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Spin 2 fluctuations

@ Spin 2 fluctuations in spaces with warped AdS factors
@ Holographic duals of d =4 N =2 SCFTs
@ Universal spin 2 fluctuations in d =4 N = 2 SCFT duals chen,cutperle,

Uhlemann, 1903.07109
@ Dual operators and supermultiplets
@ Holographic duals of d =5 SCFTs

@ Universal spin 2 fluctuations in d =5 SCFT duals cutperle, Untemann, Varela
1805.11914
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Spin 2 fluctuations in warped (A)ds

Spin 2 fluctuations

@ KK spectrum of supergravity solutions with AdSq41 factor gives short protected
multiplets in dual CFT, e.g type 1B supergravity on AdSs x S° Kim and van Nieuwenhuizen

@ spacetimes with AdSg41 and S, factors warped over X
ds® = fi(y)dSaas,,, + f2(y)dss, + gan(y)dy’dy”

Janus solutions, duals of Wilson lines in N = 4 SYM, duals of N =2 SCFTs
(LLM, GM), duals of 5d SCFTs, 6d SCFTs, massive I[IA

@ Complicated ! Linearization, gauge symmetry, diagonalization of coupled
fluctuations, PDE on X

@ For a special class of fluctuations one can solve the first three problems csaki et al.
hep- th/0001033], Bachas and Estes, arXiv:1103.2800
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Spin 2 fluctuations in warped (A)ds

Spin 2 fluctuations

SYM Operator desc | SUGRA [ dim | spin |V [SU@)z | lowest reps
~ X k> 2 hS aaps | k] (0,00 0] (0,k0) [ 20°,50,105
D~ teAXE k> 1 Q V() k431 (50| 3] (1.k0)| 2060140
D~ teANXF QO Aap k43 1(0,0) | 1] (2k0) | 10.45.126,
F ~ X E QQ [ hyo apapy | k+3 (LD 0 (Lk) [ 1564175
Dt XA k> 1] Q2 A k+2 [ (1,0) [ 1] (0.k0) [ 6.20.50.
D~ AXE Q*Q by E+1](1LY) (0,k,1) | 4°,20",60°
9~ AXE Q* A7 k+1](0 (1,k,0) 4,20,60
~ trAMXF Q*Q P(a) k+351(0,%) (2,k,1) | 36,140,360
5~ wF2 Xk Q' B k4 0,0 [ 2]0k0) ] 1.6.20°
O~ trF o XE Q*Q* ., k+4 | (1,1 ] 0] (0.k0) 1,6,20°

D N QR A ks |G H 1] (e[ 1564175
D~ ENXE [ QPQY | aas k+5 | (1,0) | 0] (0,k,2) | 10,445,126,
2 rAAMAX Q2Q* hag) k+6 | (0,0) | 0] (2k2) | 84,300,2187
" F2AXE Q'Q BY E+2 10,5 ]3] 0,k1) ] 4,20, 60°
Tt AMXE [ QP2 Vi) k+ 2] (L0) [ L] (1.k2) | 36°,140°,360
e F FXE [ QYQ? U, E+U Ty [ L]0k0) 4,20,60
D 2 XE Q2 A k+6 | (1,0) [ 1](0.k0) | 1.6.20,
Tt F XY [ QO | My ey | k+7 [ D [0 [ (k1) | 1564175
™ 2 ANXE Q'Q* Aup k47 1(0,0) | 1](0,k2) | 10.45.126,
2 EAXE [ QQ Vi) E+ 200 L]0k ] 420" 60°
P2 F2XE Q'Q" | h2 aaps | k+8 | (0.0) | 0] (0.k,0) 1,6,20°

SIS |SISISISISSISISISIS|SISISISISSISIS|S

Table 7: Super-Yang-Mills Operators, Supergravity Fields and SO(2,4) x U(1)y x SU(4)x
Quantum Numbers. The range of k is k > 0, unless

D’Hoker and Freedman, TASI lectures o = -
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Spin 2 fluctuations in warped (A)ds

Spin 2 fluctuations

@ KK spectrum of supergravity solutions with AdSq41 factor gives short protected
multiplets in dual CFT, e.g type |IB supergravity on AdSs x S° Kim and van Niewwenhuizen

@ spacetimes with AdSy41 and S, factors warped over X
ds® = fi(y)dShas,,, + F(y)dss, + gan(y)dy’dy”

Janus solutions, duals of Wilson lines in N = 4 SYM, duals of N =2 SCFTs
(LLM, GM), duals of 5d SCFTs, 6d SCFTs, massive [IA

@ Complicated ! Linearization, gauge symmetry, diagonalization of coupled
fluctuations, PDE on

@ For a special class of fluctuations one can solve first three problems Bachas and Estes,
arXiv:1103.2800
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Spin 2 fluctuations in warped (A)ds

Spin 2 fluctuations

@ metric fluctuation in AdSy1
d5” = i (dShas,., + b dx¥ dx” ) + Gupdz®dz”
@ transverse, symmetric, traceless tensor with mass M in AdSq41
B (x, 2) = hE()u(2) Ofels, . i = (M? = 2)Rf5]

@ Linearized Einstein equations, decouple and reduce to scalar Laplace equation

1 MN
78M\/—gg 8thw =
V=&
@ Uses: spin 2 excitations on defects, massive gravity, massive IIA warped
compactifications Richard et. al. 1410.4669, Passias and Tomasiello 1604.04286, Pang et. al. 1711.07781,
Passias and Richmond 1804.09728
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Holographic duals of d = 4 a N = 2 SCFTs

Holographic duals of d =4, N =2 SCFTs

@ M-theory: AdSs x 515 x S? warped over 3 dim space xi, X2, y Lin, Lunin, Maldacena,
hep-th/0409174; Gaiotto and Maldacena 0904.4466

ds? = 4fidsigs, + hdsZ + fidy® + fs(dx,dx 5B (dﬁ T A dx) )
@ metric factors
£ = 7 h= 2 e , f = 4e25‘(1 _y2e—65\) 7

1
pEpvre SENNL AL L A= 50D

@ ) is expressed in terms of D

—6% _ _ o,D
y(1—y0,D)
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Holographic duals of d = 4 a N = 2 SCFTs

Holographic duals of d =4 a N =2 SCFTs

@ supergravity solution preserving 16 Susys if D satisfies 3dim Toda equation

(2 +02)D+ 2" =0

@ Boundary condition Vo/(5%) — 0 smoothly at y = 0 if
OyD|y—0 =0, D|y—o = finite
@ Four cycle §? x S, S closes off at y = y.

D
€ lymye VY = Ye
@ M5 brane sources can be includes as source terms in the Toda equation

(0% +33)D + 85e” = =21 > 6@ (x — xD)o (2N — y)
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Holographic duals of d = 4 a N = 2 SCFTs

Holographic duals of d =4 a N =2 SCFTs

@ Simple example: M5 brane wrapped on g > 1 Riemann surface (no punctures)

Maldacena and Nunez, hep-th/0007018
o_ 1 (1
e =—|-—Yy
X3 (4 )

X1, x2 parameterize H,, quotient by I" produces ¥,. y € [0, 3].

@ Toda equation is nonlinear PDE, difficult to find solutions systematically. Petropoulos
et al. 1308.6583.

@ Isometry along x; we can reduce M-theory to type IIA by change of variables

) y:Uao'V, X2:8,,V
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Holographic duals of d = 4 a N = 2 SCFTs

Holographic duals of d =4 a N =2 SCFTs

@ metric and dilaton

ds® = 4fidspgs, + H(do” + dn’) + fidsz. + fud5” e =
@ Solution is determined by a function V/(o,n) satisfying the cylindrical Laplace
equation
V+o2V' =0, V=00,V , V' =9,V

@ metric functions

. - 1 . . . 1
(V- V)\? _2v'v _[4V - V)*\?
fl—( v ) e f‘(W ’

1" 1"
h=h2Y ; fi=fi 2V o°, A=QV-V)V' (V)
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Holographic duals of d = 4 a N = 2 SCFTs

Holographic duals of d =4 a N =2 SCFTs

@ Boundary condition on V ion o € [0, 00],n € [0,7c].
V|n:0 = "/‘77:"7(: =0, V'P = A(n)

@ \(n) is a line charge density, determining the fluxes

@ Generic field theory long linear quiver with bi-fundamental flavors (NS5 branes)
and fundamental flavors (D6) branes Aharony et al. 12065916, many others.
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Universal Spin 2 fluctuations

Universal Spin 2 supergravity modes

@ metric fluctuation is AdSs in the N = 2 M-theory background
ds? = 4f; (dsf\dss + hu,,dx“dx”) + Bopdz’dz"
@ symmetric traceless tensor of mass M
huw(x, 2) = D (x)0(2) | O, hliil = (M? = 2)h;]

@ equation of motion for hy,

1
=MV —gg"" onhyu, =0

@ equation for v

fwf R VR0 v = M
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Universal Spin 2 fluctuations

Universal Spin 2 supergravity modes

@ the equation of motion for h,.

4% _, 4 . )
7%2 Vo€ ——50,y°e"0, — a—Damg3 o+ M| =0
where
Omg3"0n = 0% + 0%y — 2 (A101 + A202) O + (Af + A3+ 3 ) a5 . (1)
@ Expand in spherical harmonics on $? and KK modes on S!
U= Gemn(y, x1,%) Yeme™ V2 Yem = —L(£ + 1) Yem

£mn

quantum number / related to SU(2)r charge and n to U(1)g charge in N =2
SCFT.
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Universal Spin 2 fluctuations

Universal Spin 2 supergravity modes

@ resulting PDE looks pretty hopeless

4 1 .
[ 5 ZD (Fayyzeﬂ’ay + 87 + 85 — 2in (A0 + A2az))

4n’y (o 2 2 40+ 1) 2 2 —
+ e (A1 +A2) £ (0,D) + U+ M = 4l 1) | Gumn = 0
@ The following ansatz solves the PDE
Gimn = y'e2”, M? = —4+ (2+ 20+ n)? . @)

if D satisfies the Toda equation.
@ Universal solutions present in any holographic dual of d =4, N =2 SCFTs

@ There are other solutions, but they are all not regular and non-normalizable.
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Dual operator and supermultiplets

Dual operator and supermultiplets

4d N = 2 superconformal algebra SU(2, 2|2).
SU(2)r x U(1)gr symmetry quantum numbers R, r. Spins j, .

operator in superconformal multiplet

- 7AR;
DaJ]Ar
@ Poincare supersymmetries

QLo Q: o1

(]

Identify KK quantum numbers with R-charges

@ Mass M? = —4 + (2 4 20 + n)? gives dimension of massive spin 2 operator
[27 2]2A,£2+21+n
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Dual operator and supermultiplets

Dual operator and supermultiplets

@ Supermultiplets are left-right combinations of 4 types L, A1, A2, B:.

L A, A, B,
L ) 572 15 =08 | [jsg = 05
A>2+4 R4max{j—4rj+ir} | A=24R+j+4r A=2+R+4r A=R+4r
A, b2 175 U2 152 88 | 2 ui= 05 | [z 1= 05
A=2+R+j—4r A=2+R+3(j+j) | A=2+R+}j A=1+R+}%j
A, [ =08 =078 | [[=07=08"" | [j=0j=0%?
A=2+R-1Lr A=2+R+1] A=2+R A=1+R
B, [ = 0; 7] g0+ [j=0:7 > Y= = 0.7 = {2 [ =07 = 08"
A=R-1ir A=1+R+1j A=1+R A=R

Cordova, Dumitrescu and Intriligator, 1612.00809
@ for | = 0,n = 0 this is the stress tensor which sits in the multiplet A,A; with

primary

Table 15: Consistent two-sided multiplets in four-dimensional N = 2 theories.
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Dual operator and supermultiplets

Dual operator and supermultiplets

Match conformal dimension A, spins (jj) and R charges R, r

Multiplets from KK supergravity fluctuations are shortened and protected
Bi mutliplet only has j <1

A1 multiplets contain spins j > 2. KK Supergravity has no such states

the n =0,/ > 0 spin 2 operator is Q*>Q? descendants AyA, of primary
AxAs : [070]%’:02+2z
@ For n >0,/ > 0 spin 2 operator Q*>Q? descendants in multiplets A,L and LA,

AL (0,015, LA: 0,033,
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Dual operator and supermultiplets

Summary and open questions

Summary:
@ Found massive spin 2 excitation in holographic N = 2 duals, with SU(2)r x U(1)r
charges

@ Universal, this excitation is present in all holographic duals and does not depend
on details of the theory.

@ PDE satisfied due Toda equation for function D
@ excitation falls into shortened multiplets A>A; and AxL + LA,

Open questions:

@ Can we identify this operator on weakly coupled gauge theory side ?
@ Can we find the whole multiplet in KK supergravity ?

@ Are there other solutions (nonuniversal) ?
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Dual operator and supermultiplets

Dual operator and supermultiplets

@ Simpler field theory (not a long quiver) N = 2N¢, SU(N¢)

NN

@ mesonic operator from fundamental hypers

N¢

a 1 a =li
My = 2 2. q3db
@ SU(2)r singlet and a triplet,
1
M =M}, (Ms); = M7 — 25/ M

@ ¢ has R-charge -2, candidate for [2,2]2A/EZ+2,+H
tr(Tw(M3)e¢n)
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Dual operator and supermultiplets

Dual operator and supermultiplets

@ For long linear quivers

There are many more operators which carry the R-charges (¢; for gauge factors,
M mesons for hypers)

@ F and D term equations relate many of those, can we find a protected one ?

@ has to work for any quiver dual to holographic SCFTs (at large N).
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Dual operator and supermultiplets
Supermultiplet in supergravity

Can we find the whole multiplet in supergravity ?

GO A=24R+dr, r>j

Q@

Q
b ™
< Q. < Q
(oo™ s ®] [ ] [ Mepe ]
@ [ @ ] Q

10/

) RE
[ (REDanRED

et R
[1,0] R+ DER-DE(R-D
Q ]

o o e N

Q <
Q Q &
Q @ Q @ - Q
m) [ i)Y
g (RE1)G2R-1)B(R-3) (R+1)02(R-1)B(R-2)
150+ DBAR-DB [t R DBR-DBR

Q. @ Q. @

Aol oD | [p=1a™o@2)
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Dual operator and supermultiplets

Dual operator and supermultiplets

Can we find the whole multiplet in supergravity ?

@ Use supersymmetry transformation on h,,. We can easily go up the multiplet.

@ Full KK reduction is difficult, maybe not hopeless in M-theory for scalar primary
since symmetry restricts the ansatz
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Spin 2 fluctuations in holographic d = 5 SCFTs

Holographic duals of d =5 SCFTs

////'\\\
h/ X @ Ansatz for type IIB supergravity solution
\ realizes SO(2,5) x SU(2)r as isometries of

a warped product of AdSs x S? over two
\V; dimensional Riemann surface ¥, with
boundary ox.

ox

ds’ = f62(27 Z)dsidse + f22(z7 f)dsgz + p2(27 E)dz ®dz

The complex three form field strength (NS-NS and RR 2 form potential)
takes the form

G =g.6" Nws + gze” Awsz
and the dilaton ¢ and axion x only depend on coordinates z, z of ¥.
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Spin 2 fluctuations in holographic d = 5 SCFTs

Local solutions

@ The local solution is completely determined (up to one additional constant of
integration) by two holomorphic functions A4 (w).

@ From AL(w). we can form two functions x? and G
K= —|0uAL +|0uA >, G=|AL—|AP+B+B

where
OwB =AL 0,A_ — A_0,A:

@ regular solutions

k>0 G>0, li2|a>::0, Glox =0
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Spin 2 fluctuations in holographic d = 5 SCFTs

Global solutions

@ A large class of regular solutions can be constructed from the following ansatz: ¥
is the upper half plane, 0, A+ have L simple poles on the real line with complex
residues.

L

L
Ar(w) =A%+ Zin(w—p), ZE=-2% > Zi=0
=1

Vanishing of G on 0% |mp||es L jump </:ond|t|ons
(one for each pole) with Z1* ‘1= =zizt -z 7

G=0 G=0 G = const
T1 T2 e Tp

AZE+ 78+ 72 In|py — pel =0, k=1,2,---L
04k

@ Number of moduli of our solutions: 2L-2 free real parameters, they can be chosen
to be L — 1 complex residues Z correspond to (p, q) 5-brane charges.
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Spin 2 fluctuations in holographic d = 5 SCFTs

5-brane intersection

@ The poles are remnants of semi-infinite fivebranes of a 5-brane
intersection

(p.q)-web intersection AdS_6 near horizon

e L >3- Minimum 3 (p,q) 5-brane intersection.

e L —1 (p,q) 5-brane charges completely specify intersection and sugra
solution.
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Spin 2 fluctuations in holographic d = 5 SCFTs

Examples with low number of poles

@ 3 Poles: 5-brane web of N D5-branes, N NS5-branes and N (1,1)
5-branes. Field theories are 5dim versions of Ty theories. Long

qUiVerS Benini et al, 0906.0359

y1 X1 XN-3 Y2
P-2)-B)—-=-(N=2) = (N=-1) =[N
@ 4 Poles: 5-brane web of N D5-branes, M NSb5-branes. Long quiver

Aharony et al hep-th/9710116.

X1 XM

MZmW 2T 2
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Spin 2 fluctuations in holographic d = 5 SCFTs

Massive spin two fluctuations

@ Same approach as for the d =4 N = 2 holographic duals. Warped
space time over X, fluctuation

ds? = f2(ds3ys, + huwdxtdx”) + f2ds + 4p?|dw|? |
with

B (xy) = B () 0(y), D% ) = (m? — 2)nltd .
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Spin 2 fluctuations in holographic d = 5 SCFTs

Massive spin two fluctuations

e Equation for ¢ on S? x ¥ becomes
6 2, ab fo <2 2
Waa(fs fyn?° ) + Vet +my=0,
672F 2
e expand 1 in spherical harmonics on S? ¢(y) = ¢o(w, W) Yim(S?)
60.(G*1?0pde) — £(¢ + 1) (952G + 6|0G|?) ¢p + m*k* Gy = 0 .
@ looks horrible but there are two simple solutions simple solution

b0 = G, m? = 30(30 +5)

o= G (A, —A), m?=303(+6)

@ This works because x and G satisfy 0,,05 G = —x? and Ay are
holomorphic
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Spin 2 fluctuations in holographic d = 5 SCFTs

Massive spin two fluctuations

e Using m®> = A(A — 5) we see that this solution is dual to a spin two
operators of dimension

AB2:5—|-3€, AA4:6—|—3E

@ The spin 2 operators are @* descendants in a short multiplets
denoted B, and A in the notation of Cordova, Dumitrescu and
Intriligator arxiv:1612.00800

@ The dimension of the scalar primaries in the two multiplets are
Ap, =3+30, Ap, =4+30

Universally present for all 1IB solutions
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Spin 2 fluctuations in holographic d = 5 SCFTs

F(4) Supermultiplets

By and A, short mutliplets in F(4) SCFT

0,087, A=3R+3 -
= : 0,08, A=2R+4
Q: [mor

Q*: ‘[2‘0](11’) 7 [0‘]](712)\'::(1() ] [070](11)@(1172)‘

1

](Ril)

Q: |1

Q*: [[2‘0]””. [0, 1]FEREE) [[)‘[)]‘Rﬂ)‘“m‘

Q% ‘[17 1](511) L [)](R+l)£:2(R—1)(;“(Hfﬁ)‘

Q*: l[l‘l](](il) ] [1_0](1113)92(1&1)‘

[2’(]](1?)&(1?*2) X [(].2](1‘?)

4. < (RE:2)&(R) (R) (R£2)®2(R) (R+2)&2(r)&(R—
TR Q' (120 0.2 0,1) (0.0

Q l[l‘l](R:tl) ] [1_0]2(&1)@(1@3)‘

Q: L% n

Q° ‘[2.0](;?) .o 1](}?)5:(372) ; [l).O](R)"?’(R"Z)‘
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