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A H H 0 T A U M H 

TipoBe;n;eHo TeopeTwi:ecKoe paccM0TpeH11e o6paaoBaHHH/12 -

MeaoHa B peaKD;HflX e-+ e~ fie+-5/ H e-+5T-e +-.fie .Ilo;nyqe­
Hhl BblpallteHHf! ;n;Xfl ceqeHHH yKa3aHHblX npo~eCCOB H 11ayqeHa 
!llX saBl1Cl1MOCTl> OT TIOXflPH3~HM nenTOHOB. 

ABSTRACT 

fl - .,. 17 r,; 
The formation of rra -meson in the reactions e + e - ri11 +:JI 

and e- +Jr - e-+ Jli1 is theoretically considered. The expres­

sions for cross-sections of the above mentioned processes are 

derived and their dependence on lepton polarizations is stu-

di:!d. 

/ 

-- ' 

4 

J 
( 

J 

I. B HacTOHII(elf pa6oTe paccMaTplirnaeTcfl o6paaoBaHHe J/c -peao-
JPI G +1-HaHCa c rrna.HTOBHMH lllilCXaMl'I = 2 B peaitu;1mx 

e· + e.,. - 11/ + JT:;. (I) 
11 

- + - R + e +:ii--e +. c-· (2) 
B no;nyqeHHhle BapaxeHRH .ztJ!fl cetieHl1lf 8TKX npou;eccOB BXO;ll;HT O;D;HH 
H6H3B6CTHblt1 l))opMif!aKTOP B Bepm;me Ji/ff IJ H cpaBHeHHe c sttcnepH­
MeHTOM MO:llteT ;n;aT:& CBe;n;eHHf! 0 HeM. 8HP.HHe .Bepmli'IH:&I lle:i'i ~ Heo6xo­
;ll;HMO; Hanpirnep, npH 11sytteHHH if)oToo6paaoBaHmr sapf!llt6HHl:ilX .9i -Meso­
HOB B Mo;n;enH non~coB Pe;n;llte,r;n;e Hapfl;n;y c .P -TpaeitTop11elf Heo6xo­
;n;HMO YllHTblBaT:& TaRllte BK~a;n; .Re - TpaeKTOPHH. 

2.HaqHe~ c peaKu;l1H (I), B KOTopolf ocy~eCTBXHDTCfl TOX:&RO sa­
Pffllt6HHble MO;D;bi KOH6lJHblX qaCTl1D;,H6o c;nyqalf, Kor;n;a KOH6lJHble qaCTHiij>I 
HelfTpax:oHae, sanpemeH coxpaHeHHeM aapH;n;oBott qeTHOCTH.8anJ11111eM Ma~­
PHlllllilf aneMeHT, COOTBeTCTBYDmHlf paCCMaTp_:BaeMOMY npou;eccy (I) B 
O;ll;HOl))OTOHHOM npH6Jil'lllteHHH (puc.I), B BH;n;e ) 

Mi:f = (251) 
4 ¥- (41<10 Ka~ W1 ~i11J'ft(-R:)arU(Ki J]\~,q2/11'/0 >5(K,·~~:<Ja},<s) 

r;n;e MaTpHtIH!il'1 sneMeHT TOKa nepexo,lla J/~fl' 1f' ecTJ:> 

<Chqa/111I0 > :::::f Le F (q2
) eJ1~;l, ~=c;(ci;) p.f.i q}\ q6 • el (4) 

-l)=--=B-p-a-:'60-T.-.e .RCTIOX:&SyeTCfl CHCTe:.ta e;n;HHHD; C=li.=1,c/.;::. ~5'= m 11 MeTpH-
Ka (a.6)=a~--a)j,,) a..=(~,La. 0 ). 
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8;n:ec:& np!IIHHThl cne;n,yro111He o6osHaqeHrui:: m - Macca aneKTPOHa, F(41 -
l]opMilJaKTOp, Oill!ICb!BaIOI11l'll1 Bepilll'!Hy fl/j'i O BO :BpeMemmo;n:o6HOJ1 06JiaCTlll 
nepe,11;a:eaeMNX !llMITyJI:&COB Id m.1eIOI11llll1 paaMepHOCU [M ]"a , 

q:K,+Ke'°CJ.,+q.21 P=q2 -q 1 i (5) 

E::G (f;l -TeH30pHaH aunm1Ty,11;a, OITHCh!BaIOIJ1aH .fl.c. -Me30H c 4-l'IM -
qyJ!:&COM '1'2 H ::;n:o:r.JieTBOPffPJ!llafl yc.'lOB!llH!.I, 

E:~e=-c:,u E-~o1.=01 'l-uE.~6(Cf.i)=O· (6) 
~MeH B BlllJJY B03MO~Hyil TIOJIHpl'!3anl'IIO HaqaJ!:&HblX qaCT!ll~ lll HCITOJI:D3YH 
Bhlpa~eH!llH (3) !ll (4) ~ aanl/lllleM ;n:!lliW)epeHnlllaJI:&Hoe ceqeH!lle B npo!lla­
BOJ1.I>Hol1 CHCTeMe KOOp;i\El!aT CJie;n:yIOIJ1;nl o6pa30M: 

de?= .f c1. 2/F (~ii) /"w~~ t (- ci/K2r1afi .r~ e,~v I~~: (ci.n. . (7) 

TeH30p Jl~v COOTBeTCTByeT JI6TITOHH0!1 Bepill!llHe E m.1eeT Blll,11; 

JI f"'V = 2{C1 +(Q1Q2 J ](q2 6i"'\) -qt' ~/k,.. 1q-~a(a.1 11 a.2~ +o,f'a1~)-2 (0:1Kl)(a2K1) 6rv + 

""2.(a.1 ll;i)(a.2 J' KN"" UavK1./")+2(a.aK1) (a.1}1 Kav +a.1y Kai" )t2m{a.1J. +a.«;.)~,,e"JJ<~ 8) 

!',Z\e Cl.1 Ill a.a - COOTBeTCTBeHHO 4- BeKTOpbl TIOJI.flpHaand 3JieK-_ 
TpoHa l'l noaHTpoHa, K= K1 - K2 - .HeTpy;n:ao y6e;n:HT:&CH, qTo TeHaop 
.fl~v Y'AOBJieTBOpfleT Tpe6oBaHJ/llO cox~aHeHHH TOKa B BepmID!e 

Q,fflfv::qv.fl/".,:O, (9) 

Tettaop ~~v COOTBeTCTByeT BepruHHe .fl/jj I( H HMeeT Bl!l,11; 

B - ·1 (r l*- (rl l:-
/"v-4 ef"ol.ft" eV¢6p f)~,_ ~Gfs'l-,'b; L.rE..i,i; (~!)€~\q,i)i (IO) 

r,Z\e no nonnp1!13aii!llHM ila - :1.1ea0Ha M;n:eT cywHpoBaHHe. 
l!la coo6paiKeHHl1 pe.imTlllBHCTCKOl1 Ill RaJ!l16pOBOTIHOlt ruIBapHaHTHOCTelil 

TeHaop, OilHChlBaro~H~ SJieKTPOMarHHTHyro BepmMHy ~nH qaCTllln c HepaB­
HHMH MaccaMH, MO~eT 6hlTD aanHCaH cne]JyIDIJ1HM o6pa3oM: 

Bf-iv= Bl (cf)(~2 0~~-<J.l'~v)+EJe(q2)[Pt<-~.l' ~][P-i-q/~l J · (II) 
BocnOJI:&30BaBmHC~ ~opuyJIO~ Cy-"-MHpOBaHHH no CilHHaK lfe - MeaoHa 
Cr)"~ (r) _ 1 0 · 1 i · f Ea.~ (q)E ~$ ('i) - - '3" OlG cSdSi+ 2 (cS!l(cS<lai+ 6.t'Ji 5r,~) + & ( 6.i.~9d 9iiJ+8.i,9iq,~ CJ,~+ ( 12) 

+ 66~q11. ct51 + ~~o1. q'{ )- .3~2 (~<io~~'J.m +o~lflq.._ ci,<t>)+ fM~ CJ.,. 'l-c.> Cl,r'is; 
H Bhlpaitemunrn (IO) R (II)' ,ll;JIH BeJI!ll11HH e, l1 E:>c nonyqae14 
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B1 =tq 52 , 52 =- "5 /.. i, (I3) 

r~e EBe,Z\eHN o6oaHaqeH:llll 

qe 
t=(qp)e-qepa, A=--w, (I4) 

a M - xacca fie - MeSQHa. 
c Y'JeTOK ycnOBl'Ili (9) MOEHO sallllCaTD 

.Al"~ 51'" =- t fl1-v (t9·il 6/"v +Pl' P-1)}. t · (IS) 

OKoHqaTeJI:DHO ;n:JIH ~mpwepeHnlllaJI:&Horo ceqeHl1f! nponecca (I) no;nyqaeu 
cne;n:yID~ee B~paJKeHHe: 

d.c?::. ~ rJ.. e / F (9e)/2 ~2/~/ (-q2K~ ( 1" {t ·q2(a1p )( 02P )-pa(0.1 Ke)(QeK1) + 

1 K'2. e ,1J/cf.E;1·1(I6) +2(a1Ka)(a1p)(K1P)+2(0.,p)(QeK1)(K2P )t e[qe t+ (Kp) ][1t(a.1a)1 ti.Wt d.SI.. 
, 

Ilepei:p;n:n K c.n.u. 111 npeHe6peraH xaccoi aJieKTPOHa, ;n:nR ~~peH -
n11aJ1.I>Horo ceqeHl1fl c npol!ISBOJI:DHO noJIHp111aoBaHm.IllH HaqaJI:&Hl>IMH qac.­
TH~aMH nonytraeM 

d.6=-{1+e(ii~J(u~) +2(1tco.si1e r1 [(Fifi) (n'fa) -

-cosB((tr{;)(ii~) +(fi~)(V'faJ-f SLn
2Sff1T1!]JiiGo J 

(I?) 

r;n:e QG0 npe,Z\CTa.BmieT co6oi ceqeHHe c HenoJIHpHaoBaHmrLm HaqaJI:&!lli­
MH qaCTl1nB.W4 l1 mi:eeT BH,Z\: 

cl.Go=~ d"f F(qaJ( ~fr (1""co52e)d.st. cm) 

3;n:ec:& w - IlOJIHan a11eprHH peaKn>rn, 11 H 1e - COOTBeTCTBeH­
HO BeRTOPH noJIHpR3~El1 aJieKTpOHa H noazTpoHa B HX Cl1CTeMe IlOKOH, 
fj H n: - COOTBeTCTB6HHO e~HHW!HHe :aeKTOPH B HanpaBJieHRH l1M -

nyJI:&COB SJieKTPOHa l1 :ff - 1.1ea0Ha~ (V .. rt)=cos&,a MOJJY.lI:D 3- :m.myn:&ea 
KOHeqm1x traCTMn eC'l':& 

/i"l=2~ [(W2-M2-~e}2-4Maf-J2]'/z; (I9) 

f-1 - Macca 91 - MeaoHa. 

: 



l\a1: sTo cne;zr.yeT 1113 :~o:i;~:nm ( I7) , BWlll ce11eil ·.11 ;r..oBolll>HO cyli\eCT­

BeHHO 3aB>ICYIT OT HS.npaEJIBHlm Y[ CT8Ilf!l!Yl TIOJiflp1!33.I:(YI!I Ha11an:nHUX 11ac­

Tl!lu;. p. 1u1Tepecno:.1 cnyqae nonepe11HEX, aHTvmapannc.;n,m1x noJrnp:: -

:::a11111t~l ,2] m.:eeu 

,,., f 1 <' l scn"B " ) cl,..,_ 
d;j=1 t111~T•co5i!SC05c~ <..:Jo1 

(20) 

r.rre IJ - ·y ron J.~eJK)lY. TIJIOCltOCTHJ pOJK)l8HYlfl YI TIJIOCi\OCTDID I nepneH;lilllKY-

Jlflp!!Oli K HanpaEJI8H:ru:l UOJ!Rpll!3aum1. 113 BLipaliteHJ/lfl (.20) BJ/l)lHO, 1!TO 3a ar 
•1c1ono11emrnM TpWIBHaJt:&Horo cny'!afl ') 1 1 1 ~ :: () H ·cny'!aH ,Kor)la ~= 4 , 
np111 Bcex ;npy rWIX B03MOJKH!:lX 3HatienlAf!x 11 1 ~<. !ll 0 Hanwrne none-

petrnol1 nonHp113au.:rn np1rno;n:11T K ce11em'!lil, oTJUl'!HOMY oT nenomrpH30EaH­

uoro. TaK, B cny11ae nomm~t n0Jmp1rnan;vm 1113 (20) m.rneM 

d.6::
2 

1-sv,'"Ssine~ 
1 + co.s,i! e de]o (21) 

rt' 
nonyqeHHOe cetJ:eHlli8 npit! e "~::. e oelpamaeTCfl B HYJTh. BTO 03Ha11aeT. 

qTo Tl - 11eaoH He 11.o:s:eT poiK;naT:&CH B aanpaBnen11111 noJIHp1113ar:i;111i1 Ha-

11aJ!lJHhlX: qaCTHI:(. 3aMeTR:M, 'iTO 3TOT peaym.TaT He aaEHCi!T OT ;nonymeR­

noro np116nm1teHlllfl ( npeRe6peJKeRIDI :1.mccoti aneKTpoHa). Ilp1-1 o6pa3oBa-~ . 

HHJll 3f - M830Ha TIO)l y!'JIOM 8::. ~ B IlJIOCKOCTi1 1 nepneH;D;lllKY -

Jif!pHOi1 nanpaBJI8HllOO TIOJ!HhlX, nonepetIHhlX, aHTi!TiapaJIJI8Jl:&HblX TIOID!Pll3a­

n;mt na11aJ11>HbtX tiaCTlllD; ce11ett11e :s;n.Boe 6omme ce-creHRfl c ueuoJif!pll30 -

:saHHblM!tl. 11acTJ11D;aMR. 
B CJIY'lae npo;nom.HhlX IlOJif!Pi.t3ar:i;mt HatiaJII>HblX qaCTHL\ 113 ( 17) no-

nytraeM 

d.c;::(1':.1Jie)dGo 1 
(22) 

r)le BepXHJllti 3HaK COOTB8TCTByeT cnyqaD I Itar)la BBICTOPbl 110JiflP~3aU.ili1 
3JICKTPOHa H I103:KTpOHa HanpaBJI8Hbl O;zl.llllaKOBO I a !li!.."K!llll~1 - KOr;na OHil 

npOTi!BOilOJ!O~Hhl. Ilplll IlOJlHhlX TIOJ!flpi!:aan;lllffX ceqe1111e B ncp:BOM cnyqae 

y)lBal'!BaeTCf!, a BO BTOPOM - oi;inali\aeTCfl B JlYll&, :e ccPJiacvm c ¥13JJ8CT-

Bbl:M pe:ayJI:&TaTOM 3eJll>)J.0Blll~a [3]. 
liiHTerpHIJYff no yrJmM :shlpa)iem;e (IS) , )lJifl nonHoro ceii:eHilfl nony-

Go = +rra-~ IF (q 2)/e ~~~ qaeM (23) 

6 

'.) 

tl 

3.~JIH Toro, tIT06hl 111MeT:& npe)lCTaBJieH111e o nopa;n;Ke Ben11qHHl:l no­

nyqeHHb!X ceqeHHti, Heo6xo;n;no oneHll~:& tlJopM<J!aKTOP F (4~) .c aTol.t 
n;eJI:&l'.l BOCI10JU>3Y8MCH MO;l\8Jl:&D B8HTOPHOJ.i ;n:o:iumaHTHOCT!d II 6y;ne11 an-

npoKCllMllPOBaT:& if?op1i1<J!aKTOP B BepmRHe /li! 9T If o6ueHO». p
0 

-11.e:ao -
l• ROM [t.i]. Ilp11 TaKOM npe;n;nonoxemrn F ( q e) np1u.1eT 13l'l;ll: 

e 
F(q")=-9z~;m! . iMr__. 

.P 2 ~.P 
(24) 

~Jif! np>16JIHlll8HHhlX on;eHoK 6y;z;;eM npe;z;;nonaraTD cna6yl'.l :aa -

Bl'IClllMOCT:& B8Jilll'll111Hl:l. ~.fl2.P1i OT q a II C'llHTaT:& ee ltOHCTaHTOJ.i' 

CBH3aHROti c m11p1rrnol.t pacna:zi.a Jqe - p5i cne;zr.yl'.lmIDI o6pa:aou: 

1 .a~ •"") 2 e )e ~ 2 5l r(p, -frr) =- - (.nu;;1 Ms[(1- ~- - L .4&L] 12 : e ..;20 4gr M" M2 M~ ' 
(25) 

Bocnon:osoBaBllli!C:& ;naHHhlMH[ 
5

J1t1. B3flB r(Ae·-P:JT)= 79,2 M:ab 
KOHCTaHThl CBH3H ~ h.P!ll' nony11aeu :ana11eH11e 

I ;D;Jlfl 

m 4 ( _fug;_) ::::::!. 26. 
.P 411 

(26) 

Tio;n;cTa.BJifffl Bblp8.lK8HJ/lfl (19) 111 (24) B (23) 1 3am1!ll8M TIOJIHOe ce -

qenne B n11:zi.e 

Go: ro ( 1- ~)-e. [ ( 1 - ..tt: - £ ) a - 4 M
0 

}./ e J 5 /a wa . wa we w4 ' 
(27) 

r;l\e IlOCTOffHHaf! B8Jlil'l:l1Ha Y-o eCT:& 

ro = 1 ~2 Ji c1- 2 ~ ( ~v=~ ::::= s,s · 10·~\Ma.. 
M cp ·1 

(28) 
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Ha pl'!c.2 npe~cTa.llJieHa saBl'!Cm.loeT» noxHoro ceqeHrui 6c OT BHepr!t!l'l 
peaKD;H!tl IN • Xo;n, KpHBolt noKaSHBaeT, qTo B IDiTepBaxe BHeprlltlt 

Wo ~ w-t: e r3~ ( w,, = ~. 45 r3t, -noporOBaH aHeprHH) ce-
qeaHe 6NCTPO pacTeT c yBeJIHll8BH6M 8HeprHH. IlpH 6om;mia: 8Heprl4HX 
pOCT ceqeHHli 88Jl6;ltll.H6TCH 1 CTPSWIC» K npe~eJI»HOM;Y' 8HaqeamJ ra • 

4.Ilepe!t;n,eM Tenepb K peaK~H!tl (2),KOTOPM Olll'!CblBaeTCH ;n,HarpaM­
MOlt pHC. I c l'!SJ.ieaeaHeM aaa11:a HMnym;coB Ka- -1\c, q1 - - q1 .IlpH ;_ 
Be~eM Bblpa.EeHHe ;D,Jlfl pacnpe;n,eJieHHll no yrJiall KOHeqHLIX 8JI6KTPOHOB 

dG: ~; / F ( 92)f Mc~ e I~~ [( K1 q, Jc- rne{"-e ftfo: {t-q11.(a,p}(alp)+p11(aiKc}(~kf 
. (29) 

-c(a1Ke}(o.ep}(K1 p)- C2(atK1}(Q1P)(K11.P) +i[;eet+(Kp ;cJ[1+(a.1az JJ} / M:
0 

( d.SI. 1 

r;n,e a1 l'l 'te - COOTB8TCTB6HHO 4-BeKTOpbl I!OJI.Hpl'!S.a!U'!lt Ha'!aJIDHOrO 
H KOH6'!HOrO SJieKTPOHOB, 

9=-K'1-k2=qc-q,, p=-q1 +~e; K=K1+Ke J 
(30) 

a F (qc} onHCb!BaeT Tenep» Bep!llHHY Ac:~-~.. B .npocTpaacTBeHHono;n,06-
ao!t o6nacTH nepe;n,aBaeMl>lx HMnyJIDcon. 

EcJIH aac He HHTepecyeT nom1pKaau;1iIB 1rnHeqaoro aJieI(Tpoaa,To Ka 
BhlpaJl[eHlU'!. (291 cJie;nyeT, '!TO aeaaBHCl'!IAO OT nom1J)IAaau;H1t1 aaqam;aoro 
SJieKTpOHa ceqeHHe 6y;n,eT 

d.6: ~/Ftqoi1/2_t_ /Kai r(K1q )c_ 171 e1.12J°Ya~(1+..!5.:)+.!..(Kpn/rl11 /~st (3I) 
Git \ J Maq2 ~ LI 1 i· i92 c cl.K!o . 

BhlIIRllleM, aaKoaeu;, m1paxeHHe ;n,;rrn pacnpe;n,eJieHI-1.f! no lt:aa;n,puTy 
nepe;n,aaHoro 1t1Mnymca B c.u;,L:. 

8 

d.6 5i() e I 112 -t 
dqa = 1eB F (qejl Mcwe - W-ffJt + (tp(J) (32) 

r;n,e 

9e :.Z[K 10 (1<!0 - Ka cos 9 }-me] ) K 10 = Jw (W e-JJ1; Keo= ,/w(w!Me+ mie)1 

(33) 

(qpJ=r..ia-Me. 1 -pe:;:qet-e(Me+-f'i'), (Kp)=qe-e.wa+Me+f<e. 

3;n,eC» W - llOJIHaH SHeprl'!l'! peam:urn (2), e -yrOJI pacceHHHll 
3JI8KTPOHa. 0TM6THM, '!TO He BCD;n,y MN OT6paCblBaeM ,JieHlil, co;n,epxa­
IIll'!e ,,, • 8TO CBH3aHO c TeM, '!TO npR 8HeprHHX, 6nR3KHX K noporo­
llO~' uacca 3JI8KTPOlia OKa81>IBaeTCH cymecTB6HHOlt. 

UOJih8YHC» CJiyqaeM Bblpallta:K> rJiy60KjJO npH3HaTeJihHOCTb C.r.MaTR­
HfiHY, o6paTMBmeMy llHRMauHe aBTopa aa HayqeHRe pea&ru11.1:( I) , a TaK­
me aa noc~OHHHN!t HHTepec K pa6oTe. 

e+ Az 

K~ 

q 

Q ',, 
'I, ', Ki 

~ '" e~ 
P1.1:c.I ~~arp!l.J4J.1a npou;ecca (I) ll O'AHOtiloTOHHOM npH6JI!tllKeHRR~ 
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