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Before explaining our motivation,
1 will review

Exotic brane?

[Elitzur, Giveon, Kutasov, Rabinovici ‘97;
Blau, O'Loughlin '97;
Obers, Pioline '99; Eyras, Lozano '00;

Lozano-Tellechea, Ortin '00]



Standard branes

In type Il string theories or M-theory,
there are many supersymmetric branes:

Type ll: P, F1, Dp. NSS5.

M-theory: P, M2, M5.




Wrapped brane

Type Il string / n-torus:

We can consider a wrapped brane.

e -

] D6-brane wrapped
on a 2-cycle

4-brane
1 1 /Ri1R
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Wrapped brane

Under a T-duality [98% s o Ry%l?}

R’ZJ R’y
o 1 RlRQ T3 o 1 R1R2R3
= 5 (Ce) =2 = G ()
I, \
ﬂ Tension of
po_ L (Rl) D7 wrapped
PN AN on a 3-cycle

Tension of
D5 wrapped
on a 1-cycle



Wrapped brane

Under a T-dualit Ls A4
y [ 9: = - Os Ry—>Ry }

o 1 R1R2 T3 o 1 R1R2R3
T4_gsl§( 2 ) — T4_gsl2( 3 )
S-dualit \

y Tension of
[ 13— 9512, 95— 95" } D7 wrapped
on a 3-cycle
Ty, = 31 - (RII?RS) «— Tension of NS7

g5 1 L3 (Q7) wrapped

cubic on a 3-cycle



Exotic branes

1 /R{R>R5 Tension of NS7
1y = pE zg( 3 ) ) (Q7) wrapped

cubic ﬂ on a 3-cycle
T,

Tension of

1 R1R2R3 R4 2
1y = PEYE ( 3 ) (Z) — KK8 wrapped
quadratic °"°@ 3-cycle
1 /Ri{RosR3\ s RiR5\?2
— : 7
1y ETE ( E ) ( E ) Tension of 77



Exotic branes

. [Obers, Pioline,
We follow the notation of hep-th/9809039].

If a p-brane has the tension

T_

1 (Rnl...Rnb—p)(le...Rmcz)Q (REI...Rgcs)S
Pognl, 1 ls?

lgs

we call the brane a b\“:“? -brane.

|

Typel /7’ [n=01,..,11| [s=2,..,6|

Forn = 2,...,11, the branes other than 5, and 5%
are usually called exotic branes. NS5 KKM



Exotic branes

T B T7 [T.Kimura, .
ype / J.J. Fernandez-Melgarejo, YS]

F1,P,D1,D3,D5,D7,9,,NS5, KKM, 52,53, 54, 75, 52, 3%, 15, 65",
4;(3,1’3) : 2:(31,5) ’ 7;2,0) ’ 5:(32,2) ’ 3:(32,4) ’ 12 , 0511,6) : 15}1,0,6) ’ 53 ’ 4:Ell,i%) , 3512,3) ’ 2513,3) ,
1514,3) : 5511,0,3) ) 4511,1,3) : 3511,2,3) , 2511’3’3) 9, 7512,0) : 5514,0) ’ 3516,0) : 221,5) ’
2;3,3) : 2((55,1) ’ 121,0,6) : 1;1,2,4) ? 121,4,2) 1 lgl,ﬁ,[)) : 221,0,0,6) 3 2;],0,2,4) : 221,0,4,2) ;
2;1,0,6?0) : 5§ : 5;2?2) : 5;4?0) : 421}1,3) : 421,3,1) : 3g2,0,4) : 322,2,2) : 322?4,0) : 2;3,1}3) :

2;3,3,1) : 1((34}3) ; 1((31,4,2) ? 1'g2,4,1) : 1{(33,4}0) : 3{(32}4) ’ 3531,2,3) ? 3532,2,2) : 3((33,2}1) ;

3é4,2,0) : 2%1,0,2:4) , 2((31,1,2,3) : 2%1,2,2,2) : 2’5’51,3,2:1) , 2((31,4,2,0) ? 1’(71,6,0) : 1’(?3,4,0) :

1’(75,2,0) : 1’(77,0,0) : 35'6:0) ’ 3’(72,4,0) : 3,(74,2,0) : 3'(76,0,0) ; 2gl,.(),.1,5,0) : 2'(?1,0,3,3,0) : 2'2'1}0,5,1,0) :
2’(71,3,3) : 2'(?3,1,3) : 2;1,0,4,2) : 2'21:2,2,2) , 2;1,4,0,2) : 2;2,1,3,1) , 2'(72,3,1,1) : 2’(73,0}4,0)
2'(73,2,2,0) : 2’(73:4,0,0) ? 1537,0,0) : 25(31,0,6,0) ’ 25(33,0,4,0) : 22(;5}0}2,0) -,. 25(37,0,0,0) : 2&3,3}1)
22(31,3,2,1)’ 25(3'2,3,1,1)3 25(33,3,0,1) ? 22(?’1,0,3,3}0)’ 22(31,1,3,2,0)’ 25(31,2,3,1,0) } 2%1}3}3,0,0)
251,4,2,0)’ 25(;’3,2,2,0)j 255,0,2,0) ’ 25()1,0,5,130)’ 25()1,2,3,1,0)’ 2‘51,4,1,1,0) } 252}1)4,0,0)
25()2,3,2,0,0) : 2&2,5,0,0,0) } 25?6,4,0,0) ’ 25%),3,3,0,0) : 2(1%,3,2,0,0) 2(3,3,1,0,0) ’ 254{1),3,0,0,0)

’ <10
(7,0,0,0) (2,5,0,0,0) (6,1,0,0,0)
211 b 211 211 :

’
?
?
?
?

(4,3,0,0,0)
211

? 3

defect branes, domain-wall branes, space-filling branes



Exotic branes

T A T7 [T.Kimura, .
ype [ J.J. Fernandez-Melgarejo, YS]

F1, P, DO, D2, D4, D6, 8 , NS5, KKM, 52, 53, 54, 61, 4%, 23, 0,

7‘L())l,O) : 5;1,2) } 3é1,4) , 1gl,ﬁ) ? 6;2,1) : 4g2,3) } 2;2?5) , 12 ; Ogcl,ﬁ) : 14(11’0’6) ’ 52 ? 4511,3) :
3512,3) : 2513,3) ; 14(14’3) ’ 5511,0,3) : 4i1’1’3) : 3(1,2,3) ; 24(11,3,3) ; 8511,0) } 6&310) : 4&5,0) :

237,0) : 22 ’ 2;2,4) : 224,2) : 2%6,0) } 1él,l,.Ea) ’4121,3,3) : 1§1,5,1) } 2gl,O,l,S) , 2LE)l,(),?),?)) :
2LE)l,.(),li,l) : 5&1,3) : 5&3,1) : 4LE)l,.(),él) : 421,2,2) : 4tE)l,ﬁl,()) : 3L£)2,1,3) : 3é2,3,1) : 2&3,0,4) :
2%3,2,2) : 2;3,4,0) -,. 1%4,3) ? 1%1,4,2) : 1%2,4,1) : 1&3,4,0) -,. 3é2,4) ? 3é1,2,3) : 3é2,2,2) :
3é3,2,1) : 3é4,2,0) ’ 2%1?0,2,4) ’ 2%1,1,2,3) ’ 2%1,2,2,2) } 2él,B,Q,l) : 2%1,4,2,0) : 1(77,0) :
1;2,5,0)’ 1;4,3,0)’ 1;6,1,0)’ 3571,5,0)’ 3,(73’3’0)} 3*(751130); 2;1,0,0,6,0)’ 2'(71,0,2,4,0)
221,0,4,2,0) : 2.(71’0’6’0’0) ? 2'(74’3) : 2'(72,2}3) ’ 2574,0,3) : 2'2'1,1,3,2) ’ 2g1,3,1,2) } 2;2,0,4,1)
2'(72,.2,2,1) : 2'(72,4,0,1) ’ 2g,3,l,3,0) ’ 2g3,3,1,0) : 1&7,0,0) ’ 2&7,0) ’ 2‘%2,0,5,0) ’ 2%4,0,3,0) ’

2&6,0,1,0) : 2&3,3,1) ’ 2&1,3,2,1) ’ 2§;2,3,1,1) : 2&3,3,0,1) ’ 2&1,0,3,3,0) ’ 25}1,1,3,2,0) : 2&1,2,3,1,0) :
25(31,3,3,0,0) : 25()5,2,0) : 25()2,3,2,0) : 25()4,1,2,0) : 25()1,1,4,1,0) : 25(}1,3,2,1,0) : 25()1,5,0,1,0) ’

25()2,0,5,0,0) : 252,2,3,0,0) , 252’4}1}0}0) ’ 251[’)),4,0,0) : 25%),3,3,0,0) ’ 25%,3,2,0,0) : 2(1'}’)),3,1,0,0)

2(4,3,0,0,0) 2(1,6,0,0,0) 2(3,4,0,0}0) 2(5,2,0,0,0) 2(?,0}0,0}0)
10 y 411 s 411 y 411 » 411 .

?

?

b

defect branes, domain-wall branes, space-filling branes



Exotic branes

In the paper,
we also studied M-theory branes.

Ru=gds, l,=g"%l. |

: 1,0 5 1,3 1,7 2,4 3,1 1,0,4
P, M2, M5, KKM, 5%,, &40 26 503 olL7) g4 g1 50104

4,3 1,1,6 1,2,3 7,0 1,4,3 1,5,0 2,2,3 1,0,2,5
251)’1g1 )’451 )?254)’1g4 )3454 )3354 )?2é4 )?

(2,5,1)  5(3,3,1) ~(4,0,4) 5(1,1,3,3) (4,4,0) 5(5,2,00 5(1,3,2,2) 5(2,0,5,1) ~(1,0,0,7,0)
Ly7 , 397 y 297 y 297 , 139 , 330 , 230 , 230 , 230 ’

(7}1,0) (2,3,2,1) (1,0,3}4,0) (3,4,0,1) (4,1,3,0) (1,1,4,2,0) (1=3,3,1,U) (2,0=6,0,0)
133 ) 23% ’ 233 ) 236 ’ 236 ? 236 ’ 239 ) 239 '

(1,6,0,1,0) (2,3,3,0,0) (3,4,1,0,0) (5,3,0,0,0) (8,0,0,0,0)
242 ’ 242 ’ 245 ) 248 ’ 251 :

Here, 1 will concentrate only on type Il branes.



Exotic branes

We have counted the number of p-branes
in each dimensions:

type lIB branes

For example

D3 (6), D5 (20), D7 (6), NS5 (20), KKM (60), 55 (60), 55 (20), 73 (6):\

52 (60), 3% (30), 65" (30), 45" (60), 25" (6), 5% (20), 4{" (60),

355 ?) (60), 27 (20), 217 (6), 2% (20), 29” (6)

\_ Y,
In total, 576 branes!




We have counted the number of p-branes:

Exotic branes

[d\p] 0 | 1 | 2 | 3 | 1 | 5 | 6 | 7 ] 8

| 9 ] 3 | 2 | 1 | 1 | 2 | 2+1 | 2C3]2C3[2C4
[ 8] 6 | 3 | 2 | 3 | 6 | 64+2C8®3 [6C12[6C15]

| 7] 10 ] 5 | 5 | 10 | 20C 24 | 204+5C 40615 |20 C 70| |
6] 16 | 10 | 16 | 40 C 45 | 80 C 144 [80+4 16 C 320 @ 126| | |

|5 ] 27 | 27 | 72C78 | 216 C 351 432 C 1728] | | |

| 4] 56 [ 126 C 133 | | 576 C 912 ] [2016 C 8645] | | | |

| 3 |240 C 248[2160 C 3875|17280 C 147250] | | | | |

[A. Kleinschmidt,

“Counting supersymmetric branes,” arXiv:1109.2025]

Consistent



“Weaving the Exotic Web”

1HA DO D2 D4 D6 D8 5, 5 5 55 5
© 0JO, 0JO, 0JO, 0JO, © @0 @OO @OO @

PR VAVAVAWA IS
@@ @@ ®O ®O ®O ®O ® © @0 @0OO @OO @

1IB D1 D3 D5 D7 D9 52(1) 52) 53) 55 55(5)

14) 4(23 5(1 2)

nA ¢ %
@@@ @@@@ @@@ OJOJONGS OJOICIOEP GLO

\L/\\@/ // <N ///%\\\\

® 15@ @@@ @(2@4@ @@1(3@@ @@@ @@@ @@1(1@@ xS
] 13 2%(5 33) ) 4(3(4)) 6&(’3)) 73(1) 7(3(21))

(4,3) 233) 21:3:3) (1,2,3) 419 4119 1,0,3)
IIA (1.6 46 1(1.08) 14 3,
4@ o 4@ E‘D ® @@ @(?@ @@ @@ ON @ @ @@(?@ @j@@ ©JO)
\/ \ ™
& oo o é >

(1,6) 16 (1,0,6) @ 0]O) @ @@ @@ @ OO O®
1B < 4(3 Ta(5) 1(4 3) 2(3 3) (1:33) , 4(1 3 1 i 3) 53 5(1.03)

4(7) 4(4) 4(6) 4 4(2) 4(4)



Motivation of our work

. . [Meessen, Ortin
Supergravity solutions for hep-th/9806120]

the standard branes/defect-branes are known.

[ N NN NN
U-folds [de Boer-Shigemori "10; "12]

(globally non-geometric backgrounds)

' \ NN N
F1,P,D1,D3,D5| D7,9,,NS5,KKM, 53,53, 5%, 75, 52, 34, 19, 65",

4é1,3) ) 2:(31,5) ’ 7&250) ’ 5:(32,2) ’ 3:(32,4) 12 ) 0511,6) ’ 1£11,0,6) ’ 5% ’ 4511,3) ) 3512,3) , 2513,3) .

1514,3) | 5511,0:3) | 4511,1,3) | 3511?2,3) | 24(11:3,3) 9, 7512,0) | 54(14?0) | 3516,0) | 2él,E)) .
2é3,3) | 225,1) | 1él,o,fi) | 1él,2,4) | 1&1,4,2) | 1él,ﬁ,o) | 2gl,o,o,e) | 2;1,0,2,4)

| 5;4,0) | 421,1,3) | 421,3,1) | 3é2,0,4) | 3é2,2,2) | 3é2,4,0) | 2&3,1,3) ‘

5(1,0,4,2) ’
2‘(51,0,630) , 5% ’ 5;2,2)

(3,3,1)
2 e

How about other branes? domain-wall branes
space-filling branes



Domain-wall solutions

In type IIA, SUGRA solutions [Meessen, Ortin
for D8 and KK8 branes are known. hep-th/9806120]

~D0, D2, D4, D6,|D8} NS5, KKM, 52, 53, 53, 65, 43, 23, 0%,
, 5(31,.2) , 321,4) 7 1‘L())l,fi) } 6:(32,1) , 422,3) , 2:(32,5) ’ 12 , 0511,6) } 14(11,0,6) , 52 , 44(11,3) :
3512,3)’ 2513,3)’ 1514,3) | 5511,0,3)’ 4£l1,1,3)’ 3(1,2,3)’ 21(11,3,3)’ 8(1’0), 6(3,0) 4(5,0):
2517,0) ’ Zg , 2;2,4) ’ 2;4,2) ’ 2;6,0) ’ 1;1,1?5) ’ 1;1,3,3) ’ 121,5,1) ’ 2([(51,0,1,5) ’ 2;1,0,3,3) .

4 4 4 s g
2L£)1;0,5,1)’ 5;1;3), 5(311) 421,0,4)’ 4(1,2,2) 4é1’4’0), 3223133) 3?13,1)’ 2;3,0)4):

25_}3,2,2) | 2é:3’4’0) e )
However, they are solutions b D8 ... massive lIA

of deformed type IIA SUGRAs. KKS ... ano?\her

.

Other domain-wall solutions non-covariant
are not obtained yet.



Domain-wall solutions

In this talk, 1 will show that

for all of the domain-wall branes,

their SUGRA backgrounds are
solutions of certain deformed SUGRAs.

(non-covariant)

F1, P, DO, D2, D4, D6, D8, NS5, KKM, 53, 53, 55, 65, 43, 22, 0%,

7:())1,0) ’ 5(31,2) ’ 321,4) ’ 1:(31,6) } 6&2’1) ’ 450)2,3) , 2;())2,5) ’ 12 , 0511,6) } 14(11’0,6) ’ 52 , 44(11,3) :
3512,3) ’ 2513,3) ’ 1514,3) , 5511,0,3) ’ 4511,1,3) ’ 3511,2,3) ’ 2511,3,3) ’ 8511,0) ’ 6513,0) ’ 4515,0) :

2517,0) ’ Zg , 2;2,4) ’ 2;4,2) ’ 2;6,0) ’ 1;1,1?5) ’ 1;1,3,3) ’ 1(51,5,1) ’ 2!(51,0,1,5) ’ 2&1,0,3,3) :

2;1,0,5,1) | 5;1,3) | 5ésgn | 421,0,4) | 45[—31’2’2) | 4é1’4’0) | 322,1,3) | 3‘532,3:1) | 2;3,0)4) .

(3,2,2)
=

]

o(3,4,0)

3] )

2

?



Our strategy

We first construct SUGRA backgrounds
for all of the domain-wall branes

as solutions of Exceptional Field Theory (EFT).

4 )
Manifestly U-duality covariant SUGRA

[West ‘00; Berman, Perry "11;
Berman, Godazgar, Perry, West "12;
Hohm, Samtleben '13; ....]

(generalization of Double Field Theory)
- J




Our strategy

We find that the EFT solutions have
a linear dependence on the winding-coordinate.

As | explain later, we can convert
the linear winding-coordinate dependence
into a deformation parameter of SUGRA.

¢

EFT solutions reduce to solutions of deformed SUGRAs.



Mixed-symmetry potential

[Bergshoeff, Riccioni "10; '11; ...]

Dp-brane ... (electrically) couplesto C; ,;
NS5-brane ... couples to D,

55-brane ... couples to
a mixed-symmetry potential Dg,

5>-brane ... couples to
a mixed-symmetry potential Dy ;

p§1’7_p)-brane ... couples to

a mixed-symmetry potential Eqg5_, ,

: 1.

set of antisymmetric indices



Mixed-symmetry potential

[Bergshoeff, Penas, Riccioni, Risoli,
arXiv:1508.00780]
In DFT, the mixed-symmetry potentials
are identified as the electric dual of the R-fluxes:
(which magnetically couple to exotic branes)

dDg’g = *10(R'flux RS)
dE9,8—p,1 = *10 (R'flux R8_p’1)

We extend this correspondence to EFT, and obtained
more R-fluxes and mixed-symmetry potentials
that couple to all of the domain-wall branes.



Double Field Theory

In DFT, we introduce the doubled spacetime
(™) = (@™, T)
P F1
All of the bosonic fields (¢,.n, Byun, @)
are defined on the doubled space.
We organize them into

(9— Bg~ ! B)mn —Bpp gP"

—2d —2d
: e =1/ —g e :
gnp Bp'n, gmn ) g

generalized metric T-duality-inv.
dilaton

(Hun) = (



Ccolm— 0Oof

DFT

E.O.M. of DFT
1
GM%KL ONHK1 — 5 8(M|7{KL aKH|N)L +20p0ONd+--- =0,
1
HMN O HEFOnH i, — 5 HEL o HM N OnHie s + 400 d ONHM N +-.. = 0.

Covariant under O(n,n) T-duality rotations

4 )
Hun — At AnCHpo, Oud — Ay Ond,

oM o AM 2N

\_ /




DFT

In terms of the usual supergravity fields
the T-duality rule is summarized as

/
) gaygby_Ba’bey ;r Bay I 1
Jab = Gab — v Yay = T Gyy = 7
9yy Gyy Jyy
2
;L Ba,y 9oy — YGay Bby 1 Yay 29’ _ ©
ab — Bab — ) Bay - ? € o
gyy gy’y g’yy
+ Buscher’s rule
/ ~/ ~ / ~ ¥/
gja’:xa’, xa:xa,[l‘y:xy, ny:ZI?y}

coordinate exchange

This maps a DFT solution to another DFT solution.



Example

[Meessen, Ortin, hep-th/9806120;

2 S
5;-brane solution: | . chigemori, arXiv:1004.2521]

2
72 | T2 |’F|
T=T1+i7, T =mz>, To=h+ml|z’|

A solution of the usual SUGRA.
Tg

Sg-brane solution:

ds® = dzd,. 5+ 2d3:67+7'21d:c8+7'2d339, e 2% =|7|?, BQZ——d$ Adx'.

7|7

T=T1+iT, T =mis, To=h+ml|z’|

A solution of DFT.



Non-geometric parameterization

To describe backgrounds of exotic branes
it is quite convenient to introduce the dual fields.

(g — B g_l B)mn _Bmp gpn gmn _gmp /Bpn
np mn - (%MN) - np ~—1 ~ n\ymn |’
9"? Bpn g B Gpn (g~ —BgB)

\/_—g e—2@ _ e—2d _ \/?g e—2$
[Duff ‘89; Andriot, Larfors, Lust, Patalong, arXiv:1106.4015]

We can describe backgrounds with (g,,,, 5", q3) .

Just a redefinition of (¢,.n, Bmn, ©).



Non-geometric parameterization

52-brane solution:

—~

~2 1.2 —1 7.2 2 —2¢ 67 _ 8

N7 =h+mle] )

55-brane solution:

~2 1.2 —1 1.2 2 —2¢d __ 2 67 _ _ ~
ds® =dzgy..5 + 7 dagrg +odrg, e Y =715, B =muais.

\(ngh+m|x9|) /

Winding coordinate appears only in the B-field.
Moreover, the dependence is just linear.



Mixed-symmetry potentials

52-brane solution:

=2 1.2 —1 3,2 2 —24 _ 67 _ 8
ds® =dz§,.5 + 7 dxg, + odrsg, € Y =1, [ =mzx".

[Qmpq — am/@qu = Qs =m.

[ 6_2(;5 gp'r gqs ;10(Qmpq dxm) = dDS,TS . J
1
—>  Doi234s67,67 = —MmT, .

55-brane solution:

~9 2 —1 7.2 2 — 2 2 67
dS — d$015 —|_ 7_2 d$678 —|_ 7_2 d:Eg ; e ¢ p— 7_2 ] /8 p— me'S .

( R™MPI = 35["’”5?‘1@ —> RS —m.

-

—2¢ ~ ~ ~ ~ n1NoNng —
€ (bgmlnl 9mons 9msns *10R — dDQ,nlngng . J

_ 1
> Do12345678, 678 = —M Ty .

\§




DFT — EFT

In order to obtain SUGRA solutions
for all of the exotic branes,

F]-,P,D].,DS,D5,D7,91’NS5,KKN_[’5%!5%}5:’21,73’533‘3%,1%36:(31’1)’

4(31,3) ’ 2(31,5) ’ 7:(32,0) : 5:(32,2) ’ 3:(32,4) ’ 12 : Ogl,ﬁ) : 1511,0,6) : 53 : 4511,3) : 3512,3) : 2513,3) :

4.3 1,0,3 1,1,3 1,2,3 1,3,3 2,0 4,0 6,0 1,5
]-EL )352 )1451 )3351 )32/(1 ):94:7z(1 )553 ):33 ):2é )a
2&3,3) , 2£(;,1) ’ 1gl,o,ﬁ) , 1%1,2,4) ’ 1;1,4,2) ’ 1&1,6,0) , 2!(51,0,0,6) , 2él,o,Q,.cL) | 2&1,0,4,2) ,
1,0,6,0 2,2 4,0 1,1,3 1,3,1 2,0,4 2,2,2 2,4,0 3,1,3
o h000) 5t 532 5O g{b1I) g (LB [3(204) g{3:22) [3240) ol 13)
2g’s,s,l) , 1((34,'3,) , 1%1,4,2) , 1((32,4,1) ’ 1((33,«.1,0) ’ 3((32,-»1) ’ 3((31,2,3) ’ 3((32,2;2) ? 3l(33,2;1) ,
4.2.0 1,0,2,4 1,1,2,3 1,2,2,2 1,3,2,1 1,4,2,0 1,6,0 3,4,0
12’5,2,0) ’ 1;7,0,0) , ng,(]) , 3g2,4,[)) ’ 3£f4,2;0) , ng,(],()) ’ 2(71,0;1,0,0) ’ 2(71,0,3,5,0) ’ 2;1,0;5,1,0) :

2(71,3,3) ’ 29’1’3) ’ 2;1,0,4,2) | 2;1,2._2,2) , 2;1,4._0,2) , 2;2,1._3,1) , 2;2,3,1,1) ’ 2(73,0,4,0) ’
o 2L ? lg,o,o)’ 2&1,0,6,0)’ 2;3,0,4,0)’ 2;5,032,0)1 2;7,030,0)1 2;3,331),
2él,s,z,l) ’ 2&2,3,1,1) ’ 2é?,,s,o,l) , 2&1,0,3,3,0) ’ 2&1,1,3,2,0) ’ 2g}1,2,3,1,0) | 25(51,3,3,0,0)
2&1,4,2:(}) ’ 2{(}3:2,2,0) ’ 2((_)5,0,2:{))
2;2,3,2,0,0) , 2&2,5,0,0,0)

(3,2,2,0) (3,4,0,0)

bl

1,0,5,1,0) 1,2,3,1,0) 1,4,1,1,0)  5(2,1,4,0,0)
» 49

( ( (
¢ ’ 29 ’ 29 ? 29
(34,00) 5(1,3,3,0,0) (2,32,0,0) 5(3,3,1,00) 5(4,3,0,0,0)

’ 210 ’ 210 ’ 210 ’ 210 ’ 210

?

?

7,0,0,0) 2,5,0,0,0) 4,3,0,0,0)

6,1,0,0,0
251 ) 251 ; 251 o ) .

:251

we need to extend DFT to EFT.



EFT

In EFT, we introduce the extended coordinates

(':CI) — (zm? i;m? y??’),’ y?]?’l,lmgmg ?y’i’Ll'“mg) ) )
P F1 D1 D3 NS5

type 1I1B branes
generalized metric

(M) = g™ By 4 - g 4

5 dilaton, R-R fields e.t.c

Natural extension of DFT



Non-geometric parameterization

Similar to DFT, we can introduce the dual fields:
(g_Bg_lB+°'°)mn — By g7 + - - -
(MIJ): g?’lpon_|_... gmn_|_.“
. Usual type IIB fields -

( gmn_|_... _gmpﬁpn+... \
_ Bnpgpn_|_... (§—1_5§5_|_...)mn
dual type IIB fields

~ i mn miy---Map jgml---mg 5m1---m7 n
(gmna Cba /8 y Y 9 ) , )

field redefinitions



EFT

~
T-duality: /constant matrix

[YS, Uehara

-

arXiv:1701.07819]
K L 1 1 J
MIJ:T] TJ MKL; h ZT J L .

~

J

(:UI) = (2", Ty Y75 Yryeoomnn s Yy ooome 17" )
P F1 DO D4 NS5
type lIA branes
(g—Bg_lB+---)mn — By g7 + - - -
(Myy) = g™ By, + -+ - gmnt -
' type lIA fields
This T-duality maps
a EFT solution to another EFT solution.



T-duality in EFT

In terms of the dual fields the T-duality rule becomes

~ab b 7 u y ~h1; 6(;1} 5?)1; ay ﬁay uy 1

Iy =9~ gyy  Jw) = gy’ gia) = gy’ [YS, Uehara

3ab /Bab Jﬁ?ay gby — gay J‘Bby ay gay e—‘Z@‘;(A) _ 8_2(‘?5 arXiV:17o1.o7819]
(A) Guy ’ A Guy gy

[G]_"'(ln.—2|r.i)"| Na'”'_l]y
0% g

AL A —1Y a1 _ H
=5 (n—1) ; = dual version of

YAy Guv

a a1-a (a1-Gn_1 Qan] yloran—2lvl gan—lyl ganly ’
n = 1y | larancy ganly Lo (1) | : Buscher S rule

a’l.l
Yiay gyy
aj--asy ay---asy [al...a_,l a_s]y [a1a2a3|‘y| [1_1(15] 45 ,[alaﬂz azay {l.’}]y
5(;\) =/ +5n i +5n Y - ? ” B Y
— g ’T[ala7 ’}'G'Saul Ba.‘}]y —|— 10 n[al.“a3|y| "}/a"l|y|§a'5]y o 15,-};[01'12 6a3|y| f}/a'1|y| gaa]y
2 ' gyy gyy :
o
Coordinate exchange:
¢ & ¢ T, < T 2y & I b “ yP
bl a a s Yy yal---ap yal---apy 1
s S s oS
Yay-agbybpy,by-bn 7 Yay-agby-bpy, byby, o Yay--asby---by,by---by Yay-—-asby---bny,by--bpy >
E E pard ~
yal...apbl...b,,_py’bl...b7_p — yal...%bl.._b7_py,bl...g,?_py, Taby--bgy,by-bsy <7 Tiby---bgy, by---bsy :
Lay--agy,ar-as 7 Taj--asy,ar-agy,y s ZLay--aey,ar--agy,as 7 Lay--aey,ar--asy,as -



S-duality in EFT

For the dual fields in type lIB parameterization,
the S-duality rules are summarized as

- —¢
- e ’}/
~ —2 2 ~ —¢" _ r_
gmn_\/e ¢+7 9mn, € — —2¢ 5 7 Y= —2¢ 5 7
e +7y e +7y
/ / /
,8 mn _ _,}/mn’ ~ mn _ an, ~ my-mg ,}/ml ma 65[m1m2 ,}/mgm4] -
I'm---me __ m1--+Mg mi1Mmeo ., 7TN31M4 msMmeg
Y/ = BTG 4 lmama et gmsimel
miq---meg __ my-Me mi1mso ma3mmay msMmeg
B = 7 — 45 glmms gmama ymsmel,
[ ] [ ] °
Coordinate permutations:
~ _ D D __ =~ /D _ S
Lo = " Ym>sr Ym = Tm yfml---mg, — _y'ml---fmg, )
/S D /D __ E IE D
yml...m5 - yml...m5 b] yml...m7 - yml...m.? bl yml...m7 - yml...m,? b]
/s . E IE s
Ymy-mz,ming — " Ymiomz,nine s Ymyomez,ning = Ymy-mr, ning o

IE _ ;'i, 52,! A -
yml...mT’nl...nG - My My, 117G 9 mi--M7, N1 NG - yml...m,?’nl...ns .



EFT solutions

Using these duality rotations,
we can obtain EFT solutions for all of the branes:

F1,P,D1,D3,D5,D7,9;, NS5, KKM, 53, 53, 53, 7, 53, 3%, 15, 65",

4g1}3) ) 2.‘(3115) ) 7'53,210) ’ 5'5322) ) 3g2’4) ) 12 3 0511’6) ) 14(11,0,6) ) 52 ) 4511,3) ) 35(1213) ’ 251313) )

1&4,3) ’ 5£(11,0,3) , 4511,1,3) ’ 3511}2,3) ’ 2£(11,3,3) 9., 7512’0) , 5(4,0) ’ 3516,0) ’ 2g1,5)
2é?,,?,) , 2&5,1) ’ 1él,o,es) ’ 1g1,2,4) ’ 1é1’4’2) ’ 1%1,6,0) ’ 2;1,0,0,6) ’ 2;1,032,4) , 2g1,0,4,2)
2;1,0,6,0) 5% 522,2) } 5&4,0) ’ 4é1,1,3) ’ 4é1,3,1) ’ 3é2,0,4) ’ 3&2’2’2) ) 3é2,4,0) ’ 2é:s,l,:a)
2&3,3,1) ’ 1gl,3) ’ 1((51,4,2) ’ 1((32,4,1) , 1%3,4,0) ’ 3é2,4) ’ 3é1’2’3) ’ 322,2,2) ’ 3é3’2’1) ’
3((34,2,0) ’ 2t(ﬂ)l,o,z,al) } 2((31,1,2,3) ? 2{%1,2,2,2) ’ 2((31,3,2,1) ? 2{%1,4,2,0) ’ 1(1,6,0) ? 1;3,4,0) ’

1;5,2,0) ’ 1(77,0,0) ’ Sgﬁ,o) ’ 3(72,4,0) ’ 324,2,0) ’ 3(76,0,0) ’ 2E(l,o,l,s.,o) ’ 2(71,0,3,3,0) ’ 2;1,0,5,1,0) .
25’1,3,3) ? 2E{3,1,3) , 2%1,0,4,2) ’ 2;1,2,2,2) ’ 2&1?4,0,2) , 2g{z,l,g,l) , 2;2’3’1‘1) , 2;3,0,4,0)

(3,2,2,0) ~(3,4,0,0) +(7,0,00 ~(1,0,6,0) ~(3,0,4,0)

27 y 2r , 1g y 28 , 24 , 2 , 2
(1,3,2,1)  ~(2,3,1,1) ~(3,3,0,1) 5(1,0,3,3,0) ~(1,1,3,2,0) ~(1,2,3,1,0)

2g , 28 , 28 , 28 , 28 y 28 )y 48 )

1,4,2,0 3,2,2,0 5,0,2,0 1,0,5,1,0 1,2,3,1,0 1,4,1,1,0 2,1,4,0,0

o(1:4:20)  9(3:2.20) 9(5.0.2.0) o ) o ) o ) of )
(2,3}2,030) (2,5,0,0,0) (3}4,030) (1,3,3,0,0) (2,3:2,0,0) (3,3,1,0,0) (4:3,0,0,0)

29 ’ 29 ’ 210 ’ 210 ’ 210 ’ 210 ’ 210
(7,0,0,0) (2,5,0,0?0) (4,3,0,0,0) (6?1,0,0,0)

211 ) 211 ) 211 ’ 211 .

¥
?

?

?

(5,0,2,0) ~(7,0,0,0) ~(3,3,1)
8

9 28 )
2(1,::'.,::’.,0,0)

?



EFT solutions

In our paper, particularly, we obtained all of
the domain-wall solutions in type 1l / M-theory.

F1,P,D1,D3,D5,D7,9;,NS5, KKM, 52,53, 5%, 75,52, 3%, 16, 6",
4g1,3) , 2:(31,5) ’ 7&2,0) ’ 5;2,2) ’ 3g234) , 12 , 0511,6) ’ 1511,0,6) ’ 52 ’ 4L(L1,3) , 3512,3) | 2‘513,3) ’
1&4,3)’ 5£(11,0,3), 4511:1,3)’ 3511,2,3)’ 2£(11,3,3) 9, 7512,0), 5514,0), 3516,0)’ 2&1,5),
2g3,3) , 2gs,l) ’ 1;1,0,6) ’ 1%1,2,4) ’ 1&1,4,2) ’ 1;136,0) ’ 2él,o,o,ﬁ) ’ 2{%1,0:234) , 2g1,0,4,2) ’

2%1,0,6,0) ’ 5§ ’ 5‘(52,2) ’ 5(4,0) ’ 4&1,1,3) ’ 45:"1,3,'1) ’ 35:’2,0,4) ’ 3(2:2,2) , 3‘(52,4,0) , 2‘(53,'1,3) ,

25}3,3,1) ’ 1{(34,3) ’ 1%1,4,2) ’ 1((?’2,4,1) , 1%3,4,0) ’ 3é2,4) ’ 3f(51,2,3) ’ 3é2,2,2) ’ 3553,2,1) ,
3((34,2,0) , 2&1,0,2,4) } 2t(ﬂj171,2,3) ? 2&1,2,2?2) } 2((31,3,2,1) ? 2&1,4,2,0) } 1(1,6,0) ? 1%3,4,0) ’

155,2,0) ’ 1(77,0,0) ’ 326,0) ’ 3(72,4,0) ’ 3;4,2,0) ’ 3(76,0,0) ’ 2(71,0,1,5,0) ’ 2(71,0,3,3,0) ’ 2;1,0,5,1,0) .
2;1._3,3) ? o(3:1,3) , 2;170,4.2) ? 2(71,2,2,2) ? 2&1,4,0,2) , 2%2,1,3,1) ’ 2;2,3,1,1) , 2(?3,0,4,0)

(1,0,6,0) (3,0,4,0) ~(5,0,2,0) ~(7,0,0,0) ~(3,3,1)
3 28 ) 2 ) 28 3 2

{
(3,2,2,0) ~(3,4,0,0) .(7,0,0) _

27 y 27 , 1g , 28 8 ’

1,3,2,1 2,3,1,1 3,3,0,1 1,0,3,3,0 1,1,3,2,0 1,3,3,0,0

?

(1,2,3,1,0)
) 28 ) 8 )

(1,4,2,0) ~(3,2,2,0) +(5,0,2,0) ~(1,0,5,1,0) ~(1,2,3,1,0) ~(1,4,1,1,0) ~(2,1,4,0,0)
24 y 29 y 29 y 29 y 29 , 29 , 29 ,
(2,3,2,0,0) ~(2,5,0,0,0) ~(3,4,0,0) 5(1,3,3,0,0) ~(2,3,2,0,0) ~(3,3,1,0,0) ~(4,3,0,0,0)
24 y 29 » 210 » 210 » 210 » 210 » 210 )

(?,0,0,0) (2,5,0,0,0) (4,3,0,0,0) (6?'1,0,0,0)
211 ) 211 ’ 211 ’ 211 .



R-fluxes

We also obtained R-fluxes, each of which
magnetically couples to each of the domain-wall brane.

F1,P,D1,D3,D5,D7,9;, NS5, KKM, 53, 53, 53, 7, 53, 3%, 15, 65",

4g1,3) , 2:(31,5) ’ 7:(J)z,o) ? 5;2,2) ’ 3g2,4) , 12 , 0511,6) ? 1511,0,6) ’ 52 ? 4L(Ll,'3,) , 3512,3) | 2{&3,3) ?

1&4,3) ’ 5£(11,0,3) , 4511,1,3) ’ 3511,2,3) ’ 2£(11,3,3) 9., 7512’0) , 5(4,0) ’ 3516,0) ’ 2g1,5)
2&3,3) , 2&5,1) ’ 1él,o,es) ’ 1g1,2,4) ’ 1él,al,z) ’ 1&1,6,0) ’ 2;1,0,0,6) ’ 2;1,03234) , 2g1,0,4,2)
2;1,0,6,0) 5% 522,2) } 5&4,0) ’ 4é1,1,3) ’ 4é1,3,1) ’ 3é2,0,4) ’ 3&2’2’2) ’ 3é2,4,0) ’ 2é:s,l,:a)
2&3,3,1) ’ 1gl,3) ’ 1((51,4,2) ’ 1((32,4,1) , 1%3,4,0) ’ 3£;2’4) ’ 3é1’2’3) ’ 322,2,2) ’ 3553,2,1) ’
3((;172,0) ’ 2t(ﬂ)l,o,z,f;) } 2((31,172,3) ? 2&1,2,2,2) ’ 2((31,3,2,1) ? 2{(ﬂ)1,4,2,0) ’ 1(1,6,0) ? 1;3,4,0) ’

1;5,2,0) ’ 1(77,0,0) ’ 356,0) ’ 3(72,4,0) ’ 324,2,0) ’ 3(76,0,0) ) 2E(l,o,l,s.,o) ’ 2(71,0,3,3,0) ’ 2;1,0,5,1,0) .
2g'173,3) ? 2E{3,1,3) , 2%1,074,2) ’ 2;1,2,2,2) ’ 2&174,0,2) , 2(72,1,3,1) , 2;2’3’1‘1) , 2E{3,0,4,0)

(3,2,2,0) ~(3,4,0,0) +(7,0,00 ~(1,0,6,0) ~(3,0,4,0)

27 y 2r , 1g y 28 , 24 , 2 , 2
(1,3,2,1)  ~(2,3,1,1) ~(3,3,0,1) 5(1,0,3,3,0) ~(1,1,3,2,0) ~(1,2,3,1,0)

2g , 28 , 28 , 28 , 28 y 28 )y 48 )

(1,4}2,0) (3,2,2,0) (5,0,2,0) (1,0,5,1,0) (1,2,3,1,0) (1,4,1,1,0) (2,1,4,0,0)
2 , 2 , 24 , 24 , 24 ;2 ;2 ,
(2,3}2,030) (2,5,0,0,0) (3}4,030) (1,3,3,0,0) (2,3:2,0,0) (3,3,1,0,0) (4:3,0,0,0)
29 ’ 29 ’ 210 ’ 210 ’ 210 ’ 210 ’ 21[J

(7,0,0,0) (2,5,0,0?0) (4,3,0,0,0) (6?1,0,0,0)
211 ) 211 ) 211 ’ 211 .

¥
?

?

?

(5,0,2,0) ~(7,0,0,0) ~(3,3,1)
8

9 28 )
2(1,::'.,::’.,0,0)

?



R-fluxes

We started from the standard R-flux:
R'Eg)lmzms — 38 mi Bmsz] <:> sg_brane
% chain of dualities

le ‘Mg, N1N2N3 8n1n27L35m1 ‘Mg 4 Saml Mg, [Nn1 ,_Yngng] +68[m1 "Mms _meglninang

(5) gl

+30; T [anA?'ﬂ + (non-linear terms like [ 0..77"),

2%3’3)-brane
% chain of dualities
R?;)l TN P = gnng gmaemy, p_ 7831"%7’13[”1’1 5m2---m7]
(16,0) g] —|—78m1 ‘mz, [n1--ng ,},n?]p_|_5m1"'m7,?’11"'?’17,p,7,
1;7" -brane + (non-linear terms)



Example of EFT solution

2%3’3)-brane solution:

ds* = 72/ dagys + 7 s dasys + 7y )2 dagrs + 7 )2 dag ,

e_z&:'rg_l, 63"'8:my3D45. \(72:h+m|£€9| )

winding coordinate of D3-brane

This background has a constant R-flux:

3.--8,345 1345 53-.-8

"Me, P1P2P3

2 1—5 ~
(1-5) ¢ Iming *** 9meneIpras gp292gp3qS*10R(5)

= dEé?M...nG, g1q2q5 Mixed-symmetry potential Gy 5

(5) 1 [Bergshoeff, Riccioni
= Eo. 8,831 = =M T2 arXiv:1710.00642]



Short summary

domain-walls magnetic source of
(C2+'”+Cs:°“acs—1+csa Cs)
b,,(@cs’””@)-brane > R(n)
non-geometric R-flux
ﬁlodge-dual

9,c2+-+cCs,...,€s—1+Cs, Cs

mixed-symmetry potential

We constructed domain-wall solutions in EFT

The EFT solutions include
a linear winding-coordinate dependence.



Relation to deformed SUGRASs



D8-brane

[Hohm, Kwak, arXiv:1108.4937]
In the D8 solution, R-R 1-form has
a linear winding-coordinate dependence.

Ci(z) = Cy(2%) + m g da®

ansatz
_ 28 _
E.O.M. of DFT Fo=0"Cs =m
@ converted

Type lIA SUGRA E.O.M. with a mass deformation
(E.O.M. of massive type IIA SUGRA).



55-brane

~9 2 —1 1.2 2 — 24 2 67 ~

J
This is a solution of DFT/EFT. /

Ansatz:
A 5?’!1 _amn
Hun = (U H(z)U),, UMN(S’ fn )

m

ﬂ constant R-flux 7678 —

P

~ ~ ~ m ~

£DFT — ESUGRA —\ e_2d (37717'[[6” 7‘[7|M an?'[|8]M + E det fH@j) |
Y . —

deformation (4,7 =6,7,8)

~2 1.2 —1 1.2 2 —2¢ 2
dS _ d$015 —|_ 7_2 d$678 —|_ 7_2 de'g 3 & —_ 7_2 .

Without B-field, it is a solution of the deformed SUGRA.



ds

5% = da:gl...5 -+ 72_1 d:c§78 + To dazg : e 2% = TS 567 = maIsg.

55-brane

According to the section condition,

if there is a winding-coordinate dependence,

fields cannot depend on all of the physical coordinates.

-

-

Consistency condition: R""P 8p — ()

(R678:m) :> (:L‘O,“' ,565,\,8\6 &\7,5\8,339

~

)

/

The deformed SUGRA is effectively 7-dimensional.



7%1’0) -brane

7;1’0)-brane solution (11A):
d5® = 73/? (dad, 5 + 7o dad) + 15 da?,

—~

U = oM T8 Kg“

Ansatz: My = (UTM U)IJ’ S

@ generator of E,,
LerT = Lsugra—+ (deformation)

R38 — 9y =/ 0g=0
This deformed SUGRA is effectively 9-dimensional.
ds®> = 7)/% (da?, ., + o dad) + 75 2P dad, e 2% =717

KK8A solution of [Meessen, Ortin, hep-th/9806120]




6%1’1) -brane

6%1’1)-brane solution (11B):

d5® = 73/% (dzd,. s + T2 dad) + 75 P da? + 7 Y7 Al

e_%:l, 778:m5f:8.
Ansatz:
~ ~ 2
M[J:(UTMU) U =e ™% R7s

1.J° N
i

generator of E,,

Lerr = Lsugra+ (deformation)

An effectively 8-dimensional deformed SUGRA.
ds® = 721/2 (dzg;..q + T2 dzd) + 72_1/2 dxs + ’7'2_3/2 dxg .

“Unknown brane (6,2,1)” [Meessen, Ortin, hep-th/9806120]



Summary

We constructed the domain-wall solutions in EFT
or deformed SUGRAs.

(CS, (co+-+cCsy...,c2,cs—1+Cs, Cs)

(domam-waIIS) / non-geometric R-flux
|

ele-mag dual

(1)
E9762+'”+CS9“'768—1+Csa Cs

mixed-symmetry potential

deformed supergravities deformation parameter

= constant R-flux



Summary

Exceptional Field Theory is a useful framework

-
to describe SUGRA backgrounds

of the domain-wall branes in string/M-theory.

to systematically reproduce deformed SUGRAs

(usually non-covariant)

that contains a domain-wall Wthe solution.
N
b(CS,...,CQ)

™ / -branes

Yoshida-san’s talk

X

Generalized SUGRA is also a similar deformed SUGRA.

Killing (isometry) directions



