Exceptional field theory and supersymmetric AdSe 7

vacua

Emanuel Malek

Arnold Sommerfeld Centre for Theoretical Physics,
Ludwig Maximilian University Munich.

Dualities and Generalized Geometries,
10th September 2018

Based on EM: arXiv:1612.01692, arXiv:1612.01990, arXiv:1707.00714,
EM, Samtleben, Vall Camell: arXiv:1808.05597 + ongoing work

Emanuel Malek ExFT and SUSY AdSg /7 vacua



@ “Good"” understanding of flux-less supersymmetric vacua

» 5.0 ~ Ve = 0= "Special holonomy"

» Type Il SUGRA — D = 4 N = 2 = Calabi-Yau geometry
o Fluxes? AdS?

» 0 ~Ve+ Fe=0
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@ “Good"” understanding of flux-less supersymmetric vacua

» 5.0 ~ Ve = 0= "Special holonomy"

» Type Il SUGRA — D = 4 N = 2 = Calabi-Yau geometry
o Fluxes? AdS?

> 56¢NV6+F6:VEXFT6:O

» Exceptional field theory / generalised geometry

» “Generalised special holonomy”

o Powerful tool”

ExFT — “good variables” for global solutions.

Universal consistent truncations

Consistent truncations with matter (c.f. Valenti's talk)
Moduli e.g. [Ashmore, Gabella, Grafia, Petrini, Waldram 2016]

vy vV VvV VY
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@ Half-maximal SUSY structures
@ AdS vacua and consistent truncations

@ Applications:

» SUSY AdS; vacua of mllA & "minimal” consistent truncations.
» SUSY AdSg vacua of 1IB & “"minimal” consistent truncations.

@ Valenti's talk: Consistent truncations with vector multiplets.
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Exceptional field theory & half-maximal SUSY

@ Local symmetries of 11-d/IIB SUGRA — generalised
diffeomorphisms (local Eg(q4))

@ Should also capture half-maximal SUSY.

o Consistent truncations to half-maximal gSUGRA.
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Reminder of G-structures: Calabi-Yau

@ CY3 (no flux, preserves N' = 2 SUSY of type Il).

@ Algebraic condition: One well-defined internal spinor .
Structure group SU(3) € SU(4)
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Reminder of G-structures: Calabi-Yau

@ CY3 (no flux, preserves N' = 2 SUSY of type Il).

@ Algebraic condition: One well-defined internal spinor .
Structure group SU(3) € SU(4)

wez) N Q(3) =0, 9(3) VAN 6(3) = w(32) = volg #0.
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Reminder of G-structures: Calabi-Yau

@ CY3 (no flux, preserves N' = 2 SUSY of type Il).

@ Algebraic condition: One well-defined internal spinor .
Structure group SU(3) € SU(4)

wez) N Q(3) =0, Q(3) VAN 6(3) = w(32) = volg #0.

o Differential condition: SUSY Minkowski vacuum
Vi) =0 = SU(3) holonomy.
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Algebraic condition

@ Half-maximal set of Hy spinors V.
@ Generalised structure group Gpar = Spin(d — 1) C Hy C Eg(d)-
o Hy — Spin(d — 1)s x Spin(d — 1)g

D Eq(a) Hqy Graif 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 Eg(6) USp(8) USp(4) USp(4)

4 E7(7) SU(8) SU(4) SU(4) X U(].)

Emanuel Malek ExFT and SUSY AdSg /7 vacua Corfu 6 /24



Algebraic condition

@ Half-maximal set of Hy spinors V.
@ Generalised structure group Gpar = Spin(d — 1) C Hy C Eg(d)-

o Hy — Spin(d — 1)s x Spin(d — 1)g

D ) Hq Ghaif 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 Ez7) SU(8) SU(4) SU(4) x U(1)

@ D =5, 6a, 7 similar pattern.
o D =4, 6b slightly different.
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Gpaie-structures and half-maximal SUSY

@ Describe bosonically using “generalised differential forms”.
@ Sections of Ry, Ro, R3, ..., Rp_3

Ed(a) Ri| R | Rs | Ra || Re
7 SL(5) |10 5 | 5 | 10 0
6a | Spin(5,5) | 16 | 10 | 16 | 48 1
5 E6(6) 27 ﬁ 78 n/a 27
4| Eyy |56]133 | n/a| n/a | 1539
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Gpaie-structures and half-maximal SUSY

@ Generalised tensors stabilised by Spin(d — 1) C Eg(qgy:
JMer(Ry), K el(Rp_a),

u=1,...,d—1 of Spin(d — 1)g, satisfying

W $X 1 wx _
<6u5v—d_15uv6 )JW/\JX_O,

Kxr K=0, S, ANJyAK > 0.

@ Generalisations of w(y), (2) on K3.
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Ex: Spin(4) C Spin(5,5) structure

@ Generalised tensors stabilised by Spin(4) C Spin(5,5):

JMeT(R), K er(ry),
u=1,...,4 of Spin(4)g,
M=1,...,16,
I=1,...,10, satisfying

<5;V5§ - dilfsumWX) Iy M N (M)MN ~0,

RiRnY =0,  6vJMINR, (M)MN > 0.
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SUGRA background from Gp,;s-structures

e For CY, 8ij = I,-kwkj.
e J, and K define SUGRA background:

{SUGRA fields} = M ~ Jymd"n — duni K’
4 lte-td—1 (Jul-/uz - JUd—l)MN s

dyng is an Ed(d) invariant and fu = A K.
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SUGRA background from Gp,;s-structures

e For CY, 8ij = I,-kwkj.
e Ex Spin(5,5) ExFT:

VeMun = 4 JumJ¥ — (WI)MN Ki

1 uvwx 5 ~
=€ (v (W)ne (7“) ru" 3,90, R, s,

Jum = (VI)MN JNK;
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Differential conditions: 1/2-maximal AdS vacua

@ BPS equations = “Special holonomy” (“intrinsic torsion”)
1/2-max AdS vacua:

u

EJqu: uvaW7 ﬁJR:07
~—~—

c.c. A

and
» D=T: d@ = e"WR, LI N Iy,
» D=6 dK = "R, Jx,
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Differential conditions: 1/2-maximal AdS vacua

@ BPS equations = “Special holonomy” (“intrinsic torsion”)

1/2-max AdS vacua:

and

v v
O O

Emanuel Malek

o X

EJUJV = Nuvw J" )

c.c. A

L, K=0,

u

d = uvauva AJX:

d — UVWXRuva

D |d| Spin(d—1)g | AdS R-symmetry
714 SU(2) SU(2)

6 | 5| SU(2) x SU(2) SU(2)
516 USp(4) SU(2) x U(1)
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Differential conditions: 1/2-maximal AdS vacua

@ BPS equations = “Special holonomy” (“intrinsic torsion”)
1/2-max AdS vacua:

u

EJqu: uvaW7 ﬁJR:07
~—~—

cc. A
and

> D=7 dK = €™ Run J* A Jy,

» D=6: dK = "Ry Jx,
D |d| Spin(d—1)g | AdS R-symmetry
74 SU(2) SU(2)
6 | 5| SU(2) x SU(2) SU(2)
516 USp(4) SU(2) x U(1)

o J, generalised Killing vector fields, generate R-symmetry
e K invariant under R-symmetry
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Consistent truncations

o Consistent truncation — study AdS vacua via lower-dim gSUGRA.

Conjecture (Gauntlett & Varela)

For any SUSY solution of D = 10 or D = 11 SUGRA that consists of a
warped product AdSp x,, M, there is a consistent truncation on M to a
D-dimensional gauged SUGRA keeping only the gravitational
supermultiplet.

@ Can we get a free lunch?
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AdS consistent truncation: SUGRA multiplet

e Given J,(Y), K(Y) of 1/2-max AdS, the Ansatz

Tu(x,Y) = X7Hx) Ju(Y), K(x,Y)=X3(x)K(Y),
Au(x, Y) = A (x) Ju(Y), o

gives a consistent truncation.
Consistency follows from special holonomy.
X(x) scalar, A,"(x) vector fields of grav. supermultiplet.

“Minimal” truncation = no vector multiplets.

Spacetime fields from My —> non-linear truncation Ansatz.
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Constructing AdS solutions from ExFT

@ Geometric Ansatz — J,, K

» Algebraic conditions (existence of spinors)
» Differential conditions (SUSY vacuum)

@ Construct generalised metric
Muyn = JAquJA”N — dyn K + (Jdil)MN.
e ExFT dictionary: My = {SUGRA fields}.

@ Minimal consistent truncation for free.

Emanuel Malek ExFT and SUSY AdSg /7 vacua

Corfu

14 / 24



Example 1: AdS7 from ExFT

Consider AdS7 x S3 of mllA in SL(5) ExFT.
Ansatz: S? fibred over /.

“Constrained coords” y, on S% C R3 with yYy, = 1.

z coord on .

ﬁ—/u JV:RUVWJW7 ﬁJuk:O
—~—

m

Ju — SU(2)g triplets, K — SU(2)g singlets:
ler f(z)y

Killing vecs v,, 05,

dyy, volsz = %euva”dy‘/ A dy",

dz, dy, A dz, vols2 A dz.

v vV VvV VY
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Gpalr Structure on S3

HA: Opap) = (0is, Ohs, Ofa), i=1,...,3, a=(i,4,5)
Jy€T(R1), Ri=TMa& T*M e N°T*M & N2T*M
KeTl(R3), R3=NT*Ma&NT*MaNT*M
Algebraic conditions uniquely give:

Ju= \[2Vu+% < E g wdz +g(z )d}/u> —q(2) Yu
+ 2\1@ (vuq(z) g(z) z volsa + h(z)eywy” dy” A dz) ,
R =s(z) + 2% (8(2) s(z) — t(2)) vols:

Natural gauge choice: h(z) = q(z).
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Gpalr Structure on S3

HA: Opap) = (0is, Ohs, Ofa), i=1,...,3, a=(i,4,5)
Jy€T(R1), Ri=TMa& T*M e N°T*M & N2T*M
KeTl(R3), R3=NT*Ma&NT*MaNT*M
Algebraic and differential conditions uniquely gives:

1 .
Ju = \/Evu - Ed(yu Z) + t(z))/u

1 .
+ ﬁt(z) (yuzvolsz — €y’ dy” Ndz)
L~ . 1 .
K=—-t(z)+ —= (zt(z) — t(z)) vols2 ,
(2) + 575 (2Hz) ~ t(2)) vols
with # = -2, ¢ >0,
Infinitely many solutions determined by t(z).
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AdS; x S3 solution

Generalised metric M (J,,, K) and EFT < IIA SUGRA dictionary:

ds?y = 4\/7 dsAd57 \/> <t2 dss2 +dz ) ,
o <_">3/4
t t2 —.2tt
B, = 2\1/5 <z— 2 _t;%.t> vol, ,
Fy = 2\1@ <2't'+ tz'ﬁgﬂ) voly,

with & = —m/2.
These are the general AdS7 solutions of mIlIA [Apruzzi, Fazzi, Rosa, Tomasiello] in
coords of [Cremonesi, Tomasiello] .
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AdS7 minimal consistent truncation

Consistent truncation for AdS; x S3.
Tulx¥) = XH)D(Y), Kix,Y) = X2()R(Y):

t 1/t t2
dsZy = 4 /—?X1/2ds72 +3\ 2 [X_5/2dz2 + X5/2Mds§2] :

eV = X5/4 <—.t.>3/4 ;a
t VX5t2 —2¢tt

(x>
B = — — oA < l
7 2(2 t2X5—2tt> .

1 . tt
F2 = <2t+X5m) VO/527

t = —m/2. Reproduces [Passias, Rota, Tomasiello].
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Example 2: AdSe from ExFT

Consider AdSe of IIB in SO(5,5) ExFT.

L)y =Ruwt”,  dK=e""Rywt, L;,K=0,

u

with u=1,...,4, Ruw = €muN*. Wlog A¥ = (0,0,0,1).
Lydy=eud®,  Lyd=0, LK=0, dK=14.

Ansatz: |IB on S? fibred over Riemann surface ¥,.
“Constrained coords” y; on S? C R3 with y'y; = 1.
X COoOrd on 2o, a =1,2.

Ji = SU(2)g triplets, Js, K — SU(2)g singlets
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Gpat Structure on S? x ¥,

IB: O = (a,,a’“,aﬁk), i=1,....4 a=(1,2)

J,€T(R1), Ri=TM @2 - T*M S N3T*M

Kel(Ra), Ro=2-NT*M&NT*M&2-ANT*M

Most general structure after algebraic and differential conditions:

«@ 1 « J g K

Jr=vi+d(k%)+ 5d (k €uky dy” A dka) ;
Jo = dp® — ko dp™ A vols2
K = pa — (r + pak®)vols: .

Depends on four real functions, k%, p%, on X, satisfying

|dk|? = % (dk® A dky) = % (dp® A dpy) >0, dk® A dp, =0,
dr = —p, dk® .
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AdSg solutions in |IB

@ From generalised metric and ExFT < IIB dictionary we find SUGRA

fields
s V2AAYE 12, |dk| ., 4 _
9" = Jalaigrin \, Bhas t Ty Ot gkt @dpa) . Gy =0,
4 rpy gkYd8p> L, |dk|*/? paps + 6 r Dy kad7 pg
Cin® = — = yol o OYTIPC T F gk, Hyg = ,
@ 3"052( + 2A |dk of 2V3Ar
_ 3 1 1/2 aay LB _ 1 |T‘2 Rer
A= Zrldk|+§|dk| PapgOy k0 , Huop = e \Rer 1)

o Can use diffeos on ¥, to make g|s, conformally flat
dk® =1-dp“.

| complex structure on X,.

° Solutiong defined by two holomorphic functions f¢ = k“ + i p®* with
df* A df, > 0.

) Upon field redefinition matches [D'Hoker, Gutperle, Karch, Ulhemann 2016]
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AdSg minimal consistent truncations

@ Minimal consistent truncation for free:
Tu(,Y) = XTHx) (YY),  K(x,Y)=X3(x)K(Y).

e From generalised metric and ExFT/IIB dictionary:

B \/§r5/4 A1/4 12 ) X2 ‘dk‘l/Z
~ 33/4 |dk|1/4 —dss +

4
2 2 [ —
ds dssz + X2 2 dk* ® dPoc) s C(4) =0,

)

4 X4 Ak 98 p> X4 |dk|Y2 ppP + 6 r 8, k>0 pP
C(2)a=f§vo/52 <ka+rp'Y25Ap|dk|l/2> . HoB = |dk| P2P 31 roy p
r

3 1
A= ridk|+ §X4\dk\1/2 Papad k87 pP .

@ Can study AdSe solution using minimal 6d gSUGRA.
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Conclusions

@ Exceptional geometry underlying 1/2-max AdS vacua.

@ ExFT useful new tool to construct AdS vacua.

@ Reproduce all mlIA AdS7 x S3, 1IB AdSg x S? solutions.
e Consistent truncation (grav. multiplet) for free.

°

Useful for studying & finding new solutions (e.g. domain-wall
solutions for holographic RG flow)
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Consistent truncations with matter (c.f. Valenti's talk)
Uplift of moduli, e.g. N/ = 4 AdSs vacua.

Classification of AdS vacua?

Other amounts of SUSY, e.g. N=2 [Ashmore, Gabella, Grafia, Petrini,
Waldram].

Also, N' =6 AdSs vacua dual to 4d N' =3 SCFT?
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