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DFT Formulation for Heterotic String

Heterotic Effective action

@ The low-energy effective action for heterotic string in massless bosonic sector is
described by

S=[dxcy/ge ™ (R+4(09) — HH Hy — ;67 6;") |

which is extended with n gauge fields A;*, o =1,...,n.
@ The field strength of the non-abelian gauge fields is defined as

G,'ja = B;Aj"‘ — 8jA,'a + 8o [A,’, Aj]a J

@ The strength of the Kalb-Ramond field is modified by the Chern-Simons three-form

Hijx = 3<a[iBjk] - HaBA[iaajAk]B — %go Kap Al “[A}, Ak]]B) J
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Heterotic Double Field Theory

@ T-duality is an important symmetry of string theory, as a consequence, the
non-geometric string background called much attention both on theory and

phenomenology side. This leads to
Flux Backgrounds Chain

Habc — Fabc — Qcab — Rabc
[Dabholkar, Hull, Shelton, Taylor and Wecht '02-06]

A natural question for heterotic string would be: what is the T-dual of a gauge flux
G,'j —...7

@ In heterotic DFT the global symmetry group is enhanced to O(D, D + n), as a
generalization of T-duality. [Hohm, Ki Kwak, Siegel, Hull, Zwiebach, Aldazabal, Marques, Nunez, Liist,

Andriot, Larfors, Patalong, Blumenhagen, Betz, Berman and Thompson, et al]
@ Heterotic DFT lives on 2D + n dim space, coordinates X™ = (%;, x', y®).

XM transform as an O(D, D + n) vector: XM=pMy XN he O(D,D + n).
The gauge field A* depends on the gauge coordinate y.
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@ The heterotic DFT action expressed in terms of generalized metric Hyny and an
O(D, D + n) invariant dilation d, defined by e™2¢ = ,/ge™%?.

@ The abelian bosonic sector of heterotic action under the so-called strong constraint
J"=0a=0,

S=[dxe (gH"fa,HKLa,-HKL — LHM 8, Hid; Hi — 20;d0;HY + 4H"fa,-dajd) J

@ As expected, the generalized metric H is parametrized in terms of the metric g, Bj
and gauge fields A;* as

g’ —g"“Cy —&"Aus
Huv = | =g Ci  gi+ Cig“'Ci+ A7 Ay Cug"Aig + Aip
g Aka Cig" At + Aja Sap + Acag Aig

in which Cj = By + A% Aj.
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T-duality in Heterotic DFT

Non-geometric backgrounds of heterotic DFT

@ Recall that under a global O(D, D + n) transformation the coordinates and the
generalized metricas H = h*Hh, X =hX, 0 =(h")"10.
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o Consider a torus T2 with flat metric g; = §;, vanishing B-field and constant abelian
gauge flux Gj. For the gauge field A we choose A; = f y, A> = 0. This gives the
field strength Gio = —(01A2 — A1) =F.

@ Apply T-duality in the x-direction, which in heterotic DFT implemented by
conjugation H' = 7;" HT1 with an O(2,3) transformation.
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@ After transformation, read off the new metric, B-field and the gauge field from the
transformed generalized metric H’

1 -0 _ (’rY)2
P R N DR G A
0 1 0

@ Similar as for the type Il DFT, after two T-dualities there appears a non-trivial
functional dependence in the denominators. Implement with field redefinition, the
new non-geometric J-flux

Il = —9A = —f |

@ Applying another T-duality in the y direction, changes y — ¥ in the generalized
metric, as in the R-flux background (locally non-geometric) we obtain a
non-geometric gauge G-flux

2= (@R - TR =7 |
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O(D, D + n)-induced field redefinition

o Comparing the transformed generalized metric H' with original H, we are lead to
make the field redefinitions

g+ Ctg71C+A2

é,—l Ct g—l

A=—(g*+0)A

Y
-

o Heterotic Buscher transformations is the standard rules for how the fields
transform under T-duality. We compare our results with it from Buscher
transformations step by step. It confirms we have the same fields in the more

convenient way.

o Furthermore, the first order o’ correction of Buscher rules is included for Heterotic

DFT in form of the gauge field terms. [Serone and Trapletti’05], [Bedoya, Marques, and Nunez '14]
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A The Buscher rules derived from heterotic DFT

Using the implementation of T-duality in heterotic DFT, one can now quite generally
(re-)derive the Buscher from the conjugation of the generalized metric with the cor-
responding T-duality matrix. Carrying out this procedure for a T-duality in the z*
direction, we get precisely the o' corrected Buscher rules presented in [42]

’ Gap

G = ————7
(Goo + 543)°
o GuoBai + % Goi A} — 3 Gop Ao
Toi T Y
(Gor+543)°
GoiGoj — ByiBy
Gly= Gy -
T (CGut gAY
_ %22(@“[%’ Buj Apdi + LB AgA; — 90 454, AoAJ]
(Gon + F47)
+ 543 (Gos — B (Goj — Bag) + 5 (GoidoA; + (:GJASA,)D a1
B — Gt 2 Apd;
" (Gt 543)
B B (Goi + & AgAi) By; — (Goj + S ApA;) Boi
v (Goo+ 43)
P Ao

(Goo + 5 43)

Goi — Byi +

A= AR AT R e
C T (G + 5 47)

where e.g. AgA; = A§ A;,. Here the metric and the Kalb-Ramond field have dimension
[1]° and the gauge field [[] =1,
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@ Applying the Heterotic field redefinitions, we have the generalized metric Hun
parametrized by the new metric g;, bi-vector C¥ and (one-)vector Al as
g4+ ChigyClv ALAT g G ChigyAly+ Als
Hun = —gu CY &ij —&w Ak
CliguAla+ A, —Ek ARy Bap 4+ AL B Alg

where C7 = pi + LA/, A*, ¥ is the antisymm bi-vector.

@ The definitions of the heterotic fluxes Fagc = EcmLE, Eg™

Geometric Gauge Fluxes Non-geometric Gauge Fluxes
Gaij = =2DjjAjla — DaBjj + DaAi" Ajy | G0 = —2DUAD,, — D, BT + D, A A,
Fai = Aia, Kapi =2 DiaAig) Foi=—0No,  KP' =2DlP

@ Thus we can complete the gauge fluxes chain under T-dualities

Ga,'j = ij, = éaij 0 Kaﬂ; = kaﬁi J
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Generalized Geometry to DFT

(B.[]E)
/—\ (TM,]

Figure 1: Mlustration of a Lie algebroid. On the left, one can see a manifold M
together with a bundle E' and a bracket [-,-]g. This structure is mapped via the
anchor p to the tangent bundle TM with Lie bracket [, |z, which is shown on
the right.

[Blumenhagen, Deser, Plauschinn, Rennecke and Schmid'13]
@ A Lie algebroid is specified by three pieces of information:
a vector bundle E over a manifold M,
a bracket [-,-]e : E x E — E,
a homomorphism p : E — TM called the anchor.

o In generalized geometry for abelian sector of heterotic string, we considers a
D-dimensional manifold M with usual coordinates x, equipped with a generalized
bundle E=TM & T*M @ V, lives generalized metric Hun(gjj, Bij, Ai®).  [Hitchin'02;
Gualtieri'04]
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ie. H(g, B,A)=M'

o An O(D, D + n) transformation M acts on the generalized metric via conjugation,
ie. A, B,A H(g, B,A) M, M! M =1, and therefore fields get redefined
(g7 B7A) - (27 BvA)

@ Can this be connected to DFT field redefinitions? Yes!

a b m 0 g O
By choosing M= |c d n|=|g"1 0 0
p q z 0 0 1

with g =g+ Ctg™1C + A%

@ We connect to the heterotic DFT field redefinitions

g=r'gp=¢ Pr=0p)"=-(g+C)&!
C=p'Cp=Cg'g §=—¢
A=p'a=—(1+Cig hHA A=A
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The redefined heterotic action

@ Recall that the NS-sector of the heterotic string action is

§ = [ dey/ge (R +4(09) — HH" Hi — 167 Gya) |
with H = dB — $6.5A* A dA” and G* = dA”.

o Gravitational quantities transform as

k=R, Vigl=Vill'l, d=0, Di=(p)79

[Blumenhagen, Deser, Plauschinn,Rennecke and Schmid’13]

o For the gauge field strength G = dA, we have (A2p*)deA = d(p*A) = dA

kqmnp = (P_l)qlpim Pjn Pkp Rlijk ) ﬁmn = Pirn Pjn Rij J

Field Strength transforms as Three-form Flux transforms as
G :=deA=(Np') G J A :=deB — JANdeA = (N3p") HJ

@ so that the action in the redefined fields can be expressed as

S= de\/E |P*| e—2¢('[-\\’+4(D¢)2 = é'ﬁ/ukﬁuk — Zléljaéua) J
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Conclusion & Outlook

@ By applying O(D, D + n) transformation in heterotic DFT, we obtain the results as

heterotic Buscher rules given, and naturally includes the first order o’ correction.

@ In non-geometric frame, we obtain the gauge vector transformed from the gauge
field. Then we add field redefinitions with gauge fields, and completed the gauge

fluxes chain under T-dualities.

@ As a parallel section, we construct an general O(D, D + n) anchor in generalized
geometry and connect to the field redefinition in DFT with specified choice.
By choosing different anchors, one can arrive a sequence of equivalent actions for
heterotic supergravity.

@ We hope the non-geometric gauge fluxes etc. could be interesting input in string
phenomenology or model building in the coming future.
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EXTRA

e The O(2,3) transformation on T? torus for heterotic DFT

0 01 0O
0 1.0 0 O
T.=]1 0 0 0 O
0 0010
0 0 0 01

The upper 4 x 4 dimensional part of the metric is the same as the T-duality
transformation for type Il DFT.

@ We derive the general form of the components of the heterotic fluxes by
Fasc = EcmLe,Es" = Qasc + Qcas — Qpac -

@ In order to treat geometric and non-geometric components at the same time, we use
the general extended form of the generalized vielbein

eal~ ) _eakczq'_ _eak/ﬂkﬁ
EAM = —ej'ka’ ea,'+eakaJC:,',‘ 7eakAkg
Al A° 504[3
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@ In abelian heterotic generalized geometry, we considers a D-dimensional manifold M
with usual coordinates x', equipped with a generalized bundle E = TM & T*M & V,
whose sections are formal sums £ 4 € 4+ \ of vectors, £ = £'(x) 8;, one-forms,
£ = &i(x) dx’ and gauge transformations, A = (A1(x), ... An(x)).

@ For each non-geometric local O(D, D 4 n) transformation this action is based on the
differential geometry of a corresponding Lie algebroid.

@ The anchor property and the corresponding formula for the de Rahm differential
allow to compute

((N")(de 07)) (Ko, Xa) = (de 0%) (07 (X0), -, p7H(X0)) =
d((ND*)(07)) (Xo, -, Xe)

with the dual anchor p* = (p")™! and for sections X; € I'(TM). The relation
describes how exact terms translate in general.

@ Moreover, any Lie algebroid can be equipped with a nilpotent exterior derivative as
follows
de 07 (S0, - - -5 50) = Do 1o(=1) p(51)0" (S05 - - -5 31y, 5n)
+Zi<j(—1)’+19*([s,-, Siles S0y s 8y 38,y 5n),
where 6* € T(A"E™) is the analog of an n-form on the Lie algebroid and §; denotes
the omission of that entry. The Jacobi identity of the bracket [, -]¢ implies that
satisfies (dg)® = 0.

Rui Sun Heterotic DFT for String Phenomenology MPI for Physics, Munich 17 / 14



	DFT Formulation for Heterotic String
	Heterotic Effective action
	Heterotic Double Field Theory

	T-duality in Heterotic DFT
	Non-geometric backgrounds
	O(D,D+n)-induced field redefinition
	Generalized Geometry  DFT
	The redefined heterotic action

	Conclusion & Outlook
	 

