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Main ldea

- We want to study QF Ts undergoing RG

Flow. Place it in a fixed AdS metric and
use the radius as a scale.

- The Symmetries of AdS provide us with
a one parameter family of boundary
conformal correlators. Use the Bootstrap
to obtain non-perturbative information.



Outline:

) Motivation: QFT in AdS, Flat Space Limit, S-Matrix
vs Conformal Bootstrap

I1) Bounds on sG Breathers (Z2 Symmetry)

ITI) Bounds on sG Kinks (O(2) Symmetry)

IV) Staircase+Outlook
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-We have all the bootstrap axioms:

Conformality, OPE, Unitarity > Conformal bootstrap:

Non-perturbative (numerical) bounds on CFT data: A; Cjjk

Non-local C(F)T No Stress-Tensor <-> No graviton



Flat Space Limit Flat space as L q — o0

Massive particles: A; — o0 @
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2d S-Matrix Bootstrap

1d Conformal Bootstrap

Particle m; w) bound state m,

What is the maximum
coupling/residue ¢%,, 2

Is there a physical theory ?

[PPTVRV]
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General Logic

- Take the finite radius, non-perturbative
bootstrap results seriously, not just as a
data set to extrapolate upon.

- Attempt to see the flows as
(approximately) saturating the bounds,
even at finite radius.



II) Bounds on Breathers at finite I, 4q
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Perturbative Corrections
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Bounds saturated!

Bonus: Bound on irrelevant coupling
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Second order: 5 expansion vs \ expansion
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pure ¢/ loop counting All at once
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Non-perturbative picture
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We don’t expect saturation!
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Sparse extremal spectra
from numerics.

‘One operator per bin’/
Only 2-particle states.

[Paulos Zan]
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In a real QFT in AdS:
0L¢ (006)0(01¢) (0L9)*
Dense spectrum, multi-particle states.

Hidden until 3 loops
Higher Points?

Attempt to see more:
external (0,



Multi-Correlator bounds (©,0,0,0;) (O2020205)

5d Space of Observables (020501 01) 1storder
{Ala AQ? Agapa C112, 0222}

Unfortunately, bounds don’t improve. Understood from perturbation theory
+ solutions without identity. Study gap.
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II1) Bounds on Kinks  Breathers ¢ quanta
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What are the CFT kinks in the UV?

Compact boson has O(2) x O(2) sym. cos(¢)explicitly
breaks — O(2)T

Charged bulk operators:

Momentum Vi =: ePLOLHIPROR
Vertex Ops. 27
Winding PLR =10 %50
K L 2mi g :
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Bulk dimension 7/3%  (non-pert in small 8)

Can tune to have no bound states



O(2) symmetric correlators @J:k,1 € 11,2} Irreps
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What’s the bootstrap question?
Flat space kinks w/o bound states extremize  S;(s™)
[CHKV] ‘19

o1(s,=2m?)

0.4 sine-Gordon 4 >gx

Generalize to finite
radius/ CFT?

Extremize g;(1/2) = g;

Need to pick A,
for each radius.
Start from no
Assume no bound states ( A >2A,) bound state range.

New conformal bootstrap problem.
Impose ¢ as a constraint and bissect.



The O(2) CFT,slate and perturbations
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The O(2) menhir and Bosonization

Consider UV 1/4 < A, < 1/2 (no bound states
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Thirring
turbative) boundary b ization! .=
(perturbative) boundary bosonization sine-Gordon



Flat space limit

It is convenient
to define

o1(s) = 2772 (g1(2) — 1)
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—2A,

o2(s) = 2 92(2)

z=1—s/(4m?)

The menhir is actually an
infinite tower as A, Lqq — oo

Approach
S-Matrix
as Lpgg — oo

Extrapolate to flat space by increasing ext. dimension
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IV) Sinh-Gordon and Staircase model

Studying no bound states gave controllable setup. Back to breathers but
without bound states. Sinh-Gordon and Staircase saturate flat space bounds.
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Staircase is interesting!
Goes through Minimal
Z
1/2) = g and ¢"(1/2) = " Model flows.
g( /) g I ( /) 9 N UV is mysterious.
Perfect for Bootstrap.




Climbing a conformal staircase
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Want Dirichlet-like

Z2 preserving (2,2)
boundary conditions,
containing lightest Op.




Tricritical to Ising

‘Scattering’ Boundary
Conditions for Minimal
Models?

Fixed radius of AdS

€ in (2,2)

Tricrit o
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Does it persist all the way
up to the UV? (large m)

Dimensions
approaching zero?



Outlook

* More useful 2d bounds (O(N)), higher d bounds.

* Is there a systematic way to add more correlators
and approach a realistic dense spectrum?

* Is there a sharp connection to integrability in AdS?



jcm,.'.

antonio.antunes
@desy.de



Extra Slides

Breather loops
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Unphysical solutions to crossing and multiple correlators

(01010101) (03050101 (0305050,)
2

2
ciin C22nC11n C22n
Mixes both Decoupled

e = Y pig(Ag,2)
ky Ap>204

2
Can add w/ arbitrary coefficientto C22n  With tiny C%m , cross term is arbitrary.

No better bound...



Kink correlators at first order

Winding Momentum
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Kink anti-kink breather bounds
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Hard, need to
scan over bound
state dimensions.

Bounds vary with
number of bound
states.
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