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Discovering strong-field quantum physics using the CoReLS
4 PW laser1 BJOERN MANUEL HEGELICH2, University of Texas, Austin,
HYUNG TAEK KIM, Center for Relativistic Laser Science, Institute of Ba-
sic Science, South Korea, LANCE LABUN, OU ZHANG LABUN, University
of Texas, Austin, SEONG KU LEE, CHANG HEE NAM, Center for Rela-
tivistic Laser Science, Institute of Basic Science, South Korea — At the Cen-
ter for Relativistic Laser Science we have commissioned the worlds most intense
laser, with a 4 PW and 1.5 PW beam. It has demonstrated an intensity of
I¿1023W/cm2, thehighestintensitytodate.Atthoseintensitiesanyinteractionwithmatterinvolvesphysicsatmanylengthandmomentumscalesandacombinationofclassicalandquantumdynamicsisneededtodescribeit.Singleelectronsintheplasmaarequicklyacceleratedtoenergiesmuchgreaterthantheirmassmustbetreatedinquantumelectrodynamics(QED).Thecollectiveplasmadynamics, whichgoverntheinitialconditionsoftheinteraction, donotresolvetheelectronComptonwavelengthandhavetobetreatedasclassical.Todescribesuchabroadrangeofscales, wederivefromQEDaneweffectivequantumfieldtheorythatsystematicallyseparatestheclassicalandquantumphysics.Withthistoolprovidingsystematicpredictions, wecansearchfortheuniquelystrong−
fieldeffectsthatmotivatefundamentalresearchwithhigh −
intensitylasers.WeplantoexperimentallyvalidatethetheoryasthefirstlaboratoryprobeofquantumeffectsinstrongclassicalpotentialsobservingrecoilfromintenseclassicalradiationandbyexploringspontaneouspairproductioninnonlinearComptonscattering.
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