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Why QFT in AdS ?  [Callan, Wilczek (1990)], ...
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- Radius L : IR cutoff,
probe of the theory at different scales

...lIke a periodic box, but also
* Maximally symmetric
...lIke a sphere, but also

* Infinite volume: symmetry breaking and phase
transitions
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» Analogue of scattering amplitudes:
local operators at boundary points

» Boundary correlators covariant under AdS isometries

» boundary CFT (bCFT) in any QFT!



Why QFT in AdS ?

» Analogue of scattering amplitudes:
local operators at boundary points

» Boundary correlators covariant under AdS isometries

» boundary CFT (bCFT) in any QFT!

- bCFT data depend on: bulk couplings, boundary
conditions

* Unlike AdS/CFT: no dynamical gravity, no boundary
stress tensor, bCFT correlators are only a subset of all

the observables
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Setup: Asymptotically free theories in AdS

* UV theory: massless d.o.f, weakly interacting g < 1 ;

- IR theory: mass gap A ~ pe BFos>w ;



Setup: Asymptotically free theories in AdS

* UV theory: massless d.o.f, weakly interacting g < 1 ;

*IR theory: mass gap A ~ pe Fos®() ;
Varying the AdS radius L we can interpolate;

*|n some cases, a phase transition between the two
regimes must occur, detectable from the bCFT.

Opportunity: studying the bCFT as a way to
detect/explain the mass gap in the bulk
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Outline:

* Deconfinement transition for Yang-Mills in AdS,
[Aharony, Berkooz, Tong, Yankielowicz (2012)]

« [Copetti, DPF, Ji, Komatsu (2023)]: transition in 2d
examples, e.g. O(N) sigma model

Additional computational handle: Large N

» [Ciccone, De Cesare, DP, Serone (2024)]: hints
about the transition in Yang-Mijlls in AdS using
perturbation theory



Yang-Mills in AdS,

[Aharony, Berkooz, Tong, Yankielowicz (2012)]
® > L

O Lcrit ™ A_l

deconfined confined

- [ <« A~ : with Dirichlet boundary condition
Al ~ zJ,+...==p Gy global symmetry in bCFT

z—0

- L > A~ ': no coloured asymptotic states, mass gap

mp A~LA>1, K



Yang-Mills in AdS,

[Aharony, Berkooz, Tong, Yankielowicz (2012)]
® > L

O Lcrit ™ A—l

deconfined confined

- [ <« A~ : with Dirichlet boundary condition
Al ~ zJ,+...==p Gy global symmetry in bCFT

z—0

- L > A~ ': no coloured asymptotic states, mass gap

mp A~LA>1, K

Proving disappearance of Dirichlet is key to understand
confinement and mass gap from AdS viewpoint
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Possibilities for the transition:

(1) Higgs: a bulk charged scalar condenses

bCFT: an adjoint scalar operator O* becomes marginal
(A = 3)and gives 9"J; = O°

(2) Decoupling: gluon states become null

0y — 27455

bCFT: (J£(Z)J,(0)) = C; 6" =

—
(52)2 ’ CJ L_>Lcrit O

(3) Tachyon: (weakly-coupled) scalar ¢ with M* < M3,

3
bCFT: A(Oy) = 5 at weak coupling A(07) = 3

singlet marginal operator
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We propose a generalization of (3), without need of
weak coupling, which is realized in 2d toy models:

(4) Marginality:

bCFT: a singlet scalar operator @ becomes marginal
(A = 3) and its boundary coupling runs

1 1 1 2
1 F2+/ 0 5~A( )+By
/AdS4 292 r[ ] 0 7/ ’ ’ gc2:rit 92
[Lauria, Milam, van Rees (2023)]




We propose a generalization of (3), without need of
weak coupling, which is realized in 2d toy models:

(4) Marginality:

bCFT: a singlet scalar operator @ becomes marginal
(A = 3) and its boundary coupling runs

1 1 1 2
1 F2+/ 0 5~A( )+By
/AdS4 292 r[ ] 0 7/ ’ ’ gc2:rit 92
[Lauria, Milam, van Rees (2023)]

6y‘ B:y 4
\\/ Merger and
: annihilation at the
Y

1 transition
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2d Toy Models [Copetti, DB, Ji, Komatsu (2023)]
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Analogous phenomenon in AdS, ?



2d Toy Models [Copetti, DB, Ji, Komatsu (2023)]

AdS, : deconfinement-confinement transition.

Analogous phenomenon in AdS, ?

In theories with continuous global symmetry:

® >L

O symmetry Lexit symmetry
breaking preserved

|

Massless scalars.
Forbidden for L — oo by Coleman-Mermin-Wagner



2d Toy Models Example: O(N) sigma model in AdS,

- N
S— [ 306, =1 N (002 =5

SSB b.c. Ol = VN®n', nint =1
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2d Toy Models Example: O(N) sigma model in AdS,

S— [ 306, =1 N (002 =5

SSB b.c. Ol = VN®n', nint =1

Large N exact solution:
T, A

~ A
D £ ( d =0
> [
& @ & A
| O(N)-singlet marginal

scalar at the transition
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_ [Ciccone, De Cesare,
Back to Yang-Mills: DP, Serone (2024)]

Goal: use perturbation theory to test
which of the scenarios is more plausible.

(a) Marginality: requires a singlet scalar with A =3

(b) Higgs: requires an adjoint scalar with A =3

(c) Decoupling: requires C; =0
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_ [Ciccone, De Cesare,
Back to Yang-Mills: DP, Serone (2024)]

Goal: use perturbation theory to test
which of the scenarios is more plausible.

(a) Marginality: requires a singlet scalar with A =3

(b) Higgs: requires an adjoint scalar with A =3

(c) Decoupling: requires C; =0

Leading candidates for (a)-(b): “double-trace” operators
JiJ  singlet,  d*°J.J adjoint
Ay =4+ 7[(1)]9 + O(g*)

Test for (c): Cj=—=55(1+ 081)92 +O(g"))

=g
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Ja J

Results:

SU (n.)

(1)
V1JJ],sing

singlet, d“bcjb J adjoint

— 7'('2292 (1 T 681)92 - 0(94))
(1) - 22n. 1
/V[JJ],singlet - 3 1672
(1) ~ 1ne 1
V177],adjoint — 3 1672
(1) (10 + 3”7E)nc
CJ —
32472
A
-

largest coefficient
2 . » J




Estimates from truncating at NLO:

ASing =3 »
Apgj = 3w ncggrit NLO A 43.1
C,=0 map Nedoi/NLO ~ 272

== Marginality scenario favoured

Moreover n.g2:|nLo/(167%) ~ 0.14 rather small,
suggesting perturbation theory reliable

2 ~
NcYerit INLO ~ 21.5
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Estimates from truncating at NLO:
Aging =3 m=p

Nagj =3 =l NeGorit INLO = 43.1
C;=0 mmd ncggrit‘NLO ~ 272

== Marginality scenario favoured

2 ~
NcYerit INLO ~ 21.5

Moreover n.gc.InLo/(167%) ~ 0.14 rather small,
suggesting perturbation theory reliable

Lightest scalar for Neumann boundary condition:

22n. ¢*
Ty aV a v A — 4 | C | O 4
fr P 3 162 TOW)

== away from marginality
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Summary

» Transitions from gapless to gapped phases in AdS

» Solvable examples in 2d: merger and annihilation
as mechanism for disappearance of gapless b.c.

» Perturbative results for 4d YM point in the same
direction

Future directions

* Numerical conformal bootstrap for YM in AdS,;
rigorous bounds on C , Agine, Daqj from (JJJ¢ %)
lwip w/ Kousvos, Meineri, Piazza, Serone, Vichi]

» Localization for N =2 SYM in AdS;;
transition from SU (2) (deconfined) to U (1) (Coulomb)
[wip w/ Bason, Copetti, Komatsu, Jij

15



Thank You



Gluon propagator in AdS, |

H,Lw (337 y) — — 40 (u)v,uvvu =+ g1 (u)v,uuvl/u
(Z -9+ (2 —w)?

x:(z,x),y:(w,y) U= o0

Generic 5¢(9,A™)° gauge-fixing: 9o, 91 are
derivatives of hypergeometric functions
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Gluon propagator in AdS, |

H,Lw (337 y) — — 90 (u)v,uvvu + g1 (u)vuuvl/u

(Z -9+ (2 —w)?
22W

r=(2,7),y=(w,179) U =

Generic 5¢(9,A™)° gauge-fixing: 9o, 91 are
derivatives of hypergeometric functions

Simplification in Fried-Yennie gauge ¢ = y f 5
T (2+L
go(u) = —z ( 2 )d_l
272 (u(u+2)) =z (d—2)




Diagrams for Aj;j :

9 D) &9

) D #g° log |7

Diagrams for C}:

finite term in <Ja(f)Jb( 0)) after renormalization

18



Alternative approach for Agine: multiplet recombination

+ g° =0 is a(free) CFT == general CPT argument

+CFT in AdS = BCFT
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Alternative approach for Agine: multiplet recombination

+ g° =0 is a(free) CFT == general CPT argument

*CFT in AdS = BCFT

* Protected operator BCFT, , ,: displacement operator

Tzz‘z:O:D, AD:d_l_l

 Bulk relevant operator: 05pux = / A O
Ade_|_1

T = 35,0 #0 == D not protected any more
D = ¢ X foX + O(X?)
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Inthe CFT at ¢° =0 D=J5J"

Using ~p = ¢ X Bl + O(A\?), with A = ¢°, we reproduce:
(1) 22n,. 1

W[JJ],singlet o 3 1672
For Neumann boundary condition at g° = 0 :

D = Trfe, for

== we can apply the same method and get:
(1) 22n,. 1

Tur(f1] 3 167
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