Covariant actions for models with
non-linear twisted self-duality
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Duality symmetry plays important role in many physical models of physical interest

N=8 supergravity is invariant under E5 7y (Cremmer & Julia '79)

F!=(FA,G2) i=1..56 of E,; and A/A=1,..28 of SU(8)
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On-shell linear (twisted self-) duality:
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N=8 supergravity is perturbatively finite at 3 and 4 loops (Bern et. al.)
Assumption: SUSY + E5 ) may be in charge of the absence of divergences (Kallosh)

E 57 -invariant counterterms can appear at 7 loops 0 2RE4 g2RkRA



»
i

fective action will lead to a non-lineas

counterterms 4% F* in the eff
f-duality condition

higher-order
deformation of the twisted self-
L=1F*+0%F" +--
ol (F) Fi_Fi i T i 1 .
1 + = +Q JF , EfgyvplG

~  SL(F .
G220 g 20
oF OF,
Fi=(F"G") I(F) - duality-invariant counterterm

Questions to answer:

how, exactly, possible higher-order terms may defwm the effective action
and duality relation between ‘electric’ and ‘ma ¢’ fields. while keeping
duality ssTnmetry?

check whether this
n this talk we shall mainly concern with the first problem

deformation is compatible with supersymmetry
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|. Lagrangian depends only on ‘electric’ fields L(F) and is not duality-invariant

~_ ,0L(F)

Duality symmetry manifests itself only on-shell: G =F +A(F)

In the linear case

F'=(F,G), oF'=M'jF ' -linear duality transform M'j = Sp(2N)

The variation of L(F) under duality transform should satisfy a condition
(Gaillard-Zumino '81, '97; Gibbons-Rasheed ‘95)

AL=15(FG) = FF+GG=0

I1. Lagrangian depends on both ‘electric’ and ‘magnetic’ fields L(F ).
It is manifestly duality invariant. Duality condition follows from e.o.m.
Subtleties with space-time covariance



Space-time invariance is not manifest
(Zwanziger ‘71, Deser & Teitelboim 76, Henneaux & Teitelboim ‘87, ....)

Example: duality-symmetric Maxwell action for F'=dA' (i=12)

L=1F F* +31(F—¢'F J)(F % —£'F %) pu=(0,a) a=123

breaks manifest Lorentz invariance

Modified Lorentz invariance: Al =5, Al +x°A,’ (R} —&'F, J)

Twisted self-duality condition is obtained by integrating the e.o.m. :

oL i =l 1 =2
ﬁzo = Fﬂv—EJFﬂVJZO = F,uv:F,uv



Space-time covariance can be restored by introducing an auxiliary scalar field a(x)
(Pasti, D.S. & Tonin ‘95)
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Another form of the Lagrangian:
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L =1Qiv*F})(v,F ™)-2w*F )v,F ™), Q=-1 i j=1..N
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pure gauge component V”AL enters only the 1st term under the total derivative
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Higher-order Lagrangian:

P~

L=10'(v*F,}) (v,F *)-2(v*F,v,F *)-3L[i,F di,F 4]
where (i, F~)v =V“F:v

By construction L is invariant under 0, AL =®d(x)d,a(x), d,a(x)=0



a(x)

L=1Q%(v*F,)) (v,F ") -1(v*F v,F *)-+L[iFdiF,.]
2"d local symmetry in the linear case:

5,20 =),  6,A, =—ZX ¥ (F1 _IF, 1) =0 onshell

A' equation of motion:

i:d v(iVFi—QijiVF~j—Qij—5L~) =0 = vV(FM‘V—Q”F:Vi)—Q‘J’ oL g
A 5@, F;) ov,F )
2"d local symmetry in non-linear case:
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L(F)
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The condition on L ensures the auxiliary nature of the scalar a(X)

upon gauge fixing a(X) it ensures non-manifest space-time invariance

Known examples:

» Born-Infeld-like form of the M5-brane action
(Perry & Schwarz ‘96; Pasti, D.S. and Tonin ‘97)

» Born-Infeld-like form of the duality-symmetric D3-brane action
(Berman ‘97; Nurmagambetov ‘98)

* New Born-Infeld-like deformations (Kuzenko et. al, Bossard & Nicolai; Kallosh et. al ‘11)



a(x)
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should not depend on v(x)~da(x)
independently of gauge fixing

This establishes on-shell relation between manifestly duality-symmetric and
Gaillard-Zumino approach to the construction of non-linear self-dual theories

Main issues: Whether counterterms of N=8,4 sugra can provide the form of (F) ?
If yes, whether this deformation is consistent with supersymmetry ?
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Counterterms 94X F4 that can appear at 7 loops in N=8 sugra are
supersymmetric and E5 - - invariant on the mass-shell, i.e.

modulo linear twisted self-duality F'=F' _QijF~i -0

e L(F10)= 1, (F 0) = 1,(F* )

When included into the effective action, £ (#) deforms duality condition

Fizo IO

’ whose form is determined by Gaillard-Zumino condition

or space-time invariance of the deformed action

Supersymmetry of | (F+i, F_i,qﬁ) should be checked

Standard N=8 superspace methods are not applicable. Use component formalism



Example: duality-symmetric N=1 Maxwell action F'=dA' (i=12)
L, %F 'E v +%V“(|:uiv ”F NEFE™-e"F v, +5Wyho W
Susy transformations (Schwarz & Sen '93, Pasti, D.S. & Tonin ‘95)

5Ai :ilﬁyﬂgi, ¢’ zgijy5gj, 5ga(x)=0

Sy =3KLr"'s' KL =Fl vy, (R, &R
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Onshell (F?=-F): oA, =ipy,c, Sy =%+F, y"¢

In the non-linear case: K'=F'+v(i F'- dl (F’.W))
V' - 5F+I



Examples:

» N=1,2,3,4, D=4 Born-Infeld theories (D3-branes) (known since ’95)

» Abelian N=(2,0) D=6 self-dual theory on the worldvolume of the M5-brane

» Bl models (including higher-order derivatives) coupled to N=1,2 D=4 sugra
(Kuzenko and McCarthy ‘02, Kuzenko “12)

In most of the known examples non-linear deformation of duality is
related to a partial spontaneous breaking of supersymmetry

Issues:

* Whether non-linear deformations are possible for vector fields inside
supergravity multiplets, in particular, in N=4,8 supergravities?

* Whether this interplay between dualities and supersymmetry may shed
light on the UV behavior of N=4,8 supergravities?



