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Motivation

In type Il string / T¢, there are various branes
which are related by U-duality transformations.

E.g.; Type Il string / T’
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Motivation

Also in M-theory / T?, there are various branes
which are related by U-duality transformations:

e.g.; M-theory / T®
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Motivation

Worldvolume actions for these branes
have very different forms:
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Motivation

In this talk, | will propose
simple worldvolume actions:

independent of branes  depends

duality inyariant \ [on theAbran\e

[
1
Sp—brane — 5 / MIJ PI A *'YPJ — / Qp—l—l .
2pt1 2ip+1

/ \

r : N
[information about the target spaceJ contains the

is contained only here worldvolume
_ gauge fields

generalized metric
in the doubled/exceptional space

=> | will first review the geometry of the extended space.



Review: Double Field Theory (DFT)
Review: Exceptional Field Theory (EFT)

+ report some results on DFT/EFT
(not related to the main topic)

Review: Double Sigma Model
(based on doubled geometry)

Our action for a p-brane
(based on exceptional geometry)

Comparison with the known worldvolume theories for

M2-brane, M5-brane [PRL 117, 191601],
KKM (partial result) [ongoing work
F1/D1-string, D3-brane, ... with S. Uehara]



T-duality
g String theory / T< has the T-duality symmetry:\

Di <= w'
_ momenta windings Y,

conjugate | [%;, w’] = Z(S,f

[;Ui, pj| = 7,(5;

1 ~  winding
L Ly coordinates

People have noticed that e
in order to make [Duft 99;

. . . Tseytlin ‘91;
Fh.e T-d.u?llty covariance manifest, y,g0-Zwiebach 92;
it is efficient to introduce Siegel '93;...]
winding coordinates.



We consider 2d dimensional doubled space,
which has the generalized coordinates,

(a') = (2", Z;)

\

winding coordinates

There is a natural metric (G—BG~'B);; B G
Hry) = . - :
on the doubled space: —G'* By G
generalized metric
4 2 I

mass of a string: M?*= = (2" H;; 2/ + N+ N —2)

a/
\(ZI)('M winding
\_ a Di

momenta




. . signature
There is another metric (+91 T T
on the doubled space: e I
0 & d d
Oo(d,d) metric (n;))=\| _. '|.
580
Level-matching - 1 7
condition: ' N7 5% M2

O(d,d) T-duality transformations

ZI—>AIJZJ, /HIJ%(A_T)IK (A_T)JL%KL,

nrr — (A (AN Yk =nrg,

keep the mass spectrum/level-matching cond. invariant.



Gravitational theory on the doubled space

Double Field Theory

1 4
[Siegel '93;
a
Hull, Zwiebach ‘09]

Fundamental fields: {%I s(z) generalized metric

d(x) DFT dilaton

[Hohm, Hull, Zwiebach "10; \

-

2-derivative Lagrangian: I. Jeon, K. Lee, J.-H. Park “11]

Lppr =€ 248, +——

S=H"70;0;d—0;0;,HY —aH 8;d0;d + 40;H 8;d

1 1
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generalization of
the Einstein-Hilbert action

9" =0

equivalent

A4

parametrization:

(HIJ) = . .. , c = e |G|
~G'* By, G

1 )
L= \/|Gle2® (R+4|8<I>\2—E\H3\2)+8@-(4 Gle 2% G'19,®) .



In fact,

Strong constraint

& =0

is always required (up to O(d,d) rotation)

by the consistency of the theory.

Generalized diffeo. in the doubled space is generated by

generalized Lie derivative:

y
[Siegel '93;
a
Hull, Zwiebach ‘09]

LW =VE g W - WE 9 VIeWE oV, .

The strong constraint must be satisfied if we require

1. generalized diffeo. is the gauge symmetry of DFT
2. gauge algebra is closed

strong
constraint

n'! 9;0; (anything) =0 (0'/) = (; %;)]

From this, the fields/gauge parameters can depend
only on a half of the doubled coordinates.



Generalized Diffeomorphism

Let us recall the meaning of the generalized diffeo.

SvHryg = £vHry =VE M+ (0 VE —05V) Hi s
+ (aij — aKVj) Hir .

~ . (G — BG™! B)@J B GFI
(G =0) our= (gl ).

NN {5‘/@@- = £,Gj

VI _ (”Ui, fl}@) (SvB@'j = £vBij —+ (8@173 — 6’3@2) .

Generalized diffeo. conventional diffeo.
{5@' _ O] B-field gauge transf.




Short summary: DFT

Gravitational theory .
on the doubled space (z°) = (", T;)

Fund. fields:

(G—-BG™'B);; BiGY —2d _ 20
(HIJ) N ( — Gk Bkj G ’ € — |G| .

strong constraint |
LprT ! > L=+/|G]e™*? (R+4 00" — \H3\2) .

~ .

&=

2d dim. generalized diffeo. == { d dim. diffeo.
[5%. B O] gauge sym. of [,




Double Field Theory is Necessary

in order to describe
- Non-Riemannian background [J.-H. Park, K. Lee “13]

obtained by performing T-dualities
in the F-string background:

(G— BG! B)@j B GFi
(H17) = ik 7
—G"" By G 0

Hrs is non-singular but (G;;, B;;) are singular.

—> conventional supergravity doesn’t work
and DFT is necessary.

- Non-geometric backgrounds
[related to Minkyu and Kimura-san’s talk]
- Solutions of generalized supergravity
[Yoshida-san’'s talk]




Non-geometric backgrounds

2
5; (34567,89) [Lozano-Tellechea,

H
T?
H
By = — il dz® Adz?, e?® = (r) K(r,0) = H*(r) + 0% 6.

K(r,0) K(r,0)’

metric and B-field on the 8-9 torus are not single-valued!

This background cannot
be described globally

in the SUGRA
(non-geometric).

We can patch these tori with T-duality [de Boer,
. Shigemori ‘10; “12]
—) 52 background is a T-fold!

Non-geometric T-folds are well-described in DFT.



Solutions of
generalized supergravity

Yang-Baxter Solutions of
deformation | y generalized SUGRA
[Yoshida-san’s talk] ﬁ
Solution of modified DFT
[arXiv:1611.05856,
YS, S. Uehara, K. Yoshida]

Solutions of DFT (with a non-standard section)
[arXiv:1703.0axxx, J. Sakamoto, YS, S. Uehara, K. Yoshida]

These are also T-folds ! RR-fields are also twisted
by the monodromy!

Solutions of generalized SUGRA
are solutions of DFT !




There are various non-trivial backgrounds
in string theory:

- Non-Riemannian background

- Non-geometric backgrounds

- Solutions of generalized SUGRA

These backgrounds cannot be described
in the conventional SUGRA,
but these are well-described in DFT.



U-duality covariant generalization

NS-NS sector of supergravity on 1’ d
I T~
r )= (x", x;
( ) (f , ’i) winding coordinates

P &< F1
T-dual

M-theory/11D supergravity on T

(xl) — (377;7 Yirins Yigvisy *° ")
/ i t [Duff, Lu "90; West '03]

P&~ M2&~ M5 &— ...
U-dual U-dual U-dual

We introduce winding coordinates for all branes
which are related by U-duality transformations



Exceptional space

P M2 M5 KKM
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° V7| ° 174 eXOtiC.’
We introduce an “exceptional space

whose dimensions are those of the fund. reps. of £ ; .
U-duality group



Exceptional Field Theory

. . [Duff, Lu "90; Berman, Perry "11;
Generalized metrlc Berman, Godazgar, Perry, West "12; ....]
of the exceptional space :

ed 0
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Miy=E"1E750aB,  (BY) = | Je™)2® Cuny ()2,
e Cynigg
LrrT >  L£11d-SUGRA
(U-duality inv. 2-derivative action) 5
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U-folds

In M-theory, there are many non-geometric U-folds.
[de Boer, Shigemori ‘12]

U-folds| o@D
[

Geometric backgrounds

P-———>M2-——> M5




U-folds

7 U-duality monodromy
€ gauge symmetry of EFT

From EFT point of view,
background fields are single-valued
(up to gauge transf.)

[K. Lee, S.-J. Rey, YS, arXiv:1612.08738]

We studied monodromies of exotic-brane backgrounds
from EFT point of view.



Double/Exceptional Field Theory

@ supergravity

double sigma model/our model

string sigma model/
worldvolume theory for a p-brane



. [Hull “04; *06;
Double Sigma Model . ... “13]

X1 2D string worldsheet
¥ ‘ 0% embedded into the doubled space
dX"(o)
i v P! = - :

DXT =ax! - A!

~——

(1 i A\
S = — / %IJPI/\*,YPJ—FQIJPI/\PJ} (Q[J): 0 51
4 Js, L —5t 0
1 B ~ :
:—/ %IJPI/\*,YPJ—Q(dXZ—FCZ)/\dXZ]
\ 4 22 N j
local Xi(0) — Xi(0) + 5 (o) coordinate t
try | Ci(0) = Ci(o) — din(o) Jon9e symmetry
Symmezr) ¢ ' ' [Jeong-Hyuck’s talk]



. [Hull “04; "06;
Double Sigma Model . ... “13]

1 - _
= / [’HUPI A*, P —2(dX; + C;) /\dX"] .
Yo

e.o.m. for C;
dX; + C; = Gy, ., dX* 4 By, dX*

1 . . . .
825 /E (GijdXz/\*,Yde—|—B¢jdXz/\dX]).
(classically) equivalent to the conventional sigma model

Winding coordinates X, disappeared from the action
E not independent of X"’



Gauge fixing

In fact, we can always set X;(o) =0
by using the local symmetry,

C@(O') — CZ(O') — d’l’},,,(O')

~—

[ oaxio) [ax?
i) = (%)

S = f My P AP = QP APT]
Do

o |



Jeong-Hyuck’'s DSM i paric13)

Hull’s action (“doubled everything”)

1 i |
S=1 / [%UPI AP —2(dX; + C) /\dX@] .
2o

1 ~ :
, . —+— / dX; ANdX"
Jeong-Hyuck’s action 2 Jx,

1 [ .
S:—/ ’H”DXI/\*,YDXJ—QCz-/\dXZ}
22'

4
1 _

_—/ %IJDXI/\*,YDXJ—QDXI/\AI}.
22'

4

(P'(0)) = AXMo) 0 ) _ gyt - 4 = px!
dX;(c) + C;(0) B .



Symmetry of the action

_1 J
5—1/22[7'[11773 /\>!< 73 —I—Q[JP /\fp} (PI)(dXi)

0(d,d) inv. / Wd-)q.n\ P

Q) = 0 this constant matrix
1J i o is NOT O(d,d) invariant

J
We modify the action such that

the action is inv. under the generalized diffeo.
on the target doubled space.




Untwisted vector

We prepare a 2-form b;;(x) in the target doubled space,
which transforms in the same way as the B-field
under generalized diffeo.:

(5vB7;j = vaf,gj + (8,,,1’33 — 83’5@) .
5Vbij — fvbij -+ (81”53 — (93-6@-) .

Untwisted vector [Hull '14]

) dX? 5 0\ [dX dX?
(PH=| . ' | = .
P, ~b;; O P; P; — by dX7

= Q;;PIAPS s invariant un.der
generalized diffeo.




Our DSM action

1
S:—/ [H”PI/\*WPJJrQIJPI/\PJ}
2o

4 U
1 I J ~NT ~J
5\*=4/ [H”’P AP+ QP /\79}
Do

. ] i diffeo.
[ ] f °
inv. under generalized diffeo { B-field gauge transf.

1 . . . .
> PIAP! =dXP A (P; — by dX)

. 1 . .
—dX"AP; —2 X §bijdX“/\dX9
\ )

Y new

Fy (o)




7 meaning of 0,

d-dim. target space
Our d-dim. space of string embedding

| // Ei(x)~, ‘7 ol

YOS g o
The fluctuation can be described by
frame fields: Ei(x) = 9; + b;;(x) & .

bjij) (), dbz =0(z),
some conditions i )
in order to define vbij(z) ij (%) + 0;0; — 950

a "good” d-dim. space 1 | |
FQ(O’) = = b@J(X(O')) dX"* A\ d X’ ,
[S.-J. Rey, YS "15] 2

J
FQ(O') — dAl(O') </

b;; has to satisfy { bij ()




short summary

auxiliary fields I5(0) = dAi(o).

| |
Fund. fields: {)T(@(U), Pi(0), Yaplo), Ailo)} /

f f
Conventional intrinsic fluctuation along
embedding function  metric winding directions
Our DSM:
o N

5= L [ Ha(X(0)) P (0) A 2y P (0) — 0a(0)|.

(PI): (dXz) . QQ(O-):PZ(O-)/\dX%(O-)—I_QFQ(O-)

\_ Fy(o) =dAq (o). .




Reproducing the conventional action

1

S =3 /Z [%%IJ(X(J))PI(J) A, P (o) — 92(0)} .

[ Qy(0) = Pi(0) A dX (o) + 2 Fy(o) ]

eliminating the
auxiliary field P,

invariant under

B-field gauge transf.

)
( \

1 . _
S = 5 / GZJ dX* /N\ *,deJ —|—/ (BQ — FQ)
2o

1

2o

:_/ GijdX@'/\*,Yqu/ B2+/ A .
2 2o dio 022



Generalization to other branes

Our action for a p-brane:

5= [ [3MuX@)P0) AP (0) = B (e)]

1 ) )
V11(9) = 1 Piyiy (0) AAX (@) Ao A X (o) ?
: gauge fields
equivalent to known are introduced
worldvolume theory (fluctuations along

the dual directions)

for 4{ membrane
M5-brane



M-theory branes in Exceptional space

(for simplicity, let’s consider L case)
generalized coordinates

dX?
(:BI) — (xz’ Yivizs yil"‘%) TR G— (PI) — \/Li P@hiz 15+’?’
27dim = 6 + 15 + 6 L auxiliary
M2 and M5 can V51 Tiis)f | fields
wrap the torus \Epf) ) (dXi)
Generalized metric: M;; = L5 My LY, DSM \ 7
R Gij 0 0
(MIJ) = ( 0 Q12,9172 0 ) ’
0 0 Gil'”i5’j1”'j5
y 0 0
(LIJ) = ( %Cilizj 5311322 _ 0 . ) .
_% (Ciyigg = 5 Cliyigiz Cigisls) % 5[73'11?2 Cligigis) 551135

50 = g

: e (Yitigndide = §9 7t (ykd L (rkada
"l [i1 iq]’ T kikg .



Brane action
Consider a p-brane (p=2 or 5)

embedded into
the E, exceptional space

1

» T
dX?
1 1 I J I 1
- _M[JP /\*77) —Qp_|_1 . (7) ): \/_57)%'1752 M2
p—l_ ]‘ 2p+1 2 LP .
— 757 Pis-is ) M5
U-duality inv.
M2 Q = 5 P’Ll’tz A d)(%l?'2 + 3F3 ) del'l/?’p =dX" A A dXip
) 1 1 i
M5 Qs 55—7)@1 @5/\dXz1 ?'5—|— Piliz/\dXh?’z/\Fg—l-fiFG.

/ \
Fy=dAy,  Fs =dA;

Fund. fields: {Va.3(c0), X" (0), Pi,i,(0), Psi,..is(0), As(o), As(o)}




p=2 (1/2)
Our action for a membrane :

1 . .
1 1 I J Qg — 5737;1@'2 /\dAX'le /\Xm2 —|—3F3
S = - ii/\/ljjp /\*,YP}—Qg
by

3

. 1
Gij X" A xd X7 4 o G (Pivis + *iiah dX") Aty (P, + K5y s dX)

1 O S S L I
+ g Gteedds (P@'l...is + *[i1iaiz 737;47;5} + Xy sk dX ) A *’Y(le"'js + X152 s Phjs] + *jy-gsl dX )

ﬂ eliminate the auxiliary fields (' appears only here
Pirins Piywis (= disappears /)

. .1 ; ' ' '
S = / {Gij dX' A *'deJ + 2 Giyi,in o dX™ A dX™ A *y (dX7 A dX )}
23

+/E (C3 — F3).

[pN I



p=2 (2/2)

1 : ‘ 1 . . . .
S = 6/2 [G”LJ dX* A *,YdXJ + 5 Gi1i2’j1j2 dX“* ANdX™2 A *ﬁ/(del 7A\ dX32)]

apparently different from
@ the well-known action

/ + [ (C3 — F3)
23
membrane action [Bergshoeff, Sezgin, Townsend ‘87]

1 . .
S = —/ (sz dX* A >I<,Yd)(J — *71) —I—/ Cs.
2 23 Z"3

e.o.m. for Va3,

: . deth
hog = Gy 0, X" 03 X7 = h1 o o —h
8 j 8 dot (VA" V)ap =D Yop
) S:—/ d3m/—deth+/ Co— [ Ay
eliminate Vs 23 23 923

(classically) equivalent!



Comment

We here considered E, case, but for, £, or Ej ,

(Xt
1 p. . additional auxiliary fields
(P') = I@sz /appear!
ﬁ 31@5
L
\ )

1 . .
1 [ /1 ) J Qg = =P, 0, AAX AAX" + 3 Fy
S = - —M;;P /\*’YP — Q3 2
3 Ju\2 However, (); does not

contain the new auxiliary fields

So, the additional auxiliary fields are simply integrated out,
and the resulting action for X* does not change.

We can reproduce the membrane action also for £, / Eg .



p=5 (1/2)

dXi
Our action for a 5-brane: I |
S = 6 L (5 M[,] 7‘71 N\ *,YPJ — Q@) . % Pi1'-'i5
6

Qg = 1 Pi,oie NAX"% 4 172,;17;2 AdX""2 A\ Fy 46 Fg .
5! 2 P X
F3 =dA, Fy = dAs
eliminate auxiliary rields

S = —1—12 . d60[\/—_77“6 hap — (\i/ei—:@“ﬁ (h_lv)ﬁa}
o G AT N et vt i
: hag = Gij 0, X" 0sX7, Hj= }7’3 — Cs, A
oo, = {1 n tr(éfz)} 55 — % (H2)*5.

- /




p=5 (2/2)
ﬂ eliminate Ya8 (Yap # has!)

6 2
This is not a known action for M5-brane.

— tr(63 1
S:—/dGO' —h r( )—I—/(Og——Hg/\Cg—F@).
2 by

However, if we consider
a weak-field approximation for H;

1
SN—/d60'v—h—|——/Hg/\*hHg—l—/(CG—ng/\Cy,—F(;).
) 4 Jx ) 2
[Bergshoeff, de Roo, Ortin ‘96]
e.o.m. for Ay, = d(x,Hs — C3) =d(*,Hs + H3) =0.

Consistent with the linearized self-duality relation:

HgI—*hHg.



Non-linear case?

Without the approximation, e.o.m. for A> becomes

D, EPY =0, £ = or
OH 3+~
tr(6z 1
S:/ d60£:/ [—d6o\/—h r(62) +C¢ — = H3 NC3 — Fjy
Y6 Y6 / 6 2 /

a J v N
| oL 1 |
£oBY = _ {C[O‘ A C aﬁv] _

OH,g, 1201 ° (4nCs)
‘indices raised/ \‘ 3 _ tr(6—2) 3 1\ B
. lowered with /1,5 Co” = 3 O = (07%)a

Consistent with “non-linear self-duality relation”

Oq

1

Cla, ”

Q1
weak field

azazla — _(*hHB)alagag .

|



Known results

Ourresult: (i, “ Hy,as00 = —(*1H3)0ra00as -
CoeB = tr(eg_g) 55 o (9_%)016

Known result: [Howe, Sezgin ‘'97; Howe, Sezgin, West "97;

Sezgin, Sundell 98]
C[ala Hozgozg]oe — _(*hH3>a1a2a3
5 1 2] 58— L (pr2)
C.f =K~ {[1+Etr(ﬂ)}5——(ﬂ K=

Apparently different, but in fact the same:
C.,?P=c,°. =) Consistent!

e.o.m. for X" also looks the same: 00 (V—h B Gij0sX7) =0.
checking details...




YS, S. Uehara,
PRL 117, 191601 [arXiv:1607.04265]

N

YS, S. Uehara, ongoing work.



If we consider E; exceptional space,
we can also consider the Kaluza-Klein Monopole

wrapped on the 8-torus.

Kaluza-Klein Monopole requires
a Killing vector (Taub-NUT direction) k.

DX \

i1t2

PH=| —va |, DX'=dX'—ak".




Our action: worldvolume
gauge fields

_ 1 1 J 1 i1--tg L7 1.0
S—/z}'?(?MIJP A *P —I—a?)@l@?’Z/\DX k'™ k @)

\ very complicated !
Let’s consider the metric only.

eliminating auxiliary fields

A\

S = / k2\/ |det(Gi; Do X? DgX7)| [Bergshoeff,
27 Janssen, Ortin ‘97]

N Part of the known action for KKM.



Generalized metric for F;

[H. Godazgar, M. Godazgar, M. Perry ‘13]

[ (L), 0 0 0 0 0 0 0\
(L2)gyap 5 (L22)g,ay 12 0 0 0 0 0 0
(L31)91--93,  (L32)91--93 e1e2  (L33)91--93 ; 0 0 0 0 0
(LA1);, 22 (LA2),52 12 (LA3);,92 1y ns (LA4);,32 k) 0 0 0 0
(L51) 4, (L52) e1e2 (L53) hy..hg (L54) 1, L55 0 0 0
(L61)my ma b (L62)my s <2 (L63)my s hyohs (L6 myma P ke (L65)my s (L66)my _ma ™3 0 0
(LTU)®ez,  (L72)me ez (L73)a9, o (Lrd)neky  (L75)ee  (L76)@e mens ([TT)0e 0

\ (L81). (L82), “1e2 (L83)s hy. (L84), M1y, (L85), (L86), ™m0 (LST), pyry  (L88), %)

Figure 1: The generalised vielbein



Generalized metric for F;

[H. Godazgar, M. Godazgar, M. Perry ‘13]

(139)

(L51) 5 (143)
(L61)my mam:
i Y & wt [mima Cmajuzus X 059, (144)
(L71)% - raaaly; ! [rua
(145)
‘I.‘:”_\'ul . - "h's'

iy 7 = T3,
(Lag)mee eter — ___ymmgseien (148)
27
(L42); 7 == = Xz (149)
v
R (150)

1

_ ururuseren -

24T

(151)

&
(L2)n® sies — 2 J_]Tg_-wu(-vw_‘\1‘_‘-”».,“;- _%_\-mu!_\-.w.“
(152)
(182): 7 =
+ XtE_ e
06+/2 e =
bl G 153
Fooga z (153)
(L33 oy =gV (154)
'”p_‘i,:}_,:—\ (155)
; o .
|J,\z'=:,_‘h:,_l:—ﬁq (156)

(L63)rm1 mama hihah: ‘mimama Chikahs + 9C]my mal b Chahal]jma] )

(157)
- . ungnl 1 i
(LT g = 1 CupanV 07+ L
».ML) (158)
i g L L
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(150)
(160)
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(162)
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(164)
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(168)
(169)
12 maznanans (170)

(( [inzgma] _ (171)

e =0 T (172)

(173)

(LB8), ¥ =g la¥ (174)

All of the lowercase Latin letters denote SL(8) indices. In the above expressions g is the determinant

of the spatial metric,

The ¢ tensor is the alternating tens:

Ve e, (175)
Xeroas,  yeasg, (176)
W = e, (177)

e (178)

in eight dimensions,



EFT for type IIB theory

Not only the 11 dim. SUGRA but
10 dim. type IIB SUGRA can be also
reproduced from EFT [Blair, Malek, J.-H. Park "13;

Hohm, Samtleben ‘13]

LEFT 1 > L11d-SUGRA

7 Pi M2 M5
(33 ) — (37 s Yivins Yiy-vigy Yiqg-vir,iy *° )

(2')

the same
> Liype HBXdimensions

- m 8 (8
— (QZ 'y Ymy Ymimaoms) yml---m57 le---mg,na o )

P F1/D1 D3 NS5/D5 KKM



Generalized metric for type IIB

Einstein-frame Mun = (LT M L)mn
metric \

Gmn 0 0 0 0
% 1 0 mag Gmn 0 0 0
M = |G n—2 0 0 GM1ma2ma, ninang 0 0 ’
o 0 0 G 0
0 0 0 0 GM1--Mg, Ni---Ng (GMN

Co 1
s 0 0
(a3
73“4 5? s 0 0 0
3 ¥
D BY B le B
B nm1m2m3+2 8 Prlmy “mgmsg] B~y ['"1 momsa] sn1nang o 0
L= V31 214/31 mima2m3
[ @ [ a coroen o n 51 npnan3 [a"
B Dnml “mg +10D, n[mymomg Bm4m ]+\> 3 Bn[m Bm2m3 Bm4m5] B 5 (L”IB 5[m1 Dmll--m4] 36.'3'7 5[m1 Bm2m3 Bm4m ]) E[m e Bm4m ] sa sM s o
V5! V51 214/31 51 g my-e-ms
* * * *

/

tai B, Cons o
contains | ™| Cp ., |

[K. Lee, S.-J. Rey, YS, arXiv:1612.08738]



Action for type IIB branes

Our action:

1
g —

- p+1 2(

My PM A PN = 0, )

F1/D1 ]
D3

NS5/D5
KKM

(exotic)

— auxiliary fields

-



F/D-string

Our action: P

4

1 [l
S = /[—MMNPMA*,YPN—Ql].
2.

L :

well-known action for (p,g)-string [Schwarz ‘95]:

Sz—ul/dQU\/qamaﬁqu/—h+u1/qa(BS‘—Ff‘)-
by by




D3, D5/NS5, KKM, ...

Our action:

D3-brane (p.q)-5-brane KK monopole

Actions for exotic branes will be also derived!



Summary

We proposed a simple action for a p-brane:
S = /E [ Mis(X(0) P (0) A2y (0) — Qi (0)]

' M2-brane ... reproduced a known action.

M5-brane ... reproduced a known linearized action.
Even at the non-linear level,

e.o.m. seem to be the same (checking the detail).

KK Monopole ... reproduced (a part of) known action.
(mow checking)

—

1-brane ... reproduced a known (p, q)-string action.
3-brane, 5-brane, KKM, exotic ... now checking.




