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AHHoTanus, VccaeqoBaHo COCTOSIHAE 3JEKTPOMArHUTHOTO IMOJIs B (DOTOHHOM KPHCTAJLIE
— MeTaMaTepualie C MEePUOJMYECKON ONTUYECKOM CBEPXCTPYKTYPOH. YCTAHOBJIEHO, YTO
B KPUTHYECKHMX TOYKaX 30HBI bpuimrosna momsiputonnoe moje C-, P- u T-cummerpuuno
(ro ects, cummeTpus KanmuOpoouroro moys U(1) He HapymieHa), INIOTHOCTh KBaHTOBBIX
COCTOSIHMI CHHTYJISIpHA, OTKPBITHI HEIHMHEHHBIC KaHaabl KBAHTOBOW DIICKTPOIMHAMUKH,
a TaKKe paspelneHa napamerpudeckas dOWN-KoHBEpPCHs BEICOKOOHEPTETHYECKOTO TIOJISPH-
TOHHOTO 003€e-KOHJ/IEHCAaTa B HU3KOOHEPreTHYECKUH. Pe3yapTaThl BOCIIPOU3BOAAT (B PEKTHI
JI0’KHOTO KBAHTOBOT'O BaKyyMa B 1a00OpAaTOPHOM OINTHYECKOM 3KCIIEPUMEHTE.

KuroueBbie cjioBa: boabniol B3pbIB, JIOKHBIM KBAaHTOBBIM BaKyyM, CIIOHTaHHOE Hapyllle-
HUE CUMMeTpuUH, POTOHHBIN KpUCTasll, KoHaeHcaT boze — DitHinTeiina

Beenenue. JIo)kHOBakyyMHOe (MHa4e: METACTaOMIBHOE) COCTOSIHHE KBaHTOBOTO
HOJIsI — TAKOE COCTOSIHUE KBAHTOBOIO Bakyyma (00JacTd MpOCTPaHCTBa-BPEMCHH,
cojiepiKaieil TOJIbKO BHPTYaJbHBIC YACTHUIIBI), KOTOPOE JIOKAJIBHO CTaOMIBHO, HO
HE PHEepreTuuecKu-MuHUMainbHO. [Ipeamnonaraercs, 4To pacmnaja JOKHOTO KBAaHTO-
BOTO BaKyyma ¢ BMOPOKEHHBIM XWUTTCOBCKHM IIOJIEM Ha IJIAHKOBCKOM MaciiTade
MOCIYKWJI TOTYKOM K BoJbIIoMy B3pbIBY, MOPOAUB YETHIPEXMEPHOE MPOCTPaH-
CTBO-BpeMsI CO CBOOOJHOM 3HEprueH, u3 KOTOpOil B JaibHEHIIEM KOHIECHCUPOBa-
JIUCh AJIEMEHTapHbIE YacTUIlbl. B CBSI3U C 3TUM M3y4YeHUE CBOWCTB JIOKHOTO KBaH-
TOBOTO BaKyyMa SIBJISIETCS 3a/1aUei Ype3BbIYaiiHON BaKHOCTH, CIIOCOOHOM TIPOJIUTH
CBET Ha BONPOC O BO3BHUKHOBEHUU BceeneHHoil.

B nacrosieir pabote coolmaeTcs o J1a00paTOpHOM BOCIPOU3BEACHUU JIOXK-
HOBaKyyMHBIX 3(h)(PEKTOB B ONTHIECKOM IKCIIEPUMEHTE C (POTOHHBIM KPUCTAIIIOM.

Metoabl 1 MaTepuaJbl; pe3yabTarbl. COBpeMEHHAsI KBAHTOBAS TEOPUS OIS
MPEJOCTABIISIET MOIIHBIE TEOPETUUYECKUE METOJIbI, MO3BOJIAIONINE €AMHOOOPA3HO
OmucaTh SIBJICHUSI KaK (PU3UKHU BBICOKMX DHEPTUi, TaK U KOHJACHCUPOBAHHOIO CO-
CTOSIHUA. B 4acTHOCTH, 3KCTpeManibHOMY 3JEKTPOMAarHUTHOMY MO0 bosbiioro
B3pbIBA MATEMATUYECKU COOTBETCTBYET CUHTYJIIPHAS IJIOTHOCTh COCTOSIHHUM MOJIS-
puTOHHOTO KOHjeHcaTa bose-Ditnmreiina (BJ3K), uro mo3BossieT HCIONB30BaTh
MOCJIEAHUN B KaueCTBE MOJCIM IS U3y4YeHHUS! OCOOCHHOCTEH, XapaKTepHBIX IS
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panneit Bcenennoit. Ilonmspuronnsii BOK Moxer ObITh TMONydeH J1abopaTOpHO
KOHJCHCAIIMEW CBETOBOTO TIOJSI B PE30HAHCHOM ONTHYECKOW MHMKPOIIOJIOCTH,
Harpumep, (OTOHHOTO KpHUCTAIa — MeTaMaTepHrayia ¢ ONMTHYECKOW CBEpXpeIieT-
KO M yA0OHBIMU €CTECTBEHHBIMHE (PEIIETOYHBIMHE) ITyCTOTAMHU.

Hamu ycraHoBieHO, 4To BO30yXxAeHHE (POTOHHOTO KpHUCTaJlla BHEIIHUM OII-
TUYECKUM HU3JIyUYCHHEM MNPUBOAUT K (OPMUPOBAHUIO B KPUTHUECKUX TOUKAX €T0
30HbI bpumtosna nomsiputonnoro bOK, omuceiBaemoro C-, P- u T-cummeTpruynoi
(mo ormensHOCcTH) BONHOBOM (ynkuuen [1] (ocobenno ormerm T-cummerpuro,
O3HAYAOIIYI0 JOKaJhbHOE HCUE3HOBEHHE CTPeabl BpemeHu). CHHIYISIpHAs ILIOT-
HOCTh cocTossHuid BOK nemaer mOCTYNHBIM HCKIIOYWTENBHO Y3KWWA HEJIMHEWHBIN
JBYXIIOJSIPUTOHHBIN KaHAT Yy — &, TOPOKIAAIOIIUN «TEeMHbBIE» aKCHOHOIOJ00HbBIE
YaCTHULBI 110 MEXaHU3MY, MPEANOI0KUTENBHO JOMUHUPOBABIIEMY B paHHEN Bce-
nennoi [2]. TIpu 3TOM B clieKTpax BTOPUYHOrO M3JIyueHHs HaOmomarorcs [3] cie-
bl HE TOJIBKO JAHHOI'O IIpollecca, HO M pacnajga MOJSPUTOHHOTO KOHJICHCATa
B MEHEEIHEPreTUYECKUI, YTO MHTEPHPETUPYETCS Kak mepexon «oxHoro» bBOK
B «ACTUHHBINY.

3ak/ouenue. Vtak, moBejeHrne MOJSPUTOHHOTO 003€-KOHJIEHCATa B OCOOBIX
TOYKaX 30HbI bpuiumrosHa POTOHHOTO KPHCTAJJIa COOTBETCTBYET OKHIAEMOMY JIJIsSt
JIO’KHOTO BaKyyMa M MOJKET MCIOJIb30BaThCs JIsi JaOOPATOPHOTO MOJIETUPOBAHUS
MOCIIETHETO.

CNnUcoK UCTOYHUKOB

[1] Kynaruaa M.A. u ap. XupajabHas CAMMETPHS MOJSPUTOHOB M €€ HAPYLIEHUE B KPUCTAJIINYE-
ckoii cpene. XIV Meowcoynap. xoug. no gpomonuxe u ungpopmayuonnou onmuke: c6. mp.
Mocksa, HUAY MUY, 2025, c. 367-368.

[2] Bonaxosa B.B. Ioasspuronnsiii konaeHcar bose-DiiHITeliHa — MEPCIEKTUBHAS ONTHYECKAS
cpela Ul TeHEpaluM aKCHOHHBIX COCTOSHUM. Yuensie zanucku ¢pusuueckozo paxyromema
Mocrosckozo ynusepcumema, 2024, Ne 4, 2441505.

[3] Volkova V.V. et al. Non-linear response of the dielectric medium to the intensive optical excita-
tion in the resonant region of the dielectric function. UltrafastLight-2024. Book of Abstracts of
VIII International Conference on Ultrafast Optical Science, Moscow, Lebedev Physical Insti-
tute Publ., 2024, 130 p.



118 Mockea, MITY um. H.3. BaymaHa, 7—10 urons 2025 e.

False Vacuum Alike Behaviour of the Electromagnetic Field in a Pho-
tonic Crystal

Filatov Vladimir Viktorovich™ vvfilatov@bmstu.ru

Volkova Veronika Valerievna volkovavvi@student.bmstu.ru
Kulagina Maria Alekseevna kulaginama@student.bomstu.ru
Chebakova Sofia Aleksandrovna chebakovasa@student.bmstu.ru
Shumilkina Julia Romanovna shumilkinayur@student.bmstu.ru

BMSTU, Moscow, Russia

Abstract. The paper investigates the electromagnetic field in a photonic crystal that is a
metamaterial with periodic optical superstructure. It is found that at the critical points of
Brillouin zone, the polariton field is C-, P-, and T-symmetric (i.e., the symmetry of the
gauge field U(1) is restored), the density of quantum states is singular, nonlinear process of
quantum electrodynamics are observable, and parametric down-conversion of a high-
energy polariton Bose condensate into a low-energy one is permitted. The results allow to
optically reproduce the false vacuum effects at a laboratory.

Keywords: Big Bang, false vacuum, spontaneous symmetry breaking, photonic crystal,
Bose-Einstein condensate

Introduction. In quantum field theory, a false vacuum is a vacuum state that is
locally stable but does not occupy the most stable possible ground state. Nowadays
the most common view is that the decay of the Planck-scale trapped Higgs field
false vacuum into the true vacuum was a key step to the Big Bang. For this reason,
understanding the false vacuum, its properties and behavior is important for unrav-
eling the origin of the Universe.

This paper reports the laboratory reproduction of quantum electrodynamics'
(QED) false vacuum in an optical experiment with a photonic crystal.

Methods and materials; results. A modern quantum field theory offers pow-
erful theoretical methods to uniformly describe both high-energy physics phenom-
ena and condensed matter ones. This way, the extreme electromagnetic field of the
Big Bang can be dealt through a singular density of states of the polariton Bose-
Einstein condensate (BEC). The latter can be obtained through condensation of a
light in a resonant optical microcavity. This way, the light field inside a photonic
crystal, a metamaterial with an optical superlattice and natural (lattice) voids, is
capable to reproduce early Universe at a lab.

We found a light directed onto a photonic crystal condense in the nearest-to-
the-surface optical microcavity and form polariton BEC at the critical point of the
Brillouin zone with C-, P- and T-symmetric wavefunction [1] (note the T-
symmetry meaning the arrow of time has disappeared). The BEC's singular density
of states opens an extremely narrow nonlinear two-polariton channel yy — a gener-
ating “dark” axion-like particles via a mechanism that presumably dominated in the
early Universe [2]. In the spectra of the secondary radiation we observe not only
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this process, but also the transform of the polariton condensate into a lower-energy
one, that can be interpreted as a decay of a “false” BEC into a “true” one [3].

Conclusion. The polariton BEC in the special points of the Brillouin zone of a
photonic crystal is able to reproduce the QED false vacuum and makes it possible
to investigate the latter at a laboratory.
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