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1. A numerical S-matrix procedure. Possible directions.

3. Direction 2: S-matrix bootstrap + form factor bootstrap

2. Direction 1: general mass and spin in 4d
    [Spinning S-matrix bootstrap in 4d]

4. Conclusions



  

Part A: a numerical procedure



  

A numerical procedure
One-particle asymptotic state:

Scattering process:

Scattering amplitude:

Mandelstam variables:

Partial amplitude:



  

A numerical procedure

Crossing equations:

Ansatz:

Analiticity:

Unitarity:

[Miguel Paulos, Joao Penedones, Jonathan Toledo, Balt van Rees, Pedro Vieira; 2016, 2017]



  

Directions

1. Various applications in 2d: non-peturbative bounds, integrable models
[Lucia Cordova, Yifei He, Martin Kruczenski, Pedro Vieira; 2019], ...

3. Improvements of the numerical method. Exploration of alternative methods.
[Andrea Guerrieri,  Alexandre Homrich, Pedro Vieira; 2020],
[Martin Kruczenski, Harish Murali; 2020], ...

2. Scattering in 4d with O(3) symmetry. Study of massless and massive pions.
[Andrea Guerrieri, Joao Penedones, Pedro Vieira; 2018, 2020]

5. Form factor bootstrap
[DK, Simon Kuhn, Joao Penedones; 2019], [DK; 2020]

4. Scattering of particles with generic masses in spins
[Aditya Hebbar, DK, Joao Penedones; 2020]



  

Part B:

Spinning S-matrix  bootstrap in 4d
[Aditya Hebbar, DK, Joao Penedones; 2020]



  

Crossing equations
Crossing equations:

Analytic continuation:

Phase:

Derivation: (A) [Trueman, Wick; 1964] and (B) LSZ formula 



  

Tensor structures
Decomposition in tensor structures:

Building blocks for tensor structures:

Example (polarization, massless spin 1):



  

COM amplitudes
Center of mass amplitudes:

Center of mass:

Equal mass case:



  

COM crossing
Wigner d-matrix:

COM crossing:

[Trueman, Wick; 1964]



  

Partial amplitudes in 4d



  

Unitarity

States:

also



  

Example: Majorana scattering (1)

Identical particles:

Parity invariance:

Independent amplitudes



  

Example: Majorana scattering (2)



  

Example: Majorana scattering (3)



  

Numerical results: quartic coupling
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Numerical results: cubic coupling (1)
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Numerical results: cubic coupling (2)
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Part C: form factor bootstrap
[DK, Simon Kuhn, Joao Penedones; 2019], [DK; 2020]



  

Form factor bootstrap

Stress-tensor and its trace:

Two-particle form factor:

Spectral density:



  

Form factor bootstrap



  

Numerical results
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Conclusions
1. There is at least one concrete numerical method for studying QFTs non-
perturbatively:

2. Starting from this method there are many interesting directions to explore:
     a) applications of the method to concrete problems
     b) extensions of the theoretical part
     c) extensions/development of the numerical part

3. I discussed 1: general spin bootstrap setup in 4d & application to Majorana fermions.
     a) bounds on photon scattering
     b) pion – proton scattering

4. I discussed 2: form factor bootstrap
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