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Double Field Theory!

Hull & Zwiebach, Siegel, Park et. al., Hohm, ...
@ Spacetime is formally doubled, yA = (X, x¥)

Field contents in DFT

o Hap=Hpa= e ?? = /ge*®

?

O(D, D) indices can be raise or lowered by metric

0 1
1 0

@ Jap=HacHp =

@ All the fields must live on a D-dimensional null hyperplane or ‘section’, subject to

92

040" = 26xﬂ65?“

=0 : section condition

“You two should both be ashamed for saying I'm drunk ...
@ DFT Lagrangian constructed by Hull & Zwiebach (Hohm) reads o
Lppr = e 27 [H"® (404080 — 404d0pd + §0aHPOgHep — F0aHPOCHD) + 4041 P Opd — 8405 |

@ Up to O(D, D) rotation, we may fix the section,

P = Lppp = \/_ge—qu (R -+ 4(8¢)2 — 1—12H2 )
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Geometry or No Geometry
Globally Geometric

G -G~ 'B
HAB — ( BG_l G_BG_lB ) & O(D,D)

e ? = /—Ge ??

Locally Geometric & Everywhere Nongeometric
Globally Nongeometric (Non-Riemannian)

generalized

H(g,b) dlffeomorphlsm H'(g',b) 0 NH pY
Hap =
ty v
(V%) SpA
(z', 22, %, 37) (zV, 2%, %], %3)

s N2=1, S =St SN = —(SN)!

T-fold
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Non-relativistic Closed String

J. Gomis & H. Ooguri hep-th/0009181

ds® = 2 (—dt® + (dz"')?) +dz?
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Nagdr®dxh

B = ¢? — p, with p finite as ¢ — oo

wR k2 | N+N-2
2wR wR

~

level-matching condition wn = N — N,

Lagrange multiplies 3, 7, 3, ¥ survive

2o

S = ! /dzz (ﬁgfy RO~ g(?'yé’y 8Xic’_9Xi)




DFT sigma model

K.-H. Lee & J.-H. Park hep-th/1307.8377

S =1 / oL, L=-3V-hh"D, XM Dy X "Hpn(X)— €D XM Apps
2

Doubled space-time: o — (& ak)
Section condition on fields and arbitrary products: Gl (...) =0
Equivalent “coordinate gauge invariance”, e.g. ®(z? + p(x)0%p(x)) = B(x4)
n oS e
Coordinate gauge field and covariant one forms: Dz™ = dx 9 A
AM = (A,, A¥)
S — 21 ,/d2z (657+Bc9'7+ ’—‘875§+8Xiéxi) /@ 0 &% 0 \
o 2 0 & 0 0
RN =1 8 0 2upes 0
W:Xl‘I_XO :}/:Xl—XO \ 0 0 0 523)

/H:ﬁ A_=-p0

(£) -1 0 0 -1
— .;‘3 - 0,(; - ’ Tapg =
Xa . O 0 1 -1 0



Fluctuations in DFT

S.-M. Ko, C. Melby-Thompson, RM, J.-H. Park, hep-th/1508.01121

1
L= 12 [(PACPBD — PACPBD)g, pop —an] M0 T 2t tTan

1
Bae = i(jAB—HAB)

SaBcpD = §(RABCD + Repa — ¥ 4T EeD)

B B
VeTa,y..a, = 0cTa,...a, —wI’ BCTwAl---An + Z I'ca, TWAI"‘Ai—lBAi-i-l"'An

1=1

Vad = —%edeA(e_zd) = Jad + %FBBA =0, VaPpc =0, VaPgc =0

The DFT ﬂuctuatnons 5d and 0P, B satlsfy the equatlons of motlon

PAB)VABBJd - -VAVBJPAB 0

| PAB (2.21)

i'f P4CPpPVcdpdd + §(PACApP — AxCPsP)6Pep = 0. 2.22)

These two relations can be a]so derwed from the fol]owmg effectlve Lagranglan for the fluctuations

around a given on-shell background,

Lo, 1= e 24 [J(P — P)*P0,6d 0pdd — 3046dV g6 PAP + L6PAB(A ,C PP — A C PpP)éPcp]
(2.23)
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Fluctuations around Gomis-Ooguri

S.-M. Ko, C. Melby-Thompson, RM, J.-H. Park, hep-th/1508.01121

Show: Kaluza-Klein Sector of Gomis-Ooguri string is empty: gt = ()

| Hap — Hap+hap,d— d+¢p hAB = hBA HAC%C'B = JAB

Lin. Gen. Diffeo.. | dhap = LeMHap = HacOBEC + Hopdat® — Hacd“Ep — Hepd“éa

/ hozﬁ hozi hozB hozj \

. ) Rt hzg. hza hzj
N g B i

W O B O

. . . o <+ . — 1. i
Fourier expansion in plane waves: hag(xz) = hppeP+* TWP-7 +ik;x
No propagating normalizable

wave packet solution if k0 and (p_ #0 or py #0)

there exists no solution with
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T-dual frame and Winding Modes

S.-M. Ko, C. Melby-Thompson, RM, J.-H. Park, hep-th/1508.01121

[0 0 €% 0 )
0 ¥ 0 0 i 0001
Hun = &S0 s O T-duality along x1: (047) =
L0 0 o s, 00 10
S ] & - \ 0 10 0/
ds® = —2udt® + 2dtdx + (dz*) ———
E — u’wR . o'k’ . N+ N -2 T-duality along x1: o pnit o' k?
o | 2wR ' wR (lowest modes only) T o | 23R’
N 2
T-dual section condition: O* = 0 for ;x # 1 and 0; = 0. E = Upo + ];—9

—

The radius of the 6 circle is given by R = o//R, and so the § momentum is quantized in units of 1 /f{,

o | | -
Po — Z_w KK Spectrum in dual frame = Gomis-Ooguri Winding Spectrum!
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Galilean Invariance in DFT

S.-M. Ko, C. Melby-Thompson, RM, J.-H. Park, hep-th/1508.01121

wR o/ k2 . N+N-—2

' ' ' : E = | |
Galilean invariant spectrum: M o oQwR wWR
Generators of Bargmann algebra (central extension of Galilean):
H = -0, Circle U(1): Q=—0
P, = —0; U(1) particle number: N = -9}
M;; = —(2'0; — 270;) Galilean Boosts: B; = —t0; — 2'0" ,

Close into the Bargmann Algebra under the C-Bracket:

€ 7c = €4(04n™)01 — 1 (046%)05 — S£(@" )0 + 510"

[Bi,H|=P; [Bi,Pj| =060i;N  [Mij, Px| = 6 Pj — 0P

(M;j, Bi| = 6ixBj — 01 Bi (Mij, Myg] = 0ix Mj¢ — 6ieMyj — 0k Mig + 60 My, -
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Doubled Schrodinger Geometry

S.-M. Ko, C. Melby-Thompson, RM, J.-H. Park, hep-th/1508.01121

Non relativistic scale invariance: t— A\t T AT .
The infinitesimal generator D of these transformations has the following commutators (C-brackets) with the

Bargmann generators:

[D,H] = zH, [D, P,] = Pi [D, B,] = —(Z—].)Bi ’ [D,N] = —(2—Z)N, [D, Mij] =0

Finally, for the special case z = 2 an additional generator C' with commutators

[C,H]| =D, [C,D]=C, [C, Pj] = B; [C, Bi] = [C,M;j] =[C,N] =0,
Schrodinger invariant DET geometry: (no solution)
0 0%5(u) u? 6% 0 H = -0,
Hap = , M= ; Har =0,
0o’ (1)  Has 0 u 24y Py = =0,
- 0 n 0 —u? ~
Hap = ( ) o 0%(w) = (0% (w)T = ( ’ ) . N =-9',
0 ul* -5 0
D= —2t0; — x™0p —u0y — (2 — 2):1:1(91

C = —128; — ta™ D — tudy — %(ﬁ +u?)dl.

B,
Mpyn = —(2™0, — z"0p,).
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Conclusions

S.-M. Ko, C. Melby-Thompson, RM, J.-H. Park, hep-th/1508.01121

DFT: T-duality invariant low energy effective action for massless string modes
Geometric as well as non-geometric string backgrounds

Non-relativistic Closed String (NRCS) J. Gomis & H. Ooguri hep-th/0009181
Concrete, healthy example of a non-relativistic, Galilean invariant string vacuum

NRCS is a locally non-geometric background of DFT sigma model
K.-H. Lee & J.-H. Park hep-th/1307.8377

DFT correctly captures the (empty) KK and non relativistic winding spectrum
New Schrédinger invariant background
New non-geometric string vacua for

Cosmology?
(Non)relativistic Holography?
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