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REAL-TIME EVOLUTION IN QUANTUM

FIELD THEORY

*Preheating

* Berges, Felder; Garcia-Bellido, Garcia-Perez Gelfand, Gonzalez-Arroyo, Khlebnikov, Kofman, Linde, Micha,
Mou, Prokopec, Pruschke, Roos, Tkachev

* Baryogenesis
* Bodecker, Grigoriev, Hu, Kusenko, Moore, Mou, Muller, Rummukainen, PMS, Shaposhnikov,, Smit, Tranberg

 FRW evolution

* Baacke, Covi, Hertmann, Kevlishvili, Patzold, Tranberg

*Soliton dynamics
* Berges, Borsanyi, Hertzberg, Hindmarsh, Mou,PMS, Roth, TognarelliTranberg

e [ hermalization

* Aarts, Attems, Berges, Bonini, Gelfand, Kurkela, Philipsen, Pruschke, Schlicting, Sexty, Shafer; VWWagenbach,
Wetterich, Zafeiropoulos

* Phase transitions

* Blaizot, Hatta, Rajantie, Sexty, Smit, Tranberg, Tsutsui

*[angevin

* Aarts, Scherzer, Seiler, Sexty, Stamatescu



THE PATH INTEGRAL
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THE PATH INTEGRAL
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*It's big:
* use Monte Carlo sampling to evaluate the integrals

*|t's a phase:
* use Picard-Lefschetz (Cauchy’s theorem) to Improve
convergence

* Aarts, Alexandru, Basar, Bedaque, Christoforetti, , Feldbrugge, Fujii, Honda, Kato, Kikuwa, Komatsu, Lehners, Di Renzo, Ridgeway,
Sano, Scorzato, Seller; Sexty, Turok, Warrington, Witten, . ...
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GENERALIZED THIMBLE

dx e! ! s _ o

* Alexandru, Basar, Bedaque, Lamm, Lawrence.




WHAT WE WANT 1O CALCULATE:
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WHAT WEWANT TO CALCULAT
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REAL-TIME EVOLUTION
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» Alexandru, Basar, Bedaque, Warrington
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REAL-TIME EVOLUTION
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REAL-TIME EVOLUTION
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REAL-TIME EVOLUTION
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REAL-TIME EVOLUTION
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5b
G -/

One critical point
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Well-behaved Monte Carlo
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CLASSICAL-STATISTICAL
APPROXIMATION

*Drop the non-linear! 9 terms
*Integrate out the ! "
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CLASSICAL-STATISTICAL
APPROXIMATION

time=0.000000

(o)

Classical-Statistical approximation does not violate the
Legoet-Garg inequalities, but in a non-trivial way'.

* Braden et al PRL123,03160|

* Hertzberg,Yamada, PRD100,01601 |

* Blanco-Pillado et al, 1906.09657

* Wang, 1909.11196

* Millington, Mou, Saffin, Tranberg - to appear



CONCLUSIONS + OUTLOOK

*Can solve the Lorentzian path integral using
Picard-Lefschetz and Monte Carlo (scalar field)
*Solves the sign problem

*Can we do fermions, gauge fields!

How does t
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~ out of equilibrium studies?

* Classical-Statistical does not do a good job of

tunnelling

*Can It be improved!



CLASSICAL-STATISTICAL
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CRITICAL POINT
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