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* Symmetries and their anomalies are key concepts in physics.

— Give constraints on dynamics of QF'Is (terms in LFT Lagrangians, RG flows, ...)

e Concepts refined and generalized 1n last years (fopological operators, non-invertible & higher-form syms. )

What are the implications of generalized symmetries on scattering amplitudes?

Crossing symmetry of S-matrix 1s modified

Punchline 1: . . . . .
in the presence of certain non-invertible symmetries

We can use these symmetries to put concrete
non-perturbative bounds on the space of QF1s

Laboratory: 2D QF'15s

— simpler kinematics, connection to 2D CF'Is and integrable models, exact non-perturbative resulls!
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Here: RG flows with anomalous symmetries leading to degenerate vacua in IR
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Massive kinks interpolating

Unitarity (U) between neighbouring vacua

. s = 4m? cosh?(0/2)
Crossing (C) 6 0, f— d? — g
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Sic(9) = e Example: A, — ¢, ; RG flow
e sinzal
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sin z/n
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note oscillations
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U+I+S give:
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d.d. ,
— Modified crossing (mC) S32(0) = 4/ Ep Soe (im — )

Factorized scattering, no particle production
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* Modification from: non-trivial IR TQF T + scattering non-local objects (“dressing” with symmetry line v).
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S-matrix Bootstrap

Find the space of consistent 2 — 2 kink scattering amplitudes S%°(s) with a given fusion category

e Symmetries { £} — Projector into fusion channel y SSB all syms — regular representation
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Haagerup # ;: uncharted territory

* 0 topological lines: {1,a,a,p,ap,ap}. Fusionrules: pXa=ap, pXp=1l+p+ap+ap

R e

d, =1 %(3 +4/13)=¢ [Vanhove, Lootens, Van Damme, Wolf, Oshorne, Haegeman, Verstraete 21;
. . ' , , Huang, Lin, Ohmori, Tachikawa, Tezuka '21; Corcoran, de Leeuw '24;
* No known field theory realization! /7ints for CFLs with ¢ ~2,3/2 Bottini, Schifer- Nameki 24: Albert, Honda, Kaidi, Zheng ‘25]

Haagerup 7’[3 [LC, to appear]

e 6 vacua; 4 tusion channels A(s), A (), Ay (), Ag(S)

e Many kinks K, (15), including breather K, , »
2
g P
AID(S) ~ . m2 ’ o

{51; 85 }: crossing sym. combinations of A, (s)

e Vertices have Ap = Aap = Aap

Ap(@) _ a+itanh(u 0/x)

Analytic solution:

P A0  a— itanh(u0/m)

— not integrable!

* (Conjecture: no integrable solutions 1n this space

Extremal amplitudes do not satisty YBE



Final Remarks



Summary

* Non-invertible symmetries and anomalies in 1+1d gapped RG flows lead to modified crossing.

r —_— )
" \‘ " a L
Poaaae" A 0 Peeeee=’
dv o Y ad v Y : : .
Sab( | WU RTTT cbe (t) [ Generic for when IR described by non-trivial TQFT
de\%) = e e ad )
\d,"v‘, LN dieb kModiﬁcation from corrections to norms of |1n),|out) states
. la . )

» S-matrix Bootstrap Categorical symmetry € can be used to explore the space of consistent €-sym QF1s.

[ o, and Fibonacci: known integrable models appear at vertices

l Haagerup #';: new models expected, no sign of integrability

e Other symmetry breaking patterns: Non-regular representation. Module category M, d, — g, relative Fuler terms,
F — @* dual boundary F-symbol



Future directions



Future directions

O Understand how and when integrability arises
O Form Factors and their inclusion 1n Non-invertible Bootstrap

o Higher d? Chern-Simons+matter

Monopole scattering

O loy model for understanding soft dynamics 1in gravity and gauge theory?
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O loy model for understanding soft dynamics 1in gravity and gauge theory?

Thank you!



