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KBaunToBas 3dllYTAHHOCTH ITOMOI'JIa (I)I/IBI/IK&M
IIPOBEPHUTDH OTHY U3 BO3MO2KHBIX IIPAYHUH
HCYEe3HOBEHHSY aHTHMATEPHH

Iata ny6nukamuu: 04.09.2026

Ecnu B paHHel BceneHHON MaTepusi U aHTUMATEepPUs BO3HUKAIU IIOUYTHU
CUMMETPHUYHO, TOUYEeMYy CerofgHs BOKPYTI HaC NpPaKTHUYeCKU OfHa MaTepus? ITOT
BOIIPOC OCTaeTCs OOHOM U3 QyHOaMeHTaJIbHBIX HepelUleHHBIX Npob6iieM (pUIUKH.
H3BecTHBIE 3aKOHHBI AONyCKalOT HeOOJbllIOe pa3/ndle B IIOBEAEeHUU MaTepuu U
aHTHMaTepHHU, OOHAKO 0oOHapykKeHHBIX 3Pp(PEeKTOB HEJOCTATOYHO, YTOOK OOBSICHUTH
HabIromaeMoe KOCMUYeCKoe IPeBOCXOICTBO BeIlleCTBa.

Konna6opanus BESIII nmpemmoxXwuia MCKaTh BO3MOXKHBEIM Cjie[] HEM3BECTHOU
(pu3UKM BHYTPU 4Ype3BLIYAMHO KOPOTKOXKUBYIIEN dYaCTULLI — nsMOma-runepoHa A.
Hcnonb3ysl OKOJIO TpeX MUJIJIMOHOB KBAHTOBO-3allyTaHHBIX I1ap A ¥ aHTHU-/\, yYeHbIe
yCTAaHOBUIM HauboJjiee CTPOToe Ha CEerOOHSIIHUN HeHb IIPsSIMOe OorpaHHYeHHe Ha
9JIEKTPUYECKUUN OUIMOJIBHBIU MOMEHT O9TOW 4YacTULbl. YYBCTBUTEJIBHOCTH
9KCIIepUMEHTa yJydllIujach NPUMEPHO Ha TPHU INOPSAAKa IO CPaBHEHUIO C
MIPEeOBIAYIINUM MPSIMBIM MU3MEPEeHUEM, BBIIIOJTHEHHBIM Oojiee COpoKa JIeT Ha3am.
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YTo ke (PU3UKU NBITATUCh 00HAPYKUTH? DIEKTPUUECKUN OUIOILHBIA MOMEHT,
unu IIM, xapakTepulyeT OPOCTPAHCTBEHHOE pa3[ejleHHe IIOJIOXKUTEJIBHOIO0 U
OTPULATEIbHOTO 3JIEKTPUYECKOTO 3apsAama. Y NPUBBIYHOM MOJIEKYJIBI TaKoe
pa3fgesieHHe NpPeAcTaBUTh OTHOCUTENBHO JIerkKo. Ho Onss sneMeHTapHOU UIHU
cy0aTOMHOM YaCTHUIIBI C COOCTBEHHBIM yTI'JIOBBLIM MOMEHTOM — CIHHOM — TIOCTOSTHHBIHN
9IM npuobpeTaeT pyHOaMeHTaIbHOE 3HAUYEHUE.

Ecnu HampaBiieHHE 3JIE€KTPUYECKOT0 OUMIOJIBHOIO MOMEHTa 4YaCTHUIBl KEeCTKO
CBSI3aHO C e€e CIIMHOM, pu3ndYecKre 3aKOHBI MEPECTAIOT BHITISAAETh OOUHAKOBO IIPU
HEKOTOPHIX ITpeoOpa30BaHUSAX CUMMETPUHN. B 4acTHOCTH, HEHYJIEBOU ITOCTOSTHHBIN
9IIM o3Hauas Obl HApPyIIeHNe CUMMETPUHN obOpalieHuss BpeMeHu T. IIpu BLITOITHEHUN
dyumamenTansHO CPT-cuMMeTpuUM 3TO TaKKe yKa3biBajllio Okl Ha HapylleHUe
KoMOuHUpPOBaHHON CP-cuMMeTpuu, CBI3bIBalOIllell 3aMeHYy YaCTHUIIbl aHTUYaCTULIeN U
3epKajibHOEe OTpaXKeHue NPOCTPaHCTBA.

HNmenno CP-HapyuieHue 0CcoOOEHHO MHTEPECHO B KOHTEKCTE IIPOUCXOXKOEHUS
maTtepuu. OHO cymecTtByeT B CTaHgapTHOU MO[OeJIU M BKCIEpPUMEHTaJIbHO
HabJIromaeTcs B pacliafaX HeKOTOPBIX dacTtuil. [Ipo6iema B maciuTabe: M3BECTHHIX
MCTOYHUKOB, II0 COBPEMEHHBIM OIleHKaM, HeJOCTaTOYHO, YTOOK 00bSICHUTH OTPOMHYIO
aCUMMETPHUIO MeXOy MaTepueu m aHTuMatepuel Bo BcenenHoiu. [TosTomy Gpusuku
UIIYT OOIOJIHUTEIbHEIE MeXaHUu3Mbl CP-HapyleHus.

9IIM ynobGeH TeM, 4TO CIIOCOOEH BHIOATh NPUCYTCTBUE HOBOU (PU3UKU KOCBEHHO.
Heo06s13aTenbHO HEIOCPEACTBEHHO IIPOU3BOAUTL HEU3BECTHYIO TSAXKEIYI0 YaCTHUIy Ha
yckopuTtenie. HoBble B3aMMOIOENUCTBUSA MOTYT CJIerKa U3MEHUTHh CBOUCTBa yXe
M3BECTHHIX YaCTHI], OCTaBUB KPOIIEUYHLIN CJIe[ B U3MepsIeMOM AUIIOJIbBHOM MOMEHTE.
MMeHHO IO3TOMY Upe3BBIYalHO TOYHBIE MOUCKU DM 371€eKTPOHOB, HEUTPOHOB,
aTOMOB ¥ MOJIEKYJI CTaJI OOHUM M3 UHCTPYMEHTOB ITpoBepKU CTaHOapTHONW MOLEIIH.

C nambpa-TUIIEepPOHOM CUTyalus CJIoXHee. A — HecTabunbHBIN OapuoH,
COCTOSIIINYN M3 BEePXHEro, HUXXHEro M CTPAaHHOTO KBapkKoB. OH XHUBET JIHIIb
HUYTOXKHYIO HOJII0 CEeKYHMObl, MO3TOMY KJIAaCCHYECKHUU IOOXOJI, HPHU KOTOPOM
HaOTIOOalT KM3MeHeHHe OpPHEeHTAIlMHW CIMHa dYaCTHUIBE BO BHEIIHEM
3JIeKTPOMArHUTHOM IIOJie, peajn30BaTh 3HAUUTEJIbHO TPYOHEE.

BESIII Bocmonb30BajiCA COBEPLIIEHHO OPYIUM pPeCypCcoOM — KBAHTOBOU
3aIyTaHHOCTHIO.

Ha TlekmHCKOM 3JIEKTPOH-MO3UTPOHHOM Konmnaumepe BEPCII 3meKTpoOHB U
IMO3UTPOHHBI CTAJIKMBAIOTCA C 00pa3oBaHMEM Pa3/IMYHBIX YaCTHUIl, B TOM YHCIeE J/y-
Me30HOB. HekoToprle J/y pacnaparoTcsa Ha napy A U aHTU-A. 3aKOHB KBaHTOBOU
MeXaHUKU CBS3BIBAIOT CIHMHOBBIE COCTOSSHHUSA OBYX POXKIOEHHBIX YaCTHUI:
H3MEPUTEIbHBIE XapaKTEPUCTUKN OJHOU YaCTU CUCTEMEI HEJIb35 IIOJIHOCTHIO ONUCATh
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HEe3aBUCHUMO OT OPYTOU.

Ho Kak y3HaTh OpPHEHTAIIWI0 CIOMHA YaCTHUIILI, KOTOpAas IOYTH Cpa3y ucye3aeT?
3mech moMoraeT caM pacliafg. A pacmagaeTcs, B YaCTHOCTH, Ha IPOTOH H
OTpPHIlATEJIbHLINA MUOH, @ aHTHU-A — Ha aHTUIIPOTOH U IIOJIOXKUTEJIbHLIN MuoH. Ciraboe
B3aMMOOENCTBHE B 9THUX pacIllaflaX HapyllaeT IPOCTPAHCTBEHHYI0 YeTHOCTD, IIO3TOMY
HaOpaBJIeHWS pas3jieTa OOYEPHHUX YaCTUIl HEeCYyT MHGOPMAIIHUIO O IOJISPU3ALUU
MCXOOHBIX THIIEPOHOB.

[TonydaeTcst cBoeoOpa3HbIN MPUPOAHLIN aHAIM3aTOP COuHa. MccimemoBaTensiM He
HY>KHO YCIeBaTh IPUKPEIIUTD K IaMOaa-TUIIEePOHY BooOpaxkaeMbl gaTyuk. JacTuia
caMa ocCTaBasieT MHPOPMAIIMI0O O CBOEM CIHMHOBOM COCTOSSHHM B T€OMETPHUH
COOCTBEHHOT'O pacmafa.

KomaHma oToOpana OKOJIO TpeX MUJIJIMOHOB COOBITHUM J/y — A-aHTH-A BBHICOKOU
YUCTOTHL U BHIIIOJIHMJIa MHOTOMEPHBIM aHaJIM3 YIJIOBHIX paclipefeleHUu NpoayKTOB
pacnaga. UMeHHO B TOHKUX KOPpPEeNANUsaX MeXOy HallpaBJI€eHUSIMHU OBUXKEHUS
IIPOTOHOB, AHTUIIPOTOHOB U MNHOHOB (PU3UKKU HCKAIU BO3MOXKHBIN CHUTHAI
3JIEKTPUYECKOT0 OUIIOJIBHOTO MOMEHTA.

HenyneBoro 91M o0HapyXuTh He yOanock. Ho gns momgoOHBIX 9KCIEPUMEHTOB
OTCYTCTBUE CUTHAJIa BOBCE He O3Ha4yaeT OTCYTCTBUE pe3yJibTaTa. YeM BhIllle TOYHOCTH
W3MepeHus, TeM MEeHbIIyI0 00/1aCTh OCTaABISAIOT TEOPETUUYECKUM MOJENIsIM HOBOM
¢usuku. BESIII BoepBbrie moBen IMPSIMYyH YyBCTBUTEIBHOCTH IMOucCKa DM A pgo
nopsaaka 10-1% e-cM, IpUMepHO Ha TPHU NOpPSAAKa YJAYUIIUB IIpexXHee MNpPsIMoe
OrpaHUYEeHUe.

OcoOblfi MHTEpeC MpeacTaBiaseT CTPAaHHBIM KBaAapK BHYTPU A. BOJBIIMHCTBO
CBEPXTOYHEIX ITOUCKOB DM IIPOBOJUTCSA B OPYTUX CUCTEMax — C 3JIeKTPOHAMHU,
HeUTpOHaMHU, aToOMaMU U MoOJieKyjlaMu. Eciu HeulBeCTHOe B3aUMOIOEUCTBUE IIO-
pa3HOMY CBsI3aHO C pPa3JIMYHBIMU apoMaTaMU KBAapKOB, CTPAHHBEIM CEKTOP MOXKET
NpOsABUTL 3D(PEeKTH, KOTOPhe TPYAHO YBUAETh B 3KCIEPUMEHTaxX C OOBIYHBIM
BellleCTBOM.

[ToaToMy A He KOHKYPUPYET C HEUTPOHOM WX 9JI€KTPOHOM 3a 3BaHUE «JTyYIIEero
oeTeKTopa HOBOM ¢u3uku». OH MPegoCcTaBisgeT OAPYryI TOUYKY HaGIOmeHus. ITO
HANOMHHAET NOUCK HEU3BECTHOT0 O00BEeKTa HECKOJbKMMHU TeJIeCKOIaMu,
paboTalmUMK B Pa3HLIX Uala30HaX: OTCYTCTBUE CUTHAJla B OOHOM gUaral3oHe He
neJlaeT OCTaIbHbIe HEHYKHBIMU.

He MeHee BaxkeH MeTOOUYECKHUIN pe3yJibTaT. KBaHTOBasl 3alyTaHHOCTH OOBIYHO
aCCOLIMHUPYETCS C KBAHTOBBIMU KOMNObIOTEPaAMH, Kpunrorpaduen u GuiaocoGCKuMHU
napamokcamu. JkcrepuMeHT BESIII moka3bsiBaeT 60jiee IPaKTUYECKYI0 CTOPOHY 3TOTO
SIBJIEHUS: 3allyTAHHOCTb MOXKHO IIPEBPATUTh B U3MEPUTEJIbHBEIN PECypC OJIs1 IPOBEPKU
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(dyHODaMeHTanbHBIX CHMMETPUY IIPUPOIHI.

MeTopn nOTEHIIMAILHO IPUMEHUM U K OPYTUM TUIIepOoHaM, Halpumep X u E. ITO
OTKPHEIBAET BO3MOZXKHOCTh CUCTEMATUYEeCKOI'O0 IIOMCKAa 3JIeKTPUYECKUX OUIIOJIbHBIX
MOMEHTOB Cpelu 4YacCTHUll CO CTPaHHBIMU KBapKaMMU.

[Toka npupoma CHOBa oTBeTHUsa PU3UKaM «HHUUYET0 HEOOBIYHOIO He 00HApPyXKEHO».
Ho KaKX[plii HOBBIY HYJI€BOM pe3ynbTaT ¢ 00JIbIlel TOYHOCTHIO Cy2KaeT IPOCTPAHCTBO,
B KOTOPOM MOXKET CKpPHhIBaThCS HeulBeCcTHas ¢usrka. M B JaHHOM ciiydae 0COOEHHO
npuMedaTesieH CIIoco0 MOMCKa: ABe YaCTUILI, CYIIeCTBYMOIINe JINIIh MIHOBEHUE,
O1aromapsi KBAaHTOBOU CBSI3U MeXKIy HUMU ITO3BOJIUIIM IPOBEPUTH 3aKOHB CUMMETPUH
C TOYHOCTBIO, HEJOCTYITHOU NIPENbIAYIIEeMY IOKOJIEHUIO 9KCIIePUMEHTOB.

CchLnka: «M3amMepeHHe 3JI€KTPUYECKOTO OUIIOJIBHOTO MOMEHTa A C IOMOIIBIO
3anyTaHHOU OGapuoH-aHTHUOapuoHHOM cucTteMbl» DOI: 10.1126/science.adx7334.
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