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Motivation

m What are consistent backgrounds for the superstring?
> 10D supergravity solutions (RNS string)
> 10D generalized supergravity solutions (GS string)
m What are consistent backgrounds for the supermembrane?

> 11D supergravity solutions (GS string)
> some 11D generalized supergravity solutions? (GS string)
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RNS string and Weyl invariance

RNS action

/ d%0\/Z(Grnd ;x" X" + iBmne” 9x™8,x" 4 o/ ®RA)),

47r !
to be Weyl invariant

1 i 1
<T/ >= —gﬂmn(c)ajx"’ajx" - gﬂmn(s)e”a,x"’ajx" - 56(¢)R<2> =0,

one loop calculation reproduces NS-NS supergravity equations
lloo, / 1 2 m 2
B%P(®) = a(R_EH +4V"Vd —4(VP)) =0,
lloop / 1 kl
Brmn ( ) = « (Rmn - ZHmk/Hn + 2van¢’) =0,
1
,lnlzoP(B) —_ 0/(5 Vkamn _ Hkmnvk¢) =0,

where Hpynk = 3V, By and Vi, covariant with respect to Gmn.
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RNS string

;T T WeT T,
'L symmetry _/

Y

Q/IIA/IIB supergravitD

Puc.: Ordinary and generalized supergravities in 10D
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GS string and k-symmetry

GS action

Sz/dzo\/fo/ B, G =det Gy, (4)
b

Gy = EPE;Pnap, EA =89 zMENA(2), M= (x™, om). (5)

Kk-symmetry transformation (IIB example)

X 1 i . 1
0n2MEN? =0, SuMEW = S(1+ D)V, T =  Were 7G5”E,3EJ"%,,J3. (6)
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GS string and k-symmetry

Constraints on the supertorsion TA = dEA + EB A Qg” and H = dB

Hpjykai(L+T)*5 =0, (M

E? [\/I G T2 — 5UHaaiBj] (14N, =0, (8)

+ Bianchi identities are solved as [Tseytlin, Wulff (2016)]
R7%H2+4V"’Xm74XmX’":O, (9)

Ronn — %Hmk,an’ + VmXn 4+ VaXm =0, (10)

%kakm" — H™X —VTX" +V"X" =0, (11)

where Xpm = Iy + Vi® — Bmnl™ v Iy, is a Killing vector.
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RNS string and scale invariance

For the scale invariance of RNS string G,n, and Bp, must satisfy

[Arutynov, Frolov, Hoare, Roiban, Tseytlin (2015)]

1
glloop( )= Rmn—7 mid Mo = =V mXn = Vo Xm ,

1 1 (12)
lloop(B) 5 Vkamn — HkmnXk LVTYN _yhym =0
which is true for the Gmn and Bmp solving generalized supergravity equations (Ym = Xm).
The stress energy tensor
< T >= 2V (Xndyx™ + €1, Ymd' x™) (13)

that can be canceled only with non-local generalization of Fradkin-Tseytlin counterterm.

[Fernandez-Melgarejo, Sakamoto, Sakatani, Yoshida (2018)]

N\
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n-deformation of AdSs x S° - the real way the generalized supergravity was discovered

m GS string on AdSs 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+ 7?)? 1
N / drdo P2 [Aa do— (A (14)
2(1 —n?) 1-nRgod
n—deformed AdSs x S®
m does not solve ordinary supergravity equations [Arutyunov, Borsato, Frolov (2015)]

m solves equations of generalized supergravity  [Arutynov, Frolov, Hoare, Roiban, Tseytlin (2015)]
m formally T—dual to HT background (lIA solution) [Hoare, Tseytlin (2015)]

N\
13.10.2022 Kirill Gubarev 10 / 25



(RNS string ) friality »( GS string)

T T Weyl ~ 7 27 T scale T ™™ ;ST N
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Double field theory

DFT action
Sorr = / d®X =24 Q, (15)

where the DFT curvature

1 1 1
Q = HAP FaFp+FapcFoer (ZHADnBEnCF - EH*‘DHBEHCF) —FaF = o FascFEC, (16)

h 0 0 &b
Hag = ( Sb hab) y NaB = (52 6”) ) (17)
and DFT fluxes 1
Lg,Eg" = Fag“ECM, Lg,d = E-FA, (18)
Fagc = 3EnicOaEN g, Fa = Ena0BENg +20ad. (19)

For the consistency V DFT fields f, g must satisfy section constraints

n"Noyfong =0, nMNoyonf = 0. (20)
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10D supergravity from DFT

Supergravity parametrization

0 1
EMA:( kBkm m) d:qﬁ—zlogG,

a
O = (Om, 8™ =0), 4= ENOu.

The DFT EOMs < 10D supergravity EOMs

1
5d : R—EH2+4V’"V,,,¢—4(V¢)2:
1
ey Runn — ZHmk/an’ +VimVap+ VaVmp =0,
1
8bmn > ViH™ — H 7, ¢ = 0.

13.10.2022 Kirill Gubarev

13 / 25

(21)

(22)

(23)
(24)

(25)



Yang—Baxter deformation

Yang—Baxter deformation — local O(d,d) rotation

on —p"m mn
Ey” = OBIm"En®, on" = ( 0 (sﬁm ) = exp(8™" Timn),
n

with bi-Killing ansatz
B = rbkmi].

Fluxes deform as
0Fagc < CYBE, 6F,=21"bmpe], O6F7 =217,

where 1
I™ = VB = Erabfabckcmv fye 2rPldlpele — 0 (CYBE).

13.10.2022 Kirill Gubarev
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DFT Bianchi identities and constraints on /,,,

DFT Bianchi identities 3
0 = OjaFBcp) — Z}—[ABE}—CD]E

0=20aFp + O Fcap — F< Fcags (30)
1 1
0=0"Fa— S FFa+ 5 F % Fasc.

After the deformation ,
F = Fasc,
AB? ABC (31)
Fp=Fa+ Xa,

for the Bls to be satisfied Xy, must obey

LxEAM =0, Lxd =0, XuyxM=o. (32)
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10D generalized supergravity from flux shift in DFT

Em? Ey*
T T
v v
F F'=F+6F
EoMs(F)=0 EoMs(F’ — §F)=0
EoMssycra(g, B,d) = 0 EoMs/(g’,B’,d") =0
10D generalized supergravity EOMs
1
§d : R—EH2+4V’"X,,,—4X,,,X'":O, (33)
1
dem, Rmne™ — n HmH™ 1€ + ¥V mXp €™ + VpXm e™ = 0, (34)
1
Sbumn : > Vi HEm — Hkma X, Mt 4 VIX™ =0, (35)

where X = I + Vi® — Bmpl™ n Iy is a Killing vector.
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Generalization to 11D case

In string theory, the appearance of generalized supergravity can be associated with a violation

Weyl invariance \ scale invariance |
supergravity 4 generalized supergravity

In M-theory, there is no Weyl symmetry for membranes. This was one of the arguments why 11D
generalized supergravity should not exist. However, when the supergravity is considered in a split
form, there is a violation

GL(11) invariance s GL(d)x GL(11-d) invariance
supergravity generalized supergravity

that allows to build generalization.

\meru_
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Exceptional field theory
Exceptional field theory (ExFT) - this is a generalization of 11-dimensional supergravity in split
form d + (11 — d), explicitly covariant with respect to the U-duality group.

11D SUGRA / l \ / 1&,3\‘\

7D + 4D split 8guv Aua hap Apumn Cuvp Buvm
#d.o.f. metr. 4 vect. 10 sc. 6 vect. 4 sc. 3-for. 4 2-for.
2-for. 4 3-for.
e
S
b
dual
SL(5) ExFT 8w A, MN muN Bt ¢——— Cyup ™
myn = 5MASNBmAB (36)
Parametrization that corresponds to supergavity
1 57% em? e% ve 1
mun = Em EnBmag, Ent = el " 1|, e=det(el), VT =_—e"Cpy,
0 ez 3!
(37)
section condition
€MNKLP€MQR5T Onk ® @0 pe=0, O5m =0m, Omn=0 (SUGRA)7 (38)
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Ansatz for fields

We consider theory on the background Mij; = M7 x My
my 2 _ _ 1
Buv = e72q>(x )e5g;w(}/“), myn = € ¢e5 Mun,
AMN =0, Buum = 0.
Lagrangian

1
m L' = YagYepm™“mBP — > Yag Yeom*BmeP 4 322ABC ZPEF m bmeemce

7 S
+ 32248 ZPEF macmgpmer — 3 0as0com” mBP + &R[g(7)],

Fluxes
LesEY e = FapcPEMp,
3 1
Faec® = EENDB[ABENC] — EM counEN 58" o) — EEM[B|8I\/INEN\A]6DC:
p_3 p_ 1 D D
Fagc™ = EZABC - 59[A35C] + 44" YBjcs
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Generalized Yang-Baxter deformation

E

om" 0
A=o@u"En?,  Oo[Q]=

1
Lempgr P 1

For the deformation parameters, we use the poly-Killing ansatz

ank _ %pozﬂ'ykamkﬁnkwk7

satisfying the condition (a generalization of the Yang-Baxter equation)

6p[i2\i7j1p|i3i4\j26_1j2\[5] 4 22 yizidis] Faj2 iT_.

Under such deformations, the fluxes transform as

8 Fasc®

1 L .
= 3 E" CE" AE¥ g ESPekmpp, ST = ki My "p RS fy

that under reduction gives

mn ol
J =P123fi2i3

13.10.2022
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my. N N 1™ = M = p*Bf 57k, ™ (gCYBE).
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Constraints from SL(5) ExFT BI

SL(5) ExFT Bianchi identities

1 1 1 1 1 1
EaAB]:DFCE + EaBC]:DFAE - 5558CGFDFBG - ZfsgaBGFDFAG + 1553;\5]:0/:36 + Eégacc]:omc

(49)

1
- EBAC]:DFBE — FoocE Foea® + FaccE Fors® + Faset Forc® — Fasc® Forct — EaDF]:ABCE =0

also satisfied after the deformation

Fhec® = Faec® + 6Fasc®,

if
LeaJk/ + Jnlan¢ ek = 0, J™0n¢ = 0,
Vo (e—¢lmn) =0, Jm[anI] =0,
1
VimZn — nglankI =0,
vk(eﬂwk[’ vpl) =0,
Vk(J(pl) vk - Vk(V(PJ/)k) =0.
where )
Zm = Omd — gam"k//nk VI.

13.10.2022 Kirill Gubarev
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Construction of generalized supergravity equations

Em? EjA
e T
+ v
F F' =F+6F
EoMs(F)=0 EoMs(F’ — §F)=0
EoMssycra(g, C) =0 EoMs,(g’,C') =0
flux deformation 1
(S]:mnkl - Zemnkalp- (54)
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Generalization of 11D supergravity

Generalized equations
- 1
0 = Romnlh(e)] =7V (mZoy = 5 hmn(VV) +8(1 + v2)(sankk - 2Jk(,,,J,,)k>
+ 4V, <J“Jk, - 2Jk’J,k) 14V, <4J(kan)’ — Sy — 25k’5,,,n)

+ BV V(m (200 J¥) = 25 '+ S ),

- | o . (55)
0= S R[Em] + ¢ (TV) + V72— 622" = 20"y + < IS,
0 = ™ Frnt — 62" Fpis + 6(2°™ ot o — I Jofa Catm ),
0= Ruvlgmn] — ;guV'R[é(?)]:
where S™ = J(m) F Ly = 49|, Cppy and
Vm=Vm—Omo. (56)
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Example of solution - deformed AdS; x S’

AdS, Killing vectors
Pa:aa, Ka=X283+2an,

D = —x"0m, Map = xa0p — x50a,
roe a,b=0,1,2u mn=0,1,2,z, x* = 9mpx™x", xa = 1,5x>.

deformation along D A M A M:

4
Q= =3 02622 D A Mpg A M9

gives deformed background

R 1 a b
ds’ = K3 {dxadxa + =5 paxxPaxpdz + (1 - M) sz} L R2K™
V4 V4
3R3 1 a byc
Fo 28 (1 R0 60 ot n o
V4

solving generalized equations if
GYBE = p?pa = 0.
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GS membrane

Jmni=0

N
: ~
11D supergravity generalized YB defor::-mations [14, 15]

> €1D generalized supergravitD

AN
triality [1T

RNS string

GS string k
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THANK YOU FOR YOUR ATTENTION!

Puc.: "Deformations open the way to the world of new knowledge"
(=] =l = QA



Equations of motion

From C-frame lagrangian
——1,—1 - —5¢ppor= —7¢ mn 1 m n
& h 2L =e"*"R[gn] +e Rlh@4)] + 42h™" O pOnd + EVmV VaVT), (60)

we obtain the equations of motion for dynamic fields ¢, hmp u Vi

0 :
V™ Om(VV)—=7(VV)Omé =0,
™ . Rmnlha)] = 70m¢p Onp +7VmViag

1 1 1
+ hinn (—5e2¢7e[é<7>] = 5 Rlb@] +28%p 0o b — 7V, b + 2 (VV)2) =0,
(61)

5 1
?924’ RIZ(7)] + Rlh@a)] + 12V mVag h™ — 42V mo Ve h™ + 5 (VV)? =0,
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Generalized Lie derivatives

DFT
LAVM = ANoyvM — vNayAM 4 MV anAK VL,
1
Lad = AMoyd — 5a,v,/\’”,
ExFT ) )
LAvM = EAKL(‘?KLVM — Vg AMK 4 ZVMBKLAKL + Ay Ok NEVM,
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3 3
2
2 =
1 1

QYBE
Ri2(u — v)Riz3(u)Ro3(v) = Ro3(v)Riz(u)Riz(u — v). (64)
In classical limit
Rj=1+4er;+ O(?). (65)
CYBE
[r2, n3] + [r2, r23] + [r3, 23] = 0. (66)
using
[ri2, i3] = rotP1r1Pl ey, eq,] @ ep, ® eg,, (67)
we obtain
railBil paz|B2 foyan M =o. (68)

13.10.2022 Kirill Gubarev 29 / 25



Tetrahedron equation
R123R124 R134 Ro34 = R34 R134 R124 Ri23. (69)

In classical limit
Rijx = 1+ erj + O(?). (70)

classical tetrahedron equation

62'|

[r123, ri2a] + [r123, r13a] + [r123, ro3a] + [r124, riza] + [r12a, ro3a] + [r134, 3] = 0. (71)
13.10.2022 30 / 25



@ G. Arutyunov, S. Frolov, B. Hoare, R. Roiban, and A. A. Tseytlin.
Scale invariance of the n-deformed AdSs x S° superstring, T-duality and modified type Il
equations.
Nucl. Phys., B903:262-303, 2016.
arXiv:1511.05795, doi:10.1016/j.nuclphysb.2015.12.012.

@ llya Bakhmatov and Edvard T. Musaev.
Classical Yang-Baxter equation from [3-supergravity.
JHEP, 01:140, 2019.
arXiv:1811.09056, doi:10.1007/JHEP01(2019) 140.

@ Yuho Sakatani, Shozo Uehara, and Kentaroh Yoshida.
Generalized gravity from modified DFT.
JHEP, 04:123, 2017.
arXiv:1611.05856, doi:10.1007/JHEP04(2017)123.

@ Jun-ichi Sakamoto.
Integrable deformations of string sigma models and generalized supergravity.
PhD thesis, Kyoto U., 2019.
arXiv:1904.12827, doi:10.14989/doctor .k21561.

@ Bengt E. W. Nilsson.
Simple Ten-dimensional Supergravity in Superspace.
Nucl. Phys. B, 188:176-192, 1981.
doi:10.1016/0550-3213(81)90111-5.

@ L. Wulff and A. A. Tseytlin.
Kappa-symmetry of superstring sigma model and generalized 10d supergravity equations.
\menid TP, 06:174, 2016.

13.10.2022 Kirill Gubarev 30/ 25


http://arxiv.org/abs/1511.05795
https://doi.org/10.1016/j.nuclphysb.2015.12.012
http://arxiv.org/abs/1811.09056
https://doi.org/10.1007/JHEP01(2019)140
http://arxiv.org/abs/1611.05856
https://doi.org/10.1007/JHEP04(2017)123
http://arxiv.org/abs/1904.12827
https://doi.org/10.14989/doctor.k21561
https://doi.org/10.1016/0550-3213(81)90111-5

[

arXiv:1605.04884, doi:10.1007/JHEP06(2016)174.

Curtis G. Callan, Jr. and Larus Thorlacius.

SIGMA MODELS AND STRING THEORY.

In Theoretical Advanced Study Institute in Elementary Particle Physics: Particles, Strings
and Supernovae (TASI 88), 3 1989.

Curtis G. Callan, Jr., C. Lovelace, C. R. Nappi, and S. A. Yost.
String Loop Corrections to beta Functions.

Nucl. Phys. B, 288:525-550, 1987.
doi:10.1016/0550-3213(87)90227-6.

Curtis G. Callan, Jr., E.J. Martinec, M.J. Perry, and D. Friedan.
Strings in background fields.

Nucl.Phys., B262:593, 1985.
doi:10.1016/0550-3213(85)90506-1.

José J. Fernandez-Melgarejo, Jun-Ichi Sakamoto, Yuho Sakatani, and Kentaroh Yoshida.
Weyl invariance of string theories in generalized supergravity backgrounds.

Phys. Rev. Lett., 122(11):111602, 2019.

arXiv:1811.10600, doi:10.1103/PhysRevLlett.122.111602.

Imre Majer.
Superstrings.
URL: https://ncatlab.org/nlab/files/MajerSuperstrings.pdf.

Paul S. Howe.
Weyl superspace.
Phys. Lett., B415:149-155, 1997.

Nmong 5 v ; hep-th/9707184, doi:10.1016/50370-2693(97)01261-6.

13.10.2022 Kirill Gubarev 30/ 25


http://arxiv.org/abs/1605.04884
https://doi.org/10.1007/JHEP06(2016)174
https://doi.org/10.1016/0550-3213(87)90227-6
https://doi.org/10.1016/0550-3213(85)90506-1
http://arxiv.org/abs/1811.10600
https://doi.org/10.1103/PhysRevLett.122.111602
https://ncatlab.org/nlab/files/MajerSuperstrings.pdf
http://arxiv.org/abs/hep-th/9707184
https://doi.org/10.1016/S0370-2693(97)01261-6

E. Bergshoeff, E. Sezgin, and P. K. Townsend.
Supermembranes and Eleven-Dimensional Supergravity.
Phys. Lett., B189:75-78, 1987.

[,69(1987)].

doi:10.1016/0370-2693(87)91272-X.

@ llya Bakhmatov, Kirill Gubarev, and Edvard T. Musaev.
Non-abelian tri-vector deformations in d = 11 supergravity.
2020.
arXiv:2002.01915.

@ Kirill Gubarev and Edvard T. Musaev.
Polyvector deformations in eleven-dimensional supergravity.
Phys. Rev. D, 103(6):066021, 2021.
arXiv:2011.11424, doi:10.1103/PhysRevD.103.066021.

@ llya Bakhmatov, Aybike Catal-Ozer, Nihat Sadik Deger, Kirill Gubarev, and Edvard T.
Musaev.
Generalizing eleven-dimensional supergravity.
3 2022.
arXiv:2203.03372.

ey
13.10.2022 Kirill Gubarev 30/ 25


https://doi.org/10.1016/0370-2693(87)91272-X
http://arxiv.org/abs/2002.01915
http://arxiv.org/abs/2011.11424
https://doi.org/10.1103/PhysRevD.103.066021
http://arxiv.org/abs/2203.03372

