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» Effective SUGRA description: Lids >a, gs<K 1
g%M N =4rgs N > 1 —>  Strongly coupled SYM
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.« Forscalars mZ2 /2 — A(A — d) , solutions A, d— A< A
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« Type IIB on AdS; x S° has two moduli scalars: the dilaton and the RR axion

P

2
gs = e? = g}f—fr‘/f < O o Tr(FuvFH)

x =581 O Tr(Fu*Fr)
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near horizon geometry of a stack of N
coinciding D3 branes on the apex of an <

orbifold C2/Z; x C
D3

M.R. Douglas, G.W.Moore 9603167; C.V. Johnson, R.C. Myers,
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« Background preserves 16 of the original 32 supercharges and the dual field theory
Is an A,_; quiver gauge theory with gauge group U(N)* S. Kachru, E. Silverstein, 9802183

 Pure SUGRA analysis: construct instantons on this (Euclideanized) background



. Effective D=5 description: gauged N' =4, D =5 SUGRA

R. Corrado, M. Gunaydin, N.P. Warner, M. Zagermann, 0203057; J. Louis, H.Triendl, M. Zagermann, 1507.01623



+ Effective D=5 description: gauged N =4, D =5 SUGRA

R. Corrado, M. Gunaydin, N.P. Warner, M. Zagermann, 0203057; J. Louis, H.Triendl, M. Zagermann, 1507.01623

Gauge group is the Z,-invariant subgroup of the S° isometry group

50(6) D) SU(Q)L X SU(Q)R X U(l)

Y gauge group of the
Z half-maximal theory,
E | R
-symmetry group
of the dual CFT

» k=2 gauge group also includes SU(2),



+ Effective D=5 description: gauged N =4, D =5 SUGRA

R. Corrado, M. Gunaydin, N.P. Warner, M. Zagermann, 0203057; J. Louis, H.Triendl, M. Zagermann, 1507.01623

Gauge group is the Z,-invariant subgroup of the S° isometry group

50(6) D) SU(Q)L X SU(Q)R X U(l)

Y gauge group of the
Z half-maximal theory,
E | R
-symmetry group
of the dual CFT

» k=2 gauge group also includes SU(2),

» Untwisted sector: Z, -invariant fields of the maximal theory



+ Effective D=5 description: gauged N =4, D =5 SUGRA

R. Corrado, M. Gunaydin, N.P. Warner, M. Zagermann, 0203057; J. Louis, H.Triendl, M. Zagermann, 1507.01623

Gauge group is the Z,-invariant subgroup of the S° isometry group
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» k=2 gauge group also includes SU(2),
» Untwisted sector: Z, -invariant fields of the maximal theory

» Twisted sector: 2 x (k-1) tensor multiplets (5 scalars each) [s. Gukov, 9806180]
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SO(5,n)

> Scalar manifold: Mg = SO(1,1) X

SO(5)xS0(n)
n=2k+1 |k2
n=2k+3 |k=2

» All scalars are fixed at the origin except the moduli (gauge singlets)

SU(1,k
Mumoduli = 2okl € Mgca

ST SU(1,1
» Type |IB axio-dilaton U((l) ) C Mmoduli

0 A complexified coupling
> K Complex scalars . Tow — 2?_‘_ I (/ g_2 s constants of the N=2 U(N)k
81

a=1,... . k boundary SYM theory
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Instantonic solutions

Construct finite action solutions to the effective D=5 model in Euclidean space-time:
EAAdS solutions

Prescription for defining the Euclidean theory....

Consistent truncation to gravity + moduli: sigma-model coupled to gravity

Sp=1IazL £=-%3 (R-A-3G10u0'0"0")

I
N=Vo=—35 ¢ € Mmoduli

Scalars split: ¢! = (% x) : Grjddlde! = Gup(p°)dp deb + Gij(goc)dxidxj

Shift symmetry in the axion fields Xi — Xi 57’
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 Instantons are classical solutions of the field equations from Sg which extremize the
positive definite action

S=Sp+|J-i X —f Jri X"
2 =00 2 —0

This action effectively describes 3-forms dual to the axions: F(4)¢ — dC(g)@- = —*J;

g p— Sgra\/—l— % (Ga,b d(pa /\ *dtpb - Gij F; N\ *Fj) >0

AAdS ' ' o
T G*Gyj =i, Gyj, G >0

e_Scomputed on the solution with charges Q; is the corresponding instanton
contribution to the path integral. It has contributions only from the boundary terms
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« Consider spherically symmetric solutions (SO(5)-invariance)

ds? = a(r)2dr? + b(r)? dQQS4
* Lett=1(r)be a harmonic function on this D=5 geometry (), (1 /|g| g/“/a,ﬁ) — 0

» Choosing gbI = qﬁI(T) the field equations read:

Ruw = 3 Guv T+ ) G]J8u¢18,/¢<]

[ gﬁj + I_gK ¢’ pB = O] Geodesic on M 1 6duli

7 d¢!
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c< 0, «under-extremal»: Regular wormhole solution with asymptotic EAdS solutions
connected by a throat. Possible singular behavior of the scalar fields.

First found by S. Giddings and A. Strominger, Nucl. Phys. B306 (1988) 890

c= 0, «extremal»: No back reaction of the scalar fields on the EAdS solution
(vanishing of the e-m tensor). Instances are D(-1) branes in the near horizon
geometry of coinciding D3 branes (BPS solutions)

c > 0, «over-extremal»: ‘spike-like’ singularity in the bulk where the non-extremal D-
Instanton is located.

In AdS; x S : E. Bergshoeff, A. Collinucci, A. Ploegh, S. Vandoren, T. Van Riet, 0510048
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not reach the boundaries of the physical patch N. Arkani-Hamed, J. Orgera, J. Polchinski, 0705.2760;

— 27r\/ D—1 asympt. flat

2(D-2)
dmax > d\/\/h : "
X '\ \ < 27T\/2(D_2) asympt. AdS
depends on the target space Fixed by the
geometry and on the geodesic field equations

Condition not satisfied by wormholes in Euclidean SUGRAS obtained from time-like

dimensional reduction of Lorentzian theories
E. Bergshoeff, W. Chemissany, A. Ploegh, M. T., T. Van Riet, 0806.2310

Condition satisfied by certain geodesics in our model: There exist regular wormhole

solutions in Euclidean AdS: x S%/7,
T. Hertog, M.T,, T. Van Riet, 0702.04622
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The explicit solutions

D. Ruggeri, M.T., T. Van Riet, arXiv:1712.06081
Physical patch defined by local solvable parametrization of the moduli space

SL(k+1 i
Mmoduli = G(L(_iI;)) ~ @S0lv — O(1,1) cHeis

Solv=¢! Ty =UTy+ ¢5Ts + ESYTS +aTe | [Ty, Ty = ATy, [Ty, T = 5T
S:].,...,]{—]. HelS TO, To::To, [TS, TT]:égT.
Coset represenatative: L(¢p!) = e—ale eV2(CPTs+(sT?) 2U Ty ¢ gSolv

Axions are defined by maximal abelian ideal of Solv

L. Andrianopoli, R. D’Auria, S. Ferrara, P. Fre, M.T. , 9611014

Xi:{g& a} 5561—@858
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Define involution 5[(]<3 =+ 1) — g[(k‘) D P
o . +1 1

And the matrix on the coset M(¢I) — L((/)I)U[L(qﬁl)_l]

On a geodesic ¢! () we define the following constant Noether charge matrix
(the ‘initial velocity’)

Q=35M@M))LEM@(r) €slk+1) => M(¢(r)) = M(¢(r = 0)) 2?7

Geodesic ]Lo — L(qbo) Geodesic
qu(T — O) = 0, @O : ¢I(T — O) ¢O?

Q = o[Lo] Qo o[Lg*]




Generating geodesics through
the origin:
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Generating geodesics through Qo =
the origin:

Noether charge matrix defined by two vectors

c=2Tr(Q3) =475

(0 |my my_1 mo )
p1 | O 0 0
P 1| O 0 0
po | O 0 0 )




(0 |my mg_1 mg )
pr | O 0 0
Generating geodesics through Qo = : : . :
the origin: Pr—1| O - O 0
Noether charge matrix defined by two vectors L : (m’b) ) ]]2 — 1(]97;)
= U, y v
c=2Tr(Q3) =45 -m

—

Extremal case: c=0 = p-m=0 =|Qnilpotent




(0 |m mg_1 ™Mo )
P1 O 0 0
Generating geodesics through Qo = :
the origin: pr—1 | O 0 0
po | O 0 0 )
Noether charge matrix defined by two vectors = (m’l/) ) i — 1(]9@)
L — U, g fv
c=2Tr(Q3) =45 -m
Extremal case: c=0 = p-m=0 =|Qnilpotent
pand m#0 = Q3=0
Two orbits: - . .
p=0orm=0 = Q=0
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Checked SUSY by embedding the extremal solutions in the D=5 gauged SUGRA

orbit Q?>=0: 3 -BPS

new equation

orbit Q3=0: non-BPS New

~

Ps
S
The generating solution V2 (1 + 7ipol) V2 2(1 ‘|‘ T|m0|)

]
(1 + 7lpol) (1 + 7lmg|)

2 Ds
" (\/5(1+Tpo) \/_(1+T|mo))

1
T T Frlpol) (1+T\mo|) J




Non-extremal solutions p=/|lm-pl

1 2
U = —1log . s :

2 (mgsinh (ur) — pcosh (ut)) (po sinh (ur) — pcosh (ur)) |
CS — 1 — mS + pS ]

c>0 V2 | mg —pcoth (ur) ~ po — pcoth (ur)

~ o 1 Mg Ps
6= —= |- +

V2 | mg—pcoth(ur) = pg— pcoth (ur)
.= mg Po

mg — pcoth (ur) ~ po — pcoth (ur)




Non-extremal solutions p=/|lm-pl

1 2
U = —log : & ;
2 (mgsinh (ur) — pcosh (ut)) (po sinh (ur) — pcosh (ur)) |
CS — 1 — ms + pS ]
c>0 V2 [mg —pcoth (ur) ~ po — pcoth (ur)
~ 1 ms Ds
Cs - —F= |~ +
V2 | mg—pcoth(ur)  pg— pcoth (ur)
Lo mg PO
mgo — pcoth (ur) ~ po — pcoth (ur)
1 2
U = =log . -
2~ [(mosin (ur) — pcos (p)) (posin (u1) — 1€OS (k7)) _
V2 [mg —pcotg (ur)  po — pcotg (ur)
R m; n pi ]
@ V2 | mo—pcotg(ur)  po— pcotg (ur)
. = mo PO
mo — pcotg (ur)  pg — pcotg (ur)




 Geodesics through a generic point ¢’ (7 = 0) = {U(0), a(0), ¢*(0), {s(0)}
obtained by acting on the generating one by means of the solvable group of
Isometries

U — U+ U(0)

{ — VO 4 ¢(0)

¢ — ¢VO) 4+ ¢(0)

a — ae?V0 4 ¢€(0)eV® - E¢(0)eV?) 4 a(0)

« Agreement for k=1 with the solutions found in

E. Bergshoeff, A. Collinucci, A. Ploegh, S. Vandoren, T. Van Riet, 0510048



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background

* Besides the known BPS D(-1)/D3-systems, found new extremal non-BPS solutions
In which the twisted sector Is intrinsically non-trivial.



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background

* By suitably choosing the parameters of the geodesics, we recover the known
solutions



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background

* Besides the known BPS D(-1)/D3-systems, found new extremal non-BPS solutions
In which the twisted sector Is intrinsically non-trivial.

* Found regular wormhole solutions

 Evaluated all the on-shell actions



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background

* Besides the known BPS D(-1)/D3-systems, found new extremal non-BPS solutions
In which the twisted sector Is intrinsically non-trivial.

* Found regular wormhole solutions

 Evaluated all the on-shell actions

Perspectives...



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background

* Besides the known BPS D(-1)/D3-systems, found new extremal non-BPS solutions
In which the twisted sector Is intrinsically non-trivial.

* Found regular wormhole solutions

 Evaluated all the on-shell actions

« Understand string interpretation of these new solutions: Embedding the D=5 theory
In D=10 by D=5 extension of ‘DFT at SL(2) angles’ (r. Ciceri, G. Dibitetto,J.J.Fernandez-Melgarejo,
A. Guarino, G. Inverso, 1612.05230)



Conclusions

 If the effective D=5 gauged SUGRA is a consistent truncation of Type IIB on
AdS; x S°/Z, , we constructed and classified the instantonic solutions on this
background

* Besides the known BPS D(-1)/D3-systems, found new extremal non-BPS solutions
In which the twisted sector Is intrinsically non-trivial.

* Found regular wormhole solutions

 Evaluated all the on-shell actions

« Understand string interpretation of these new solutions: Embedding the D=5 theory
In D=10 by D=5 extension of ‘DFT at SL(2) angles’ (r. Ciceri, G. Dibitetto,J.J.Fernandez-Melgarejo,
A. Guarino, G. Inverso, 1612.05230)

* Find correspondence with instanton solutions in the dual quiver SYM at the

boundary (for a study of instantons in the A, ; quiver theory see e.g. T.J. Hollowood,V.V. Khoze 9908035;
R. Argurio, D. Forcella, A. Mariotti, D. Musso, C. Petersson, 1211.1384)



Thank You!



On-shell actions for the generating solution

(real) _VO|(54) - 1
Son—shell = 2&% ((mo +po)| | 1 2

Sreal o VOZ(S4) 1 Abs (ﬁ’bo + 130) .
on-shell — 52 7252 5
fg TPy i=1

moy = mo—f, Po=Ppo— K, BL=y\m-p

k-1, 2

m:
2.

i=1 0

k—-1,62

)3

1=1

p?
PG

)

- ~ 9 S
Y (mop; — Poms)” — pmgpo(mo — po)

c>0




The harmonic function for ¢c=0

N

ds2 — ﬁ_z_ (dZ2 ‘dg‘Q) — _dr

1+55

r2 d202(S4)

(2. ) = V. [(E—z)2+|y*|;z[(€+z)2+w\2]

. _ 2 2
(2,7 =%'r' 3(( —%)\/1+Z—2) | 3%3—,

95| 9" O = —1/19(S4)]




