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Motivation: groundstate energy density in integrable models
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Integrable QFTs in a magnetic field coupled to a conserved charge # = #  — h(Q
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The mathematical problem
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Related problems
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Plan

Definition of the 2D O(N) models in a magnetic field

o) ¢ Integrable description, Thermodynamic Bethe Ansatz (TBA)
o Expansion of the TBA, perturbative coefficient c,
e Analytic structure on the Borel plane from asymptotic ¢,

O4) e median resummation, non-perturbative contributions, trans-series
e analytic considerations

O(3) e resurgence and trans-series in the O(3) model, instantons

o e Solution based on the Wiener-Hopf and full analytic trans-series

Conclusions, outlook



Definition of the O(N) (non-linear) sigma model

N scalar fields in 2D living on the unit sphere CD% + ...+ CI)Zz\, =]

magnetic field is coupled the conserved O(N)Achay O1r
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Large B expansion of the TBA
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Perturbative coefficients
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Numerical data for O(4)
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Asymptotic behaviour

Borel function
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Conformal mapping vs numerical solution
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Asymptotic analysis
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Asymptotics for f(a)
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Median resummation and Stokes automorphism
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Comparison with TBA

Median resummation
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Trans-series

Analytic structure of the free energy on the Borel plane

The expansion of the physical observable is a trans-series
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What is the full trans-series? Is it fixed by the perturbative part?
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Asymptotic behaviour in O(3)
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Wiener-Hopf solution
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but where is the trans-series ?



Trans-series from Wiener-Hopf

after field redefinition and contour deformation (N > 3)
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Full trans-series solution in O(4) - D1
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Conclusions

The integrable description enabled to calculate high number of perturbative coefficient with
high precision in the O(3) and O(4) models

The asymptotic analysis of the perturbative coefficients revealed the analytic structure on
the Borel plane with poles and cuts.

The various alien derivatives with the median resummation provided a trans-series ansatz,
whose leading terms matched perfectly with the numerical solution of the TBA equation in

O(4)

However, it failed to describe the leading real deviation from TBA in the O(3). This might be
related to instantons!

By expanding the integral equation using the Wiener-Hopf method, a trans-series form can
be derived and systematically calculated, which matches in the O(3) model with the
numerical solutions of the TBA equation

The full trans-series solution is determined in terms of the perturbative An’m basis, which
can be explicitly calculated.

The perturbative part completely determines all the non-perturbative corrections in the
O(N>3) models but not in O(3), which might be related to an instanton saddle point



Standard perturbation theory
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Analytical resurgence in O(4)

recall: matched asymptotic
Wiener-Hopf ../
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