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— Study SCFT to gain insights on gravity side —

> Well-developed methods

for studying observables
at one-loop order

> Work order-by-order

> Typically hv o to-cteal

WL divergences

CFT :

e
“eEan study family of AdSy

> Working with M2-branes: Consistent
geometries universally!

way of getting exact results!

Here: study gravity side to better understand CFT side




Introduction & Motivation

- We will achieve this by studying a specific observable: the 1/2-BPS Wilson loop of a wide
class of 3d A > 2 SCFTs

- Holography tells us that: (W) = ZM2/string

- For these theories has been analysed in the large N limit only at leading order.

> One exception:

K) ABJM theory 4\

Ad 84 X CP3

ZM2,1—100p studied in Zstring,l—loop studied in
Giombi, Tseytlin ‘23 Kim, Kim, Lee 12, Medina-Rincon "19,
David, De Leon Ardon, Faraggi, Pando Zayas, Silva ‘19

Goal: Study: Z, ;5 1_40p for a large class of backgrounds dual to 3d .4 > 2 SCFTs.




Introduction

We study a specific class of 3d N > 2 ‘/d-t'al\‘ AdSy X SE;/Z, in 11d M-theory

Chern-Simons-matter theories o

* Given by quiver diagram with & nodes,
each of which is associated to a U(N)ki
gauge group.

G

- Satisfy Z k;=0.
i—1 dsén — dr® + r? dS%E7
* Chiral multiplets in bifundamental reps.

(N, N) and adjoint reps. of U(N)kl_

CYy




Introduction

We study a specific class of 3d N > 2 dual

Chern-Simons-matter theories

e

AdS4 X SE7/Z; in 11d M-theory

2 3.2 272
dscy, = dr” +r*dsgg,

Very general necklace quiver
d ---------- >b K/ But does not have to be

necklace quiver!




Introduction

We study a specific class of 3d N > 2 AdS, X S7/Zk in 11d M-theory

Chern-Simons-matter theories o

dual
& 2 S
e.g. ABJM theory
Az CY4
/_99\
\éé—/ dS%Y4 — d7“2 —|— ,,,,2 dS%E7
B;

SE7 — 575




Supersymmetric Wilson loops

. The vacuum expectation value of a 1/2-BPS Wilson loop (W), wrapping the
equator of S°, is defined as

<W> — <Tr 7)67: ggdqu“+gﬁdSO-> Maldacena ‘98

where o is an auxiliary scalar in the vector multiplet.
= Use tool of supersymmetric localization

Pestun, Kapustin, Willett, Yaakov, Hama, Hosomichi, Lee, Drukker, Marino, Putrov, Herzog, Klebanov, Pufu,
Tesileanu, Martelli, Sparks, Cheon, H. Kim, N. Kim, Guarino, Jafferis, Varela

- Then the Wilson loop vev in the large /N limit reads

N
6k VQI(S E7) . Farquet, Sparks 13

log(W); o = 27:3(:\




The gravity duals: M-theory

- The gravitational dual to the class of 3d /' > 2 SCFTs we study is given by the following
1 1d supergravity background AdS, X SE;/Z,

1 3
dsy; = R (Z dS?AdSAL d5§E7> . Ga= gRSdVOlAdSAL -

- Can relate supergravity and field theory parameters through the flux quantization

condition (E)fi B (277)6/<zN
Zp N 6V01(SE7) |

- All Sasaki-Einstein metrics take the form dS%E2d+1 = n° + ds%{Ew




Holographic Wilson loops in M-/string theory

- The M-theory dual of the vev of the Wilson loop is given by
log(W) =log Z,;, & — S (k) Ty, + 108 Zy5 | _10,(K)+OITy),

/

Expand around large dimensionless
M2-brane tension Ty, ~ 4/ kN,

i.e. large N and fixed k.
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- The M-theory dual of the vev of the Wilson loop is given by
log{W) =log Z,;, & — S ()T, + 108 Zy5 | 10, (K)+OITy),

/

Expand around large dimensionless
M2-brane tension Ty, ~ 4/ kN,

i.e. large N and fixed k.

- The string theory dual of the vev of the Wilson loop is given by

string "’ & +0O(1/k)+ O(1/

Expand around small g, ~ 1°"*/N with

trmg (N/k)1/2 — \/z

log{(W) =logZ — S, + log Z,

string, 1 —loop strmg)

fixed dimensionless string tension 1

i.e. large k, N and fixed A.




Holographic Wilson loops in M-/string theory

- The M-theory dual of the vev of the Wilson loop is given by

log{W) =logZ,,, ~ — S.,(k)T,,, + log 2o 1 —1oop )+ O Ty 5)

m

Contains all orders in O(1/k) expansion
at subleading order in large N limit.

- The string theory dual of the vev of the Wilson loop is given by

10g<W> — IOg Zstring N = Scl + lOg Zs

+0(1/k) + O(1/T.

tring,1—loop tring) '

Contains only leading order in O(1/k) expansion




Holographic Wilson loops in M-/string theory

- The M-theory dual of the vev of the Wilson loop is given by

log{W) =log Z,;, & — S ()T, +10g Zy5 | 100, ()+O/Ty,,) .

- The string theory dual of the vev of the Wilson loop is given by

log{W) =logZ.. ~ — S, + log Z +0O(1/k) + O(1/

string, 1 —loop strlng)

- Get more information by studying the M2-brane partition function!

1()g ZMZ,I—loop(k) = lOg Z string, 1 — 100p+ @(1/ k) '

Expand around large k.




Holographic Wilson loops in M-theory

- The M-theory dual of the vev of the Wilson loop is given by

10g<W> — lOg ZMZ ~ = Scl + lOg ZM2,1—loop )

_ |
[\ = — logJ'[Dé’D@DH]e‘Sﬁ% = —log posons

fermions

where the depends on the quadratic fermionic and
bosonic operators that are acting on the fluctuations around the classical
configuration of the M2-brane.




A visualisation
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The classical action

Farquet, Sparks “13

At the classical solution we find that the holographic WL, i.e. the M2-branes wrap
25 X 811\/1' with 2, C AdS,4 and Sﬁ/[ C SE7.

Susy makes a specific choice for Sﬁ/l to lie parallel to the contact 1-form # but not
along U(1)g, s.t.

27C

vol(Sy) = J n =
S k

where c/k is the radius of the M-theory circle.

. 1 2
Then the M2-brane metric reduces to  (s3,, = R? (4Sinh2 U(dgz +dr?) (32 dwz)

Hence, one finds N

1
]l = dodrdy = —27°




One-loop partition function

- Using the heat kernel method we obtain the one-loop partition function of the M2-

brane
AR, G_FMZ eXp 27T3€ N I'nig = — Z Z (F(q”’n) + I‘(Qba_“)) uE I‘(qb,o) 7
Ok VO](SE7) 7 - —
n ! 1 ‘ —q c_lktn‘ _
with T(@*7) =|1 —q+c "kn] : logF< 5 )

1+‘q:: c_lk‘n| (—2) 1+|q:: c_lkn‘
)+ ()

1 —qg+ctk 1
—2¢(_2)<‘ ! n‘) — (1 +2log2m).

Gautason, AN 25

Universal expression: specified in terms of g and radius of Sﬁ/I: c/k.




One-loop partition function

- Using the heat kernel method we obtain the one-loop partition function of the M2-

brane
will depend on SE

N
N2 R e exp (27T c\/ — 7)) B Z (Z 1 (as.m

n 1 — c Ykn
with T4 =[1 — g & ¢ k| | 2 10gr(‘ - ‘)
1+ |g=* —1k 1+ |g* —1K
_ ‘QZ: c_lkn|logf ‘C] N TL|> 19 (—2)( |q c TL‘)
— 2 2
1 + ¢ 1k 1
—2¢(_2)<‘ ! 29~ n‘) ~ (1 +2log2m).

Gautason, AN 25

Universal expression: specified in terms of g and radius of Sﬁ,[: clk.




One-loop partition function

- Can apply this formula for any SE~.

« Get a closed form expression for the sum:

1
> Apply {-regularization ((0) = —=, ¢'(0) =logVv27.

9
SlIl 7T£I? XL
> Use Euler’s formula 1o lo .
: z :(1- %)

- For most cases we find that our result is given in terms of trigonometric functions

when k is large enough and satisfies k/c > 3.




Check against ABJM dual

. Sanity check: Forc = 1and g, = {1, — 1, — 1} we recover the known holographic
Wilson loop result for AdS, X S'/Z,;

(WHaBIM = Lo R — 12 e”\/QN/k, k> 2. \/
2 sin (%)

Giombi, Tseytlin ‘23

- This matches the perturbatively exact result for the WL obtained from the matrix

model 2/37.1/3

1 Ai(w 21/3 (N 37k 2k4)>
2 sin (2%) Ai(w2/3k1/3 (N 1 k )) 7

(W)aBIM =

21/3 3k 24

at next-to-leading order in the large /NV expansion. Klemm, Marifio, Schiereck, Soroush 12




Other exa m ples Gautason, AN 25

+ 0"1'1: dual to Adsy x Q""1/Z, . ) @ )
> Here:c=1/2 & ¢;= {1, -1, — 1} and we obtain 1‘//M \‘3

Ly =

1 2m\/ N >1\ /é
exp( f), k> 1.

2 sin(%) V/3k
* M“*:dual to AdSy X M>*/Z, .
> Here: ¢ = 3/8 & q; = {—5/3, — 1/3, 1} and we obtain

2
ZM2=2kexp( \7%5), k>1.




An Airy proposal

- The M2-brane partition function computes observables in the grand canonical ensemble

(fixed Ay ~ u) instead of the canonical ensemble (fixed N).
Gautason, van Muiden 25

- Not enough to translate gravity parameters to field theory parameters!

. (W(N)) is related to (W(u)) through Laplace transform (W(V)) = due =N (W(u))

Z(N)2ri J C

- Many examples of M2-brane results appear to be one-loop exact. Assume the same here
and find the full perturbative part of the Wilson loop vev

Ai(C™"*(N - 2c¢ — B)) -~ _ OVol(SEy)

<W(N)>p — ZM2,1—100p Ai(C_1/3(N _ B)) ’ k]z'6

Gautason, AN 25

and B is a parameter that only depends on «%.

C




Conclusions & Outlook

We found a universal expression for the holographic Wilson loop of this family of
SCFTs up to subleading order in N.

Our results hint at a closed form expression for perturbative part of vacuum
expectation value of Wilson loop of this class of SCFTs as a ratio of Airy functions.

Can apply a similar analysis for a class of SCFTs that have a dual description in
massive type IIA wAdS, X S(SEs) to any SE5 manifold.

Can we apply our techniqgues to study worldsheet instantons and extract non-

perturbative corrections to the free energy? Gautason, Giangreco M. Puletti, van Muiden 23
Beccaria, Giombi, Tseytlin ‘23

Currently exploring the matrix model at subleading order.
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Back-Up

- The functional determinant of the 2d operators can be evaluated using the Heat

kernel method. Then =

1 O'V'b #_
1:(0,Mp) = | 1—2(1+Iog2)+log Al dx" ( x+1/2),
0o .
. 1 #_ Owme oy
{OM) =1 S+2logA+ M+ dx"( X),
0

1
+mg, M¢{=mé=a’! v?, 1(0)= (—3 émﬁ,f.

: : S |
- The effective actionreads ! = élogdet" = 1 1ot (0)log(R#) ! 2 1. (0), 1w (0)=1

- The log divergence is canceled against a universal contribution from the superstring
measure ~ log(Z ) s.t.

R 1 lomDi In’
- . (O) |097' é!t!ot (O) Giombi, Tseytlin 20

S




Gauge/Gravity duality

classof 3d N > 2 \

Parameters: N, k

M-theory expansion 't Hooft expansion

N> k° k< N<k
A> 1
AdS, X SE7/Zk wAdS, X Mg in 10d type 1A
in 11d M-theory string theory
TM2 ~ A\ kN * Tstring ™~ \/Z

g ~ /15/4/N




Some other examples

« ADHM: dual to AdS, X S7/ZNf with different choice of Sy, compared to ABJM.

> Here: c =1 & g, = {—1,0,0} and we obtain

e S ~

Lo, N .
" exp ! N : N ¢ 2.

N 20 f
4 sIn N

Lo =

Gautason, AN 25

Also matches next-to-leading order field theory result for perturbative result of the
vacuum expectation value of ADHM Wilson loop

N 1/ 3
!2/3Nf

- N
11- AI 21/ 3 (N # 2|\|5f T Tf)
W aDHM = Y #|2/3N1/3 \ S, Nt > 2.
A4S Ne Al (N # -+ )

Okuyama 16




The one-loop action

. A 2 1 0sons
Goal: Obtain Iy =— logJ[DCDHDH]e‘S&% — Elog b

. fermions
with ] i
(2) _— _
S|\/|2 Il SbOS + Sferm o T2 VOIM2 LbOS + T2 VOIMZ I—ferm / universal terms
1 1 B | same for any SE;
_ by 2 B | nijfk n b
Lbos = E(Dab! ) ! b T Kg" K pij 3] T aGpik + Agica Ag ) !,
non-universalterms | - oip )i 5
will depend on SE- ferm !
where
a b — a a b ab — | " abjk
D2 1P=1124+ A2 10 A =" Gk

Astesiano, Bomans,
Gautason, Giangreco, AN 24




The one-loop action

diagonal in the a, bindices

L JooN

 Integration by parts yields

with the kinetic operators on AdS, X Sl%/l given by
— 2 2 —_
K(q)— ' D(q)+ Mb’ D(q)— Im(q)+ M;: .

with universal masses |v|,§ =11,Mf =0
and 3d differential operators given by
. k 2 . k
| D2 . =1I" 21 21, | |j i =i’ +i =1, ! g "=.
will depend on SE D(qb) C o Im(qf) | ! C Ar s

with charges |g| = {3,|q},1=1,2,3
x| = {21! ql|},I=1,23.

Gautason, AN




The gravity duals: massive type lI1A

- The gravitational dual to Chern-Simons-matter theories of family B is given by the
following massive type IIA supergravity background AdS, X M
I ! 3

| ' 6 Sin’ !
ds’ = L2e' /2 5+cos2 dsi. + —d! %+
AdS4 © o 3 + cos 2!

osirt!
5+ cosZ

2
dSi e , T

where the H5, F, , F, fluxes are turned on, as well as the Romans mass

M . . (5+cos2 )34
and € = ¢€°

Fn =
T S 3+ cos?

Guarino, Jafferis, Varella "15
Fluder, Sparks “15

The topology of Mg is that of a sine-cone over the SE5 manifold.

dsgse.) = dy’ +sin®ydsge,




Holographic Wilson loops In string theory

- The string theory dual of the vev of the Wilson loop is given by

log(W),=logZ, . .~—S.,+logZ

string ™ tring,1 —loop °

/ _Fstring_SFT

Expand around small g, ~ m~%31~ 10 with
- (N/m)1/3 — /‘{1/3
l.e. large m, N and fixed A

fixed dimensionless string tension Tsu.ing




Holographic Wilson loops In string theory

- The string theory dual of the vev of the Wilson loop is given by

string ™ tring,1 —loop °

log{(W), =1logZ, .. .~—S,+logZ

—~

_rstring_SFT

r l | bosons

| |
L 5= —— | @r®vol, + Jcpm,
string ) g H ot O FT A fs J' 0 2 2 fs ; 0
fermions Fradkin-Tseytlin ‘85
where we have the Fradkin-Tseytlin action and the which

depends on the quadratic fermionic and bosonic operators that are acting on
the fluctuations around the classical configuration of the string.




The classical solution

- The holographic Wilson loop is given by a fundamental string that wraps a disc
inside AdS, and is located ata = 0.

« Hence the induced worldsheet metric becomes

- éLZe! ()/2
sinh? |

dsgtring = (d! ° +d" 2) :

« Then the classical action reads

! !2: ) AN 1/ 3

3m vol(SEs)

v

Sel =

Fluder, Sparks 15




The quadratic string action

Gautason, AN
- Expanding the string action around its classical configuration up to quadratic order,

vields the following quadratic action

diagonal in the a, b indices

o 1 b b
Sstring 2! )2"8 VO|3(#aKab# + @Dab$ ).
with K=1" 2+ M7, D=iD + as!3+ vy, and
2 4
|\/|,§:{2,!§}, as | v§:{1,§}
with multiplicity: 2 & \6 with muItipIicity:Zj& \6

- These operators are completely universal, i.e. independent of the internal SEs manifold.




One-loop string partition function

Gautason, AN
. Utilise heat kernel method and obtain expression for | ;.

. Only ingredient left: S.. = @y,

/ \ws has topology of disc: y = 1

Pull-back of dilaton: ®, = const.

- Combining everything together yields following prediction for WL at subleading
order:

N 3 .
2 m2/3N 1/ 3 2 41/3N 1/ 3

W' # 1S ex
: 3 12731 VoI(SEL) /3 P T 3U6mU3yol(SEg)Y 3

g\iversal expression: specified in terms of quiver data and volume of SEs.




Back-Up

« M-theory limit in massive type IIA does not exist.

- To access M-theory limit =9 Have to probe large string coupling limit in massive
type lIA, but

0| ——
m5/6N 1/ 6

which in large N limit is bounded.

Aharony, Jafferis, Tomasiello, Zaffaroni “10




