Higher derivatives couplings from
maximal conformal supergravity



Supergravities in 4 dimensions

e Supergravity theories are supersymmetric extensions of Einstein’s gravity.

Freedman, van Nieuwenhuizen, Ferrara, 1976

—» Local symmetries: supersymmetry + Poincaré symmetries
translations + Lorentz

e Extended supergravity: N independent supersymmetry parameters €

1= 1, Tt N van Nieuwenhuizen, Ferrara, 1976
—» There is always a so-called gravity multiplet: (e,®, ¥.", --+)
viermn gravitini
. helicity || N=1 N=2 N=3 N-4 N-5 N-6 N-7 N-8|N-9
Physical states :,f/;y 1
of the L9 1 1 1 1 1 1 | 10 \
gravity multiplets 32 1 2 3 4 5 6 8 8 | 45
(massless multiplets) +1 b3 6 10 de s s R0 Higher-spin
+1/2 1 4 11 26 56 56 | 210 fiold
+0 2 10 30 70 70 | 252
| . _ -1/2 1 4 11 2 56 56 | 210
agrangians. 1 3 6 10 16 28 28 | 120
L = det(e)R+ -3/2 1 2 3 1 5 6 8 8 | 45
o -2 1 1 1 1 1 1 1 10
SUSY -5/2 1
completion

Supergravity limit —



Supergravities in 4 dimensions

e As Einstein’s gravity, supergravities typically suffer from
unrenormalizable ultraviolet divergences at the quantum level.

* N=8 and N=4 are special:
-+ N=8 is the maximal theory. Latest result: finite up to five loops!

Bern, Carrasco, Chen, Edison, Johansson, Parra-Martinez, Roiban, Zeng, 2018

+» N=4 has its first divergence at four loops. It is believed to be tied to a
rigid U(1) c SU(1, 1) duality symmetry anomaly in the theory. Grisaru, 1978

Marcus, 1985
Bern, Davis, Dennen, A.Smirnov, V.Smirnov, 2013

helicity || N=1 N=2 N=3 N=4 N=5 N=6 N=7 N-=8 |N=9
+5/2 1
+2 1 1 1 1 | 10
+3/2 1 2 3 4 5 6 8 8 | 45
+1 3 6 10 16 28 28 | 120
+1/2 1 4 11 26 56 56 | 210
+0 2 10 30 70 70 | 252
1/2 1 4 11 26 56 56 | 210
1 3 6 10 16 28 28 | 120
-3/2 1 2 3 4 5 6 8 8 | 45
-2 1 1 1 1 1 1 | 10
5/2 1




Conformal supergravity i=1,--- N

* Conformal supergravities are supersymmetric extensions of conformal
gravity. Kaku, Townsend, van Nieuwenhuizen, 1978

—» Local symmetries:

N supersymmetries + conformal symmetries + internal R-symmetries

Q- and S- | Poincaré Only for N>0
supersymmetries + dilatations
+ conformal boosts



Conformal supergravity i=1,--.N

* Conformal supergravities are supersymmetric extensions of conformal
gravity. Kaku, Townsend, van Nieuwenhuizen, 1978

—» Local symmetries:

conformal symmetries

Poincaré
+ dilatations
+ conformal boosts

e Conformal gravity (N=0):

The fields of theory are the gauge fields associated to the local conformal
symmetries: (e, wu™ by fu®) As in gravity, some fields

Poincaré dile@ms \ conformal are . as a .
boosts result of algebraic constraints.

The unique invariant Lagrangian is:

Higher-derivative
b
L = det(e) C* 4 O™ 4= Lagrangian

Weyl tensor (traceless Riemann tensor)



Conformal supergravity i=1,--.N

* Conformal supergravities are supersymmetric extensions of conformal
gravity. Kaku, Townsend, van Nieuwenhuizen, 1978

—» Local symmetries:

N supersymmetries + conformal symmetries + internal R-symmetries

Q- and S- | Poincaré Only for N>0
supersymmetries + dilatations
+ conformal boosts

» Conformal supergravity (N # 0) :

The fields of theory include the gauge fields associated to the local
superconformal symmetries. They organise into a so-called

Weyl multiplet: (e,%, w,®, by, fu®, ¥.', ¢t )

S-susy
gauge field

The invariant Lagrangian is the superconformal completion of the Weyl
tensor squared: Higher-derivative
L = det(e) C* 4 Cw/a’b. T 4= Lagrangian

Weyl tensor (traceless Riemann tensor)



D=4 conformal supergravities

N=1 N=2 N=3 N=4 |N=5
spin-5/2 L
Weyl Spin-2 1 1 10 Higher-spin

multiplets spin-3/2 2 4 6 8 44 field
(off-shell): spin-1 6 15 27 | 110
spin-1/2 4 20 48 | 165
spin-0 1 14 42 132

Conformal

supergravity limit

 The N=1,2 conformal supergravities have been studied extensively.

[Butter, de Wit, Ferrara, Gates, Kaku, Kuzenko, Novak, Siegel, Stelle
Tartaglino-Mazzucchelli, Townsend, Van Holten, Van Proeyen, West ...]

Powertul: off-shell formalism to construct higher-derivatives invariants.

After gauge fixing the conformal symmetries, they provide insights into the
higher-derivatives structure of the Poincaré theories.

=» String theory effective action, subleading corrections to black hole entropy, ...

 N=4 conformal supergravity is the maximal theory.
Until now’ still no Lagrangian...



=4 conformal supergravity i—1 ... 4

The full field content was derived 35 years ago: Berashoeft. de Roo, de Wi, 1981

—» N=4 Weyl multiplet: gauge fields + ‘matter’ fields.

Gauge
Field Symmetry (Generator) Name/Restrictions SU4) w ¢ SJmmetrleS
e,” Translations (P) vierbein 1 -1 0 o
w,, ™ Lorentz (M) spin connection 1 0 conformal
b, Dilatation (D) dilatational gauge field 1 0 0 Sym metries
Gauge | Bosons V. SU(4) (V) ‘S/U§4z g(?;lge) *ﬁe_ld . 15 0 0 +
fields Vi—o " internal
. (Conformal boosts (K) K-gauge field 1 1 0 Sym metries:
a, U(1) U(1) gauge field 1 0 0 SU(4) X U(l)
b, S-supersymmetry (S)  S-gauge field 4 3 5 _I_
Fermions Vs Pu; = Dy,
Y, Q-supersymmetry (Q) gravitino; s zpz = w; 4 —% —% Q- and S-

Supersymmetries



=4 conformal supergravity

i=1,---,4
a= 1,2

In addition to gauge fields, the N=4 Weyl multiplet contains “auxiliary fields™:

‘Matter’
fields

Field Properties SU4) w ¢
ba O =0 (Ba)", P @* = 1 0 -1
E, E,;=E; 0 1 -1
T 3ea™ T = —Tp" 6 I -1
Bosons Ty = =Ty

Dy Dy = Leiimng, pra, 200 2 0

Dy = (DM;)* = D"y,

Dily; =0

N s = A 4 % —%
Fermions | xVj,  y5x7k = x5 XYk =" 20 5 —3

/-
X5 =

The complex scalars ¢a, ¢
transtorm under rigid

SU(1, 1) transformations
and satisfy:

19" + Pap® = 1

and parametrize SU(1,1)
matrices:

_(¢1 —¢”
- P2 ¢1)

—» The scalars ¢« are also subject to the local U(1) symmetry and

therefore describe two physical degrees of freedom associated with an
SU(1,1)/U(1) coset space.

—» They carry no Weyl weight and will play a central role.



Lagrangian(s?)

The full off-shell superconformal transformation rules have been derived:
Bergshoeff, de Roo, de Wit, 1981

0ge,” = Eivaww; + h.c.,
5@ %i =2 Duei — % /VCLbTabij'Yuej T gt @Eujek Ap,
0q Eij = 2" Dyulyy — 28X ™ € jykmn — Nil\j € A® +2 ApA; €)A"

Their non-linearity makes it very tedious to construct the invariant
Lagrangian by directly supersymmetrising the Weyl tensor squared:

9
Ln—s = det(e) ROM)M 4 R(M),, " + -

- supercovariant _\
“Minimal” N=4

conformal SUGRA

= CWab + fermions

—» Partial construction: with this iterative (“Noether”) method, the
Lagrangian was derived up to quadratic order in fermions.

FC, Sahoo, 2015

—» Unlike for N<4, there is no multiplet calculus available...



Lagrangian(s?)

The full off-shell superconformal transformation rules have been derived:
Bergshoeff, de Roo, de Wit, 1981

0ge,” = Eivaww; + h.c.,
00V, =2D,e — 2 *yabT b7y .€ + gkt Vyuicr Ay
0q Eij = 2" Dyulyy — 28X ™ € jykmn — Nil\j € A® +2 ApA; €)A"

Their non-linearity makes it very tedious to construct the invariant
Lagrangian by directly supersymmetrising the Weyl tensor squared:

9
Ln—g = det(e) H(da,d™) R(M)* op R(M),,"" + - 7

ad supercovariant _\ ab .
“Non-minimal” N=4 =C py T fermions

conformal SUGRA

In fact, it was suggested already a long time ago that there could/should
exist a large class of actions, that depend on a function of  Fradkin, Tseytiin, 1982

QL
the coset scalars H(pq, ¢°). Harvey, Moore, 1998
[Dijkgraaf, VerlindeQ; Cardoso, de Wit, Kappeli, Mohaupt, Jatkar, Sen...]

How to ,OfOCeed. L7 Bossard, Howe, Stelle, 2013



How we construct the invariant Lagrangian(s)?

We directly propose a density formula (or a ‘skeleton’) for the Lagrangian
USiﬂg the ‘eCtOp|asm method’. Gates, Grisaru, Knutt-Wehlau, Siegel, 1998

—> Entirely written in terms of 4-forms. Schematically:

et = e% A el Aef A e

Ly=s=c @B+ @+ @B+ @B+ " @
-2

Weyl weight W: -4 +4 -7/2  +7/2 +2

The ) denote supercovariant coefficient functions (or ‘composites’) that
will ultimately depend on the Weyl multiplet fields.



How we construct the invariant Lagrangian(s)?

We directly propose a density formula (or a ‘skeleton’) for the Lagrangian
using the ‘ectoplasm method'. Gates, Grisaru, Knutt-Wehlau, Siegel, 1998

—> Entirely written in terms of 4-forms. Schematically:

et = e% A el Aef A e

Ly—yg = c* e*1) e’ v’ @+ @D
Weyl weight W : -4 +4 -7/2  +7/2 -2 42
The denote supercovariant coefficient functions (or ‘composites’) that

will ultimately depend on the Weyl multiplet fields.

Two assumptions:

* The 4-forms that appear only involve the gravitini and the vierbein.
* The bottom composites transform in the 20" of SU(4) :
Lneg= - —TieMPT i, 0, ' A gy

— ﬁfwm Vi Vi o Yol ksl s —hc.

20’

Require ¢ (density formula) = 0 at each orderin e and 1): =———p



Cancellation of ¢\* variations

We parametrise the Q-supersymmetry transformations of the bosonic
composites:

0C ki = € Eim + €n E in terms of
§AY = €™ % m + & QM fermionic composites.

Gathering all the Q-supersymmetry variations proportional to e* and
requiring them to vanish, leads to the following constraints on the
variations of the composites ("7, and A",

Ehmleo = PAmAY kileo » (27 ki)eo =0, Am € Weyl multiplet
y _ _ i (not a composite)

2711 mlee = [AmC" kilgg

(Y0 + 2 A AY )55 o where @9 and are the fermionic
2 ~ii 1 composites coming from:

k1 m + 3N CY kil3g X P J

,CN:4:---—|—6¢3( ’ )_|_

Fixes the Q-supersymmetry transformations of C%,; and AY;: determines
the expressions of some higher composites.

Repeat for all other variations: ce1)’, ee” )”, ...




Completing the density formula

By requiring all variations to vanish, we obtain further constraints which
determine the supersymmetry transformation rules of all the composites.

A Final (and necessary) check:

We then verity that the transformations of the composites
satisfy the same algebra as those of the Weyl multiplet fields.

—» \We make use the computer algebra package Cadabra
Peeters, 1998

Summary at this pomt

< We have determlned an invariant Lagranglan (as a densﬂy formula)
b which is expressed in terms of supercovariant composites that do not )I
yet depend epr|C|t|y on the Weyl mthpIets f|elds



Constructing the composites

[ast step: Express the composites in terms of the Weyl multiplet fields.

Ly—a=c' @+ @B+ @+’ @+
5@ 5@ 5@ 5@

— Start with
C" rand AY Ll

—» Determine the other composites via the SUSY transtormations rules.

Task: CY; and A%, have to be in the 20’ of SU(4) and S-supersymmetric.
They must satisfy:

—17,M —1 —  =17,M

= oo =0 with 5Cijkl:€ — klm"'em—' ki 3
[Qijkl,m]so = [AmC”kl]m S A = ™ VY m + Em Q7™

1]
=
2.
| o\
E
>
fh
S
Z
3



Constructing the composites
[ ast step: Express the composites in terms of the Weyl multiplet fields.

Ln—q = c" BB+ ey BB+ v’ BB+ e’ BB + * — Startwith
" R | C*"iand AY kl
0 5@ 5@ 5@

—» Determine the other composites via the transformations rules.

Task: CY; and A%, have to be in the 20’ of SU(4) and S-supersymmetric.

They must satisfy:
[E Jkl m]_O [ZA Al Jkl]_o [Eij,mkl]GO — (O : Wlth 5Cijkl — ¢ E kl m 4+ Em :’L] mkl ’
QY 11.mlge = [AmCY kilgo SAY = €M Qg A Ey X9y

We find only one solution:

* Depends on a holomorphic function H (¢ ) which is homogeneous of
zero-th degree In the coset scalars: Predicted by Bossard, Howe, Stelle, 2012, 2013

—>  H(¢,) only depends on powers of ¢1/¢s .
—» The expressions of all the other composites depend on H(¢. ) -



N=4 conformal supergravity Lagrangians D= ens %
B

The bosonic terms of this class of Lagrangians are, up to a total derivative:

det(e) 'L =H [ LR(M)™ R(M) g + R(V)™ R(V) 7 + L DYy DMy + L By D?EY — 4T, 9 DD, T,

abc
Wey) /DFQDZ)PI’ + P?P?+ 1(P*P,)? — L P°P, E;; EY —8 P, P°T",; T, — & E;; E’* By E”
tensor + % [Ez] E’LJ]Q 4+ Tabij Tab Ll Tcdij Tcdkl . Tab’ij Tcdyk Tab Ll Tcd li %E’Lj Tab kl R(V)abmi 5jklm
L

+ 3 Eij T R(V) o m €™ = = Eij B T%n Tap pg €™ €71 — J= EVEM T ToyP? &1 jipg
— 2T (P, DT, "™ + - PeD T + %TablecPC) eijkt — 2T%; (PaDgTy i — 5 P°D Ty kl)€ijkl}
+DH [ 1 Tap Ted " ROM)™ €0 + Eig T R(V) /& — § D73t (T Tp™ €3 — 5 Bim Bjn ™™
+ Tab Kl TaCkl R(V)bcmk: Eijlm — ﬁ Ez’j Eij Tab . Tabmn Eklmn — % Eij Tabkl recmr Tbcpq Eikim 5qun}
+ D2H [% E/ij Tabik Tacjl Tbcmn Eklmn — % Eij Ekzl Tabik Tabjl + ﬁ E/ij Ek:l Emn qu gikmp gjlnq
+ 3% Tab 1] Tcdpq Tabmn Tcdk:l Eijkl Emnpg — 6%1 Tab 1] Tcdpq Tabk:l Tcdmn €47kl Emnpg ]

+2H ea fu ey | POP" = PU Py | 4 e
ea’ [u" Neb d 1 Butter, FC, de Wit, Sahoo, 2017



N=4 conformal supergravity Lagrangians D= WW%
B

The bosonic terms of this class of Lagrangians are, up to a total derivative:

det(e) 'L =H [ LR(M)™ R(M) g + R(V)™ R(V) 7 + L DYy DMy + L By D?EY — 4T, 9 DD, T,

Weyl /DKJ%P” + P*P? + 3(P"P,)* — § PPy By BV — 8 Py PC T Tho? — 55 By B’ By B

tensor 4 % B, Ez’j]Q 4 Tabij Tt edij Tcdk:l B Tabij Tcdjk Tt pedli _ %Eij Tabkl R(V)abmz’ € ihim
T + 2B T R(V) yfm € — & By By T Tap pg ™" €1 — L RO ER oo™ T Pl € i1ng

— 2T (P,DgTy ' + 2 PCD T + 2 T DPC) 450 — 2T%; (PuDaTy ki — 5 PCD Ty kl)s””“l]

+ DH [ LT Tog R(M) ™ i + Eiy T R(V) [ k — 2 DYy (T Top* €ijonn — & By Ejn €F™™)

F T TR RV, it — 3 By B T T ™ e — & BY T T T P 1 |

1 D2y [% E;; T, ik pacilpb mn o %Eij By T,k T3t 4

1km iin
384 Ezg Ek:l Emn qu € b egiind

abi cd mn 1 abij red kl mn
‘|‘ T J e pe T Tcd €ijkl Emnpg — T Jeerd Tab Tcd Eijkl Emnpq}

2 H el  F,0 1 [Paﬁb—PdP ab} +he
fu" Neb d’l Butter, FC, de Wit, Sahoo, 2017

Corresponds to the
bosonic part of

Lvos = [ @B @+ V@B e @B




N=4 conformal supergravity Lagrangians D= WW%
B

The bosonic terms of this class of Lagrangians are, up to a total derivative:

det(e) 'L =H [ LR(M)™ R(M) g + R(V)™ R(V) 7 + L DYy DMy + L By D?EY — 4T, 9 DD, T,

Weyl /DKJ%P” + P*P? + 3(P"P,)* — § PPy By BV — 8 Py PC T Tho? — 55 By B’ By B

tensor + 45 [Bij B9 + T Tap i T4V Tog™ — T Ted* Tap iy T — 5 EY TM R(V) ) €jkim
* + 3 Eij T R(V) yym €™ = 2 Bij By T n Tappg €™ €771 — 3o BV EF T ™ TP &40 jipg

— QT (P[aDc]TbCk’l + % PeD T + %TablecPC) ijul — 2T (PuDo Ty ki — 5 PCDc Ty kl)gijkl}

+ DH [ LT Tog R(M) ™ i + Eiy T R(V) [ k — 2 DYy (T Top* €ijonn — & By Ejn €F™™)

+ T T R(V), ki — 31 Big B9 T Ty ™ e — & B TogH T T i )

1 D2y [% E;; T, ik pacilpb mn o %Eij By T,k T3t 4

1km iin
384 Ezg Ek:l Emn qu € b egiind

abi cd mn 1 abij red kl mn
‘|‘ T J e pe T Tcd €ijkl Emnpg — T Jeerd Tab Tcd Eijkl Emnpq}

2 H el  F,0 1 [Paﬁb—PdP ab} +he
fu" Neb d’l Butter, FC, de Wit, Sahoo, 2017

Corresponds to the
bosonic part of

LN=4 —‘ 4.‘4—8 @+ @+ e’ @ + o

< Fermions still being massaged...
~ 900 terms Butter, FC, de Wit Sahoo




N=4 conformal supergravity Lagrangians D= —(b%w%
B

The bosonic terms of this class of Lagrangians are, up to a total derivative:

det(e)™'L =H [ LR(M)™ R(M) g + R(V)™ R(V) 7 + L DYy DMy + L By D?EY — 4T, 9 DD, T,

tensor + % [E’L] E’LJ]Q 4+ Tabij Tab Ll Tcdij Tcdkl . Tab’ij Tcdyk Tab Ll Tcd li %E’Lj Tab kl R(V)abmi 5jklm

+ 1 ab 7 klm tkmn _jl 1 1] kl pab mn
+ 5 EZ] T kl R(V>ab m g’ TS Eszkl T mn Tabpq € glPd — 16 EYE™T Tabpq Eikmn€jlpg

— 2T (P, DT, "™ + %PCDcTabkl + %TablecPC) eijkt — 2T%; (PaDgTy i — 5 P°D Ty kl)é‘ijkl}

+ D [ 1 ij Kkl pyaabed L 1 _abik DYz g 1 ij  (gabmn okl 1 70 yml klmn\
-+ Tabij T ckl pryzy m, o 1 o pig pabkl o mn L prig o klpacmn pb pg
M /bc f‘u VLJL"L 24 "—‘LJ - - = ao ~RUTILTL 6 - "‘U/U - C ~TR LTI vqunJ
_|_412f1/ |_1 o1 ik qmacil b mn 1l 0 tkgabgl 1 o 0 1o |n tkmp _qlng
= |_6 775 Ltab 1 T Ckimmn ] 17t) UKkl tab 1 34 170)] LKl TZmn L7pq © =
1 gabij rrvcdpq T omng kL 1 abij qvcdpq 7kl mn ~
| 32 - ““U/U “'(,U/ “’I/Jl%l/ "’Il/’l/pq 64 - “'(,LU ““(,(,b "I/JK/L V’fbfb[)q

+2Hel" fu.° New [P“ pb— pip, n“b] +h.c

When H(¢.) = constant, the Lagrangian reduces to the result of: Fc, sahoo, 2015



N=4 conformal supergravity Lagrangians D= WW%
B

The bosonic terms of this class of Lagrangians are, up to a total derivative:

det(e) 1L = H [ £ ROM)™ R(M) gy, + R(V)™5 R(V) s + 1 Dy DMy + 4 Eyy DB — AT, 9 DD, T,

tensor + L By B9 4+ T Top i T Tod™ — T Ted” Top 1y T — 3 BV T F R(V) )™ €jkim
* + 5 Eij Tk R(V) gy €M™ = 15 Eij Byt T Tappg ™" 7P — 55 BV EF T TP i€ 1pg

— 2T (P, DT, "™ + - PeD T + %TablecPC) eijkt — 2T%; (PaDgTy i — 5 P°D Ty kl)&‘ijkl}

+ DH [ b Tog™ R(M) ™ it + By T R(V) Pk — 2 D93y (TP Ty eijonn — & Eiy Ejp €™

LW T, R(V), ™y eiiim — o By B9 T Tmn g L s g b pacmn b pa g 5qun}

1km jin
Ezg Ek:l Emn qu E P g1tnq

2 1 vk rpac gl b mn 1 tk rpab jl
+ DM | By Tap™ T T ey — & By By o™ T 4 o

abty red mn 1 abij ed kl mn
‘|‘ T Jreerd T Tcd €ijkl Emnpqg — T Jeerd Tab Tcd Eijkl 67nnpqi|

+2Hel" fu.° New [P“ pb— pip, n“b] +h.c

When H(¢.) # constant, the function breaks the rigid SU(1, 1) invariance.

Applications...?



Applications

Provide a class of higher-derivatives invariants for N=4 Poincareé supergravity:
How to transition to Poincaré ? —— use ‘compensating’ matter.

Conformal gravity (N=0) example:

Free scalar ¢ ina gauge

2-derivatives — Einstein’s gravity

Lagrangian:  conformal gravity equivalence
backgrouna
conformal
—1p gauge fixing
e L=—¢D,D"¢ B 1
_ Mo 2
Invariant under = 0,9 0"¢ 6R¢ ¢ = —\/3/k X
local L1 4 Invariant under
conformal trans. _ f v Einstein’s local
H constant Poincaré trans.

¢: compensator for the dilatation symmetry

For N=4: same principle, but additional subtleties.




From N=4 conformal to Poincare (1)

For N=4: use compensating vector multiplets: ( AL, X, &, )\

.. on-shell
I,J=1,...,6 spin: 112 0 multiplet

o abelian vector . ,
L. . . gauge N=4 Poincaré
2-derivatives multiplets in a N=4 " equivalence ~_ supergravity

Lagrangian: conformal supergravity (Lp)
background (Ly)

de Roo, 1985



From N=4 conformal to Poincare (1)

S-gauge D-gauge
For N=4: use compensating vector multiplets: (A}, ,[AT, (@ ) \ .
- on-she
I,J=1,...,6 spin: 1 12 0 multiplet

6 abelian vector gauge N=4 Poincaré

2-derivatives multiplets in a N=4 ¥ equivalence supergravity
Lagrangian: conformal supergravity (Lp)
background (Ly)
de Roo, 1985
superconformal
gauge fixing
Ly (D, K, S)
— + g Lr
Rigid integrating out Riqgid
Electric-magnetic _. SU(1,1) some of the ‘auxiliary’ fields J
duality rotations invariance of the N=4 Weyl multiplet SU(1,1)
Pl Gl invariance
ua) H ?

Straightforward: Ly is at most quadratic in these background fields, and
their field equations are algebraic.



From N=4 conformal to Poincare (2)
Add the 4-derivatives invariant LCSG . Butter, FC, de Wit, Sahoo, in progress

superconformal /
gauge fixing
Ly +aLcsa + — Lp

A integrating out X Depends
Depends some of the ‘auxiliary’ fields on 7—[(¢ )
on H(gba) of the N=4 Weyl multiplet o

Integrating out the Weyl multiplet fields is now non-trivial since their field
eguations receive non-linear deformations from Lcsc .

- |terative procedure: solve the field equations order by order in o .

2
Toy example solve Ay = a A,
forascalarA: A= A + A — 5 A= Z Ay , with Ay =2 aA(l)A(o)

field equation n=0 =2« A(O)




From N=4 conformal to Poincare (2)
Add the 4-derivatives invariant £CSG . Butter, FC, de Wit, Sahoo, in progress

superconformal /
gauge fixing
Ly 4o Lcsa + — Lp

A integrating out X Depends
Depends some of the ‘auxiliary’ fields on 7—[(¢ )
on H(gba) of the N=4 Weyl multiplet o

Integrating out the Weyl multiplet fields is now non-trivial since their field
eguations receive non-linear deformations from Lcsc .

- |terative procedure: solve the field equations order by order in o .

2
Toy example Solve Ay = a4,
forascalarA: A = A(o) +aA? — A= Z A(n) , With Ay =2 aA(l)A(O)
n=0 o = 20& A(O)

field equation

In 5 The f .
e field equations are
practice: Lw ~ W+O‘(3 TMV+T‘T+'°') 4
e not algebraic anymore.
i gth
for spin 1
® L contains an infinity of terms: series in F and 9F - Exclusive to SUGRA

(Differs from Born-Infeld)

® Involved in practice but the result is guaranteed to be supersymmetric.



Future directions
» Relevance for the potential duality anomaly of the N=4 Poincaré theory:

Lr + Lp p should be seen as a counterterm
Rigid X Depends deforming the classical 2-derivatives
U(1) c SU(1, 1) on H(db, :
esul /nsvgnla P (¢a)  Lagrangian Lp.
one-loop:
anomaly? self-dual Riemann tensor
For H(7) = it p=17(R,,,,)" —iT(R},,,)" +SUSY
~
with 7= i¢1 ¢ Fully cancels the U(1) anomaly of N=4 Poincaré up to two

P1 — 2

IOOpS: Based on loop computations of : Carrasco, Kallosh, Roiban, Tseytlin, 2013
Bern, Parra-Martinez, Roiban, 2017

Implications for finiteness of N=4 Poincare supergravity?!



Future directions
» Relevance for the potential duality anomaly of the N=4 Poincaré theory:

Lr + Lp p should be seen as a counterterm
Rigid X Depends deforming the classical 2-derivatives
U(1) c SU(1, 1) on H(db, :
esul /nsvgnla P (¢a)  Lagrangian Lp.
one-loop:
anomaly? self-dual Riemann tensor
For H(7) = it p=17(R,,,,)" —iT(R},,,)" +SUSY
-
with 7= i¢1 ¢ Fully cancels the U(1) anomaly of N=4 Poincaré up to two

P1 — 2

IOOpS: Based on loop computations of : Carrasco, Kallosh, Roiban, Tseytlin, 2013
Bern, Parra-Martinez, Roiban, 2017

Implications for finiteness of N=4 Poincare supergravity?!

* Study subleading corrections to N=4 black holes entropy.
= EXisting computations have been performed in a truncated N=2 setting.

* Higher-dimensional origin of the holomorphic function H(¢)?

- Connection with (2,0), D=6 conformal supergravity.
Butter, Kuzenko, Novak, Theisen, 2016
Butter, Novak, Tartaglino-Mazzucchelli, 2017



Thank you for your attention.
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