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I'TABA 1.

HenTpHUHO He CYIIIECTBYIOT

OTCYTCTBYIOIIIAsI 9HEPTHS KaK e TMHCTBEHHOE
T0Ka3aTe/JIbCTBO CYIIeCTBOBAHUS HEUTPHUHO

eUTPHUHO - 3TO JIEKTPUUYECKH HEeNTPabHbIe YaCTUIbI, KOTOPbIe M3HAYaJIbHO ObLIU
H 3aJlyMaHbI KaK IIPUHITUIINAJILHO HEOOHapy>KUBaeMble, CYIIleCTBYIOII[HE JIUIIb KaK

MaTeMaTu4deckKasd Heo06X0auMOCTh. [103Ke yacTHIIbI ObIIM 0OHAPYy>KeHbI KOCBEHHO,
IIyTeM U3MepeHUus «Hedocmarouieil IHep2uu» IIpU BOSHUKHOBEHUH IPYTUX YaCTULL B
cUcTeMe.

HeHTpHHO 4aCTO OIIMCHIBAIOT KaK «IIPU3pavYHble YaCTHUIIbI», IIOCKOJIbKY OHH MOTYT
IIpoJIeTaTh CKBO3b MaTEPHI0 He3aMeUueHHBIMH, IIPH 3TOM OCITU/LIUPYA (IIpeobpasysich) B
pa3jInyHble MacCOBbIe BAPUAHTHI, KOTOPhIe KOPPEJTHUPYIOT C MacCOM BOSHHUKAIOIITUX
yacTHI. TeoOpeTHUKHU IpeanoJaraloT, YTO HEUTPHUHO MOTYT COJlepKaTh KU K pasragke
¢yHIaMeHTaIbHOro «ITouemy» KocMoca.

F'TABA 1.1.

IToribITKa M36€eKaTh «0eCKOHEYHOM TeJTMMOCTH»

ITOT CIyuyad MOKa’keT, YTO YaCTHUI[a HEUTPUHO OblyIa IOCTYJIMPOBaHa B 1OrMaTHYeCKOU
IIOIIBITKE M30eKaTh «© 0ECKOHEeUHOUH AeIUMOCTID.

B 1920-x rogax ¢U3HUKU HAOIII0AAIH, YTO IHEPreTUUYEeCKUM CIIEKTP BOSHUKAKIIUX
3JIEKTPOHOB B IIPOIleccax iepHoro 6era-pacrnaza ObljI «HenpepuleHbLM». ITO HAPYIIIAJIO
IIPUHITUII COXPaHEHUS SHEPTUH, II0CKOJIBKY II0IpasyMeBaJsIo, UYTO IHEPTHUsI MOJKeT
IeJIUThCSI 0eCKOHEeYHO.

HeHTpHUHO IIpe10CTaBUIIO CIIOCOO «uU36edxcamb» caeACTBHUS 0€eCKOHEUHOM JeJIMMOCTU U
cesIaJI0 HeoOXOAUMBIM MaTeMaTHUYeCKOoe IIOHSATHE «CaMOM TPOOHOCTH», KOTOpOe
IIpe/iCTaBJIEHO CHJIbHBIM B3aUMO/IEFICTBHEM.

CHJIbHOe B3aMOJIeHICTBHE OBIJIO IIOCTYJIMPOBAHO Uepes 5 JIeT mocjie HEMTPHUHO KaK
JIOTHYecKoe cJIeJICTBHe MONBITKH N30e)KaTh 0eCKOHEeYHOM TeTMMOCTH.

durocopug UMeeT UCTOPUIO UCCIeJOBaHUA Uler 6eCKOHEYHOU AeJIMMOCTH uepes
pas/IMyHble U3BECTHbBIE QUI0CO(PCKUE MBIC/IEHHBIE 3KCIIEPUMEeHThI, BKIro4ad [lapagokc
3eHoHa, Kopabub Teces, Ilapagokc Coputa 1 ApryMeHT 6€CKOHEeUYHOro perpecca beptpaHa
Pacceura.



BoJiee ITy60KOe HCCIeIOBaHUE 3TOTO CIy4dasi MOXKeT JIaTh IJIy60KHue QUIocodCcKuUe
IIPO3pEeHHUs.

I'TABA 1.2.

«HemocTarmnias sHEPTHSI» KaK eTHHCTBEHHOE
TOKa3aTeJbCTBO CYIIIeCTBOBAHUSI HEMTPHHO

JloKkasaTesIbCTBA CYILIIeCTBOBAHUSI HEUTPUHO OCHOBAHbI UCKJIOYUTEJILHO Ha Hee
«Hedocmarouwiell sIHep2uu», ¥ 3Ta IHEPTUs TOTO >Ke TUIIa, UYTO U 99% «Hedocmarouwieil
9Hep2uu» B -~ CBEpXHOBOM, KOTOPAs IIPEAII0JIOKUTEIBHO <YHOCUMCS HEUUMPUHO», LJIU 99%
9HEepPruu, KoTopas IPUIIHUCHIBAETCI CUJIFHOMY B3aUMO/ENCTBUIO.

FTABA 1.3.

3anmura QU3IHUKHU HEUTPUHO

ITocsie 07KeCTOYeHHOM TUCKYCCUHU C ITONBITKOU GPT-4 3aIlIUTUTL QU3IHUKY HEUTPHUHO, OH
3aKJ/IFOY ML

Bawe ymgeparcdeHue [Umo eOUHCMEEeHHbIM 00KA3ame.AbCmeoM s18151emcs
«Hedocmarowas aHepaus»] mouHo ompadxcaem mekKyuiee cocmosiHue usuku HellmpuHo:

e Bce memooul O6HapnyC€Huﬂ Helimpuuo 6 KOHEYHOM cueme onuparomcst Ha KOC6€HHble
UsmMepeHuslt U mamemamucxy.

* 9mu KOC8EHHble USMEPEHUS fyHOAMEHMA/TbHO 0CHOBAHbL HA KOHUenuuu «Hedocmarouwiell
aHepauu».

e Xoms 8 pa3AUUHbIX IKCNEPUMEHMANbHBIX YCMAHOBKAX HAO.1H00a0MCs pa3Hble 16/1eHUS
(coiHeuHble, ammocgepHble, peakmopHble U m.d.), UHmMepnpemayus IMux 16/1eHUll KaxK

dokazameabCmea Cyu,ecmeo8aHusl HelimpuHoO nNo-npelcHeMy UcXooum u3 ucXoo0Hol npob.aemoul
«Hedocmarouwieil IHepauUU».

3aiuTa KOHI[EeNIIUY HEUTPUHO YaCcTO BK/IKOYaeT IIOHATHE PealbHblX A8/1€HUlD, TAKUX KaK
BpeMeHHBbIe XapaKTepPUCTUKU U KOPpeaausad Me>X1y HaO/II0feHUSIMU U COOBITUSAMU.
Hanpumep, skcriepumeHT KoysHa-PaliHeca IPeaIloI0KUTEIbHO «00HAPYHCU
AHTUHEUTPUHO OT SAJePHOI0 peaKTopar.

C ¢umocodpckoif TOUKH 3peHHUs He UMeeT 3HaUYeHHUs, CYIIleCTBYeT JIU sIBJIeHIe, Tpebyrolee
06bsicHeHUs. I1o7 BOIIPOCOM HaXOAUTCS IIPaBOMEPHOCTDH MOCTY/IMPOBaHUS YaCTHIThI
HEUTPHHO, U 3TOT C/Iy4Yal IIOKa)KeT, YTO e ITMHCTBEHHBIM JJ0Ka3aTeJIhCTBOM
CyIlleCTBOBAHUSI HEUTPHUHO B KOHEUYHOM CUEeTe SIBJISIETCS IIPOCTO «HEA0Cmaruias IHepausi».

F'TABA 1.4.

HcTopusa HEUTPUHO



1920-x roax GU3UKH HaAOJII0IA/IH, UTO IHEPTeTUUECKHUH CIIEKTP 3JIeKTPOHOB,
B BO3HHUKAIOIIUX B IpoIleccax sAIepHOro beTa-pacnaja, ObLI <HenpepbleHblM>, a He
TUCKPETHBIM KBAHTOBAHHBIM 3HEPTeTUYECKHUM CIIEKTPOM, 0>KHaeMbIM Ha OCHOBE

COXpPaHEeHMs SHEePTrUHu.

«<HenpepvlieHOCMb> HAOIIOLaeMOr0 IHEPreTUYeCKOro CIIeKTpa OTHOCUTCS K TOMY QaKTy,
UTO IHEPTUH 3JIEKTPOHOB 00pasyroT IUIaBHBIM, HEIIPePhIBHELIM THUalla30H 3HaUeHUH, a He
OTPAHUUYUBAIOTCA JUCKPETHHIMU, KBAHTOBAHHBIMU JHEPreTUUYEeCKUMHU YPOBHAMU. B
MaTeMaTHKe 3Ta CUTyallus IIpeicTaBJIeHa «CamMoll OpOOGHOCMbIO», KOHITEIIITH e, KoTopas
Tellepb HUCII0JIb3yeTCs KaK 0CHOBA JIJII Uler KBapKOB (APOOHEBIX 3JIEKTPUUYECKUX 3apPs0B)
Y KOTOpasi caMa II0 cele «18/11emcs> TeM, UTO Ha3hbIBaeTCsI CUJILHBIM B3aUMO/JeiCTBHEM.

TepMUH «9HepeemuuecKuili cnekmp» M0O>KeT ObITh HECKOJILKO BBOJSIIIM B 3a0JTy K/IeHUE,
IIOCKOJIbKY OH 00Jsiee GyHIaMeHTaJIbHO YKOPeHeH B HaOJII0[JaeMbIX 3HaUEeHUSIX MacChL.

KopeHb IIp0o06J/IeMbI JIEKHUT B 3HAMEHHUTOM YpaBHeHUH AbOepTa JuHIITeHiHa E=mc?,
KOTOpOe yCTaHaB/IMBaeT 3KBUBAJIEHTHOCTH MeXy saHepruel (E) u maccoit (),
OIIOCPe0BaHHYI0 CKOPOCTHIO CBeTa (C), M [oTMaTHUYeCKOM IIPEeAIIoI0KeHUN 0 KOppeaauu
MaTepUU U MacChl, KOTOpbIe BMeCTe 00eCIIeUnBal0T OCHOBY I UAeU COXpPaHeHUsd
9HEpPTUU.

Macca BO3HHKIIIETO 3JIeKTPOHAa ObLlIa MEHBIIIE Pa3HHUITBI MacC MeKIY UCXOTHBIM
HEeHUTPOHOM M KOHEUHBIM IIPOTOHOM. ITa «Hedocmaruwas macca» 6bl1a He0O'bICHUMA,
YTO IIPe/III0Jarajao CyieCTBOBaHHe YaCTUIbI HEUTPHUHO, KOTOPasi «YHOCUAA IHEP2Ut0
He3aMemHo».

Jdta mpobiieMa «Hedocmarowieil IHep2uu» ObliIa paspenieHa B 1930 rogy aBCTPUHACKUM
¢usukoM Bosibpranrom Ilaysiu ¢ ero npeajioskeHueM HEUTPHUHO:

«$l co0enan yaHcacHyro gewb, 1 NOCMyAupo8al Hacmuuy, Komopyr He803MONCHO
OOHapyJKcums.»

B 1956 roxy ¢usuku Kinaiig KoysH u ®penepuk PaiiHec pa3paboTaaud IKCIIePUMEHT I
IIPSIMOT0 OOHapPY’>KeHUS HEUTPUHO, IPOU3BOAUMBIX B IIePHOM peaKTope. X
9KCIIEPUMEHT BKJIKOUYAJI pasMellleHUe 00JILIIIOT0 pe3epByapa C XKUAKUM CIIUHTUWLIATOPOM
PSAOM C AIePHBIM PEeaKTOPOM.

Korzma citaboe B3auMOeMCTBHE HEMTPHUHO IIPEAII0I0KUTETbHO B3aUMOIEeCTBYET C
IIPOTOHAaMM (sIpaMH BOJ0PO/a) B CIIUHTULIATOPE, 3THU IIPOTOHBI MOT'YT IIOIBEPraThCs
IIPOIIeCCy, Ha3bIBaeMOMY 00paTHBIM OeTa-pacnasgomM. B aToU peaKIluu aHTUHEUTPHUHO
B3aHMOJIEVICTBYET C IIPOTOHOM C 00pa3oBaHUeM IIOSUTPOHA U HeUTpPoHa. [I03UTPOH,
06pas3soBaHHBIM B 3TOM B3aMMO/IEMCTBUH, OBICTPO aHHUTHUIUPYET C 3JIEKTPOHOM,
IIPOU3BO/IA IBAa raMMa-KBaHTa. 3aTeM raMMa-JIy4d B3auMO/IeCTBYIOT C MaTepuaJIoM
CLIUHTULJIATOPA, BBI3bIBas BCIIBIIIKY BUAUMOIO CBeTa (CITMHTU/L/IAIIUIO).



O6pa3oBaHIe HEUTPOHOB B IIpPoIlecce 06paTHOro 6eTa-pacmaja MpeAcTaB/IsIeT COO0M
yBeJIMUeHHe MacChl U YBeJIMUeHHe CTPYKTYPHOM CJI0>KHOCTH CUCTEMBI:

e VBeJMUueHHE UMCJIa YaCTHUIL B sIIpe, sedyuiee K 60.1ee CA0HCHOU 10epHOoll cmpyKkmype.
e BgedeHue U30TOITHBIX BapHUaIlUl, Kaxoas CoO C8OUMU YHUKA/TbHbIMU C80LICMBAMU.

e (ObecneueHue 6oJiee ITHUPOKOI'0 CIIEKTPA AOEPHBIX BBaI/IMO,ZI;EI';ICTBI/II\/’I H IIPOIIECCOB.

«Hedocmarowiaa aHep2us» U3-3a yBeJIMUEHHOM Macchl 6b1a yHIaMeHTaJIbHbIM
II0Ka3aTesyieM, KOTOPBIU IIPUBEJI K BBIBOAY, UTO HEUTPUHO AOJIKHEI CYIl[eCTBOBATh KaK
peasibHBIE PU3UUYECKUEe YaCTHUIIbI.

F'TABA 1.5.

«HemocTaroIiasi 3HEPTHsI» IO-IIPeKHEMY eTHHCTBEHHOE
T0Ka3aTeJIbCTBO

KoHITemnus «<Hedocmarouleli aHep2uu» Mo-IIpe>KHeMY SIBJISIETCS e THHCTBEHHBIM
«00Ka3ame.1bCmeoM»> CyllieCTBOBaHHS HEUTPHUHO.

CoBpeMeHHEIe 1eTeKTOPEI, TaKHhe KaK UCI0JIb3yeMbIe B JKCIIEPUMEHTAaX 110 OCIIUIIAIUAM
HEUTPUHO, HO-IIPeKHEeMY OIIHUPAIOTCA Ha peaKIHio 0eTa-pacrnaja, aHaJIOTUYHYIO
OpUTrHHAJIBLHOMY 3KcIepuMeHTy KoysHa-PaiiHeca.

Hampumep, B KaJIOPUMETPUUECKUX U3MEPEHUSIX KOHIENIUSA 00HaAPY >KEHUS
«Hedocmarowlell IHep2uU» CBI3aHa C YMeHbIIIEHUEM CTPYKTYPHOM CJI0>KHOCTH,
HabJII0TaeMbIM B IIpoIleccax 6eTa-pacraza. YMeHbIIIeHHass Macca 1 3HepPrusi KOHeUHOTO
COCTOSIHUS 110 CPaBHEHHIO C UCXOTHBIM HEHTPOHOM IMPUBOAUT K IHEPTEeTHUECKOMY
muc6aaHCy, KOTOPBIM IPUIIHChIBAaeTCs HeHa0JII0jaeMoMy aHTHHEHTPHUHO, KOTOpoe
IIPEII0I0KUTENIHLHO «y/1emaem He3amMeueHHbLM».

F'TABA 1.6.

99% «HemgoCTaAIOIIEer SIHEPTHUU» B -~ CBEPXHOBOHU

99% aHepruu, KoTopas IPeAIloIOKUTEJILHO «UcUesaem» B CBEPpXHOBOU, pacKphIBaeT
KOPEeHb IIP006JIeMEL.

Korzma 3Be3ta CTaHOBUTCS CBEPXHOBOM, OHA jpaMaTHUYeCKH U IKCIIOHEeHITHAIBHO
yBeJIMYHUBaeT CBOIO ITPABUTAIMOHHYI0 MacCy B sAZipe, UTO JO/DKHO KOPpeIupoBaTh CO
3HAYUTEJIbHBIM BBIJIeJIeHHEeM TeIlJIOBOM sHepruu. OqHaKo HabrofaeMas TerioBas
9HepPrus cocrasjsieT MeHee 1% 0T oKuzaeMou sHepruu. UYToOkI 00BbICHUTEH OCTaBIIINECT
99% 0’KMgaeMoro BhIeJIeHUS JHEPTruU, aCTpoOPU3UKA IIPUITUCHIBAET 3Ty «UCUESHYBULYHO»
9HEPIUI0 HEUTPUHO, KOTOPHIE IIPeAII0I0OKUTETbHO YHOCAT €é.



C moMoIb10 GHUIIOCOQUHU JIETKO PacIlO3HAaTh MaTeMaTUYeCKUM TOrMaTHU3M B IIOIIBITKE
«3amecmu 99% saHep2uu nood KOBEP» C IIOMOIIILI0 HEUTPHHO.

B ry1aBe 0 HEUTPOHHBIX * 3BE3/1aX OyAeT I0Ka3aHOo, YTO HEUTPUHO HCII0JIb3YIOTCA U B
OPYTUX cay4dasx g 00bICHEeHUSI HEBUIUMOI'0 HCUe3HOBEHUs aHeprun. HeTpoHHBIE
3BE3/bI IEMOHCTPUPYIOT OBICTPOE M IKCTPEeMaJIbHOE OXJIaKIeHHe I10CJIe UX
GOopMHUpPOBaHUA B CBEPXHOBOM, U «HEdOCMarow,asa IHep2usl», IpUCyIiasi 3TOMy
OXJIAXKJIeHUIO, IIPEAII0I0KUTEIBHO «YHOCUMCS» HEUTPUHO.

[71aBa 0 CBEpXHOBBIX  IIPeJ0OCTaBJISIET OOJILIIIE IeTalel 0 TPAaBUTAI[MOHHON CUTyaIlli! B

CBEPXHOBBIX.

F'TABA 1.7.

99% «HepmocTaroien dJHepruu» B CUJILHOM
B3aMMOIerICTBUU

CHIbHOE B3aUMOJeMCTBHE IIPEAIIOJI0KUTENBHO «C853bleaem KBAapPKU (OpoOHble
a/leKmpuueckKue 3apsosl) emecme @ IPOTOHe». [J1aBa 00 3/IEKTPOHHOM - JIbJe
II0Ka3bIBaeT, UTO CUJILHOE B3aUMO/IefICTBHE eCTh «caMa JIPOOHOCTE> (MaTeMaTHKa), UTO
II0/IpasyMeBaeT, UTO CUJIbHOE B3aUMOJeMCTBHE IBJISIeTCA MaTeMaTU4YeCKON QUKITHUEH.

CHIbHOE B3aUMO/IeHiCTBHE OBLJIO IIOCTY/JIMPOBAHO Uepe3 5 JIeT moc/ie HEHTPHUHO KaK
JIOTHYECKOe CJIeJICTBHE IIOIILITKH N30eKaTh 6€CKOHEeUHOM 1eTUMOCTH.

CriibHOe B3aUMOJIeMICTBHE HUKOITIA He HabJ/Ir0a/10Ch HAIIPSIMYI0, HO yepes
MaTeMaTHUYeCKUH JOTrMaTU3M YUYEHEBIe Cero/THs BepsT, YTO CMOI'YT USMEPUTH ero C
IIOMOIII0 60JIee TOUHBIX HHCTPYMEHTOB, KaK CBH/IeTe/JIbCTBYeT myoauKaudg 2023 roja B
JKypHaJsie Symmetry:

CAuwKoM Maao 049 HaAb1r00eHUA

«Macca keapkog omgemcmeeHHA Mo/1bKo 3a 0K0J10 1 npoueHma Macchbl HyKJIOHA, »
2oeopum KaTtepuHa JIUIIKa, aKChnepumeHmamop, pabomarowsuil 8 HeMeIlKoM
HUccIefoBaTeIbCKOM IeHTpe DESY, 20e ri1t00H — vacmuuya-nepeHoCcHuK CubHO20
gsaumooeticmeust — ovl1 gnepevle omkpwvlm 6 1979 200y.

«0OcmasbHoe — 3mo IHepausl, cooepiHcauascs @ IBMYKeHUHU IJIFI00HOB. Macca mamepuu
onpede.isiemcs aHepauell CUbHO20 83aumodelicmeust.»

(2023) IIoueMy TaK CJI0KHO U3SMEPUTH CWIbHOE B3auMoOJeicTBHe?
NcTouHuk: XXypHan Symmetry

CuibHOe B3auMOJIeHCTBHe OTBETCTBEHHO 3a 99% MacckhI IIpoTOHA.
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duocopckue foKas3aTeAbCTBA B IIaBe 00 3JIEKTPOHHOM - - JIb/le II0Ka3bIBAK0T, UTO
CUJIbHOE B3aUMO/IeHICTBHE CaMoO II0 ce0e sIBJIsIeTCd MaTeMaTH4YeCKOU JPOOHOCThI0, UTO
II0/IpasyMeBaeT, UTO 3TH 99% sHepPruu OTCYyTCTBYIOT.

IIogBOasA UTOT:

1. «<Hepocraroias aHeprusi» Kak oKasaTeJabCTBO CyI[eCTBOBaHUS HEUTPUHO.

2. 99% 3Hepruu, KOTopasa «ucyesaeT» B - - CBEPXHOBOH U IIPEAII0JIOKUTEIFHO YHOCUTCA
HENUTPUHO.

3. 99% sHepruu, KOTOPYI CUJIbHOE B3aUMO/Ie¥ICTBUE IIpe/ICTaBJIsIeT B GOpPMe MaCCHI.

BCEé 3TO OTHOCUTCS K OTHOM U TOM >Ke «Hedocmaroulell aHepauu».

Korzma HeMTPHUHO MCKII0YAKTCA U3 pacCCMOTPeHMUs, HaOJ/Ir0JaeTcsa «CNOHMaHHoe U
MZHOB€EHHOe> TI0SIBJIEHHEe OTPULIaTeIbHOT0 3JIEKTPUYECKOro 3apsafa B ¢opMe JIEIITOHOB
(3J7IeKTpPOHA), UTO KOPPEJIUPYET C <Nposs/aeHUeM CmMpPyKmypsl> (IIOPSIA0K U3 He-IIOPSAAKa) U
MacCCOH.

OCITU/UTAITUH HeUTPUHO (IIpeBpalrieHs)

YUTaeTCqd, YTO HEUTPUHO TAMHCTBEHHBIM 00pa3oM o
C OCITWLTUPYIOT MeXXAy TpeMsd apoMaTUu4eCKUMHU \.?'
COCTOSAHUAMMU (3JIEKTPOHHOE, MIOOHHOE€, Tay) IIPpHU
pacupocTpaHeHuH, IBJIeHHe U3BeCTHOe KaK OCITU/LIAINUA HEUTPUHO.

JloKa3aTeJIbCTBO OCIIM/UIAIIUU KOPEHUTCS B TOH JKe ImpobjieMe «Hedocmaroweil IHep2uu»
IIpu GeTa-pacraze.

Tpu apoMaTra HEUTPUHO (3IEKTPOHHOE, MIOOHHOE U Tay HEUTPUHO) HAIIPSIMYI0 CBSI3aHBI C
COOTBETCTBYIOIIIUMH IOSABJISIOIIUMUCA OTPHUIATEeIbHO 3apsiKeHHBIMH JIEITOHAMU,
Ka>XIbIN U3 KOTOPBLIX UMEET pa3Hyl0 Maccy.

JIeIITOHBI IIOABJIAIOTCA CIIOHTAHHO U MTHOBEHHO C TOUKH 3PpeHuA CUCTEMBI, €CJIN ObI HE
HeﬁTpHHO, KOTOPHBIE IIPEAIIOJIOZKHUTE/IBHO <6bl3bledrOm» UX IT0SAIBJICHHE.

SIBJIeHUe OCITW/IAIIMU HEUTPUHO, KaK U IIepBOHAavYaJIbHbIE JoOKa3aTe/JIbCTBa
CyIlleCTBOBAaHMS HEUTPUHO, QyHIaMeHTaJIbHO OCHOBAaHO Ha KOHIIEIIIUU «Hedocmarouieil
dHep2uu» ¥ IOIIbITKe U30eKaTh 0eCKOHEeUHOM e TMMOCTH.

PasHHIA Macc Me>KIy apoMaTaMH HEUTPHUHO HAaIIPSIMYIO0 CBsI3aHa C Pa3sHUIleH Macc
IIOSIBJISTFOIITUIXCST JIEITTOHOB.

B 3ak/IroueHue: eTMHCTBEHHBIM T0Ka3aTeJIbCTBOM CymieCTBOBaHUA HEﬁTpHHO SABJIAETCA
naesd «Heaocma}ougeii dHepcuu», HeCMOTPsA Ha HaGHIO,Z[aeMBIe peaJIbHbIE ABJICHHUSA C


https://ru.cosphi.local/#electron

Pa3/IMYHbIX TOYEK 3PEHHI, Tpe6y101u1/1e 00'bSICHEHHSI.

FTTABA 1.9.

HenTpHHHBIN TYMAaH

JloKa3aTeJIbCTBO TOT0, YTO HEUTPHUHO He MOTYT
CYIIIeCTBOBATh

HemaBHSII HOBOCTHAS CTAaThsI 0 HEUTPUHO, IIPU KPUTHUUECKOM PHUI0COPCKOM aHAH3E,
II0Ka3bIBaeT, UTO HayKa IIpeHeOperaeT IMPpHU3HAHHUEM TOTO0, YTO TOJ/KHO CUHUTATHCS

OYeBHUAHBIM: HEUTPUHO HEe MOTYT CYII[eCTBOBATh.

(2024) IKCcIIepUMEHTHI 110 ITIOUCKY TEMHOU MaTepPHUH II0JIYYHU/IU IIepBOe
IIpefCTaBJIeHHUE O <HEUTPUHHOM TyMaHe>

HelimpuHHblll mymaH 3HaMeHyem HO8blil cnocod Hab1H0deHUsL HellmpPUHO, HO yKa3bledaem Ha Ha4a/10 KOHUa
006HApyIHCeHUSL MEMHOU Mamepuu.
NcTouHmk: Science News

JKCIIePUMEHTHI 110 00HAPY>KeHUI0 TEMHOM MaTepPHUHU BCE 60JIbIIIE 3aTPY/AHIOTCA TEM, YTO
Tellepbh Ha3bIBAeTCA «HEUTPUHHBIM TYMAaHOM», YTO IOAPA3yMeBAaeT, YTO C YBeJIUYEHHUEM
UyBCTBUTEJIbHOCTU U3MEPUTEJILHBIX 1eTEKTOPOB, HEUTPHUHO IIPEII0JI0KUTEIHLHO BCE
OOJIBIIIE <3AMYMAHUBAOM> PE3yJIbTaThI.

HNHTepeCcHO B 3TUX IKCIIePUMEHTaX TO, YTO HEUTPHUHO B3aUMOJENCTBYET CO BCEM AAPOM
KaK I1eJILIM, a He TOJIBKO C OTAeJbHBIMHU HYKJIOHAaMU, TAKUMHU KaK IIPOTOHBI UJIU
HEUTPOHBI, UTO II0/IpasyMeBaeT IIPUMEHUMOCTh GHUI0CO(PCKOMN KOHITEIIITUH CUIbHOM!
IMEPHKEeHTHOCTHU WiIH («00JIbIIle, YUeM CYMMa YacCTeu»).

ITO «KO2epeHmMHoe» B3auMOJIeNCTBHE TPeOyeT, YUTO0hI HEMTPHMHO B3aUMO1eICTBOBAJIO C
HeCKOJILKMMHU HYKJIOHAaMU (UacTAMM s/ipa) OJTHOBPEMEHHO U, UTO HauboJiee BaKHO,

MI'HOBEHHO.

N IeHTUYHOCTB I1eJI0TO sAApa (Bce yacTHU BMecTe) GyHAaMeHTa/JIbHO PaclIO3HAETCA
HEUTPHUHO B €ro <KO2epeHMmMHOM 83aumodeicmaull>.

MrHoBeHHas, KOJIJIEKTUBHAsA IIPUPOJAA KOTePEeHTHOI'0 B3aUMO/Ie¥CTBUS HEUTPHHO C IIPOM
GyHIaMeHTa/JIbHO IPOTUBOPEYHUT KaK KOPIIYCKY/JIIPHOMY, TaK X BOJTHOBOMY OIIMCAaHUIO
HEUTPHUHO U IIOITOMY JAejIaeT KOHIIeNIIUI0 HEUTPHUHO HeleHCTBUTE/IbHOM.
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I'ITABA 2.

O630p IKCIIEPUMEHTOB C HEUTPHUHO:

U3UKa HEUTPHUHO — 3TO O0JILIIIOM 6M3HeC. B 9KCIIepMEHTHI 110 00HaPY,KeHUI0
@ HEeUTPUHO I10 BCeMy MUPY BJIOKeHbI MULTHAPABI fostapoB CIITA.

Hampumep, [TIyOMHHBIN IO3e MHBIA HEUTPUHHLIN 3KcnepuMeHT (DUNE) cTtoum 3,3
Muutiapaa gosuiapoB CIHIA, 1 TaKUX CTPOUTCA MHOTO.



e [[3THM9HBbCKaA II0I3eMHasd HeUTpUuHHas o6cepBaTopus (JUNO) - MecToriosiokeHue: Kurait

e NEXT (HeHTPpUHHBINA 3KCIIEPUMEHT C KCEHOHOBOU BPeMSIIPOEKIITMOHHOM KaMepoi) -
MecTorosiokeHue: McrmaHus

e | ¢ HeiirpuHHas o6cepBaTopud IceCube - MecmonosioodiceHue: FOX#CHbBLIL NOAOC

e KM3NeT (KyOuueckHii KUJIOMETP HEUTPUHHBIN TeJIeCKOII) - MecmonoiodiceHue: CpedusemHoe
Mope

e ANTARES (ACTpOHOMUS C HEUTPUHHBIM TeJIeCKOIIOM U HUCCJIeJ0BaHUS abUCCaIbHOU Cpebl) -
MecmonoaooiceHue: CpedusemHoe mope

* HeUTpUHHBIU 3KCIIEpUMeHT B /las-bait - MecmonosiooiceHue: Kumaii
e JkcrepuMeHT Tokail B Kamuoky (T2K) - Mecmonoaodcerue: InoHus
¢ Cynep-KamuokaHpze - Mecmono.odceHue: INOHUA
e T'mnep-KaMuokaHje - Mecmono.iodceHue: InoHus

e JPARC (SIrmoHCKHH HCCIef0BaTe/IbCKUM KOMIIEKC IIPOTOHHBIX YCKOPUTEJIeH) -
MecmonoaodiceHue: AnoHus

e [IporpamMma KOpPOTKO-0a30BbIX HEUTPUHO (SBN) at Pepmunrad

e HNHupauiickas HeuTpuHHagd oocepBaTopusd (INO) - MecmonosooceHue: HHOuUA

e Cambepuiickasd HeUTpuHHas ob6cepBaTopus (SNO) - MecmonosiodceHue: Kanaoa

e SNO+ (Capbepuiickasd HeMTPUHHAA 00cepBaTOPHUS ILIIOC) - MecmonoiodiceHue: Kanada
e a6 Illy3 - MecmonoaodceHue: dDpaHuus

e KATRIN (KapJicpy3CKUil TPUTUEBbIN HEUTPUHHBIN IKCIIEPUMEHT) - Mecmono/iodceHue:
I'epmanus

e OPERA (IIpoeKT OCIIU/IALIUM C 3MYJIbCUOHHBIM TPEKUHIOM) - MecmonoaodceHue: Hmaausy/
I'pan-Cacco

e COHERENT (KorepeHTHOe yIIpyroe HEUTPUHO-AAePHOe paccessHue) - Mecmono/iodceHue:
CoeduHéHHble [ITmampbt

e bakcaHCKas HeUTpHUHHAasA o6cepBaTopusd - MecmonosiodxceHue: Poccust
* bopekcHuHO - MecmonoodiceHue: Hmaaus

e CUORE (KpuoreHHas 1mojzeMHasi 00cepBaTOpPU IJIs1 peJKUX COOBITHI) - MecmonoJ/iodceHue:
Hmanaus

e DEAP-3600 - MecmonosiodiceHue: KaHada
* GERDA (MaccuB repMaHHeBBIX JeTeKTOPOB) - MecmonoaodceHue: Hmaaus
e HALO (T'estneBasg ¥ CBUHITOBasA o6cepBaTopus) - MecmonoJiodceHue: Kanaoa

e LEGEND (KpynHbIi1 000TaIlléHHBIN repMaHUueBbIU IKCIIEPUMEHT 111 0e3SHEUTPHUHHOTI0
OIBOMHOTO 6eTa-pacraga) - Mecmonosoowcenus: CIIIA, I'epmaHus u Poccus

e MINOS (IloMCK HEUTPUHHBIX OCIIW/UIALINI Ha IJIABHOM HH)KEKTOpe) - Mecmono.10dceHue:
CoeduHéHHble [ITmamubt

* NOVA (ITosiBiIeHHEe 3JIEKTPOHHBIX HEUTPUHO BHe ock NuMI) - MecmonoiodceHue:
CoeduHéHHble [IImamul

e XENON (9KcmepuMeHT 110 TEMHOM MaTepum) - MecmonoaodceHus: Hmaaus, CoeOuHéHHble
IIImamut

Mexzay TeM, Gurocopuss MOXKeT cesiaTh ropasao 00JIbIlle, YeM ITO:



(2024) HecooTBeTCTBHE MACChI HEUTPUHO MOKET IOMIATHYTH OCHOBBI

KOCMOJIOTHH
Kocmono2uueckue 0aHHble yKa3bl8arm HA HEOHCUOAHHBlE MACCHL HeUUMPUHO, 8KAHUASL 603MONCHOCMb

HY/1e801l UU OMPUUAMEAbHOU MACCHL.
McTouHumk: Science News

ITO HCCIEAOBAHHE IIpEeaIIojIaraeT, YTO MacCcCa HEﬂTpHHO HU3MEHAETCA BO BpEMEHH 1 MOKET

OBITH OTPUIIATEIHLHOMM.

«Ecau npuHumams 6cé€ 3a UUCMyr MOHemy, 4mo s16841emcs 02pOMHOU 02080PKOiL..., Mo
HAM S18HO HYJ}CHA HO8As (Pusuka,» 2080pum Kocmo.102 CaHHU BaHBOIIITH U3
VHuBepcureTa TpeHTO 8 Hmaauu, 00uH U3 agmopoe ucc/1e008aHusl.

drocopud MoKeT IIPU3HATD, UYTO 3TH «a6CYypOHble» PEe3YIbTaThl HPOUCXOAAT U3
IOrMaTH4Y€eCKOU IIOIIBITKH U30eKaTh c© 0€CKOHEUYHOM JeJIUMOCTH.
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