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Some goals

@ Understand how duality constrains/organizes higher
derivatives.

@ New methods to compute higher derivatives.
@ Construct duality covariant formulations of higher derivatives.

@ Unmask the generalized geometric structure underlying higher
derivatives.
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Some history

e Sen 1991: O(d, d) symmetry to all orders in .

Meissner, Kaloper and Meissner 1997: Cosmological and circle
reductions of four-derivative interactions.

Garousi 2010, Hohm and Zwiebach 2015: Methods to
constrain higher derivatives.

Hohm, Siegel, Zwiebach 2013: First duality covariant
formulation of higher derivatives.
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Two derivatives

The universal NSNS sector of supergravity
1
S = / dx/—ge ¢ (R + 4(0¢)* — o H2>

Obtained from string theory through scattering amplitudes or
beta-functions.

Can we get this action from symmetry principles?

Diego Marqués IAFE-CONICET



Two derivatives

We have diffeos, and gauge symmetries
(56 = L:@ +
6p = LL”

which up to boundary terms give

S= / dx\/—ge ¢ (R + 0 (09)* + 3 H2)
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Two derivatives

If on top we add supersymmetry the relative coefficients get fixed

S— / dxy/—ge 2 <R+4(8¢)2112 H2>

so the action is fixed by symmetry principles.
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Two derivatives

If on top we add supersymmetry the relative coefficients get fixed
1
S = / dx/—ge ¢ <R+4(8¢)212 H2>

so the action is fixed by symmetry principles.

@ Supersymmetry is also successful in constraining higher
derivatives.

@ It might not be enough: the bosonic string is not
supersymmetric.

@ Can T-duality be used as a symmetry principle?
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Two derivatives

After a Kaluza-Klein reduction

¢ (8 +AGA" AG g (b+3(AVE— VAY) — ABA® V + AB
— U GAt G)» ~~ — V! 4 BA! B

we get an ungauged half-maximal supergravity with a global
O(d, d) symmetry

'  -G'B
A=V A MZ(BG‘l G—BG—IB>

heo(d,d), A=hA, M =hMht
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Two derivatives

But this is only true for the specific values of the parameters
1
S= /dx\/—ge2‘z> <R+4 (8¢)2—E H2>

because O(d, d) mixes the gauge and gravitational sectors.
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Two derivatives

But this is only true for the specific values of the parameters
1
S= /dx\/—ge2‘l5 <R+4 (8(;5)2—5 H2>

because O(d, d) mixes the gauge and gravitational sectors.
Duality as a method to constrain actions: the parameters should

be fixed by demanding the emergence of O(d, d) symmetries after
toroidal compactifications.
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Four derivatives

When higher derivatives enter the game funny things happen...
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Four derivatives

When higher derivatives enter the game funny things happen...

Suppose we have a two-derivative action that is fixed by some
symmetries

S = /dxﬁo[d)] , °S=0
Invariant four-derivative terms might not exist
S= /dx(EO[CD] + L)), %S #0

so the transformations might need corrections

80§ =65 +46'S%=0
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Four derivatives

Which can be written as
5.0

5051 + 6180 = /dx <50£1 + 64)61<b> =0

The new terms need not be invariant, but their transformation
must be proportional to the lowest order eom.
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Four derivatives

Which can be written as
5.0

5051 + 6180 = /dx <50£1 + 64)61<b> =0

The new terms need not be invariant, but their transformation
must be proportional to the lowest order eom.

Supersymmetric transformations seem to receive higher derivative
corrections.
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Four derivatives

Due to field redefinitions the four-derivative string actions can be
written in various ways.

Universal NSNS sector by Metsaev and Tseytlin, 1987

b
Sur = / dx\/—ge™*? {R+4(8¢) ——H2 T HMPQ,,
a+b (. , 1 . L s 100
-3 (Rlem —EHHRlem—i—ﬂH _g(Hm/)
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Four derivatives

Due to field redefinitions the four-derivative string actions can be
written in various ways.

Universal NSNS sector by Metsaev and Tseytlin, 1987

Sur = /dX\/ig(E 29 |:R—|—4(8¢) — sz

b

")

wrp

b 1 1 1
2t (Riem2—2HHRiem+24H4—8(H5V)2>]
Bosonic Heterotic Type Il
a+b —2a/ —a 0
a—b 0 —a 0
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Four derivatives

Bergshoeff and de Roo, 1989 (for heterotic)

1 ~
SBgR = / dx\/—ge~2¢ (R + 4(9¢)? — EH2

_‘_8'[\)& )bR( )uuba+ gRl([I‘!j'é)’bR(—i—)uuba)
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Four derivatives

Bergshoeff and de Roo, 1989 (for heterotic)

SBgR = / dx\/—ge~2¢ (R + 4(9¢)? — %ﬁz

_‘_8'[\)& )bR( Yuv b2 & gR( )bR(-i-)/wba)

Hiddenly contains higher orders...

wF) = W+ %/:I\
H dB —3aQ) 43 pQ()
Q)

tr(w® A dw® + 2 wE) A GE) A W)
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Four derivatives

The BdR action is invariant and
H=dB—3aQ) +3bQ)
is covariant due to the Green-Schwarz transformation of B

dp = Le¢o
0e? = Lgea+eb/\ba

5@ = L& —d <d/\ A w(:)>

6B = LeB+dA—Sr(dAnwlT))+ g“' (dnnw®)
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Four derivatives

Green-Schwarz transformation of the two-form

a—>b . a+ b
6/\B,ul/ = w[/zabdz/]/\ba - T

b
2 [/13 ()1/]

@ a — b term is not removable unless a = b (bosonic string).

s removable through

@ a+ bterm

a —|— b
B,uu — B,Lw +— H[//a v‘/1/][3
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Four derivatives

Additional remarks:

@ There is another famous scheme by Hull and Townsend 1987 where the
first order gravitational sector is a quadratic Gauss-Bonnet.

@ To second order the heterotic string receives no corrections in the bosonic
sector, but reappear at order o3 through quartic Riemann interactions
(more on this later).

@ The bosonic string is known to contain cubic Riemann interactions, cubic
Gauss-Bonnet terms, quartic Riemann interactions, etc. The full NSNS
sector is not known beyond the first order.

@ Type Il and M-theory corrections start with eight derivatives through
quartic Riemann interactions.

@ On top of these corrections there are gs corrections that we are neglecting.

Diego Marqués IAFE-CONICET



Duality constraints on higher derivatives

The bosonic string is not supersymmetric
1
Sur = / dx/—ge™2? {R + 4(0¢)? — EH2

/ 1 1, 1
+o (Riem2 — 5HH Riem + - H' — SHEVHQWH

but it should be constrained by duality!
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Duality constraints on higher derivatives

The bosonic string is not supersymmetric
1
Sur = / dx/—ge™2? {R + 4(0¢)? — EH2
¢ 1 1 1
+o (Riem2 — 5HH Riem + - H' — SHEVHQWH

but it should be constrained by duality!

Meissner 1997 compactified this action and realized that field
redefinitions were required to form duality multiplets.
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Duality constraints on higher derivatives

The bosonic string is not supersymmetric
1
Sur = / dx/—ge™2? {R + 4(0¢)? — EH2
¢ 1 1 1
+o (Riem2 — 5HH Riem + - H' — SHEVHQWH

but it should be constrained by duality!

Meissner 1997 compactified this action and realized that field
redefinitions were required to form duality multiplets.

Hohm and Zwiebach 2015 converted this observation into a
method to constrain higher derivatives.
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Duality constraints on higher derivatives

The idea is to perform a cosmological reduction

G = diag(—n(t),g(t)) , B = diag(0, b(t))

Plug the ansatz into the action and define

L=g's, M=g'h, d=¢—1logyg

We end with an effective action depending only on M, L, d and
time-derivatives thereof.
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Duality constraints on higher derivatives

One can then use the equations of motion

L = M*+dL [eom g]
M = ML+dM [eom b]
d = 1[d®— itr(M? - [?)] [eom d]
d> = —itr(M? - 1?) [eom n]

and integration by parts
d" f(M,L) = g,(M, L)

to take the effective action to a final canonical form depending
only on M and L.
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Duality constraints on higher derivatives

To determine if the effective action is duality symmetric, find the
minimal form of the most general invariant action using duality
constraints, eoms and integration by parts.
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Duality constraints on higher derivatives

To determine if the effective action is duality symmetric, find the
minimal form of the most general invariant action using duality
constraints, eoms and integration by parts.

It turns out to be a linear combination of powers of

tr(S"), mneven >4, S=Mn?

S= /dt (altr(SA) + bitr(S®) + 1 tr(S®) + ootr(S*)? + .. )

and this in turn can be rewritten in terms of M and L.
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Duality constraints on higher derivatives

Example: Consider the minimal form of the four-derivative terms
found by Metsaev and Tseytlin

LY =~ Riem? + v, HHRiem + 5 H* + . (Hliy)2 + 75 (H?)?
+76 Hy, 010076 + 70 H(99)° + 75 (09)*
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Duality constraints on higher derivatives

Example: Consider the minimal form of the four-derivative terms
found by Metsaev and Tseytlin

LY =~ Riem? + v, HHRiem + 5 H* + . (Hliy)2 + 75 (H?)?
+76 Hy, 010076 + 70 H(99)° + 75 (09)*

The method determines the action up to some terms

£ = Riem® — YHHRiem + LH* — 1(H},)?
+1 (H + 5(H?)?) + 0 (H5,0"00" ¢ — 1H*(09)?)
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Duality constraints on higher derivatives

These approaches are predictive but...
@ Need general inputs that get very messy with higher
derivatives.
@ Leave unfixed coefficients.

@ Perturbative in o.

If we want to understand the role of duality, it might be better to
move to a duality covariant framework:
Double Field Theory, Siegel 1993; Hull, Zwiebach and Hohm 20009.
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Two derivatives in Double Field Theory

Three symmetries:

@ Local H= O(D) x O(D) indices A, B, C, ...
Invariants Pag & Pag and parameter /\[AB].

@ Generalized diffeomorphisms L generated by ¢V / 2577 =0.
Close wrt a C-bracket.
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Two derivatives in Double Field Theory

Three symmetries:

@ Global G = O(D, D) indices M, N, P, ...
Invariant metric .

@ Generalized diffeomorphisms L generated by ¢V / 2577 =0.
Close wrt a C-bracket.
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Two derivatives in Double Field Theory

Three symmetries:

@ Global G = O(D, D) indices M, N, P, ...
Invariant metric .

° O(D)
PaB AB

>
Is
I

@ Generalized diffeomorphisms L generated by ¢V / 2577 =0.
Close wrt a C-bracket.
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Two derivatives in Double Field Theory

Three symmetries:

e Global G = O(D, D) indices M, N, P, ...
Invariant metric .

o 0(D)

AB AB

|
W
Ol

@ Generalized diffeomorphisms L generated by ¢V / Egn =0.
Close wrt a C-bracket.
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Two derivatives in Double Field Theory

Three symmetries:

@ Global G = O(D, D) indices M, N, P, ...
Invariant metric .

@ Local H= O(D) x O(D) indices A, B, C, ...
Invariants Pag & Pag and parameter /\[AB].
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Two derivatives in Double Field Theory

The fields are duality covariant multiplets
Ev?, d
The generalized frame is a constrained field
nvn = En” (Pag + Pag) En®
and defines a generalized metric (also constrained)

Hun = Em”(Pag — Pag)En®
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Two derivatives in Double Field Theory

The fields are duality covariant multiplets
Ev?, d
The generalized frame is a constrained field
nvn = En” (Pag + Pag) En®
and defines a generalized metric (also constrained)
Hun = Em*(Pas — Pas)En®
Double space but strong-constrained

nMNoyon--- =0
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Two derivatives in Double Field Theory

Duality covariant gauge transformations

se2 — oy <£Me—2d)
(5EMA = (EgE)MA + EMB /\BA
which imply

OHmun = (E{H)MN
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Two derivatives in Double Field Theory

Duality covariant gauge transformations
se2 — oy <£Me—2d)
SEM* = (LeE)m™ + Em® Ag?
which imply
HmN = (E§H)MN
Composite objects with nice transformation properties:

Fasc = 3EMa0mENBEP cpnp

Fr = OyEMA—2EM ,00,d
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Two derivatives in Double Field Theory

Two equivalent ways of writing an action
S= / dXe R

The metric formalism

R = 4'HMN8M3NC/ — GMaNHMN — 4HMN8Md8Nd + 46MHMN6Nd
1 1
+§%MN8MHKL8NHKL — §HMN(9/\/IHKL8K’HLN
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Two derivatives in Double Field Theory

Two equivalent ways of writing an action
S= / dXe 2R

The frame formalism
R = —2DpFA+2D;F” + FAF2A — FiFA

1 1 a5 1 c 1 45
—EFMF@Jr EFWFABC - EFﬁfF@C - EFEQFABQ
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Two derivatives in Double Field Theory

To make contact with supergravity... GL(D) € O(D, D)
decomposition:

E—e®dB, d—oodg

The gauge symmetries reduce to

de=lce+
0E =L E+1 } — B =1.B+d)
(5d: d E S 5¢:Li()
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Two derivatives in Double Field Theory

To make contact with supergravity... GL(D) € O(D, D)
decomposition:

E—we®dB, d—o¢odg

and the action reduces to the standard supergravity action

S= /dx\/%e% <R+ 4(0¢)? —% H2>

with fixed coefficients.
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Towards more than two derivatives in Double Field Theory

Some obstructions to naively searching for higher corrections with
these symmetries:

@ no-go theorem by Hohm and Zwiebach 2011: It is impossible
to write quadratic Riemann interactions in terms of a
Generalized Metric.

@ Need non-covariant field redefinitions.

@ Generalized Riemann tensor not covariant/unique/determined.
Jeon et. al. 2010, Coimbra et. al. 2011, Hohm et. al. 2011.
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Double o'-Geometry

Hohm, Siegel and Zwiebach, 2013, first duality covariant
deformation of £

IMun = LeMmn — M C0pi6n — Op Mooy e
1
— 5("),\4 MP (")/\/P[QﬁK] + (M + N)

@ Invariant action: finite and exact.

@ Double metric M unconstrained, duality covariant, related to
‘H through eoms.

@ Exact corrected C-bracket

&1, &l = &, 52](”&) + 0p¢| ()M()Q%z]
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Double o'-Geometry

Hohm and Zwiebach, 2014

Studying field perturbations around flat space, the correction
induces

v]o

1 )
5Bwj = L&Bl“, + 28[u)\y] + 5()[//(()pfg) [

which is a Green-Schwarz transformation of B wrt diffeos.

The deformation of £ is a generalized Green-Schwarz
transformation.
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Double o'-Geometry

@ The formulation in terms of the double metric is intriguing:
finite expansion for infinite higher derivatives.

@ The action contains:
o Chern-Simons corrections to the three-form, Hohm, Zwicbach 2014
o Cubic Riemann interactions, Hohm, Naseer, Zwiebach 2016
o Cubic Gauss-Bonnet interactions, Lescano, Marques 2016

o Alternates Z, parity B — —B symmetry order by order. As a
consequence, it is unrelated to the bosonic and heterotic
strings: no quadratic Riemann interactions.
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Duality in the heterotic string

There are two approaches to T-duality covariant first order
corrections in heterotic supergravity:

@ Extending the duality group
Bedoya, Marques and Nunez 2014
Coimbra, Minasian, Triendl and Waldram 2014

@ Deforming the gauge symmetries
Marques and Nunez 2015
Hohm and Zwiebach 2014
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Extending the duality group

It is based on two facts related to heterotic supergravity

1~ 1

L =R+ 4(0$)* — = H?> — > F? + fermions
12 4

where

H=dB+ CS(A) + fermions
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Extending the duality group

The first observation is due to Bergshoeff and de Roo 1988

gauge fields A > spin con. w/torsion

gauginos y &~ gravitino curvature
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Extending the duality group

The first observation is due to Bergshoeff and de Roo 1988

gauge fields A > spin con. w/torsion

gauginos y &~ gravitino curvature

The Bergshoeff-de Roo identification is based on supersymmetry

0A = Eyx > o = €y
Ix = Fuy*e & ) = s
The pair ( , ) effectively behaves as a gauge multiplet.
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Extending the duality group

First order corrections are obtained by including extra Lorentz
multiplets and identifying them with ( , )

1~ 1 1
L= R+4(a¢)2_EH2_ZF2+Z + fermions
where R
H=dB+ CS5(A) — + fermions

Diego Marqués IAFE-CONICET



Extending the duality group

First order corrections are obtained by including extra Lorentz
multiplets and identifying them with ( , )

1~ 1 1
L= R+4(a¢)2_EH2_ZF2+Z + fermions
where R
H=dB+ CS5(A) — + fermions

° deforms the transformation of itself, rendering
the identification ill-defined to second order.

@ Noether procedure for higher orders, Bergshoeff and de Roo
1989.
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Extending the duality group

The second observation is due to Hohm and Kwak 2011

Gauge multiplets are incorporated into DFT through extensions of
the duality group and local symmetries

G=0(D,D+k), H=0(D)xO(D+ k)
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Extending the duality group

The second observation is due to Hohm and Kwak 2011

Gauge multiplets are incorporated into DFT through extensions of
the duality group and local symmetries

G=0(D,D+k), H=0(D)xO(D+ k)

Under a GL(D) and O(D) decomposition the generalized fields
include the gauge multiplet components

E—>edBdA, Vydy

Generalized diffeomorphisms — GL(D) diffs @& B-shifts & K
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Extending the duality group

Based on these observations we make a further extension of the
duality group

E—-e®BOAGA, VypdxdyY
and perform a Bergshoeff-de Roo identification
K' <« O(D)e O(D+k+K)

A/: y X/:
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Extending the duality group

Pro
@ It is guaranteed to work to first order.
Cons

@ It is guaranteed not to work to higher orders.

@ The identification is done after the GL(D) and O(D)
decomposition, so the procedure is not duality covariant.
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Deforming the gauge symmetries

In the heterotic string the Green-Schwarz transformation

()a
B, = a[,,/\a W

fixes the higher-derivative corrections to the three-form field
strength

na [;za plc

0 3/ (9)ba (a ()b (e, (-)a
Huvp:3a[uBVp]+2([ 0”““] + Wia Wb W
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Deforming the gauge symmetries

The heterotic string contains in addition the
term not required by the Green-Schwarz deformation.
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Deforming the gauge symmetries

The heterotic string contains in addition the
term not required by the Green-Schwarz deformation.

Shet = /dX\/ ge 2¢( +4(09)? — H‘”’”HW/,

e
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Deforming the gauge symmetries

The heterotic string contains in addition the
term not required by the Green-Schwarz deformation.

- 1 0 e I
Shet = /dX\/ —8¢€ 2¢ ( + 4(a¢)2 - EH} /Huum
1
8
T-duality mixes the two-form and the sector: this is

why we seek for a duality covariant generalization of the
Green-Schwarz transformation.
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Deforming the gauge symmetries

How do we turn the Green-Schwarz transformation
(5)a
0B, = ()[/l/\a Wih

into a duality covariant form?

Naively, just double...

b B =)b B
8“—>8/\/l, Aa —)/\A s w/(“,) — WMA
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Deforming the gauge symmetries

How do we turn the Green-Schwarz transformation

1. b (s
58/“/ = 5()[/1/\3 wl/]b

into a duality covariant form?

Then, write the obvious...

1
(5E/\/[C = 58[MAAB wN]BA ENC
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Deforming the gauge symmetries

How do we turn the Green-Schwarz transformation

()a
5By, = a[,l/\a W

into a duality covariant form?

Select one factor of the double Lorentz group...

5EMC = *a[M/\A wN]B ENC
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Deforming the gauge symmetries

How do we turn the Green-Schwarz transformation

()a
5By, = a[,l/\a W

into a duality covariant form?

Remove undetermined components of the spin connection...

1
0EM® = SOmAaZwy g™ ENC
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Deforming the gauge symmetries

How do we turn the Green-Schwarz transformation

()a
5By, = a[,l/\a W

into a duality covariant form?

Impose duality constraints on the generalized frame...

1
5EMC = 58[MAA§CUN]§A ENC
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Deforming the gauge symmetries

How do we turn the Green-Schwarz transformation
(5)a
0B, = ()[/l/\a Wih

into a duality covariant form?

Replace the spin connection by the generalized fluxes...

1
SEmC = Ea[M/\AE ™ ENC
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Deforming the gauge symmetries

We could as well have chosen the opposite projections

0Em™ = LeEn™ + En®Ns" + (a OmNsE Fry B — bOmhg® FMEE) ENA
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Deforming the gauge symmetries

We could as well have chosen the opposite projections

0Em™ = LeEn™ + En®Ns" + (a OmNsE Fry B — bOmhg® FMEE) ENA

This is the two-parameter generalized Green-Schwarz
transformation, Marques and Nunez, 2015.

The parameters a and b are O(/).
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Deforming the gauge symmetries

The gauge transformations preserve the constraints and close

[5(51 ,A1)) 5(62 ,/\2)] = 5(&21 ,N21)

w.r.t. the brackets

a ; b B. =
&n o= [, fz]évc’:) 5 Aaa®0" Moy + > /\[ﬁBOM/\z]EA

Aoag = 2§£8PA2] a8 — 2N ANy ca
+a ()[A ()E]/\QDC + 3()[A/\ ()B]/\2DC

_b‘)[A/\l IB1\2pe b()[A/\l 951\ape
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Deforming the gauge symmetries

The first-order gauge invariant action is fixed
S= /dXe—2°’ (R+aRO + bRH)

for some R(F) that satisfy:

o R() must transform as scalars under diffeomorphisms.

o )NR+0p (aR) + bRMH)) = 0.
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Deforming the gauge symmetries

One finds

R - 8408Fcp £ Fren (PCFPD GBAEpBH | pCF pD GPAH’BBE)

1 _ _AD = 1 CAE =
+ OaFsep OcFren (E PAE pBF pCG 5D H _ pBF pCG AD SEH _ : pBF pCG BAE 5D H)

+(20aFp — FaFg) Fp eFren P PP ¢ PAE PEH

+20aFscp FronFE ( pBF pCG pAD BEH | pBF pCG pAH 5D E)

PAEPBHPC’,ED F'EGJ +4 PBEPCHPF’,EAGﬁD J _ PBEPCF'EAH'E.DllsGJ)

— OaFgep FercFri (
4 FascFo e For Fot (PAD pBG pEJ pHK 5CL5FI _ pAD pBG pEJ pHK 5CF 5IL

_CH =FK = 4 —CJ=FK =
+PAD PBEPGJPCH PFK PIL + g PAD PBG PEHPCJPFKPIL>

and R =R [P+ P].




Deforming the gauge symmetries

After a GL(D) decomposition

H = g_l _‘Ag:lB -
Bg' g-Bg'B
the generalized Green-Schwarz transformation induces a Lorentz
transformation of the components

~ - a b

5gl“/ = Lfg/“/ - E/ ((/za) ()”) 5”&@) ()r/)

~ a b
0Buy = LeBuu + 20,6, + = ; wi JP B, N —Ew[(//a) D, M
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Deforming the gauge symmetries

The two-form transforms exactly as in Bergshoeff-de Roo!
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Deforming the gauge symmetries

The two-form transforms exactly as in Bergshoeff-de Roo!

The anomalous Lorentz transformation of g

~ ~ a (4)p. . b _, R
(5gW = ng,w - Ewg;za)b()”)/\b - Ew((;;)bd,,)/\b

can be removed through a non-covariant field redefinition

~ a (- . b (& n
Buv = 8uv — Z’W'/(ta)bwz(/b)a - wa(la)b%(/b)a

such that
08w = Leguw
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Deforming the gauge symmetries

@ The generalized frame/metric are no longer Lorentz covariant
in the standard sense.
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@ But they are still duality covariant.

@ Their components (g, é,“,) transform as usual under
T-duality, but their induced gauge transformations are
deformed.
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Deforming the gauge symmetries

@ The generalized frame/metric are no longer Lorentz covariant
in the standard sense.

@ But they are still duality covariant.

@ Their components (g, é,“,) transform as usual under
T-duality, but their induced gauge transformations are
deformed.

o Contact with the standard supergravity fields (g,., Byy) is
achieved through non-covariant field redefinitions.
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Deforming the gauge symmetries

Re-writing the first-order DFT action in terms of the gauge
covariant fields

1 ~  ~
R+ aR) + bR = R+ 4(8¢)% — 15 o H"?

a

"3

RGAPRIm a4 gR;(JE);bR(H“Vba

we recover the generalized version of the action by Bergshoeff and
de Roo, 1989.
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Deforming the gauge symmetries

Some remarks:

@ This formulation was used in Baron et. al. 2017 to compute
first order corrections to half-maximal gauged supergravities.

@ It is not possible to turn this frame formalism into a
generalized metric formulation unless a = —b (HSZ theory).

@ Hohm 2016: Background independence + Duality symmetries
+ higher-derivatives, require new degrees of freedom with
enlarged gauge symmetries.

@ It is extremely hard to guess what the second-order
corrections to these deformations are.
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The generalized Bergshoeff-de Roo identification

To answer the question on how both approaches relate and how to
extend them, we had the following idea...
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The generalized Bergshoeff-de Roo identification

To answer the question on how both approaches relate and how to
extend them, we had the following idea...

Instead of decomposing O(D, D + k) w.r.t. GL(D), we preserve
O(D, D) covariance, Hohm, Sen and Zwiebach 2014

E—sE®A, EcO(D,D), EMAAu*=0
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The generalized Bergshoeff-de Roo identification

To answer the question on how both approaches relate and how to
extend them, we had the following idea...

Instead of decomposing O(D, D + k) w.r.t. GL(D), we preserve
O(D, D) covariance, Hohm, Sen and Zwiebach 2014

E—sE®A, EcO(D,D), EMAAu*=0

Only then one should look for a generalized Bergshoeff-de Roo
identification

AL o W) A e
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The generalized Bergshoeff-de Roo identification

There are generalizations of everything in DFT:

A“a <~ .AAO(

Wb > Generalized spin connection

O(D) +  O(D)x O + k)
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The generalized Bergshoeff-de Roo identification

The correct answer turns out to be...
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The generalized Bergshoeff-de Roo identification

From the O(D, D + k) gen diffs we get
0Ap, = E{AAQ —Dpra + & [)\ .AA] + -ADa/\ A
Which transforms basically as a generalized connection

0F ape E& Fape — Pal\ge + [N, Falge + FDNA A
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The generalized Bergshoeff-de Roo identification

We can match both transformation rules by identifying
K=0(D+k)
but this is only possible if
k=00

The dictionary between both groups is given by the generators

(t) s (ts) " = Xgoj

(t) s (L) = Xgd' [
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The generalized Bergshoeff-de Roo identification

The generalized Bergshoeff-de Roo identification is then
Baron, Lescano and Marques 2018

K = O(D+K)
—gXa(t) g = Nz
—8 Apa (t") 50 = Fapcl€lE All

It eliminates some dof by identifying them with other dof.
It introduces two sources of infinities.
It is exact.

It doesn’t need supersymmetry at all.

It is necessarily generalized.

Diego Marqués IAFE-CONICET



The generalized Bergshoeff-de Roo identification

It naturally induces a generalized Green-Schwarz transformation for
the O(D, D) generalized frame

SEma = Ogh-Aa

<—

5Ema = Oyl -Fa

that holds to all orders.
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The generalized Bergshoeff-de Roo identification

It naturally induces a generalized Green-Schwarz transformation for
the O(D, D) generalized frame

SEma = Ogh-Aa

<—

5Ema = Oyl -Fa

that holds to all orders.
Remember that higher derivatives require deformed gauge
transformations for duality covariant multiplets.
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The generalized Bergshoeff-de Roo identification

To first order the result coincides with Marques and Nufiez 2015

b N
SEmA = EmBE N2 + > ONBC FAge
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The generalized Bergshoeff-de Roo identification

To first order the result coincides with Marques and Nufiez 2015
b N
SEmA = EmBE N2 + > ONBC FAge

The second order is a prediction of the formalism

N b_ B
SEmA = LeEn® + EmBAg? + E%ABC FAoe
2

JE T .
+ En® [agac/\ " (FepFPer + 0cFgr) — FlerFes (F* Do nf — Fi”EaEAﬁD)
£

and one can in principle keep going! Work in progress...
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The generalized Bergshoeff-de Roo identification

The generalized Bergshoeff-de Roo identification admits a
supersymmetric extension, Baron, Lescano and Marques 2018

e 1
—8 A ()5e = Fppe — 5VE1aVe

gV () = 2[Viava,,,

It is also exact and can be perturbed order by order to find
fermionic corrections in the heterotic string (Work in progress by
Lescano, Nufiez and Rodriguez).
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The generalized Bergshoeff-de Roo identification

The generalized Green-Schwarz transformation also admits a
bi-parametric extension

a b BF
SEmA = EpB N2 + §8A/\B—CFWBC + Eaﬁ/\B FA
Soon we will show how this fits into an extended version of the

generalized Bergshoeff-de Roo identification Baron and Marques,
in progress.
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Further deformations?

The formalism seems to give a tower of symmetric
gauge <> gravitational interactions.

But the heterotic string is known to contain more than that...

o* ((3) RO
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Further deformations?
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But the heterotic string is known to contain more than that...

o* ((3) RO

Is this a new DFT invariant or a new deformation of the Lorentz
symmery?
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Further deformations?

The formalism seems to give a tower of symmetric
gauge <> gravitational interactions.

But the heterotic string is known to contain more than that...

o* ((3) RO

Is this a new DFT invariant or a new deformation of the Lorentz
symmery?

These terms are similar to those in type |l: could shed some light
on the U-duality structure of higher derivatives.

Steps in this direction by Coimbra 2018.
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Outlook

More rigorous mathematical framework

Non-perturbative (exact) treatment

Understand the nature of the identifications better

Predict higher order interactions

o Maximal supergravity and U-duality

Applications to cosmology
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Outlook

More rigorous mathematical framework

Non-perturbative (exact) treatment

Understand the nature of the identifications better

Predict higher order interactions

o Maximal supergravity and U-duality

Applications to cosmology

Many exciting results to come! Thank you for your attention!
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