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From the RNS superstring to 10D SUGRA
RNS action (world-sheet SUSY):

_ 1 2 mal n | Jg,mqg n / (2)
_4noc’/d 0\/§<Gmn61x OXx" +iBpne’ OxMOx" 4+ o’ PR ) (1)

Weyl invariance (T%,) = 0 (one-loop):

1 1
—pIOP(@) =R - —H? +4V™V,0 —4(VD)? =0,

o 12
11 1

wﬁlnnloop (G) = Rmn - 1I_Imk11_1nk1 + ZVmVnCD = 0, 2
1 - 1

;ﬁ}nnloop(B) = E VkI_IkI’I‘lI‘l - HkmnkaD =0.

Weyl invariance of the RNS string == equations of 10D supergravity

[Callan (1985, 1986, 1989)]
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From GS superstring to 10D SUGRA

Green-Schwarz superstring action (SUSY in target space)

S:/dZG\/—G—/B, G:detGU,
x

GU = E[aE]bT]ab, EIA = aIZMEMA(Z) ) ZM = (Xm, 6”) .

K-symmetry (gauge away half of supersymmetries):

5 zMEM? =0,

o1 S 1
M _ . _ I b 3
Sz VEM™ = 5(1 +r)“lﬁ]1<ﬁ1, r = 2\@6 Ei"E;°y,,0
Bianchi identities + k-symmetry <= 10D supergravity

[Nilsson (1981)]
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From the GS superstring to generalized 10D SUGRA
More accurately: [Tseytlin, Wulff (2016)]
Bianchi identities + K-symmetry <= generalized 10D supergravity
R-— %H2+4mem — 4 X, X™ =0,
Rynn — iHmmanl + VinXn + VaXm =0, ®)
%kakmﬂ — HN™X — VX 4+ VX =0,
m Instead of the dilaton the field:
Xm = Om®@ + Iy — BpnI" (7)

m [™ — aKilling vector. '™ = 0 gives the usual supergravity.
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The actual discovery of generalized sugra

m GS string on AdSg X S°is integrable [Bena, Polchinski, Roiban (2004)]

m GS string is integrable on Yang-Baxter (1-)deformed background AdSs X S°
[Vicedo, Delduc, Magro (2013)]

(1+n%)?

— ab
S— —M/deGP STr|:Aa.dO

1
= (A ®
1-nmRgod
m does not solve ordinary sugra equations [Arutyunov, Borsato, Frolov (2015)]

m solves equations of generalized sugra

[Arutynov, Frolov, Hoare, Roiban, Tseytlin (2015)]
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The membrane story

B K-symmetry + Bianchi identities <— equations of 11D supergravity
[Bershoeff, Sezgin, Townsend (1987)]

1
Sy = / d“xxFG(R[G] — 4—8anle“‘““ +. ) 9)

m While RNS string on gensugra backgrounds breaks Weyl symmetry to scale
symmetry, the membrane has only scale symmetry. Nothing to break!

The end?
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The membrane story

m K-symmetry + Bianchi identities <= equations of 11D supergravity
[Bershoeff, Sezgin, Townsend (1987)]

1
Sy — / d"xV/G (RIG] — o FroniaF™ 4. ) ©

m While RNS string on gensugra backgrounds breaks Weyl symmetry to scale
symmetry, the membrane has only scale symmetry. Nothing to break!

The end?

Recall: generalized sugra comes from YB deformations.
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Double field theory and supergravity

m Double field theory — O(10,10)-covariant formulation of 10D supergravity

SpET = /leX e_Zd Q, XM = {Xm,;(m} (20)

m The most convenient here is the flux formulation
Q _ HAB-FA-FB + J—_'ABCFDEF ( %ADT]BE CF ZHADHBEHCF)

1
— FaAFA — ngBC}-ABC7
(11)
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Double field theory and supergravity
[ fABC — generalized anholonomicity coefficients (fluxes)

el 0
[Ea,Eglgentie = Fap“Ec,  EaM = ( ; ) ;

_ ok a
einm el (12)
d=¢ — Elog det|lem?||-
m In supergravity parametrization:
Fabe = —Habe, }—abc = fabC7 Fa= 2eamvm(P + fabb7
(13)

fu = —Ze?eﬁa[me;]<— anholonomicity coefficients

m The DFT EoMs <= 10D supergravity EoMs
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Yang-Baxter deformation is a local O(d,d) rotation

m Given Killing vectors k,™ construct

gt = k., kp, r? = const

m O(d,d) transform the fields

6mn _ ﬁnm

Eg\/IA = OMNENB7 OMN = ( 0 6nm ) = exp(ﬁmnTmn)7

m Deformation of fluxes is ruled by
(i)classical Yang-Baxter equation and (ii)unimodularity

0Fapc x CYBE : f4e [arb|d|rc}e =0

8F, = 2I™Bymea",
SF2 =21,

[Bakhmatov, Borsato, Colgain, Kelekci, Sheikh-Jabbari]
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The trick in 10D
m Deform fluxes as if they would under non-unimodular YB

/
JTABC = -FABC,

, a7
‘FA - FA "‘ )(A7
m For fABC to still define 10D supergravity fields EQ\AA (Bianchi identities):
LxEM =0, Lxd =0, XyxM=o. (18)

m Equations for E{\,[A: 10D generalized supergravity

EoMs []-'] =0=EoMs []-" — X]
EN\J\ EX/IA

™ =0
GOMSSUGRA(g, B,d) 29 EoMsgensucra (g, B/, @', 1) 29
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Generalization to 11 dimensions

In this form the procedure easily generalizes to 11 dimensions with replacements:

m DFT — Exceptional FT — Ed(d)—covariant formulation of sugra
m field content {gmn, Bmn, @} — {gmn, Cmnk }
m The deformation Xy —> XMNKL (no longer a generalized Killing vector)

m The Killing vector [™ — J™"
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Exceptional field theory

m 11d sugraon Td enjoys U-duality symmetry group Eq(q)
[Cremmer, Julia (1979, 1981)]

E5(5) = 50(5,5), E4(4) = SL(S), E3(3) = SL(3) X SL(Z) (29)

m For E4-covariance split is necessary

11D SUGRA Gpy Civp
SN LN

7D + 4D Spllt gpv A pm hmn p,rnn Cmnk C prm

4 vect 10 sc. 6vect. 4sc. 3- for 4 2-for.

metr.
2-for. 4 3-for.
ﬁ/\ \\\
4
SL(5) EXFT Bum <2,y M
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Flux formulation of the SL(5) theory
m Restrict to backgrounds M1 = My X My

m _¢
gy, x™) = e 20Tg (yh), Ent(x) = e 7emA (x).

m Generalized fluxes (anholonomicity)
[Eap, Ec] = Fapc"Fp,
3 1
Fapc® = EZABCD - EG[ABE)C]D + 8 Ypc
m Flux Lagrangian of the theory (a subsector of 11D sugra)

1
L =YapYAB — E\{AA\{BB +32Z88CZ apc + 32288 5 Zpc"

7
- 5 eABGAB + Av
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GenYB deformation is a local E4 transformation

m Given Killing vectors k,™ define
mnk 1 afyq my ny k
Q = gp Ky kﬁ k)", (23)
m SL(5) transform the fields

Om"

/A N B
EM =Owm En', 0= |:1 QPar
31 €mpqr

0
1] = exp (™ Ty
(24)
m Deformation of fluxes 6]—"AB7CD o gCYBE + gUni is ruled by
(i)generalized CYBE and (ii)generalized unimodularity
gCYBE = 6p[0‘2|0¢751p|fX3<X4|ﬁzfB 6 las] 4 pﬁlﬁz[azpasamslfﬁ 8, %7,
1F2 1F2

1
guni = 1 E™ CErl AEk BE] Ellpekmr\pa ]mn = kal mka4 npoqoczoc3fa2a3 M
(25)
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Apply the same trick for 11D bg’s

m Deform fluxes as if they would under non-unimodular genYB
Fapc" = Fapc” + Xasc®, (26)
m For .FAB,CD to still define 11D supergravity fields EE\,IA (Bianchi identities):
Bianchi[Fjp "] =0 27)

m Equations for E{le: 11D generalized supergravity

EoMs | F|=0=EoMs [ F’ — X] .
4

N
Tl

]m,n -0
€0MSSUGRA(g, C) _9‘—€0MsgenSUGRA(g/7 (&) 29
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Constraints on J™" from Bianchi

Lea]kl + ]nlan(P eak =0, J™ 0 = 0,

28
vm(e—¢lmn) — O, ]m[n]kl] — 07 ( )

1
v[mZn] - gllemnkl =0,
v, (e—@]k[lvp]> —o, (29)
ViJPYVK) — v, (VTR = 0,

where 5
Zm = OmP — gemnkl]nkvl- (30)
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Generalized equations

~ 1
0 =Rmn [h(4)] - 7v(mZn) - ghmn<vv) + 8(1 + VZ) (Smn]kk - 2]k(m]n)k>
4V Vi (100 = 200 ) + 4V (4 Ty = <)) — 2548 )

+ 8V (2T = 259" + T ),
1

1 ~ 4
0= Rlge)] + 2 (VV) + V" Zn — 6ZiZ™ — 2™ Joun + Jona] ™™

0 = V™Fmnid — 6Z™Frnnia + 6 (21 PRCniniip —J Pmlp[anum),

_ 1_ _
0= RHV [g(7)] - ?ngR[gU)L
(31)
where S™ = J(MM) B 1 = 40;mCriq) and

Vm =Vm —0n®. (32)
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Example of a solution: deformed AdS, x S’

Generate example solutions by nonunimodular genYB deformations.
deformation along D A M A M:

4
Q=—p ePDAMpg A M2

R3 Pa
of AdS, gives deformed background

R2 a a b
ds? = 4—1(3 {dxadx + = PaX" xPdxpdz + | 1 ( xngbx) dzz}

_1
+R*K™5dQYy),

3R3 1 a by c
P _ﬁKz (l . 12pp> X0 At A A,
zZ V4

<1 pcxc)
4z
(33)
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Conclusions

m Common lore tells: there is no 11D generalized supergravity:

no symmetry to break;
no derivative of a scalar field to be replaced by J™"/I™;

m Exceptional field theory approach provides a generalization of 11d supergravity

new tensor J™ ", with J(™™) — a Killing tensor
asplitll = D + d is essential
many contraints on J™"

m The theory is not void: example solutions have been provided

m The theory is 11-dimensional
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Further research

m To call it the 11d generalized supergravity need to check k-symmetry of the
membrane

GL(11) symmetry is broken to GL(7) x GL(4);
the split could provide the desired field to organize J™"

m Is yes: enlarge the set of consistent vacua for the membrane;

m In any case:

higher dimensional origin of 10d generalized supergravity;
a setup for nonunimodular deformations and for dual field theories.
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Thank you for your attention!

"Deformations open a way to the world of new knowledge”



	Приложение

