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Plan

> A map to perturbative o’ corrections in string theory

» The role of T-duality in constraining higher-derivative
interactions

» Progress and obstructions in T-duality covariant o’ corrections

» The (-symmetry of supergravity
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The focus is on

» The first orders of perturbative tree-level o’ corrections.

» Scattering amplitudes
» Beta functions

» SUSY

» Neither g5 corrections nor non-perturbative effects.

» NSNS sector: metric, two-form and dilaton.
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Universal starting point

Common sector for all strings

S— / dxy/—ge 2 [R + 4(90)7 — le H?
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Universal starting point

Common sector for all strings

S— / dxy/—ge 2 {R + 4(90) — le H?

The o corrections depend on

» The string: bosonic, heterotic, type Il

» The scheme: ambiguous versus unambiguous terms

Diego Marqués



First order o corrections

Nepomechie; Gross, Harvey, Martinec and Rhom 1985

Metsaev and Tseytlin, 1987

Syt = / dx\/—ge 2? [R + 4(0$)? — % H?
a—»>b
4

+ H™PQ,,,0p
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First order o corrections

Nepomechie; Gross, Harvey, Martinec and Rhom 1985

Metsaev and Tseytlin, 1987

Syt = /dX\/—gezd) [R + 4(8(;5)2 — % H?

a—b
+ i H™ Q0000
a+b 1 1 1
- (Rem — 5H HRiem + H4—8H§VH2W>]
Bosonic Heterotic HSZ Type Il
a+b —2a/ o 0 0
a—b 0 —a! —2a/ 0
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First order o corrections

Bergshoeff and de Roo, 1989

1

SBgr = / dx/—ge 2% [R + 4(9¢)* — o H?

+ a R_(—)2 + é R(+)2

g lem 8 iem
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First order o corrections

Bergshoeff and de Roo, 1989

1 ~
SBgr = / dx/—ge 2% [R + 4(9¢)* — o H?
2 p(-)2 b2
— R — R
+ 8 lem + 8 lem
Hiddenly contains higher orders
W =w+1H, H=H-3a00) 43500

Q) = tr[w™® dw®) + %w(iB]
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Second order o/ corrections
Metsaev and Tseytlin, 1987

L(2) = R3_ + cubic Gauss Bonnet

bos lem

Naseer and Zwiebach; DM and Lescano 2016

L(ﬁgz =¥ (Chern Simons)?

bos

Metsaev and Tseytlin, 1987; Bergshoeff and de Roo, 1989

12 = (Chern Simons)?

het —

Metsaev and Tseytlin, 1987

@

type I = 1OnE
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Cubic order o corrections

Unknown for bosonic and HSZ.

Cai and Nufiez; Gross and Sloan 1986
A5 e! tic RE, + C(3)(tatg — 1 )R
het — auge symimetic No, slg §€10€10) Njem

Gross and Witten; Grisaru and Zanon 1986

LS,‘,),e 1 = C(3)(tsts — Leto€1o) Rim
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T-duality and o/

Sen 1991: tori reductions yield continuous O(d, d) symmetry to all
orders in /.

Bergshoeff, Janssen and Ortin 1995: Circle reduction of heterotic
string.

Meissner, Kaloper and Meissner 1997: Cosmological and circle
reductions of bosonic string.

Baron, Melgarejo, DM and Nufiez 2017: Flux compactification of
the bi-parametric action.
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T-duality and o/

Sen 1991: tori reductions yield continuous O(d, d) symmetry to all
orders in /.

Bergshoeff, Janssen and Ortin 1995: Circle reduction of heterotic
string.

Meissner, Kaloper and Meissner 1997: Cosmological and circle
reductions of bosonic string.

Baron, Melgarejo, DM and Nufiez 2017: Flux compactification of
the bi-parametric action.

In this talk | will discuss how to assess T-duality without
compactifying.
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Double Field Theory

Siegel 1993; Hohm, Hull and Zwiebach 2009

Supergravity DFT
Global GL(D) O(D,D)
Symmetries B-shifts
Local Lorentz Lorentz x Lorentz
Symmetries
Fields e, B and ¢ E(e, & B) and d(¢, g)
Space D-dimensional 2D-dimensional
Strong constraint
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DOU ble Fleld Theory Siegel 1993; Hohm, Hull and Zwiebach 2009

Supergravity DFT
Global GL(D) O(D,D)
Symmetries B-shifts
Local Lorentz Lorentz x Lorentz
Symmetries
Fields e, B and ¢ E(e, & B) and d(¢, g)
Space D-dimensional 2D-dimensional
Strong constraint

Gauge fixing and solving the strong constraint

e = +e-A
semceeen ) [T
— 56 =
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The Green-Schwarz transformation

The three-form in the BAR scheme
H=dB—3aQ") +3bQ)
is Lorentz invariant due to the Green-Schwarz transformation of B

5ea = LLG‘ + e- A
Q) = 1.0 4 dtr (w(i) d/\)

0B

LeB+dA+ Str («)an) - gtr («) an)
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The Green-Schwarz transformation

The three-form in the BAR scheme
H=dB—3aQ") +3bQ)
is Lorentz invariant due to the Green-Schwarz transformation of B

563 = [_Le + e- A
sQE) = .00 4 d (w(i) d/\)

0B

LeB+dA+ Str («)an) - gtr («) an)

A hint that something is missing in DFT.
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The Green-Schwarz transformation

The generalized Green-Schwarz transformation
DM and Nunez 2015

OEm* = LeEn” + En®As™ + (2 0uNe® Fryc® — boghs" Fyc® ) EY

» Exactly reproduces the Green-Schwarz transformation of B.
» The anomalous transformation of e can be redefined away.

» Finite version: Borsato and Wulff 2020.
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The Green-Schwarz transformation

» Preserves the field constraints and closes to first order
[6(51 s A1) 5(52 7/\2)] = 5(521 ,\ot1)
w.r.t. the brackets
a b = T
&y = [a, E2](Mc) —3 /\[lAEaMA2]EA T5 /\[deM/\z]EA
_ P A C
Noag = 2810pNa —2N1a Ny ca

+a NP0 Nonc + 20N g1 Napc
—b AN Og) N pe — b OaM g\ ope
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The Green-Schwarz transformation

» Induces a first-order correction to the action
S = /dXe_Zd (’R + a’R(OJ) + bR(l’O))

The details are not important. We only need to know:

» RO and R(19 depend on the generalized fluxes so are
scalars under generalized diffeomorphisms.

> SR+ 0 (aROD 4+ pRAD) =0
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The Green-Schwarz transformation

» Induces a first-order correction to the action
S = /dXe_Zd (’R + a’R(OJ) + bR(l’O))

The details are not important. We only need to know:

» RO and R(19 depend on the generalized fluxes so are
scalars under generalized diffeomorphisms.

> SR+ 0 (aROD 4+ pRAD) =0

> After section, gauge fixing and field redefinitions it reproduces
exactly the Bergshoeff-de Roo action

1 ~
RA+a ROVLbROO) = (2 +4(99)2 — = H'+ g +

| o
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The Green-Schwarz transformation
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The Green-Schwarz transformation

To find higher orders there is another idea in supergravity that can
be generalized.
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The Bergshoeff-de Roo identification

Start with lowest order heterotic supergravity

1~ 1

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

where

H=dB+ CS(A) + fermions
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The Bergshoeff-de Roo identification

Bergshoeff and de Roo 1988 realized that

gauge fields A > ) spin con. w /torsion

gauginos y &~ D) gravitino curvature

Diego Marqués



The Bergshoeff-de Roo identification

Bergshoeff and de Roo 1988 realized that

gauge fields A > spin con. w/torsion

gauginos y &~ gravitino curvature

based on supersymmetry

0A = Eyx > ) = €y
Ix = Fuy"e VY ) = ~HV e
The pair ( . ) effectively behaves as a gauge multiplet.
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The Bergshoeff-de Roo identification

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

1 ~ 1 1
L= R+4(6¢)2_EH2_ZF2+Z + fermions

where R
H=dB+ CS5(A) — + fermions
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The Bergshoeff-de Roo identification

First order corrections are obtained by including extra Lorentz
multiplets and identifying them with ( , )
L= R—|-4((9¢)2—i/:l\2—1/-_2—i—E + fermions
B 12 4 4

where R
H=dB+ CS5(A) — + fermions

deforms the transformation of itself, rendering the
identification ill-defined to second order. Higher orders require a
Noether procedure Bergshoeff and de Roo 1989.
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The Bergshoeff-de Roo identification

Gauge multiplets can be included in DFT through extensions of
the duality group and local symmetries Hohm and Kwak 2011

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

E—oedBdA, Vouydy
Generalized diffeomorphisms — GL(D) diffs & B-shifts & K
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The Bergshoeff-de Roo identification

Gauge multiplets can be included in DFT through extensions of
the duality group and local symmetries Hohm and Kwak 2011

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

E—oedBdA, Vouydy
Generalized diffeomorphisms — GL(D) diffs & B-shifts & K

One can then implement the identification

Bedoya, DM and Nufiez; Coimbra, Minasian, Triendl and Waldram; Lee 2014

£ <« O(D) € O(D + k)
A —
X >

Diego Marqués



The Bergshoeff-de Roo identification

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

EsE®A, EcOD,D), EMAAu*=0
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The Bergshoeff-de Roo identification

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

EsE®A, EcOD,D), EMAAu*=0

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

()
P = S S VYA =
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The Bergshoeff-de Roo identification

There are generalizations of everything in DFT:

W e &~ Generalized spin connection

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

The correct answer turns out to be... Baron, Lescano and DM 2018

Diego Marqués



The Bergshoeff-de Roo identification
From the O(D, D + k) gen diffs we get
§Apa = LeApa — Dara + [N, Aa], + ApahPa
Which transforms as a generalized spin connection

~ D
0F pie = LeF e — Palae + [Ny Falme + Foaehoa
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The Bergshoeff-de Roo identification
From the O(D, D + k) gen diffs we get
§Apa = LeApa — Dara + [N, Aa], + ApahPa
Which transforms as a generalized spin connection
07 e = LeF s — Dalse + [N ol o + 7 oehPa
The generalized Bergshoeff-de Roo identification is then Baron,
Lescano and DM 2018

K = 0D+ k)
—8 Aa (ta)AB = /\AT
—g A ()5 = FupclEE, Al
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The Bergshoeff-de Roo identification

vvyYyy

v

It preserves O(D, D) covariance.
It is necessarily generalized.
It is exact, no need for a Noether procedure.

It gives an iterative procedure to compute an infinite tower of
higher-derivatives.

It doesn't need supersymmetry, but is consistent with it

—8 Apa (%) =

gVE. D (%)
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The Bergshoeff-de Roo identification

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

6EMA = GMAAA — %/\-fé
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The Bergshoeff-de Roo identification

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

6EMA = (FM)‘ '-AA — (9*,\/,/\- -FA
Perturbatively we get...
) b 5
SEmA = LeEn® + EnBng? + Ef"W/‘BC FAge
2 I
+% En® {(FOC NF (FepFPer + 0cFgr) — FleeFcp (FQHD oAt — FEPEo_p D)

+F7 og /\

FAHFOOF — 9AFCOF 4 2 o FACF

) - Fe

EFoB

C A ED F
(o057 +..
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The Bergshoeff-de Roo identification

The idea can be extended to account for the two parameter (a, b)
family of theories Baron and DM 2020

R(3:0)
R(2.0)
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The Bergshoeff-de Roo identification

The idea can be extended to account for the two parameter (a, b)
family of theories Baron and DM 2020

R(3,0)
R(2,0)
R(L0) R(2.1)
7R(0,0) R(1,1)
R(0.1) R(12)
7R(0,2)

R(0:3)

This offers the geometrization of an infinite tower of
higher-derivatives that includes (a sector of) the heterotic, the
bosonic and HSZ.
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The third order o’ corrections

The following step naturally would be moving to the third order

R(3:0)
R(2,0

R(L,0) R(2.1)

R(O’O) R(l’l
RO R(12)

R(O,Z

R(0:3)
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The third order o’ corrections

The following step naturally would be moving to the third order

R(3:0)
R(2,0

R(1,0) R(2:1)

R(O’O) R(l’l
2(01) R(12)

R(O,Z

R(0:3)

These should account for the gauge symmetric Rf(tm couplings of
the heterotic string
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The third order o’ corrections

The following step naturally would be moving to the third order

R(3:0)
R(1,0) R(2:1)
R(01) R(1.2)

R(O,Z
R(0:3)

These should account for the gauge symmetric Rf(tm couplings of
the heterotic string, but not the universal interactions

a’*((3)(tsts — e10€10) Ribm
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The third order o corrections

Since ((3) is irrational, these interactions require a new O(a'3)
parameter

04/3 C(3)(t8t8 — %GIOEIO)R,i.m
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The third order o’ corrections

Since ((3) is irrational, these interactions require a new O(c’'3)
parameter

a3 C(3)(tsts — %610610)R2m

In other words, we need a new Lorentz invariant starting at third
order

SL=(6©) 4+ 5@ [LO 4 c1B)] = c[5(Z)OLAf,°) +6OL®1+0(c?) =0
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The third order o’ corrections

Since ((3) is irrational, these interactions require a new O(c’'3)
parameter

a3 C(3)(tsts — %610610)R2m

In other words, we need a new Lorentz invariant starting at third
order

SL=(6©) 4+ 5@ [LO 4 c1B)] = c[5(Z)OLAf,°) +6OL®1+0(c?) =0

No Go: under certain assumptions, there is no such invariant in the
background independent frame formulation of DFT: Hronek and
Wulff 2021.
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[-symmetry
The D dimensional supergravity action

1
Sz/dDX\/E<RD+4(8<D)2—12H2—|—...>
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[-symmetry

The D dimensional supergravity action

1
S:/dDX\/E<RD+4(8<D)2—12H2—|—...>

when compactified on T9 leads to the n = D — d dimensional
action

5= v/d”X\/E <R,, +4(90) — 1—12I72 - %F2 + %(&\4)2 + )
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[-symmetry

The D dimensional supergravity action

1
S:/dDX\/E<RD+4(8<D)2—12H2—|—...>

when compactified on T9 leads to the n = D — d dimensional
action

1~ 1 1
S= v/d”X\/E <R,, + 4(0¢)% — EH2 — ZF2 + g(aM)2 +. )
gaining a symmetry enhancement

O(d,d) : GL(d) ® b — shifts ® f—transformations
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[-symmetry

The Kaluza-Klein procedure consists of three steps

> Assume isometries
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[-symmetry

The Kaluza-Klein procedure consists of three steps

> Assume isometries

» KK reparametrization (make local symmetries manifest)
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[-symmetry

The Kaluza-Klein procedure consists of three steps

> Assume isometries

» KK reparametrization (make local symmetries manifest)

» Higher derivative field redefinitions + Lorentz enhancement
(make O(d, d) manifest)
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[-symmetry

The Kaluza-Klein procedure consists of three steps

> Assume isometries

» KK reparametrization (make local symmetries manifest)

» Higher derivative field redefinitions + Lorentz enhancement
(make O(d, d) manifest)

The last two items are just field redefinitions. If not implemented,
the local and global symmetries would still be there, though hidden.
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[-symmetry
So the D dimensional supergravity action

sz/dDX\FG<RD+4(a¢)2—112H2+...>

under the assumption of isometries is the n dimensional
supergravity action (in a scheme that hides the local and global
symmetries).
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[-symmetry

So the D dimensional supergravity action
1
S= /dDX\FG<RD+4(a¢)2 - 12H2+...>

under the assumption of isometries is the n dimensional
supergravity action (in a scheme that hides the local and global
symmetries).

As such, the assumption of isometries must render the D
dimensional action [-invariant.
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[-symmetry

So the D dimensional supergravity action
1
S= /dDX\FG<RD+4(a¢)2 - 12H2+...>

under the assumption of isometries is the n dimensional
supergravity action (in a scheme that hides the local and global
symmetries).

As such, the assumption of isometries must render the D
dimensional action [-invariant.

Good news: the emergence of O(d, d) under toroidal
compactifications can be assessed in D dimensions without going
through the KK procedure.
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[-symmetry

The lowest order S-transformations are (E,, = G, + Buy)

1
5Eﬂl/ = - HPﬁpﬁEm/ , 0®= EBW/EHV
And the assumption of isometries is encoded in the constraint
“6/11/81/ R— 0

enforcing the orthogonality between external derivatives and
internal (.
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[-symmetry
In the frame formulation, S-symmetry mixes all curvatures
1
dweab = ﬂ[ade]cd - EfgcdHabd ; OHape = _6wd[abﬂc]d

1
SV,0 = EB“’HM
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[-symmetry
In the frame formulation, S-symmetry mixes all curvatures
Sweab = Bla" Hpjed — %BcdHabd , 6Hape = —6w b B4
5V = 2 1 Hacg

Demanding f-invariance

0 = 6(R+m(Ve)>+nOp+ pH?)
= ﬁCdvabcd <—2 + g) + ﬂdecabHdab (5 —n—+12 )

+ B“Hpeg VP (m + n)

fixes the two-derivative action
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[-symmetry

To first order in o/ the S-symmetry receives higher derivative
corrections (BdR scheme)
a+b

dWey = 5 Ba© (wb)cdHeCd + Hb)cheCd)

b—a
4
5(1)bab = (a + b) [ﬁecwe[adwb]cd - ﬁecw[gedwg]cd

1 C e 1 c e
—5/5[3 Wp)dewe™® — gﬁ[a Hb]deHcd:|

1
B¢ <wb)cdweCd + 4Hb)cdHeCd>

b—a
2

+ [Becwe[ade]cd - Becw[gedHQ]cd

1 1
_iﬂ[acwb]deHcde - 2ﬁ[aCHb]dewcde]
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[-symmetry

» These transformations close with Diffeomorphisms, gauge and
Lorentz symmetries.
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[-symmetry

» These transformations close with Diffeomorphisms, gauge and
Lorentz symmetries.

» The bi-parametric transformations can be derived from the
generalized Green-Schwarz transformation in DFT, after
solving the strong constraint and gauge-fixing the double
Lorentz symmetry.
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[-symmetry

» These transformations close with Diffeomorphisms, gauge and
Lorentz symmetries.

» The bi-parametric transformations can be derived from the
generalized Green-Schwarz transformation in DFT, after
solving the strong constraint and gauge-fixing the double
Lorentz symmetry.

» [-symmetry is unobstructed, as it is simply a convenient

realization of O(d, d) in lower dimensions. How it relates to
the o/3((3)R% . interactions is work in progress...
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Conclusions

» DFT is a convenient framework to generalize ideas in
supergravity that lead to higher derivatives consistent with
T-duality symmetries.
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Conclusions

» DFT is a convenient framework to generalize ideas in
supergravity that lead to higher derivatives consistent with
T-duality symmetries.

» The universal quartic Riemann interactions are claimed to be
unaccessible from the frame formulation of DFT.
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Conclusions

» DFT is a convenient framework to generalize ideas in
supergravity that lead to higher derivatives consistent with
T-duality symmetries.

» The universal quartic Riemann interactions are claimed to be
unaccessible from the frame formulation of DFT.

» [B-symmetry is implied by DFT, and so it is a necessary
condition for its existence. It must be unobstructed, and can
be used to fix higher derivatives through duality arguments.
Understanding its role in fixing the quartic Riemann might
shed light on the no-go in DFT.

Diego Marqués



Conclusions

» DFT is a convenient framework to generalize ideas in
supergravity that lead to higher derivatives consistent with
T-duality symmetries.

» The universal quartic Riemann interactions are claimed to be
unaccessible from the frame formulation of DFT.

» [B-symmetry is implied by DFT, and so it is a necessary
condition for its existence. It must be unobstructed, and can
be used to fix higher derivatives through duality arguments.
Understanding its role in fixing the quartic Riemann might
shed light on the no-go in DFT.

Muchas gracias por su atencién!
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