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YCIHHEXMN PUZNYECKHNX HAVYK

K 90-JTETHUIO CO JTHS POXKJIEHVSE JI.JI. TAHJAY

CoBpeMennoe cocTosinue Gu3nKH 3J1eMEHTAPHBIX YACTHII

JI.b. OkyHb
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1. lectnagunaTh GpyHTaMEHTAJIBHBIX YACTHI

DneMeHTapHbIMH (MU (PYHIaMEHTaIbHBIMHU) HA3BIBAIOT
YACTHUIBI, KOTOPbIE HA COBPEMEHHOM YpPOBHE 3HAHUS HE
COCTOSIT U3 00JIee 3JIEMEHTAPHBIX YACTHII.

DKCHEepUMEHTAJILHO OTKPBITHI 12 3jeMeHTapHBIX (ep-
MHOHOB (co crimHoM s = 1/2) u 4 6o30Ha (co ciuaoM s = 1),
HE CYUTAs COOTBETCTBYIOIIMX AHTUYACTHUII.

2. ®ynaameHTalIbHbIC ()epPMHOHBI

Kak moka3aHno B Ta0J1. 1, ABeHAIIIATh (PePMHOHOB ACIIATCS HA
3 MOKOJICHUS, B K&KIOM M3 KOTOPBIX 2 JIEMTOHA U 2 KBAPKA.

B mocnemnem crosbne Tabs. 1 ykasaHbl 3HAYCHHS
9JIEKTPUIECKOTO 3apsia YacTHIl JaHHOHN cTpoku. Ha3Banus
7 0003HAYEHHS KBAPKOB IIPOUCXOJIST OT AHTJIMHACKHX CJIOB: U
— up, d — down, ¢ — charm, s — strangeness, t — top
(Taxxe truth), b— bottom (Taxxe beauty).

V kaxmoro 3apsokeHHOro (epMHOHA €CTh CBOSI AHTH-
vactuna: 0, d, G, 5, t, b, et, pt, v+, EcTb 1M aHTHYACTHIBI Y
HEHTPHUHO, TTOKA HEM3BECTHO. BO3MOXHO, 4TO OHE (110 Kpaii-
Hell Mepe, HEKOTOpbIE W3 HUX) UCTUHHO HEHTpasbHBI, T.C.
SIBJISIFOTCS CBOUMHU COOCTBEHHBIMH aHTHUYACTHIAMU. Takue
HUCTUHHO HEWTpasibHble HEUTPHUHO HA3BIBAIOT MailopaHo-
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Tabsmna 1
ITokonenus 1-e 2-e 3-¢ 0
BEPXHUE u c t +2/3
KBapKu
HIKHHC d s b —1/3
HEUTPHUHO Ve Vyu Ve 0
JICTITOHBI
3apsKEHHBIC e n T —1

BBIMH, B OTJINYME OT OOBIYHBIX, KOTOPbIE HA3BIBAIOT AMPA-
KOBCKUMH. B Hacrosiee Bpemsi akKTHBHO BEIYTCS MOWCKH
0Oe3HEUTPUHHOTO ABOWHOTO P-pacmana. Hambonpmast Tou-
HOCTB JIOCTUTHYTA B IOMCKAX Oe3HeHTpuHHOrO pacnana '°Ge
(T pz 10?° net). Ecnu mpu fabHeiiIeM yBeIMYeHUH YyBCT-
BHUTEJIbHOCTHU aNnapaTypbl Oe3HEHTPUHHBINA TBOWHOU [-pac-
naj OyneT HaiilieH, 3To OyAeT O3Ha4YaTh, YTO IJICKTPOHHOE
HEUTPUHO MAOPAHOBO U €r0 Macca OTJIUYHA OT HYJISI.

[msans ma T1abn. 1, Hemb3sh He MOPA3UTHCS TOMY, Kak
JlaJIeKo yuuia (pU3MKa 3JIEMEHTApHBIX YaCTHIL C TeX MOp, KakK
cynbba BeipBasa Jlanaay cHavana u3 usuku (22.01.1962), a
3ateM u3 xu3Hu (1.04.1968). Jlannay ObLIN U3BECTHBI JIUIIb
Tpu JenToHa (e, Ve u [). OO0 OTKPBITHH MIOOHHOTO HEUTPUHO
BriepBbIe ObLII0 00bsIBIICHO B HtoJie 1962 r. Ha Pouectepckoit
koH(pepennmu B JKeHeBe, Bce YIACTHUKH KOTOPOH MOCIIAIA
Jlanay mucbMO € MOXETAHUSIMU CKOPERIIIETO BBI3OPOBIIE-
HUSL.

Yro kacaeTcsi alpOHOB, TO HAPSIY C HYKJIOHAMH, T- U
K-mezonamu B 1962 1. OBLT M3BECTEH pSAI CTPAHHBIX
TUIEPOHOB W pe30oHaHCcOB. OJHAKO COCTaBHAsI MOJEIb
aJIpOHOB, OCHOBAHHAS HA TPeX cakaTOHAaX, aJeKBATHO OTIH-
cpIBasi ciaabble aJpOHHBIE TOKA M ME3OHBI, HE MOIJIa JaTh
aJIeKBAaTHOE ONHCaHHe OapUOHOB. DTO CTAJO BO3MOXXHBIM
Jimtb B 1964 ., xoraa Ieni-MaHH BBeJ Tpu KBapka: u, d, s.

KoHeuHo, MOXHO CKa3aTh, YTO MUP BOKPYI HAC U MBI
caMM MOCTPOCHBI U3 HYKJIOHOB U 3JIEKTPOHOB; M TO 00OCTOSI-
TEJILCTBO, YTO HYKJIOHBI COCTOST U3 TPeX KBapkoB (p = uud,
n = ddu), HuYero He MEHSIET B )KU3HU MPOCTOTO YEJIOBEKA.

[ns GyHKIMOHMPOBAHMSI HAILLIETO MHpPA, KPOME D, N, €,
HEOOXOIMMBI ellle 3JIeKTPOHHBIE HEUTPUHO Ve, 0€3 KOTOPBIX

© JL.B. Oxynb 1998



626 JI.b. OKYHb

[VOH 1998

HE IPOKUCXOIUT ropenue Bogopoma B CoHIle U 3Be3ax:

2e +4p —* He + 2v, + 27 M»sB.

NmMmeHHO 37€Ch HCTOYHHMK BCEU IHEPrUH, KOTOPOU MBI
pacnosaraeM. HeliTpuHO poxaaroTcs Ha COJHIE B OTPOM-
HBIX KOJIMYECTBAX U Cpa3y e pasjieTaloTcs B OKpyXaroliee
MHPOBO€ MPOCTPAHCTBO. ExecekyHTHO depe3 KaK[Iblii KBa-
NIPATHBIA CAHTUMETP 3eMHON MOBEPXHOCTH Tpojeraer 70
MUJUIHAPI0B HeWTpuHO. HO MBI He 3amMedyaeM HX: MbI
npo3pauHbl sl HUX. [1oTpeboBasoch MOCTPOUTH OTPOM-
Hble YCTAHOBKH, YTOOBI 3apEeruCTPUPOBATH HECKOJBKO
TBICSY COJIHEYHBIX HEHTPHHO. DTO NMPHUMEPHO CTOJBKO,
CKOJIBKO M OXHUJIAJIH, 4TO siBJsieTcss Tpuymbom Hayku. Ho
noJIHOTO TpuyMda HeT. UUCIIo 3aperucTpupoOBaHHBIX COJI-
HEYHBIX HEUTPUHO MPUMEPHO B 2 — 3 pa3a MeHbIIIE, YeM ObLIO
BBIYUCJIEHO. MBI ellle BepHeMcsl K 3TOH 3araike. A moka
MOTYEPKHEM ellle Pa3, YTO U3 TPeX MOKOJICHUH (PepMIOHOB B
Ta61. 1 "mpocTomy uesroBeky" mOCTATOYHO MEPBOrO. 3auem
HYXHBI BTOPO€ U TPEThe MOKOJICHHS, MBI MOXEM TOJBKO
JoraapBaThes. Tak, COrJIacHO MPOCTEHIITNM TEOPETHIECKIM
MoJessM, 0e3 HUX Hesb3sl HapywuTh CP-HHBapMaHTHOCTD.
A 06e3 Hapywmienuss CP-unBapuantHocTu BceeneHHas Ha
pPaHHUX CTaIusIX CBOEH IBOJIIOIMH HE CMOTJIA OBl CO3A4Th
OapUOHHYIO ACUMMETPHIO: B HEll ObLIO ObI paBHOE YHCIIO
MPOTOHOB M AHTUIIPOTOHOB, AJIEKTPOHOB M TO3UTPOHOB; BCE
OHH B pe3yJIbTATe AHHUTUJISIIIN TPEBPATHIIUCH ObI B JOTOHBI
u HerTpuHo. U Hac He ObL10 Obl!

3. ®ynaamenTaibHble BeKTOPHbIE 0030HbI

B Hay4HO-TIONY IsIpHOM T TEpaType pyHIaMeHTaIbHbIE (ep-
MHUOHBI TIPUHSTO PaCCMATPUBATEH Kak "kupnudu" Muposjia-
HUS (XOTSI JIUIIIb OYCHb HEMHOTHE M3 HUX OMPABIBIBAIOT 3TO
Ha3BaHue). UTo kacaetcs 4eThIpeX BEKTOPHBIX OO30HOB, TO
PO HUX OOBITHO TOBOPSIT, KAK O MEPEHOCUNKAX B3aMMO/IEH-
CTBHH, KaK O HEKOEM KJjiee, CKpeIuUistonieM kupnmdu. 1o
OTHOIIICHUIO K HEKOTOPHIM U3 HUX 3TO CPABHECHUE SBJISCTCS
BecbMa ynavyHbIM. MTak, M3BECTHBI Ha OIBITE YETHIPE
BEKTOPHBIX 0030Ha (OMATH Oe3 yueTa aHTHYACTHII): (POTOH
— v, TUIIOOH — g, HeHTpanbHbIA cnabeii 60308 — Z° u
3apsKeHHbIE c1abble 6030HBI — WT, sBidromuecs aHTH-
YACTHIAMHU JPYT O OTHOIIECHUIO K APYTY.

Jlyume Bcero mzyueHnl (oTOHBI. CBOOOAHBIE (POTOHBI
CO3[aI0T CBOOOHBIC 3UIEKTPOMATHUTHBIC MOJIS: Paano-
BOJIHBI, CBET, DEHTTCHOBCKHC JIy4d, Y-KBaHThL. Macca
(otoHa paBHa HyJr0. [ToaTOMY B Bakyyme 3Heprust poToHa
E paBHa aOcCoNIOTHOH BeIWYMHE ero mMIyibca k (ymHO-
xennoit ma ¢): E = c[k|. ®otonsr ¢ E? # ’k’ masbiBaioT
BUPTyasIbHbIMH. KyJIOHOBCKOE MOJIe B aTOMe BOAOPOJA
co3/IaeTcst BUPTyanbHbIME oTonamu ¢ —c2k? > E2. Uctou-
HUKOM (DOTOHOB SIBJISIETCSl 3JIEKTpHUYECKHU 3apsim e. U3
ONTHKA ¥  AaTOMHOM  (U3MKH MBI  3HAEM, 9YTO
e*/he = a ~ 1/137. 3nech i = h/2n, a h — kBaHT AeifcTBUs
ITinanka.) Bee a1eKTpOoMarHuTHbIE B3aUMOJEHCTBUS 00YCII0-
BJIEHBI 0OMeHOM (poToHamu. Teopusi, OMUCHIBAIOIIAS IJICKT-
POMArHUTHBIC B3aMMOJCUCTBHS, HA3BIBACTCSI KBaHTOBOM
anektpoauaamukoit (KO ).

IlepeHOCUMKaMH CHIILHOTO B3aMMOJICHCTBHSI SIBJISIFOTCS
IJIFOOHBL. VICTOYHMKAMHU TJIFOOHOB SIBJISFOTCS ClienUQHye-
CKHe, TaK Ha3biBaeMble "IBEeTOBBIE", 3apsyibl. DTH 3aps/bl
HE HMMEIOT HHMKAKOIO OTHOIUCHHS K OOBIYHOMY IIBETY H
Ha3BaHbl TaK, 4YTOOBI OBLIO YJOOHO TOBOPUTH O HHUX.
Kaxaplit u3 mectu copToB (WM, Kak ellle TPUHSATO HAa3bI-

BaTb, apOMATOB KBapKoOB: U, d, ¢, s, t, b) cymecTByeT B Tpex
IIBETOBBIX PA3HOBUAHOCTSIX: KEJITOM, CHHEH MJIX KPACHOU (K,
C, X). AHTHKBApKH HECYT COOTBETCTBYIOLINE IBETOBbIC AHTH-
3apsbl: K, C, K. BaxHo moauepkHyTh, 4TO TpH 3apsaa (K, ¢,
K) U TpH aHTU3apsaga (K, C, K) COBEpIIEHHO HE 3aBUCIT OT
apoMaToB KBapKkoB. TakuM oOpa3zom, Mbl CKa3ajd HE BCIO
npaBay, COOOLIMB, YTO KBAPKOB ILIECTb: C YYETOM AaHTHU-
KBapKOB HX JBEHAINATD, & C YYETOM IBETOBBIX 3aPsIOB —
36. Ho sro "ymecrepenue" MOXHO paccMaTpuUBaTh IS
KaX/J0ro apoMaTa Kak MIECTh Pa3JIMYHbIX COCTOSIHUN OTHOU
YACTHUIIBI.

LIBeTOBBIE COCTOSIHUSI TJIFOOHOB elie OoJiee CIIOXKHBI.
I'rooH MmeeT He OAMH, a J1Ba IIBETOBBIX MHAEKca. Jlerko
BUAECTH, YTO BCETO MMEETCS § MBETHBIX TJIFOOHOB!
3x3=8+ 1. Ogaa xOMOHUHAIHS KK + CC + KK SIBJISIETCS
"cHexXHO-0e101", He HeceT BETOBOTO 3apsaa. B oTimuune ot
¢oronoB B KDJI, KOTOpble 3JIEKTpUYECKA HEHTpaJIbHBI,
TJIFOOHBI B KBaHTOBOW xpomoauHamuke (KXJI) sBistroTcst
HOCHTEJISIMU LIBETOBBIX 3apsiIOB, 4 MOTOMY JOJDKHBI CaMU
ACITyCKATh W TOTJIOWATH TJIFOOHBI. DTO MPUBOAUT K COBEP-
IEHHO HOBOMY TOBEJCHUIO CIUIBHBIX B3aMMOJIEHCTBHI
TJIFOOHOB M KBapKoB. [Ipu mombITKax pa3BecTd UX SHEPrus
WX B3aMMOJCHUCTBHS BO3pACTAET.

B pesynbraTte cBOOOAHBIE TJIFOOHBI U KBapKH HE CyIIe-
CTBYIOT: OHH "caMo3anuparorcs” BHYTpH OECIBETHBIX aqpO-
HOB. KosimiecTBEeHHO TOJTHAS TEOPHSI TAKOTO KOH(pAHHMEHTA
TIOKa HE MOCTPOCHA, HO KAYECTBEHHO OHA IOJTBEPKIACTCS
KOMITBFOTEPHBIMHU pacyeTaMH Ha YEThIPEXMEPHBIX pPelleTKax
U TaK Ha3blBaeMbIMU TpaBuiamu cymm KX/I.

4. Berynme KOHCTAHTBI B3auUMO/ieiicTBUS

BespasMepHble  BenuuuHbl o = e’ /hic, o5 = g*/hc,
aw = gy /lic, 0z = g&/hc 9acTO HA3BIBAIOT KOHCTAHTAMU
B3aumozeiictuii. Eme B 1950-x rr. ObLJIO YCTAHOBJIEHO, YTO
BesinurHa o &~ 1/137 sBisieTcst KOHCTAHTOM JINIIB TIPH HyJIe-
BOM (MM OYeHb MajoM) KBajapaTe HMIIyihca ¢>. M3-3a
NOJISAPU3ANME BaKyyMa o PACTET C POCTOM ¢° M IIpH
GOJIBIIOM, HO KOHEYHOM ¢ 0OpalaeTcs B 6ECKOHEYHOCTD.
DTO sIBJCHHE MOJYYHIIO Ha3BaHue nosroca Jlanmay — [Tome-
paHYyKa U paccMaTPHUBAJIOCh KaK MPOSIBIEHHE HECAMOCOT JIa-
coBannoctu KOJI. IMocie cozmanus KX crajio sicHO, 4TO
os(q?) (B oTimune OT a(g?)) CTPEMUTCS K HYJIHO NIPU ¢> — 0.
DTO sIBJIECHUE MOJIYYIIO Ha3BaHME ACUMITOTHYECKOH CBO-
6oapl. AcumnToTHyeckasi cBoOOJA SIBJISIETCSI OCHOBAaHHEM
TOT0, YTO CTOJIKHOBEHHS TJIFOOHOB M KBAPKOB HAa MAaJIbIX
PACCTOSIHUSAX (IIpH GONBIHX ), TPUBOIANIIE K 06pa3oBa-
HUIO TaK Ha3bIBAEMBIX AJIPOHHBIX CTPYH, XOPOIIO OMKCHI-
BarOTCs Teopueid Bo3mylieHuit. OOGOPOTHON CTOPOHOH
ACHUMITOTHYECKON CBOOOJIbI SIBJISIETCS SIBJICHME KOH(paiH-
MEHTa: Ha OOJIbIIUX PACCTOSHMSIX I[BETOBOE NPUTSDKEHUE
CTAHOBUTCSI HEMPEOAOJUMO CHIBHBIM. C 9KCIIEPHUMEHTAb-
HOHM TOYKH 3peHus, OOJBIION HHTEpeC ISl M3YYSHHS KOH-
(aliaMeHTa MPEACTABIISAIOT MOUCKHA TaK Ha3bIBAEMBIX ""9K30-
TUYECKUX aJAPOHOB", COAEPXKAIIMX HAPSLY C TPEMS BAJIEHT-
HBIMH KBapkaMH B cjydyae OapuHOHOB HUJM KBapka H
AHTHKBAapKa B Clly4yae ME30HOB, JONOJIHUTEJbHBIC Mapbl
KBapK — aHTUKBAPK, WJIM BAJICHTHBIE TJIFOOHBI. OCOOBIN HHTE-
pec MPEeNCTaBIISIOT TaK HA3bIBAEMbIE TJIFOOOJIBI, COCTOSIIINE
TOJILKO W3 [JIFOOHOB.

ITo cpaBHeHuto c ObICTpO Oeryiiedl og, KOHCTAHTBI
c1ab0ro B3aMMOMEHCTBHS 07 W Oyw CKOpee MOJ3YT, YeM
6eryt: ot ¢ =0 10 ¢*> ~ 100 I'>B? oM BO3pacTarOT TPHU-
MepHO Ha mporneHT. OHAKO, eCIH MPOIKCTPANOIUPOBATH
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COBPEMEHHOE COCTOSAHUWE ®U3UKU 3JIEMEHTAPHBIX YACTUL]

JBUKEHUE BCEX KOHCTAHT B CTOPOHY OOINBIIMX ¢°, TO OHH
0OHApPY)XUBAIOT TEHICHIUIO K BCTPEYE B OJHOI TOUYKE MPHU
> =10 —10'® B, e o ~ aw ~ (8/3)a ~ 1/40. Dto0
JaeT HAaJEXKIy HA TO, YTO IIPH TAKHX OOJBIINX ¢> CYIIECT-
BYET €IMHAsI TEOPUs IJIEKTPOCIA00TO U CUIBHOTO B3aUMO-
nerictBus. Kak n3BecTHO, MOA0OHBIE TEOPUHU ONUCHIBAIOTCS
IPYNIIAMU CUMMETPHIA, BKJIIOYAIOIIUX B €AUHBIA MYJbTH-
IJIET W JIENTOHBI, U KBAPKU U TPEICKA3BIBAIOIINX DPACIIAT
npotona. Ilowckn HecTaOMIBHOCTH TPOTOHA OCOOEHHO
ycusieHHO Benuch Jjier 10—15 Tomy Haszaa, HO HUCKOMOTO
addekTa, K CoXKaICHUIO, HE OOHAPYKUIIH.

3aBepiias 0030p IIECTHAANATH (PYHAAMEHTAJIBHBIX
Y4acTUI], IpUBEAEM B Ta0J. 2 Macchl 4acTHll (MM BEpXHUE
TIPeJIeNTbl MAacc ISt HEUTPUHO U (POTOHA), UX BPEMEHA KU3HU
(MUY IIIAPUHBL) U TOJIBI, KOTJA 3TH YaCTHIIBI OBLIM OTKPBITHI

Ta6mua 3
SPEAR SLAC 1972—1990 |4 x4
DORIS DESY 1973-1993 |5,6 x 5,6
CESR Cornell U. 1979 - 6x06
PETRA DESY 1978—-1986 |23.4 x 234
PEP SLAC 1980—1990 |15 x 15
BEPC Tlexnn 1989 — 22 %22
VEPP-4M HUAD 1994 — 6x6
TRISTAN | KEK 1987—-1995 |32 x 32
SLC SLAC 1989 — 50 x 50
LEPI CERN 1989—-1995 |50 x 50
VEP - 2M HUSAD 1992— 0,7 x 0,7 (0,55 x 0,55)
LEPII CERN 1996—-2000 | mo 100 x 100
HERA DESY 1992— e*30 x p820

Ha OIIbITE.

Ta6mua 2

ve < 103B v, < 170 KaB V; < 24 M3B y <107 3B

1956 1962 >1975 1926

e 0,51 MaB pn 105,7 MsB t 1777 MaB g 0

2x10%¢ 3x107 B¢

1897 1937, 1947 1975 1973
u 5 MbB ¢ 1300 M»sB t 176 I'»B Z 91215B
10712 ¢ I' =215B I'=25T5B

1964 1974 1994 1983
d 10 MsB s 150 MaB b 43T15B W 80,4 13B
1072 ¢ I'=2,1T3B

1964 1964 1977 1983

3HaueHUs] MacCc KBAapKOB, MpUBEACHHbIE B TaOJ. 2, He
cllelyeT TOHUMATH CIIUINKOM OYKBAJILHO, Be/lb KBAPKH HE
CYLIECTBYIOT B BHUJIE CBOOGOJHBIX H30JIMPOBAHHBIX YACTHII.
DTH 3HAYEHMs XAPAKTEPU3YFOT MACChl KBAPKOB IJIyOOKO
BHYTpH aJpoHOB. He ciieqyeT MOHMMATBH CJIMIIKOM OyK-
BAJIbHO M BPEMEHA KU3HU KBAPKOB. ENUHCTBEHHBIN KBapK,
KOTODBIi "poXIaeTCA U yMHPAET CBOOOAHLIM" — 3TO caMblii
TSDKEJIbIA U3 KBAPKOB, t-KBapK. Ero BpeMs KM3HU TaK MaJio,
4TO OH HE YCIEBAET 3a 3TO BpeMsi 00pa30BaTh aPOHBI C
KBapKaMH, COTTPOBOKIAIOIIUMU €0 POXKICHUE.

5. Koanaiizepnl

Tsxenble KBapku C, b, t, T-JIENTOHBI, TJIHOOHBI, W- U Z-
6030HBI B OCHOBHOM OTKPBITHI U H3y4Y€HBI B IKCIIEPUMEHTAX
Ha BCTPEYHBIX MYYKAX YACTHUI. Y CKOPUTEJIbHbIC HAKOTUTEIb-
HbI€ YCTAHOBKHM CO BCTPEYHBIMH NyYKaMM HA3bIBAIOT KOJI-
snaiinepamu. B taGaune 3 npuBeneHbl 12 351eKTPOH-TIO3H-
TPOHHBIX KOJUIAMAepOB, paboTaromux (MM paboTABIINX) C
Havasa 1970-X IT., ¥ OJIMH 3JIEKTPOH-IIPOTOHHBIN KOJIIAlaep.
VxazaHbl Ha3BaHHWE KoJUIaiiiepa, UHCTUTYT, LEHTP WJIU
ropoJ, TJe OH PAaCIHOJIOXEH, ToAbl paboThl U IHEPrus
KaxxJioro u3 my4kos B ['3B.

Ha xonnaiinepe SPEAR B 1974 1. ObLIT OTKPBIT /-ME30H
— TepBBIi W3 MHOTOYUCJICHHBIX YpPOBHEW YapMOHHS,
CUCTEMBI, cocTosllel u3 ¢ u ¢. OJHOBPEMEHHO O]l Ha3Ba-
HUeM J 3Ta xe vacTuma ObLIa OTKpPBITA HAa HPOTOHHOM
yckoputelsie B bpykxeBeHe B SKCIEpUMEHTE ¢ (PUKCUpPOBaH-
HOU MUILIEHBIO.

Taxxe He Ha KoJuTaiiiepe ObLT OTKPBIT Y-ME30H, NEPBBIi
W3 MHOTOYHUCJICHHBIX YPOBHEW WUICHJIOHUS (MJIM OOTTOMO-

3*

HUSI), CUCTEMBI, COCTOsIIIeH U3 b u b. st McciaeqoBaHus
CBOHMCTB b-KBapKOB ObLIM MOCTPOCHBI e'e™ -Koyuaiaepsl ¢
my4ykamu B paiione mectu [3B.

LEP I u SLC nmocTpoeHs! 4715 Mpenn3nOHHOT 0 U3MEPEHUSI
cBoicTB Z-6030H0B. Yertnipe nerekropa LEP I 3apeructpu-
poBasm 20 MIIH. COOBITHH PE30HAHCHOTO POXICHUS U
pacnana Z-6o3onoB. Ywucio Z-6030oH0B Ha SLC Ha nBa
MOPsIIKa MEHBIIEe, HO OHHM DPOXAAIOTCS IMOJISPU30BAHHBIM
9JIEKTPOHHBIM IYYKOM, YTO MO3BOJISIET MPOBOIUTH YHUKAJIb-
HbIe U3MEPEHUsI CBOUCTB Z-0030HOB.

Komnaiinep LEP 11, paboTtaromnuii B TOM ke KOJBIIEBOM
TOHHEJIE JJIMHOHN 27 KM, B KOTOpPOM 110 3Toro pabortan LEP I,
IpeJHA3HAYEH IS U3Y4YEHMs MApPHOro poxiaeHus WTW™-
6030HOB, a TAKXe [1JIs1 MOMCKOB HOBBIX YACTHIL: CKAJIIPHOTO
6030Ha XWITCAa W TaK HA3BIBAEMBIX CYNEPCUMMETPUIHBIX
YaCTHIl, peYb O KOTOPBIX HOUIET HUXKe. 3aKIr0Yas KOMMEH-
Tapum K Tabis. 3, 3ameTuM, uTO Ha yckoputeie B Ilekune
ObLi1a ¢ HAUBBICIIIEH TOYHOCTBHIO U3MEpEHa Macca T-JIENTOHA,
a 9KCTIEPUMEHTHI IIPU CaMbIX HU3KUX dHeprusix B HoBocubup-
CKe HeOOXOIMMBI 151 MpeU3uoHHOM poBepku KD /I.

CrenuaibHO U1 U3yYeHUsI MeXaHU3MOB HapyiieHust CP-
MHBAPUAHTHOCTU HAYMHAIOT paboTaTh B 1999 r. Tpu CHIib-
HOTOYHBIX €T e~ -KoJUIaiiiepa, epevrcIICHHBIX B Ta0JI. 4.

Ta6mua 4
DA®NE Frascati 1999 0,51 x 0,51 (0,75 x 0,75)
KEKB KEK 1999 8 x 3,5
PEP I1 SLAC 1999 3,1 x9

B wrampsHCKOM KoJutaiizepe OyayT WCCIeIOBATHCS
K-Me30HBI, B SMOHCKOM M aMEPHKAHCKOM — pacIalbl
B-Me30HOB. 3ameTrnM, 4TO Ui HAOJIFOICHMS pACIaIoB
B-me30HOB B mosiete (a HE B TOKOE) CTAJIKMBAFOIIMECS

3JIEKTPOHBI W TMO3UTPOHBI JIOJKHBI HMMETh  pa3HbIC
sHepruu. IIpOTOH-aHTHNPOTOHHBIC KOJUIAMAEPHI TIPHUBE-
neHsl B Tabi. 5.

Ta6muna 5

SppS CERN 1981-1990 315 x 315
TEVATRON FNAL 1987 — 1000 x 1000

Ha eBpomneiickoM xosutaiinepe B 1983 1. ObLIM OTKPBITHI
W- 1 Z-6030Hb! (I€pBBIC MyOJUKALUN COAECPHKAIN MEHbIIIE
JecsiTka coObITUH). DTOT KoJutahmep ObLI CrHeluaibHO
caenaH Ha 0a3e yXe CyIIeCTBOBABILETO MPOTOHHOTO YCKOPH-
tenst SpS s oTkpeiTus W- 1 Z-0030HOB, MacChl KOTOPBIX
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ObLIM TIpe/ICKa3aHbl TEOPHEU 3JIEKTPOCIa00ro B3aMMO/ICH-
CTBHUsI, KOTOPAsl C TeX MOp moJryyria snuteT CTaHgapTHAS.
Ha amepukanckoM kosutaitiepe B 1994 1. ObLT OTKPHIT t-
KBapK.

CyIIeCTBEHHO MEHEee CUACTIIMBBIMU OKa3aJIMCh MPOTOH-
MPOTOHHBIE KoJLIai1epbl. CaMblit O0JIbIIION U3 HUX C JJTMHOU
KoJbla cBbiie 80 KM M 3HEpPruedl Kaxjaoro U3 MPOTOHOB
20000 I'sB=20 T3B nHocun HazBanne SSC — cBepXmpoBoO-
Iamwid cynepkosutaiinep. Ilociae Toro, xak Ha ero CTpou-
TeJabCTBO Hepasneko oT [ammaca (Texac) ObLio 3aTpaueHO
okoJio 3 muipa nosutapos, Konrpecc CIIA B 1993 1. npunsin
pelleHre O TOM, YTO MAlllMHA CTPOUTHCS He Oy/eT.

B CaepxmpoBoasieM YCKOPUTEIbHO-HAKOIMHUTEIEHOM
xomiuiekce YHK B UPBD (ITpoTBuno, BOIU3M CepriyxoBa)
SHEPruu BCTPEYHBIX IPOTOHOB MPEIyCMATPHUBAJIUCH PaB-
vbeivu 3 ToB. KosbeBoi#t ToHHenb AIMHOU CBBImIE 20 KM
OBbLT IPOPBIT, HO OTCYTCTBUE (PUHAHCUPOBAHUSI IPEPBAJIO
ajbHEeHIIIee CTPOUTEIBCTBO.

Ectb ocnoBanmst Hamearbcs, yto LHC — Ooabmioi
anpouHelii koyutaiiep B CERNe ¢ sHeprueit mpoToHOB
7 T»3B, CTPOUTENBCTBO KOTOPOTO [IOJDKHO HAYAaTHCS B
TOHHeJe, re ceiiuac padoraer LEP II, Oyaer 3akoH4eH k
HaMEUeHHOMY cpoky, B 2005 r. B crpourensctee LHC
y4acTBYIOT He Toabko cTpaHbl — wieHbl CERN, HO m
mHorue apyrue, B yactaoctu CIIA, Poccnst, SAnonust.

Ha cymecrtBeHHO Oojiee paHHeW cTaguM HaXOOSATCS
IJIAHBI CTPOUTENILCTBA JIMHEHHBIX 3JIEKTPOH-TIO3UTPOHHBIX
KOJUIaiIepOB, KOTOPBIE MOTJIU ObI BCTYNUTh B CTPOU MOCIIE
2010 1. 3aech peub uaeT o auanaszone snepruit ot 250 I'3B o
1000 I'sB B myuxke. I1penes sHepruu 3agaeTcs JIMIIb TJIXHON
TaKoro KoJulaiinepa. B oTiimume OT KOJBIEBBIX JIEKTPOH-
MO3UTPOHHBIX MAIIMH CHHXPOTPOHHOE WU3JIyuY€HHE 3J/1eCh
HECYIIIECTBEHHO.

[ToucTHe MUHUATIOPHBIMH IO CPABHEHUIO C JIEKTPOH-
MO3UTPOHHBIMU KOJUIAMepaMu BBITJIsIEH Obl WL~ -KOJI-
Jaiinepel, obcyxkmaeMmble ¢ Havajia 1960-x rr. OcHOBHas
TPYOHOCTh 3[IeCh — MaJjloe BpeMsl XHU3HH MIOOHA (IBe
MHKPOCEKYH/IBI), HO MIOOH ¢ 3Heprueii 1 T>B xusert 20 mc u
cniocoOeH nposeratsh 6000 kM.

6. 3auem HyKHBI emie 0OJIbIINE KOJLIAlAEPHI?

IIpexae BCero oHM HYXXHBI IJIS MTOMCKOB YAaCTHUI, KOTOpHIE
HEOOXOAMMBI TEOPETUKAM JJISI CAMOCOIJIACOBAHHOT'O OIHCA-
HUs npupojbl. B ocHoBe Tak HaspiBaemon CraHaapTHOU
MOJEJIH JISKHUT JIOKaJdbHAas (KaJuOpOBOYHAS) CUMMETPHS,
omuceBaemast rpymmoit SU(3), x SU(2)y, x U(1)y. 3mecs
SU(3), — cHMMeTpHs CHUIHOTO IBETOBOTO B3aMMOJIEH-
cTBUS KBapkoB W rurooHoB. SU(2)y, x U(l)y omnmceiBaet
3JIEKTPOCIab0e B3auMoeiicTBIe. B HEeHApYIIICHHON CUMMeET-
puu Bce GepMHOHBI U BEKTOPHBIE KaJIMOPOBOYHBIE OO30HBI
06e3MaccoBbl. B pe3ysnbTaTe CHOHTAHHOTO HAPYIIEHWUS CHM-
merpun SU(2)y, x U(1)y meiirpanbubie 6030u1 WO u B
cMermmBaroTcsi. OTHA UX CYIEpIIO3UIAs ONUCHIBAET Oe3Mac-
COBBIl (DOTOH, OTBEYArOLINHi HEHAPYIICHHON KaJInOpOBOY-
HOW UWHBApPUAHTHOCTU D3JIEKTPOAUHAMUKU, OTKPBLITHIA
B.A. ®okom B 1926 r. [pyrasi cynepno3ulius OMUCHIBACT
maccusHblil Z°-6030H. IToay4aroT Macchl B pe3yibTaTe
CHOHTAHHOTO HAPYIIEHHS CHMMETPUU U 3apshkeHHbIE WE-
6030HBL.

BesmaccoBble (hepMHOHBI B KaXIOM IOKOJICHUH OOpa-
3YIOT HM30TONMHYECKHE TyOJeThl, €CIM OHHU JeBble (CIuH
HAMpaBJIeH NPOTUB UMITYJIbCA), U — CHHIJIETBI, €CITU OHHU
TpaBble (CIIUH — IO UMITYJIbCy). (BriepBble j1eBble HEUTPUHO

U TpaBble AHTHHEHTPUHO OBLIM paccMOTpeHbl Jlanmay B
1956 r.) Takum obpazom, 100 %-HOe HapylIeHHEe 3epKalib-
HOU cummMmeTpuu P u 3apsaoBoit cummerpun C 3aJI0KEHO B
OCHOBBI Teopuu "pykamu".

®depMHOHBL, Tak ke Kak Z- 1 W-0030HbI, IPHOOPETAIOT
Macchl B CTAHJAAPTHON MOJIENIM MYTEM CIOHTAHHOTO HAapy-
menust SU(2)y, x U(l)y cuMmeTpun, KOTOpOE OCYIIECT-
BJISIETCSI MeXaHU3MOM Xurrca. Mexanusm Xurrca B KBaHTO-
BOH TEOPUH TOJISI — 3TO PEJISITUBUCTCKASI BEPCHSI MEXaHI3MA
I'un30ypra—Jlangay B CBEpXIPOBOJHUKAX. DJIEKTPUUECKU
HEHTpaJbHOE XUITCOBO TOJie 00pa3yeT HEHYJIEBOEe BAKYyM-
Hoe cpennee — "BakyyMHbBIN KoHIeHCaT" — BO Beeil Beesen-
Hoi. KBaHTBI 3TOro moJist — 4acTULbl CO COMHOM § = 0 —
6030HBI XWTTCA, WU MTOMPOCTY XUTTCHI. MacChl BCEX YaCTHUI]
B MOJICJIN PABHBI m = fi, T/Ie m — Macca TaHHOM YaCTHUIIbL, |
— KOHCTaHTa CBSI3M YACTHIBI C XMITCOBBIM TOJIEM, & 1] —
BeJIMYMHA KOHAEHcaTa. TeopeTHdeckux NpencKasaHui JuIs
KOHCTAHT f'y Hac HET, HO BEJIMUMHY # MBI 3HA€M C BBICOKOM
TOYHOCTBIO:

n = (V2Gg)™"/* =246 TB.

(Bnecb Gg — wW3BecTHAsl KOHCTAHTa CJ1aboOro deThipexdep-
MHOHHOTO B3aUMOJIEHCTBUS. )

Hau6GoJiee ecTecTBEHHYIO BEJIMUMHY B MacIITabe 1§ UMeeT
macca t-kBapka: et orBevaet f ~ 1. Ho uepapxusi pepmMuon-
HBIX Macc (KOHCTAHT CBsI3M f) ocTaeTcsi HemoHsTHOW. Oco-
OGEHHO 3araI0YHO BBIIVISAUT MAJIOCTh MacC HEUTPUHO.

Maccbt W- u Z-0030HOB ObLIM TIpe/ICKa3aHbl HA OCHOBE
CranmapTHO# Momenn. Macca t-kBapka Obljia ImpeackazaHa
Ha OCHOBE TEOPETHUYECKOTO aHAIN3a MIPEIIM3NOHHBIX JAHHBIX
0 U3MEPEHUIO IJIEKTPOCIA0bIX PAJMANMOHHBIX MTOMPABOK B
pacnanax Z-6o30HoB (20 MuH coObiTuit!). Macca xurrca
MPEJCKA3bIBAETCSl CYILIECTBEHHO MEHee HAJEeXHO, TaK Kak
paauanoHHbIe TIONPABKU 3aBUCAT OT Hee ropasnuo ciadee,
YeM OT Macchl t-kBapka. IIpocreiiime BapwaHTBI Cylep-
CHUMMETPUYHBIX MOJEJIe MpPeICKa3bIBAIOT, YTO BEPXHHI
npenen s Maccel xurrca — 130 I'3B. Cxembl Besmkoro
00beAMHEHUSI CUIILHOTO U 3JIEKTPOCIA00r0 B3aMMOACHCTBIS
Mpe/ICKa3bIBAIOT B KauecTBe BepxHero npesena 200 3B (npu
9TOM HCHOJIB3YIOTCSl YPaBHEHUS PEHOPMAIMA3AIMOHHON
rpynmsl). BOJIBIIMHCTBO  TEOPETUKOB  OXHUAAKOT, UYTO
myg < my < 2myz. Ecim my < 2my, TO OCHOBHBIM pacmaj-
HBIM CUTHAJIOM POXKJCHUS XUITca OyAeT ero pacnaj Ha IBa Y-
KBaHTa. DTO OYEHb DPEAKHH pacmal, HO ApYTue pacrajibl
ouYeHb TPyAHO BoLIeauTh U3 (poHa. Ha LEP II xurrc uinyt B
peaxmmuu ete~ — Z°h. Ecnm xurrc He HaimyT Ha LEP II, TO
Haiinyt Ha LHC. BapuanTbl, B KOTOPBIX XHUITC OYE€Hb
TSDKEJIBIN, KAKYTCS OUCHb HEMPUBJICKATEILHBIMU C TEOPETH-
yeckoil Touku 3penust. Ecim my, > 800 I'3B, To B xurrcosom
cektope nosroc Jlannay—Ilomepanuyka mepemerniaercs B
(usmuecku HAOJTIOaeMY 0 00J1aCTh.

IMowncku xurrca — 3agava Ne | GU3MKH BRICOKHAX SHEPTHIA.
ITociie TorO, Kak XUrrc OyJIeT OTKPHIT, HaJO OYIET BBISC-
HUTb, OJTAH OH UJIK UX HECKOJIbKO. ECITM XMITCOB HECKOJIBKO,
noTpedyeTcsl AETalIbHO BBISICHUTL CBOMCTBA XUITCOBOIO
CEKTOPa TEOPUH.

3amaua Ne 2 GpU3MKH BHICOKUX JHEPTUIl — IMOUCKH CyIep-
cummetpun (SUSY). Ectb Tpu ocHOBaHHS [JIi BEphl B
cymectBoBanue SUSY:

1. Cokpalenue KBaApaTUYHBIX PACXOJUMOCTEN B XUIT-
COBOM CEKTOpE, KOTOpbIe YIPOXKAIOT NPEBPATUTH HIKATY
®epmu (~ 10 I'3B) B mkamy ITnarska (~ 10" I'sB, mosicHe-
HUS CM. HIXE).
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2. O0beIMHEHNE BCEX B3AUMO/ICHCTBUM, BKJIFOUYAsl TPABU-
Tanuro (CM. HIXKeE).

3. Maremartnueckas npusiekateabHocTb SUSY.

HMeeTcss JIETHOH CyNMEepCUMMETPUYHBIX Teopuit. [Ipo-
creiimas w3 HuX — N =1 SUSY. B Helt y xaxgoit us
"Hammx" YacTHUI[ €CTh OJUH HAPTHED, OTJIUYAIOLIMIACS JIUIIb
3HaueHueM crnuHa (B HeHapymienHod SUSY) u maccel (B
HapymenHoit SUSY, a mbl 3HaeMm, yto B npupoae SUSY
HapymeHa!). BoT kpaTkuii nepeyeHb CynepCHMMETPHIHBIX
nap:

. ®oroH, s = 1 — poTuHO, 5 = 1/2.

. I'irooH, s = 1 — rmrouno, s = 1/2.
.Z-6030H, s = 1 —3uHO, s = 1 /2.

. Xurrc, s = 0 — xurrcuHo, s = 1/2.

. Heiitpuno, s = 1/2 — cHefirpuno, s = 0.
. W-6030H, s = 1 — BuHO, s = 1/2.

. Jlenrousl, s = 1/2 — cienrownsl, s = 0.

. KBapku, s = 1/2 — ckBapku, s = 0.

Cymnepuactunpl 3 — 5 4acTO HA3bIBAIOT HEUTPATIMHO, & 6 —
8 —wapmxuHo. Camas Jierkas U3 CynepuacTHIl T0JDKHA OBIT
CTaOMIIbHA, €CITM COXPAHSETCS TaK Ha3blBaeMasi R-4eTHOCTD.
Takue cTaOuJIBHBIC YACTHI[BI MOTYT COCTABJISTH OCHOBHYIO
KOMIIOHEHTY TaK Ha3biBaeMo#l "TemHol Matepuu', cocra-
Bisirornieit ot 90 % 1o 99 % Beeit maccsl Beenennoit. IToucku
"TeMHOI MaTepun" BeIyTCS Kak Ha 3eMJle, B HU3KO(POHOBBIX
JIabopaTopHsiX, TaK U ACTPOHOMHYECKHNMHU MeTodaMu (1o
MOWCKAM T'PaBUTANMOHHBIX JHMH3). CynepyacTUIbl MOTYT
obITh OTKpBITHI HAa LEP II, TEVATRONe u LHC.

Ectp eme onHa dvacTuia, B CYHIECTBOBAHMM KOTOPOU
aBCOJIFOTHO YBEPEHBI TEOPETHKH W KOTOPYIO HHUKOTAA HE
CMOTYT OOHAPYXHUTH IKCIEPUMEHTATOPBL. DTO TPABUTOH —
HeUTpabHAs Oe3MaccoBasi YacTHUIA CO CITMHOM § = 2, KBaHT
TPaBUTAIMOHHOTO MOJIsA. [ paBUTAIIMOHHbBIC AaHTEHHBI BCKOPE
CMOTYT JETEeKTHPOBAThb T'PABUTALMOHHBIC BOJIHBL, HO OT-
JleJIbHBbIC KBAHTBI 3THX BOJIH B3AaUMO/ICHCTBYIOT JOCTATOYHO
CHIJILHO JIUTIB MPU (PaHTACTUIECKHX, TAK HA3bIBAEMbIX TLIAH-
KOBCKHUX JHEPI'HsIX B CHCTEME IIEHTPA Macc:
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Current status of elementary particle physics

L.B. Okun

KBanrtoBasi Teopusi rpaBUTAlUM IOKa HE HMOCTpoeHa. B
TEOPUHU CYNEPrpaBUTALUN HAPSIY C TPABUTOHOM HMMEETCS
rpaBUTUHO (5 = 3/2).

PaboThl, TOCBSIIEHHBIE YACTUIIAM, KOTOpBIE yXe
OTKPBITHI WIH OYAYT OTKPBITHI B 0003pUMOM OyIIyIem,
noJiyuniid Haszsanue "peHomenosiorndeckux". PaGoTsl, mo-
CBSILICHHBIE YACTUIIAM, KOTOPbIE HUKOT'1a HE OYIyT OTKPBITHI
HA OIbITE, MOJIyYMIM Ha3BaHue "Teoperuueckux". Dtu
paboTBI MUCXOMST W3 TOTO, YTO KBAHTOBAS TEOPHS IO
BooOmie m CrangaptHass Mojeib B YaCTHOCTH SIBJISTFOTCS
3pPekTUBHBIMU (HEHOMEHOJIOTHISCKUMU TeopusiMu. A (yH-
JIAMEHTAJILHON SIBJISIETCS TEOPHUSl HE TOYEYHBIX 4YacTull, a
CTPYH pa3MepoM mnopsika fi/mpe ~ 1073 cm. DTu cTpyHBI
JIBUXKYTCSI B MHOTOMEPHBIX TPOCTPAHCTBAX U OOJIAIAIOT
6030H-(epMUOHHO CHMMETPHEH, T.€. SIBIISTFOTCS CYyIIEPCTPY-
Hamu. CynepcTpyHbl HPHUCOCTUHEHBI K MHOTOMEPHBIM
cynepmeMOpanam. ITocieqHUM AOCTHXEHUEM B 3TOI 06J1a-
CTH SIBJISICTCS MJiesl O CYIIECTBOBAHUU BceoOBemJTrolied M-
Teopun. PaznmyuHble BapMaHTBI CYNEPCTPYHHBIX MOJEJNEH,
MPEJIJIOKEHHBIE paHee, IOJYYAroTCs PA3JIOKEHHEM B PSIIT
TEOPUU BO3MYIICHUHA B Pa3JIMYHBIX TOYKAX MPOCTPAHCTBA
napamMeTpoB Oyayuieit M-teopun.

CMOTYT JIM TEOPETUKU YUCTHIM YCUJIMEM MBICJIM CO31aTh
eMHYI0 TEOPHUIO, B KOTOPOI Bce HAOMIOAaeMble HA OMBITE
MAcchl, YTJIbI CMEIMBAHNS U KOHCTAHTHI CBSI3M ObLIH ObI He
CBOOOJIHBIMH TIapaMeTpaMHu, a (PUKCUPOBAIHCH TpeboBa-
HUEM CaMOCOTJIacoBaHHOCTH Teopuu? S mymaro, 4to 06e3
MIOMOIIM 3KCIEPUMEHTATOPOB HE CMOTYT. B mepByro oue-
penb, HEOOXOIUMO H3YYUTh CBOMCTBA XUITCOB M CYyIEp-
YacTHUI[ B MHTepBaJie Macc 10 u nopsiaka 1 TaB. Heobxo-
IIMO BBISICHUTH MeXaHu3Mm Hapyirennss CP-mHBapmnaHTHO-
cti. Heo0X0IMMO NMOHSITh, KaK YCTPOSH HEHTPUHHBINA CEKTOP
(Macchl, yriibl cMemmBaHnus, ¢asbl). Bce 3T0 MOXeT co3aath
CTApTOBYIO TUIOIMIAAKY JUIs KcTpamonsnuu ot 103 I'sB 1o
10'° I'B. U emme Heob6XoauMa yaada!
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A brief review is given of the state-of-the-art in elementary particle physics based on the talk of the same title given on January 22, 1998,
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