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“What is Double Field Theory?

Idea: MaX 8, [-duality manifest (n < w)
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Generalization to T : O(D, D;7Z) duality group



DFT: Quick Review

~

Doubled spacetime: XM — (T, ")

0 o
Canonical inner product Jyn = ( s 8’ ) used to raise/lower indices
m

Coordinate patches glued using generalized diffeomorphisms.

infinitesimally: 5§YM = NonyM —yNoyeM @MaMSD

iays éhoos
OnOMB(X) = 5

Too many coordinates |
= impose “section condition”: O D1 (X){)M o, (X) — EE =0 |
9 il

Geometry: DFT dilaton e 24 = /= ge_Q(I) and generalized metric

—1 o —lB
Hun =HNm = (qu—1 g—%g_lB) c O(D,D)

T-duality group O(D,D) acts by 7'~[MN = OMPONQHPQ, OMN € O(D, D)




DFT: Geometry and Non-Geometry

Non-geometry (e.g. “T-folds”)

Locally geometric, but transition
functions mix " and Z*

Example on torus: Going once around
one circle, glue others using T-duality.

Also R fluxes, ...

Hellerman, McGreevy, Williams;
Hull, Dabholkar
Shelton, Taylor, Wecht

Standard geometry

yoo_ (9 -9 'B

MN T\ By g-Bg'B
Transition functions don’t mix " and "
non-trivially.

Locally non-Riemannian spaces

Generalized geometries (with a sector)

of the form

0 N v
Harw = ( (NT), S, )

124

exist and are non-trivial O(D,D) elements!
Lee, Park




Locally Non-geometric Background

Fundamental string soliton background: K.-H. Lee & J.-H. Park

arXiv:1307.8377
ds> = f71(—dt? + (dz')?) + (dz?)? + - - + (dz¥)?,
1
_ 1 4 1 2 _ —240 X' compact,
B (f ¢)dt A dx | e fe : 0<é <o
f = 1+ ,,% ) r? = 22:2(33&)2 )
Apply T-duality
1
( 0 0 7]048 0 \ d82 = m (—dtz + <d$1)2) + (dx2)2 + -+ (diUg)Q
, _ _ _1=¢f 1
O 4B 0 o5 0 0 — B=—gpdinde,
AT _ odoarer and take ¢ — 0.
Mg 0 0 0 e %0 = e ?0¢(2 — ¢f).
0 0 0 47
K ) ( @ 0 &% 0 \
0O & 0 0 inverse metric
Obtain generalized metric: ~Hmn = component
~&" 0 fiag O vanishes(!)




Non-relativistic Strings J. Gomis and H. Ooguri
hep-th /0009181

Introduce 2 = (¢,z') and wrap x! on radius R circle.

Use metric ds® = ¢*(dz®)? + (dz")? and constant B field By, = B.

Dispersion relation:

2
+wRB)2:k2+Cz(@> —I—%(
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Note that ¢ — oo limit doesn’t make sense.

But if we set B = ¢? - u? (with u a constant) then limit exits:

wR ok? N+N-2
F =
,ua,—l-sz—l- wR

(Also take string coupling to infinity, g? = c? gg)

Resulting theory is non-relativistic: spectrum is invariant under Galilean
transformations, ...




Non-relativistic Strings J. Gomis and H. Ooguri
hep-th /0009181

Need a worldsheet theory.

Action in original background (v = T+ t, v = ' —t,G= c2)
1 _ _ o
/d2z ((G — B)0v07 + (G + B)0y0y + 20X'0X")

Ao

S =

Non-relativistic limit is singular. (!?)

Try Lagrange multipliers: write

S = ! /d% (557 + B0~ — Lﬁﬁ_ + 1(G — B)0yOv + 8Xi5Xj)

2ma! G+ B 2

Limit now exists:

1
S —

2ma’

/d2z (557 + B + gﬁfyéﬁ + 6X@5Xi)

Sigma model has c = D, is unitary, etc... but also is Galilean invariant.



GO Limit of Double Field Theory

Start with same configuration: ds* = G(dz®)* + (dz")? Bo1 =G — p

Doubled geometry: Hap =

Limit G — oo exists!

Takes locally non-geometric form: Dilaton in GO string: gg e gg

Y o — 0 o’
AL Uaﬁ 21Map DFT dilaton: e 2% = g

GO limit gives a good DFT background.




GO vs. DFT: Sigma Models K.-H. Lee & JH. Park
arXiv:1307.8377
DFT sigma model: £ = — % vV —hhabDaXMDbXNHMN (X) — eabDaXM.AbM

Worldsheet gauge field: A = (A, A+ )
Generalized 1-form: DXM = dxXM — AM
Section condition: O =0 = A" =0

Non-Riemannian background: (¢, x!) sector in conformal gauge

Lo1=—20_vA; +20,7A_ — f(0470-7 + 0,70-7)

Identify: Ay = f A_=-0 f=2u

Wick rotation = Gomis-Ooguri string!

Gomis-Ooguri f3 fields are the DFT gauge field
=> DFT is the natural geometric framework in which to
understand the GO string



Symmetries

wR ok2 NI+N-2

Galilean-invariant spectrum:  E = p
o)

/ +2wR+ wR

= should realize Bargmann algebra (central extension of Galilean algebra)

Realized in DFT by doubled diffeomorphisms:
H = -0, Q=-0

P, = -0, Mass number: N = —9!

M;j = —(z'9; — 27 0;) Boosts: Bj = —t0; — 2'0"

Closes onto Bargmann algebra under C-bracket (up to trivial generators):

1

€, n]c = €2(0an®)0p — nt(0aEP)0p — %ﬁA(aBnA)(?B + 577A(3B€A)3B




Schrodinger Backgrounds

Split spacetime as: =" = (z%,z™) ' = (2™, u)
DFT coordinates: X = (%, 2%) X! = (&, 2"

0 o%g(u) u? 6% 0
Hap = , M= ,  Har=0,
oo’ (1) Hap 0 w26
L 0 - 0 —u?
Hop = ; Uaﬁ(u) = (05 (w)" =
0 wu'? -5 0
Generalized isometries: Schrodinger conformal algebra
H = -0, D = —2t0, — 20y, — udy — (2 — 2)x' 0,
Py = —0m, By = —t0p — 20",
N=-0', Moy = —(2"™0n — 2"0m) . Applications to

1 3 non-relativistic
C = —t20, — tz™d,, — tu Oy — 5(:62 + u2)8] (z =2 only) holography?



Fluctuations O. Hohm, C. Hull, B. Zwiebach [arXiv:1006.4823]
I. Jeon, K. Lee, J. H. Park [arXiv:1105.6294]

Work in the semi-covariant formalism.

DFT action: L = %e_Zd [(PACPBD — PACPBD)SABCD — 2A]

(Jap — HaB)
(JaB + Hap)

DN —

Sapep = 3(Rapep + Repap — TP apTeep)  Pap =

VPPMNZVPPMNZVMCZZO Pap =

N|—

Quadratic action: S.M. Ko, R. Meyer, CMT, J.H. Park [arXiv:1508.01121]

Lo, = e 24 [L(P — P)*P040d0pdd — 1040dV g6 PAP + LsPAB(A 4, PP — A sC PpP)SPop]

(PAB — PAPYY 40pdd — VAV ESPAP =0,
Linearized EOM.: ) ) )
PA° PgPVcopdd + L(Pa“ApP — AL“PpP)5Pop = 0

AqB = PABPCDVCVD — QPADPBC(VCVD — Sep)
with - o
ApB = PyBPYPVcVp — 2P, PPBY(VcVp — Scp)



New Quadratic Differential Operator

Two more D48 = A8 — P4BPCPS.p D48 = A8 — P BPCDS,
operators:

Covariant & commutes with generalized Lie derivative. Use:

(0x—Lx)Teap = 2[(P+P)cap™™" = 6470705 10r0p Xy

(Ox—Lx)VcTa,..n, = Zz (P+P)ca, PFPEORO p X g T A, Ay BAs 1A

(0x — Lx)Sapcp = 2V (4 (P+P) piep “F C 00 Xa) + 2Vic (P+P) pjjas"F C0r0rXa) -

Following contractions give new quadratic tensorial differential operators:

Cp D D D, o . C D Dy,
Da-Pp, 7P, “"Icp,..-D, , D~ Pp, 7t P, “"1Tcp,.-D,

Cp._ D p. D, A L C D Dy,
AW P, 7t ---Pp “"Icp,..D, ; AW Pg,~t---Pp “"1Icp,...D,



Fluctuations in GO Background

| Background
Expand linearly in fluctuations: ( 0 0 &% 0 \
HABHHAB—I-hAB,de—I—w 0 gij 0 0
Hun =
_50/3 0 fnozﬁ 0
Constraint HacJ“PHpp = Jap means: -
0 0 0 gy )
hoB — —Jf;‘h’ﬂsa?, ho‘ﬁ = —Of;‘hfy(sag — faf;hfyéngg,
hai - _Ughﬂjgji 3 haﬂ - _Ogh'ﬁo—g - fagh»yé??a,e - fna'yh750'g - f277a'yh,y5776,8 3 (O-g - gaﬂ )
h = bixg™ hai = — o™ gji — ohg’ gji
hy=—g"by, h = =g hynng™
Gauge-fixing: gauge parameter & = (\,, \*) Expand in plane waves:
Use )\ to fix haﬁ — —%filO'g hAB(:E) = hABeip+x++ip—:c_+ik7;xz’

Use S\Q to fix hag = 0.

Use \; and \? to fix hy; = 0.



Fluctuations in GO Background

1 1
Transverse/ hij = hij + kG + ki G-+ (hikj — 5k 9i5)p + 5 —5hais
longitudinal
decomposition by = b + kixi — kixi, il ail riel rirla

h® = hi® + kg™,
Result: No normalizable fluctuating modes!

Ep = 2p4ph+ 2206~ — prd®) + ——k2h — (D — )k + 4(D — 2)9)],

D2
£+ = k2h, £y =24 (K*¢™ +pih),
4 =fK(p-¢~ —piot + ifﬁ) +8pp_1p, £ =2p (K¢ —p_h),
E_i = p_k" (hmi — bmi) + 202 h; + gk%f* + 4dp_kiyp, £, =—k*hi~ +pikih, g;lial’ﬁloertz
of motion

Eir = Pk (himi + bimi) — 2p%hT — gk%f— FAp ki, & = kR —p_kih,

1 _
Eij = 5'1% {2p—h'j + 9" ki (hnj — bnj)}

1
=5k (2041 = Gk (hni + bpi)| — K (haij — bij) + 2kikjab.




T-Dual Fluctuations

Apply T-duality transformation

(047) =

[

0

0

\o

0

0

00

Resulting configuration is geometric:

ds* = —f dt* + 2dt dx + (dz*)?

— light-cone compactification.

Choose gauge:  hoy = by =0
Equation of motion reduce to
8¢ — p'upyh,ul/ - 4p2¢ =0,
g(,uz/) — pAp(,u,hV))\ - th;u/ + 2p,up1/¢ =0,

) = p/\p[uhV]A + by = 0.

Gives (D—l)(D-3) modes with dispersion

—

E——fp9+2—
Do

in accordance with expectations.

Reproduces the N = N = 1 sector of
Gomis-Ooguri string with wR — a/py.



Summary

» Double Field Theory: Manifestly T-duality invariant description of
geometric, globally non-geometric, and locally non-geometric

backgrounds

Gomis-Ooguri string: worldsheet theory for a Galilean-invariant
target spacetime

Gomis-Ooguri limit gives non-singular configuration in DFT which is
“locally non-Riemannian”

Gomis-Ooguri worldsheet theory a special case of DFT sigma model

Fluctuation spectrum in GO background and its dual match

Outlook

» Quantum properties of non-relativistic sigma model in curved spacetime
» Applications to holography?

» Insights on action formulation of Newtonian gravity




Thank you!




