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Take-home message (1/2)

* Exceptional Field Theory captures (locally on a coordinate patch)
the | Id and massless Type Il supergravities in an Exc. Generalised Geometry form

* [t was unclear how to capture massive Type IlA supergravity:
- There should be a deformation of the massless IIA Ex. Gen. Geom.
- On the other hand, in EFT some non-geometry seemed necessary

- There s a puzzle here...

*  We solve this puzzle defining deformed EFT’s (XFT's)

(and show the relation with the expected, but not necessary, non-geometry)



Take-home message (2/2)

EFT is based on a generalised Lie derivative
on an extended internal space (analogous to DFT)

LAUM = ANoNUM —UNONAM 4+ YMN pg OnAY UY + Ay — w) 0pATUM

section condition: YR v Op ® 0o =0

Ve define non-derivative deformations of the form
Ly =Ly +AMX)y,

with Xy an embedding tensor. Extra X-constraint:

Xunt 0p = 0

For a certain X, we reproduce the full massive lIA. No dimensional reduction!!

(few-lines application: what massless lIA sphere truncations are consistent for milA)
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Deformations of Gauged Supergravities

*  We will not do gauged supergravity here,
but part of the motivation comes from it:

* Many gauged supergravities, only some have uplift to | 1d/10d
e C(lassification of gauged supergravities Is hard.

* Finding which ones have an uplift is even harder.

* Exc. Generalised Geometry & Exc. Field Theory help us

...but they go beyond this: they can capture the full 11d/10d theories



Deformations of Gauged Supergravities

Many gauged (D=4) supergravities come In
families of inequivalent gaugings (all sharing same gauge group)

* w-deformation of SO(8) gauged max. sugras [Dall’Agata, GI, Trigiante]

only w=0 mod /4 lifts to | Id sugra on S” De Wit, Nicolai

These are related to inequivalent E.m. embeddings of gauge connections
Explicit construction & classification: “Symplectic Deformations”  [Dall’Agata, GI, Marrani]
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Symplectic deformations of some N=8 gaugings

SO(8), SO(4,4) : Gred = S'/Dsg, fundamental domain: w € [0, 7/8].
SO(p,8 —p), p#0,4: Srea = S'/Du, fundamental domain: w € [0, 7 /4].

No (geometric) upift to | |d sugra for the w-deformation
[De Wit, Nicolai| [Lee, Strict. Constable, Waldram)|

ISO(p,7—p): w=0 or w#0 (mod 7/2).

Crucially, In [paragata, 61, Marrani] this IS proven to be and on/off deformation.
Lifts to the on/off deformation of lIA on S¢: the Romans mass. [Guarino, Varelal

(deformed ISO(/) is not really “dyonic”, all charges are mutually local)



Consistent Truncations & EFT
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Consistent Truncations & EFT

Exc. Field Theory can be used to construct consistent truncations [Hohm, Samtleben]

| Id and massless type Il in single framework

Enm)X R structures are made evident and can be exploited

Question: how can we embed massive type lIA in EFT?

massive IA is reduced on S® using same Ansatz as massless (doable in EFT).
Does this hold for lower-dim. spheres! [Guarino, Varela]

Puzzle:

- mllA is a sugra theory in its own right.
[t should be captured by EFT upon solution of its (strong) section constraint.
BUT this is not the case! [Berman et al.], [Blair Malek Park]|, [Bossard Kleinschmidt], [Bandos]

- On the other hand, in DFT non-geometry was necessary [Hohm, Kwak]
(dependence on a winding coord. for some RR potential)



Supergravity, geometry & Enn)

Basic idea of exceptional geometry:

Repackage fields and symmetries of 11d/10d Sugra
so that it looks like an (1 1-n) dimensional maximal supergravity.

However, no truncation is performed!
Equivalent form of the full | 1d/10d Sugra we began with.

Fields and symmetry parameters fill out Enn) representations
(K(En(ny) for fermions)

Very convenient (If not necessary!) if you want to do
consistent truncation to an (I 1-n) dimensional theory.

But you may as well study dynamics of full theory without truncation!



Exceptional Field Theory

There are EnmXR™ Exceptional Generalised Geometries for

* | Id Supergravity and type lIA (massless, so far!)

« TypellB

Exceptional Field Theory is a framework that captures both (in coord. patch)
by introducing extra internal coordinates

A

o= (2, y") — (@, YY)
d=11 = (I1-n)+n —> (11=n) + Ryec
(or 10) (n—1) T

Full Eny representation

Similar to Double Field Theory.



Exceptional Field Theory

* Thereare EFT'sin D =9, ..., 3 corresponding to the Enn) series

* All fields depend on (z*, YM) 1d
but there Is a section condition onY dependence |
a 1B [SL(2)] IA [R*]
YMN o0 @Oy = 0 N
T PQYM X ON = Fo) = SL(2)xR™"
A (very specific) Enm) invariant tensor l
E3i3) = SL(2)xSL(3)
l
imposed on any field, parameter; etc. Ea4) = SL(5)
l
* Result: fields only really depend on (z*, y™) Es(s) 2501(5,5)
* butwhat ¥""? Two maximal solutions: Ee6)
* ndmensional: | Id Sugra coordinates El7<7>

* (n—I) dimensional: Type lIB coordinates Es(s)



Exceptional Field Theory

 EFTs look like a (D=9,...,3) supergravity theory,
but with an infinite set of fields and internal symmetries.

* Eg.in D =4, bosonic pseudo-action

Ricci scalar E7/SU(8) lscalar fields

|
Sppr = /d% /d56Ye R+ ZSg“”DMMMNDVMMN

1
— g MMN -F'W/MF,LWN + 6_1 ﬁtOp — VEFT%(Mag)]

e |nvariant under: “scalar potential”

* External diffemorphisms & (x,Y")

* Internal Generalised diffeomorphisms acting as:

LAUM = ANoNUM —UNONAM + YMN pg OnAY U + Ay —w) 0pATUM




lIA vs. EFT

* Section condition Imposes:
M

(", Y7) — (a7, y™) = a¥

D+R ——7 D+k < llorl0

* For a certain choice of {y™} we get massless IIA.

.and other p-form trfs

[,gu(w,y)Vi N 10d diffeos (&7
LAM(%y) ) p—form gauge tris. ()\(0), E(l), (9(2) )

* Forinstance one can match the gauge trfs of the D-dimensional vectors

0B,* = (0, — Bu5 05) £~ + &° 9 B."
6C, = €05C,+ (0, — B, 0s) \,
0Cus = & 05Cus+ Cs 958° + (8 — B.® 05) Eg + By’ 9 Es

0Cupy = £ I5Cupy +2C sy 35]55 + (O — Bu5 05) 0y + 2 BM6 181 Ol
+20C, a[BE'Y] —2C,8 a’Y])\ '



mIllA vs. EFT

Massive |lA is not embedded in EFT

* Solutions of the section constraint only yield | |d or massless type |l

* A clear obstruction comes from the p-form gauge variations:

0B, = (Ou— Bu5 0s) £ + &° Os B~
(5C’u = 55 050M+ (c‘?u —B/fs (‘95))\—mRBM5 =5
50#5 — 55 85Cu6 + CM 8555 + (au _ Bu5 s) g+ Bu5 (95 =6

0Cupy = £ O5Cupy +2C sy 85]55 + (O — Bu(s 05) Oy + 2 Bu5 18] Os])
+20 0=y — 20 p OA —=2mRr Cyp 2y -

Terms without derivatives,
but action of & and AM in EFT contain derivatives in every term!



lIA vs. EFT

We could take the non-geometric route (violate section condition),

BUT: massive llIA is a fine maximal Sugra!
There must be an exceptional generalised geometry for it.

Which means: new EFTs
with solutions of the section condition that yield massive |1A

We reverse-engineered these new EFI's by comparing gauge trfs

Trick: it 1s sufficient to do it on a subset of fields transforming faithfully
under =(1) variations, the rest follows by covariance.
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lIA vs. EFT

Massless 1TA

" 10d diffeos (&7

%
Deduce

| p-form gauge trfs. ( Ay, Z(1), 0(2) )

l Turn on mpg

514/1 = a&)\ + MR Eﬂ
5Blaﬁ = 2 5’[ﬂ E,;]
0 Apop = 3013055 — 3 Afpp Op N — 3mp Bpp=y

External diffeos, section condition and dictionary don't change,

only the generalised Lie derivative does, let’s see how



Deformed EFT (“XFT")

. EA now contains non-derivative terms:
LAVY =LavY — Xyp™ AV VY

* X s a constant object encoding mg , which we know for all EFTss :

* [t appears in the D-dimensional maximal gauged supergravity
obtained by torus reduction of massive IllA.

* |t's a special case of embedding tensor.
(this is not an assumption, it’s a result.)

* Crucial: we deduced this keeping only certain {y™} internal coords,

we can now promote to { Y#} and find the new section conditions



Deformed EFT: consistency

* In standard EFT closure and Jacobi of L require section condition

*  We need to repeat the same procedure for L.
Several constraints:

. YMNPQ Oy ® Oy = 0 is unmodified (good!)

has same constraints as embedding tensor In gauged sugra

« XNP
. SXNPM = 0 under all gauge transformations (i.e.: it's not a tensor!)

* Mixed condition: XNPMaM — 0 (in particular: not a torsion!)



Deformed EFT: interpretation

LAVM =LyvM — XppM AN VP

standard EFT Gauged Sugra
internal syms internal syms

S~— /Y\ -

Deformed EFT (XFT)

The structure of EFTs Is that of gauged maximal sugras
with infinitely many fields and internal symmetries

[t 1s only natural to superpose it with a standard gauging

Just like In gauged sugra, X breaks the global Enn) explicitly

(solving the section constraint does, t00)

Romans mass was a deformation already in |10d,
instead of finding its “origin”’, we deformed EFT to implement It.



Deformed EFT: interpretation

Let’s help us with an example: D=9 EFT, Ey2)=SL(2)*xR"

Coordinates: external x# and YM = (yo=2 )
1d type IIB

Section condition dy X 9, = 0: |1ld sugra or type |IB

EAVM = LAVM — XNPM AN VP , with X, o L= mp

New constraint; mpr X 01 =0

kills 1 1d coordinate, left with massive llA, and IIB (with F; flux)

'\/

T-dual



Deformed EFT: interpretation

Same analysis in D=4:

section condition + X0—condition have several 10d/1 1d solutions:

I-duality

massive llA, type lIB, massless lIA (with constant RR flux)
and
| I1d Sugra with Freund—Rubin parameter

\

six “windings” of original massive lIA coordinates, plus a seventh “dual M-theory circle”

except for mllA, other constant fluxes can be removed
by redefinition of gauge potentials & gauge-parameters



The XFT action in D=4

. 1
Sypr = / d'zd°Y e[ R(X) + 5 g"* Dy MM DMy

1
_ é MMN fMVMfMVN -+ 6_1 »Ctop(X) — VXFT(MagaX)]

1
Fu 't =F,M 12t YYONBu o — 22MB, o — > QM"NB N

(twisted-self-dual) !

satisfies sec. constraint algebraically,
and part of the X-constraint

A

Rwab(X) = Ruyab[w] + .FN,/M e 8Mepb

~

D,u = 8,u — IL'AM This is always a direct superposition of EFT and Gauged N=8 Sugra



The XFT scalar potential in D=4

VXFT(M7g7X) — VEFT(Mag) _|_ ‘/SUGRA(MaX) _|_ ‘/;:ross(M7X)

1 1
Vipr = — 5 MMN 5 MBL O My + 5 MMN 5 MBEL O Mk

1 1 _ _ 1 v
— 59 18Mg ONMMY 1 ./\/lMNg 15’M99 1(9Ng T2 MMH O 9" ON G

1
Vsuara = 168 [XMNPXQRSMMQMNRMPS + 7XMNPXQPNMMQ}

V. = 1 MMN pEL X O MpeL New cross-term!
Cross 12



mr from EFT and non-geometry

* In DFT mgcan be sourced by a RR C(}) potential

with linear dependence on a winding coordinate

Hohm, Kwak - 201 |

* The structure of EFT I1s more restrictive:
violating section condition can be done (locally), but requires care.

* We relax the section condition of EFT, and factorise its fields:

Vipr(z,Y) = Vipr(z,Y) EA™ (Y)
where F are twist matrices such that Lg , EM = —XABCECM

LAVM = (L,VYHE M

non-geom.
EET RFT

* Notice that A, V do not satisfy sec.cnd., but A and V satisfy XFT ones

Thus, I can introduce non-geometric coordinate dependence in EFT



mr from EFT and non-geometry

V%T(ﬂ% Y) = V}?FT(xv Y) EAM(Y) I[-4AVM — (EAVA)EAM

* This non-geometric extension of EFT allows e.g. to source mg

1

v

> ~RR ~
YPXpAM (no sum over P).
c

EY) M =EY") M =06} -

A single winding coord.

* Crucial point: we are extending to non-geometric coordinates,
without truncating any of the physical ones (not a SS reduction!)

* Il Meaning of locally non-geometric backgrounds is still unclear,
while XFT solutions are globally well-defined (because mllA is)
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Concluding

Exceptional Field Theories admit deformations
which still preserve |0- and | |-dim. solutions of section conditions

one such deformation implements massive Il1A

This is now a new tool In its own right.

These deformations are more general than the Romans mass!!

we have classified all those allowing for 10d/1 Id solutions
(we could easily go further and recover higher dim. gauged sugras)

We can (locally) implement a "SS5 extension Ansatz”
to non-geometrically map EFT and XFI.

Future: susy; D8 and /-branes (& T/5-dualities); D=3;
and of course: more solutions!
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