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Starting point, Objectives & Motivation

Starting point:

I> [Andrianopoli and D'Auria '14]: Restore SUSY in N' = 2 AdS, pure Supergravity theory with
boundary by adding topological terms.
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Objectives:
> Consistent boundary theory in the framework of AdS/CFT correspondence
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I> [Andrianopoli and D'Auria '14]: Restore SUSY in N' = 2 AdS, pure Supergravity theory with
boundary by adding topological terms.
Objectives:

> Consistent boundary theory in the framework of AdS/CFT correspondence

o Perform a holographic analysis of the bulk theory;
o Check Ward identities.
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Starting point:
I> [Andrianopoli and D'Auria '14]: Restore SUSY in N' = 2 AdS, pure Supergravity theory with
boundary by adding topological terms.
Objectives:

> Consistent boundary theory in the framework of AdS/CFT correspondence
o Perform a holographic analysis of the bulk theory;
o Check Ward identities.

Motivation:
> The added topological terms are the supersymmetric generalisation of Gauss—Bonnet

term and the obtained action can be rewritten in a MacDowell-Mansouri form
[MacDowell and Mansouri '77];

Riccardo Matrecano (PoliTo, INFN) Topol. Regularisation ' = 2 AdS; SUGRA Cortona Young 2021 2/18



Starting point, Objectives & Motivation

Starting point:
I> [Andrianopoli and D'Auria '14]: Restore SUSY in N' = 2 AdS, pure Supergravity theory with
boundary by adding topological terms.
Objectives:

> Consistent boundary theory in the framework of AdS/CFT correspondence
o Perform a holographic analysis of the bulk theory;
o Check Ward identities.

Motivation:

> The added topological terms are the supersymmetric generalisation of Gauss—Bonnet
term and the obtained action can be rewritten in a MacDowell-Mansouri form
[MacDowell and Mansouri '77];

> Future purpose: Obtain a holographic model for 2D materials, like graphene
(Unconventional Supersymmetry).
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Background: AdS/CFT Correspondence

> The relation between the gravitational theory and the CFT
Zgravity [Pi0)] = Zorr[T = Pi(0)]

where ®;(o) are the boundary values of the gravity fields ®;.
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Background: AdS/CFT Correspondence

> The relation between the gravitational theory and the CFT
Zgravity [Pi0)] = Zorr[T = Pi(0)]
where ®;(o) are the boundary values of the gravity fields ®;.

> Low-energy approximation:

WI[T = ®j0)] = lon—shenl[®i0)]
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Background: The 4D Lagrangian

We use the following supercurvatures in N' = 2, D=4 superspace

7’?‘/ab _ d‘:)ab_'_(:}ac A ‘:)Cb
A 1. B _ 1 nab 15 B
pa = DV, 2€A€AB/\\U 7d\UA+4Fabw AWy 2€A6A3A\V
F = dA — WA A \UBEAB
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Background: The 4D Lagrangian

We use the following supercurvatures in N' = 2, D=4 superspace

7’?‘/ab _ d‘:}ab _’_&ac A ‘:)Cb
A A 1, B __ 1 ~ab 1, B
pa = DV, 2€A€AB/\\U 7d\UA+4Fabw AWy 2€A6A3A\V
F = dA — WA A \UBEAB
to write the bulk Lagrangian
bulk _ L 5aby ey ,d A NEVZ]
L :ZR vVev Eabcd+w rar5pAV
1 B
+ % (F +5 \uA\uBgAB) VrswPecn
B 7 S SRRV V S IR VEIVVIVIR
2( abl ¥ A 8£2 abcd

+ % (ﬁ‘d VAVEE % E Em vav"v‘vd) Cabed
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Background: The 4D Lagrangian

A consistent way to deal with a boundary is to add the following terms to the bulk
Lagrangian
2i

A A 4i s
Frspa — 7R UL, sWa + ?21 AV TsWBenp

8i

ndar 62 Qb7
Ebou dary __ _E RabRCdEabcd + ¢
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Background: The 4D Lagrangian

A consistent way to deal with a boundary is to add the following terms to the bulk
Lagrangian

ndar C (b
Ebou dary __ _E (RabRCdEabcd +

8i

L

7'Tspa — %ﬁabWArabrswA + %dz\ \IlArs\VBeAB>

and require the following constraints

~ ab . _ ~
R =0 pA’aM_O’ F

om=0

where the field strengths above are the OSp(2|4) curvatures defined as

R? - pb_ %2 Vavh 2l£5ABWArab\UB

R® = ﬁva—%WArawA

N A i B\ ,sa
= NN SN VI EaVS
PA PA 2% 5AB

bl
I

F
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Background: The 4D Lagrangian

A consistent way to deal with a boundary is to add the following terms to the bulk
Lagrangian

ndar C (b
Ebou dary __ _E (RabRCdEabcd +

8i

L

7'Tspa — %ﬁabWArabrswA + %dz\ \IlArs\VBeAB>

and require the following constraints

~ ab . _ ~
R =0 pA’aM_O’ F

om=0

where the field strengths above are the OSp(2|4) curvatures defined as

R? - pb_ %2 Vavh 2l£5ABWArab\UB

R = DV’ - ¥'r,

N A i B\ ,sa
= NN SN VI EaVS
PA PA 2% 5AB

bl
I

F
The full Lagrangian acquires the following form a la MacDowell-Mansouri

2
a ~ ~ 14 ~
L= —%Rab A\ Rcdeade — iéﬁAI'5 /\ﬁA + ZF A*F
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Holographic description: Gauge-fixing Conditions near the Boundary

Holographic description: Gauge-fixing Conditions near the Boundary

The transformation laws of the 4D fields depend on the local parameters

p? — diffeomorphisms
j® = Lorentz
A—>R-— symmetry

ea — SUSY

and we use this freedom to fix the radial components of the fields themselves near the
boundary (at z = 0)

3 4 ~i3 i z\*3
Vz = ;7 Wz :W(X,Z), Wig, = (Z) S@;tAz(X,Z),
. " .. n Y4
v, =0, o = % wi(x,z), A= S A-)z(x) + %Au)z(X) +0(2°)
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Holographic description: Boundary Fields Expansion

Holographic description: Boundary Fields Expansion

The boundary fields are then expanded in the following way:

‘L, oz, Z

v, = ;E’H—FZS'N—FET"#—FO(Z?’)

i3 1. Z &i 27%

wu = ;EH_ESN_KTT“—’_O(Zs)

2

A~ ij i i Z

OF = wi(x,z) =wl+ = 7 w(Jl) + 7 wé)u +0(2%)

~ V4 Z2 3

Ap = Au(xvz):AH+ZA(1)u+£7A(2)#+O(Z )

A ¢ T ¢ m,
Vi = \/:%e+ \/7 [( 8+ u+ + ?2 8+ +0(2°)

A Z A 0 0 5
vio= i i) (ﬁ-)”@ >]

with the super-Schouten expressed as

i 1 i i
SH:E(SH+SM)
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Holographic description: Residual Symmetries

Holographic description: Residual Symmetries

We can now look for the residual symmetries that leave the gauge fixing unaltered:

VL =0, 01 =0(z), 2=0("), 6A,=0, Wi =0,

which imply
p’ = —lo + O(%)
.0 Z2 3
P :;er b+€2p +0(27)
g3 1
“leZpiZiiow)

=07+ 0(2)

A=A+ 2 A€ +0)

=4 (%) vor
Vi) e
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OSp(2|4) Transformation Laws of Holographic Fields

From the bulk transformation law and by writing the result in terms of boundary 1-forms,
we find (K = (b + b')/£?)

0E' = DE+0E —0"E+inly'Pia
swl = DOV 426l yoKUEN 4 %ﬁi"wa_A + %ﬁiv”wM
SA = dX\+2eas T Y8 + 2eas YT
i i 1
othra = Dnar+ 7 E'vina- — Zf Ni-a+ 5 0P
1,; 1 g 1 s
— = iy, = — A )
2 0" vijpa+ + i Aeag 7 g A eaB
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OSp(2|4) Transformation Laws of Holographic Fields

From the bulk transformation law and by writing the result in terms of boundary 1-forms,
we find (K’ = (b' + b')/£?)

SE' = D& +o0E -0 —|—177+'y "hia
i i li il i, 1A 1 a i
ow’! = DO +2"S"+2KVEN + 7Y z/)_A+Zn,'y Via
SA = dX\+2eas T Y8 + 2eas YT
- P 1
othra = Dnar+ % Elyima- — = f mZ)—A + 5 0%1a
2 0" vjoar + = 57 )\EAB 1/J+ 57 A 6AB77+
Furthermore, since the OSp(2|4) supercurvatures vanish at the boundary, we can compute
. . . 2i .
68" = DK =08 — 078+ STV a4 €
il il 1
dtp_a = DUA— + 5 S — 5 K 7f1/1+A —50%-A
—= 9 ’YU‘P A+ — )\EAB¢_ A6AB77 + X4,

20 20

where £ and ¥4 are related to the contraction of the super-Cotton and i

the Cottino tensors.
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0Sp(2|4) Transformation Laws of Holographic Fields

The N = 2 supersymmetric extension of the Cotton tensor (C"W) and its superpartner,
the Cottino (Q2,), are

ﬁfl, = —z Ciul, + (’)(22) ,
AA z( 0 2
Popw = \/% (Qﬁu) +OE.

They represent the field strengths of S and v4_, respectively.
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0Sp(2|4) Transformation Laws of Holographic Fields

The N = 2 supersymmetric extension of the Cotton tensor (C"W) and its superpartner,
the Cottino (Q2,), are

ﬁfl, -z Ciul, + (’)(22) ,

LA _ z( 0 3/2
pfy,u - \/; (Qﬁu) + O(Z )

They represent the field strengths of S and v4_, respectively.
Together with the transformation law of B = V3‘de“

6B, =0V>, = —40,0 — LE' K + €S, + Taith—au — Ta_bsan + O(2),

the previous relations define the full set of A/ = 2 superconformal transformations on the
boundary 1-forms E', B, S, w¥, A, ¥+a.
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Asymptotic Symmetries

Asymptotic Symmetries

A summary of local parameter, source and current associated to each symmetry
transformation:

Transformation Local parameter Source Current
Lorentz 07 wl J;=0
Translation 3 E', Jh
Dilatation o B.=0 Jip =
Special conformal K’ S, J(“K)I. =0
Abelian R-symmetry A A JH
Supersymmetry At Yatp J4
Superconformal Na— Ya—p J4y =0
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Asymptotic Symmetries

Asymptotic Symmetries

A summary of local parameter, source and current associated to each symmetry
transformation:

Transformation Local parameter Source Current
Lorentz 0” w;{ J*j.j =0
Translation 3 E', Jh
Dilatation o B.=0 Jip =
Special conformal K’ S, J(“K)I. =0
Abelian R-symmetry A A JH
Supersymmetry At Yatp I
Superconformal Na— Ya—p J4y =0

> When all boundary fields are treated as independent superconformal fields, then the
quantum operators are all non vanishing;
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Asymptotic Symmetries

A summary of local parameter, source and current associated to each symmetry
transformation:

Transformation Local parameter Source Current
Lorentz 0” w;{ J*j.j =0
Translation 3 E', Jh
Dilatation o B.=0 Jip =0
Special conformal K’ S, J(“K)I. =0
Abelian R-symmetry A A JH
Supersymmetry At Yatp I
Superconformal Na— Ya—p J4y =0

> When all boundary fields are treated as independent superconformal fields, then the
quantum operators are all non vanishing;

> When S, 1)_, are expressed non-linearly as composite fields in terms of other
boundary fields on the 3D manifold (i.e. E', ¥4, A, w”), the associated quantum

operator vanish. C
INFN

Cortona Young 2021 11/18
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Conserved Currents of the SCFT

According to the AdS/CFT conjecture
TNx) = {Eu(x), Wh(x) Yean(x), Au(x)} <= SN = {J I S 04
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Conserved Currents of the SCFT

According to the AdS/CFT conjecture
TNx) = {Eu(x), Wh(x) Yean(x), Au(x)} <= SN = {J I S 04

This identification allows to obtain the explicit expression of the currents

€2 J A 1 on-shell
SW = §lon—shenn = / (—4 S0P R €pea — 2106V Tspa + 5 SA *i—') =
oM z=dz=0
_ /6JAAJ/\: / <5Ei/\Jf+%5wij/\J,j—|—ji/\51/)A++J/\5A)
oM OM
1 [2 ke —A
J,‘ = 5 €ijk |:£ EJ/\(Tk + 2Tk) + wi/\’YJkCA_:|
Jj=0

=1 ek FP VIAVE
2 z=0

I = 21 E'Ayict + Ay A eas 08
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Conserved Currents of the SCFT

The Hodge dual of the obtained expressions yields the Noether currents

1 N - i, -
JSi=—7 (] +27%) — E(7 + 2750 ] + P PP iCap
2, 1 ..
Iy = & Py, Cazp + = e""? Aqyveas ¢fp

v 1 v
M= _g(/:)) F..= 20 g(%) A(l)u
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Ward ldentities of the SCFT

The conservation laws of the operators read

DJ; = Sj J,'j - %ji'yﬂ/m_ + Sk,' ka Ej — %Sj;ji’)'ﬂﬁ;\.;.
i i-
Dy =263 Jy — 5 Fivivoas — 5 2 vitn-
i j e 7 i 7
0=20, [Eu (J,-j E— %J67;¢A+)] +E g+ = J+ hay — = J‘l Pa

dJ = i €AB (jﬁ Ve + jﬁ 1/)3_)

20
1 4 1 i
VJA+:?€7 pa_ J,J+1’7 Yar Ji — S’Y,JA +26ABwB_J+Zd)A_J,'jE
-5 WA— Je-vives
i E 1 R
Vida- =2, ’Yij+ Jij+2easPpy J — g E'yidar — 5 das Ji E + % VYar J-ive+
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Ward Identities of the SCFT

Let's prove that the Ward identities are satisfied:
> We integrate by parts §W

2 A 272 1 A
SW = / {i DR €150y — ‘% (ﬁ VP ZzAra"wA) R oo + 2i0*TsDpa
OM

(1 apA i oA 1 Ao 1~ A i_a a) R
2i/ <4J \ rab+zgp \ ra—ﬁ—%)\e Vg 2£Ae €B 266 F.V? ) Tspa

on-shell

— %)\ d*f'——‘reA\UBeAB*f'—]

z=dz=0
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Ward Identities of the SCFT

> We make use of the Bianchi identities to manipulate the previous equation

.a c E 2 a 1_ a Acd
SW = /[ UM pacabed — (ézp V"+ZeArbwA)R €abed

+ 2i¢ ( A ealspa iez*‘mrap‘,q Ve lk"’bz*‘mrabw - ziéeABi-‘zArwB)

ABT, ABf N
Zp T, —|—2é)\e Tp — 2/‘6 — 5T V)rspA

on-shell

—215( U L + 5

=0

z=dz=0

- %,\ d*F + &WBe s *i—'}
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Ward Identities of the SCFT

> We make use of the Bianchi identities to manipulate the previous equation

.a c E 2 a 1_ a Acd
SW = /[ UM pacabed — (ézp V"+ZeArbwA)R €abed

+ 2i¢ ( A ealspa iez*‘mrapn\ Ve lk"’bz*‘mrabw - QiéeABi-‘zArwB)

ABT, ABf N
Zp T, —|—2é)\e Tp — 2/‘6 — 5T V)rspA

on-shell

—215( U L + 5

=0

z=dz=0

- %)\ d*F + &WBe s *i—'}

> All these expressions vanish as a consequence of the bulk equations of motion.
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Summary and Future Development

Summary and Future Development

Summary:

> We developed in detail the holographic framework for an A/ = 2 pure AdS
supergravity model in four dimensions, including all the contributions from the
fermionic fields;
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Summary and Future Development

Summary and Future Development

Summary:

> We developed in detail the holographic framework for an A/ = 2 pure AdS
supergravity model in four dimensions, including all the contributions from the
fermionic fields;

> We kept manifest the full superconformal structure, even if only a part of it is
realized as a symmetry on the boundary;
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Summary and Future Development

Summary and Future Development

Summary:

> We developed in detail the holographic framework for an A/ = 2 pure AdS
supergravity model in four dimensions, including all the contributions from the
fermionic fields;

> We kept manifest the full superconformal structure, even if only a part of it is
realized as a symmetry on the boundary;

> We constructed the corresponding superconformal currents and show that they
satisfy the related Ward identities when the bulk equations of motion are imposed.
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Summary and Future Development

Summary and Future Development

Summary:

> We developed in detail the holographic framework for an N' = 2 pure AdS
supergravity model in four dimensions, including all the contributions from the
fermionic fields;

> We kept manifest the full superconformal structure, even if only a part of it is
realized as a symmetry on the boundary;

> We constructed the corresponding superconformal currents and show that they
satisfy the related Ward identities when the bulk equations of motion are imposed.

Future Development:

> Implement the Unconventional Supersymmetry and apply the holographic analysis to

the AVZ model as boundary field theory. [Alvarez, Valenzuela and Zanelli '12]
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Thank you for your attention!
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