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Find a duality covariant gauge principle that determines
the o'-expansion of the string effective field theories

Double field theory has such a gauge principle that fixes
the leading order terms

A deformation of gauge structure of Double Field Theory
fixes the first order corrections of

* bosonic string

* bosonic sector of heterotic string and lower
dimensional gauged (super)gravities
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N=1 Supersymmetric deformation of double field theory
— fixes all terms of massless spectrum of heterotic
string (o)

E. Lescano, C.N., A. Rodriguez, 1808.xxxxxx



Frame formulation of DFT



+ W. Siegel (1993) and O. Hohm & S. Kwak (2010)

+ Symmetries:

= Global G=0(D,D; R) with invariant metric ny,

= LocalH=0(1,D-1; R) x O,(D -1, 1; R) generated
infinitesimally by A,  with invariant metrics n,g and 3 45

1 = 1

Pas :E(UAB _E}CAB)’ Pas = E(UAB +‘C}CAB)

» Generalized diffeomorfisms generated infinitesimally by
EM through ég



Fields organized in a generalized frame E,,*

TIun = EAM’?ABEBM Iy = E v f}CABEBM

and an O(D,D) invariant generalized dilaton d

DFT is defined on a doubled space X" = (X, ,x') but there is a
(duality invariant) strong constraint



Gauge invariance

DFT is invariant under duality covariant gauge
transformations
M 5 M M \B - oG =L.G
%) E _— £ E + E A A strong £
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Can the gauge principle be deformed so that it
requires and fixes the higher derivative corrections?

The heterotic string has such principle: Green-Schwarz
deformation of the gauge transformation of B,

OB :Eg A Ppa o —p "_ZH

AV 9 [#7 7 a “v]b pa pa pa

requires higher derivative corrections to

N 3 2
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But the action has additional terms that are not required
by Green-Schwarz transformation
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T-duality mixes G and B, we expect that a duality covariant

generalization of the GS transformation determines the
(Riemann)? terms 1
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a and b arbitrary coefficients of 9(a.")



Deform the duality covariant gauge transformations with

Generalized Green Schwarz transformation

SE,,° :ég E,” +E, A" @

It preserves the constraints and closes

Is there a gauge invariant action?



The zeroth order action in the frame formulation of DFT

Sprr = | dX e R(E, d)
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The coefficients are fixed by double Lorentz invariance



Gauge invariance of the action under generalized GS
transformations requires corrections

5 R=0 but 5,R=#0
Sprr = [ dX €% (R(E,d) +aR " +bR ")

Have to find some R®) that satisfy:

* R transform as scalars under generalized diffeos

v 5 R+5,(@aRV+bRM)=0

These two requirements have a unique solution
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Sorr = dX e (R(E,d)+aR” +bR")

Does this theory reproduce the string effective actions?



Duality covariance
VS
gauge covariance



Parametrize generalized fields

Deformation of & E,,“ =6 &,%, 6B,

Then gﬂ and § _are not the standard gauge covariant fields

~ a a D Gp (wa
g,uv — g,uv 4 a),fta)ba)fb) 4 wfﬁ)ba)fb) —> 5 g — ng,uv
> 1 D = —)b (+)b
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e Fora=—-o’,b=0 —> Green-Schwarz transformatlon N
the heterotic string



Duality covariance vs gauge covariance

* The generalized frame/metric are not gauge covariant
in the standard sense but they are duality covariant

¢+ The components g and B transform as usual
under T-duality or Buscher rules but their induced
gauge transformations are deformed

—~
~

+ The duality covariant fields 9,,, B, are related to
the gauge covariant fields 9,,, B, through non-
covariant field redefinitions



Bosonic and heterotic strings



Rewriting the o'-deformed DFT action in terms of the
standard gauge covariant fields & strong constraint

R(E,d)+aR” +bR =

1 b b b
R+4a0%0 __H HWP_|_ R( ) R( Juv a, = R(+) R(+)/,1V a
90,406+ A RRO D
H =H 3 O 3bQ(Jr) o2 = o a-I—EH b
pwp — L pp _Ea ,UV,0+ uvp Orp W 5 4

a=-a’, b=0Iis the heterotic string (Bergshoeff & de Roo, 1989)

a=Db=-a’ is the bosonic string



The two-parameter family of deformations produces

HSZ

=y 0
B ®—
Heterotic Type Il a

L -1
Bosonic ZQ(Heterotic)



SE, =£.E,“ +E,°A +6,E,C

5,y =ady, A, Fypy BN —bamAZ\E Fmg_AENC

Close to first order in o.” and produce duality covariant theories

Higher orders in o' @ Include other fields

Extend duality group G = O(D, D; R) —» G = O(D, D+N; R)

+ generalized Scherk-Schwarz compactification



Split coordinates into external and internal:
D=n+d

—~

Organize the dof as V" =(V,,V* V")
(\7ﬂ,V“) transform in the fundamental of G.= O(n,n)eG
V™ transforms in the fundamental of G=0(d,d+N)eG

H group now splits in

He= O(n-1,1) x O(1,n-1), H=0(d) x O(d+N)



Generalized Scherk-Schwarz compactification ~ Gauged DFT
fI\/INP = f[MNP]’ f[MNR fP]RQ =0

+ Deform generalized Lie derivatives

AVAESGAVAIETE VA

— |:ABC — |:ABC + fABC
+ New constraint

fo Op..=0

The action will be deformed: non-abelian gauge fields, scalar
potential, ...



Impose the constraints

o, =0.0,0,) - 3.=0,.=0,

MNP0 otherwise

_{fmnp if (M,N,P)=(m,n, p)}

Reparametrize the generalized fields in terms of lower
dimensional fields

e’ 0 0
U P P
Ey, :ﬁ —&," ( pu EA/LOA#D) €. AECDD
—~apApm 0 N

Trivialize the transformations through non-covariant field
redefinitions



The action

S:J'd”XW/—ge‘M R+49"70,40, ¢—%H H
Lo "EFYM,, +1v M, VM ™ -V, +al) +b L)
4 8

The zeroth order potential has the standard form (Schon & Weidner)
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There is a correction to the scalar potential

V=V,+av" +bv®
\/ () — § ™PQ § npg’ M £ s P(J—f)P(J,—r)P(T)(P(+)P(+)P(+) PHPpHE) p(+))
qq’ ' rrt s

mm " nn mm " nn

4 fmns £ m'pr f n'p'q f q'r'ss Pq(qJ_rl) Prf*'i) PSSF) (P(+)P +)P(+ 4 P(+ P(+)P(+))

mm " nn mm'" nn
3

Cannot be eliminated through field redefinitions — genuine
deformation of scalar potential (affects structure of the vacuum)



Reproduce gauge sector of heterotic string b=0

Take n=10, d=0, N=496 and the gaugings fmnp are the
structure constants of SO(32) or EgxEg

Spee = | 4°%/— ge [R +49"70,40,¢ —% H,, H“ —% Fm e

A 5P a 1 , 3 Vo
+E(R/ﬂﬁ R # b _ET,uvTﬂ —ETprGT'u'O ):|

m
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N mEll —
T,=F"F.o Tus=HF
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A oo (F, ) < (Riem)

A.Coimbra, R.Minasian, H.Triendl, D. Waldram
O. Bedova, D. Marqgués, CN



N=1 Supersymmetric
o’'-deformed DFT



+ DFT reformulation of 9(=1 supergravity coupled to n
abelian vector multiplets in D=10 O. Hohm & S. Kwak (2012)

+ Symmetries:

« Global G=0(10, 10+N; R)

» Local H=0(9, 1; R), x O(1, 9+N; R)g
s Generalized diffeomorfisms

= Supersymmetry generated infinitesimally by a Majorana fermion ¢
transforming as a spinor of O(9, 1),



Generalized fields

- E ﬂm generalized vielbein parameterizing the coset
0(10,10+ N)
0(9,1), xO(1,9+ N),

- d an 0(10,10+N) scalar dilaton

- W¥; a Majorana spinor gravitino transforming as a
spinor of O(9, 1), , as a vector of O(1, 9+N),
and as a scalar of O(10,10+N)

— p a Majorana spinor dilatino transforming as a
spinor of O(9,1), and as a scalar of O(10,10+N)

A=(@a,a)=0,.,19+N
a=0,.9 a=0,.,9 a=1..(N=496)



Double Lorentz

SE, " =E; A%,

s 1
1 ¢
Srp=—g e p

0(9,1)_ y—matrices {?/ a1 Vb } = 2P,

SUSY transformations

m_ 1 B
o.E,~ = —EgyaTgEBm,

e A

5 E™ %gy/b‘lj E*M,

1
5.d=-=2p,
A==22p
o,V; =Vze,
0.p=-y"V,&

The algebra of transformations closes up to terms with two
fermions and it leaves the following action invariant



The action
S = j dX e (R(E,d) BN Ay ey ZWVKp)
reduces to D=10, N=1 supergravity coupled to n gauge
vectors with the parametrization
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~

o, E, ° = The algebra of transformations does not close

Parametrize O(10, 10+m) generalized fields in terms of
0O(10,10) multiplets and introduce O(10,10) vector ‘lqw

W. Baron, E. Lescano, D. Marqués, arXiv:1808.xxxxx

A oD (F, ) < (Riem)

7,

A.Coimbra, R.Minasian, H.Triend|, D. Waldram
ﬂ 0. Bedoya, D. Marqués, CN

W, " € 0(10,10)



Generalized fields

. B =EL,(ENM W, ) €0(10,10+ m),
E,", W, €0(10,10)

- d 0(10,10+m) scalar dilaton

- L =P (P, ,) € 0(10,10 + m)
¥Y,,¥Y. €0(10,10)

0O(10,10+m) scalar dilatino

_p
A=(,a,a)=0,.,19+m
a



Double Lorentz and SUSY transformations

5 A A 5 1_ .~ 2z
§.E M =E A%, 58EaM=—§gyatP§EB””,
V- T ) 1 . . |
Oj¥r =WgAT R = Apy W5, 58" =~ En VB, o.d=-23p,
A 1A c A - n ay
5Ap:—ZAbC]/bp S,W;=Vze, 0.p=—y"V,¢

Standard undeformed O(10,10+m) covariant transformations
induce deformed O(10,10) covariant transformations

Choosing gauge group = Lorentz group

A

OB, =2, B, +E,"Ay" > £, E,“+E,"A, " +5,E,
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S = [dxe ™ (R(F)+ LO(F, ¥, p) + RV(F )+ LO(F, ¥, p))
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Summary and conclusions

+ The traditional formulation of DFT has a duality covariant gauge
symmetry principle based on a generalized Lie derivative that
determines the two-derivative effective action uniquely.

+ The duality covariant transformations can be extended to include
deformations that account for the first order o'~ corrections to the
heterotic string effective action containing all the massless fields

+ A trivial generalized Scherk-Schwarz compactification gives a

manifestly duality covariant reformulation of half-maximal
gauged sugras in arbitrary dimensions including ©(a.")- corrections



Future

= TO examine the exact deformation by BLM further.
It should have information on non-perturbative
aspects of string theory

« To find the duality covariant extension of the

(Riemann)* and higher of type II theories (probably
need S-duality)






Lichnerowicz principle

A.Coimbra, R.Minasian, H.Triendl, D. Waldram
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Closure of the algebra

+ These gauge transformations preserve the constraints and close

[5(51,A1),5(§2,A2)] = 5(521,A21)

w.r.t. the modified brackets

b B, A
512 _[651’52](@ A[1A A2]B EA[Q Az]é

C B
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The generalized Green-Schwarz transformation implies

H,,=H, —3Q - 3a0e) ¢ 3paen 3 aqo >+3bQ<'+>
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The action

+ The new piece of information is the second line where L®) contain
a huge number of terms

+ T will discuss some simple special cases

+ Taking n=26, d=0, N=0 and (a,b)=(-a, —a") one recovers the
bosonic string effective action

s = | 47— g™ R+4g”vau¢av¢—ﬁ H,,,H"

o' b o' b
(-) (—)uv a (+) (H)uv a
——8 RWO1 R b ——RWa R b )



¢+ The GGS transformations induce

~ ~ 1 -)a +)a
59, =L, +§(aa)((ﬂ) b +ba)((ﬂ) "0, A

1
(-)ap (+)ap

where B
OB _ g M p BB _ g M B
o) =0,"V @5, o =0 "V

which requires non-covariant field redefinitions such that
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