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3epKajibHast MaTepUst

3epkanibHasi METpUsl NPEACTaBIseT U3 ce0s TUIOTETHUYECKYI0 MOJEINb
MaTepuH, KOTOpas SBIISIETCS aHAJIOrOM OOBIYHOM Marepuu. B naHHON Monenu
IIPEAIOIAraeTCs, YTO Kaxxaas 3JIEMEHTApHAs 4acTULA UMEET CBOErO 3€PKaIbHOIO
naptHepa. OTIMYue JaHHBIX YAaCTHUL] COCTOUT B TOM, YTO OOBIYHBIE YACTHULIBI UMEIOT
JICBOCTOPOHHEE B3aMMOJECHCTBUE, a 3€PKAJIbHBIN IIAPTHEP UMEET IPABOCTOPOHHEE
B3aumoznencTeue. biaromaps JaHHOMY NPEANOJIOKEHUIO, B TaKOW MOJEIN
OCYILECTBISIETCSl COXpaHeHue P- dyerHocTm B c1aboM  B3aMMOJEWCTBHUE.
B3aumopeiicTBue 3epkajgbHOW MAaTepuu C OOBIYHOM MPOUCXOOUT JHOO uepes
KMHETUYECKOE CMEIIMBAHUE 3€PKAJIbHBIX 0030HOB, JINOO uepe3 oOMeH XoJaoMa
Takue B3aMMOAEHCTBUS SIBISIFOTCS CJIa0BIMU, MO3TOMY 3€pKaJbHBIE BEIECTBA
paccMaTpUBarOT, Kak KaHAWJIaTOB TEMHON MATEPHUH.

Mogens ¢ 4-bIM TTOKOJIEeHHEM (DEPMHOHOB

BBenem B 3epkanibHyto maTtepuio rpyiy cummetpun SU(4), cocTosnyio u3
4-€x moKoJIeHHH (HEPMHUOHOB. Eciu Bcenennas sBisiercss OapuOHHOU
ACUMMETPUYHOM, TOTJ]a OHA MOKET MPUBECTHU K HEOAPHUOHHON TEMHON MaTEpPUH BO
Bceenennoit. Hapymenune SU(4) -cHMMETpUU MEXIy YETHIPbMsSI TTOKOJICHUSIMU €€
noarpynnel SU(3) x U(l)r otaenser (epMHOHBI YETBEPTOTO IOKOJICHHS OT
dbepmuoHoB Tpethero nokosieHus. Eciou 3apsa F - renepatop rpynmel U(l)r -
COXpaHsieTcss B Ipolecce OapuoCHMHTE3a, KaK 3TO IMPOMCXOAUT OOpa3oBaHUE
OapUOHHOM AaCUMMETPUU ABTOMATUYECKH MPUBOAUT K OOpa30BaHUIO TEMHOMN
MAaTEPHUH, COCTOAILIECH U3 MACCUBHOTO HEUTPUHO YETBEPTOrO MOKOJICHUsI. MaccoBast
IJIOTHOCTh TEMHOM MaTepuH BO BCEIIEHHOW CYIIECTBEHHO ITPEBBIIIAECT MACCOBYIO
MJIOTHOCTH OAPUOHHOW MaTepuHu.

PaccmarpuBaem Mozenb B asieKTpociaboM B3aumojeicTeue. M3BectHo, 4To
AIEKTPOCIA0BId TPOIIECC MOXKET IPOTeKaTh ¢ ydactuem cdanepona. Chanepon
MPUBOJUT K HAPYIICHUIO COXPAHEHUs JISITOHOTO YKCJia U OapuoHHOrO yucia. B
cratbe [4] ObLTO MOKa3zaHo, uto B-L#0, roe B — 6apuonHoe unciio u L — nentonHoe
yucio. M3BecTHo, 4TO MpH OOJBIIMX TeMIeparypax chaiepoHbl 00eCneYrBarOT
paBeHcTBo B+L=0.

Tak kak B Hamel Mmoaenu Ha0moaaroTes B- u L-acuMmMeTpun, To mojryqaeTcst
y Hac HecTaOWibHbIE YacTullbl. B Hamedl monaenu yactuibl 4-TO MOKOJEHUS
ABJISIIOTCS 3€PKAIbHBIMU YaCTUIIAMH.

bapuocunres
bapuocunTes — mpouecc resepauuu O0apuoHHOW acumMmerpuu. st 3Toro
npoiiecca HeoOX0IMMO BhITIOJTHEHHE Tpex ychoBuit A. Caxapona:
1. Hecoxpanenue 6apuonHoro yucia (B)
2. Hapymenue C- u CP- cummeTpun
3. Hapymenue TepMOIMHAMHYECKOTO PABHOBECHS
[TepBoHavyasibHO, paccMOTpUM CTaOWIIbHBIE 4 TOKOJeHus (pepmuoHoB. B
Mozenan ¢ 3-Ms TOKOJEHUSMU (EpMHOHOB HE mNpoucxoauT HapyuieHnue CP-
HapyIIeHUs, TaK KaK 3 MOKOJICHUS — 3TO MUHUMaJIbHOE TpeOOBaHUE, ITPU KOTOPOM
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BO3MOXKHO Oyznet mpoucxoauth CP Hapymenue. Eciu B3aTh 4 mOKoOJIeHHS, TOT/IA
konnyecTBO CP-HapylieHusi SBJISIETCS JOCTAaTOYHBIM 711 BO3HUKHOBEHUS
OapUOHHON ACUMMETPHH.

Tak KaKk Mbl pacCMaTpUBaeM MOJIEIb JIEKTPOCIA00Tr0 B3aUMOICUCTBUS, TO B
MOJIeNId HaOMroAaeTcs ANeKTpocinadbiil 6apuocunTes. [Ipeanonoxum, uto 3apsn F
coxpansiercs. Pacnimmem F u B+L:

1
F=-(ng+m) - (n4g + na1) =0 (1)
1
B+L=z(ng+ny) +(m+na)=0 (2)

B ¢gopmynax (1)-(2) n; u ng ABISAIOTCA IIIOTHOCTSAMHU KBAPKOB U JIETITOHOB,
NPUHAAISKAIIMX OOBIYHOM MaTepuu B TpEX MOKOJIEHUAX (PEPMHOHOB. A N4q U N4
SBJIAIOTCS IUIOTHOCTSIMU KBapKa U JIEITOHA YETBEPTOI0 MOKOJIeHUs. VI3 BEIpaXkeHUi
(1)-(2) MOXHO BBIPA3UTh MIIOTHOCTH KBAPKOB U JIENTOHOB YETBEPTOTO MOKOJICHUS B
TEPMHHAX OOBIYHOW MAaTEPUU U MOTYUUTh:

Nu4q = 201+ ng (3)
1
ng1 = — El’lq —1n (4)

[IepBUYHBIN HYKJICOCUHTE3

[lepBuuHBI HYKIECOCHUHTE3 — SBISIETCA BAXHBIM OTallOM 3BOJIIOLUU
Bcenennoit. I1epBUYHBIN KOCMOJIOTHYECKUN HYKIEOCUHTE3 TPOUCXOIUT B TOPSYEH
Bcenennon.  BcenenHas — HauMHAeT — paclIMpATBCSA, UYTO  NPHUBOJHUT K
TEPMOJIMHAMHYECKOW BBITOJI€ OOBEAMHEHUS HEUTPOHOB M MPOTOHOB B sijape. B
pe3ynbTare AaHHOro oO0benWHEeHHsI oOpaszyercs mepBuuHbld He. JlaHHbId 3Tan
ABJIAETCS] BAXKHBIM ITIOTOMY, YTO OH SIBJISIETCSL HAanboJiee paHHEH cTaiueld 3BOIIOLUUN
ropsiueil BceneHHOM, 1711 KOTOPOM MOMKHO CpPaBHUTH NpsiMOE HAOJIOJEHUE C
TEOpHUEH.

N3 nepBUYHOro HYKJICOCHMHTE3a MOXKHO CHEJIaThb BBIBOJA II0 BEPXHEMY
puaelly Ha Koia-Bo TUNOB HelTpuHOo N,<l. CylecTBOBaHHE JOIOJIHHUTEIBHOIO
CEMEWCTBA HE MPOTUBOPEYUT [NAHHOMY MPHUAEIY I[OTOMYy, 4YTO Macca Yy
JOTIOJTHUTENBHOTO ceMeicTBa Oosbliasd. boiblasg mMacca yMEHbBIIAET MIOTHOCTb
pacmpesenenns TOKENbIX HelTpuHo. C IOMOIIBI0 M3MepeHMs mupuHbl Z° u
MPEANOJIOKEHNS], YTO H3-3a AHHUTWIALMM YacTHIBI PACHafaroTCsl BO BPEMs MX
3aKaJIKM, HAKJIAJIBIBAIOTCSA OTPAaHWYEHUs HAa MACChI TSDKENBIX HEUTpHUHO. M3 aToro

) o m
MOJTy4aeTCsl TAKOM IMana3oH BO3MOXKHBIX MACC TsDKENbIX HeUTpuHo: T < m,, < TZ :

B nmepuonm HyKJIEOCHMHTE3a PEIATUBUCTCKHE 3CPKAbHBIC  YaCTHUIIBI
IMPHUCYTCTBYIOT B TOM € KOJMYECTBE, UTO U OOBIYHBIC PEIATUBUCTCKUAEC YACTHUIIBI.
[Tomy4yaeTcsi, 4TO HEOOXOAMMO YUUTHIBAThH BKJIA]] 3ePKaIbHBIX YaCTHI] ITOCIIE IEPBOH
CEKYHJIbI paciiipeHus. Tak Kak Ternepb MPUXOMHUTCS YYUTHIBATH M OOBIYHBIC, W
3epKaJbHBIC PEIITUBHCTCKHE YaCTHIBI, TO ITOT IEpPepacdyer MPUBOIUT K POCTY
neperudaHOro ooumis “He Yy, i, = 28%. Tak Kak He HAOMOAACTCSA CMECh OOBIYHOIO
¥ 3epKAIbHOTO BEIIECTBA, TO MOKEM IPEIOJIOKHTh, YTO JaHHAS CMECH SIBJISICTCS
TEHEBBIM BEILIECTBOM.


mkhlopov
Texte surligné 

mkhlopov
Note
?

mkhlopov
Texte surligné 

mkhlopov
Note
If ordinary and mirror sector have the same temperature

mkhlopov
Texte surligné 

mkhlopov
Texte surligné 

mkhlopov
Texte surligné 

mkhlopov
Texte surligné 

mkhlopov
Note
you hav 4 mirror families, what can you say about 3 lighter families?


184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

201
202
203
204
205
206
207
208

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

Nudnsus

B xocmonornuecknx Moaemnsax HHGIISIHS peain3yeTcs MeIJICHHO KaTsIUMCs
CKaJISIPHBIM II0JIEM, HAa3bIBAEMBIM HH(MIATOHOM, IUIOTHOCTH SHEPTUU KOTOPOTO
JOMUHUpPYET B paHHel ucropuu Bcenennoil. MH)IATOH - 3TO rMNOTETHYECKOE
CKaJISIPHOE MOJIE, C MOMOIIBI0 KOTOPOI'O CO3/IaH MEPHOJ OBICTPOro pacIIUMpPEeHus OT
103 mo 1073 cexynn mocne nepsoHadyansHOro pacmupenus. CyliecTByeT MHOTO
MOJIEJI€N YacTHll, KOTOPbIE ONMMUCHIBAIOT OApHMOHHYIO0 acUMMETpuio BceneHHol u
UMEIOT CBOMX KaH/M/IAaTOB Ha POJIb CKPBITHOM MAacChI.

PaccMoTpuM Mozens uMHGIAUMSA Ui 3€pKalbHbIX yacTul. Bo3pMeM 0e3
3epKaJbHBbIH MH(QIATOH, KOTOPbIM OyneT co3naBath MHGUAIMI0. Ero nomeHHas
CTpYyKTypa Oy1eT chopMupoBaHa U3 CIIy4ailiHOM JIOKAJIbHOM aCUMMETPUN aMILTUTY
OOBIYHOTO U 3€PKAJIBHOTO CKAISAPHBIX MOJIEH. 3epKalbHbIA TOMEH JJI OOBIYHBIX
YacTHUL BBITJISIUT, KaK MMyCTOTA. DTO CAENAHO JJIA TOro, 4ToObl Ha P/ ctaguu He
OBLJIO CTOJIKHOBEHHMI CYOPEISITUBUCTCKMX YIapHbIX BOJH. Tak ke pa3pelieH
KPYITHOMACIITA0HBIN 3€pKalbHBIA JOMEH, KOTOPBIM COOTBETCTBYET MaccaM M <
10°Mq.

3aKII04YEeHNE

B nanHoit paboTe paccMOTpeHa Mojielb ¢ 4-bIM MOKOJIeHHeM (hepMHOHOB. B
ATOM MOJENU HaOMIoAAINCh: OapUOHHAs ACUMMETPHUsI, JENTOHHAS ACUMMETPUS,
O0apuocunTes. IloBeneHue gaHHON MOjENM ObUIO PACCMOTPEHO HA MH SN, Ha
0apHOCHHTE3€ U HAa IEPBUYHOMY HYKJICOCHHTESE.
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