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Based on the papers

(1) arXiv: 2204.01786: Bootstrapping the a-anomaly in 4d
QFTs, with Denis Karateev , Jan Marucha &
Joao Penedones.

(2) arXiv: 2312.09308: Trace Anomalies and the Graviton-

Dilaton Amplitude, with Denis Karateev , Zohar
Komargodski & Joao Penedones.

(3) arXiv: appeared today: Correlation Functions and Trace

Anomalies in Weakly Relevant Flows, with Denis
Karateev.



Quantum Field Theories (QFTs) can be non-perturbatively defined as
a renormalization group flow between UV fixed point and IR fixed
point which are assumed to enjoy conformal symmetry.
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To specify a particular QFT it is sufficient to provide the UV CFT data, and

(1) the relevant deformation triggering the RG flow in the explicit conformal symmetry
breaking case,

OR
(2) the VEV of the scalar primary operator in the spontaneous symmetry breaking case.



Background field method
And

Trace anomaly matching




Setup and Questions like to answer
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1. Can we identify a set of observables involving {Jl-(x)}, which are determined

only by the UV CFT and IR CFT data, and do not depend on the details of the
RG flow?

Jy(ky)

2. Using non-perturbative S-matrix bootstrap program on those observables,

can we provide non-trivial bounds on the UV CFT data, under simple
assumption on low lying spectrum of the QFT?



Two sources and anomaly “matching” in 4d

Jix): g,/ (x) = Conformally couple the UV CFT to a
non-dynamical curved background

L(x): Q) =e ™ —> Rescale all the mass parameters by

(2(x) to restore explicit conformal

20(X)

2, (X) = e“"Yg  (x)
Q(x) > e "MQ(x)

symmetry breaking: M; - M.(x) = Q(x)M,
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Then at any point on the RG flow the Weyl symmetry breaking of the
QFT is only due to trace anomaly:
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Trace anomaly matching and EFT at IR fixed point
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Vertices to probe anomaly coefficients
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Protected amplitudes
And
S-matrix bootstrap




Prowdmg dynamlcs to grawton and dilaton
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Four dilaton amplitude

Komargodski & Schwimmer
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Graviton-dilaton amplitude

In the COM Fram the helicity flipping amplitude (+2) ks
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Bootstrap Setup

Karateev, Marucha, Penedones, B.S.

energy (UV CFT + deformation) compensated
(ayys cyy)
{ Question: what is the
mass gap (Z, odd
m-beooN---- scalar particle)
0 IR CFT(empty) + dilaton EFT
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Set of amplitudes considered in the non-perturbative S-matrix bootstrap program:

v



Bootstrap bound on g,

Non-perturbative
observables:

S-matrix bootstrap bounds: |
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Exa mp'e (Already tested the proposal for

free CFTs with mass deformation)

Weakly Relevant Flow

Based on the paper appeared today
with Denis Karateev




Setup
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Goal and Quicome

Compute Aa and Ac values directly for the weakly relevant
RG flow from sphere partition function and stress tensor
correlation function.

Couple the RG flow to dilaton-graviton background and
evaluate relevant vertices involving dilaton-graviton at low
energy. Compare them with the general prediction from

anomaly matching EFT to read off Aa and Ac values.

The agreement of the two results establishes the anomaly
matching condition in presence of background fields on a firm
footing and inferring the connection between background field
vertices and QFT correlators.



Two relevant vertices from anomaly matching EFT
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Vertices in Weakly Relevant Flow
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Conformal perturbation theory together with solution of
Callan-Symanzik equation provides:
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Results

3
— 0 L O (54) — in agreement with direct

2304m 20(29@@ computation of Komargodski
(2011) and Klebanov-Pufu-Satdi
(2011)

2
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independent computation of
change of central charge from
two-point stress tensor
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Take home message

< Anomaly matching condition constrain low energy EFT
observables when the RG flow is carefully coupled to
background fields.

o S-matrix bootstrap can be useful to bound the space of CFTs

once we trigger an RG flow and introduce background field
method.

o It would be interesting to play the same game for other
anomalies associated with various generalized symmetries.

Thank You for your attention!



