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BOUNDARY PROBLEM IN (SU)GRA

Gravity and supergravity Lagrangians in the presence of a boundary studied from the early seventies on...

* York-Gibbons-Hawking (1972, 1977): Need of adding a boundary term to the gravity action such as to
implement Dirichlet boundary conditions for the metric field in early attempts to study the quantization of
gravity with a path integral approach

» Horava-Witten (1996): Addition of boundary terms considered to cancel gauge and gravitational anomalies
in the Horava-Witten model in 11D

« AdS/CFT (1997): Bulk fields (metric) diverge at 9 M — Cured by inclusion of counterterms at the boundary
(Holographic renormalization)

General lesson: For oM # 0, the bulk theory needs to be supplemented by boundary terms



OVERVIEW

I Gravity case in the geometric (Cartan) approach
I (Super)group-manifold approach to (super)gravity [key aspects]

5" Geometric construction of pure D = 4 SUGRA with negative cosmological constant in four dimensions in
the presence of a non-trivial spacetime boundary [N = 1]

L. Andrianopoli, R. D’Auria, 1405.2010

15" Case of vanishing cosmological constant (“flat” SUGRA, no explicit internal scale in the Lagrangian)
P. Concha, L. R., E. Rodriguez, 1809.07871

=" Application to specific problems in cases where the boundary is located asymptotically + Open directions



GEOMETRIC (CARTAN) APPROACH AT THE GRAVITY LEVEL

Aros, Contreras, Olea, Troncoso, Zanelli (1999); Olea (2005): Diffeomorphism invariance of the bulk Einstein
Lagrangian + cosmological constant A is broken in the presence of a boundary

= Restored by adding a topological term (Euler-Gauss-Bonnet):

Lege = R¥® A RCdeabcd =d (wab AR 4 wiy A W A u}Cd) €abed

= Background-independent definition of Noether charges, without the need of explicitly imposing Dirichlet
boundary conditions on the fields

The expansion of Lggg in the radial coordinate L to the boundary

» Regularizes action and the related (background-independent) conserved charges

» Reproduces holographic renormalization counterterms



DIFFERENTIAL FORMS, LIE (SUPER)ALGEBRAS AND MAURER-CARTAN EQUATIONS

Lie superalgebra Dual formulation Maurer-Cartan equations
c 1
[Tas Tet = Cap”~ Tc RA=do? + —Cg’dP o€ =0
A A 2 BC
. N o”(Tg) =0’
Ta: Generators in the adjoint 02 — 0 < Jacobi identiti
representation of the Lie group o Differential 1-forms = 7 Jacobridentiies

« R* are the supercurvatures (super field strengths), building blocks of sugra in the geometric framework
« The Maurer-Cartan equations R* = 0 define the vacuum of a SUGRA theory

« Geometric formulation in superspace, spanned by the supervielbein { V4 W} (dual to Pa, Q)



GEOMETRIC APPROACH TO SUGRA IN SUPERSPACE

» Geometric (rheonomic) approach to SUGRA in superspace

« Superfields p/(x, 6), supercurvatures R*; § spinorial anticommuting coordinates — Restriction to
spacetime: 6 =df =0

« Superspace basis: { V4,1 (supervielbein)



GEOMETRIC APPROACH TO SUGRA IN SUPERSPACE

Geometric (rheonomic) approach to SUGRA in superspace

Superfields 14 (x, ), supercurvatures R*; § spinorial anticommuting coordinates — Restriction to
spacetime: 6 =df =0

Superspace basis: { V2,11 (supervielbein)
In principle: Extra dynamical info. in superspace = Constraints to have same dynamical info. we have on
spacetime (“rheonomic constraints” on the parametrization of the supercurvatures)

= Bianchi identities become relations among the superfields and their curvatures (satisfied on-shell)

Realized by requiring the supercurvatures (defined off-shell) to be identified on-shell as particular 2-forms in
superspace: Parametrization on a basis of 2-forms in superspace, det. by requiring the “Bianchi relations” to
be satisfied



GEOMETRIC APPROACH TO SUGRA IN SUPERSPACE

Geometric (rheonomic) approach to SUGRA in superspace

Superfields 14 (x, ), supercurvatures R*; § spinorial anticommuting coordinates — Restriction to
spacetime: 6 =df =0

Superspace basis: { V2, 1)} (supervielbein)
In principle: Extra dynamical info. in superspace = Constraints to have same dynamical info. we have on
spacetime (“rheonomic constraints” on the parametrization of the supercurvatures)

= Bianchi identities become relations among the superfields and their curvatures (satisfied on-shell)

Realized by requiring the supercurvatures (defined off-shell) to be identified on-shell as particular 2-forms in
superspace: Parametrization on a basis of 2-forms in superspace, det. by requiring the “Bianchi relations” to
be satisfied

RA = RA, VA A VP + RA, VA AG™ + RAGp™ AP
Rz, inner components, Rj,, and R4 ; outer components

Bianchi — Outer as linear tensor comb. of inner (constraints, phys. equiv. to on-shell ones) = No extra d.o.f.

SUSY tr. of the fields on spacetime corresponds to diffeo. in the fermionic () directions of superspace —
Lie derivatives in those directions



SUPERGRAVITY CASE AND THE GEOMETRIC SUPERSPACE APPROACH

Boundary problem considered from several authors, different approaches

Point of contact: To restore all the invariances of a SU(GRA) Lagrangian with A, add topological contributions

A systematic way to face the boundary problem in SUGRA:

Geometric approach to SUGRA in superspace

» The theory is given in terms of superfields 1-forms u““ defined on superspace My 4xr (4 spacetime dims.)

» The Lagrangian, E[u““], is a bosonic 4-form in superspace and the action is obtained by integrating £ on a
generic bosonic hypersurface My(x, 0) C Myj4p immersed in superspace

S=[ L
My

» SUSY transformations in spacetime are diffeomorphisms in the fermionic (#) directions of superspace:
SUSY: My(x,0) — My(x,60)
= Can be described in terms of Lie derivatives ¢ with fermionic parameter ¢(x, 6) (SUSY parameter)

le = 1ed + duc 1 : contraction operator 1. (V&) =0, 1. (¢) =€



SUGRA theory — Invariance of the action under SUSY transformations: §.S = 6L=0
My

» Condition for the superspace Lagrangian to be invariant under local SUSY:
L =Ll =1(dL)+d(2eL) =0
= Necessary condition for a SUSY-invariant SUGRA Lagrangian:
1(dL) =0

Corresponding to requiring SUSY invariance in the bulk of superspace
— Assumed true from now on, the Lagrangian satisfying it: Bulk-supergravity Lagrangians, Lyuk



SUGRA theory — Invariance of the action under SUSY transformations: §.S = 6L=0
My

» Condition for the superspace Lagrangian to be invariant under local SUSY:
L =Ll =1(dL)+d(2eL) =0
= Necessary condition for a SUSY-invariant SUGRA Lagrangian:
1.(dL) =0

Corresponding to requiring SUSY invariance in the bulk of superspace
— Assumed true from now on, the Lagrangian satisfying it: Bulk-supergravity Lagrangians, Lyuk
» SUSY invariance of the action then requires the weaker condition on the bulk Lagrangian
0eS = d(2e Louk) = / 1eLlouk =0 = 1eLouklorm, = do
My OM,
In general not satisfied by Lk in the presence of non-trivial boundary conditions on M4 # 0
= SUSY invariance requires to add boundary terms — Consider the full Lagrangian

Ltgi = Louk + Lody s  Lody = dB@y = 1e(dLsy) =0 and 2 Lyyylor, =0



PUREN =1, D=4 SUGRA WITH NEGATIVE COSMOLOGICAL CONSTANT

« Fields: V2 (a=0,1,2,3), spin connection w?, gravitino »* (Majorana spinor, o = 1,2, 3, 4)

 Lorentz-covariant supercurvatures:
Rab = dwab + wac A wcb
RE=DVa— éu'rya/\zp:dva-s-wab/\ V- %sza/\w
_ 1 ab
p:Dw:d¢+Zw Yab N\ P

« Bulk Lagrangian of pure N' = 1, D = 4 SUGRA in superspace, whose e.o.m. admit an AdS, vacuum
solution with cosmological constant A = —3/¢2:

— 1 - i- 1
Lhi' = ZRab VeVo€apoqg — Pr57ap Ve — 57 V15 7abY vave — 8 VaVEVeV e poy

« Invariant (in the bulk) under SUSY: )
1e(dLhy") =0



When the background spacetime has a non-trivial boundary:

1 liNom, #dp = 8eSpuk # 0

+ To restore SUSY invariance: Add boundary terms ﬁ{)\gy:1 = dBg) to the superspace Lagrangian which do
not alter d£\" so that still 2c(d2,~™") = 0

» Possible boundary terms:
d (wab AR 4+ Wi A w® A de) €abcd = R® A RCdeabcd
d (b Avsp) =pAvsp — %Rab A y5vap A
» Therefore consider the boundary Lagrangian
ﬁé\gy: "= aRPRegpeq — if8 (/375,0 - %RabTZ_J’YS’YaW)
» Modify the Lagrangian — Full Lagrangian:

N=1 N=1 _ pN=1 N=1
Lowe = L = Louk + Lody



« Consider the boundary contributions in the field egs. from £~
= Constraints on the supercurvatures to hold on the boundary:

5E?/l\J/I,I:1 ab 1 a\/b 1 - ab
Swa 0 = R%om, = “8a Vave + 5,31117 P
el i T
ul _ _ a
5w =0 = P|0M4—ﬁ(‘ra¢v )3M4

R pon O M, dynamically fixed to const. values in the anholonomic basis of the bos. and ferm. vielbeins



« Consider the boundary contributions in the field egs. from £~
= Constraints on the supercurvatures to hold on the boundary:

(S‘C:fjl\fl,l:1 ab 1 a\/b 1 - ab
Swa 0 = R%om, = “8a Vave + E,Bw’Y P
el i T
ul _ _ a
5w =0 = P|0M4—ﬁ(‘ra¢v )a/vu

R pon O M, dynamically fixed to const. values in the anholonomic basis of the bos. and ferm. vielbeins

» Impose SUSY invariance — Using the above eqgs. we find:

W om =0 < —5:=—7

— Can be solved in terms of the real parameter k # —1:

1P ‘
=gk TS ok
that is )
1—k 14k -
R®\opy = | =5 VEVE+ — =@y
¢ 2¢ oM,
i(1— k)

Plomy = == [V 50,



« Setting k = 0, which implies « = —¢2/8 and § = ¢, Lm" takes the form

02 L
Ly = gRab AR eapoq — ilpys A p

in terms of the OSp(1|4)-covariant supercurvatures
Rab = Rab Va Vb o ab
7z ¢ P
i
=p— —yapV?
P=r—3 pr
R?=R?

ﬁfu” above is in fact nothing but the MacDowell-Mansouri Lagrangian



« Setting k = 0, which implies « = —¢2/8 and § = ¢, Lm" takes the form

02 L
Ly = gRab AR eapoq — ilpys A p

in terms of the OSp(1|4)-covariant supercurvatures

Rab = Rab e Vavb 71#} abd)

_ ., a
pP=p 2€’Y3¢V
R? = R

ﬁfu” above is in fact nothing but the MacDowell-Mansouri Lagrangian

» The constraints coming from the boundary contributions to the field egs. take the simple form (for k = 0)
Rab|8M4 = 07 p|3M4 = 07 Ra|8M4 =0

= The OSp(1]4) supercurvatures vanish at the boundary — Boundary enjoys global inv. under OSp(1[4)

» SUSY extension of Olea’s results where the invariance of the gravity Lagrangian under spacetime
diffeomorphisms was required: Boundary Lagrangian is the N = 1 SUSY extension of the EGB term

« N =1 SUGRA also allows k # 0, peculiar freedom of the minimal theory



SUSY INVARIANCE OF FLAT N =1, D = 4 SUGRA WITH BOUNDARY

How does the A — 0 (that is £ — oo) limit work?
» As we can see, direct flat limit of the MacDowell-Mansouri Lagrangian does not appear to be well-defined:

_ 72 e
Lm_1 = _ERab A RCd€abcd —ilpys A p
» Case where the boundary is placed asymptotically at infinity: BMS group emerges as asymptotic symmetry
+ 3 a geometric Lyqy exhibiting super-BMS symmetry?
— Consider boundary at asymptotic infinity to allow the BMS symmetry to possibly emerge

» But to implement the geometric approach scheme the boundary is not required to be specified



SUSY INVARIANCE OF FLAT N =1, D = 4 SUGRA WITH BOUNDARY

How does the A — 0 (that is £ — oo) limit work?
» As we can see, direct flat limit of the MacDowell-Mansouri Lagrangian does not appear to be well-defined:

Lm:1 = _%Rab A RCd€abcd —ilpys A p
» Case where the boundary is placed asymptotically at infinity: BMS group emerges as asymptotic symmetry
+ 3 a geometric Lyqy exhibiting super-BMS symmetry?
— Consider boundary at asymptotic infinity to allow the BMS symmetry to possibly emerge
» But to implement the geometric approach scheme the boundary is not required to be specified
» Focus here: Restore the SUSY invariance when 9. M # 0 by adding boundary terms

1 _
L = 1 VOV eapoq — Pr57a0V

The boundary terms that can be constructed using w, V2, ¢ scale as L° and L (while EH and RS scale as L?)



Alternative approach proposed in 1809.07871

- Add new gauge fields with higher scale-weight: A% = —AP2 (s.w. L?) and x (s.w. L*/?)

» They appear only in the boundary Lagrangian necessary to restore SUSY in the geometric approach
(topological role)

» They act as auxiliary fields (off-shell matching of the bosonic and fermionic d.o.f.) under the bulk perspective,
implementing the Bianchi identities of Lorentz and supersymmetry respectively, associated with w? and v



Alternative approach proposed in 1809.07871

- Add new gauge fields with higher scale-weight: A% = —AP2 (s.w. L?) and x (s.w. L*/?)

» They appear only in the boundary Lagrangian necessary to restore SUSY in the geometric approach
(topological role)

» They act as auxiliary fields (off-shell matching of the bosonic and fermionic d.o.f.) under the bulk perspective,
implementing the Bianchi identities of Lorentz and supersymmetry respectively, associated with w? and v

Boundary contributions (not involving a scale parameter):
d (Aab AR 4w Aw® A A 4 203 A AP A W 4 w3 A ]—‘Cd) €abed = 2R N F¥%peq
- _ _ 1 _
d(bys Ao+ X5 Ap) =255 Ap— ERab A XV5Yab A Y

where we have defined o = Dy and F& = DA%

Boundary Lagrangian:

) B 1 -
L =o (ZRab]:Cdeabcd> —ig’ (2075/) - ERabX%’Yade)

+ o/ and 3’ are constant dimensionless parameters amounting to the normalization of the auxiliary fields
+ L3 has scale-weight L” as the bulk Lagrangian



Full Lagrangian:
flat _ pflat flat
L = Louik + Loay

1 _ . _ 1 _
= ZRab VEV9apeq — Pr57ap Ve + o <2Rabf Cdfabcd) —ig’ (20’75p - ERabX’YS’Yale})

The boundary terms do not affect the bulk, in particular ze(dﬁﬂf}}) =0



Full Lagrangian:
flat _ pflat flat
L = Louik + Loay

1 _ . _ 1 _
= ZRab VEV9apeq — Pr57ap Ve + o <2Rabf Cdfabcd) —ig’ (2075p - ERabX'ysvabw)

The boundary terms do not affect the bulk, in particular ze(dd‘j}) =0
SUSY invariance of £! requires to verify the condition ¢ (ﬂﬂﬁ}) loam, =0

Boundary contributions to the field egs. result in

R¥®|gpm, =0

1 _
]'—ab|6/v14 — ,Q (VaVb +/8/X,Yab¢)6M4
plors =0
1
olom, = 25 (Ya¥V®) g pu,

= Supercurvatures dynamically fixed on My to constant values in an enlarged anholonomic basis, and

e (Cf3) lom, =0, ' £0, 5" £0



For o’ = —1/8 and 3’ = 1 (normalization) the emerging algebraic structure is more transparent:

1 S =
E;{ﬁf = —ZRab A ]-'Cdeabcd —2i=y5 A p

= “MacDowell-Mansouri-like” Lagrangian, where
]_“—ab = ]_—ab _ya Vb _ )_("/abw
i
==0-— - va
o 2"/a¢'
The latter, along with

Fn’abE'Rab
V=p

R* =DV — Zy%

reproduce the so-called (minimal) Maxwell-covariant supercurvatures



Interpret the boundary constraints
R%®lopm, =0, FPloap, =0, Vo, =0, Zloam, =0

as the condition that the super-Maxwell algebra emerges as global symmetry at the boundary
(Consistency of the bulk theory: R* = 0 = For continuity, we also require /%[5, = 0)

Super-Maxwell algebra:

[Jabs Jed] X Mbedad — Nacdbd — MbaJac + NadJbe

[Jab, Pl < 1bePa — MacPp,  [Pa, Pp] o< Zap

[Jab, Zea] < NbcZag — NacZbd — MbdZac + NadZbe
[Jab, Ql < 726 Q,  [Jab, Z] o vapX,  [Pa, Q] o< vaX
{Q,Q} x Cy3Pa, {Q,%} x Cv*Z,,

= Full Lagrangian in terms of the Maxwell supercurvatures:

1 ~ -
E?j} = —ZRab A ]‘—Cdeabcd —2i=y5 AV



« A% and x auxiliary fields under the bulk perspective, they implement through their field egs. the Bianchi
identities of Lorentz and SUSY (with R = 0, consistency requirement):

eom A% & DRP =0
eom. x <« Dp-— %Rabwabw =0
« E.o.m. of w® and ¢
eom w® + DFab_2Rla Aclbl i’yabw — 3w =0
eom.y <+ D=-— %Rabvabx + %'yg\ll va=0

The RS e.o.m. of the gravitino is hidden in the 2nd — It can be retrieved if we restrict the auxiliary field y to
be defined only on the boundary
« E.o.m. of V2@; |
3 VOR® e apog — hyaysp = 0

Einstein equations in superspace (written in the Einstein-Cartan formalism)



« A% and x auxiliary fields under the bulk perspective, they implement through their field egs. the Bianchi
identities of Lorentz and SUSY (with R = 0, consistency requirement):

eom. A%+ DR =0

1
eom. .y <+ Dp-— ZRabwabw =0

« E.o.m. of w® and ¢
eom w® + DFab_2Rla Aclbl i’yabw — 3w =0
1 .
eom.y <+ D=-— ZRab'YabX + %’yg\ll va=0

The RS e.o.m. of the gravitino is hidden in the 2nd — It can be retrieved if we restrict the auxiliary field y to
be defined only on the boundary

« E.om. of V& |
3 VPR e b0 — Pyavsp =0
Einstein equations in superspace (written in the Einstein-Cartan formalism)

£t cannot be directly obtained as a flat limit of £{},=! — Nevertheless, £ as ¢ — oo limit of a theory

originating from AdS, SUGRA (but with super AdS-Lorentz covariance), extra 1-form gauge fields not only in the
boundary Lagrangian but also in the bulk one



RECOVERING FLAT SUGRA WITH BOUNDARY FROM SUPER-ADS,

Start from the AdS, SUGRA and perform the following redefinition:

. ) . 1
« Introduce a torsionful spin connection: &% = w@® [—zAab so that

lFab

1 1
'R ’Rab—dwaber UJCbJr ZD( )Aab+€—4AacACbERab+€2

14
R% — B8 =D, V2 + gleab Vo %QZ'yaz/J
where F& = D) A% + g—zAacACb

1
» Redefine the gravitino 1-form with the introduction of the new spinor 1-form x: ¢ — ¢ + 7X so that
R# — m? =D,V - fw”’w + 7 Aab Ve — —ww X — ;2 Xrix
. 1 1 ab 1 b 1
p—p=Dy¥+ 7 D(wyx + 412A Yabth + 452’4 YabX ) =p+ 5@

l

where ® = D( )X + Z/L\ab’yab’(/) + TAab’YabX



= Redefined super field strengths:
Rab = dwab + wacwa
R =DV Sy + Ly —wv X -
p =Dy

1
Fab = DAab + EAECACb

i _
52 XX

1 1
® =Dx + 1 ATyap + 15 A Yapx

14

= Bulk Lagrangian:

1 1 _ 1_
Lok = Zeabcd'qab veve + @eabchab VeVa — rgyapVd — 7¥757a® ve

1_ 1
- E X9V = S Xysvan Ve - é2 5 €abca VAV VOV
i - P
= 5157 VAV — X5 7ap VAVE — eS 5 X5 7apx VAVP



In the presence of a non-trivial boundary, consider the full Lagrangian:
¢ ¢ ¢
Ligr = Loui + Logy

1 1 - 1
= Jaboad AT VEVY + @eabcdwb VeV — d57apV? — - §157a0 V7

1 1_
— EX1E9PVE — S XysapVE - 3122 — 5 €aboa VAVOVOVY

i ay\/b i_ ayb av/b
— 5 V87V VIVE = S Xsva VIV 2@3 X'YS'YabXV 4

1
+ L€abed (QRab]FCd + E]FabFCd)

]
—iv (2p75¢ + Py5d — *Rabd”YS’}’abX - Py yapy

1 1 1
— 5@ P P1sva0x — 2 AP R8s VabX — 45 P X’YS'YabX)



Boundary contributions to the field egs. = Supercurvatures fixed to constant values on M4 in an enlarged
anholonomic basis:

Rab _ v 7_ab
loas et () oo

Fab —__ (yayr - ab v __ab
loa, 81 ( HvRy Y+ 5xy X>8M4

plom, =0
i 1
Plor, = 5 (VawVa + *'YaXVa)
2v V4 oM,

Condition 2. (,Cfuu> loat, = 0 for SUSY of the full Lagrangian realized when (h # —1)

1 1 1
v

“81-m’ " T 1_-n

=
Setting h = 0 = = —1/8 and v = 1; L§,; — MacDowell-Mansouri-like:

1 1 - i
Ly = *Zmabgweabcd - S?Sabgweabcd — 2iQy5p — EQ’YSQ



Super field strengths in £{:

1 -
mab = dwab + wacwa o Ziéw,yab,l/}

- 1 i- i
ERaEDVa—l a tpayp_tga, ot coa
¥+ 27 VX XX
p=Dy
- 1 1 _
Sab = DAab _ya Vb _ X’Yabw + EAacAcb _ 27€><q/abx
i i 1 1
Q=Dx— §Wa¢ va — ?ZWaXVa + ZeAabVabw + wAabWabX

R.h.s. of these supercurvatures to zero (from boundary constraints): Maurer-Cartan egs. associated with a
SUSY extension of the so-called AdS-Lorentz algebra (semi-simple extension of Poincaré algebra)

¢ — oo of L, is precisely £

(Holds also for the supercurvatures and global symmetry at the boundary: Super AdS-Lorentz in the limit ¢ — oo
reduces to super-Maxwell)



APPLICATIONS OF THE FORMALISM TO ASYMPTOTIC BOUNDARIES

5" AVZ D = 3 model (exhibiting “unconventional SUSY”) from N = 2, D = 4 pure SUGRA with a 3D boundary

L. Andrianopoli, B. L. Cerchiai, R. D’Auria, M. Trigiante, 1801.08081

* AVZ model: Based on a 3D CS Lagrangian with OSp(2|2) supergroup, but features a Dirac spinor AV as the only

propagating d.o.f.; Important applications in the description of graphene-like systems near the Dirac points
P. D. Alvarez, M. Valenzuela, J. Zanelli, 1109.3944

X(AVZ) emerges by imposing the following condition on the spacetime component of the odd CS connection 1-form W:

AVZ . i .
i ):I(’yl>aﬁ‘~uﬁe# (,f=1,2,i=0,1,2, p=0,1,2)

» Correspondence with the CS model of AVZ found for specific choice of the D = 3 boundary: Local AdS; geometry at
spatial infinity of the D = 4 theory (asymptotically AdS, solutions featuring this boundary geometry comprise the
“ultraspinning limit” of AdS4-Kerr black hole)



APPLICATIONS OF THE FORMALISM TO ASYMPTOTIC BOUNDARIES

5" AVZ D = 3 model (exhibiting “unconventional SUSY”) from N = 2, D = 4 pure SUGRA with a 3D boundary
L. Andrianopoli, B. L. Cerchiai, R. D’Auria, M. Trigiante, 1801.08081
* AVZ model: Based on a 3D CS Lagrangian with OSp(2|2) supergroup, but features a Dirac spinor AV as the only
propagating d.o.f.; Important applications in the description of graphene-like systems near the Dirac points

P. D. Alvarez, M. Valenzuela, J. Zanelli, 1109.3944
emerges by imposing the following condition on the spacetime component of the odd CS connection 1-form W:

AVZ
X( )

AVZ, . i .
W =i (y) wiel  (wB=12.i=012,1=012)

» Correspondence with the CS model of AVZ found for specific choice of the D = 3 boundary: Local AdS; geometry at
spatial infinity of the D = 4 theory (asymptotically AdS, solutions featuring this boundary geometry comprise the
“ultraspinning limit” of AdS4-Kerr black hole)

5" N = 2 SUSY extension of EGB term — Counterterms for holographic renormalization? Holographic
framework for N = 2, D = 4 pure AdS, SUGRA, including all the contributions from the fermionic fields

L. Andrianopoli, B. L. Cerchiai, R. Matrecano, O. Miskovic, R. Noris, R. Olea, L. R., M. Trigiante, 2010.02119
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* AVZ model: Based on a 3D CS Lagrangian with OSp(2|2) supergroup, but features a Dirac spinor AV as the only
propagating d.o.f.; Important applications in the description of graphene-like systems near the Dirac points

P. D. Alvarez, M. Valenzuela, J. Zanelli, 1109.3944
emerges by imposing the following condition on the spacetime component of the odd CS connection 1-form W:

AVZ, . i .
W =i (y) wiel  (wB=12.i=012,1=012)

AVZ
X( )

» Correspondence with the CS model of AVZ found for specific choice of the D = 3 boundary: Local AdS; geometry at

spatial infinity of the D = 4 theory (asymptotically AdS, solutions featuring this boundary geometry comprise the
“ultraspinning limit” of AdS4-Kerr black hole)

5" N = 2 SUSY extension of EGB term — Counterterms for holographic renormalization? Holographic
framework for N = 2, D = 4 pure AdS, SUGRA, including all the contributions from the fermionic fields

L. Andrianopoli, B. L. Cerchiai, R. Matrecano, O. Miskovic, R. Noris, R. Olea, L. R., M. Trigiante, 2010.02119

5" Possible applications to flat SUGRA in a holographic context? — A natural boundary dual to flat gravity has
been recently identified in the framework of Carrollian fluids (BMS,4 2 conformal Carroll) — At SUSY level?

L. Ciambelli, C. Marteau, A. C. Petkou, P. M. Petropoulos, K. Siampos, 1802.06809



OPEN DIRECTIONS

Regarding the geometric approach to the boundary problem in SUGRA:

5" Extension to higher-dimensional, as well as to NV-extended, pure or matter coupled, SUGRA models
(including fields with spin < 1)
» The SUSY extension of the EGB term is unique for a given theory with A" > 2 SUSY; it is total derivative,
corresponding to a boundary term in superspace
» Topological index in superspace associated with this invariant?
+ Could be investigated using the formalism of integral forms in superspace
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Regarding applications in the context of holography:

=" Holographic contact with the AVZ model and “SCFT side” — Dual field theory of which the AVZ model
provides an effective description? Still dual SCFT?

=" Application of flat SUGRA with boundary in the geometric approach in the context of flat holography
« Role of the “topological auxiliary fields” A% and x?
+ Relation between super-Maxwell and super-BMS, (or super-Carroll)?

« First step: Intrinsic description of the boundary Lagrangian for the case of a null boundary geometry, decomposition of
tensorial structures w.r.t. those covariant under the symmetries of the chosen boundary
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THANK YOU!
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