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Generalised Scherk-Schwarz reductions

Higher-dim. (super)gravity
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[ Lower-dim. gauged (super)gravity ]




How to find all generalised Scherk—Schwarz reductions
leading to a specific gauged supergravity

Generalised Lie Generalised parallelisation

derivative | (twist matrix)

(Lg, + Fo(Ea)) Es = —Xas"Ec

Mass/gauged deformation ‘ Embedding tensor

(eg Romans mass) (constant)

[Ciceri Guarino Gl
[Cassani De Felice Petrini Strickland-Constable Waldram]|

Exhaustive uplift procedure for maximal gauged sugras
Group theoretical/algebraic (no integration!)

Still applies to non-maximal. E.g. % max.: DFT, SL(2)-DFT, ...

[Ciceri Dibitetto Guarino Gl Melgarejo|
[ALSO: Str.Constable; Hohm Musaev Samtleben]



How to find all generalised Scherk—Schwarz reductions
leading to a specific gauged supergravity

Generalised Lie Generalised parallelisation

derivative | (twist matrix)

(Lg, + Fo(Ea)) Es = —Xas"Ec

Mass/gauged deformation ‘ Embedding tensor

(eg Romans mass) (constant)

Restrictions:

- discrete quotients (same as standard S-S)
- gauging of matter symmetries (e.g. hypers)

- D=3 with ‘ancillary transformations’ [technical details change, WIP with Ciceri]

[Hohm Samtleben, Hohm Musaev Samtleben]
(see also talks by Bossard, Cederwall)



Math:
 \What i1s the generalised geom. analogue of a group manifold?

* |s there a generalised Lie-Cartan theorem?

|Ka, Kblrie = 1,,°Kc Jac(f,,5) =0 = Group mfd.

Physics of gauged supergravities:

e Solution generation

* (susy) AdS vacua — holography applications Other techniques:

(gauged sugra as cft subsector) talks by Lozano, Tomasiello
e dS, Minkowski vacua; BHs, domain walls, ... Talks by Dall’Agata, Guarino
* non-susy solutions Talk by Dibitetto

* How to focus only on models embeddable in 10d/11d7

[Similar direction trough gEFT: Hassler; du Bosque Hassler Luest]



Some outstanding examples:

« |ld sugra on S’ gives 4d SO(8) gauged maximal supergravity

de Wit, Nicolai:

 1IB sugra on S° gives 5d SO(6) gauged maximal supergravity

Full Proof only given in terms of Exc. Gen. Geometry!

Lee, Strict.-Const., Waldram;
Hohm & Samtleben

* 1lA on S® gives 4d ISO(7) gauged maximal supergravity
But there are two Inequivalent such theories! DallAgata Gl Marrani
The deformation parameter is the Romans mass Guarino, Jafferis, Varela

[Also see: Nicolai Pilch; Ciceri de Wit Varela; Natase Vaman van
Nieuwehnhiuzen; Cvetic Lu Pope Sadrazdeh Tran; ............ |
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No section constraints have been violated
in the making of this talk.



PLAN

T hree prerequisites

General bottom-up construction

Vector components (detailed)
p-form components (brief)

Examples



[Nicolai Samtleben

Prereq. 1: Embedding tensor & central charges de Wit Samtleben Trigiante
]

Sugra with global symmetries G x RT (e.g. Ercry x RT)
gauge (XA)BC c LieG+R —> Ggauge

!

1,...,# of vector fields

(Xa, Xg] = —Xag“Xc

On potentials Aﬁ, central extension Ggauge

Defined by X 45 Xc=0, [Xa, Xg] ==X, Xc



Prereq_ 2: Spllts & twists [Coimbra Strickland Constable Waldram;

Berman Cederwall Kleinschmidt Thompson]

LoV = AP0pVM — VFOpAM + YMN L oonA "V
Choice of section: o = En"0nm YMNPQS/\/;mEN” =0

Structure group —l
Ep™ breaks G x RT  —  (GL(d) x Go x R{) x P

T— p-form shifts
Higher dim. 4T

global symmetries

CVen™ = &y & Cu e (Go xR x P



Prereq. 3: background fluxes, massive & gauged deformations

[Ciceri Guarino Gl
]LA \//W — LA \//W —AP\/QFPQM Ciceri Dibitetto Guarino Gl Melgarejo |

Consistency:

Fun' €P™ =

l [Hohm Kwak; Grana Marques|

bkg
p

* Background p-form fluxes: Cp = CSXIPC

* Massive deformations (e.g. massive IIA)

» Gauged deformations (e.g. gauged IIA)

(F(PQ)M‘SISV o YMNTSF(PQ)T_ %YTNPQFTSM)gwm =0,

[FMa FN]PQ - FMNRFRMQ + 8MFNPQ — 26[!\;'/:M|,D]Q — YQRspaRFMNS =0

[-bility:  F = torsion[Cy"] + C- Fo

p-1 form potentials

0 form (mass/gauging)



How to solve

(LEA + /EO(EA))



Focus on vector components: E MET = K™

‘B N\

N 4

(LEA T ﬁO(EA)) Ee=—Xas"Ec = [Ka, Keliie = _XABCKC

= Ka generate Ggayge



K, determine transitive action of Ggayge

AN

M = H\agauge

Choose coset space. K,™ constructed from coset representatives

A

L(y)g=h(y)L(Y), g€ G, h(y) e H.
0, K,™ = (LX L7 Y™ ™ = L7180 me ™

a m

Reference Vielbein

YABCDéA‘coset @B‘COSGt =0 =t 26\



=

In short: everything else 1s determined by K,™



Int. Metric, scalars, Mass/gauge

p-form potentials ’ ldeformation
Finding E4, Fo = finding E,, F

Int. Metric, ScalarsT ‘ p-form fluxes,

Mass/gauge defos

~ GLOBALLY

Ex € ToeAN T o...

EAM = EANCNM F= torsion[CMN] + C- Iﬁ()

~ ~

CLAIM: EsM = (L=1)4,BegM extends globally

T

coset representative

‘minus’ P-valued component

*: ungauged higher-dimensional theory (11d, IlIA, IIB, mllA, ...). Otherwise, gauged patching.



~

F = torsion[Cy"] + C- Fo = X — torsion[E]
Flux integrability (BI):
1
CX]pep PO5™ + 1 (YAHCD(ZIp - YAIJFYJHCD) (XHIB + 2@(HmtmI)B)@Bm =0,

Often automatic! (e.g. for uplifts to 11d, IA/IIB, mllA, DFT, ...)

Summary

Gauged sugra has emb. tensor X 4,5 = © ,7t_5¢, determines gauge group G
Choose I:I C é such that é|coset gen.s satisfies section constraint:

YMN 00,04 =0,
extra constraint above if necessary

E 4 and FMNP contain same information as E 4 and F°.




Examples



Known* uplifts

f H\G = group manifold, recover standard Sch.—Schw.

IfH\G =

" recover consistent Pauli reductions in DFT.

d/ag

CSO(p, g, r) and dyonic CSO(p, q, r) gaugings liftable on (products of)

SO(P.a)  _ 1 pa CSO(p. q,r)

_ — RPTA
SO(p,g—1) ' CSO(p,q,r—1)

* : the RP*9 uplifts Based on ‘locally geometric flux’ upon torus compactification

CSO(3,0,5

) 3
I ~ S

Group manifold case:



Example w/ a no-go

| 1d sugra on S” gives SO(8) D = 4 gauged max. sugra.
But there are many SO(8) gauged max sugras (all with N/ = 8 AdS vacuum)

@original — ROt(w)@original , RO’E(LU) ¢ E?(?)

G=S0(8), H=S0(7) — 5 = 5"

Ooriginal |coset satisfies section. all others don’t.
(no-go's from de Wit—Nlicolai and Lee—StrConstrable—VWaldram)

Non-compact: SO(p, ), similar w-deformation.
New no-go: again, only w = 0 liftable.



Four-parameter CSS uplift /WiP with Dall'’Agata, Spezzati]

Assuming T7 internal space:

w712 = —w721 =m,
wrs' = —wry® =My,
wrs’ = —wrs® = Mg,
{077 = —g7(= Oss) :_}@4_-

5

" \@CO\U\%T %Q)@ic

~ U(1) x R* o

<
-

Talk by Dall’Agata



Dualisation of SS reductions [WIP]
DFT:  nmw = (1 1), Xap" ~ flasg

GXg
g

M =

Ggauge = G X g

G

f]coset -n- flcoset =0

f L wabc
a — b
—Wac

o



Dualisation of SS reductions [WIP]

DFT: NMN = (1 1), XABC ~ f[ABC] Ggauge = G KX g

GX g G

M: E—)(

Hx (gebh) H

f]coset -n- flcoset =0

Applies for any reductive G/H!!!

Special case: G compact (semisimple), H abelian:
Normal bundle over regular adj orbit [Anderson]

fa



Outlook

L\~ AB A a
M = H\Ggauge Y CD@A‘coset @B‘Coset =0

* Full machinery in place, exploit it!

« standard SS of (super)gravity: quadratic algebraic egs (Jacobi)

 How close can we get to explicit classification?

. ... Having solved gSS, can we build non-susy preserving reductions?



