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1 Bsenenmne

B 1956 romy B cBoeii cTaThe 0 COXpAHEHHH YeTHOCTH B C1a0bIX B3anmoeicTeusx Jlu u Sur[l]

BIIEpBbLIE yKa3aJu Ha HpH‘{HH@yHLGCTBOBaHI/IH 3epPKaJIbHBIX MapTHEPOB Y JeMEHTapPHBIX

gactun. Jlo paborsl Jlu u fura mpeamnonaransoch, 9TO YETHOCThH COXPAHAETCSA BO BCeX
dyHIAMEHTAJIBHBIX B3aUMOJIEHCTBUIX 3JIEMEHTAPHBIX YaCTUIL. JIu 1 ZAHT TpeToKIIN IKCIIepUMEHTATBHO
[POBEPUTH COXPAHEHUE TI€THOCTHU B CJIA0BIX B3AUMOJIEHCTBUAX, UCCIe/Iys S-paciia/l MO PU30BAHHBIX
siep.

Bruepsbie necoxpanenune mpocTPaHCTBEHHOW YETHOCTH B CJIAOBIX B3aUMOJEHCTBUAX OBLIO
obHapyzkeHo B Kkcrepumente By[2] B 1957 r. Ha ocuoe ujen CP-uHBapHAHTHOCTH Ha POJIb
3eKPAJTbHBIX MAPTHEPOB OBLIH MPe/JIOKEHbl AHTHYACTHUIIB, OJHAKO OTKpbiTHe CP-Hapyenusi|3|
B 1964 rojy noka3aJjio omubOYHOCTb BHIOOPA aHTUYACTHUIL B KAYECTBE 3€PKAJIbHBIX IIAPTHEPOB.

B 1966 roxy B Ko63apes, Okyub u [Tomepandyk|4| mocTynmuposain cyiecTBOBaHIe THIOTETHIECKAX
3epKaTbHBIX dacTull, 3epkaiabHoro mupa u CPA-cummverpun. Coraacuo [4] 3epkaibHbie
JACTHUIIBI HE MOT'YT YYaCTBOBATH B OOBIYHBIX CUJIBHBIX U JIEKTPOMATHUTHBIX B3aHMO/IeCTBHSI
3epKaJabHbIH CEKTOP J0J2KEeH 00J1a1aTh COOCTBEHHBIMU CHIBHBIM, CJIA0BIM H 9JIEKTPOMATrHHTHBIM
B3aUMOJIEHCTBUSAME. B KauecTBe CBA3M MEKY OOBIIHBIMU U 3ePKATHHBIMU YACTUIIAMHA B [4]
paccMaTpHBaJIOCh TPABUTAIIMOHHOE B3anMOeficTBHe 1 0OMEH HeHATPHHO.

2 Omnmcanme Mojenan

B pabore paccmorpena Mojiesib B KOTOPOR HAPsLy ¢ OObIMHBIMU YaCTUIAMU ITPUCY TCTBYIOT UX
3epKaJibHble TapTHEPHI. CeKTOp OOBIYHBIX YACTHIL BKJIKYAET B ¢e0s 3 ceMeiicTBa JIeMTOHOB
¥ KBAPKOB(M COOTBETCTBYIOIIHE UM aHTHYACTHIH ), TEPEHOCUYNKN B3aUMOIEHCTBHST 1 GO30H
Xurrca:

Ve v, v,
e 1 T
ul’lc] |t
d c b

g, W*,2%~, H

B mannoit pabore, 3epKajbHbIe 9acTHIIB 0OPa3yIOT CI/IMMeTpI/I‘{Hb@KTOp C YCJIOBHAEM:
My = Mg = My = My,

OaHaKo, cTporasi CHMMeTPHS MeZKIY OOBIYHBIME U 3€PKAJIbHBIMU 3JIeKTPOHAMUI IPUBOIUT
K pobJieMam B aToMHOIT husnke, ecjii 0ObIYHbL 1 3ePKAIbHBIE MUDPDI 00JIaLAI0T UICHTHIHBIM
9JCKTPOMATHUTHBIM B3aHMOAeHicTBAEM (13-32 JOHOJHATEILHBIX CTEIIeHe CBOOOIBI, CBAZAMHLIX
C_3ePKATLHBIME JEKTPOHAME, OYKHIACTCS VABOCHHE ATOMHLIX cocrosunii)[4]. M3mepenne
mupunael WE- u Z°-6030H0B, B CBOIO 0vYepesb, HCKIIOUaET oOIIee cIaboe B3anMOIeHCTBHE
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OOBIYHBIX U 3ePKATBHBIX dacTull. (CJie/IoBaTeIbHO, 3¢PKAJTBHBIX MAPTHEPOB JTOJIKHBI UMETH
KaK OOBIYHBIE JACTHUIIBI BEIIECTBA, TAK U KAJIUOPOBOYHBIE OO30H
JList BKJTIOUEHU S 3€PKAJTbHBIX YaCTUI B MOJIE/Ib 3JIEMEHTAPHBIX YACTHUIL BBOJAT KAJUOPOBOYHY IO

IPYIIY BUJIA:
[SU(2) @ U(1) Q SU3)cJo ®SU(2) Q U(1) @ SU(3)clm

B nmawmoit pabore eIMHCTBEHHBIM 3BEHOM, CBSA3BIBAIONINM OOBIYHBINA U 3ePKATHHBIN MUP,
siBJisieTcsi HefTpuHo (cMermBanne (GpoTOHOB, TUOPH/THBIE YACTHIB U T.11. He GYyT PACCMOTPEHBI ).

3 ladagnumoEHas MOIEJIbH

Crapas Mmojiesib ropsueit Beestiennoii( pacimpsiionryocst BeesieHHYI0 pACCMaTPUBAIOT KAK 3AMKHYTYIO
CHCTEMY € TePMOAMHAMUYECKHUMH MapaMeTDaMU, MEHSIOIIUMECI B IIPOIECCe DACITUPEHNUS)

He MOKeT 00ecrednTh perreHue mpobsem ropusonTalb|, miaockoctaocT|6] u nepens3dbiTKa
MATHUTHBIX MOHOMOoJIei|7]. TIpeanosoxkenne 0 HATHINH 3ePKAJBLHON MaTepuu caMo 110 cebe

He pelraeT VKa3aHHbIX 1pobieM. Hanbostee npeanodTuTeIbHOM SABISAETCS MOIEIb, OIPA3yMeBAIOIIasd
HOIATMOHHBI crieHapuil ¢ 6apuocunTe30M|8| 1 CKPLITOi MaCCOii.

Buibop OTKPBITO#T, 3aMKHYTO# MJIK ILJIOCKOH KOCMOJIOTHYECKOI MOJIE/IN CBA3AH ¢ MEXaHU3MOM
uHJgIIN, HaOa01aeMoe COOTHOIITeHIe 0APNOHOB 1 (DOTOHOB PACCMATPUBAECTCS KaK Pe3yJIbTaT
bapuocuHTe3a, a PA3HUIA MEXKY COBPEMEHHOI MOJTHOM 1 0APUOHHON IJIOTHOCTIMHU 00 bACHACTCS
HaJIAIeM HeOAPUOHHON CKPBITON MacCHhI.

B pamkax mozenu xaoruueckoil mHbgmu|9| HauATbHBIE AMILUIATYIbI 3€PKAJbLHBIX W
OOBIIHBIX MH(DIATOHOB MOT'YT PA3IUIATHCA. DTO HPUBOJHUT K 00PA30BAHUIO JOMEHHOM CTPYKTYPbI
B _pacHpeeeHnn oOBIIHOrO U 3epkajbHoro BermectBa|l0]. OmHAKO BCS CKDBITAs Macca He
MOYKET OOBSICHSITCS TOJHKO 3ePKAJbHBIM BEIECTBOM, TaK KaK 3TO MPOTHBOPEIUT TIHPOKO
PACIPOCTPAHEHHOMY BepXHEMY Tipejiesiy Ha obuaune neppudanoro reus(Y < 25%).

[Ipeanonaraior, 9ro 6apuoHHbL W36BITOK GbLI 00pa3oBaH B mponecce bapuocuuresalll],
KOTODPBIN HPUBOAUT K DAPMOHHOM acCUMeTpHU M3HAYaIbHO OapuoH-cuMMerpuaHoit Beesiennoii.

B opurnnansnom crienapun 6apuocnaTe3a 6apHOHHBI H30BITOK BO3HUKAET n3-3a (' P-HADYIIAIOIINAX
3 dEKTOB MpH BBIXOIE N3 DABHOBECHSI IPOIECCOB C HECOXPAHEHHEM DAPUOHHOIO YHCIa(IPOLYKTHI
pACIaia YaCTHIl 10 PA3JAYHBIM KAHAJAM UMEIOT DPa3Hoe DADUOHHOE YHCJIO).

15 3epKaIbHBIX TapTHEepoB C'P-Hapymaioniue 3hdeKTh PaBHBI 110 BeJIUYNHE, HO 00PATHEI
1O 3HAKY 110 OTHOLIEHUIO K 3ddekram B 00bluHOM Mupe. Takum 00pa3om, renepaius
6apuOHHOTO N30BITKA OOBIYHLIX YACTUIL COOTBETCTBYET I'€HEPAIIMH aHTUOAPUOHHOTO N30BITKA
JUTSL 3€PKAJIBHBIX YACTUIL, HO MOCKOJBKY 3HAK OAPMOHHOTO UMCIA JJIs 3ePKAJBHBIX YACTHI]

He HabJo/IaeM, TO M3OBITOK OTHOCAT K <«0apUOHHOMY» B CJydae 00eHX 3epPKaJJbHOCTEH.
CuMMeTpHUs B 9BOJIIOIUU OOBLIYHOTO M 3€PKAJLHOI'O BEIIECTBA IPUBOIUT K OJHOBPEMEHHOMY
IPOU3BOJICTBY PABHBIX OAPUOHHBIX M30BLITKOB B OOBIYHON M 3ePKAJbHON MaTepH
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4 KocmoJgiorusg ropsveii BecejieHHOI

CretaeM mpenoIoyKeHne 0 CHMMETPUIHOCTH HAYAIBHBIX YCIOBUI: PETSITHBUCTCKAE TACTHIbI
OOBITHOTO W 3ePKAJBHOTO BEIeCTBA MPUCYTCTBYIOT B OJMHAKOBOM KOJIUYECTBE U MMEIOT
OJIMHAKOBYIO TeMIepaTypy. CireloBaTeTbHO, HEOOXOINMO YIUTHIBATH BKJIA/I B OOIIYIO IJIOTHOCTH
(B mepuos parueii ropsiaeit BeeeHHOM ) Kak 00BIYHOTO, TAK U 36PKATBHOTO BelecTBa. [oKaykeM,
YTO HaJM4YKe 3ePKaJIbHOI'O BEIIECTBA BJIMsIeT HA 3HaUYeHre TeMIIEPATY Dbl OTIEIIEHUS] HEHTPUHO.
TepmopmnamMuueckoe paBHOBECHE O3HAYALT, YTO B paciiupsdionieiica Beenennoit Temm nporeccon
M0/1/IEPZKUBAIOIINX PABHOBEHCHE MPEBBITIAET TeMI paciiupenns. Ho Kak TOJIBKO XapaKTepHoe
BpeMs (DU3MIECKOTO MPOIecca MPeBBIIaeT KOCMOJIOTHIECKOe BpeMs - CHCTEeMa BBIXOIUT W3
PaBHOBECU OTHOCHUTEJBHO JAHHOTO IPOoIecca.

XapakTepHoe BpeMs €/j1ab0ro B3auMoJIefiCTBUg MOZKHO BbIYUCJUTD 110 (bopmyJie:

7= (nov)™! (1)

Jie 7 — KOHIEHTPAIUs 3JIeKTPOH-TIO3UTPOHHBIX T1ap, (0v) — CKOPOCTh UX B3aNMO/IeHCTBUS
¢ HEHTPHUHO. DJIEKTPOH-IMO3UTPOHHBIE TApbl MOTIUHsAI0TC pacupeaenennio Pepmu-lupaka,
u ux KoHrenTpanus (RD-craaus) B 3aBUCHMOCTH OT TEMIIEPATYPHI UMEET CJIeIyOMuii BYI:

n= —4C(7£:2)T (2)

Cedenne cy1aboro B3auMOIeHCTBISI MOYXKHO OIEHUTH 110 (popmyJie:
o~ GT? (3)
CxopocTh pacinupenus BeereHnoit 3aBUCHT OT IJIOTHOCTH BEIIECTBA CJIEIYIONUM 06pa30M:

VkT?

my

H o~ (4)
riae ke — YUCJIO yALTPAPEJATHBACTCKAX CTEIeHeii CBOOOIbI.
[Tpu nmomoru popmy (1) — (4) MOKHO TOJIYIUTH 3aBHCHMOCTH TEMIIEPATYPhI OTIIEILICHUST
HEHTPUHO OT YUCJI YIBTPAPEIATHBUCTCKUX CTEIeHel CBOOOIbI:

1
ké
H ~ I (5)
(GEmy)3
Flpl
Tak kak 001IIee YNCII0 YIbTPAPEJTATHBUCTCKIAX CTeeHeil CBOOOIbI:

7 7 43
ke=14+--24--3=—
+2 +83 g (6)

C yderoMm 3epKaJIbHOIO BEIeCTBA YHUCJIO CTeneHeil cBOOOJAbI BbIpAcTeT B 2 pa3a, 4TO
NpHUBE/IET K YBEJINYEHUIO TeMIIepaTyPhbl OTIeIIeHns HeiTpuHO B 1, 12 pas.

Korma xapakTepnoe Bpemsi cJiaboro B3auMoIeificTBHS MPEBBITIIAeT KOCMOJIOTTIECKOe BPEeMs,
B-mporecchl, B KOTOPBIX TPOTOHBI TPeobpa3yoTcs B HEHTPOHBI U HEUTPOHBI B TPOTOHHI,



Ve — €D, Uep — €Tn,etn — Ugp (7)

BBIXOJIAT M3 PABHOBECHS, W MPOUCXOJUT 3aKaJIKa OTHOIIEHUWS KOJUYECTBA HEUTPOHOB H
KOJITYeCcTBa IPOTOHOB. OIEeHNM OTHOIIEHHE KOJHIECTBA HEHTPOHOB K KOJIMYECTBY MPOTOHOB,
KaK B 3ePKaJIbHOM, TaK W OOBIYHOM MHPE C YIEeTOM yBEJUUEHUs TeMIIepaTypbl OTIEIICHUS
HeliTpuHO. Tak Kak HEHTPOHBI W MPOTOHBI ABAAIOTCA HEPETATHBUCTCKAMHU MPH TAHHOM
TeMIepaType, UX OTHOIIEHHE MOXKeT OBITh BBIYHC/ICHO CJIEIYIONIIM 00Pa30M:

n Amp
D et )
p
Toraa, jag OOBIYHBIX TPOTOHOB U HEHTPOHOB 0e3 y4éTa 3ePKAJTHLHBIX YACTHIL:
n
" o017 (9)
p
A ¢ y4éTom 3epKaJIbHBIX YACTHIL:
n
—2 ~0.20 (10)
po

st 3epKaJIbHBIX ITPOTOHOB M HEHTPOHOB 9TO OTHOIIEHUE 3aBUCUT OT PA3HUIILI UX MACC.
YUuTBIBAA, 9TO My, = My

M 10 (11)
Pm

Tax Kak pa3zHOCTb Macc MPOTOHA W HEHTPOHA B JIAHHON MOJIe/IM PABHO HYJIIO, TO 00e 3Tu
JACTHIIBl OCTAIOTCA CTAOMIBHBIMU B CBOOOTHOM COCTOSTHWH, & TaKzKe HAaXOJsICh BHYTPH dJIep,
HefITPOH U TPOTOH OYIyT CTAOUIBHBIMUA U HEe CMOTYT MEPEXOIUTH APYT B ApyTa.

OnennM 0110 OOBIYHOTO MTEPBUYHOTO TeJINS TTPU YCJIOBUH HAJTUYHS 3¢PKAJTHHOTO BEIECTBA.
[Tpu Temneparypax Boiire (,1 M3B 06pa3oBaHuio MepBUYHOIO IeJIMs MPENITCTBYET peaKIius
doro-pacienieHns aeiTepust:

Y+ D—=p+n (12)

3a BpeMs, HeoOXoauMoe I JOCTUKEHUs TaKO# TeMIepaTyphl, 4acTh HEHTPOHOB pacnaﬂeTc@

22 ~0.19 (13)

TOFIL& BKJIa/J IIEPBUYHOIO reiud B IIJIOTHOCTD 6apI/IOHHOFO BeniecTBa COCTaBHUT:

on
Pre T = 030 (14)
PB P

p
[Tosty4eHHBIH Pe3y/IbTaT IPOTHBOPEIUT MIUPOKO PACHPOCTPAHEHHOMY BEPXHEMY NIPEJIEJLy
Ha obusme nepsuanoro reiust (Y < 25%). Ho yuurbiBag, aro HabmonaemMoe obuIne renst
COCTaBJISIET:
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Vs = (0.28 £ 0.12) (15)

910 caMo 1o cebe He TporuBopednT (14).
OmpeiesmM MEPBUIHBIA XUMUICCKHI COCTAB 3epPKAJbLHOTO BemecTsa. llepsast peakiumst

HEPBUYHOI'O HYKJIEOCUHTE3a B 3€PKaJIbHON MaTepuu — obpazoBaHue jeirepust:

p+n— D+~ (16)

HeobxoiuMo 1iporekanue 31oi peakiuu Ipu HU3KUX TeMiieparypax, uHadye suepruu poToHoB
OyeT J0CTaTOYHO /I Pa3pylieHnsa 00pa30BaBIIuXcd sjiep Jefirepusd. B cBga3u ¢ pacuiupenunem
Bcestennoii ne Bce HEHTPOHBI M TPOTOHBI YCIICIOT OObEIMHUTHLCA B JieiiTepuit. HacTh IpoTOHOB
1 HEefITPOHOB OCTaHETCSA B CBOOOTHOM cocToAHHU. [lia obecedenus cunaTtesa * H e He0OX0IIMO
NpOTEeKaHWe CIeAYIONMNX TPOMEXKYTOUHBIX PeaKIHii:

p+D—=3He+~,D+D—=3He+nD+D—=T+p (17)

B nanpreiiniem cuaTe3 ‘He obecriednBaeTcs peaKIHIMHI:

p+D— +*Hen+>He—~vy+*He,D+>He — p+* He (18)

OnennM MaccoByio 101 *He 0THOCHTeILHO 0BIIero KoJaumdecTBa 6apHOHOB:
X 2% 1 19
He — 1 +g - ( )

So, what is the
result of BBN in

viniir mndal”
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