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NSNS sector in 10D and 4D supergravities
2
S = R(g) +4(00)° - I

e=2%4/lg
Gmns bmn, @, Hypnp = 36[mbnp]7 e = 26ama[bemc]‘
Compactification = 4D gauged supergravity with Hype, f“be
: also
all fluxes are components of the embedding tensor
< some “structure constants” in gauging algebra

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht
hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull
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+ fields glue with T-duality element € O(2,2) =
arXiv:1402.5972 by D. A. and André Betz
Other example: (NSNS backgrounds)
smearing smearing %
NS5-brane <——— > KK-monopole <—— = 55 or
+T-d. +T-d.

arXivi1004.2521, 1209.6056 by J. de Boer and M. Shigemori; arXiv:1109.4484 by
E. A. Bergshoeff, T. Ortin and F. Riccioni; arXiv:1303.1413 by F. Hassler and D. Liist;
D. Geissbiihler, D. Marqués, C. Ntiiez and V. Penas; T. Kimura and S. Sasaki;

A. Chatzistavrakidis, F. F. Gautason, G. Moutsopoulos and M. Zagermann

—1
ds® = dsg + fo (dp® + p*d@®) + £} <1 + Tj) (dz? +dy?), b=...
Q
fa(p) = cst —2qmlnp , a = —¢ pdyfo
Comparison to the = 7l — [-sugra




David
ANDRIC

Introduction

More structure

(Non)-geometry

branes,

Conclusion




David
ANDRIOT

Introduction

rgravity

ructure

Conclusion

Field redefinition always possible off-shell /locally
Lxsns (g, 0,0) = Ls(3,8,0) +(...)



David
ANDRIOT

Introduction

rgravity

ructure

Conclusion

Field redefinition always possible off-shell /locally
Lnsns(9,b,0) = L£g(3,8,8) + o(...)

Global aspects: non-geom.: g



David

ANDRIOT Field redefinition always possible off-shell /locally

Introduction Lnsns(g, b, @) = +0(...)

rgravity

Global aspects: non-geom.: g

ructure

Conclusion




David
ANDRIOT

Introduction

Conclusion

Field redefinition always possible off-shell /locally

EI\'S]\'S(Q- b, (.‘))

Global aspects: non-geom.: g

1 0 0 0
0 1 0|,b="h|KS?
0 0 4 0

+0(...)



David
ANDRIOT

Introduction

Conclusion

Field redefinition always possible off-shell /locally

EI\'S]\'S(Q- b, (.‘))

Global aspects: non-geom.: g

10 0 0
g=ho |0 1 0|, b=nho| K
0 0 4 0
1 0 0 0
—>g=10 1 0], p=|-K*
0 0 1 0

+0(...)
) h0(23) =
. Q312 =K



David

ANDRIOT Field redefinition always possible off-shell /locally

Introduction Lnsns(g, b, @) = +0(...)

Global aspects: non-geom.: g

; 1 0 0 0 —K# 0 1
Conclusion g=ho |0 1 0|,b=h K> 0 0], h(s’) =
00 A o 0 o0 L+ (K29)?
1 0 0 0 K2 0
—g=(0 1 0],8=(-K* 0 0|, @°=K
0 0 1 0 0 0

0 T3, Q-flux v'.

Similar for :
_3

d3® = ds§ + fo (dp® + p?de?) + f ' (do® +dy®) , Qp™ = —f5 7 Opfe




e Field redefinition always possible off-shell /locally

ANDRIOT

Lnsns(g, b, @) = +0(...)

Global aspects: non-geom.: g

Introduction

; 1 0 0 0 —K# 0 1
Conclusion g=ho |0 1 0|,b=h K> 0 0], h(s’) =
00 A o 0 o0 L+ (K29)?
1 0 0 0 K2 0
—g=(0 1 0],8=(-K* 0 0|, @°=K
0 0 1 0 0 0

: T3, Q-flux v
Similar for :

_3
d5® = dsg + fq (dp® + p?d¢?) + f3 ' (d2® + dy®) , Q™ = —f, % dofo
True for a of non-geometric/geometric backgrounds:

glue with "B-transforms" € O(n, n) and diffeos.
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Introdtu L:\\,y\\((/ b, (,‘):) = aF (ﬂ(\. 5 o )
Global aspects: non-geom.: g
1 0 0 0 —K# 0 1
Conclusion g=ho [0 1 0], b=h|KZ 0 0, ho(z*) = 5
00 A O 0 0 1+ (K2%)
1 0 0 0 K2 0
—g=10 1 0],8=(-K> 0 0], @=K
0 0 1 0 0 0

: T3, Q-flux v
Similar for :
_3
d5® = dsg + fq (dp® + p?d¢?) + f3 ' (d2® + dy®) , Q™ = —f, % dofo
True for a of non-geometric/geometric backgrounds:

glue with "B-transforms" € O(n, n) and diffeos.
arXiv:1402.5972 by D. A. and André Betz

B-supergravity has 10D non-geometric fluxes,

it restores geometry = alternative description, compactif. v/
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- 10D standard supergravity: 20[aHypea) — 3 [ [avHeaje = 0
’ Orof “ca) = [ eppfeq) = 0
4D, constant fluxes: gaugings of gauged supergravity

[Za, Zb] = Hape X + fCabZe

[Za,Xb] — _fbaCXc + QachC

[X%, X'] = Q.%X° — R,

hep-th /0508133 by J. Shelton, W. Taylor, B. Wecht

Conclusion

Jacobi identities < Bianchi identities

— fed[afdbf] =0
= %diefgaf +2Q 1, =0
+3RM N, —3Q.QM =0

+3Rldag b — g

(non-constant fluxes), H =0
Automatically satisfied with 10D expressions of f, @, R
More involved expressions for Bianchi identities

arXiv:1205.1522 by R. Blumenhagen, A. Deser, E. Plauschinn and F. Rennecke
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< Poisson equation:  Aufy = cu 6@ (r4)

Source corrections to Bianchi identities

O ey — FerofCed) = £ €3Lbea €xfje % 6P (r3)

see also arXiv:0706.3049 by G. Villadoro and F. Zwirner
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10D standard supergravity: D* = 0 < Bianchi identities

—2(6 /\——fcabe A el a Lc—%Habce“/\ e’ A e‘ N —040 e“/\)A

where Vv A= V%A= V™ Ay oo, dz™ A Lo A dz™?
(—1)! 1)' oocitliy

In 4D: hep-th /0607015 by J. Shelton, W. Taylor, B. Wecht
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For an SU(3) structure: &4 ~ e/, &_ ~ Q3.
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4D non-geometric fluxes, 10D non-geometry

: 10D theory with non-geometric fluxes @, R
non-geometric bckgd of standard supergravity — geometric
< compactification, uplift of 4D gauged supergravity
10D , relation to 4D Jacobi identities
Source corrections with , Poisson equations.
Reproduced from D? = 0, Dirac op. Spin(d, d) x R* cov. der.
for SU(3) x SU(3) structure with non-geom. fluxes.
/Double Field Theory: formalisms that
reproduce standard and S-supergravity; structures: natural.
Spin(d, d) x RT cov. derivative, Lagrangian, e.o.m., SUSY.

beyond the NSNS sector: RR non-geometric fluxes?
exotic D-branes? Exceptional geometry/field theory could help

Additional Bianchi identities = ?

— Get new pheno. interesting backgrounds, de Sitter vacua.
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_ [eVlgl & = /1l (@0 + bare”)
e /gl £ = e7**/|g| e
2Tz {e—%m €u=e/lgl 0
. ,
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( . ) _ _(60,,015)5-[) _ (6(11]11)517 + %Rabc’l}cgb . éa VBEB
= —B%0.0° + szva , Vo, = —B%0cvp — wqy Ve
Ao = 20,0, £°=2(8%0chd—T"




Some : generalized derivative
. B, A B C A~ B B B
A%N[)F;jg}‘fj)T =04V +Q4a cV ’ Qa”c =04 C_AA(;C 5 A=A 5 A = Sa

Use some properties of Q, (fix some components)

(D VE)Ep =(0a0" + QW cv°)Eb + (Pavs — Qab0e)EL + Qapev°E® — X VEER
BRI (D V7)Ep =(0"0" — Q. 0)Ey + (8% + Q% ve)E” + Q% ueéy — £V EER
Conclusion a aa
Fix =£&M, aM,aM={a:’;_o =04 = 0 for £(b)
Determine  : consider gen. torsion T"z¢ (Lv)
Tapc = —3apc) + Qo snac — e e €., Lg"B(eﬂd &o))
Require . Tagc =0 = Q fixed in terms of &
_ ) (Da VEYEp = (Vav®)E + (Vaus)E® — 2 Hapev°E® — X\ VEER
(D*VB)Ep =0
_ ) (Da VEYEep = (Var®)Ep + (Vam)E® — Ao VEEp
(D*VP)Ep = —(V0")E, — (Vm)E" + LR v.E, — £"VEEp

b b =
= —B%0.v" +woiv®, Viu =

ac ac
—B%0cvp — wq Ve

Xo =206, € =2("0:4—T")

Natural appearance of 320y, wq, V, 2(8%0.¢ — T
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arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbiihler, D. Marqués, C. Niiiez, V. Penas

0O(d, d) x R spinor ¥

Da¥ =

(5,4 + 3947 cTP%pp — %AA)\IJ



see also arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

Introduction arXiv:1304.1472 by D. Geissbiihler, D. Marqués, C. Niiiez, V. Penas

B-supergravity

BI, NS-branes, ... O(d’ d) x RT spinor v
Conclusion DY = FADA\II — FA (aA aF iQADCFBCnDB — %AA)\IJ
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arXivi18041 14720 by DN G eisebuhlery DI Marquesy Gl Nunezy Vo Penas
‘ : 0O(d, d) x R spinor ¥
Conclusion DY = FADA\II — FA (aA aF iQADCFBCnDB = %AA)\IJ
= (I‘AaA + iQADcFABCnDB + %(QDDC — AC)PC)\I/

(D1 Do Ds)\I’
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see also arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbiihler, D. Marqués, C. Niiiez, V. Penas

0O(d, d) x R spinor ¥
DY = I DpW = T4 (04 + 24200 npp — L4 )W
= (I‘AaA + iQADcFABCnDB + %(QDDC — AC)PC)\I/
(D1 + D2+ Ds)w
I'4: Clifford algebra: {I'4,I'?} = 28, use the Clifford map:
re=2e*,
Lo =20, ,
— spinor: polyform

4 = (81 =0, {e%u} =067, {tat}=0
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see also arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbiihler, D. Marqués, C. Niiiez, V. Penas

0O(d, d) x R spinor ¥

DY = I DpW = T4 (04 + 24200 npp — L4 )W
= (I‘AaA + iQADcFABCnDB + %(QDDC — AC)PC)\I/
= (Dl + Do +D3)\If

I'4: Clifford algebra: {I'4,I'?} = 28, use the Clifford map:

re=2e*,

Lo =20, ,

— spinor: polyform

4 = (81 =0, {e%u} =067, {tat}=0

We compute:
E(b) : DA =2e(d — HA)(e ®A)

% ~

E(B) : DA=2e*(Vy-2" A=V -1, +T v +Rv)(e ?A)
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see also arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbiihler, D. Marqués, C. Niiiez, V. Penas

0O(d, d) x R spinor ¥

DY = I DpW = T4 (04 + 24200 npp — L4 )W
= (I‘AaA + iQADcFABCnDB + %(QDDC — AC)PC)\I/
= (Dl + Do +D3)\If

I'4: Clifford algebra: {I'4,I'?} = 28, use the Clifford map:

re=2e*,

Lo =20, ,

— spinor: polyform

4 = (81 =0, {e%u} =067, {tat}=0

We compute:
E(b) : DA =2e(d — HA)(e ®A)

% ~

E(B) : DA=2e*(Vy-2" A=V -1, +T v +Rv)(e ?A)

D? = 0 < Bianchi identities and %, Q.%° = 0
Can be understood from RR F, C', and SUSY.
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see also arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbiihler, D. Marqués, C. Niiiez, V. Penas

0O(d, d) x R spinor ¥

DY = I DpW = T4 (04 + 24200 npp — L4 )W
= (I‘AaA + iQADcFABCnDB + %(QDDC — AC)PC)\I/
= (Dl + Do +D3)\If

I'4: Clifford algebra: {I'4,I'?} = 28, use the Clifford map:

re=2e*,

Lo =20, ,

— spinor: polyform

4 = (81 =0, {e%u} =067, {tat}=0

We compute:
E(b) : DA =2e(d — HA)(e ®A)

~

E(B) : DA=2e*(Vy-2" A=V -1, +T v +Rv)(e ?A)

D? = 0 < Bianchi identities and %, Q.%° = 0
Can be understood from RR F, C', and SUSY.

4D derivative: Dy = + D,
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ANDRIOT

ntroduction 1/0 1 Nd 0
1’ t ,,1‘, r v N(u/d) = 5 <]l 0> n= (0 —ﬁd>

Conclusion
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Preserve an O(d —1,1) x O(1,d — 1) subgroup

1/0 1 Nd 0 Nab 0
nwa =351 o n={o _z,) me={0 _m

O(d, d) elements that preserve diagonal structure

—>

"unbarred-barred" notation, and &%, = &%, for a = @
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Preserve an O(d —1,1) x O(1,d — 1) subgroup

1/0 1 Nd 0 Nab 0
M/ =35\1 0 "=\o -m,) ™= \0 -mm
O(d, d) elements that preserve diagonal structure

—>

"unbarred-barred" notation, and &%, = &%, for a = @
All objects with O(d, d) indices can be rotated + projected

ga:aa ba b a .
E(b) — Ea = + beg—i—n beg
55:(354-(7@6 —We

= = gu — aa + Na bcac + Na éb
EB) = Ea=1° TP G e
@ = Og — TlapP °Oz — Tap€
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Preserve an O(d —1,1) x O(1,d — 1) subgroup

Mu/d) = <0 1) n=(nd 0) nAB=(n“b .
g 10 0 —m,)° 0 7

O(d, d) elements that preserve diagonal structure
s

"unbarred-barred" notation, and &%, = &%, for a = @
All objects with O(d, d) indices can be ro ated + projected

5(1 = aa =F babeb + nabeb

E(b) > Ea= -
( ) - {Sa—6a+ bEeb—%eb

fj(ﬂ) . SA _ gu — aa =F nabﬂiac 4F nabéf
&z = 05 — NarB* 0z — Mare”

Derivative Da WP for £(8)
Daw = Vaw — nadvdw + 677ad7]chdbf (62Ac = UacﬁbeAe)w
D 'LU = V w *nadvdw — *77(11177(‘7‘Rdbj

Dow® = Vou® +77adv w? —fnadanR 5
Dgw® = Vaw® + gV i’ + Maaner R AF g —%(631\ — Taen®eAg)w®
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B-supergravity
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BI, NS-branes, ... DM6+ _ 3M6+ + =Qu MbdY c€+ . Dye = ome + =Qur ThdY Ce
Conclusion 4 4

for instance

Daet = (Va+%6d Snadnbench - bc) et
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Consider the associated

spinors e*
(N
DMGJr = 8M6+

for instance

D-et

and e

1A " -
+ ZQMbc"]bd’Yd e , Dye™ = ope + QM “Tbd

- (VE'F%%d Snadnbench def bc) -

Interesting because

= (W“owDb —WDED,,) e, % 7" = [y"Da,
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Conclusion

for instance

) 1_ de c
DE€+ - (VE + nadvd — gnadnbenchd f’}/b ) €+

Interesting because

N | =

—i e = (Y*Dar* Do — D5 D5) €,

— for £(b), !
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Dyet = dyet + ZQMbcnmd €, Dne” = ome + 75 <Thi e

Conclusion

for instance
) 1 de, c
Dge” = (Va + Tad V" = STadnenes R ) e
Interesting because

~3 < = (oD =D

N | =

— for £(b), !
For £(B), we derive
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Conclusion

for instance

) 1_ de c
DE€+ - (VE + nadvd — gnadnbenchd f’}/b ) €+

Interesting because

N | =

—i e = (Y*Dar* Do — D5 D5) €,

— for £(b), !

For £(B), we derive

S = 07 R(ab) = 07 R[ab] =0
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1A " _ _ 14 @ -
DM€Jr = aMEJr 4 ZQMbcnbd'Yd e » Dme™ = ome” + ZQM Elr]bd’yd €

Conclusion

for instance
) 1 de, c
Dge” = (Va + Tad V" = STadnenes R ) e
Interesting because

~3 < = (oD =D

N | =

— for £(b), !
For £(B), we derive
S = 07 R(ab) = 07 R[ab] =0

Another interest: , Killing spinor equations...
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