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Finite coordinate transformation

In General Relativity

Under a finite coordinate transformation, ™ — =’ (x),

8wlm

ox™

a vector field w"™ () transforms as | w'™(z’) =

///-—?

Finite transformation law is important,
in order to investigate properties of spacetimes :

w"(x) .

Schwarzschild coords. dmn

k l
Kruskal coords. ¢/~ — 2z 0z g,
x’™ odx’m




Finite coordinate transformation in DFT

In DFT, there exists a larger gauge symmetry:
(part of O(d,d) symmetry).

:> We can consider more general patching
of doubled space.

E.q. T-fold Finite O(d,
=9 /{\ transfornsat‘ign

In general, the transition function is given by
a finite gauge transformation in DFT, and we need to find
the finite transformation law of a (generalized) tensor field.
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Aim of this talk

similar but different

C. M. Hull, arXiv:1406.7794
DFT approach
S-J. Rey, YS, arXiv:1510.06735 ... October 22th.

DFT + SL(5) EFT

N. Chaemjumrus, C.M. Hull, arXiv:1512.03837 .... December 11th.
SL(5) + SO(5,5) + E¢ EFT

same their comment

approach about our paper
our paper

Ay s L :'\' —f— : S— N =or e e Wil ‘“;‘ eSS e TOTE G' [T Wh].].e

this pape)was in preparation, {e paper [44) appeared addressing the same question, but using
an approach which appears to suffer from the same issues as ¢he approach of [3

Hohm-Zwiebach’s approach

I'd like to explain what is the issue
and argue that there is no issue in our approach.



§1. Double Field Theory

(quick review)



Double Field Theory (DFT)

DFT ... manifestly T-duality covariant reformulation of supergravity.

~

B To make the covariance manifest, Dims. of space are doubled.

M — (™, Tn)

B Gauge symmetry: generated by Generalized Lie derivative
( © d-diml diffeomorphism + B-field gauge symmetry )

LywM =vNaywM — (VM —oMyvy) Wi .

B Consistency ( 6y W™ behaves as a generalized vector ! )
We require [the strong constraint]

= field can depend only on the half of the doubled coords.

—

1 1
SprT — ——= /ddw\/—Ge_2¢ (R+ 4|8¢|% — 3 |H|2) :

o
Bfﬁm* = 0. |:> — 22 . .
\_ gauge sym. = Diff; x (B-field gauge sym.) Y,




Our Convention

M = (2™, T,,) > M = (Z, ™)

(standard)

original coordinates

[ In Exceptional Field Theory (EFT), =™ = (z*, y;;, ...) ]

1 O
(the O(d, d) indices, M, N, are raised/lowered)

" d) metric : 0 1 7
O(d, d) metric nMN:( )anN’ Zvnun =0.

—-G™'B G—1

_ (63; Bmp) (qu 0 )( 52 0)
0o o 0 GP?) \—Bg, &
(today we will not consider another parameterization)

P /5% \ pq n —B"
k 0\ (G 0\(5 B)

o o o oo

_ _1 1
Generalized metric: 3, = (G BG™ B BG )

,HfMN —
(please look at our paper)




§2. Finite transformations
in DFT (review)
(S-J. Rey, YS, arXiv:1510.06735.)

Glg(e { C. M. Hull, JHEP 1504, 109 (2015).

é“rn —0

O. Hohm and B. Zwiebach, JHEP 1302, 075 (2013),
J-H. Park, JHEP 1306, 098 (2013),
D. S. Berman, M. Cederwall, M. J. Perry, JHEP 1409, 066 (2014).



Notations

General Relativity

m(m)//m(m) Solution of %m l =v"

Finite diffeo. =™ — z!"(x) = e° "™
Ps (integral curve)
° ™m m™m B:I:m n
Vector field w"* (x) transforms as w, (z) = — w"(xs)

(pull-back o w™) | :

* - active diffeomorphism ... (Park '13; Rey, YS “15) ﬂ
- passive coordinate transf.

d
V finite s, g’w? = Lyw)]

ax™

n
8338

w™(zs)|= e*Frw™(x) .

> w?(m) =




Review: Finite transf. in DFT (1/4)

In DFT, infinitesimal transf. is generated by the gen. Lie deriv.;

finite
= Woyu(x)=e sty WM(:U) =GM, WN(:BS)
)

complicated funct. of V™ and s

A proposal [Hohm, Zwiebach (2012)] :

“Gauge transf.” = “Generalized diffeo. in the doubled space” ;

oy WM () @ sxM(z) = VM (x)

WSM(CC) fM WN(QZS), fMN(CL‘ ) = — (

8ac o0x i ox g Bmf)
OxM 9x.n  Oxop OxK /)’
ox wi\/f oSV oM

= wp(Ts)

dx™

Wsm () =




Review: Finite transf. in DFT (2/4)

Hohm-Zwiebach’s formula gives

WM (z) = FaN Wi(zs) = WM (x) 4+ s £y WM () + O(s?).
(at an infinitesimal level)

d u
However, other than s = 0, —W,n(x) # £vWon () .

ds

= | W (z) = FauN (2, 25) Wi () £ eV WM ().

[Hohm, Zwiebach (2012)]

el ™
.’L'?;I:l) = eV $M —> 33?/[ = ev+%:.0i8X7: .‘TJM — ( VS pios ~ )
correction e EMR I/ 7o

I .
Wis=nym(®) = Far' (&, T(s=1)) WN (T(s=1)) = eV WM (z).

4 )

——> Full order correction [U. Naseer, JHEP 1506, 002 (2015)] )

\_




Review: Finite transf. in DFT (3/4)
[J-H. Park, JHEP 1306, 098 (2013)]

WSM(m) — fMN(mams) WN(ms)’ xi\/.[ = esV wM .

d “

ds sm(x) = £yWonm(x)  (for arbitrary s)

M _ xm 1 M N M _ s" N 1)
v =vM oW orEY, 1 =) (VR an)TTVY,

| J n=1
|

¢t M p; =™ [does not generate a translation]
(6" 0™ ;) Opgx =0 (O™ % pyx = 0)
generate a B-field gauge transf.

. ["coordinate gauge symmetry”: ™M ~ M 4 9t M, ] )

d

—> Up to coord. gauge sym., qQs VoM = EyWaonr ~ £v Wy,

Hohm-Zwiebach’s proposition is correct ! /

Wart(z) = FarN (2, 25) Vv () ~ e* £V W () .



Review: Finite transf. in DFT (4/4)

[D. Berman, M. Cederwall, M. Perry (2014)] showed

W! (z) = PV Wi (z) = (F - )™ Wi ().

co n—1
1 (—=1)"(n—2k—1)
eA = H H 1+ — n,k | 9
n=2k=0( 2(n+1)(k+ 1) (n—k)! )
(Mp )™ = o (VE-VE) N (Vr=r=1 vy,
™ =0
10 Hohm-Zwiebach’'s F,," is equal to
A . . . .
e = ( 1) the exponential of the generalized Lie deriv.,

* up to a B-field transformation.

B-field transf.

[Hohm, Zwiebach (2012)] will be correct:

1 8z Oxk Az OxN
vV, = FuN Vn(s), FuN(z, z,) = —( s s )
m (@) M N(@s) s v (@, @s) 2 \90xM 9x.n 0. OxK




Some issues
in
Hohm-Zwiebach’s proposal
1. Composition law;

[Hohm, Zwiebach, JHEP 1302, 075 (2013);
Hohm, Liist, Zwiebach, arXiv:1309.2977]

2. Patching condition with H-Z is restrictive;
[G. Papadopoulos, JHEP 1410, 089 (2014);
C. Hull, JHEP 04 (2015) 109]



Issue 1: Composition law

" @> w'rln @) Cl};n , wl!m(mz) g 6332 wln(ml) G:> 81;2
v ox? oz

m
83}2

Composition law is satisfied. 9pm w"(x) . (chain rule)

ox?T - (m)}

oxk

DFT :

M — 2™ (2), Vi (z') = ]:MN(;B', x) Vn(x) .

M — M — 2 Wi (z2) = Fu™ (z2, 1) Fr " (1, 2) Wi ()

v Z FuN(xz,2) WN(2).

Composition law is NOT satisfied. [Hohm, Zwiebach "12]

4

We cannot have a good geometric interpretation
of the finite transformation in the doubled space.



Issue 2: H-flux is trivial (1/2)

[G. Papadopoulos, JHEP 1410, 089 (2014)]

Let us assume Hohm-Zwiebach’s proposal.

On an overlap, U, NUg, U ng
we have 2 local coordinates; >

{ 2 = T (2(a) 5

T(a)ym = T(B)ym — C(aB)m -

Regarding this as a Finite coord. transf.
the generalized metric on each patch should be related as

Hiin = Far (@), x(s)) FNE (@) T () HiLL -

(i.e. we use F,,” as the transition function)



Issue 2: H-flux is trivial (2/2)

u, U,
Tio) = Tlap) (X)) s Ta)ym = E(B)ym — C(ap)m - <\g Y >
triple overlap U,
4 I

Consistency requires  C(apg)m + C(8v)m + C(va)m = 0.

H-Z's proposal gives
0T gy 0T (g

_ (8) (c0)
i Baymn = gz dap. (B(mk:z + O, C(aﬁ)l]) + O C(apym) -

J

From these two, it was proven that we can find a 1-form A\
that makes E(a) = B(a) + dA(q) is globally defined; ﬁ(a) = E(B) .
[G. Papadopoulos, JHEP 1410, 089 (2014)]

— H3;=dB, =dB is globally an exact form.
—— We cannot obtain a non-trivial H-flux; f3M4 H; =0.

Patching with H-Z's proposal is restrictive! }




How can we obtain a non-trivial H-flux ?

condition

Patching { w?;) — w?(?;,@) (w(ﬁ)) ’ i(a)m — ;‘(ﬁj'n‘z—_ C(aﬁ)m;
By = B(g) + d¢(ap)

Consistency require, @

d(C(ap) + ¢(By) + C(va)) = 0.

> We cannot find a globally defined E(a) = B(o) + dA (o)
[G. Papadopoulos (2014)]

e

In the conventional SUGRA (Generalized Geometry);

!

C(apym + CBv)ym + C(vaym = 0.

(weaker condition)

We should not realize the B-field gauge transf.
as the dual-coord. transf. Z,,, = Ty, — (i, /2

-

" [C. Hull, JHEP 04 (2015) 109]

m Lm,

gauge parameter

" —- 2™+ v
/

,vm
7>

xIr

™m

\

wm% B - B 4 dv.

~

J




Hull’s proposal (1/2)

B 9" =0 [C. Hull, JHEP 04 (2015) 109]

Untwisted form of a generalized vector w™ :

o (22)- (i 2)(0).
(untwisted vector) Win () —Bmn(z) 6y, Wy, ()

untwisting (generalized vector)
B The untwisted vector transforms as
. £,w™ SyWM = £, wM
Sy WM () = 'Uj ()| <—— vector v v
T £yWm(z) ) <— 1-form ! /
Invariant under _ _ B
B-transf. (c.f. v = £oWm +2 0 Un) )

B We can easily obtain the finite transf. for the untwisted vector:

. w™ (x) bz 0 w"(zs)
WM T — S — 3:138 " . fEm — e sSv mm
S ( ) (’li)sm(iﬂ)) ( 0 8:{38 ) (?j}n(c’-cs)) ( S )

Ox™

—— To obtain a Finite transf. law for gen. vector, WM (z) = e*fv WM,
we need to know a Finite transf. law for B, (z) .



Hull’s proposal (2/2)
[C. Hull, JHEP 04 (2015) 109]
Under a finite gauge transformation, B-field should transform as

5 ox? ox? _ _
By, (x) = 9™ Gpr (Bpq + 8pVq — 9qVp) () -
diffeo. ,\ T

a certain finite parameter

From these, he obtain a Finite transf. law for generalized vector :

r

M _ sfv M () — o 0 'w;"(a:) M N (.
W (@) = eV WH(z) = (Bfnn(m) 5::,,) (wsn(m)) _\R N W)

8&3m “ o ”
o™ 5k 0 u rsf.
with Ry = (3‘“5 &Bg) ( " ) . Exact!

|
. diffeo. Finite gauge parameter.
m p™
4 Z> a;’-'ﬂ% <— d-dimensional null plane
Z m (section 2,)




Summary: Previous approaches
[Hohm, Zwiebach '12]

Finite gauge transf. = Finite gen. coord. transf; ™ — ¢V oM

1 ,9xzK ox dxr; OxN
Wen(x) = FuN Wn(xs), ]:MN(:B,:BS) = — ( s K M g ) ,

2 \9xM 9x,ny Ox.ix OxK
Issue 1: compositienlaw , Issue 2: non-trivialH-flux [Papadopoulos ‘14]
It was shown that W,y (z) ~ estv Whars  [J-H. Park "13;
up to a B-field gauge transf. Berman, Cederwall, Perry "14]

[Hull “15] We should not use the equiv. relation, “up to B-field trsf.”

M _ £ M .

W () =e®**V W (x). certam/para\lmeters
~ - + B, (x)=_—" — (Bpg + 8pVq — 0¥y () -
Lm — Tm dx™ Oz

€Tr) — €T N — s _ .
s N 877 0 gj:% 2 a[kvn](a:) 52’

Relation between v,,, and V™ was not obtained!



§3. Finite transformations
in DFT (our approach)

S-J. Rey, YS, arXiv:1510.06735.

- Composition law v/
- non-trivial H-flux v/



Our approach

v¢ Similar to H-Z's approach, we consider the dual-coord. transf.

{mm

— e

wm

+ ¢ (@)

—~

Lm

gen. diffeo
null plane / Va

| will explain later how to get rid of the Papadopoulos problem.

v¢ As with Hull’s approach, we use O™ — 0 at the beginning.
We adopt Hull’s idea to use the untwisted vector:

WM(z) =

that transforms as

W(IZ{V)(CU) = (A

wi ()

Wam ()

(1) -
)=

(

n 0) (w“(m))
Bun(x) 67 ) \p(z))’

On) (fw"(:cs)) |
g:% W, (5)

v¢ Using our result, we can explicitly show that
the composition law is satisfied as in GR.



™ =0 Setup : define b,,,,,

o e*(x) = 0 v null condition

/ T (bam (x) = 0) % nunelaeNy =0
4 ) - . &

/ ea(:];') = aa — bam(m) 8m/ r . A i

ﬂ EM 5 (z) = (eMa(x), eM7) = (b 63(;) 52)

T) = 5“T\) ¥¢ gauge fixing

eq() = 8y — bam () O™ EMA(a:)ﬁ/ x 0 Gﬂ) s 0
K bl (xr) 02

—> | Ovbmn(x) = L£ybmn(x) + 0V (x) — OnUm(x) .

same as the gauge transf. for B-field

v Involutive property
6VWM — eMa z% . —> 8[lbmn] = 0.

\‘\




Definition b,,,, (summary)

e (x) = 8°

bmn = b[mn] 9 8[1! bmn] =0,
Ovbmn(x) = £ybmn(x) + 2 O 0y () -

dynamical
i\( bmn is different from B.,»n !
we can freely choose

% bmn is defined on the entire doubled space.
Tom

I 3 Isometries in the dual direction.

*b,n(x) =0.

Foliation is uniform in the dual direction.




Our finite transformation (1/2)

Infinitesimal transf.

™ — ™ 4+ v (x)

d
We solved — ™ =v™"(x),
ds

S

d
—b&V)(x) = £,b5V)(x) 4 2 OpmOn)(T)

ds
ﬂ integrate
Finite transf. i CEV)(z) = /S ds’ 9"V (z) .
x" =e®*"x™, 0 )
{bﬁ;‘i;:’ (@) = bn (@) + 205V (@) . | #V(@) = g;”m Un () -
'\ L (Vo = Uy — bimn ¥™)

describes the “shape” of the subspace after the finite transf.



Our finite transformation (2/2)

B Let us obtain finite transf. law for B-field

{5‘,—3% = £4,Bmn + 20 n () . Brn () = Bomn () — bimn () .
Ovbmn = £ybmn + 20,051 (T) . E> OV Brn () = LuBmn(x) .
ox® ox s s
BEV (2) = —= 2 By(z,). OV (@) = b (@) +20m ) (@)
ox™ Ox™ \ s
ox* Ox! s
B&V) () = =2 ® (B — b)) (zs) + bmn(z) + 2 3[mC7(,,]’V)(93) -
ox™ Jx™

B Finite transf. for a generalized vector

m ox"* n
wM (CC) = 6k 0 ol 01, 651 ) - (338)
(s,V) B&Y)(z) ok 0 2% ) \=Bin(zs) 6') \Wn(zs)

LesPo &)%) (i 2
by (@) ok J\ 0 22 ) \—bin(zs) )|\ (xs)

SM




Interpretation

B Finite transformations for a generalized tensor

(T(s,V))JI{r/I

11\\7{"’ () = SMlKl .. 8M K. ‘SNlL . "SNLLL TKl (333)
SsM _( 5 o)(g‘;f 0)( oL 0)
N S V S a:’l 3 .
b(* )( ) ok 0 22 ) \—bin(zs) 9

B Interpretation

2d-dim’l
|:[>

513M—>.’L‘i\4

B-transf.\

gen. diffeo.

(non-translating)/ =R
—

NN

d-diml diffeo.

/ B-transf.

(non-translating)
b(s V)(m) = bn(x) + 2 9| C.(s V)(w) .



Comparison with Hull’s result

v Our transformation matrix

v _ [ o o) /% o 5t 0
N = s 8 .
b( V) (ZB) (5k 0 g:j:i _bl'n(ws) 5?

7¢ To compare with Hull’s result, let us choose bmn(z) =0

~

Lm
null plane/

m ox"
SMN 5 v 0 oxm 0 (I?m
A 20 mci(cs () Oy 0 %
ox™
s 0 ok 0
_ 828? n s
same — D’ 58 (,V) 5n . 3[ C( \V7)
form 0 = (kG '(zs) O

L _ H identify
P O ok 0
0 2= ) \20uV.,(z) op)

ox™

O Vi)



Dual coordinates (1/3)

S

We define the variation of the dual coordinates as (fs x5, = V) (z).

— @;:@m+/ﬂuwgymw=@m+(gwug
0

m

" > eV

Ty = B + V) (2)

Under a finite generalized diffeo. {

bV ()| = brmn () +20mCT ") (2) = b (x) + 2 sy () .

PRV G 4 0\ (5% o 5t 0
N = b(sV)() 5£ﬂn 0 gi% —bm(:cs) 6;:"' .

Once a generalized diffeomorphism is given,
we can calculate the corresponding Finite transformation matrix.

(similar to Hohm-Zwiebach's proposal)

—)> Papadopoulos problem??



Dual coordinates (2/3)

In a doubled space, there always exist a “trivial Killing vector”:
VM(z) =0Mf(z) (f(=): arbitrary function of =™ )
Indeed, every tensor is inv. along the flow of trivial Killing vector:
£5,WM(x)=0.

We identify physical points with = ~ =™ + o™ f(x).
zero vector

weaker version of the coordinate gauge symmetry [Park “13]
M ~ 2™ + p(x) M p(x).

We can understand the identification as follows:
(d—1)(d—2)
5 .

(Off-shell) degrees of freedom of B,,,.(z) is

(d—1)(d—2) __ d(d—1) _ (d—1) Um ~ U +O0m f
o % -

anti-sym. Brn ~ B + 2 0),Up)




Dual coordinates (3/3)

{w;”' — 3V ™ |:> { (a) = 85)(w(’8))

T(a)ym = T(B)ym — C(ap)m

Ua@% Consistency ﬁapadomulos “14]

CaB)ym + C(Byym + C(vaym = ImS(apy) -
U, (up to the total deriv.)

[ .., is defined only up to the relation, T.n» ~ T + I f. ]

D | d(Capy) + Csn) + Cray) = 0.

Same condition with the Generalized Geometry!

Keeping in mind the equivalence relation,

> even if we consider a diffeo. along the dual direction,
we can consider a background with non-trivial H-flux!



Composition law (1/2)

5m 0) /2= o S 0 l
Wiov(es) = Y T ok l - (=) °
’ bgzg)(ms) or 0 e —bi(x) 6%{3 wy(x)

@ M a:l — 3334
b, — b — p(Z1) chain rule

Ox?}
om 0 = 0 k 0
Wi (z2) = a 91 :
Y (bfﬁ#’(wz) 6J ( 0 ol \ b (@) g
Ba:i) r
L o)) [ )( 54 0>(w (m))
1 xd r ~
()(m1 P) o gxl |\—bqr(.:c) 67 ) \w,(z)
_( om0\ (g O k0 (wi(x)
b (x5) 87 0  gox) \—bu(z) &) \w(z))
brnn — b))

oxl
5m 0 2 0 61@ 0 l
W(I\2/‘rl) (332) = n dxk 3mk ! Ti) (33) .
bg}l)(mz) 5;‘1 0 DT —byi(x) 6.‘; wy (x)

If | 83D (z) =b2Y(z). | =) the composition law is satisfied’

@wM—>:UéVI




Composition law (2/2)

@ — :131 — a:éw bgﬁ)(wl) = bq(,rllzl(azl) + 29 C(S 1 Vz’vl)(ccl)
(1) (251) o
P = B = b pullback | (e = 32 5 (L5 B 4 1,b ), (o)
k=1

b (@) = b (@) + 2 8m (¢ + ¢V (@)

Trajectory: 5, (w1) = &,, + ¢LVV) ()
M _, .M lpullback
2

#2,(2) = b, () + 5ok (VY ()
o ) 4 ()

@2 eyl E(@) = o+ (G 4 T (@),

|
combined displacement

=D bE)(2) = b (@) + 20 (€T + ¢S5 ()

b2 (z) = b2 (x). | =) the composition law is satisfied!




Patching condition

48 A
- > el
{\\ (a) \\ y
\ - €a ‘.\ i _—
P
—— —_— . M

Tla) = Tlap) (T(B))
baymn = b(gymn + 2 OmC(ap)n]

In general, we need to patch open sets with different foliations .

o 0 ox! 0 6l 0
whiii = ¢ ® n WH (z)) -
) (bfﬁ:ﬂ 55‘;) 0 2= (_b(ﬁ)ln 5&"’) )@@
\ T (o) |




Example: (smeared) NS5-brane (1/2)

Background of (smeared) NS5 branes

T® T?
£t smeared
p vl - ¥ - %
p A N A A
d2=—dt2—|—H(T)(dr2—|—r2d92)—|—d 2. 7—|—H(r)da:89, 12
o= —">
B(® = i —dx® Adz®, e?** =H(r), H(r)= — log(rc/r) : Rg Ry
27 27
4 )
0(a
9(5) B® = 77 48 A da?
() 27
—m/4 U, 5m/4
O o > Q(Q) .......
1 Q2 O O>9
3 /4 Z/lﬁ 97 /4 (B)
2 _ (0@ —27) 9
() B = dz® A da

\_ 2m Y,




Example: (smeared) NS5-brane (2/2)

Zla) = () B =7 7€) 428 A da®
D1 5 ba)se = bgyse + 0o 27
| (E@yo = (e +T7(5)) —n/4 U, 57/4
B > Q(Q) .......
O(a) = 0(p) — 2w 02 01 Og (8)
O5 - g’;ler) = E%t;ler) 3n/4  Ug 9m/4
b(a)89 = b(gyso + 0 o (05 — 27
A J gen. Killing vector B% = ( (B2) ) dx® A da®
ofe £ =20y — ox 89% o m
(2) (2)
B(a) o B(ﬁ] b(ﬁ)gg =0 — b(a)89 =0

In the presence of H-flux, we cannot chose a global section (foliation).

(such as b,,,,, =0)
NS5-brane charge

=27
dBp)s9

27 O=m
o |:/9:O

27 B
o ()89

27
4 T Qnss = 7/0 d Bso dB(a)s9 +/

C /././....

— Bg)solg—g = 27 .



Summary: our approach

bmn = b[mn] 9 8[:3 bmn] =0,
Ovbmn () = Lybmn(x) + 2 O, 0y () -

?Ees"’azm.

Wl (x) = eV WM (z) = My W (z,), =

A 0\ (% o 5t 0
N = (sV)() )\ 0 2% \—b(z) o)

V) () = / ds’ 3V ().
V) () = b (2) + 2 0pm (T (2) - < o
$C () = 2% g (2.).
- m o B:Em " ®

Recalling the trivial coord. gauge sym., z,,, ~ &, + On. f,
we introduce a diffeo. in the dual directions: ., = Zm + ¢V (x).

> Composition law is explicitly shown!



§3. Finite transformations
in SL(5) EFT

S-J. Rey, YS, arXiv:1510.06735.

N. Chaemjumrus, C.M. Hull, arXiv:1512.03837
SL(5) + SO(5,5) + E¢ EFT



Review: Exceptional Field Theory (1/3)

M-theory on n-torus : U-duality group : E,,.
1,6 4 : ¢
Example Mi1 = R>” X T%.  U-duality group : SL(5)
xt x®
7-dim. 4-dim.
(G, Cunp) (Gijs, Cijk)
U
& 1 1 172
Myun = (Gm —I; 2 sz Cklj E Czj J )
— (12, (GG'1%2,J172
V2 j

' — ™ = (z', y;;) SL(5)-Exceptional space
[Berman, 4-dim. 4 + 6 = 10-dim.
Perry, "10]

1 1
L = 3 MMN 5 MEL Oy Mk — 5 MMN 5 o MEL 9 Mk

1
+ E MMN (MKL BMMKL) (MRS BNMR,S')

1
+ ; MYN MP2 (MPS 0p Mps) (0m Mnvg) -



Review: Exceptional Field Theory (2/3)

¢ SL(5)-manifest coordinates:

(w?.’, Yii) T c?® = glotl (q,b=1,...,5).

5 1 57 'z',_ zk:l
(33 — & = —& a«’L’J—z J 'ykl)-

Consistency of the theory (section condition)

9 9 Y125 Y13, Y23

2 * = 0.
[Berman, 2 %« —0 Oxlab Oxcdl w

- i =11 _ 1,6 ~3 [Blair, Malek,
7-dim.+4-dim.=11-diml theory Mqio =R XT". 54 park, "14]

Gij + 3 Cirg C*;/) —= C;7132 Gi:, Bii, &
= \/E 1 (3
Man = ( Lcnzz Giliz,j1jz) | Muyn = (f); ‘7(’2) ’
V2 J c\v, C\9.
Lerr = R(G) — 5 |[F® 2. 7-dim.+3-dim.=10-diml theory

LEFT = Ltype IIB SUGRA -

EFT unifies the 11-diml SUGRA and type IIB SUGRA




Review: Exceptional Field Theory (3/3)

. 1 1
SL(5)-EFT action £ = 12 MMN 9 MEL Oy Mger, — 2 MMN g MBEL 9y Mk

1
+ 2 MMN (MEE oy M) (M Oy Mps)

1
+  MMN MPR (MBS 8p Mrs) (9 Mna) -

Gauge symmetry ... Generalized Lie derivative

LyvWA =VBaoggw2 — wBoggvA + aeé‘B ecop OBVE WD,

10-dim A = [alaz] Lie derivative €€alazb1b2 (812345 — 1)

-~ 8 —_
oyMpyn = Ly MuynN oy~ 0 [ OvGij(x) = £,Gi(z),
Magn = ( ij + = Cira CH; 1 ij) I:\[; 5VCijk($) = £,,,C,,;jk (CC) + 3 B[ifi}jk](ax) .

1 Czlzz ) Gi1i2,J1J2
\/_

Diffeo + gauge transf. of 3-form pot.

There was no proposal for the Finite transf. law.



Finite transf. law in SL(5) EFT

Coordinates : M = (z*, y;;) (< 2 = globh)
M "U?’(CB) R
Gen.vector: W7 (z)=| , _ . SyWM = WM,
E Wi, iq (iB)

Untwisted vector :

WM (3) = ( @ N5 0N, W@ )
\ 73 Wixi2 () 5 Civiai (T) 6357 ) \ 5 Winja ()

[ Sywi(x) = £,w'(x), <—— vector
<

| dv ;i (x) = £oi(x). <—— 2-form !

Finite version Oz 0 w ()
i M x °
— Wiy (z) = (30 ) ( L. :

[G1 ial
8CBS 8;1;8 1 L
dzli1 izl V2 Wi, 42 (5133)

Our task : to obtain a finite transf. for C;;r(x).




0
0Yij
N\

Finite transf. law for c;;

O =0

<«— 4-dim subspace
in 10-diml Exceptional space

Caij = Cija <—— €¢AB V(f) V(jzg) =0.

> dveir(z) = Locijr(T) + 3 905k () -
Involutive property > Oucimy(x) =0.
 d

—x' = ,Uz(m) 3

ds
d
T ciji(z) = £ycijr(z) + 3 vk () .

Gauge fixing : €'« = &,

Diff. eqs. <

Solution ] (s V)( )_/ A(s, )(w).
. _ 0

r,6 — e A A(s V)(CB) — 833 83’} kl(ws) .
'EjkV)(m) — czgkz(x) + 33 C(S V)(QL’) . oxrt OxJ

L (Vi =i — i v”).




Results

Similar to the case of DFT:

-

\_

\
W(]:{V)(w) = SMy W (),
N = s,V 1ko ° ol 22! 1172 ’
- M@y o)\ Satr et ) \Vzenawa () O]

Future works:

M-theory on n-torus : U-duality group : E,,.

n=4 - n=25,6,7, (8?),... [Chaemjumrus, Hull, "15]
generalization is straightforward.

Finite transformation in non-geometric BG in EFT.
c.f. [K. Lee, S-J. Rey, YS, work in progress]



Summary

In Hohm-Zwiebach’s proposal for the finite transfs.,
there was an issue in the composition.

We proposed a new transformation law,
which satisfies the composition law as usual in GR.

We introduced a foliation by d-dim’l null subspace,
and proposed a patching condition  (DPirac manifold)
between open sets with different foliations.

We obtained a fin. transf. law in non-geom. BG,
and studied a patching condition for a T-fold. (55-brane)

We applied our procedure to SL(5) EFT, (skipped today)
and obtained a finite transf. Law.
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