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e Very successful application of EFT/DFT/EGG.

o Uplifting gauged SUGRAs as consistent truncation of 11-d and type Il
SUGRA (c.f. Samtleben’s talk).

@ Geometric understanding of embedding tensor in terms of exceptional
generalised geometry.
@ So far: max SUSY-preserving truncations, e.g.

» lower-dimensional max gSUGRA from 11-d or ' = 2 10-d.
» lower-dimensional 1/2-max gSUGRA from A/ =1 10-d.
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e What about more general 1/2-max truncations?
» e.g. 11-d on K3 — D=7 1/2-max SUGRA with 19 vector

multiplets
» e.g. D=7 1/2-max gSUGRA with 6 (de Sitter vacuum)

@ How do we relate EFT and heterotic SUGRA? (e.g. M-theory /
heterotic duality)

@ Caveat: | will only address global questions within EGG.

o Note: Whenever referring to SUSY, | mean of the gSUGRA, not of a

potential vacuum.
= no Killing spinors required.
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Review of maximal consistent truncations

Consider a truncation M1 = Mp x My1_p (twisted).
Coordinates (x, y)

In principle truncation breaks SUSY because of My;_p.

My1_p admits N spinors ©(y) = determines number of SUSY's of
D-dimensional theory.

@ Max SUSY <« full set of globally-defined (generalised) spinors
&> generalised tangent bundle is trivial
< background has generalised identity structure
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Review of maximal consistent truncations

Consider a truncation M1 = Mp x My1_p (twisted).
Coordinates (x, Y)
In principle truncation breaks SUSY because of My;_p.

My1_p admits N spinors ©(Y') = determines number of SUSY's of
D-dimensional theory.

@ Max SUSY <« full set of globally-defined (generalised) spinors
&> generalised tangent bundle is trivial
< background has generalised identity structure
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|dentity structures

@ Trivial generalised tangent bundle }

& |d-structure < globally well-defined EMy;, x (scalar density).
e EMy,, k can be expressed in terms of the spinors.
@ Natural connection: |d-connection, i.e.

Id PEM Id
V —8/\//E N — rMN E PZOZVMK/

o Preserves each EMy; individually (i.e. without spin-connection).
@ Action can be rewritten using (intrinsic) torsion of Id-connection.
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Maximal truncation Ansatz

@ Truncation Ansatz: “generalised Scherk-Schwarz".

e Factorise Id-structure in terms of background (YY) x fluctuations (x):

EMp(x, Y) = VW) UM (V) k(6 Y) = el(x) ()

o Twist UM (Y) is background Id-structure (vielbein)
= UMM Y) S Ed(d)-

° UMM(Y) maps Ey(q) structure group to Ey(gy global symmetry
(U-duality group) of maximal gauged SUGRA.

@ Truncation Ansatz of other fields determined by their representation.

AM, YY) = AM) p(Y) UM (V).
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Consistency of maximal truncation Ansatz

e Embedding tensor XMN’s(U) is intrinsic torsion of background:

P M, P
XMN :£UMUI\7 U M -

@ X satisfies linear constraint automatically, section condition =
quadratic constraint.
e All dependence on Y in action appears through X(U) only.

@ X constant = consistent truncation Ansatz.
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Backgrounds admitting 16 SUSY's in EFT

e Want 1/2-max gSUGRA = background admitting spinors
corresponding to 16 supercharges.

@ These backgrounds have generalised Gy, structure (c.f.
Strickland-Constable’s talk).

D Ed(a) Hq Ghalf Gr

7 SL(5) USp(4) SU(2) SU(2)

6a | Spin(5,5) | USp(4) x USp(4) | SU(2) x SU(2) | SU(2) x SU(2)
6b | Spin(5,5) | USp(4) x USp(4) USp(4) USp(4)

5 Es(6) USp(8) USp(4) USp(4)

4 E7(7) SU(S) SU(4) SU(4) X U(l)

e D= 4,5,63,7, Ghalf = Spln(d — 1)
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Generalised G5 structure

@ Define generalised Gy structure in terms of tensors.
@ e.g. SU(2) structure in 4d differential geometry

Ju €T (NPT*M) , Jy AN Jy = by voly, uv=1,...,3.
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Generalised G5 structure

@ Define generalised Gy structure in terms of tensors.
@ Generalisation of differential forms.
@ Vector bundles R1, Ry, R3 whose fibres are rep spaces R1, R, Rs.

DR | R Rs R

10| 5 5 0
16 | 10 | 16 1
27| 27 | 78 27
56 | 133 | 912 || 1539

BN 6 ) BN

@ For D=5, D =6a, D=1, the Gy, structure takes the same form.
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Generalised G5 structure

@ Define generalised Gy structure in terms of tensors.
@ Generalisation of differential forms.
@ Vector bundles R1, Ry, R3 whose fibres are rep spaces R1, R, Rs.

DR | R | Rs Rec
10| 5 5 0
16 | 10 | 16 1
27| 27 | 78 27

56 | 133 | 912 || 1539

BN 6 ) BN

@ For D=5, D =6a, D=1, the Gy s structure takes the same form.
o NB: Gyar C SO(C/ —1,d- 1) C Ed(d)-
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Generalised G5 structure

@ Define generalised Gy structure in terms of tensors.
@ Generalisation of differential forms.
@ Vector bundles R1, Ry, R3 whose fibres are rep spaces R1, R, Rs.

DR | R Rs R

10| 5 5 0
16 | 10 | 16 1
27| 27 | 78 27
56 | 133 | 912 || 1539

BN 6 ) BN

For D =5, D =6a, D =7, the Gy,r structure takes the same form.
NB: Gpar C SO(C/ —1,d— 1) C Ed(d)-
“Dilaton structure”: A € T (Ry), A€ T (R3) with

AR Alg: =A@ Al =0
A(A) =1.
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Generalised G5 structure

@ Define generalised Gy structure in terms of tensors.
@ Generalisation of differential forms.
@ Vector bundles R1, Ry, R3 whose fibres are rep spaces R1, R, Rs.

DR | R Rs R

10| 5 5 0
16 | 10 | 16 1
27| 27 | 78 27
56 | 133 | 912 || 1539

BN 6 ) BN

For D=5, D =6a, D =7, the Gy, structure takes the same form.
NB: Gpar C SO(C/ —1,d— 1) C Ed(d)-
“Dilaton structure”: (Eg(s)) AM Ay with

AR AR, =A@ Alr: =0,  dunpAMAN =0 = dMVP Ay Ay,
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Generalised G5 structure

o Gy C SO(d -1, d— 1) C Ed(d)-

o Gpait structure: B,M € T'(Ry).

e u=1,...,d—1 labels vector rep of SO(d — 1)g.
@ Compatibility conditions:

B,® Alg, =0,
Bu 02y BV‘RQ = A~6uv-
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Generalised G5 structure

o Gy C SO(d -1, d— 1) C Ed(d)-

o Gpait structure: B,M € T'(Ry).

e u=1,...,d—1 labels vector rep of SO(d — 1)g.
@ Compatibility conditions:

B, ® A, =0, (ta) s "BMAN =0,
Bu ® BV|R2 = A~6uv 5 BuMBdeMNP = ANP 5uv )

a=1,...,78 Eg(s) adjoint index.
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Generalised G5 structure

o Gy C SO(d -1, d— 1) C Ed(d)-

o Gpait structure: B,M € T'(Ry).

e u=1,...,d—1 labels vector rep of SO(d — 1)g.
@ Compatibility conditions:

B, ® A, =0, (ta) s "BMAN =0,
Bu ® BV|R2 = A~6uv 5 BuMBdeMNP = ANP 5uv )

B,, A and A can be expressed in terms of the well-defined spinors.

B, define positive (d — 1)-dimensional hyperplane in
2 x (d — 1)-dimensional

space of split signature.

e = B, Aand A together break Eg(q) — Gnait

= define Gy,¢ structure.
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Gpaie connection and intrinsic torsion

Guar C Hy = B,, A and A implicitly define generalised metric.
= Possible to rewrite EFT in terms of B,,, A and A.
Need a Gy, connection V.
V satisfies N y o
VB, =VA=VA=0.

Torsion is tensor part of the connection.
- 1
LNVM — LavM = §T,\,PMV’V/\" .

mn’ satisfies linear constraint of maximal gSUGRA.
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Intrinsic Gy,¢ torsion

@ Torsion depends on choice of connection.

connections, K

U=kerT

Torsion map, T Intrinsic torsion
Wint = W/ Im T

/

Space of|torsions, W

@ Independent of connection: Intrinsic torsion € Wi, = W /ImT.
@ Intrinsic torsion is independent of choice of Gy, connection.

@ Can express it without referring to a connection.
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Intrinsic Gy,¢ torsion

@ Intrinsic torsion has “universal part”:

5uv = EB,, Bv )

T, = /ﬁZilﬁBulﬁJ,

where & is determinant of external D-dimensional metric.

@ Dimension-specific part, e.g. in D =5 extra singlet
U=A(LAA) .
@ Intrinsic torsion because

Lp,B, = LY B, —7(By,B,) = —7 (B, By) .
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Rewriting EFT: scalar potential

@ The “scalar potential” of EFT can be written as
Ve~ V2.
e Use N =2 spinors € = ©'4¢* and integrate by parts.
V ~VOVo.
o Use A A, B, ~ ©2 to rewrite

V~S,,SY+T, TV +....
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Truncation Ansatz

e So far, B,, A, A have arbitrary coordinate dependence.

o Truncation by expanding B, A, A in terms of finite number of
sections defining Gyt structure.

n(Y)eRs A(Y) € Ra, wa(Y) € Ri satisfying

n®n‘7€’g:ﬁ®ﬁ|7€c:07 ﬁ(n):]'?
wA®ﬁ|733:0,

waA ® we|r, = finas -

3rd condition = wa € V5o(d—1,d-1)-

= (V(;half, 1) D (1, VGR) € Gparr X Gg.

A B=1,...,d+ n—1; n — number of vector multiplets.

nag is SO(d — 1, n) metric.

wa maps Eg(qy to SO(d — 1, n) global symmetry group of gSUGRA.
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Scalar truncation Ansatz

Want 3-max SUSY = no Sg,,,, reps!

Scalar truncation Ansatz:
Alx,Y) = e 2903 (),
Alx, ) = /03 5(Y),
Bu(x,Y) = @3 p A(x)wa(Y).

Compatibility conditions = buAbv,A = duy-
d(x) — dilaton of 1/2-max gSUGRA.
Identify b,”(x) related by R-symmetry.

PAB = p,Ab"B =1 (nAB — HAB) — SO(d — 1, n) generalised metric
of 1/2-max gSUGRA.
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Gauge field truncation Ansatz

@ In all dimensions, obtain d — 1 + n vector fields:
AMM(Xa Y) = AMA(X) P( Y) WAM(Y) .

@ Other gauge fields depend on number of dimensions.
e Eg D=5

AM(x, ) = A0(x) oY) (V)
Buuma(x. Y) = B (x) p(Y)? (),
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Embedding tensor and consistency

e Embedding tensor is intrinsic torsion of background Xagc(w, n, ).

e NB: 1/2-max < no Sg,, reps.

@ For consistency, all Sg,; reps of intrinsic torsion must vanish, e.g.
»CwAWB & ﬁ’R3 =0.

@ Closure conditions, e.g.

M N\ ~C M
L,wp" = (»CwAWB )w nwc',
n

Ly,n=

We defined the sections &4 p = (wa ® n)RI )
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Embedding tensor and consistency

@ Remaining combinations give embedding tensor, must be constant.

@ Details vary by dimensions, but universal contributions:

faBc = ﬁw[A@B|M|WC]M»
fA = ﬁ(EwAn) ,
éa=p 'Lu,p (=0 here).

@ Xapc satisfies linear constraint of 1/2-max gSUGRA, e.g.

Lo,@aymwc™ ~ nagfc + fans)c -
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D =5 example

@ Example: D =5 embedding tensor. Have nM. A, wAM and define

Oam = dynpnNwal.
o Write
M M M ~ &~
wA :<n S WA ), wAM:(nM,wA,M), A=0,...,5+n.
@ Define

M ~
Xape = Lo w5 @M -

@ Only non-zero elements are
1
Xaoo = fa, Xoas = —fag, Xasc = —fagc— EUABfC + ncafpy

with fag = flag) and fagc = flasc)-
e This is exactly the 5-D SO(5, n) embedding tensor.
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Consistent truncation

@ Applying truncation to EFT action we obtain 1/2-max gauged
SUGRA action.
o E.g. EFT scalar potential V ~ S5, 5" + T, T" 4+ ....
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Consistent truncation

@ Applying truncation to EFT action we obtain 1/2-max gauged
SUGRA action.
o E.g. EFT scalar potential V ~ S5,,S*Y + T, T" +

o E.g. D=5 scalar potential

- _ 1 1
|e| 1\/ — e 2deBCfDEF <_HADHBEHCF + ZnADnBEzHCF

12
1 1 _
677ADT]BET]CF) se 2d94ABf,

+ %e4deBfCD ( AC BD HAC%BD)
V2
- ?edeBchEHABCDE’

where fHABCDE — GUVWXybuAbVBbWCbebyE.
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Consistent truncation — summary

Truncation is consistent given closure condition, spinor condition and
constant embedding tensor.

Embedding tensor automatically satisfies linear constraint of 1/2-max
gSUGRA.

Section condition = quadratic constraint.

With truncation Ansatz, action reduces to that of 1/2-maximal
gSUGRA.

Examples:
» ungauged 7-d SO(3,19) SUGRA from M-theory on K3
» ungauged non-chiral 6-d SO(4,20) SUGRA from M-theory on
K3 x St
» chiral 6-d SUGRA from IIB on K3.
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From truncation to heterotic DFT

@ Consider using truncation Ansatz but still keeping dependence on Y.
o c.f. massive IIA from EFT.

A(x,Y) = e 2403 () |
Alx, Y) = 2@V () |
Bu(x,Y) = Y3 b A(x, Y)wa(Y).
@ But restrict Jy derivatives by

(n®0)|ryd = (n©9) |rsbs* = 0.
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From truncation to heterotic DFT

@ Consider using truncation Ansatz but still keeping dependence on Y.
o c.f. massive IIA from EFT.

A(x,Y) = e 2403 () |
Alx, Y) = 2@V () |
Bu(x,Y) = Y3 b A(x, Y)wa(Y).
@ But restrict Jy derivatives by

(n®0)|ryd = (n©9) |rsbs* = 0.

eEg D=5
MM () MO = 1M (64) 0 MOnbi” = 0.
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From truncation to heterotic DFT

@ Consider using truncation Ansatz but still keeping dependence on Y.
o c.f. massive IIA from EFT.

A(x,Y) = e 2403 () |
Alx, Y) = 2@V () |
Bu(x,Y) = e/ b A(x, V) wa(Y).

@ But restrict 0y derivatives by

(n®0)|ryd = (n©9) |rsbs* = 0.

eEg D=5
MM () MO = 1M (64) 0 MOnbi” = 0.

@ Assume derivatives can be expanded in @p4.
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From truncation to heterotic DFT

@ Consider using truncation Ansatz but still keeping dependence on Y.
o c.f. massive IIA from EFT.

A(x,Y) = e 2403 gy
Alx, Y) = 2@V () |
Bu(x,Y) = e?CY)B b Alx, Y)wa(Y).
@ But restrict Jy derivatives by

(n®0)|ryd = (n©9) |rsbs* = 0.

eEg D=5
MM () MO = 1M (64) 0 MOnbi” = 0.

@ Assume derivatives can be expanded in @p4.

Imd = A pmwaNond , b, = B pweNonb, .

@ Theory has only 16 supercharges.
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Heterotic “doubled space”

@ Define d — 1 + n twisted derivatives
Dy = wAMaM, [DA, DB] = fABCDC + section condition .

Impose fag€ D¢ = 0 and section condition.
Can write Dg — 9a (d+n-1 derivatives of heterotic DFT).
fag€0c = 0 is required in Heterotic DFT.
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Heterotic generalised Lie derivative

e Consider VM(x, Y) = VA(x, Y)wa(Y),
AM(x,Y) = M(x, Y)waV(Y).

@ Generalised Lie derivative becomes
LAVM = M (ABaB VA — VBOgAA + 1”Bycp VAP
7 VB/\C)
Heterotic generalised Lie derivative & fagc encodes gauge group!
Section condition becomes n*Bd, ® 05 = 0.

Restricts dependence to d — 1 coordinates.

Action becomes Heterotic DFT action.

b,A —> “frame-like formulation of DFT".
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M-theory / Heterotic duality

Consider SL(5) EFT on K3 x T°.

K3 = 22 waM with fagc = fa = 0.

T = b,A(x,Y) and d(x, Y) are independent of Y.
Two ways to approach this.

1: Remove T6 by section condition = SL(5) EGG = K3 truncation
of 11-d SUGRA.

@ 2: “Remove K3" by section condition

= S0O(3,19) Heterotic DFT with U(1)'® gauge group = T3
truncation of Heterotic SUGRA.
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Conclusions

Half-maximal gSUGRAs can be obtained by consistent truncation on
Gale-structure manifolds.

Can couple to n vector multiplets = SO(d — 1, n) global symmetry.
Intrinsic torsion of background — embedding tensor.

Automatically satisfies linear constraint.

Section condition = quadratic constraint.

EFT can be reduced to heterotic DFT using Gyai¢-structure manifolds.

Matches expectations from M-theory / heterotic duality.
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Examples!

Uplift 7-D de Sitter vacuum.

Less SUSY.

Solutions in M-theory <+ heterotic, e.g. M5 on K3 <+ heterotic string.

Better understanding of doubled structure +> gauge enhancement?
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