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SUGRA

» closed strings in D-dim. flat space with momentum p’
» truncate all massive excitations

» match scattering amplitudes of strings with EFT

Sns = / dPx /ge=2? <R +49;¢0' ¢ — 112H,-ij’/k>
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

v

closed strings on a flat torus with momentum p’ and winding w;

v

combine conjugated variables x; and X' into X" = (% x/)

v

repeat steps from SUGRA derivation

Sprr = /dzDX e_ZdR(HMN, d)

fields are constrained by strong constraint 8M8M =0

O "

v
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

Sorr = [ d?PX e 2 R(Hyn, d)
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XM — \ /d ¢ — Iog\/_

Sorr = [ d?PX e 2 R(Hun, d)
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

XM = (% x")\ /d¢;|og¢§

Sprr = /dzDX e 2IR(Hmn, d)

R = 4HMNO,0nd — OONHMN — AHMNO, dOnd + 40y HMNONd

1 1
+ gHMNaMH KLaNHKL — EHMNaN%KLaL’HMK
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

XM = (% x’)\ /d¢;|og@

o= &) SprT = /dzDX e 29 R(Hun, d)

N

R = 4HMNO,0nd — OONHMN — AHMNO,,dOnd + 40y HMNONd

1 1
+ gHMNaMH KLaNHKL — E/HMNaNH KL@[_’HMK

o p.AKB. A Ak
HMN _ (gu gg'f:;g By Bgf/g ) € O(D, D) — T-duality
Kj

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
[eYe] Yo 0000 000000 000000 000



DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

L . 0 o 0o 4
» lower/raise indices with  nyn (6{ 0) and 7 (5/, 0>

XM = (% x")\ /d¢;|og@

o= &) SprT = /dzDX e 29 R(Hun, d)

N

R = 4HMNO,0nd — OONHMN — AHMNO,,dOnd + 40y HMNONd

1 1
+ gHMNaMH KLaN’HKL — E’HMNaNH KL@[_’HMK

o p.AKB. A Ak
HMN _ (gu g%f By Bgf/g > € O(D, D) — T-duality
G
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Gauge transformations [Huii and zwiebach, 2009]
» generalized Lie derivative combines

1. diffeomorphisms . .
somorp | available in SUGRA
2. B-field gauge transformations

3. p-field gauge transformations

LAHMN = XPopHMN o (0M\p — 9pAMYHPN + (ONXp — 9pAN)yHMP

1
Lyd = AM8Md+ 58,\,,)\"”
» closure of algebra
L)\1£>\2 — ,C)\Z,C)\1 = ‘C>\12 with Ao = [)\1 , >‘2]C

» only if strong constraint holds

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
ocooe 0000 o¢ ) [ o 000
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]
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with fluxes
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

String geometry

also non-geometry

e

backgrounds
with fluxes

QFT +CC

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
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[Dabholkar and Hull, 2003,Condeescu, Florakis,
Kounnas, and Liist, 2013,HaBler and List, 2014]



Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching
amplitudes

Double Field Theory

simplification (truncation)

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching Double Field Theory
’g amplitudes
%
(@)
C
>
=
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D — d SUGRA
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching Double Field Theory
’g amplitudes
2
(@]
C
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- »
C
S %
T 2
) —
= 3
3 £
® =
| D— d SUGRA
embedding tensor
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

DFT Review

String Theory

matching Double Field Theory
’g amplitudes
"§ 0
S » Scherk-Schwarz
= @ > strong-constraint
-% 3 » closure constraint
2 = construction twist
[ 2
& =
® =
| D— d SUGRA
embedding tensor
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Generalized Scherk-Schwarz compactification
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DFT Review

String Theory

matching Double Field Theory
’g amplitudes
'*§ 0
S » Scherk-Schwarz
= @ » strong-constraint
-% 3 » closure constraint
2 5 construction twist
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Generalized Scherk-Schwarz compactification

[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]
hints, but in general unknown

,,,,,,,,,,,,,,,,,,,,,,,

simplification (truncation)

amplitudes

String Theory

matching

without fluxes

| D— d SUGRA
embedding tensor

Why?Problems?Solution?
0®00

v

Scherk-Schwarz
» strong-constraint
» closure constraint
? construction twist

uplift

vacuum




S8, the elephant in the room

» switch on H-flux, solve eom
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» no T3 but S8

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
0000 0000 000000 000000 000



S8, the elephant in the room

» switch on H-flux, solve eom

» no T3 but S8

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
0000 0000 000000 000000 000



S8, the elephant in the room

» switch on H-flux, solve eom

» no T3 but S8

; WINDING?
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S8, the elephant in the room

» switch on H-flux, solve eom

» no T3 but S8

strong constraint

.

7N

action

\i

7N

NEWI symmetries

; WINDING?
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S8, the elephant in the room

v

switch on H-flux, solve eom

no T2 but S8

strong constraint

v

.

7N

action

i

7N

symmetries

7N

twist gen. Scherk-Schwarz

BE

genuinely non-geometric backgr.

; WINDING?

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
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DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!

= “ D D
— . T =U(1)
- 4 + includes { .
) S° =SU(2)
=
v + CFT exactly solvable
+ flux backgrounds with const. fluxes

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
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DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!
TP = u(1)P

S® =sU(2)

+ CFT exactly solvable

+ flux backgrounds with const. fluxes

4 + includes {

» treat left and right mover independently

Double Field Theory =
A Y » 2D independent coordinates

Why?Problems?Solution?
[e]e]e] )



DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!

~ - D D
_ = : T =U(1)
/4 + includes 3
S S =sue) X = =+ )
v + CFT exactly solvable V2
1

+ flux backgrounds with const. fluxes % — E(Xu - XR))

» treat left and right mover independently

Double Field Theory =
A Y » 2D independent coordinates
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DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!

= ~ D D
_ - . T =U(1)
\\ (" + includes S = sU@) :
= X — O,
v + CFT exactly solvable \/5( LX)
1

+ flux backgrounds with const. fluxes % — E(Xu - XR))

» treat left and right mover independently

Double Field Theory =
A Y » 2D independent coordinates

Questions about DF Ty
» What are the covariant objects?
» How is it connected to DFT? not trivial
» Does it make non-abelian duality manifest?

Why?Problems?Solution?
[e]e]e] )



WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group

1 -
Swrw = 2// d?zK(9~'09,97'9g) + Swz(9)
o pm

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
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WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group
1 -
Swaw = 5 / d°zK(g~"0g.97'09) + Swz(9)
T M

» metric and 3-form flux in flat indices
Nab = ’C(taa tb) and Fabc = K([tah tb]: zLc)

» D chiral and D anti-chiral Noether currents (=2D indep. currents)

2 2 =
. -1 =y -1 5
Ja(z) = alC(agg ta) and  fz(2) = _JIC(Q 09, ta)
DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
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WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group
1 -
Swaw = 5 / d°zK(g~"0g.97'09) + Swz(9)
T M

» metric and 3-form flux in flat indices

Nab ‘= K(ta, tp) and  Fape := K([ta, tp), tc)

» D chiral and D anti-chiral Noether currents (=2D indep. currents)

Ja(2)

Oé/

» radial quantization

2 .o 2 4=
K(9gg',t;) and Jé(Z):—J’C(Q 99, tz)

o 1 1

w

Ja(2)jp(w) = _f(z _ W)277ab + 7 _ Fap®je(2) + ...

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation
0000 0000 ©00000 000000

Scherk-Schwarz

Summary



Action
» tree level action in CSFT [zwiebacn, 1993]

(2k%)S = 3 <<\uyco—o|\u> + %{w,w, Vo + .. >

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
0000 0000 000000 000000 000



Action
» tree level action in CSFT [zwiebacn, 1993]

2

(2k%)S = = (<\UC0—Q\\|/> + %{w,w, Vo + .. >

» string field for massless excitations [Hui and zwiebach, 2009)

/ -
v =% [%eab(ﬁ)ja_1j5_1c1 ¢ + e(R)cic_1 + B(R)E1C_1+
R

/ —
%(fa(R)Caeraq + fb(R)Cgaqu)} [¢R)

» R is highest weight of g x g representation

CFT — DFTwzw
080000



Action

» tree level action in CSFT [zwiebacn, 1993]
o 2 _ 1
(2k°)S = ~ (Vig, Q\\IJ>+§{\II,\I/,\IJ}0+...

» string field for massless excitations [Hui and zwiebach, 2009)

/ -
v =% [%eab(ﬁ)ja_1j5_1c1 ¢ + e(R)cic_1 + B(R)E1C_1+
R

/ —
%(fa(R)Caeraq + fb(R)Cgaqu)} [¢R)

» R is highest weight of g x g representation
» BRST operator (L, from Sugawara construction)

2

CFT — DFTwzw
080000

Q= Z( C_mlm: +1 : C,mL‘(,Jnh :) + anti-chiral
m



Geometric representation of primary fields (k — ~)

> flat derivative |D,=e.0; with e, =K(g '9'g, t.)

operator algebra geometry (ja0 — Da)

Lolr) = jaoidlér) = halér) | DaD?Yr(X') = hgYr(X')

[ja0:jbo]l = Fablco [Da, Dp] = Fap°De
> e(R)l¢r) > e(R)Ya(x') := e(x')
R R

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
0000 0000 000000 000000 000
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Geometric representation of primary fields (k — ~)

> flat derivative |D,=e.0; with e, =K(g '9'g, t.)

operator algebra geometry (ja0 — Da)

Lolr) = jaoidlér) = halér) | DaD?Yr(X') = hgYr(X')

Uao: joo] = Fab®leo [Da, Dp] = Fap®Do
> e(R)ér) > e(R)Ya(x) = e(x')
R R
e 0 0 0
E, — (72 - Spp—2 Nab — o (Nab
A < 0 eé') e 0 73 8 0 —nzp
DFT Review \{\/WjProb\ems“So\LmoW CFT — DFTwzw ,71—for\TMVHanm sg)wgrlﬁ—Sclwvvarz Summary
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Weak constraint (level matching), later strong constraint

» level matched string field (Lg — Lo)|V) = 0 requires
(DaD? — D;D?)- =0 with - € {e® e &, 2, b}
> rewritten in terms of "8 and Dy = (D2 D)

"BDaDg- = DAD*- =0

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
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Weak constraint (level matching), later strong constraint

» level matched string field (Lg — Lo)|V) = 0 requires
(DaD? — DaD?)- =0 with - € {2, e, &, 13, 0}

> rewritten in terms of 8 and Dy = (Da D)
"BDaDg- = DAD*- =0

» change to curved indices using E4V

(OuOM—20ydoM). =0 with d=¢— %Iog NG|

> W term which is absent in DFT — adsorb in cov. derivative

VoM. =0| with VyV¥=oyVN +TiMNVE,  TyM = —20kd

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
( 000000 000




Results (leading order k—1)

» calculate quadratic and cubic string functions
» integrate out auxiliary fields f@ and fb

» perform field redefinition

(2k2)S = / POXVH Eea,—,meah
1 b(/:ac Dé db Fbc Dec ad )
4 a
1 baf
12Face/: €a5€ca€e?+"']
> NEWIterms e.g. potential

» vanish in abelian limit Fzpc — 0 and Fzz — 0

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
0000 0000 000000 000000 000

Summary



Gauge transformations

» tree level gauge transformation in CSFT (zwiebach, 193]
oA[W) = QIA) + [A Vo + - -

» string field for gauge parameter (Hui and zwiebach, 2009]

N = 3 [N (RYarer — o X(RYs &+ u(R)G; |Iom)
R

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
0000 0000 00000e® 000000 000
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Gauge transformations

» tree level gauge transformation in CSFT (zwiebach, 193]
oA[W) = QIA) + [A Vo + - -

» string field for gauge parameter (Hui and zwiebach, 2009]

N = 3 [N (RYarer — o X(RYs &+ u(R)G; |Iom)
R

» after field redefinition and n gauge fixing
1
5)‘665 :DB)\a + = [Da)\CCCE — Dc)\aECB + )\cDCEaB—i‘FaCdACGdB]

2
1 _ _ _ _—
Da)‘l_) + E [DB)\CEaa — Dc)\l‘)éaa + )\aDceaB—FFB(—:d/\CGaa]
1 1 1. 1.
5)\d - - ZDa)\a + é)\aDad - ZD&)\a + é)\éDad

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary
0000 0000 00000® 000000 000




Doubled objects

promising results, but bulky

—

\ / _ Rewrite action/gauge trafo in terms of doubled object
: — + simplifies expressions considerably
(7 + extrapolation from cubic to all order in fields

H-formulation
@00000



Doubled objects

object | doubled version

0
Nabs Nzp nag =2 (1% o Sig =2
0 Mab

. ead 0
ea, &3’ EAI_< 2 '->

Da, Da DA = (Da Dé) = EA’G, with 8/ = (8,

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz Summary

@00000



Doubled objects

object | doubled version
Tab 0 Nab 0 )
s NaF =2 Spg =2
Nab nab TIAB < o _7755> AB < o 772[_)
. e) 0
ead, ez’ Epl = ( g e{)
D, Dg Dy = (Da Dé) = EA’8, with 0, = (8, 6;)
e, ¢ ¢=(¢ &)
Fabc
Fab®, Fap® | Fag®l =< Fy5° [Da. Dg] = Fag®Dc
0 otherw.

H-formulation
@00000



Gauge transformations

» “doubled” version of fluctuations ¢

_.ab
6AB:< OEb (e) ) with e — (¢T)ba
—€

» generate generalized metric (Hohm, Hul, and zwiebach, 2010]

1
HAB _ gAB | AB EeACSCDEDB+ . = exp(B)

with the defining property HACncpH PP = /B

H-formulation Scherk-Schwarz

DFT Review Why?Problems?Solution? CFT — DFTwzw
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Gauge transformations

» “doubled” version of fluctuations ¢

_.ab _ _
AB _ ( Oéb (e) ) with e — (¢T)ba
—€

» generate generalized metric (Hohm, Hul, and zwiebach, 2010]

1
HAB =GB L AB 4 EeACSCDeDB + - = exp(e?B)

with the defining property HACncpH PP = /B

> generalized Lie derivative [Hull and Zwiebach, 2009,Grana and Marques, 2012]

LAHME = N°DeHAB + (DA — DeM)YHOB+
(DB)\C _ DC)\B)HAC n ,_—ACD)\CHDB n FBCD)\CHAD

H-formulation
Oe0000



» setting 6, S*8 := 0 and using

(5)\€AB = ,CASAB + ,CAEAB + ,C,\S(Acss)DECD .

resultsin |0\ HAB = Ly HAB + O(e?)

» similar for the generalized dilaton d

H-formulation
008000



setting §,S*8 := 0 and using

(5)\6AB = ,CASAB + ,CAEAB + ,C)\S(Acss)DECD .

resultsin |0\ HAB = Ly HAB + O(e?)

similar for the generalized dilaton d
introduce covariant derivative

1/:BAC ve

VaVB=D,VvB + 3

NEW! generalized Lie derivative, e.g. for vector
LAVA=XBUVA L (VAAg — VM) VB  instead of
LV =Xo, v+ (8'N — o,V in traditional DFT

H-formulation
008000



Gauge algebra

» CSFT to cubic order fulfills
OO, — On 0N, = Ony, with A2 = [A2, Ao

> after field redefinition and  fixing A, = [X2, A¢]2 with

]
M, A2la = AFVpAs — EA?VAAZB —(1+2)

DFT Review Why?Problems?Solution? CFT — DFTwzw H-formulation Scherk-Schwarz
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Gauge algebra

» CSFT to cubic order fulfills
OO, — On 0N, = Ony, with A2 = [A2, Ao

> after field redefinition and  fixing A, = [X2, A¢]2 with
1
A1 A2]G = APV — SAYVANap — (1 2)

» algebra closes up to a trivial gauge transformation if
1. fluctuations and parameter fulfill wgwt strong constraint DDA
2. background fulfills Jacobi identity
FeasFEcp =0

» no strong constraint required for background
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Action
X! = (Xi X7>

S= / 2P X e 29R(Hyn, d)
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Action
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Action

X/:<xi xi>\ /da;bg\/n

S= / 2P X e 29R(Hyn, d)

R =4HMNG ,Vnd = Vi VNHMN — a4MNG  dV vd + 4V 3 HMNY d

1 1 1
+ g?{MNVMHKLVNHKL - E?—[MNVNHKLVLHMK + éFMKLFNKLHMN
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Action

X/:<xi xi>\ /da;bg\/n

S= / 2P X e 29R(Hyn, d)

R =4HMNG ,Vnd = Vi VNHMN — a4MNG  dV vd + 4V 3 HMNY d

1 1 1
+ g’HMNVMHKLvNHKL - EHMNVNHKLVL’HMK + 6FMKLFNKLHM’V

» lower indices with nyuy = EAyEBNDA8 # cOnst.

» Hyy = EAyEBNSas background generalized metric

Vyd = oyd

V[\/HKL = aM'HKL + FMJKHJL + FMJLHKJ
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Symmetries
» generalized diffeomorphisms (only under strong constraint)
SeHMN = £ HMN
ed = Led = MV yd + %ngM

New! 2D-diffeomorphisms (always)
SHMN = LHMN = elgpMN 4 3N oeM 4 HM e
bee % = Lee 2 = (e 7?7

e—2d

> R } transform as {

+1 desity

} under gen. and 2 D-diff.
scalar

H-formulation
O0000e



Reminder: Generalized Scherk-Schwarz compactification

String Theory

CSFT
matching 3 DFTwzw }‘—

c| amplitudes e
e -7
§ .
c SUGRA » Scherk-Schwarz
= * » strong constraint | &
S O . . a
= ;-_5, 4 » Jacobi identity 5
QO =
= >
g £
.a ;

| D— d SUGRA vacuum

embedding tensor
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Reminder: Generalized Scherk-Schwarz compactification

String Theory

CSFT
matching 3 DFTwzw }‘—

c| amplitudes e
e -7
5 P
c SUGRA » Scherk-Schwarz
= * » strong constraint | &
[ o) =
S = . » Jacobi identity s
5 = 2,
2 5 construction twist
= 2
e =
.a ;

| D— d SUGRA vacuum

embedding tensor
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Reminder: Generalized Scherk-Schwarz compactification

String Theory *
CSer \
matching 3 DFTwzw }‘—
c| amplitudes e
e -7
5 P
c SUGRA » Scherk-Schwarz
= * » strong constraint | &
[ o) =
S = . » Jacobi identity s
T = 2,
2 5 construction twist
= 2
e =
.a ;
| D— d SUGRA vacuum
embedding tensor
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Embedding tensor

S03), a =
2 diag(1,1,1, —1) diag(1,1,1,—-1) T <oz} SO(3,1)

P \Q\/ L \\L/\im/l\//

[Dibitetto, Fernandez-Melgarejo, Marques, and Roest, 2012]

| 1D ‘ Mo/ cos o ;ﬂ””‘/ sin o range of « | gauging |
SO(4) , z,
1| diag(1,1,1,1) diag(1,1,1,1) |- <a <% { (@), o# i
T

» fluxes for embedding one

Fabe = V2€apc(cos o +sina)  and Fape = V26 4po(cos a — sin @)
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Embedding tensor

| 1D ‘ Mo/ cos o ;ﬂ””‘/’ sin o range of « | gauging |
SO(4) , z,
1| diag(1,1,1.1) diag(1,1,1,1) |- <a <% ), a7 3
S0@3E), a=1%.
2 diag(1.1,1, 1) diag(l,1,1,-1) | -f <a <% SO(3,1)
’ - 2,2), I,
NG \\L/\L/VW\//

[Dibitetto, Fernandez-Melgarejo, Marques, and Roest, 2012]

» fluxes for embedding one
Fabe = V2€apc(cos o +sina)  and Fape = V26 4po(cos a — sin @)
» DFT strong constraint holds only for

FABcFABCZGSin(ZO[):O —)a:gn nez

» Jacobi identity holds always

Scherk-Schwarz
o] le}



The landscape again

g )

backgrounds
with fluxes

QFTWZW
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The landscape again

backgrounds
with fluxes
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Summary

DFTwzw is a generalization of DFT
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Summary

DFTwzw is a generalization of DFT

» basic idea: go beyond the torus
NEW! strong constraint, symmetries, action

% genuinely non-geometric backgrounds and twist

» DFT arises under the optional extended strong constraint
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Summary

DFTwzw is a generalization of DFT

» basic idea: go beyond the torus
NEW! strong constraint, symmetries, action

% genuinely non-geometric backgrounds and twist
» DFT arises under the optional extended strong constraint
Todo
» find solutions of the new strong constraint
— key to understand T-duality in DF Twzw
» o corrections (here k=2, k=3, ...) (Hohm, Siegel, and zwiebach, 2013]

» coset and orbifold CFTs

Summary



Thank you for your attention. Are there any questions?
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Covariant derivative (cederwar, 2014]

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 2
T"gc = —gFABc and  Ragc” = §FABEFECD
» compatible with E4, nag and Ssg

VeEd = Venas =VcSas =0
» compatible with partial integration

/ a?PXe 2 Uvy VM = - / a?PXe 24V UV

» non-vanishing generalized torsion



