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oCUMNNAUNN N BOSTHOBBLIE CBOWUCTBA YACTUL,

BBEOAEHUNE

ANTOPUTM ONPAKA

LE/TOCTHOE ONNCAHUE JIEMTOHHOIO CEKTOPA
CTPYKTYPA NNIENTOHOB " BOJIHOBbIE MPOLLECCbI
3AKJTIOYEHUE



UTAK, KOHEYHbIM PE3YJIbTATOM HA CEroaHs
NPEOCTABNSAETCA BbiBOA, YTO NMPEOJTOXKEHHAA
ANPAKOM TEOPUA SJTEKTPOHA U3MEHWIA BECb

OB/IMK ATOMHOWN ®U3NKUN

B.FEM3EHBEPT



AJIMTOPUTM OUNPAKA
Ero ocHoBbl cocTaBnsitoT

KopnyckynsipHo-BOoNHOBON Ayann3m — byHAAMEHT KBaHTOBOUW MexaHuKun
ypasHerue LLlpegunrepa
cooTHOLUeHne HeonpegeneHHocTu eliseHbepra
ypaBHeHue [dupaka

PeﬂﬂTI/IBI/I3M, KOTOprﬁ B 06LueM cny4ae He MMEET aNlbTepHaTuBbl ONSA ONNCaHnA
MUWKpPOMUNPa N NEXUT B OCHOBE YPAaBHEHUA.

[pynnel JIn kak BbipakeHne cummeTpuii AndpdbepeHunanbHbIX YpaBHEHNA.
®dusnyeckoe coaepxaHue ajaropurma

Ka>kgasi MukpoyacTuLa onucbIBaeTCst PeNATUBUCTCKAM BOJIHOBbIM YpaBHeHNEM

JINHERHBIM MO NPOCTPAHCTBEHHO-BPEMEHHBIM NMPOU3BOAHBIM.

Kaxkpgoe pensiTnBmcTckoe BOJIHOBOE ypaBHEHME AOJKHO peAyLmpoBaThCs K

ypaBHeHuto Tuna Kneiina-Poka-lopgoHa.

Anroputm Kak HEOGXOAUMBIE N AOCTAaTOYHbIE YCNOBUS (POPMYIMPOBKN ypaBHEHUS



LEEJIOCTHOE ONMUCAHWE JIENTOHHOIO CEKTOPA
HEOBXOAMMOCTb
HeO6XO/J|I/IMOCTb onncaHums BBBMMOAeﬁCTBMﬁ BHYTpWU aHCaM6J’I$I.
HeO6XO/J,I/IMOCTb BHyTpeHHeI7I CaMOCOrjzlaCcoBaHHOCTHM B 3HC3M6J’IE.

Mpu aTom Bo3HMKaeT TpeboBaHME K NOMHOTE aHCaMbs N MOJIHOTE CBOWCTB
yacTuu,.

YCJTOBUA PEANN3ALNIN
Dukcaumsa NCxogHbIX NMPEANONOKEHN B KOJMYECTBE HEOBXOANMMOM 1
Hen3bbITOYHOM.

®Dopmynuposka eguHoro anroputma. OH 6bin N3BNEYEH U3 JOCTATOYHO
nHdopMaTrBHOrO ypaBHeHusi [lupaka v coaep>xuT ABa Tvna CUMMETPUIA.

Ncnonb3oBaHne yHNpNLNPOBAHHOrO MaTeMaTNHecKoro popmanmsma. Tem

CaMbIM CO34aK0TCA NPeANnOCbIIKN — NCNOJNIb3YyA MUHUMYM NCXOOHbIX
npe,qnono»(eﬂvlﬁ CTPEMUTBCA K MAaKCUMYMY CTPOrmnx BbiBOAOB.



PE3VJIBTATbBI 1 CZIEACTBUA
MonyyeH nonHbIl 1 3aMKHYTbIV HaBOP Pa3INYHbIX JIENTOHHBIX YPaBHEHUN B pamkax
3adPUKCNPOBAHHbBIX MPEAMOSIOKEHUIA.

MOTHOTA o3Hayaer, 4TO JOMONHUTL HAbOP ypaBHEHWI HET BO3MOXHOCTHU.

3AMKHYTOCTDb B gaHHOM KOHTEKCTE O3Ha4aeT, 4TO HaUMEHbLLINMN
HeJENMMbIMU COCTaBJISIIOLLMMI KaXKA0rO YPaBHEHUS SIBJSIOTCS YeTbipe
KOMMOHEHTA CBSI3HOCTU OAHOPOAHON rpynnbl JlopeHua. KoMnoHeHTbI CBA3HOCTM
370 anrebpsl JSln rpynnel SlopeHua.

CTPYKTVYPA nentoHHbIX ypaBHeHUA. POpMynnpoBKa Ka)kaoro ypaBHeHUs
NPONCXOANT Ha OcHOBe cobcTBeHHOM rpynnbl ypasHeHus. Kak cnegctene —
Hann4me CBoeli COBCTBEHHON CTPYKTYPbl KaXA0ro IENTOHHOIO YPaBHEHUS.
CKpbITble 1 siIBHble CTPYKTYPbl 1 COBCTBEHHbIE KBAaHTOBbIE HMCIIA.

CTABUIBHOCTb U HECTABWJIbHOCTb nenTonos. MosiBunack
BO3MOXHOCTb Ha Ka4eCTBEHHOM YPOBHE BbISIBUTb U PasrpaHNynTb yCAOBUS
POPMYNNPOBKN CTaBUNBHBIX U HECTABUBHBIX NENTOHOB.

KJTACCUDPUNKALMA nentoHHbix ypaBHeHuid. CTpyKTypHas MHAWBUAYaANLHOCTb
YPaBHEHUIi COBMECTHO C ODLLHOCTBIO NCXOAHBIX MPEANOSIOKEHNA CO3AaM
YCNIOBUS MepBUYHON CTPYKTYpHOI knaccudpukauum. CTpykTypo-obpasyowmm
dakTopom siBsieTcst pensitusnsm. COBOKYMHOCTb SIBHbIX U CKPbITbIX CTPYKTYP
pasfennna NenToHbl Ha TpU KaTeropumn: fybnetsbl, N KBapTeTbl.



CTPYKTVYPA JIENTOHOB 1 BOJIHOBbIE MNMPOLLECCbI

CxemaTuyeckoe oTobpaxkeHne noctpoeHus Jupaka
(KFQ) = (...dy...)(cdry...) (1)
Anroputm [upaka cnegnyer obpaTHOMY MopsiAKy AeliCTBWiA

(ey) () = (KFG) &)






CTPYKTYPA JIENTOHOB N BOJIHOBbIE MPOLECCHI
(T) -conpsikeHHBbIE COCTORHUS HaCTUL, 1 aHHUFUAALMS
(M7)(..dy...) (o by.) = (KFG)
(P) -conpsixeHHble COCTOSIHUS 4aCTUL, U OCLMANSLNN
(. )(dy..) = (KFG) = 8%/0t2 = 82 /022 + 82 /0y? + 82 /922
(Cyer)(neyen) = (KFQ) = 82 /0t% = 9% /922

VHoe nonoxenune BosHukaeT ansi (P)-conpsiKeHHbIX MHOXUTEEl

(et ) (oafyor) 1 (b ) (o

K HecTaHgapTHoOR copme:

(KFG) = 08?%/0t® = 8%/82>% + 20,0° /026t

3)

4)
(5)

. 3pecb pegykuns k ypaeHenuto (KFG) seget

(6)



3AKJTHOYEHUE

BOJIHOBBIE MPOABJIEHNA JIENTOHOB 3ABUCAT OT UX CTPYKTVYPHI,
BKJTKOHAA CMNHOBBLIE CBONCTBA NMOACTPYKTYP
ToxxaecTBeHHble HaCTULbl UHTepdepupytoT
(T')-conpsi>keHHble HacTULbI AaHHUTUINPYIOT

(P)-conpsieHHble 4aCTULbl OCLUIINPYIOT

HekoTopble 3amedaHunsi 06 ocumnnsiumsix.



MPNJTO>XKEHUA



NCXOAOHbLIE NMPEAMNONOXXEHNA
MHBapuaHTHOCTb N KOBapMaHTHOCTb YPaBHEHWI OTHOCUTENbHO OLHOPOLHOM
rpynnbl JlopeHua ¢ y4eToM 4eTblpexX KOMMOHEHTOB CBSI3HOCTMU.

PopmynnpoBKa ypaBHeHWi Ha OCHOBE HEMPUBOAUMbIX MPeACTaBAeHuiA rpynn,
onpefensioWnX KaxKjoe NeNTOHHOE ypaBHEHNe.

CoxpaHeHme 4—BeKTOp3 TOKa BEPOATHOCTU U MNOJNIOXKUTENBbHO Oﬂpep.eﬂeHHblﬁ
L|ETBepTI=Iﬁ KOMMNOHEHT TOKa.

BennuuHa cnnHa nentoHoB npegnonaraetcs pasHon 1/2.

Kaxgoe nnHeiHOoe BONHOBOE ypaBHEHUNE JO/KHO PEAYLIMPOBATLCS K YPaBHEHUIO
Tuna Kneiina-®Poka-lopgoHa.



CTPYKTYPHbI COCTAB FPYIMMN BOJIHOBbIX YPABHEHUN

CrtabunbHble NENTOHbI
YpasHenne [upaka; rpynna — D (II)= m
CTPYKTYpHBbIii nuBapuant In[D~ (I1)] = —1.
YpasHeHue ans Aybneta MacCuBHbIX HEWTPUHO;

rpynna — D+ ()= ,
CTPYKTYpHbIii nusapuant In[D4(I)] = 1.
YpasHeHue ans KBapTeTa 6e3MaccoBbIX HEATPUHO;
rpynna — D (IIT)= ,
CTPYKTYpHBbI nusapuant In[D~(I11)] = 0.
YpasHenue gns 6esmaccosoro (1)-cuxrnera;
rpynna — Dy (IV)= ,

CTPYKTYpHbI unBapuaHT In[D~(IV)] = —1.

YpasHeHue gns 6eamaccosoro (PT)-cuHrnera;

rpynna — D (V)= ,

CTPYKTYpHBbIii nuBapuant In[D (V)] = 1.

3apech d, £y, by, ¢y peanusytor cobeteentoe, (P)-,(T)-, (PT)- conpsixeHHble
npegcTasneHuns rpynnel JlopeHua B nHdbuHUTE3MManbHol chopme.



CTPYKTYPHbIA COCTAB rPYnn BOJIHOBbIX YPABHEHUN

HecTtabunbHble NenToHbl
Av={] Dy(II), D,(IID), D,(V)|},

CTPYKTYpHbIA nHBapuanT In[A] = —1.

Az = Dy(ID), Dy, Dy(IN)]},

CTPYKTYpHbIA nHBapuanT In[As] = 0.

Az ={{Dy(1). D,(11), Dy(V) |},

CTPYKTYpHbIA nHBapuanT In[Ag] = 1.

Bce rpynnbl umetoT coGCTBEHHBIN, HE NMOBTOPSIOWMNIICA COCTaB



CTPYKTYPHbIE O6PA30BAHNA N MEPBUYHASA
KJTACCUDOUKALNA NENTOHOB

KoHuenuus aHTumaTtepun
Heobxogumble 1 AOCTAaTOYHbI YCIOBMSI OMUCAHUS 4acTuL, aHTUYacTuL,.
OVBJETHI

Hannuvne pByx komnonenTos cesisHocTu (T)-conpsikenHbix Mexay coboit. D~ (11) n

D-(D)
[cuHrAETH |

Orcytcraue (T)-conpsixkeHHbix KomnoHeHTos cesizHocTu. D~ (IV) n DA (V).

KBAPTETbI

3peck umeetcs age napbl (T)-conpskentbix Hactuu. D (111) copepxnT Bce HeTbipe
komnoHeHTa cesisHocTh (d+, by) u ( £y, ¢y, )

HectabunbHble nenToHbl He hopMupytoT obpasoBaHuii CBEpX Ha3BaHHBbIX.
A1 — HecTabuiibHble 3aps>KeHHbIE NENTOHbI.

LybnetHoe cocTosiHne C pasaesibHbIM OMUCAHNEM HacTWLbl N aHTUHACTULbI.
Ag — HecTabusibHble MaCcCUBHbIE HERTPUHO.

LybnetHoe cocTosiHne C pasaesibHbIM ONUCAHNEM HacCTWLbl N aHTUHACTULLbI.
A3 — HecTabusibHble 3apsi>KeHHbIE NIEMNTOHbI.

KBsapTeTHoe cocTosiHune C pasfenbHbIM OnucaHnem Asyx Aybnetos.



MAXIMAL SUBGROUPS FOR STABLE LEPTONS ARE FOUR CONNECTED
COMPONENTS OF THE HOMOGENEOUS LORENTZ GROUP

These groups are:

group d, — proper orthochronous representation;
group f, — improper orthochronous, (P)- conjugate representation;
group b, — proper antichronous, (T')- conjugate representation;

group c, — improper antichronous, (PT')- conjugate representation.

All they are connected among themselves by discrete transformations (T'), (P), (PT).



KomnoHeHTbl cBsisHocTy rpynnbl JlopeHua obpasytoT Habop noarpynn, 3amKHyTbIl
OTHOCUTENbHO AUCKPETHBIX NpeobpasoBaHuii:

(T>d’Y = b’Y’ (P>d’Y - f’Yv <PT>d'Y = Cy,
(T™Hby =dy, (P)by=cy, (TT'P)by=fy,
<T_1>C'y:f'y7 (P~ 1> <T_1P_1>C'y:dm
(T fy =cys (P fy=dy, (PT'T)fy=by.
3aech:

(T') osHauaet nepexog by — by, =iby (k=1,2,3),
(P) o3HauaeT nepexos a2 — ah = iaz.

OTOo Tak Ha3biBaeMbl€ aHANTNHECKUE NMPOLOKEHNS MO MapaMeTpam rpynbl.



B cnyyae noarpynnel dy ntobas n3 Tpex NpoCcTPaHCTBEHHbIX OCEli MOXeT bbITh
BbIOpaHa Kak OCb KBaHTOBaHUS. JTO €CTb CIEACTBME XOPOLUO U3BECTHBIX
COOTHOLUEHUI ANsA onepaTopoB MOArpynnbl 3-BpalLeHnii.

Hy =ia; — a2,
H_ =ia1 + a2,
Hj3 = ias.

B cnyvae noarpynnel f- cnuH HeliTpUHO MOXeET ObITb HanpaeneH nubo saonk, NMbo
NPOTMB NMMYALCS.

VPABHEHWE NAYI OMUCBIBAET ABA TUMA YACTUL, C PA3TNYHbLIMIW
CMUHOBbLIMIK CBONCTBAMU



WNcuepnbiBatownii aHanns ypasreHus dupaka nossonnn cdopmynmposaTtb
anropuTMbl NOCTPOEHUSI CTABUBHBIX N HECTAOUBHBIX NENTOHOB.

MeTopgamun Teopun rpynn peLueH BOMpocC O MOJIHOTE Habopa CTabusibHbIX 1
HeCTabusibHbIX NENTOHOB B PaMKax Ha3BaHHbLIX MPEAMNOSOKEHUIA.

Teopema yteepxxaaet: ecn Dy = {71, ..., Yn} ABNSETC HENPUBOLUMON MaTPUYHOI
rpynnoii, To

8
< 1,

1 2
I[D,) =~ Sp(ri) = . -1, (7
i=1 - 0.

3peck n — NOpsifOK rpymnnbl, Sp('yf) — cnep KBagparTa i-oii MaTpuubl U3 OaHHOWA

MaTPUYHONA rpynnbl.
Hanee In[D.| — cTpykTypHbIi nHsapuaHT rpynnel D.,.

OCUUNASALNN N BOSTHOBLIE CBOVICTBA YACTULL



The unified form
of four connected components

We will use contracted form for notation of connected components. It looks for
d~-group as:

{bi,br} = 205, (3,k=1,2,3). (8)

Lie algebra of d--group is:

la1,a2] =2a3, [a2,a3] =2a1, [a3,a1] = 2a2,

[b1,b2] = —2a3, [b2,b3] = —2a1, [b3,b1] = —2a2,

[a1,b1] =0, [az,b2] =0, laz,b3] =0,

[a1,bo] = 2b3, [a1,b3] = —2b2,

laz, b3] = 2by, [a2,b1] = —2b3,

laz, b1] = 2b2, [as, b2] = —2b1.

The obtained commutation relations coincide with commutation relations of the
infinitesimal matrices of the proper homogeneous Lorentz group. Due to construction
of commutation relation, all six operators a1, a2, as and by, ba, b3 have a definite
physical meaning.



P-conjugate representation and duality of d--group

The duality means, that d- contains apart from Q2[a1, a2] one more group of the
eighth order g2[a1,al]. Here ay = az - ¢, ¢ = o0gz0y0-.
Lie algebra is:

[a1,ab] = 245, [ah,a5] = —2az, [a5,a1] = 2a5, 9)

where af = aya}. Let us coll this group quaternion group of the second kind
g2la1,a2]. As corollary we have another Lie algebra. We will denote it as fy

l[a1,a5] = 2a3,  [ah,a3] = —2a1, [a},a1] = 24,
[bllvbl%] = _20';),7 [bév %,} = 2(117 [6%7 b,}] = _20/27
[alybﬁ =0, [a2, bz] =0, [a37 b3] =0,
[a1,b5] =205, [a1,b3] = —2b),

[ah,b5] = =20, [ah,b]] = —2b%,

[af,b]] = 205, [af,b}] = 2b].

The contracted defining relations for f.-group take the form

{blzbk}p = 261k7 (k = 172’ 3)» (10)
{bi,bitp = =20k, (i, =2,3).



T-conjugate representation

The contracted defining relations for by-group take the form

{b}, 04} = =26, (i, k =1,2,3).

Lie algebra of b,-group is:

[a1,a2] = 2as,
(b}, b5] = 2as,
[a1, bll] =0,
(a1, b5] = 2bf
(a2, bé] = 217'17
[as, b]] = 2b),

[a2,a3] = 2a1, [a3,a1] = 2az,

[05,b3] = 2a1,  [b5,b]] = 2a2,
s WS
a1,03] = —204,

[az,b/l] = —26’3,

las, b)) = —2b],

(11)



(PT)-conjugate representation
The contracted defining relations for cy-group take the form

{bfvb;;}pt = 7261]67 (k = 1»273): (12)
{bF, b5 }pt = 204k, (i, k = 2,3).

o1,05] =206, 4] = 3, o] = 20,
[b3,b5] = 2a3, [b5,b%] = 2a1, [b%,b7] = 2a5,
[a1,b]] = [agvb*} [ag,b5] =0,
la1,b5] = 2b3 la1,b3] = 72b2,

[ah,b5] = —2b%, [af,bi] = —2b3,

[a},b7] = 2b27 [a}, 03] = 2b7.

Here (PT)=(P)(T)=(T)(P) means sequential action (P)- and (T)-conjugation.

Now we have complete system of constituents
for constructing of lepton wave equations.



Onpe,qenmou.wle CoOoTHOWEeHUAa ana rpynn ypaBHeHMﬁ CTabuNbHBLIX NENTOHOB.

D’Y(II) : d’Y?b’Y7f’Y'
YuYv +'Yu'7,u = 26,LLD7 (13)
w,v=1,2,3,4.

Fpynna D~ (1)

Dy(I) : dy, ey, fry-

Fpynna D (I): Ys¥t + YtYs = 20st, (14)
Y4Ys + V574 =0
V2 =-1,5t=1,2,3



Onpepgensiowme COOTHOLLIEHUSI 4151 FPYMN YPaBHEHU CTabWUAbHbLIX IENTOHOB.

D“/(III):d’va’YvC’Wf’Y'

Fpynna D~ (I11): VsVt + VtYs = 20st, (15)
Y4Ys — Y574 =0
’yz =1,st=1,2,3

D(IV) : by.
VsVt + Ytvs = —20st, (16)

Yavs — ¥s74 =0
v2=1,st=1,23

D, (V) :cy.

syt +tys =0, #t,s,t=1,2,3

T yaYs =54 =0

=1L == =-1
(17)



Onpe,qenmou.l,me COOTHOWEHusa ana rpynn ypaBHeHmﬁ HecTabuibHbIX NENTOHOB.

I'pynna A umeeT cnepytolime onpefenstowme COTHOLWEHUS:

rpry +T.,T, =200, (n,v=1,2,3,4,5) (18)

Ipynna As:

FSFt+FtFS :265757 (S,t: 1,2,3),

I'sTy +T4T's =0, (S: 1,2,3)7

r2=_1I.

I'uwl's + sy =0, (u=1,2,3,4),

r2=-_1I
Ipynna As:

FSFt—‘rFtFS:253t, (S,t:1,2,3,4),

I'sI's +I'sT's =0, (S: 1,2,3, )7

r2=—rI.



D’Y(III) : d’Y»bﬁvcﬁvf'\/'

VsVt + Ytys = 20st,

Y47 = Vs¥4 =0

"/Z =1,st=1,2,3

(vsps)¥(x,t) — va0¥(x,t)/0t = 0,
In[D(II1)] = 1
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