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1. BBenenue

OnuH 13 OCHOBOIOJATAOMIMX MPUHIUIIOB COBPEMEHHON (U3HUKU - TpH
TUIIA CUMMETPUU: OTHOCHUTEIBHO OTPAXEHWs, TPAaHCIALMU W noBopoTa. s
AJIEMEHTAPHBIX YaCTUIl BBINOJHSAIOTCS TOJBKO TPAHCISALMUS M TOBOPOT,
orpaxenue (P - dyerHocTh) Hapymiaercs B cna6 B3aUMOJICUCTBUU. IJTO
npennonoxunn Jlu wm  SHr Tteopernuecku ([8],” W BHOCIEACTBUM OBLIO
NOJATBEPKIAEHO SKCIEPUMEHTAIIBHO.

Tak, HaIpumep, npu B-pacnane POXKIAIOTCA TOJIBKO
J€BO-MIOJIIPU30BaHHbIE ~ HEUTpPUHO, TNpu d3T0 P-mpeoOpa3oBaHue Jaer
HEUTPUHHOE COCTOSIHUE, KOTOPOE HE YUaCTBYET B CJIAOBIX B3aUMOJEHCTBUIX. B
B-pacniaze MONSAPU3OBAHHBIX ANIE€P DJIEKTPOHBI BBUIETAIOT B OCHOBHOM B
HalpaBJIE€HUU SIEPHOTO CIUHA. 3E€pKaJbHOE OTPAKEHUE 3TOro |Hpolecca
IPUBOJIUT K HEHAOI01TaeMOMY MPOIECCY.

Hecoxpanenue P-dyeTHOCTM NPUBOJUT K HEIKBUBAJIEHTHOCTH JIEBO- U
[PaBO OPUEHTUPOBAHHBIX CUCTEM KOOpPAMHAT. DTO O3HAYAET, 4To y Beenennoi
€CTh HEKOTOpas IMpEeANOYTUTEIbHAs OpPUEHTAlUsl KOOPAMHATHBIX oceil. JIu u
STHT IpeAnonaoKuiIu, YTO y AIEMEHTAPHBIX YACTHUIl €CTh 3€pKAJIbHbBIE TAPTHEDHI.
B sTom cinyuae P-unBepcus 3epkaibHble 4aCTULBI HA OOBIUHBIE U Ha06op01@

HekoTtopoe BpeMsi kaHAMIaTaMU Ha POJIb 3€PKAIbHBIX YaCTHUI[ ObLIN yKe
OOHapy>XeHHbIE Ha TOT MOMEHT 3KCHEPHUMEHTAIBHO aHTHYacTHIbl. OJHAKO,
oTkpbiTue CP-HapylieHusi MokKa3ajno, =¥0 AaHTHUYaCTUIIBI HE COCTABJISIIOT

MpeAroIaraeMyIo 3epkaibayio marepuio. 1l. [Tomepanuyk, 1. Ko63apes u JI.


mkhlopov
Texte surligné 

mkhlopov
Note
 Numeration of references in text should start with [1]

mkhlopov
Texte surligné 

mkhlopov
Texte surligné 

mkhlopov
Note
style

mkhlopov
Note
and equivalence of left- and right- handed coordinate systems is restored

mkhlopov
Texte surligné 

mkhlopov
Note
better: are not proper mirror partners


OKyHp 1IOKa3ajau, 4YTO 3€PKaJbHbIE YaCTHUIIBL, ecn@m& CYILIECTBYIOT,

]

BBaHMOHGﬁCTBYIOT ¢ OOBIYHBIMU TOJIBKO IrpaBUTAllMOHHG,

2. Moaeanb

B nmanHOil paboTe paccMarpuBaeTCs BO3MOXHOCTh CYIIECTBOBAHUS
3epKaJIbHOTO0 MHUpa MapajuleNIbHO C OOBIYHBIM, OJHAKO MPEANojaraercs, 4ro B
3epKAIBHOM MHpPE CYIIECTBYeT 4 TOKOJeHUs (pepMHOHOB BMECTO 3-X B
o0biyHOM Mupe. [Ipenmnonoxkum, 4YTo 3 TIOKOJEHHUS 3€PKAIbHELY, YACTHI]

SIBIIIFOTCSI KOMUSIMU OOBIYHBIX YaCTHIl, a 4-¢/CTa0MIbHOE MOKOJICHUESCUCTOUT U3
YaCTHII, Macca KOTOPHIX OOJIbIIE MAaCChI ITOJIOBUHHI ‘‘3epKabHOTO” Z°-6030Ha.

[Ipennonaraercsi, 4to OOBIYHBII M TEHEBOM MHUP HUMEIOT pPa3HYIO
KOCMOJIOTHYECKYIO JBOJIIOIMIO. B 4acTHOCTH, YTO OHUpZyKOrAa HE ObUIM B
paBHOBecuU npyr ¢ apyrom. KoHmeHTpauus 6apI/IOHOBTeHeBOM MHpE HE
COBIIJIa€T C KOHIIEHTpalueld OapuoHOB B HamieM wmupe. UToObl Hanuuue
TEHEBOI'0 MHUpa HE MOBJIMIIO HA MEPBUYHBIN HYKJICOCHHTE3 B OOBIYHOM MHpE,
00a ceKkTopa J0HKHBI UMETh pa3IuvYHbIe HaYaIbHbIC YCIOBUS (POPMUPOBAHUS:

1. nociie bonpmioro B3pbIBa J1Ba CEKTOpa OBUIM POXKIAEHBI C ABYMS
pasHbIMU TeMmiieparypamu, T¢>T;

2. B3aMMOJIEMCTBHE MEXIy CEKTOpaMu ciaboe, TepMOJUHAMHYECKOE
PABHOBECHE HE YCTAHABIMBACTCS;

3. 00a CeKTopa pacUpsOTCS ainadbaTHIECKU.

B cnyyae eciu Bce yCioBHsI BBINOJHSIOTCS, HAJIMYUE TEHEBOIO MHUpPA HE

IIOBJIMACT HA HCpBH‘-IHBIfI HYKJICOCUHTC3 B OOBIYHOM MUpC.

2.1. Coaep:kanue MepBUYHOIO reJIHA.

OaHO ¥3 OCHOBHBIX OTPaHWYCHHMI HAa MOJIENH, CBS3aHHBIE C
HYKJICOCUHTE30M JIF00OW MaTepuu JAl0T JaHHBIE O COJEPKAHUH MEPBUYHOTO
remus (Y), T. €. 00 oTHOmeHMH KonwdecTBa ‘He K KOIMYECTBY BCex sep,
00pa30BaBIIMXCS K KOHITY TIEPBUYHOIO (JI03BE3THOT0) HYKJICOCHUHTE3a (CM. pHC.
1). DTu naHHBIE OTPAaHUYMBAIOT KOJIWYECTBO JIFOOOW PEISTUBUCTCKOW MaTEpHUH
(B T. 4. TeHEBOI) Ha MOMEHT n/p-3akanku (t~1 ¢, T~1 M»aB). Tak, Hanpumep,
COBPEMEHHBIE OLICHKHU [6], OCHOBaHHBIE HA KOCMOJIOTHYECKOM HYKJIEOCUHTE3€E U


mkhlopov
Note
In [2] only common strong and electromagnetic interactions were excluded. Common weak interactions were excluded later, when Z boson width was measured. There may be effects of kinetic mixing between ordinary and mirror  photons, Higgs and Z bosons.

mkhlopov
Texte surligné 

mkhlopov
Note
If it is stable, you should make assumptions about lightest stable particles of 4th family. In your case, mirror 4th charged lepton can be lighter than 4th neutrino, what is impossible in the world of ordinary particles 

mkhlopov
Texte surligné 

mkhlopov
Note
you also have 4th generation stable particles and some assumption on their asymmetry should be stipulated

mkhlopov
Texte surligné 

mkhlopov
Note
no!!! It should since it is in the same space-time - you assume common gravity. Presence of relativistic species of mirror particles influence BBN in ordinary sector, while presence of ordinary particles influnce BBN in ordinary sector. You just say it below


PEJIMKTOBOM M3JIYyYEHHM, COCTaBISIOT, C YYETOM CHUCTEMATUYECKUX OILIUOOK:
23,1% <Y <26,7%.
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puc.1. Omuocumenvuvie cOOEPHCAHUS NEPEBUUHBIX XUMUYECKUX DNIEMEHMO8 8 3a8UCUMOCMU
om Konuvecmea Oapuonos. Tomwyunvl JUHUL OMPANCAIOM MOYHOCMb NPEOCKA3ZAHUL.
IIpsamoyeonvHukamu  NOKA3aHvl 0O1ACMU  3HAYEHUN 6 Npeodenax CMmamucmudecKux
(6HympeHHUll) U cucmemMamuyeckux (8HewlHul) OowuboK, NONYUeHHble U3 HAOIH0OeHUII.
Bepmukanvhvle nonocvl nokaswviearom ooracmu 3HaAYeHuu 1, OONYCMUMbBIX U3 AHATU3A
nepeuunozo Hykieocunmesa (BBN) u peaukmosozo uznyuenus (CMB). Unoexc «p» o3nauaem
nepsuynwlil (primordial) [6].

C xoporeil TOYHOCTBIO BECOBAsI JI0JIs aTOMOB TeJvs, 00pa30BaBIINXCS B
paHHeW BcenenHon, paBHa yIABOEGHHOMY KOJIMYECTBY BCE€X HYKIIOHOB,
SBJISIIOIIMXCSIT HEUTPOHAMHU HAa MOMEHT I[OCT&T@'IOFO pacnpocTpaHeHus
JerTepus U Havasa npouecca o0pa3oBaHUsl TSHKEIBIX siiep.

Ecmum cymectBoBaio Onl 4 Tuma 0e3MacCOBBIX HEUTPUHO, TO
3¢ PeKTUBHOE YMCIIO TUIIOB YaCTHI] OKa3aaochk Obl paBHO 3.817 BMecTo 3.363, u
CKOpPOCTh MajicHusl TemmepaTypbl yBenuuuBaercs B V3.817/3.363 = 1.135 pas.
OTO yBEIUYMBAET JIOJK0 HEUTPOHOB M, COOTBETCTBEHHO, YBEIWYUBAET
pacnpocTpaHeHHOCTh Trenus. JloOaBieHue KakIoro HOBOIO HOKOJ’ICHI/H@
yBenuuuBaeT Y Ha BeamuuHy < 0.013. [1] Drto pmaer orpaHuyeHue Ha


mkhlopov
Texte surligné 

mkhlopov
Note
in BBN???

mkhlopov
Note
with light neutrinos


KOJIMYECTBO HOKoneHHﬁ@eﬁTpHHo - He Oonee 4. [/Ipyroe orpanuueHue Ha
KOJIMYECTBO MOKOJEHMH CBA3aHO C IIMPMHOM pacmaza Z° 0030Ha - ecid u
CyIIECTBYeT 4€ IMOKOJICHHWE HEWTPUHO B 3€pKAJIbHOM MHpE, TO €ro macca
JOJIKHA OBITH OOJIBILE MMOJOBUHEI MACCH “3epKanbHOro” Z° 6030Ha. @

Jlanee npuBeieH MOAPOOHBIN pacueT KOJUIECTBA TIEPBUYHOTO TEIIHS.

OTHoOIlIEHNE KOHIIEHTPAlU HEUTPOHOB U MPOTOHOB:

n ( Am)
p—exp T

Am =My - M, = 1.29 Mev

rae M, u M, - maccel HeWTpoHa M TpoToHa, T - Temmeparypa 3akaik, k -

CTaTUCTUYECKUH (HaKTOP XapaKTEPU3YIOIINMA MIIOTHOCTh BCEJIEHHOM.

1
k()6
m—( 2} 3)
3
Gr

T

ke(T~1MeV) =1+ 3(2—1@

=

,rae N, - 4ACI0 COPTOB HEUTPUHO, TOrAA JUIsl 4-X NOKOJIEHUM 110TydacM:

k(T= IMeV) = 6.25

66"
(/) = 0.15
Y '=0.261

[TonydyenHass KOHUEHTpalMs TOMAacT B pa OTpaHUYCHUM, HAIOKEHHBIX
AKCIIEpUMEHTOM. | TakuM 00pa3oM MOKa3aHO, YTO NPH 3aJIaHHBIX YCIOBUSX

CYILIECTBOBAaHHE B 3€pPKAJIbHOM MHpPE UEThIpEX TMOKOJICHUH (HEepMHUOHOB

BO3MOXXHO.


mkhlopov
Note
light

mkhlopov
Texte surligné 

mkhlopov
Note
we don't know width of mirror Z-boson, so light 4th neutrino is possible in mirror world. Number of species of light mirror particles influence He abundance in the ordinary world, but it can be put within observational limits, if you have mirror world colder

mkhlopov
Texte surligné 

mkhlopov
Note
If you consider ordinary matter BBN, you should take into account both ordinary and mirror relativistic species, so even, if you have heavy 4thmirror neutrino, you have 3 ordinary neutrinos, 3 light mirror neutrinos + mirror photons and miror electron-positron pairs 

mkhlopov
Texte surligné 

mkhlopov
Note
Please correct your derivations. This conclusion is possible, if you have smaller T of mirror plasma


2.2. bapuocuHTe3 M JIENTOCUHTE3

EnuHCTBEHHBIE TMO-HACTOSIIEMY COXPAHSIOMIMECS KBAHTOBBIE YHCIIA B
SU3)xSU(2)xU(1) CrangapTHON MOJEIH COOTBETCTBYIOT KaJIMOPOBOYHBIM
CUMMETPHSM - 3JIEKTPOCIa0bli M30CHMHOBBIN reHeparop T, anmekTpocnalblit
runep3apsan Y, napa reaepatopoB SU(3) kamuOpoBOoUHOM rpymnmbl, a Takxke B-L
- pasHHUIla MEXAy OApUOHHBIM M JIENTOHHBIM YUCJIOM (2 HE CaMH 3TH YMCTIA).
[Ipr yCTaHOBIEHHWH TEIIOBOIO PABHOBECUS B IIEPUOJ JICNITOCUHTE3a U
0apuOCHHTE3a COOTHOILIEHUE MEXAY IJIOTHOCThIO OapuoHHOTO umuciaa (N,) u
I0THOCTBIO N, , naetcs Gpopmynoit: [1]

8-Ng+4-Nd

Ny =N,y 22-Ng+13-Nd °

AYILICTOB

rae Ng - YHCJIO TMOKOJIEHUH, N, - YHCIIO CKaJSPHBIX

Jlns 3x mokonenuit N /N, ;= 28/79, nns 4x - 36/101 @
Kak BumHO, pH yBEIMYEHUHM YHUCIIa TIOKOJCHUH 0 4X JTaHHOE COOTHOIICHHE
MIOYTH HE MEHSETCS, YTO HE 3alpeliaeT BOSHUKHOBEHHE 3epKaTbHOW MaTepuu

napaJuiCJibHO C O6BI‘IHOI71, HO C YCTBIPbMA ITOKOJICHUSAMM JICIITOHOB.

3. 3akirouenue

B nannoit pabGorte wucciemoBaiach BO3MOXKHOCTh CYIIECTBOBAaHUS TEHEBOTO
MHpa C 4YeThIpbMsl TOKOJeHUsAMH (epmuoHoB. [lokazaHo, 4TO B Mpolecce
INEPBUYHOI'O 6apI/IOCI/IHTCBa, JCNTOCUHTE3a, U IOCICAYIOLICTO HYKICOCHMHTC3a
He ObUIO 3ampelalonX BO3HUKHOBEHNE JAHHON MaTepuu (paKTOpPOB.

Tak kak TeHeBas MaTepusi HE B3aUMOJCHCTBYET C OOBIYHON HHUKAaK KpOMe

I'paBUTAIUOHHOT O B38.PIMOI[€ﬁCTBI/I)I, TO OHa MO@I‘ COCTAaBJIATH  CYIICCTBECHHYIO

4acTh OT CKpBITOM Maccel BO BceneHHOu. I[lpenmosaras, 4TO pa3BUTHE
3epKaJIbHOM W OOBIYHOM MaTepuu NUI0 MO0 TOXO0XKEMY CIEHApuIo, 3a
UCKIIFOYEHUEM, BO3MOXKHO, KOJWYECTBA IOKOJEHUM, MOXHO IPEIINOIO0KHUTD,
YTO Macca 3€pKajbHOIO BEIIECTBA BO BCEIEHHOM COCTaBIsSET BEIUYUHY,
CXOXYK C BEJIMYMHOM MacChl OOBIYHOTO BEIIECTBA, OJHAKO JAHHOE

IMPCAIOIIOKCHUEC B ,HaHHOI\/’I pa60Te HEC IMMOAKPCINNICHO HUKAKMMU pacdCTaMu.


mkhlopov
Note
If you have stable 4th family, you should calculate effects of sphaleron transitions in relationship between excess of mirror 4th family and mirror baryons and leptons of 3 lighter mirror families - Probably it is too complicated for you, so better assume that you have 4th sequential family mixed with 3 lighetr, and thus unstable.

mkhlopov
Texte surligné 

mkhlopov
Note
These conclusions can be true only after proper correction of your derivations

mkhlopov
Texte surligné 

mkhlopov
Note
What kind of dark matter scenario corresponds to this case: hot, warm or cold?


CylecTBYIOT Tak)e JApyrue TEOpPUH, IO3BOJIAIONIUME CBS3aTh 3€PKATBbHYIO
MaTepHIO U YETBEPTOE MOKOJICHHE (DePMHOHOB, HAIIPUMED:

- 3€pKAJIbHBIM MOXKET OKa3aThbCi HE OOHApy>KEHHOE Ha JaHHBII MOMEHT
CTepuibHOE HEUTpuHO. KONMMYECTBO MOKOJICHUN MJi CTEPUIIBLHOIO
HEUTPHUHO TaK)Ke HEM3BECTHO U BIIOJHE MOXKET OBITh PABHBIM YETBIPEM.

- BC€ UYETBEPTOE TOKOJEHHE (HEPMHOHOB SIBISIETCA 3€PKaJbHBIM TIO
OTHOIIICHUIO K TIEPBBIM TPEM.

u T.1. OTHaKo, B JaHHOK paboTe 3TH TEOPUH HE PACCMATPUBAIOTCS.
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