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Annortaums. Crenys HeneptypOatuBHoit popmynupoBke KOJI cuibHOrO mosisi, pa3BUTOM
B Hammx Oosiee paHHUX paboTax, Mbl pacCMaTpHBaeM H3Ny4deHHE (POTOHOB, COMPOBOXK/A-
Ioll[ee HECTAOMILHOCTh BaKyyMa, BBI3BAaHHYIO JEWCTBUEM KBa3UIMOCTOSHHOTO CHIIBHOTO
IIEKTPUYIECKOTO MO KOHEYHOH JyiuTesibHoCcTH 1. [lomydeHsl 3aMKHYTbIe (OPMYJIIBI IS
TIOJTHBIX BEPOSITHOCTEH, M3YYEHO M3ITyueHHe (POTOHOB AJIIEKTPOHOM U U3IyY€HHE, COIpPO-
BOXK/IAOIIIEE POXKJICHUE AIEKTPOH-TIO3UTPOHHBIX Nap U3 Bakyyma. McciienoBaHo yriioBoe u
MOJISIPU3ALMOHHOE PACIIPEACICHUE U3IIYyYEHUS, B TOM YHCIIE XaPAKTEPUCTUKU U3ITyUYCHHUS B
BBICOKOYACTOTHOM NpHOMmKkeHnn oTHocuTeapHo 1/T. AHanmusupyercs NPHMEHHMOCTH
MIPE/ICTABJICHHBIX PACUETOB K TPEXMEPHBIM TUPAKOBCKUM IOJyMeTajlllaM, B KOTOPBIX IO-
BEJICHUE HU3KOIHEPTETUUYECKUX 0€3MaCCOBBIX BO30YKICHUI MOXKET OBITH OMUCAHO ypaB-
HeHueM Jlupaka, a pojb CKOPOCTH CBETa B BaKyyMe Urpaet ckopocts depmu.

KiioueBble cjioBa: KBaHTOBAs AJIEKTPOAMHAMHUKA, CUIBHOE AJIEKTPUUYECKOE I0JIe, HEeCTa-
OounbHBIN BakyyM, a¢dexrt LlIBunrepa, usnyuenue, TMpakoBCKUE TOTYMETaILIbI

Beenenue. PoxxieHre nmap yacTUIl U aHTUYACTHI[ U3 Bakyyma Orjarojaps Hemep-
TypOaTHBHOMY B3auMOIeiicTBHIO ¢ BHeIHUM mosieM (3 dexr [1IBunrepa) B HacTo-
AIee BpeMsl pacCMaTPUBAETCS BO MHOTMX IOJIEBBIX MOJENSX SIBICHUN B (PU3MKE
BBICOKHX DHEPIHi, acTpOodU3NKe U (PHU3MKEe HAHOCTPYKTYp (CM. HeaaBHUE 0030pbI
[1-4]). Habmonenue sddexra pokaeHHs SIEKTPOH-MO3UTPOHHBIX Map B 3JIEKTPH-
YECKOM T0JIe MOKa HE JOCTYIHO H3-3a OOJbUION MHTEHCMBHOCTU HEOOXOJIUMOIO
B 3TOM ciydae noss. OgHako ecTb aHanoru — 3()(PEeKTUBHBIE TEOPUU AUPAKOBCKUX
MOJIyMETAJUIOB C 0€3MacCOBBIMU KBa3MUYaCTHUIIAMH, T1ie TpeOyeMasi HHTEHCUBHOCTb
AIIEKTPUYECKOTO MOJISl TIOCTHKHMMA B JIaDOPATOPHBIX yCIOBUAX. PoxkieHue nap ya-
CTUI] M aHTUYacTHI] yJI0OHO HAOII0JaTh MO COMPOBOXIaIEMy 3(DPeKT xapakx-
TEPHOMY H3IIy4eHHUI0 (POTOHOB. MBI COMOCTABIsAEM XapaKTEPUCTUKH ITOTO H3IY-
yenus B KOJI u aHaIoroBbIX MOJIEIISIX.

Mertoasl 1 MaTepuasbl; pe3yabTarhbl. i1 pacyeToB HUCIONb3YyETCA HENep-
TypOatuBHas popmyiupoBka KO/l cunbHOro moss, pa3Buras B Halux 0oJiee paH-
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Hux paborax, cM. Hanpumep, [1] u uccnenoBanue U3aydYeHus B ABYMEPHOM IUpa-
KOBCKOM mosrymeTaiuie [2].

3akiouenne. Pe3ynbTaThl 118 XapaKTEPUCTHK H3JIyUeHHs IPU DPOXKIECHUU
nap u3 Bakyyma B KOJI MOKHO COIOCTaBIIATH ¢ aHAJOTHYHBIMH PE3YJILTATAMHM IS
TPEXMEPHBIX AUPAKOBCKHX IOJYMETAIJIOB, YUUTBIBAS, YTO B IIOCIEAHUX POJIb CKO-
POCTH CBETa IS 3apSHKEHHBIX YaCTHI[ UTPAeT CKOpocTh MepMu, KOTOpask HaMHOIO
MEHBILIE CKOPOCTH CBETA.
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Abstract. Following a nonperturbative formulation of strong-field QED developed in our
earlier works, we consider photon emission accompanying vacuum instability under the
action of a quasi-constant strong electric field of finite duration T. We construct closed
formulas for the total probabilities and study the photon emission by an electron and for the
photon emission accompanying an electron-positron pair creation from a vacuum. We study
angular and polarization distribution of the emission as well as emission characteristics in a
high-frequency approximations with respect of 1/T. We analyze the applicability of the
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presented calculations to three-dimensional Dirac semimetals in which the behavior of low-
energy massless excitations can be described by the Dirac equation and the role of the
speed of light in vacuum is played by the Fermi velocity.

Keywords: quantum electrodynamics, strong electric field, unstable vacuum, Schwinger
effect, emission, Dirac semimetals

Introduction. The creation of pairs of particles and antiparticles from a vacuum
due to non-perturbative interaction with an external field (the Schwinger effect) is
currently considered in many field models of phenomena in high-energy physics,
astrophysics, and physics of nanostructures (see recent reviews [1-4]). Observation
of the effect of electron-positron pair production in an electric field is not yet pos-
sible due to the high intensity of the field required in this case. However, there are
analogs — effective theories of Dirac semimetals with massless quasiparticles,
where the required intensity of the electric field is achievable in laboratory condi-
tions. The production of pairs of particles and antiparticles is conveniently ob-
served by the characteristic radiation of photons accompanying the effect. We
compare the characteristics of this radiation in QED and analog models.

Methods and materials; results. For the calculations, we use the non-
perturbative formulation of strong-field QED developed in our earlier works, see, for
example, [5] and the study of radiation in a two-dimensional Dirac semimetal [6].

Conclusion. The results for the characteristics of radiation during pair produc-
tion from vacuum in QED can be compared with similar results for three-
dimensional Dirac semimetals, taking into account that in the latter the role of the
speed of light for charged particles is played by the Fermi velocity, which is much
less than the speed of light.
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