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Overview of the talk

Part 1: Introduction: QFTs, CFTs and trace anomalies

Part 2: Background field method for probing trace anomalies
Part 3: Test: free massive boson

Part 4: Graviton-dilaton amplitude

Part 5: Bootstrap applications



Part 1: QFTs and CFTs

energy UV CFT + deformation

\ UV CFT data (aUv, CUV’ . .)

QFT=RG flow CFT data = scaling dimensions + OPE
coefficients (of primary operators)

— IR CFT data (CZIR, CIR, .. .)

0 IR CFT

Aa = ayy — arg and AC = cyy — Cg )



Part 1: trace anomalies In 4d

c-trace anomaly
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Part 1: example 1

energy
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Part 1: example 2

[DK, B. Sahoo; in progress]
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Part 1: sum-rules
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Part 1: why sum-rules matter

1. Lead to universal constraints on QFTs

2. Play an important role in bootstrap studies



Part 2: background field method

g W(x) < curved (non-dynamical) background

Zlg,] = J[dq)] oAl < action (UV CFT + deformation)

AN

partition function compensator field

measure (UV d.o.f)

Z[g/w] — !Wlgul connected functional

Weyl transformation: Not a symmetry

1%
Compensated QFT: M — M(x) = Me ™™ Weyl symmetric action if 7(x) —> 7(x) + o(x)
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Part 2 background fleld method

[E Fradkin, A. Tseytlin; 1984]
| {[A. Schwimmer, S. Theisen; 2011]
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[Z. Komargodski, A. SchW|mmer 2011]
[M. Luty, J. Polchinski, R. Rattazzi; 2012]



Part 2: dilaton-graviton vertices

P(x) - dilaton field

\/5 f ‘  graviton field

8, (X) =n,,+ 2xh, (x)
graviton-dilation vertex
/ i5m+nAEFT[Ta gﬂy]
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Part 2: dilaton-graviton vertices
\/fl
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Part 3: example -
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Part 4: graviton-dilation amplltude
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Part 4: graviton-dilation amplitude



Part 4: tude
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Tensor structures:

Basic building block:  (H)*"° = k'kle; (k) — kI'k7e"(k;) — ki ke (k;) + k;k{ e (k;)
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Linearised gauge transformations:  &°(k) — (k) + Yk + x°kf

SU
T (s, t,u) = T 5(s, 1, u) = K> —

Center of mass amplitude: 2 J
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Summary: part 2 - part 4

. P ds Im T (5,0, — )
Aa = lim f 3 < [Z. Komargodski, A. Schwimmer; 2011]
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(only states with spin=2,4,6,... contribute)

1. We used the background field method to study QFTs (dilatons and gravitons)
2. EFT of background fields is fixed by trace anomalies (Weyl anomaly matching)
3. Trace anomalies of QFTs are extracted from the vertices of background fields
4. We tested this technology in several examples (free scalar example presented)

5. We compactly package all the vertices into a dilaton-graviton amplitude



Part 5: bootstrap application

energy UV CFT + deformation Scattering amplitude: & ,,,_.,...(s, 1, u)
(ayy, cyy) 2 2 2
Ao = I dm=~/3,4m~/3,4m~/3
Observables: 0 = 35 mmemn(CLS, 413, 4m13)
1 432 2 2 2
A= —m*3T, _ (4m%/3,4m>/3,4m?/3)
mass gap (22 odd particle) S-matrix bootstrap bounds: _6'025 3 S Ay S +2.0013
m ................
— empty [DK, J. Marucha, B. Sahoo, J. Penedones; 2022]
0 IR CFT New result: (57607 )
(ar =0, cg=0) i
1.0@)
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massless free boson CFT
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Thank you!



