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0 CHCTEMATHKE 2JIEMEHTAPHBIX YACTHIT

B nacrosiiee BpeMsi YMCJIO H3BECTHBIX 3JieMeHTAPHEIX
YaCTHI[ CHIALHO YBeJuuujock, [losiBnjach TeHjieHIHST CH-
CTEMATH3MPOBATL 3TH UACTHLBI 110 KAKHUM-JHO0 [pU3HAKaM.

HecmoTpst Ha To, uTO BCE 3TH IONBITKH €Lle OYeHb
(hopMasbHBl I I0BOJBIO Oejlibl KOHKPETHBIM COJepIKaHIeM,
OHH HECOMHEHHO HMEIOT 3HAUHTENBHYIO 3BPHCTHUECKYIO
uenmocTh., Ho, KoHeuHo, camoe [JIABHOE 3aKJIOUaeTCs
B TOM, UTO 3Tl TOTBITKH MOTYT COJE€pKaTh B IPHHILKIE
CYUIECTBEHHBIE UEPTHl SVAVILE TOCAeL0oBATEILHOH TEOpHH
3JeMEeHTAPHEIX UacTHIL.

Bosppamasce & Haweld OJoJjee Y3KOIl Teme, MOYXKHO
CKa3aTb, UTO B HACTOsIee BpeMs Haudojee IIHPOKO 00-
CysKJaeTcsi CHCTEMATHKA THIIEPOHOB H Da3/HUYHBIX ME30HOB
B TOM BHJe, B KOTOPOM OHAa Halljla CBOe BHIparKeHue
B goxkaage M. lenn-Mauna [1] una Tlnsanckoil koHpepen-
HH TI0 3JeMEeHTAPHBLIM yacTHuaMm (Hionb 1955 r.).

Boawiuoii uHTepec mnpejcTaBasier M HEKOTOPAs MOj{H-
(Gukauus 3T0fl CcHCTeMAaTHKH, NPEAJOoKeHHas  IeJaBHo
Canamom u TMonxnuxopuom [2]. Hajgo sameruTh, uto cH-
CTEMATHKA YACTHI[, O KOTOpOil MJET peyb, SIBHJACH B pe-
3yJbTaTe JUIHHHOTC. Psja MOHCKOB H TOIBITOK, Cpefi
KOTOPBIX CYULECTBEHHYIO POJB CRITPAfi H3BeCTHbe PadoThl
A, Tleiica [3].
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[o lens-Mauny, 3apsajoBoe yucao @ /e uyactuuwl s
KOMITOHEHTa 3apf/I0BOTO MYJLTHILIETA JAeTCs B BHJE

Q 5
?:[:+IL,1/2—S/2, (])
rhe /;— caaraowas H30TOMHYECKOIO CUHHA, 7 — YICI0
HACTHIL MHHYC YHCJIO aHTHYaCTHI| (HYK/JOHOB, FHIIEPOHOB).

Hyxnonay, runeponam, Mesomam (Gozonan) mpHICL-

BaeTcsd ocodoe «CTPAHHOE» KBAUTOBOE UICJ0 S; AL TIPO-

ToHoB (N7), meiitponos () u ==-yesono S = 0; s AC,

L, S=—1; paa 6°, 0, §=--1; ara Kackapuoro Tu-
mepona E7, E° §S=—2  Jlum auruvactdu S Memser
3HaK.

N, A°, B, Z-(bepruONBl, CYUIECTBVIOT AHTHYACTHILbI

N, A° B E; (® uw 60=0* cunraiorcs ANTHYACTIILAMH
vactry 0° 1 07, S coxpausiercsi IpH CHABHBIX H 3JeKTPO-
MATHHTHBIX B3aHMOJEHCTBHAX M He COXpAlseTcsi npH B3a-
HMOJeHCTBHAX caalbix (A°— N7 - =), Jlus uaMmenenns
uncaa S ycTaHaBJHBaeTCs npasmao AS = o4 1.

Coxpanene uwicaa S npH CHABUBIX U MEKTPOMATHUT-
HBIX B3AHMOJEHCTBHAX TNPHBOHT:

1) x oTHOCHTEMLHON CTAGUJBHOCTH TIHIEPOHOB H Ts-
AEJBIX ME30HOB;

> [y

2) UPH CHJIBHBIX B3ALIMO,EIICTBHSIX rinepousl ofpa-
SYIOTCS1 B nmape ¢ wacruuell, odaajatomeii S, pasubiM Tio
BeJHUHHe S THIePOHA, HO MPOTHBOMOJOMKILIM TI0 3HAKY.

Hume namu jgenaercs nombitka pPa3BHTL HEKOTOpBIE
NIPEICTABJICHHST O THIEPOHAX, KAK BO30OYIKIEHHBIX COCTOSI-
IHAX HYKJIOHOB [4]. B pamkax stux npefcraBieHuii ue
TOJALKO HATJISAHO HHTEPHIPETHPYIOTCH BCE CYUIECTBEHHBIE
cBoiicTBa  cxempl Teab-Manma, no u jaercs PSIl HOBBIX
‘PUSHUCCKHX TpeCKA3aHIIl, HMEIOULIX IKCTIEPUMEHTABHBI
nirepec. B mocaejyiomee mamnoerie, CMOTDPST 0 Hayu-
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HOMY BKYCY, MOXKHO JIHOO BKJA;blBATL JaJeKo Hjyiiee
cojepxaniie KOHKPETHBIX (PHU3HUECKHX MpeJcTaBJeHNi,
JHGO BHJETh TNOKa JHIUL VJAYHO HAllJIeHHYIO TIONE3HYIO
anreGpy ¢usHuecknx peaxkmuii, $lcHocTb B 3TOT BOMpOC
MOTYT BHECTH JaJjblElillHe 3KCIEePHMEHTDI,

a) Mel npepnomaraem, uro uyxJjonst (N¥, N) moryr
HAXOAHTHCSL B BO3OVIKICHIIBIX COCTOANUSIN:

Nz Ny Negonsy N, (2)

Haunusmee cocrosme N, | N, COOTBETCTBVET NMPOTOHY
H HeiiTpony,

[Teppoe Bo3dy:xjennoe cocrosune (N,) COOTBETCTBYET
A I¥, B nawux obosmauennsx N,, Ni; Bropoe —

E]
(]

KacKkajHOMY THOepoHy Z=° Z7, B Haluix o003HaYeHHSX
N, u NI,

B npununne Boamoxken nykgaon S-ro Bosdymkaenust N,
Jromy  pAjAY  (JePMIOHOB COOTBETCTBYET Psj aHTHYACTHIL

J’\'rkn; 1‘\]_1; .f\."__g; A, 5 x'\'r_s. (3)

B) Mbl npeimosaraes, uto HYKJAOHB BO BCEX BO30YXK-
JEHHBIX COCTOSTHUSIN B3AHMOJEIICTBYIOT CO BCEMH IPYTHMH
MOJISIMIL TAK JKe, KaK IPOTOHLI H HEHTPOHBI, D10 yTBEPK-
Aelue OTHOCHTCSl K TeM B3aHMOelICTBHAM, TMPH KOTOPBIX
ypoBelib BO30YIKACHHA S He MeHsercs.

Haw Obl ne xoremoch 1a coppemMeniofl cTajui HOHH-
MaHHSL BOTPOCA CIJIBHO KOHKPETH3HPOBATbL COJAEepIKallie
NOHSITHST BO3OYIK/ICUHOIO COCTOSTHHST HYKJAOHA.

¢) Mwo npepnofoxum, uro mepexoibl MeNy BO3-
OYXKJEHHBIMil ~ COCTOSIHHSIMH  CHJLHO — 3ampelleHbl,  YTO
[PAKTHUECKH € MAaJoii Bepomzmmblo BO3MOJKHBI JIHIII
nepexojnl

AS" = -1, (4)



Jnst MetojMueckux meneli MOMKHO npeacTaBisTh cede
(pYHKLHIO HYKJIOHA Kag IIPOH3BejeHHe OOBIYHON BOJHOBON
(Gyuxkuun ypasuennst Jupaka o (x) na HEKOTOPYIO (DYHK-
WHIO 7, (ry¢), KOTOPAs MOKET XapaKTepH3OBATL PAa3JHUHbIE
JOOYCTHMble BO3OYIKAEHHbIE BHYTPEHHHE COCTOSIHHS HYKJIO-
HOB (5 — HEKOTODOE «BHYTPEHiee» UeTBIPeXMEepPHoe MpocT-
PamCTBO MacTHUBI, Fo— 3(PPEKTHBHBIE pa3Mephl YaCTHIbI),
B nacrosmee Bpemst mHMeeTcss Mioro pagot, B KOTOpPbIX
00CY7KNAIOTCS YPABHEHHSI C BHYTPEHHHMH CTENEHSIMH CBO-
Gofbl Aqst szemenTtapupix uactii. Ho Taxk Kak sta oGaacTs
NOKd elle He HAXOJUTCS 10 pAAY NPHYHH B Y/IOBJETBO-
PHTENLHOM COCTOSINHH, MLl He OyJeM CBS3bIBAaTh cels
KAKOH-THOO KOHKPeTHOIl  MaTeMaTHueckoil MoOJIe/bio, Mo-
CKOJIBKY MBI IOKa Ile CTaBHM Tepe] co0oiH KOJHYeCTReH-
HBIX 3ajau ™. Jas nac Momer ObiTh BaxHO OJHO ofulee
CBOICTBO TIOJOGHEIX COCTOSIHHII, a WMEHHO: MATPHYHBII
BJIEMEHT IIePeXofla U3 OH0r0 COCTOSIHHSI HYKJOHA B JPY-
roe BO30OY/JENHOE COCTOSIHHE, MPOUCXOASLLErO [0 BJHS-
HHeM J000ro BHEIIHero Mojs, s IMIHPOKOro KJacca
00CyKJaeMBIX (DYHKUHII BHYTPEUNHX COCTOSTHHEI MOIKET
COJIEPKATh XaPAaKTEPHVIO BEJHUHHY

(3.

rjle r,-- pa3Mepbl HYKJOHA, A — QJIHHA BOJIHBI TOCO H3JY -
UHHS, TOZ BJHAIHEM KOTOPOro cosepliaercs nepexof [5];
CTENeHL . TeM OoJblle, ueM OoJblue pPasHOCTh YHCcea S
n S’ XapakTepH3YIOIHX HauaJbHOe H KOHEeUHOe COCTOSi-
HHS HYKJOHA,

# JLiist METOJHUECKHX M H.MIOCTPATHBHBIX HeJei yaofua ocunji-
JATOPHAS MOJedb, NpelJoxeHHas aBTopom [5].
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¢') Manoctn r, ofecrneunBaer OTHOCHTENBHYIO CTAGHJIL-
HOCTb BO30YJKAEHHLIX COCTOSIHIII HYKJOHOB, T. €. THIle-
POHOB,

B uwacruocrH, BRIGOPOM Maloro r, MOMKHO MOJYYHTb
HabmogaeMoe Bpemst KH3HNH  A°-UaCTHUBl KAk  NEPBOro
BO30OYKJIEHHOrO cocTosIHMST HykJoua [5], Baarogapst ma-
JOCTH Fry, TEePexojbl IPAKTHUECKH BO3MOXKHEI TOJLKO MeK-
AV COCEJHHMH YPOBHMIMH

AS=+1,

MajiocTb 1y NPHBOJAHT K Masoil BEpPOSITHOCTH BO30Y K-
AEHHST BBICIUHX COCTOSINHII HYKJOHA, HANPHMEP =-Me3OH-
HBIM TIOJIEM, T. €. J[leJ1aeT MAJIOBEPOSTHBIM  OJHHOYHO
poXjeHHe THIEPOHOBR ™ BINIOTH [0 BOJIHOBBIX uHCeNd &
nojiaiouiero Mesouna nopsiika 1/r, *#. O6parno, mMaJjocts r,
00eCreuHBaeT OTHOCHTENBLHYIO CTa0HJBHOCTL THMEpona,
T. €. o0ecneynBaeT OTHOCHTEJbHOE COXPAHEHHE YHCJa
S — nomepa Bo3GY:kenns runepona, Ilo npeanosoxentio
B), BCE KBAHTOBLIC TePeXojbl (63 H3MeHeHHS uucaa S e
3aBHCHT OT MAaJIOCTH r,/ & *%%,

Takum o0pasom, mepexoj IHIEPOHA M3 COCTOSTHUS Uy
C OTPHLATEJBHOH 3Hepruell B COCTOSIHHE TNOJOMKHTEJBHOMN
9HEPTHU He 3aNpellaeTcs MaJocTelo ry/k [4]. Chenosa-
TeJIBHO, peaxuusi, NPHBOASALLASI K DOKAEHHIO Mapbl IHIe-
POH — AHTHTHNEPOL B 3TOM CMBicae paspeuiena. Hanpu-
Mep,

® N = N NE, 4 N, (6)

* B TOM uMCae, KOHCUHO, ¥ pPOKACUIC HICPOHA B nape ¢
T-ME30HOM,

Ocunanaropuas MOLEIL HYKJOHHEX —BO3GYMAeHuii gaet
o~ 1071 ex, 1. e, smeprun mesonon F~o 10 3p.

e )
*%% Bo BefikoM cayuae ans 5 <1



3neck N, oosnayaer HeHTpanbHbIl ruuepod S-ro BO30V 7~
JIeHHST, Ni’s — aHTHIpoTon S-ro BO30Y K eHH I,

[lonoGuast peakimst Paspelena u B cucteMatike Ietb-
Manna. Hanpuwvep,

S e (7)

'
At

o ST+
TaK KaK | HMeeT «CTpaHHOE» WUHCJO, paBHOe 1, a D
HMEET «CTpaHHOE» uNCJ0, paBloe — |.
3HAYENH X

o B namux oto-

=T N = NN N (8)

T. €. C TOUKH 3peHHs Npejaaraevoil Hami CXeMBbl «CTpaH-
Hoe» uHeao S ecTh HOMep B030y

K/JEHHOTO CCCTOSTHHUSA HVK-
JioHa,

d) HNasee, namu 6p110 npegnogoxeo [4],
H aHTHHYKJOHBI

NpHMep,

UTO HYKJIOHB!
MOLYT OOLEIHHATHCA B Gozonsl ¥, Ha-

a

= =m= (N7 + N—lo)Q o, —1 = (Vg + Nil) =0°
T, —s = (Ny -- N_). : (9)

10 npeanosoNente MOX{HO HOHHMMAaTh TPHBHAJBHO: 4a-
CTHUA H aHTHYAaCTHIA MOryT, AHHHTHJIHPOBAB, POKAAThH
T-ME3OHBl H Apyrue Go3oHbl. B Taxom BHjle 3TO NpejnoJo-
HEHIE OUeHb BEPOSITHO I JOCTATOYHO JUISI MHOTHX jlafib-
HeHIWHX caencteui, Ho HIaM TeM He MeHee XOTeaoch Gl
TNIOHHMATb  BO3MOXHOCTB  YKA3AHHEIX peakuHii B cMmbicge
H3BECTHOI oGoblennoll ujen Depau — Slura [7], T. e. mo-
HHMAaTb 3TH CHCTEMb! Kax PE3YJILTAT CHJLHOIO KOHTAKTHOLO

B3aHMO/IEHICTBHS peabiblx HACTHIL H aHTHYACTHI, NPHBO-
AALIETO K GOblLOMY HedexTy mace.

* MNonoGuas nacs Gua BLICKA3

13ana Taxme M. Jlesn n P, Map-
makoM [G]. : :
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Bo BCAKOM CJyude KeJaTespHo HMEeTb B BHY 3TY
PHTIOTE3y MNpH aJbHefmHX O0CCYXKJeHUsAX, Tak Kak oHa
pejieT K PAAY CJAEACTBHII, JOCTYIHBIX, KAaK Mbl YBHHM,
aKCHepHMeHTaALHOI [1POBEpPKE,

CyIecTBEHHO OTMETHTD, YTO €CJH FHNEePOHy, T. €. BO3-
OyKIEHHOMY HYKJOHY, NPHIHCHIBAeTCS YHCAO S, a aHTH-
rumepony uicao — S (MM HaoOOPOT), TO TeM CaMblM MO
d) ompejensieTcs «CTPAHHOE» UHCJIO S aaa GosoHa wy g
OHO COBMAJACT CO ¢CTPAHHBIM» UHCJOM  BO30OVIKAEHHOTO
aNTHTHTIEpOHA, T. €, OHO paBlo — S.

Hanpiyep, peakuns

—_ P

w4+ Ny — Ny -+ N5+ Ny (10)
l I
v 4+ A°
paspewena i B cMbicae [eab-Manna, Tak Kaxk «CTpaHHbIEY
gpeaa S gas 07w A° paBHB nO BennyHHE M TPOTHBO-
TIOJIOWHBL [0 3HAKY.
[peanoqoxeitnst a), b), c¢), d) jaOT BO3MOKHOCTDL
CTPOUTL NPOCTYID H Ouelib YjoGHYlo anreGpy peakiuii.
Jlerko BHjeTb, HanpHMEp, UTO Peaxius
Ny + No— N, + Ay (1)
! J
SRTER
sampeliena *, 1O paspellela peakiiis
No+ No— Ny + No+ Ny + M+ Ny + Ny~
—_ (“‘\Il) —T Afl) *{* (!\In '%“ J\" ) + J’I\/Tl *1’ j\'l
|

G +- 0 4+ A"+

* QOnpotot B. [outexopso [8] s peakunn  (11)  AawT
<1073 ¢u?, T. e. 3Ta peaklud, ICHCTBHTE/ILHO, CHABHO 3ampe-
MicHa.



H° u 0°-gactuupl. Mz npejwigyuiero ciaegver adare-
Opanueckasi (opmyna jas 0° B Bijge

(o]

(° = (]\fn:* < ;\fil); = (f\’r;:h 4 By, (13)

[Tepexoas k 3apsajoro-conpsixkennoii  0°-uacThue, uMeeM

Bom (N + N = (NT, + i) == (N 4T, (14)

Takum oBpazoM, MBI IPHXOJAHM, Kak H B cXeMe leb-
Manna, K BO3MOMKIIOMY CYIIECTBOBAHHIO YACTHIIEI H AHTH-
vacTHUBl 1as 0°-Me3oHa. M3 anredpel sroil peakiyu sicHo,
yTo §° mHe Momer oGpasoBaTLCs B peakuun tHna (10),
peakius n‘-{-Nj‘ oo g %l A sanpemera, Ho 6°  Moraa
Obl 0OPA3OBATECS, HAlPHMEp, B PeaklHH

= - A" A° (N + NF)

L | (15)

i+ NF

Takxe poamowuo poxienue 0y B mape ¢ 0°

N+ N — N 4+ N+ (N + No) + (NI 4 Ny) —

> N+ Ny o 6060 (16)

C roukw spetst cucrematukn Leab-Mauna, 6° u 0°
obnajaior S = —1 1 §= 4 1, Kak 9710 cJeJyeT H3 aJre-
Opanueckoll Qopmyasl vrux  uactmy, Ho, B ortaiHume ot
cieremaTki Feap-Manna, nawa anredpa peaklHH npHBO-
JAUT WK japyromy  Bujy  0°%-uactui,  JlelficTBHTesbHO, Ha-
npHMep,

it b N b N0 N
] (17)

k4
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T. €.
0 s= (Vo N_)=(N, + A%); 0 =(N_o+ N,) =
=4 49, (18)

Jlerko Bujieth, uto 0] co Bpemenem MoXeT mepeiiTu
B 0}, ecoin Ny u A% u 0] oOMensioTcst  BOSGYIKAEHHAMH,
T.e. My—=> N, u N, — N_,, u torja

09 — 6. (19)

ITOT MOBONBITHBI [IPOIECC HIET MeIJIeHHO ¢ H3MeHEeHHeM
«ctpanHoro» uucaa. Hexoas w3 jpyrux  cooBpamenwii,
nojio0npie cBoficTBa 0°-yacTHi O yKaszanbl [esb-Mamnom
n Ileiicom[9]. B stoit cesiau Tesp-Mauu u Teiic vkasaau
psA JO0ONBITHLIX CBOICTB (0-yacTui,

Hago samerntb, uto 07 M 0° MOTYT CYLLECTBEIHO OTIH-
YaTbCSl MO CBOEH Macce, Tak Kak Maccel A® u E¥ paanuu-
HBl . Bosiee Toro, Bo3moikHa ObicTpasi peakiys

00 = (N + £%) = (Np + A9) + ¢ (20)
)

of + 1,

ecst B MOXKeT 0OMEHSTbCS ¢ nporonom Ny~ 3apajaoM 1
npeBpaTuThes B AL,

L-yactuubl. B cucremartuke Tenn-Maina npuiivaercs,
YTO CYLLECTBYET H30TONHYECKHII TpHMJET

It I° BT, (21)

]

* C sTofl ToukH 3pennd no Pepmu — SIHry BO3MOMHBL ABA BHAA
r P Ll
mi-ye3aonoB: 70 = (N, + N_g) u w0=(Ny + NI); oun wmorau O
OTANYATBCH HeGO.IbILUM 3HAUGHHEM MAacCHI,
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JhioBorneiTHas 0cOGENHOCTL 3TOlL Tpynnel  (bepMHOHOB
3AKJIOYAGTCSI B TOM, 4YTO vacTHma L*, KoTopas pacna-
JlaeTcst 110 cxeme

T s Nt (22)
H uYacTHila EM, KOTOpas pacna,uaeTCF{ [0 CcXenMe
Sl (23)

He SIBASIIOTCS YacTHUAMH M alTHYACTHIAMH, 3jech co-
SHaeTcsl CHTYalMsl, KOTOPOil He OblIO npeuegenTta cpenu
(hepMHOHOB: AHTHYACTHIBI 5THX THIEDOHOB CHOBA JOJIMKHEI
OBITL YACTHLAMH O00HX 3HAKOR SMEKTPHYECKHX 3apsijoB *.

B cucremaruke lean-Manna xomnonent I° JIaHHOIO
H30TOIHUECKOTO TPHNJETA HE CoBHajdeT ¢ HadJoJaeMoll
A®-vacruneil. A°-gyacruna BBIJIEJISIETCST B H30TOMNHYECKHII
cunraer. OcHoBaHHEM MOAOOHON TOYKH 3penusa  sBJsercs
JHLIb HEKOTOpOE pasjlvuHe B Maccax L¥ W A°-yacTwil,

MBI HMeeM HEKOTOPOEe pasgiude B Maccax =° M = -
ME30HOB, COCTABJASIOUMX H3OTONHYECKHIT TpHmaeT., Moxk-
HO JIH OBITb YBEPEHHEBIM, YTO pasyurde B Maccax A° u
L™-yacTHI HEJONYCTHMO /15 H30TONHYECKOTO TPHIJeTa?
Msul noka ewe Mano suaem NPHPCOAY STHX YACTHL,

[Ipeanonoxense o BO3MOMNKHOM CYULECTBOBAHHH X°,
OfIHaKo, MpeAcTaBasieT OOMbWOI HHTEpec, TaK KaK 3TOT
BOIIPOC MOMKET OBIThL O0BEKTOM 3KCHEepUMEeHTANLHKIX HC-
caegoBalHii,

K coxanenuo, nzpectibe SKCIEPHMEUTEl, B KOTOPBIX
MO2KHO OBITO OBl BHIETH NOATBEDHKJIEHHE CYIIECTBOBAHHS
L°-yactuus [10], gonyckaior u Apyroe roaxopauue, HeiicT-
BHTEJILHO,  CHEACTBHEM  ynoTpedJasiemoil namu  anredpo

peakuuii, B peakumn =" 4 N}f‘ BO3MOXKHO BO3HHKHOBEHHe
“ K cowanennio, Hajemubx caywacn X7 enie ouenh Maso.

12



B mape ¢ A°-wacthuedt, kax 0%=(N, + A°), rak u
1° =(Ny 4 ¥*)-uacTHibl

2o N B, %y NO_;'T-_I’L" + A° (=)
; B} L%
w4+ .{Vék — fVOIT 5 + A°
Tl (#)
e -+ A°,

a Tak kKak 0°—0) 4 TO HCTONKOBAHHE YKA3aHHbIX
ONLITOB MOTJIO GbIThL CBSI3aHO HE C HAJHYHEM JBYX THe-
pouos A u E° a ¢ waamuneMm AByx vuactug 0° u 6], a
MOXKeT ObITh, H TeX W JPYIHUX BMecTe.

Oxnako sexter 6° u £° MoxHO pasjesnts u HAGJIO-
AaTh B UHCTOM BHIE, HanpHMep H3vuas BHINIOJHEHHe 3a-
KOHOB COXPaHeHisl B peakIHi

N+ Nf = N+ 00+ :
e L %
02‘}‘]“;‘ 02 + T’

HJIH B peaklHH C 06paaOBaHHEM THIIEPOHHBLIX nap
Nt & N NT 4 NiF 4 B2 332, (26)

Xorsi HHYTO B Hauell cxeme e POTHBOPEUUT Tpej-
TI0JIOKEHHIO  OTHOCHTEIBIO  CVIIECTBOBAlIHS L°, MOMKHO
CUHTATh TOKa @e e HCKJAIoUeHHONl BO3MOKHOCTH B CH-
creyatike Ieab-Manna samenn £° Ha A°, ;

Kackagawmit rumepon Z(N,). o cux wnop us-
BecTed JHWL cavuall Z7-vacrunw, T, e. N; B HalHX
o0o3HaYeHHAX, KOTOpAsl —pAacilajaercsi COrJacHo peakiHi

i k® 417, (27)
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®opmyna peaxuuu ¢ oOpazoBaHneM X -UACTHLE OT
="-Me30Ha Ha mnpotoHe N, 3arHUIETCS B BHAE

e, VY~ N NG A N NN S B 28]

Ecau neiirtponn Ny H KackaJHblil aHTHUTHIIEPOH (iﬁ) He
MOTYT ToveMy-JHOO 06pasoBaTh CHCTeMY € OOJBIIHM Je-
(pexTOM Macc, TO KacKajHblif rumepon o0pasyercs JHIIb
B Iape ¢ KaCKajHbIM AHTHTHNepoHOM, Torjga sHeprertu-
YeCKHI mopor ero o8pasoBaHHS Ouelb BBICOK.

Ecau xe (N, + f") oGpasyer HOBYIO CHCTEMY C 0O0Jb-
IWHM Je(eKToM Macc, TO B Iape ¢ KACKAZHBIM THOEPO-
HOM BO3HHKAeT HOBasi 4YacTHILA

X¥= (N, + NI)=(N, + ). (29)
[Tepexonsi x 3apsioBOMY COmpsiKEHHIO B cHeTeme X,
noJayvuaem
N = Xt = (N_y < N )Y={(N, 4 E9. (30)
Ecni cymecrsyer neilTpadbHeii KacKajublii THIEPOH
=0

=%, 1. e. N,, TO OH MOr Obl ObITh MOJYYeH, HaNpHMED,
B PEAKIHH

= N No 4 52— No + Noa + Ny — X°+ E°, (31)
rie X°=(N,-- N_s)=(N,-+=°). Orciofa nosnyuaeM auti X°:
X°={(N_g + N))={N, - B9, (32)

B ornuune, uanpumep, or uwactHusl 67, X°, ognaxo,
He MOXKET NpPsMO IepedTH B CBOI0 aHTHYACTHUY, TaK Kak
uo yeaosuw (4) AS = 1. Ho X° moxer co BpemeHem
nepefiTH B COBCeM JPYIYIO YACTHIY, €CJH BHYTPH CHCTe-
Mel X° N, BoaGyaurcs sa cuer N_,, T. e.

Xo=(Ny + N_o) = (N; + Noy) = (A° 4 %)=

- (33)
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P
Cherema (A° 4 A°) (upn JqoCTATOUHOI LSl 3TOrO 3Hep-
rHH 1okost .X°) mpeBpaTHTCSl B %-ME30HDL M

(A° 4 A°) = (A° 4 A°) - (Ng + No)—
o (A° 4 Np) + (A° + Ny) =0 + 6. (34)

[Ipeauoaoxenne enb-Manna, 410 ¢ KaCKaJHbIM THIlE-
POHOM JIOJIZKHBI OJHOBPEMENHO POMIAATECH JBE OJHHAKO-
BbIX 0°-uaCTHIE, NpPOTHBOpeuHT Hameil anredpe, BepHee
OHO MeHee BeposiTHo, JlelicTBHTENbHO, BO3MOMKEH NpOLECe

NP= (N + N_g)— (N + Noy) 4 =° =00 4 =°. (34')

Ho npespautenue .X° -0 4- 6] Oyzer yze npoueccom 00
Jlee BBICOKOTO (TPeTbero) mopsiika B CJaOBIX B3aHMOjeii-
cTBHAX (¢ mamenenuem S). Ecan macca noxos \° GJH3Ka
K Macce 0j-uacTHubi, TO npouece (34”) BO3MOEN JHIIL B
NIPOMENKYTOYHOM COCTOSIHHH, H agrefpa NMPHEOAHT, HamlpH-
Mep, K pe3yabTaTy

Xo=(N, + N_o)— (N, + Ny) 4 =°—
o (No+ NE) + =5 4+ =° =7 + =7 + ="

B sromcayuae X°-uactHia OJiHKe HAlOMHHAET H3BECTHYIO
<-yactuuy. Ho 3TOT BBIBO; He SIBJISIETCS OAIO3HAYIBIM, TAK
KaK BO3MOMKeH APYroil NMyTh pacrajga Toi ¥Ke UacTHIbI:

X° =(Ny + Nog) = (Ny + N = (A° + A =" 4=,

KOTOpEIH Hawell ajredpoli TakxKe He 3anpeliaeTcs.
CymiecTsennoe OTJHUHE Hamleil anreSpbl OT CHCTeMa-
Tk Canama u [ToJKHHXOpHA 3aK/IIOUAETCsl B TOM, 4TO
aaa X°-Mesona HEBO3MOXKHO OBICTpOe TMpeBpallenne B
=-Me30HH, Kak 3710 no CajaMy BO3MOKHO JJsi ©°-ME30Ha.
Ml BHAMM, TakHM 00pa3oM, uTO HCCJEJOBaHHEe YaCTHIL,
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POACIAEMBIX B Ilape ¢ KacKa/AHBIM THIOEPOHOM,— 0jHa H3
BAXHEIX 3KCIEPHMEHUTAJLHBIX 3a5ay,

3apsnoebie MyabTHOACTH. [Ipefnonomers a), b),
¢), d), nosoKeHlible B OCHOBY Haueidl anreSpsl yacTHiy,
He colep:KaT Kakux-nu0o yTBepKAeHnuili o0 H30TONHYECKHX
COHHax  paccvaTphBaevbix wacTHI. Bee npegpigyuie pe-
3YJMbTATbl HMEJIH Obl CMBIC H JaKe TNpPH OTCYTCTBIH H30-
TOIHUECKOH HHBAPHAIITIIOCTH,

Pacnpeneseiiiie rinepouos 1o sapsijonbi MYJILTHILIe-
TaM noka He sBaseTcst oj{Ho3HAUNBIM, Ml nveeMm B BHpY
HBOTOMHYECKHIT CIHII, HanpuMep <-Me3oua, MYJILTHIVIETHYIO
NPHHAANEKHOCTE A -yacTiubl, cymecTBoBanue X° u =°. Ho
BO BCAKOM CJ/iyvae JOCTOBEPHO, YTO CPE/H H3BECTHBIX YACTHIL
HET YaCTHI C 3MEKTPHUECKHM 3aPAA0M, CONLIUHM €1 b,

[Tpuvem cuepyiomyio TabJHIY H3OTOMUMYECKIX HYKJIO-
HoB (Tadm. 1)

TaGcawuwa 1

Cocroanue Crnun

N+, No Yoy —a
Y A0 1, 0,—1

o0, B= U, —1/a

[Tonbaysich maweir anredpoii PeaKkuld, MBI MOKEM lo-
AYHaTL /IS ME3OHOB JIHIUL CJaraollHe H30TONHYeCKOro
cmiua [/, (tadn. 2).

Tatawma 2

m=(N+N =0, 4 Ny wr = (Ny + AF)
*1."2—1,’2:—1 —e+ Y2 =0 Yo o+ HYe=1
I = i; I=0

0=(No+14y); = (Y, + A°); 0F=(N+A%); 6=(Nf+4)
2+ 0=—1 Yt 0=y, Yot 0=y Yot 0=—1y,.
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ponomrenne rada, 2

—ht1=1) Ho—t==1y —lgi=}; Ho—l=—1s,
o=+ 0=+ )
Yat-1 =" Hprmfiam A,
0= (N, +34); 6= (N, + 5%
Yot 1 =3, —Yp—1= — 3.

Ecomu Mpl, B coraacniu ¢ 3KCrepHMENTAILHBIMH JaH-
HBIMH, TIPEAMONOANM, UTO He peaNH3YIOTCs ABy3apsjHble
COCTOAINNS MACTHI, TO MBI ZOJIKIBLI BBIUCPKHYTDL H3 Haiueil
TaOJMUL! CAYUaH C H30TOMHYCCKHM chuuHOM [, =3/, T. e,
caygan 6% 677, 0F 05,

[ocnenuee TpeGopanie ofxosiauno onpegessier U moJ-
MBIl H30TOMHUECKHIT MOMeHT Bcex 0-mMe30HOB. 0-Me30HBI
00pasyioT H3oTONHYeCKHE AYOmeTH ¢ [ = 1/,

OcraeTest* Mminisis BO3MOKHOCTD U151 =°-ME30HA — 3TO
H30TOMHYeCKHH cKansp. Peannsyercs Jin Takas BO3MOMK-
HOCTB sl =°-Me30Ha HJIM 1IeT, HA 3TOT BONPOC CMOXKET
OTBETHTB JiHIIb OoJee JeTajbHasi TEOPUS 3THX CHCTEM H
9KCIePHMEHT.,

Mbl BuguM, uro, mo aumagornn ¢ 0° 3apsrenble
0F-uacTHLBI DOJYUAIOTCSH TaKxke ABYX pojos: 0F 0F.

Tak e kax u B cayuae neiiTpambHBIX 0°-uacruu,
0¥-uacTuua MomeT co Bpemeiem nepexoauts B 0, ¢ Haay-
denneM  y-kBanra,  llposeputh  Bo3moHOCTL  peakiuu
07 —-0F 47, Komeuno, mpole ¢ 3aAPSIKEHHBIMH YaCTH-
LLaMH, : o
Cyntectsento sametuth, uto 07- 1 6 -yacTuubl, Kak
9TO CJEIYeT M3 ajreOpbl PeakliH, He MOrYT ObiTh MOJY-
Y€HBl B IdPe C THIEPOHOM, B OTJiune or 0° u 6°, Asred-

?

panueckast Qopmynaa 0 u 6~ COJAEPYKAT AHUTHHYKJIOHB Vg

2 M A Mapxos



u N, [Mosromy 6 1 7 MoryT poxuaTthest JHIIL B Nape
1
c 07 u 0. Hanpuwmep,

N -+ Ni = N + Nt -+ (N + NH) +

+(A° 4 )= N+ N 070 (34)

Habmogaemoe npessiiientie uncaa 07 mag 0 moxer
OOBSICHATbCSE HMenno 3THM  ofcrostenserBoM. G oanoi
CTOPOHBI TIOPOT PeaKIii ¢ o0pasoBatHeM 0 -uacTHLL JEXHT
BbillIe TIopora peaxiuu st o0pasopauus 07, C jxpyroii
CTOpONBI, HAJHUHe [YKJOIOB B cocTaBe pewecrsa (a ne
AUTHHYKJIOHOB) VBeJIMliBaeT UHCAO0 peakliH, B KOTOPBIX
MOYuaIoTCsl MOJOAHTEbIbE 0 -uacTuubl (Tadn, 2).

st Gonbuux 3Mepruil  (KOCMHUYECKHE JIyuH) JHIb
nocsefiiee OGCTOSATENLCTBO MOYKET HIPATh CYHIECTBEHYIO
posib. MuTepecHo OTMETHTB, UTO JJIs  THIOTETHUECKOI]
uacTUlBl X, poxalolleiicsl B nape ¢ XacKajHbIM THIIEpO-
HOM, TOJYUAIOTCSl 3HAueHHs [;, KOTOphIe, MOMXeT ObITb,
CBUJIETE/ILCTBYIOT O HENpAaBiJbloil TPAKTOBKE &~ KaK KOM-
nonenta pextopa (Y/,, '/y), OOBEIHHSIOUIEro =-4acTHIBL H
HVKJIOHHI.

JeiicTBUTRLHO, B ITOM CJayYae MLl HMeeM

Xi=NF+8)  Xr=©N+¥)

Yo—1e=0 — Yy +Ya=0
[=1;I=0 I=1; I=0
KV [Nl B Xz (N B
- l,f": - ]/'2 =—1 ]/‘2 + I:""). = |
I=1 =1
Xf=(N,+E8)  Xo=N,+8&)
— Yo+ Ye=10 Yo—1=0
[=1;,71=0 [=1, I=0



JIpyruMu cropamii, 3 KOWIOHelnToB X Heab3sl COCTABHTb
HH TpHNJeTa, uy AyGJeTa B H30TONIUECKOM NPOCTpalcTBe,
4 H30TOMHYECKHE CHUTJIETBI MOIYT OBIThL TIPeJICTABJEHE
TOLKO 3apsKennbiMil X-qacTuuaMu *,

Bo meskom cavuae mHefiTpasbnas uacTHLA C H30TOIH-
YECKHM CIHIOM, PaBHBIM HVJIO, lle MOMKET BO3HHKATL B
nape ¢ KacKajJHbIM THOEPOHOM H MOSBJEHHE CKAaJSIPHOro
X°® ¢ ToukH apennsi mameil cxeMmbl SIBHJIOCH OB HEOMKI-
JAaHHBIM # %

Pacnang runepoHOB H THweNbIX Me30HOB. Pacnaj
FHNEPOHOB HUTEPNPETHPYETCS KAk Tepexol Mexiy Bos0y-
KASHHBIMH cocTosHHaMI S u  S'-HyKJuoua. Irtor npouecc
perynipyercst ycaosiem (4): AS =-4-1; nostomy Maimo
BeposITeH TpsiMoii mepexoy = —- Ny 4+ = =, a 3T0T
1pouecc HJeT KacKajoM.

Ha ocuopauui mpeanosioxenusi B) rHIEPOLLI JIOJKIHDI,
KaK M HYKJOHBI, B3aHMOelicTBOBATD ¢ §-1oJieM (e, v) 1 ¢ To-
JeM , v,

EcaH npeanosoxuTh, uto CNHH BCEX THIEPOHOB MOJIO-
BHHA, TO IJs1 BpPeMEH HX JKM3UH OTHOCHTEJBIO PB-pacnaja
nojyvaoTesl 3uaveHust (npu G = 2-107%9)

tl\eﬂ =2-107% cek; =g, =2,7-107 cek;

t g = 1,7-10710 cex. (35)

# Takum xe obpazom B mpocrpanctse w (Canad i [ToskuHxopH)
He MOMeT OLITh BCKTODOM.

#% Master OmTh, B cnerematnke Cagama w TTookHHXOpHA B OHH
BekTOp (Yo o) colefioBano Obl 0OBEAMUATH JHIIL MACTHUBL OJHOI
Macchl:

Ho toraa cxema Canama u IToaxuuxopua HeCKOJNBbKO TepseT B cROeN
CTpPOIHOCTH: MoJydaeTcs ABa BekTopa (E u N).
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Tak kak BpeMs }KIISIIM__:-: OTHOCHTEJIBHO pacnaja 3 ToH
YACTHIBI HA = - A° NPHMEPHO TAKOTO e MNOPsiAKa, To
nadmojenne B-pacnaja 3 -uacTHLBI NPeJCTaRAANO Obl He-
KOTODBII HiTepec. A €ro OTCyTCTBHe MOIJIO Obl CBHe-
TeJbCTBOBATL, B UACTHOCTH, O O0JIee BEICOKHX, YeM [O.JI0-
BHHA, COOCTBEHHBIX MOMEHTaX Z~, KOTOPBIE B NPHHIHIE
Mori Obl BbI3BATE 3TOT 3amper.

Ecan, nwanpumep, cnun 0°-uactiis paeed HyJIO0 H* HeT
HEKARIIX - CHCHAJbHBEIX  3anperoB, To (opmyaa ° peno-
CPEACTBEINIO TIOKA3KIBACT CXEMY pacnaja '

0 =(N, + X’) — (N, + \’LT) 45w

RO ot (36)
0 = (I.\‘,-’O'f' & jq) -5 (Af(;:" ol N’(;i“) + . . = “+ = i

0 o=k

B Yo B R . (37)

Ecau spemst skusun copra 0° CPaBHHMO € <, , TO
4

U=(NF+ L) = (N5 + Ny e 5 v w4 ¢, (38)

Han *#

0= (N + &) > (N + M) + 17 F v =" 7o, (39)

I

Boamosken u mpsivoit npouece

o U=WeH ) e )

Boaee 1o1potuo sti KOHKYPHPYICLLHE MPOLEeCCh pac-
cvarpusaiues H. aaaanopra u JI Tagpapa [11]. ABTO-

Pacnag (39) b npunusne napag 6mr BO3MOIKHOCTL 00HApPY-
MNHTL 4y CCTH 9T YACTHLA CYWIECTBYET, T
B > = g 4w
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Pbl HCXOJHJH H3 OJH3KOHR TOUKH 3peHHs, npejnonaras.
4TO U-IIQCTHLLBI MOTVT B BaKyyme poxJIaTth moapy, Hanpwu-
Mep

B N e RY (41)

@ B 3TOM COCTOSTHHH MOJBEpPraThes JadbHefilemMy pacnajgy.
BaaumopeiicteHe runepoHOB M TsAXeJBIX ME30HOB C Be-
wecteom. [To ycjoBHIO B) rHmepoH MOeT BXOAHTL B CO-
CTaB f7pa Ha TNPaBaX HVKJOHA.
Peaxunn wexay 6°-uacTHuaMs w HYKJIOHAMH 1al10TCs
NpocToi aaredpoi

By Niw = (Ny + A7) + Ngt = (N, + N§H) +

4 A=zt 1 A° (42)
0+ No= (Ng" + A7) + Ny— (N5 + Ny) +
s K™ el AP (43)

nor. . Peakunn sTOro THMA MOTYT NPHBOAHTB K 0Gpazo-
Banuio runepgpparmentos. Ho peakmnu sigep ¢ uwacthnamu

F |
sufa f9;, 6" me moryT mpuBOANTL K oOpasoBamuio (par-
MEHTOR

. 5 . s N R
b+ N =Ny + A)+ Ny =Ny + (N + Ay —

—Ny+0f, (44)

T. €. MPOUECCHl ¢ MEJIENNBIMH YaCTHIAMH 3TOrO COpTa lie

COTIPOBOZKAAI0TCS COABITHMI BbIJIENCHITSIMH 3HEPTHH,

He wcxmoueno, ojako, obpasopanue tdhparmenton
¢ yuactnem 0O-vactun

0+ Nof==(No + 1) + N = (N, + X" & N, (45)
B nammnoii cucteme Tpex wactHu CBs3b N, u N, mo-
KET OCVHIECTBIATLCS € NOMOUILIO A° alaJoOTHUHO HONY

MOJIGKYJIBl BOJIOpPOJa, Tjieé CBSI3bL OCYVUIECTBJISIETCH 3JIekK-
TPOHOM.



Hurepecen npouecc tuna

N> E + N+ 8 = (46)
ITpouecc
B 3 Mles A% A7 (47)

3anpemiey B JAHHOI CHCTEMATHKE Kak OBICTPLI Ipolecc—
B 3TOM TakimKe OTJHYHe OT cHcTeMaTHKH [eab-Manua.
OH Bce e MOMET HMETb MeCTO Kak MeJMeHHBl npouece

-

NocJe 3axpaTa MPOTONOM = -YacTHIHI.

Ecin oGpasosanie 0°-Me30HOB CYIIECTBEHHO HeT uepes
o0pasoBanie TSKeNbIX [ap, TO KPHBAs BLIXOAA (-Me3o-
HOB Kak (DyHKWIS 3HEPTHH JoJKHA [IPeTepneBaTh Kaue-
CTBEHIOE H3MeHEHHEe B MeCTe POXKACHHSI PeajbHbiX Tap
BO30YHIEHHBIX HYKJIOHOB *.

Ecan s accolaTHBHOrO POMKICHHS TSIKEMBIX Me3o-
HOB H THTICPOHOB JEIICTBUTENBLHO CYIIECTBENeH 3alpeTr Io
MaJoCTH 7y /X, TO B 0GJIaCTH 3HEPruH Najaiollero Me3oHa
h~ry HOMKHO HAOMOAATHCS OJMHOUHOE DPOMKICHHE TLiIle-
PONOB TpH  paccesnii w-Me30HOB Ha HYKJAoHAX (T. e.
NpsAMOe BO3OYH(IeHHe HVKJOHOB).

Ododwennasn ngess Pepyi — Sura ouenp KOHCTPYKTHB-
Ha H TpUBJIEKATEeJbHA TEM, 4YTO OHA YMENBIIAeT YHCJIO
“JIEMEHTAPIIBINY YaCTHI, KOTOPOE B HACTOSILIHI MOMEHT
VIKe 3HAaUUTRABHO *¥; JKeaaTeJbHo Obo OBl IIOCTPOHUTDL Ma-
TeMaTHYECKHH annapat COOTBETCTBYIOIIEH TeopHH.

A oOpaszopanue nap BO3OYIKACHHLIX HYKJOHOB {(a Takme I
HeBO3OYKICHHBIX) CHILHO HOJABJCHO Y SHEPreTHYECKOro MOPOoTa
3pderTa 3aXBATOM AHTHYACTHIl B MC30HI.

¥ Boiiio OBl MeaaTeaplo BKJIIOUHTH B O0ULYIO CXeMY H JerKHe
qacTHubl. MomeT ObITh, MaJOCTL KOHCTAHTBI B-pacnaza W Goabluoe
BpEMS KH3HH I'HNCPONOB HE He3aBHCHMBIL.
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B nekoTopom ouelb Tpy0ooM pHOIHMKEHHH (TOuedHble
YACTHLBI, TIPH TPeJIoJ0XKeHHH CTPOroro COXpaHeHHs BO3-
OYAEHHOrO COCTOSIHHSI) I130XKelible Bbllle CooOpaKeHHs
MOryH Obl HJJIIOCTPHPOBATHCSI CHCTEMOI VPaBHEHHI THIIa

Dig+ GL D) Ly, =0,

1=y

DY+ GL D)WLy y, =0,
=0

Dy 4+ GL Q) 9T Loy b =0,

=0

rge [ —- onepatop [upaka.
B npocrom cayuae S=0; 310 ypaBHeHue pac-
cvaTpuBaioch B. lefizendeprom [12].
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ON THE CLASSIFICATION OF FUNDAMENTAL PARTICLES

At present the number of known elementary particies
has considerably increased.

Attempts have been made to classify these particles
according to their properties.

Although these attempts have as vet been extremely
formal and rather poor in material content, doubtlessly,
they are of considerable heuristic' value.

But, of course, most important is that in principle
these attempts may bear certain essential features of a
future consistent theory of elementary particles.

Returning to our subject, we may say that today the
problem most widely discussed is the classification of
hyperons and different mesons as given by M. Gell-
Mann at the conference on elementary particles held
in Pisa in June, 1955.

Also of great interest is the somewhat modified ver-
sion of this classification lately proposed by A. Salam
and Polkinghorne ), It must be noted that the classifi-
cation in question appeared as a result of a great num-
ber of attempts and investigations, in which a signific-

ant part was plaved by the well-known works of
A. Pajs.[3
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According to Gell-Mann, the charge numher—o of a

particle for a component of a charge multiplet mayv be
written in the form of

%= st nfs+ 8 (1)
where /. is the component of an Jsotopu spin, n — the
number of particles minus the number of antiparticles
(nucleons and hyperons).

Nucleons, hyperons, and mesons (bozons) are as-
signed the specific “strange’” quantum number S, which
for protons (N¥), for neutrons (), and c:i-for mesons
Is equal to 0; for A°, B, S=—1; for 6°, 0%, S= 1|
for cascade hyperon =Z7; Z°, S = — 2. For antiparticles
S changes its sign. N, A° I, Z are fermions for
which there exist antiparticles N, A°, £, =: ® and
‘:5‘ are considered to be the antiparticles of 0° and

S is conserved in strong and electromagnetic mter-
'lelOﬂS and is not conserved in weak ones (A= N 4=
The rule for the change of number S is established as
AS =41,

The conservation of S in strong and electromagnetic
interactions leads:

I) To the relative stability of hyperons and heavy
mesons.

2) In strong interactions hyperons are produced in
pair with a particle with an S equal in value to the S
of a hyperon, but opposite in sign.

Further we shall Itry to develop some views on hyper-
ons as the excited states of nucleons.l 1) Iy the light
of these views, it is not only possible to give a clear
interpretation of all the essential features of Gell-Mann’s
scheme, but to put forward a number of pew physical
predictions presenting experimental interest.
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Depending on individual scientific taste, the follow-
ing may either be interpreted as far-reaching concrete
physical ideas, or merely as a fortunate discovery of a
useful algebra of physical reactions. This question may
be clarified only by further experiments,

a) We assume that nucleons (N*, N) may exist in
different excited states:

Nyo Nyw Ngy o0 N (2)

The ground state N, , N, corresponds to the proton
and neutron.

The first excited state (N;) corresponds to A° and
%, or in our designations to N, and N{; the second
to cascade hyperon Z°, Z7; or in our designation N,
and N5 .

In principle, there is also a possibility of the existence
of a nucleon N; of S” excitation. This set of fermions
corresponds to the following set of antiparticles:

N_o, N_y, Nes... N (3)

b) We assume that in all their excited states nucle-
ons interact with all other fields in the same way as
protons and neutrons. This statement refers to those
interactions in which § - the level of excitation — does
not change.

At the present stage of understanding of the problem,
we should not like to concretize too deeply the concep-
tion of the excited state of a nucleon.

c) We suggest that transitions between excited states
are strongly forbidden, and that, practically, the only
transitions allowed (with a very low prohability) are

AS' =41 (4)



For methodological purposes, we may suppose the
?-function — of the nucleon to be the product of a usual
wave function @ (x) of Dirac’s equation multiplied by a
function ¥s(r,, & which may characterize different al-
lowed excited internal states of nucleons.

Here ¢ —1is an “internal” four-dimensional space of a
particle, r, the effective dimensions of the particle. At pres-
ent there is a large number of papers discussing equa-
tions with internal degrees of freedom for elementary
particles. In so far as, for a number of reasons, this
field is still in an unsatisfactory condition, we shall not
bind ourselves by any concrete mathematical model, for
as vet we do not set ourselves any quantitative prob-
lems *. The only general property of such states that
may be important to us is that the matrix element in
the transition from one excited nucleon state to another
under the action of anv external field will, for a broad
class of functions of the internal states under discussion,
contain the specific quantity

(ro /1™ (9)

where r, are the dimensions of the nucleon, » the wave-
length of the radiation producing the transition [5].

The greater the difference between the numbers S
and S’ characterizing the initial and final states of the
nucleon, the greater is power m.

¢’) The smallness of r, provides for the relative
stability of the excited states of nucleons, that is,
hyperons.

* Methodological and illustrative purposes may be well served
by the oscillatory model proposed some time ago by the
author[5].
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Thus, by choosing a small rp, We may obtain the
observed life-time of a A® — particle, which is the
first excited state of a nucleon [5]. Owing to the smallness
of ry, the only practically allowed trans;tlons ‘are those
between neighbouring levels:

AS =41

The smallness of r, leads to the small prohab:lzt} of
the excitation of the higher states of the nucleon, for
instance, by a =—meson field; or, in other words,
makes impossible the single produchon of hyperons * up
to the wave numbers of the k of a falling meson of the
order of [/ry**  And conversely, : the smallness of r,
provides for the relative stabil 1t3 of the hyperon, or
otherwise, - provides for the relative conservation of ~ the
number § —the excitation number of the hvperon.
According to proposition (b) none of the quantum trans-
itions, where the numher § is unchanged, depend on the
smallness of ro /) #

Therefore, the ’rranaltlon of a hyperon from state bs
with a negative energy into a state with positive energy
is not forbidden by the smallness of ro/ % [4]. Thus, the
reaction leading to the production of the hyperon-anti-
hyperon pair is in this sense allowed.

For example:

% 4 Ny—Ny4 N, + N, (6)

Here N indicates a neutral hyperon of S™ excita-
iton, N*; — an antiproton of S excitation.

* Including, of course, the production of a hyperon in
pair with a = meson. ol

** The oscillatory model of nucleon excifations - gives
ro~1071 cu, i. e., meson energies of £~ 101 E. v,

*** At any rate, for kry < 1.
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A similar reaction is likewise allowed. in Gell-Mann’s
classification, for instance

4+ NS> N+ 545 (7)

as L% has a strange number equal to 1, while 5% has
an opposite strangeness equal to—1. Or in our des-
ltrndtions

_ TR 3, _

I + ‘,\(;F — N[)" + N—!l “I"‘ 1'\’r1 (8}
i. e, from the point of view of the scheme that we
suggest, the “strange”” number “S” is the number of the
excited state ot the nucleon,

d) We further assumed [4] that nucleons and antinuc-
leons may join into bozons ¥, for instance

0 = oo = (NG Neo); o, —y = (N 4+ NI = 00;
ERL T—s=(Ni+N_g) (9

This: proposition may be understood trivially: the
particle and antiparticle becoming annihilated, may pro-
duce = — mesons and other bozons. In such a form this
proposition is very probable and sufficient for many
further conclusions. Nevertheless, we should like the
possibility of the mentioned reactions to be viewed in
the light of a genera[ization of the known idea of
Fermi-Yang[™, i. e, that these reactions should be
understood as _the result of strong contact interaction
between real particles and antiparticles leading to a
large mass defect.

In any case, it would be desirable to have this
hypothesis in view during further discussions as

* Alsimilar view. was also proposed by M. Lévy“anrj R.
Marshak (7], -~ g o g 3 B T
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it leads to a number of consequences, which, as we
shall see, are subject to experimental investigation.

It is noteworthy that if a hyperon, that is, an excited
nucleon, is assigned the number S, and the antihyperon
the number — S (or vice versa) then, according to (d) we
may determine the “strange” number for bozon To,—s; it
coincides with the “strange” number of an excited anti-
hyperon, i. e., is equal to— S.

For instance, the reaction

el N ]V[];_ -+ Ni_l + N,
{ ! (10)
40 4 At

is likewise allowed in
the sense of Gell-Mann, as the “strange’” numbers S
for 6 and A° are equal in value and opposite in sign.
Propositions (a), (b), (c) and (d) enable us to construct
4 simple and very convenient algebra of reactions,
It is easy to see, for instance, that the reaction

Ny+ Ny— N+ N,
} + (1 1)
A0 L A0
is forbidden,* but that the reaction
No+ Ny— Ny+ N, + (N_, + N7) - (NZp + Np) —
= (N, +'N—1) + (N, -.FL N_) + ]'Vl + N

| !
fo 4 6H° + A° 4 A°

(12)

is allowed.

* B. Pontecorvo’s experiments [8] for reaction (11) give
o< 1073 ca? 1. e., this reaction is really strongly forbidden.
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The 6° and 0° particles. From the preceding follows
the “algebraic’ formula for 0:

0°=(Ny + NI); = (NS +5h (13)
Passing to the charge conjugated particle 6° we have

35 g T " " e = i

69= (N NE); =(NF, + Nij=(NF + 59 (14)

Thus, in Gell-Mann’s scheme, we come to the possi-
bility of the existence of a particle and antiparticle for the
f° meson. From the algebra of this reaction it is clear
that 0° may not be produced in areachon of the type of
(10), while the reaction =~ 4 N + A° is forbid-
den.

But, for instance, 4° might be produced in the re-
action

+ A°— AO (1\” o f\n )
(15)

fr + \
Also possible is the production of 0° in pair with 0°

N+ Ny — Nf + Nf - (N_+ Ny) + (N_, + Np) —

= Ni -+ N + 6 400, (16)

From the point of view of Gell-Mann’s classifica-
tion, 6° and 6° possess strangenesses S = —1 and
S = -+ 1 as it follows from the algebraic formula of these
particles. But unlike Gell-Mann’s classsification, our

algebra of reaction leads to another kind of 0° particles,
for instance in the reaction

g Ny-s N5 N_y+ Ny
}

b 4
by 43X

(17)
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in other words, :
(18)
B=(Ny+ N_1) =(Ny+ X%); B==(N_y + Ny)= (N, + A9

It is easy to see that ultimately 0] may pass into

69, if N, and &, in ] exchange their excitations, i. e.
Ny—N; and N_, —m--f\Hg, then

69— 5% (19)

This peculiar process goes slowly, with a change in
the “strange’ number.

On the basis of other considerations, similar proper-
ties of 0° particles were pointed out by Gell-Mann
and Pais 191,

In this connection Gell-Mann and Pais pointed out
a number of peculiar features of 0° particles.

It must be noted that 6} and 0° may substantially
differ in their masses, because the masses of A° and &*
are difierent *. Moreover, the following quick reaction is
possible:

6= Ny + 55— (No + A0) + 5
| (20)
61+ ¥
if B may exchange its charge with proton NU:* and turn
into A°,

L particles. In Gell-Mann’s classification it is

assumed that there exists the isotopic triplet

Br 3R B (21)
* From this point of view, according to Fermi-Yang, there
may be two types of: =° - mesons '.:°_:“_'(,\-"ﬂ—+—1\’_u) and =°= (1’\'63' -

1\‘:;"0) possibly, they should differ slightly in the value of their
masses.
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An interesting peculiarity of this group of fermions
is that particle £* which decays according to the scheme

s Ny 4 =F (22)
and particle Y7 which decays according to the
N, 4+ = (23)

are not particle and antiparticle.

A situation arises which has no precedent among the
fermions: the antiparticles of these hyperons must again
be particles with both signs of electric charges *.

In Gell-Mann’s classification the L° component of
the given isotopic triplet does not coincide with the ob-
served particle A°, The A% particle is classified as an
isotopic singlet. Such a point of view is based only on
a difference in the masses of A% and I particles.

There is a difference between the masses of =° and
=* mesons which comprise an isotopic triplet, but is
there a certainty that the difference between the masses
of A® and ¥ particles is not allowed for the isotopic
triplet?

We still know very little about the nature of these
particles.

However, the proposition as to the possible existence
of X% presents much interest, for the problem may be-
come the object of experimental investigations.

Unfortunately, the known experiments which might
be considered as proof of the existence of X® particle
[10], admit a different interpretation; and actually, as
an issue of our algebra of reaction, there is a chance
of both 2= (N + A% and 0° = (N + £) particle ap-

* Unfortunately, there are still very few reliable cases of &7,
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pearing in pair with A°— particle in the course of
reaction = -+ NJL;
= 4 Ni = Ny + 70— N, + A0 4 A0

8 < AO
4+ Nif = N + 5+ 1 Ao

{
fo . Ao
and as 00— 0] 7, the interprefation of the said experi-
ments may be bound not with the existence of the two
hyperons A% and I° but of the two particles 0° and
o, or may be the former and the latter simultaneously.
However, the 6° and £° effects may be separated
and observed in pure form, for instance, when studying
the fulfilment of the laws of conservation in the reaction

- + i+ - 0 T ‘
N+ NG = Ny + A (24)
J'Vj + 4\"’[_)5— — f\’TI_):_ ~+ j\‘,{';, + 0o cu 6o
i | (251
0 T -
0+ 4+ 0+
or, for example, in the following reaction with the pro-
duction of hyperon pairs.

N+ N — N§ + Ny + 50 4 w0 (26)
Although nothing in our scheme contradicts the prop-
osition concerning the existence of Y the substitution
of I for A% in Gell-Mann’s classification may as vet
not be considered impossible.
Cascade hyperon = (N,). Theonly case kmown so
far is thatol a =~ particle, or in our designation N, , which
decays in accordance with the reaction

5 AO . s 12D
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The formula of the reaction involving the production
of a & particle by a = — meson on proton ND‘L may
be written thus: ‘

w4 Nf >Ny + 70Ny, + ND+ N =
=Nk B T - (28)

If neutron N, and cascade antihyperon (E7) for some
reason may not produce a system with a large mass
defect, a cascade hyperon is produced only in pair with
a cascade antihyperon. In this case the energetic threshold
of its production is very high.

But if (Ny+ E7) produces a mnew System with- a
large mass defect, then in pair with a cascade hyp,eron
appears a new particle

=N NT=(N - B (29)

Passing to charge conjugation in system X' we
obtain N

X =X =N NFi=(Ny+ B) (30)

If there exists a neutral cascade hyperon E° i. e,
!, then it might be obtained, for instance, in the

reaction
A N = Ny =0 — Ny = N+ N, — X" + B0 (31)

-“(ND—{—EO); hence we obtain

where Xy= (N,
anti .rYn:

=Mt N)=F+8) (3

In contrast, for instance, fo partlcle 89, Xo, h(-)We\"‘éf'
may not directly pass into its anhparucle as, accordmg
to condition (4), AS==+1. : SEEERE
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But X° may ultimately pass into an entirely different
particle if N, within system X will be excited at the
expense of N ,, i. e,

XO=(No+ N_p) = (N, + N )= (A + A==, (33)

and system (A, + A,) (on condition that the system has
a suflicient proper energy) X° will be transformed into
=-mesons, Or:

(A° 4 A0)— (A0 + K0) - (N, + N,) —
—> (A% 4 No) + (A8 4 Np) = 67 4- 0 (34)
Gell-Mann’s proposition that the production of a cas-
cade hyperon must be accompanied by the production
of two similar 0, particles contradicts our algebra, or

rather, it is less probable.

In fact, the following process may be possible:

XO==(No+ Nop)—> (Ny -+ Ny) 4+ =0=00 4 =0 (347)

But the transformation X°— 0] + 6] will be a pro-
cess of a higher (third) order in weak interactions (with
S being changed).

It the proper mass of X° is close to the mass of
the (7 particle, then process (34') is possible only in an
intermediate state, and our algebra leads, for instance, to
the following result:

XO=(No+ N_o)— (Ny + N,;) + =0 —
— (N + Np) 4 =t f 20w + = 4 w0
In this case the X° particle bears a closer resem-

blance to the known < particle. But the same particle
may decay in another way

XUE(NO -+ N‘E) gru(Nl _|_ J’V_]_)E(l&o + K(})_>7t+ EE

which is likewise not forbidden by our algebra.
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Apn important distinction between our algebra and
the classification of Salam and Polkinghorne is that the
quick transformation of a X° meson into a = meson is
impossible, as it is possible for an ° meson according
to Salam. We see, therefore, that the investigation of
the particles produced in pair with a cascade hyperon
is an important experimental problem.

Charge multiplets. Propositions (@), (b), (c),
(d) which form the basis of our algebra of particles,
contain no statements regarding the isotopic spins of
the particles under discussion. All the preceding results
would have sense even in the absence of an isotopic
invariance.

The arrangement oi hyperons among charged multi-
plets is not yet clear.

What we have in view is the isotopic spin, for in-
stance, of a = meson, the A" particle, the existence of
X0 and =0, '

But in any case it is certain that among the known
particles there are nome with an electric charge ex-
ceeding one.

Let us assume the following table of isotopic
spins of nucleons and their excited states:

Table 1
State lz
No#, Ny Y, = g
L, Ao ¥ 1, 0, —1
30 E- Va, —=1/,

Applying our algebra of reaction, we may obtain
for mesons only the components of isotopic spin /..
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Table 2

== (N Nf); = (Ny+ Ny  wr=(N, +N})

—‘fg—’['-_1=—1 _._}‘f:_{_t'l:,__“ 1!’_{_”2,,,1
I=1,1=0
0? = (N, + A°); 6'1‘ = (N A°) A ()j'E (:\"j' +A°) :
—tf: + 0=—, Ha -+ o=tf’ Yt 0=a

— —— s o
0 == (N, + A°) )
—fs 0=

Or=(No+27) . =N +E% | T={Ef+3H

—Habi=fa 11’:—'1—'h1/:1 “1/".:+1=—'l2'
0"=(Ny+ %) .
Yo—lo=—1fy
bt =(NF4-37) . 07 =(Nf+37)
Uz 1=30" —y— L=—2/s"
Of == (N, Z%) . 07 = (N, + 59
e+ 1=3/; =y — 1=,

If, in accordance with experimental data, we assume
that the double charged states of the particles are not
realized, we must exclude from our table the cases with
an isotopic spin of /;=23%/,, i. e., the cases 0% 067
0z B

The latter requirement likewise determines the full
isotopic moment of all the O mesons.  mesons form iso-
topic doublets with /=1/,.

The only remaining possibility for a =° meson is an
isotopic scalar. Whether or not this possibility is real-
ized for the =° meson, may be ascertained only by ade-
tailed theory of these systems, and by experimental in-
vestigation.

We can see now that similar to ©°, two kinds of
charged 0% particles are produced 6+ and 0i.

L]

c
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Just as in the case of neutral 1° — particles, 6= may
ultimately pass into 0f with the emission of a T —

quantum,
It is casier, of course, to test the possibility of reac-
tion 0% —0, -y with the use of charged particles.

It is noteworthy that as follows from the algebra of
reaction ;" and §— particles may not be produced in
pair with a hyperon, in contrast with 6+ and 6°

The algebraic formula for b and 0— contains anti-
nucleons Ny~ and N,.

Therefore 0y and 06— may be produced only in pair
with 07 and 0,

For instance,

Ny + Nf— N+ NF 4+ (N L85 + (a0 + A)=N]+
' + N& 4+ 0F 67 (34)

The observed excess of the number oi 0+ over that
of 0"may be explained by this circumstance. Oa the one
hand, the threshold of the reaction producing f— parti-
cles lies higher than the threshold of the reaction f01 the
production of 0O+

On the other, the incidence of nucleons (and not an-
tinucleons) inthe substance increases the number of reac-
tions in which positive 0F particles are produced,
(Table 2)

For large energies (cosmic rays) only the last cir-
cumstance plays a significant part. It is mtu‘estmq to
note that for the hypothetic particle X produced in pair
with a cascade hyperon, we obtain values of [, which
may testify to the wrong interpretation of =~ as a com-
ponent of the vector (Y/; '/,) associating = particles with
nucleons.
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In fact, in this case we obtain:

In other words, the X — components may form neither a
triplet nor a doublet in isotopic space, while isotopic
singlets may only be charged X — particles®.

In any case a neutral particle with a zero isotopic
spin may not be produced in pair with a cascade hy-
peron, and the appearance of a scalar X°, from the point
of view of our scheme would be unexpected #*

The Decay of Hyperons and Heavy Mesons.
The decay of hyperons is interpreted as a transition
between the excited states S and S’ of the nucleon.

This process is determined by condition (4) AS =
—+ 1 therefore the direct transition £~ — Ny 4+ 7 + = is
forbidden; this process develops in a cascade.

On the basis of proposition (b) hyperons, similar to
nucleons, must interact with the B-field (e, v) and with
field p, v

* Similarly, X may not be a vector in space w (Salam and
Polkinghorne).
** Perhaps only particles

1

!

<]
n
ol

oy =y
of the same mass should be joined into one vecior (Y/2;%/2) in the class-
ification of Salam and Polkinghorne. But then the scheme of
these authors loses some of its regularity because two vectors
(}2; Y/2) are obtained: T and N,
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If it is assumed that the spin of all hyperons is one
half, then for their life-time in regard to B-decay (with
G = 2-107%") we obtain the following values:

Tav, = 2-107% sec; vy = 2.7-10"%sec; TEy= 1.7 1010gec.
(35)

As the life-time of E7 in regard to the decay of
this particle into = - A° is approximately of the
same order, then the observation of the B—decay of
a =~ particle might present certain interest. Its absence,
on the other hand might testify, for instance, to proper
moments of ET greater than omne half, which in prin-
ciple might be the cause of this forbiddance.

If, for example, the spin of a 0° particle equals zero
and there are no specific forbiddances, then the formula
of 6° will naturally show the scheme of the decay:

14

6 = (N, + A°) ——~ (N, + Ni) +
At 1:\.?{""" Lot
+axt—sn =t (36)
0 = (N + &) — (NS + N) +
New N+ 4t
0
G+mtes® Lnt (37)

Ii the life-time of sort 6 is comparable with =a-;, then
O = (N - &) — (N + Ni) + e 4-v—
—-w0 e 4, (38)

or *
1= (N 4 A9 — (N + N) +
Fptb vt Lty (39)

* Decay (39) in principle would make it possible to discover
1o, if this particle exists: 67 — =+ - py +v
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A direct process is also possible
0 == (N + A0 — p* 4. (40)
These processes were discussed in more detail by
N. Dallaporta and U. Taffara [11].
These authors start from a point of view very near to

ours, assuming that 0 particles mav in vacuum produce
a pair, for instance,

bF s NP Ao (41)

and in this state undergo further decay.

The interaction of Hyperons and Heavy Mesons
with Matter. According to condition b) a hyperon may
be included in a nucleus the same as a nucleon.

The reactions between 0 — particles and nucleons are
given by simple algebra:

Bt W= (R Aoy 4 NPy

—(No+ Nf) + A==+ L A° (42)
O 4 Ny==(NF 4 49 + N, —
— (NF ++ Np) - A== -L A°, (43)

etc. Reactions of this type may lead to the production
of hyperfragments. But the reactions of the nuclei with

particles of the type of 09; 07 cannot lead to the production
-of fragments

0+ Ny == (N, + A°) + N
= No+ (N + &) = N, + 6. (44)

i. e. the processes with slow particles of this sort are
not accompanied by large releases of energy. However,
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the production of fragments with the participation of 0
is nof excluded.

0+ N& = (No + &) + N — (N + 4° + N)  (45)

In the given system of three particles the binding
between N, and N{)" may be realized by means of A°,
analogous to the ion of the hydrogen molecule, where
bindings realized with an electron. An interesting pro-
cess is

T 4 N> (5% A V) 4 =% 07 - = (46)
The process
=g NP A% 4 AP (47)

is forbidden in the present classification as a quick pro-
cess which is another distinction from the classification
oi Gell-Mann.

It may, however, take place as a slow process after

the capture of a =~ particle by a proton,
+
If the production of 0= mesons takes place through

ihe production of heavy pairs, then the curve of 0 meson
production as a function of energy must undergo a qual-
itative change in place of the production of real pairs
of excited nucleons *.

If being forbidden due to the smaliness of ry/n is
really essential for the associated production of heavy
mesons and hyperons, then at the emergy A~vr, of a
falling meson the single production of hyperons must
occur, forinstance, at the scattering of mesons by nucleons
(t. e., direct excitation of nucleons.)

* But the production of excited (and unexcited) nucleon
-pairs is strongly suppressed at tho threshold of effect by the
capture of autiparticles into mesons.

-~
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The generalized idea of Fermi-Yang is extremely
constructive and attractive, - because it reduces the num-
ber of “elementary’’ particles, which today are already
considerable *,

It would be desirable to build up the mathematical
formalism of a corresponding theory.

With a certain very rough approximation (point par-
ticles, providing the rigorous conservation of excited
state is preserved) the above stated considerations
might be illustrated by a system of equations of the type of

Dy +GL Y 9f Ly, =0
{==0
D9+ GL D} v Ly, =0

I=p

where /2 —is Dirac’s operator.
In the simple case when strangeness S =0 this
equation has been considered by W- Heisenberg ['2].
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