE., It & 2] 0
InIBW,=0/B2=ver - In AW, ~ HO (et

Page 212/243



Torsion versus fluxes

Torsion:

= Im (W,1 Q) +W, / J+W3_
161 343 E
dO=W,J2 +W_ AQ+W, .
1&1 3@ 3 8T 8
141 343 6+6 8%+8
Torsion |1 (W) 2 (W,W,) |1 1 (W)
H. 1 1 1 0
A F., 2E-EENY F B 0 1 (F, Fy)
e A B DB EER 0

: 05030077

In 1B W, = 0 (Ineerstiy of

complex structure)

In HA W

Page 213/243

Ll (6) {sym i
s ﬁﬁg)



Torsion versus fluxes

Torsion:

dJ =Im (W, Q) + W, A J+ W,
11 33 66
dO=W,J2 +W. AQ+W, A J
121 33 8&8
141 343 646 848

Torsion 1T (W) 2 (W, W, |1 (W, |1 (W,

H, 1 1 1 0
IAF, |2 (F,F.F)|2 (F,F,) |0 1 (F, F.)
ERE - M 3 2EEElIT B3 10

InlIBW,=0 (integeabiiity of

If also W,=0 = [IB: dQ=W_. A Q

(frue in all susy vacua)

Pirsa: 05030077

IA: dJ =W, A J +H®)

complex structure)

In IA W, ~ H® (s%%

Page 214/243



Torsion versus fluxes

Torsion:

dJ =Im (W, Q) + W, A J+ W,
11 33 66
dO=W,J2 +W. AQ+W, A J
121 33 8<8
141 343 646 848

Torsion 1T (W) 2 (W, W, |1 Wy |1 (W)

H, 1 1 1 0
IAF, |2 F,F.F)|2 (F,F) |O 1 (F,, F.)
EEE . It &) B EeERir B3 0

InlIBW, =0

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

Pirsa: 05030077

IA: dJ =W, A J + H®)

(integrability of

complex structure)

In IA W, ~ H® (S%ﬁ

Page 215/243



Torsion versus fluxes

Torsion:

dJ =Im (W, Q) + W, A J+ W,
1&1 33 6 <=6
dO=W,J2 +W. AQ+W, A J
1e1 33 8<8
141 343 646 8%+8

Torsion 1 (W) 2 (W, W, |1 (W |1 (W,

H, 1 1 1 0
A:F, |2, FF)l2 (F,.F) |0 1 (F, F.)
BE . It ) BEeEEsT B I8

In lIBW, =0

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

Pirsa: 05030077

IA: dJ =W, A J + H®)

(integrability of

complex structure)

Page 216/243
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Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

11

=

B3 636

dO=W,J2 +W. AQ+W, A J

11 323 8<8
1+1 343 6+6 8+ 8
Torsion |1 (W) 2 (W,W.) |1 1 (W)
H. 1 1 1 0
A F, B ) 10 1 (F, Fy)
e, I &) |3 EEF) ) .
In 1B W, =05l | In AW, ~ HO e

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

Pirsa: 05030077

IA: dJ =W, A J + H®)

Page 217/243



Torsion versus fluxes

Torsion:

=1m (W, Q) + W, A J+ W,
11 33 6% 6
dO=W,J2 +W_ AQ+W,AJ
181 3@ 3 8< 8
141 3¢3 6+6 8%8
Torsion |1 (W, |2 (W,W,) |1 1 (W)
H. 1 1 1 0
A F., SEE T FE B3 10 1 (F, Fy)
BE . I B BEER 0

In 1B W, = 0 (niserstiy of

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

: 05030077

IA: dJ =W, A

J + Hi®

complex structure)

In 1A W

Page 218/243

(6) (sym C
_and ﬁﬁg)



Torsion versus fluxes

Torsion:

=1m (W, Q) + W, A J+ W,
11 3&a3 66
dO=W,J2 +W_ AQ+W,AJ
161 3@ 3 8T 8
141 343 646 848
Torsion |1 (W, 2 (W,W.) |1 1T (W)
H. 1 1 1 0
A F, *EEET . F) 10 1 (F, Fy
e N B3 D EER 0

In 1B W, = 0 (nserssiy of

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

: 05030077

IA: dJ =W, A

J + Hi®

complex structure)

In AW

Page 219/243

(6) {sym C
inie aﬁ%ﬂ)



Torsion versus fluxes

Torsion:

=1m (W, Q) + W, A J+ W,
11 = ~_-3 66
dO=W,J2 +W_ AQ+W,AJ
161 3@ 3 878
141 343 6+6 848
Torsion |1 (W, |2 (W,W,) |1 1 (W)
H. 1 1 1 0
A F., ZE.EE)2 &) 10 1 (F, Fy)
EEE . N B e 0

In 1B W, = Q (iniserssity of

If also W,=0 = [IB: dQ=W. A Q

(true in all susy vacua)

: 05030077

IA: dJ =W, A

J + Hi®

complex structure)

In 1A W

Page 220/243

(6) {sym C
e qﬁ&rﬁz)



Torsion versus fluxes

Torsion:

dJ = Im (W, Q) + W, A J+ W,
1&1 33 6 <=6
dO=W,J2 +W. AQ+W,AJ
1e1 33 8<8
141 3¢3 6+6 8%+8

Torsion 1T (W) 2 (W, W, |1 (W |1 (W,

H, 1 1 1 0
AF, |2, FF)l2 (F.F) |0 1 (F, F.)
s - I ) BeEEEiE B 0

InlIBW,=0 (integraBiiity of

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

Pirsa: 05030077

IA: dJ =W, A J + H®)

complex structure)

M, Is complex

In 1A W, ~ H®) (symplectt

Page 221/243



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W,
11 363 6<x6
dO=W,J2 +W. AQ+W,AJ
151 33 8% 8
13 1 343 646 848

Torsion 1T (W) 2 (W, W, |1 (W |1 (W)

H, 1 1 1 0
HA: F,, 2NN F Fl 0 E 5]
Bt M ) BEeEER B 0

InlIBW,=0 (integeabiiity of

If also W,=0 = [IB: dQ=W_. A Q

(frue in all susy vacua)

Pirsa: 05030077

IA: dJ =W, A J + H®)

complex structure)

M, is complex

In IA W, ~ H® (S%ﬁ

Page 222/243



Torsion versus fluxes

Torsion:

=Im (W, )+ W, A J+ W,
151 3% 3 66
dO=W,J2 +W. AQ+W,AJ
1e1 33 8<8
141 3¢3 646 8%+8

Torsion 1T (W) 2 (W, W, |1 (W |1 (W,

H, 1 1 1 0
IAF, |2 F,F.F)|2 (F,F) |0 1 (F, F,)
ESE- B¢ ) PR3 B3 IO

In 1B W, = 0 (ineerstiy of

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

: 05030077

IA: dJ =W, A

J + Hi®

complex structure)

M, is complex

In AW
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Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

181 33

dO=W,J2 +W. AQ+W,AJ

6 <+ 6

1e1 33 8=8
141 343 646 8%+8
Torsion |1 (W, |2 (W,W,) |1 1 (W)
H. 1 1 1 0
A F,, =SS E I E B 10 1 (F, Fy)
e M ) D EER 0

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

Pirsa: 05030077

InlIBW,=0 (integrabiiity of

IA: dJ =W, A J + H®)

complex structure)

M, Is complex

In IA W, ~ H® (S%ﬁ
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Torsion versus fluxes

Torsion:

=1m (W, Q) + W, A J+ W,
11 33 6T 6
dO=W,J2 +W_ AQ+W,AJ
161 3@ 3 8¢ 8
141 3¢3 6+6 8%+8
Torsion |1 (W, [2 (W,W,) |1 1 (W)
H. 1 1 1 0
A F,, *EEEIIT . ) 10 1 (F, Fy)
EE-. 3 B3 2EER 0

In 1B W, = 0 (Ineerstiy of

If also W.,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

: 05030077

IIA: dJ

= W 4

J + Hi®

complex structure)

M, Is complex

In 1A W
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Torsion versus fluxes

Torsion: =Im (\M Q) + W, A J+ W,
181 3% 66
dO=W,J2 +W. AQ+W,AJ
1€1 3&3 8<8
1+ 1 343 6+6 8+8
Torsion 1T (W) 2 (W, W, |1 (W |1 (W)
H. 1 1 1 0
A F, TEEFI> ) |0 1 (F, Fy)
EEE - M ) IPcEEllr B 0
In 1B W, = Q (nisgresiity of In A W

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

IA: dJ =W, A

Pirsa: 05030077

J + Hi®

complex structure)

M, is complex

M, Is “twisted symplectic”
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Torsion versus fluxes

Torsion: =Im W, Q) +W, A J+ W,
151 3 ~_-3 6 <6
dO=W,J2 +W_ AQ+W,AJ
161 3& 3 8¢ 8
141 343 646 84 8
Torsion 1T (W) 2 (W, W, |1 (W, |1 (W)
H, 1 1 1 0
IA: F., E.EE)IZ &) |0 1 (F, Fy)
EBE . M ) BEeEEIT B 10
B W, = 0By I AW, - HO (e

If also W,=0 = [IB: dQ=W_. A Q M, is complex

(true in all susy vacua)

IA: dJ =W, A J + H® M, is “twisted symplectic”

Pirsa: 05030077
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Torsion versus fluxes

Torsion:  dJ=Im (W, Q) +W, A J+ W,

16&1 33 6 <6
dO=W,J2 +W. AQ+W,AJ
1e1 33 8=8
141 3¢3 6+6 8%+8

Torsion 1 (W) 2 (W, W, |1 Wy |1 (W,

H, 1 1 1 0
A F,, 22 (L E] 0 T K
EEC - M @} I3CEEFIY B IO

In 1B W, = 0 (rearadit of In AW, ~ HE) (et

complex structure)

If also W,=0 = [IB: dQ=W_. A Q M, Is complex

(true in all susy vacua)

IA: dJ =W, A J + H®) M, Is “twisted symplectic’

Pirsa: 05030077
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Torsion versus fluxes

Torsion: =Im (W,1 Q)+ W, AJ+W,
191 3a 3 6 <6
dO=W,J? +W. AQ+W, A J
1€1 3:3 878
141 3+3 646 8+38
Torsion 1T (W) 2 (W, W, |1 Wy |1 (W,
H, 1 1 1 0
A F, FEEEFZ & F) |10 1 (F,Fy)
ENE - M ) DEEEX| B0
In ”B W = Dcéﬁﬂ%cﬁre) ln ”A W3 HEB) (Syergmeh’;
If also W,=0 = [IB: dQ=W. 1 Q M, is complex

(true in all susy vacua)

IA: dJ =W, A J + H® M Is “twisted symplectic”

s there a mathematical construction that contains complex and symplectic geamsiry?



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

11 3

& 3 6 6

dO=W,J2 +W. AQ+W, A J

If also W,=0 = [IB: dQ=W_. A Q

181 343 8=8
141 343 646 848
Torsion |1 (W, [2 (W,W,) |1 1 (W)
H, 1 1 1 0
A F,, 7o | 7 2 R 4 i | T 0 =Kl
s - 1 & 126EE) 0
In 1B W, = 0 (meaiityel I 1A W, ~ H®) (eymplectc

(true in all susy vacua)

IA: dJ =W, A J + H®)

M, is complex

M, Is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geamelry?

GFEMNFRAI IZED COMPI FY GFOIMFEFTRY



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) + W, A J+ W, _

11

3

3 6<% 6

dO=W,J2 +W_. AQ+W,AJ

If also W,=0 = [IB: dQ=W_. A Q

181 343 8= 8
141 343 646 848
Torsion |1 (W, [2 (W,W,) |1 1 (W)
H, 1 1 1 0
HA: F, 2 )2 (FFJ 0 " s El
IB:F,.., |1 () |3 (F.FF) |1 0
In B W, = 0 (meaiyel I 1A W, ~ HE) eymplect

(true in all susy vacua)

IA: dJ =W, A J + H®)

M, is complex

M, is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geamefry?

GFMNFRAI IZED COMPI EY GFOMFTRY



Torsion versus fluxes

Torsion:

dJ=Im (W, Q) +W, A J+W,
11 363 66
dO=W,J2 +W_ AQ+W,AJ
1e1 33 8<8
141 3¢3 6+6 8%+8

Torsion |1 (W, |2 (W,W,) |1 1 (W)

H. 1 1 1 0
A F, 2. E12 &) |10 1 (F, Fy)
s N B3 e 0

If also W,=0 = [IB: dQ=W_. A Q

(true in all susy vacua)

s there a mathematical construction that extends complex and symplectic geameiry?
GFEFMNFRAI IZED COMPI EY GFOMFTRY

InlIBW,=0 (integeabiiity of

IA: dJ =W, A J + H®)

complex structure)

M, is complex

In IAW,; ~ H® (S%ﬁ

M, is “twisted symplectic”



Torsion versus fluxes

Torsion:
11

dJ=Im (W, Q) + W, A J+ W, _

3

3 656

dO=W,J2 +W. AQ+W,AJ

181 343 8+ 8
141 343 646 848
Torsion |1 (W, |2 (W,W,) |1 1 (W)
H, 1 1 1 0
A F,, ZAECE-ERIT o El 0 E o5
IB:F,.., |1 () |3 (F.FF) |1 0
In B W, = 0 (meaiityel I 1A W, ~ H) eymplectc

If also W,=0 = [IB: dQ=W_. 1 Q

(true in all susy vacua)

IA: dJ =W, A J + H®)

M, Is complex

M, Is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geamefry?

GFEMNMFRAI IZED COMPI FEY GFOIMFEFTRY



Torsion versus fluxes

Torsion: = Im (W,1 Q)+ W, AJ+W,
11 3% 3 66
dO=W,J2 +W. AQ+W, A J
141 33 8«8
141 3+3 6+6 8¢ 8
Torsion 1T (W) 2 (W, W, |1 (W |1 (W)
H, 1 1 1 0
A F,, 2GEEZ &) |0 i = El
. 1 (F) I EER) T &) v
In ”B W B Océﬁﬂ%cﬁre) ln ”A W3 5 HEB) (Syergmeh’;
If also W,=0 = [IB: dQ=W_. A Q M, Is complex

(true in all susy vacua)

IA: dJ =W, A J + H® M Is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geamefry?
GFMNFRAI IZED COMPI EY GFOMFTRY



Torsion versus fluxes

Torsion: =Im (W,1 Q)+ W, AJ+W,
161 33 66
dO=W,J? +W. AQ+W, A J
161 3t3 878
141 3+3 6+6 8¢ 8
Torsion 1 (W) 2 (W, W, |1 Wy |1 (W,
H, 1 1 1 0
A F,, 28172 EF) ¢ i . E]
| 3 = S 1 (F) S EERE) T &) |©
In ”B W % Océﬁﬂ%cﬁre) ln ”A W3 i HEB) (Syergmetr;
If also W,=0 — [IB: dQ=W. A Q M, is complex

(true in all susy vacua)

IA: dJ =W, A J + H® M Is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geametry?
GFEMNFRAI IZED COMPI EY GFOIMFEFTRY



Torsion versus fluxes

Torsion: =Im (W,1 Q)+ W, AJ+W,
11 3% 3 66
dO=W,J2 +W. AQ+W, A J
141 33 8= 8
141 3+3 6+6 8¢ 8
Torsion 1T (W) 2 (W, W, |1 (W3 |1 (W,
H, 1 1 1 0
A F,, 2R o F 0 T N
EE 1 (Fs) I EER) Il &) 0
In ”B W = Dcéﬁﬁﬂ%cﬁre) ln ”A W3 HEB) (Syergmetr;
If also W,=0 = [IB: dQ=W_. A Q M, is complex

(true in all susy vacua)

IA: dJ =W, A J + H® M is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geamefry?
GFEMNFRAI IZED COMPI EY GFOIMFEFTRY



Torsion versus fluxes

Torsion: = Im (W,1 Q)+ W, AJ+W,
181 38 3 66
dO=W,J2 +W. AQ+W, A J
141 33 8= 8
141 3+3 6+6 8¢ 8
Torsion 1T (W) 2 (W, W, |1 (W, |1 (W)
H, 1 1 1 0
A F., ZE.ER)I2 &) |10 1 (F, Fy)
Bt .. M ) BEEEIT B 0
In ”BW _O Iﬂj,egFﬁﬁ'ﬁ'tny In ||AW3 - Higii

if also W.=0 = |

(true in all susy vacua)

complex structure)

IB: dQ=W_AQ M, is complex

IA: dJ =W, A J+H® M Is “twisted symplectic”

Sy C

eometry)

s there a mathematical construction that extends complex and symplectic geameiry?

GFEMNFRAI IZED COMPI EY GFOIMFEFTRY



Torsion versus fluxes

Torsion: =Im (W,1 Q)+ W, AJ+W,
161 3e3 66
dO=W,J2 +W. AQ+W, A J
151 33 8<8
141 3+3 6+6 8¢ 8
Torsion 1T (W) 2 (W, W, |1 (W |1 (W,
H, 1 1 1 0
HA: F,, 26GER)2Z &) |0 T o F
s R 1 (Fs) 3 EREE) |11 (&) |0
In ”B W = Océﬁﬂ%cﬁre) ln ”A W3 HEB) (Syergmeh’;
If also W,=0 = [IB: dQ=W_. A Q M, is complex

(true in all susy vacua)

IA: dJ =W, A J+H® M, is “twisted symplectic”

s there a mathematical construction that extends complex and symplectic geamefry?
GFEMNFRAI IZ7ED COMPI EY GFOIMFTRY


















