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Describe o/-corrections of "ordinary” supergravity
Formalism of double field theory
o/-corrections in double field theory

Outlook and ongoing work
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Underlying theory: " Supergravity”

String theory:
X : 22 — M10/26

Worldsheet
@ Polyakov action
1 .. ..
S = T /dazx/—gﬁ,-x’"ajx" (g” G + €Y Bm,,)

.

Target space effective action
e Background fields: (G, B, ¢).

@ Bosonic string low energy effective action (% < 1):

12

S= /d26x —Ge ¢ <R Ly 18’"¢6m¢> .

A\
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Supergravity equations of motion

@ Also consistency condition for Weyl invariance of string theory
at the quantum level.

/
O/F\)mn + 2a/vmvn¢ - %HmkIanI =0

/
(07
= = V*Himn + 0/ V) Himp = 0

O[/

!
= SV26 4+ o' Vnd V"6 - %Hk,mHk’m =0

e What are the quantum (higher order in o) corrections?
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Corrections in standard supergravity

S= /d26X\/—Ge_2¢ (Lo +ad'ly + oLy + 0/3L3)

L; = (Riem) + ... (bos/het)
L, = (Riem)®+...  (bos) Ly =(LCS)®  (het)
L3 = ¢(3) (Riem)* + ... (bos/het/typeII)

The correction at order '3

s — 0; 2(13::.) /dlo /_Ge 2 [(tgtg+%5858)R4+H-terms]
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History of o’ corrections in supergravity

@ R. Metsaev and A. Tseytlin from S-matrix and S-functions
calculations (1987)

vy 4 +b vo 1 v o\ 1
Lijr = — 5 [RWUPR“ p_ §H~ PHuorRup"™ + ﬁH“—

]. 2 v a_b v
éHﬂyH2u :| + THH pCqu

(—a’/,—a’) bosonic string,
(a,b) =< (—’,0) heterotic string,
(0,0) type Il string

@ Green-Schwarz transformation

1
(5,\B,W = 5 (a — b) 8[u)\abw,/]ab
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History of o corrections in DFT

e Marques, Nufiez (2015) O(D, D) invariant formulation of the
first order correction

e Baron, Marques (2020) - a tower of infinitely many higher
order corrections but in an implicit form (generalized
Bergshoeff-de Roo identification)

L=R+ROY 4 pROO L 2R02) 1 opr(Y) 4 p2R(20) 4

@ Problem: Contains 200(300) terms for the heterotic(bosonic)
@ Hronek, Wulff, Zacarias (2022)

_ 2(83 . I_—a)(ab _ Fb)Mab + 283FbMab _ FachadeMbnde
+ %(Fabc + aMabC)(/_—def + aMdef)MadeeMcf

_ gRabcdRefchaebe o aFabCaCFfdngdeManbg

32

2
a
— ZFadeRbcde Fangbcﬁg + fFafgachngbdeaache
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T-duality

@ To make contact with reality we compactify the string
R%* — R*x M

@ In the presence of circular directions the string can wind
around them

X(o+427) = X(o)+2nRw, w € Z, w is the winding number

JE o i)

|
[—

LN

Figure: Taken from Polchinski

@ Duality of supergravities (in the presence of background
isometries) — Buscher rules

Quantum corrections in double field theory
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Double field theory (DFT) formalism

o Idea: Make T-duality a symmetry not a duality.
o Double the coordinates x™ — XM = (%, x™).

e O(D, D) is the new structure group and the Lorentz group is
doubled to O(D —1,1) x O(1,D — 1)

XM oMyxN  0eo0o(Db,D), 0n0T =q

@ There are two constant metric, the O(D,D) metric 7 and the
Generalized metric ‘H

a 0 a0
B — < 770b S ) . HAB < 770b - )

mn _ (0 op 2MN _ Gmn — BmkG¥' By Bric G*"
K gm0 ) ~G™ By, G
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Frame-like flux formalism

(Gmna an, Qb) — (EAMa d)

Definitions and formulas of the doubled fields

@ Generalized vielbein:

1 e(+)am — e(+)aanm e(+)am
ﬁ (=)m

ExM = " _
A _e‘gm) - ee(z )anm €a
@ Generalized dilaton:

e 24 = ¢=20,/_G.

@ Generalized fluxes:

Fasc = 30aE8" Ecim , Fa=0PEgMEpn 4 204d .
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Unlike ordinary geometry

o Note that F2bc F,bc Fa,  F..c, F? and F, are independent.

@ They are manifestly invariant under O(D, D) and generalized
diffeomorphism but transform under double Lorentz

§Fabe :36[3Xb°] i 3X[a\d\,_-bc]d,
SF,P¢ =0, — X,gFq" + 239 F e
@ Semi covariant derivatives
D,Y? = d,Yb — F,beye, D?yb — gayb _ %Fabcyc
D.Yo=0:Yot sFucYe DW=Vt FY.
@ Analog of the Riemann tensor
R cq = 200F g — FPOFecy + 2FC e Fleg
SR g = 2NCIIR eIt 201 R eja) — ONPFe g — Fo®0 A g
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Action, equations and relation to ordinary supergravity

o Action:
S = / dXe 2R
R = 40°F? — 2F3F? 4 F,beF,be %Fabcl_-abc
e Equations of motion
R=0, 9Fp+ (0c—Fc)Fope — Fc®F9, =0
@ Returning to supergravity

o =(0,0m), e =e")=c¢
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How to get the o corrections?

What are we looking for?

@ Quantum o’ expansion of the DFT action.

L=Ly+dLy+a?L,

Constructed from Oa, Fa, Fasc

O(D, D) invariance

Double Lorentz invariance

°
@ Generalized diffeomorphism invariance
°
°

How do we get it?

@ Via a correction to the double Lorentz transformation

@ Solve the following equations

(5’L0—|—(5L1 =0, (5”L0+(5/L1+(5L2 =0
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First order in o/

Ll _ (85 _ Fa)(ab o Fb)Mab o %RadeRade + FabC FadeaCdee

— (aa Fb _ cha/_—cdb + ;Facdl_-bcd> Mab + %Fabc Mabc

Where
M = F2qFPuc, M€ = F2eFPer Fogy
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Second order in o/, heterotic case

We split the lagrangian for the heterotic and bosonic case
L, = 2RO 4 apRALD 1 p2R(20)
For the heterotic case b = 0 we have the full Lagrangian.

| — _2(63 _ Fa)(ab _ Fb)Mab + 28""Fb/\/l""b _ FachadeMbnde
+ %(Fabc + aMabC)(/_—def + aMdef)MadeeMcf

a
_ ERabcdRefchaebe o aFabCaCFfdngdeManbg
‘92 a bc a bc 82 a brc b arc
—ZF de R geF ng fg—l-?F fga F ng de0? F 4e
We introduce a new "metric”
Mab — folab_ ab_fMab iZM2ab
=+ M) =™ = SM™® + (M) + ..

We also find the correct transformations.
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Second order in o/, bosonic case

1
R(Ll) - gRabcdRaechbedf + O(F4)
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Higher order corrections

@ In previous work (2109.12200) we showed that the known
order o3 supergravity term ¢(3) (Riem)* cannot be written in
DFT.

@ Use an improved version of the generalized Bergshoeff-de Roo
identification.

@ The new metric

2
a a d
Mab — [(77 + §/w)fl]ab — nab _ E/wab + Z(M2)ab + ...

gives many higher order terms.
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Adding fermions and supersymmetry

@ Based on work of Lescano, Nufiez, Rodriguez (2104.09545)
@ New fields: gravitino ¥, and dilatino p.

L=TR—2¢,7"VP, — 2p7°VPp + 44, V.p
Where

1 1
Vb@Z}a = ab¢a_wbac¢c_ZWde7Cd¢aa Vap = aAP_ZWACd’YCdP

@ Corrected Lorentz symmetry fixed the action only partially we
also need supersymmetry.

* - " D) 1/
L= R OD 4PV peg—a0,7 beaDaF et (477D

— Cc Cc 1 ) 2 Ci — _bc A C
+pv°0 p) mPe—2 <FbefDCFdfe + g/\//b d> (mb Ip+ip P d%)

_ _ 1 _ _
+47;Z)chacdaap - Rabcd¢cd73bp + EdeeDaFCdewa'chp
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Conclusions and outlook

o We are currently working on the second order Lagrangian for
the supersymmetric case.

DFT works very well as a simplification tool for many
calculations including the first o’ corrections

However it is not able to account for all of the string o
corrections (in the non-compactified case).

There are some possibilites to go beyond order a'?

For further interest, recommended talks on youtube by Linus
Wulff: "O(d,d) and o/-corrections (Linus Wulff)", " Linus
Wulff, O(D,D) and string alpha’-corrections”
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Thank you

Thank you for the attention!
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Appendix: tgtg structure

@ The form of the R* invariant:

Rabef Rbc e Rthe Rdagh + %Rabebec e Rcdgh Rdahe

_ %Rabef Rabfg Rcdgh Rthe _ %Rabef RbcechdghRdagh

- % Rabef RCdef Rbcgh Rdagh - % Rabef RCd fg Rabgh Rthe

+ Tl6 Rabef RCdef Rabgh Rcdgh + 3% Rabe’r Rabef Rcdgh Rcdgh )

1

@ The other term 15858R4 is a total derivative at leading order

in fields.

Stanislav Hronek, email: 436691@mail.muni.cz Quantum corrections in double field theory



