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B.A.MaTaeea, E.A.ToRKaqea* 

AHHHrHJIHUHH TTAP e + e -

8 A~POHhl l1 CnEKTP nAPTOHOB 

PaooTa aonomeaa aa ceccuu OTaeneaug gaepnoft cpH3HKH 
AH CCCP 11-15 cpespang 1974 r. 

* ~ 
MocKOBCKHH rocyaapcTaeHHbIH yausepcHTeT 



KaK R8B8CTHO, o6nurn 88.KOHOMepHOCTH Bcex r.ny601t0Heynpyrnx 

rrpoueccoB MOryT 61:lTJ, IIOHJl:Tbl, HCXO,nll H8 O,Il;IUDC JJHllll, coo6paJKeHHi1 

q>il8H'leCKOro II0~06HR H 8Ha.mI8a paaMepHOCTeii, J18lKB.ll1HX B OCHOBe IIPHH­
/12/ 

Il,HIIa aBTOMO~eJJI,HOCTH. ' 

EoJiee ~eTaJIJ,H08 OIIHcami:e IIOBe~eHHR Ha6JJJQnaeMI:lX·BeJIH~H 8THX 

rrpoueccoB MOJKeT 61:lTJ, IIOJIY'IeHO rrpH HCIIOJ1J,80BaHHH ~OITOJ1Hl1TeJJI,HUX 

C006paJKeHHii O COCTaBHOii rrpupo~e a.npc>HOB IIpH YCJJOBHH, 'ITO cneKTp 

KBaHTOBHX ~ce.11 l1 uacc 8Jl8M8HTapHI:lX COCTaBJJRKJIUDC - napTOHOB".llll­

JJJl:8TCJl: H8B8CTHHM 0 /
3 / 

B 8TOii aaMeTKe Mil XOTHM yKSaaTJ, Ha TO o6CTO.flTeJJI,CTBO, 'ITO • 
+-

H8ytiemrn npouecca a.HHHI'IIMUHH nap e e B a,IJJlOHI:l noaBoMeT Heno-

cpe~cTBeHno onpe~eJIHTJ, crreKTp Macc rrapToHOD. 

06u~o OTHOCHT8JJJ,HO Ma.CC napTOHOB npe~oJJaraeTC.fl, 'ITO OHH 

COCTaBJUJI<11' HeKOTOpl:le ~OJm OT IIOJJHOii MaCCI:l ~poHa. 3TO He 08Ha'la­

eT, o~aKO, 'ITO B MO~e.11.flX no~o6Horo THTia rrapTOHI:l c 6oJII,lllHMl! Mac­

caMH JJOrH'!ecroi: HCKJI]!Jt!8Hbl. 3~ec1, CJJe~eT TIOHHMaTI, JIHllll, TO, 'ITO 

BepoRTHOCTJ, Hai1TH T.fllKeJll:le rrapTOHI:l B peaJil>HllX a,IJJlOHax CHJJJ,HO 

IIO,IJ,aBJieHa,6.11aro.napR rrpe~o.11araeM11M CBOilCTBaM BOJJHOBHX <pyHKUHi1 

a.npc>HOB. 

C ,IJJlyrOii CTOpOHI:l,B BaKYYMB ~OJllKH!,I 6HTJ, :npe~CTaBJJeHI:l B 

paBHOll CTeneHH qJJ!lllKTYauHH Bcex IIOJJeii, accou,iupyeMI:lX C rrapTOHaMH 

paMH'IHUX 'rnTIOB - MK JierKIDC, TaK u TfllKeJll:lX. T~ o6paaoM,rrpo-

e +L> - rvti 6 uecc aHHHrHJJJl:Ulm nap ,;;., B a.npoHI:l B o~"'i'OTOHHOM IlpH Jll1-

JKeHHH, y'!HThlBallil!eM BaKYYMHhle q)Jl]JKTyaum1 Bcex aapmKeHHI:lX rro.11eii; 

.naeT ymtKaJIJ,HYKl B08MOJKHOCTJ, 06HapylKeHM TiapTOHOB C Tip0l18BOJJJ,HO 

60JJJ,111HMH MaccaMH. 

BBe~eM 4lYHKUHlll IIJIOTHOCTH /!, ( 1?1 z) ' orrpe~e.millil!Ylll ~CJJO 
o/. - --

rrapTOHOB Tima o/. C MaCCOi! m B HHTepBaJJe Jm ~ • Tor.na IlOJJHOe 
+ - - -

ce'!eHMe aHHHrHJISIUHH nap e e B a.npoHI:l D O~CJqJOTO~HOM rrpH6JIHlKe-

3_ 



mm: onpe.neJUieTCH BupallteHHeM: 

. 't~ 

°e~~ ttopDllbl q :t) = J J dm f!(m') o;~~old Cf! m:0 · 
Q, ol O c( (I) 

8.n;ec1, cr--..,. - - (q 'l mi) - C9'leHHe aHHRI'JL7IJllUI]! C o6paSOBB.HlleM e e -i> >1.c( 1,., · 

rrapH napTOHOB ol;;;: C Me.CcaMH m • HMeunee B npe.ne.ne Bl,ICOKl!X 
2 i -

8Hepm 'f, -l>OO npH qll!KC.HpOB,8.HHOM 'm "Toqeq~QIIO,lt00Hyn"8.BTOMO-

,lt8Jil>HyD acmmTOT.HKy: 

o;+e--?<>(ol ft'; m~ 
f,'1.-';)ct, 

'1. 
'111 - 'f"'l:C.. 

,.._,.!.e:z. 
'!2 oi · 

(2) 

Acm.mTOTK'leCKOe noBe,lteHKe nOJIHoro Ce'leHM ~ 6y.n;eT 

CYJ118CTB8HHHM 00pa30M 3aBHC8Tl> OT CB02CTB ~Rnml: IIJIOTHOCTK e (?#~. 

PacCMOTpRM .na;ree ,ll;JII!, KOHKJ)eTHOCTZ CJIY'Ulfl D:aJlTOHOB co CilllHOM 

½ . B 8TOM c.nyqae 

<T + - -
e e ~"'°' 

'l 'l 2 = -4'1Tc1 K (:!!! :> e"' ' 
J'f_ 'I. 'i-"' 

r.n;e 

'I. ,,:2-;,, 'I. 1~-a. 1ml K (?!l) = {! + - ) --- . & ('l '!.. "f111'1j 
'L"' f'l 1,.2 

ecT1> K.HHeflaTlAecKHtt qiaKTop, npll'ieM K (o) = 1 

IIo.ncTaBJiruI am BHpaXemm B 1p0pMy.11y (I), Ha!,lteM 

R = eie+e-.., ag.~o:61, = I e .. /·n.,,, (j-a_) , 
<J' e~-""' µ /.f oJ 

4 

(3) 

(4) 

(5) 

~ 

r.ne 
00 

no( <<t> = J Jmt {,ml.J Kr;:_; 
(6) 

0TM8TIDII, 'ITO B Tpa.nl!IUIOHHO:R MO,lteJI.H JierKIDC napTOHOB nol = I, 
B COOTBeTCTBlm c TeM, 'ITO ,n;JI1! :Kallt,ll;Oro paspemeHHoro Ha6opa RBaH­

TOBHX 'll'!CeJI c{ 3,lt8Cl, RMeeTCSl, B TO'iHOCTll O,ltllli napToH. IIOJiyqrullllIBCSI 

rrpR 8TOM pesyJII,TaT R.. = .I e 1 H8XO,ltRTCSl B S!BHOM npoTRBOpe'lIDI C 
o(, 

RMeBl!lHMRCSl 8KCnepHM9HTaJILHl:lMJ:I .u,aHJlliMH KaR ,ll;JII! .IJ;POOH03aplllKeHHl,IX 
' /.4/ 

RBapKOB, TaK H ,ll;JII! KBapKOBl,IX TPHIJJI8TOB C ueJIIDIIH sapH.u.aMR. 

EoJiee Toro, KaR noRasHBaeT aRcnepIDl!eHT, BeJnr•mHa R. , orrpe­

.n;eJillDI!8.ll aocoJOOTHoe sHa'ieHlie ce'ieHWI ammrHJillUim nap e +e -

B a,ltpoHH B e,IJ.HmutaX 8TaJIOHHOro ce'ieHruI oopasoBaHM nap TO'i9'iHl:lX 

'IaCT.HU fl 7'- . B!,!paCTaeT np1!0Jll!3l1TeJILHO B TpR P.!:18a B o6JiaCTH 
/S: 6/ 

aHep:ratt .9 r3f 2 ~ 1, t., .2.0 0f .2. ' (p11c. I). 

ECJll! 8Ta TeH.n;eHIJ;WI COxpa.HHTCSI npH 6oJiee BHCORHX aHeprRHX, 

MOJ!iHO 6y,1teT c.n;e:naTl> Bl,IBQ,Jl; 0 rrpRO.IDilKeHHOM IIOCTOIDICTBe noJIHoro ce-. ' . 

'ieHH.11 aHHHI'}lJJJlltlnJ B 06.naCTH Bl,ICOKHX 8Heprnfl, T.e~ 

cr-: ' -2 r.t-.t 
e-fe-_>4.Jf"Hl,f,.,; ~ .{ CJ ) ~ ~011/,. 

Ilo.n;o6Hoe rroBe,nemi:e noJnioro ce'ieHll.ll aHHH:raJUIUHH B paMRax 
', /1/ 

O.n;HOqx>TOHHOro rrpHO.IDil!eHH.11 He npoTRBOpetJHT yCJIOBlnl yHHTapHOCTH 

,r_ _ (:r=t) ~ l.271 B o6JiacTH 8Heprd 
e+e ➔ 4J/JOH&I a -i · ,,. ~ ~ 

i,.:l. ~ 1•21r (rie) ~ Ox S"oo r~~) . 
oJl 

0TM9TRM, 'ITO no.llBJI.llllqeec.11 s.nec1, MiKCID.laJILHO .n;onycTHMOe 31Ul-

'ielUle 8HeprHH B9Cl>Ml 6Jm:3KO 8HeprnR yHRTapHoro npe.n;e.na. B Teop:im 

cnaOwc B3aHMO,n;eRCTBHI. 

5 

~ 



8 

6 

R 
4 

2 

0 
0 

R= a- (e+e- ---hadrons) 
a- (e+e- -µ+µ-) 

?;!1 1 f 
5 10 15 

q2 (GeV/c)2 

t 

20 25 

PHC. I• 3HepreTU'IeCKaH 3aBIICHJ.IOCTb ITOJIHOPO c etJeHirn 

aHHJtrllJIH~m, B e,11;nm1~ax 3Ta.1JOHHoro ceqemrn ct.,.,_ iii~ 
PncyHOK B3HT 113 paeloTtI /6i • ee-'? I'. 

6 

' I A 
I I--~ 

f. 

. 11 
,·i_ 

(f 

-· 

BosBpru!llUIC:E, K Bonpocy_o cneKTpe napTOHOB, SaMeTHM, 11TO H8-

M8H8HIIJ) C 9Hep:rnel Be.7Il'[11}ll{H R, COOTB8TCTBY8T saBHCRMOCT:E, OT 

eHepI'lm BeJIHTDm not (it) , KoToJ!le Mu 6y,u;eM B .nam,HelhneM Hasu:aaT:E> 

8qJqleKTllBHilMII 111!:CJUlMII napTOHOB Tl[Ila ~ , o6pasynIU!XCSI B npo-

' ~ecce aHHJII'lt1mUKJ[, c mccaMII B JmTepBaJie o ~ rm -i..$'" % . IIocTO.RH-

HOMY nOJIHoMY ce11eHIUJ amtxr~ COOTBeTCTByeT, B 'ISCTHOCTH, 

acm.nrr0Tn11ecxoe noBe,D;eHHe THna· 

l1o1 (1, 'L) -v c'"'. ¾ .,· 'Z. 'l ~ er:, , 

r.v;e 

1 

co<= ~'m Jc1xfi::x {1+jx)p (-m'x). 
-m1..,;oo o <>< 

IlpR 9TOM 

ry + - (. z.) ,v "JT« \- ~ 
~ e ➔ 4Jl'DHM t 3 .L. co< e-< ., 

ot 

(?) 

(8) 

(9) 

r.v;e c"' - .pasMepH!le .Itl[HaMl!'iec:ime napaMeTJll, onpe.v;eJm1111ReCSI 
. " 

acHMIITOTHKOI cneKTpaJll,HHX qiymm1dt ~ ( 711 ~ Ilpl! 60JII,Il!HX MaCcax 

IlaPTOHOBX) 

e (1112.) --v .£ co( .: '1n '~ oO • 

4 
(IO) 

x)ACKMilTOTH118CKOe noBe.v;eHHe (IO), o6ecne'll1Ballll88 CYll!8CTBOBaHKe 
npe,D;eJia (8), B 06l!l8M CJiy'iae CJI8,Dy8T IlOHJIMlT:E, B TepMl!Hax o6-
06I118HHHX 'PYHKUd. Ilo.v;o6HHM noBe.v;eH11eM 06.na.n.aeT, HanpRMep, µic­
npe,n;eJieHlle BR.na f){?11 ') = .[ c,_ I {1,/:- m;) , r,n;e m; - MOHOTOHHO µic-

lc•• TYIIl!Ul noCJie,D;OBaTeJIDHOCTI, 1ilICeJI, C1e = C/Jn.ST"•(-m"I. -?111.) • 
, . K+J . K 

7 



TaKHM o6pa80M, nocTO.flHCTBO noJIHoro cetJelilUI aHIDI1.'lfJI.ffUlili mm: 

BUCORHX aHeprrui:x COOTBSTCTByeT acHMIITOTR'lSCiill O.IUlOp0.IUlOMY pacnpe­

,neJISIDIIO 'lll1CJia napTOHOB no 8HatJeHIDIM '!Jl1CJia 111 l • B tJaCTHOCTli, 

,wm CJIY'la.H .npo6uosapmtemrux imapKOB, T.e. npH L. eJ == ½ , · 2 
~ cl 

acIDl!nTOTlf'ISCKI!. nOCTO.fllIHOM,Y noJIHOMY cetJSHID'.l aHHm'WIJlUlW (J".; - ' ~ .,_ t . e e-, 11,7f' . .,_.,,, 

COOTBSTCTBYST IIJIOTHOCTl> pacnpe,neJISHIIB ITapTOHOB no MaCCruJI e (,m') ~ J_ • 
.i m"-

B 6oJiee o6meM c.nyqae ·acIDlllITOTlfllecRoro noBe.neHIDI nOJIHoro ce.! 

-qemm THrra 

.u: 
I:.~:(} ' ,,e,,· Cl ' 0: {. i) - A ' 

t m t.- e+e-.:Y~/oHd! i - ' 
1,.-> oO 

(II} 

MOlKHO ynepE,nau o cymecTaoaamm CJia6oro npe,neJia cneRTPaJ!l>HIDC 

cpyHEUHil 

IC 
t,/m f ~ (-ft:) = Cl~· !K {'i, Z) ~ 

-{ ➔ 00 

(I2) 

r.ne :f {t' - o6o6meHHa.H O,Il;l{OpO,nHa.Sl cpylll{UIDI, onpe,neJI.lleMUI COOTHOllle-

HIIBMli IC / g/: { I ci.21( . 
-- '+ ; ,t > 0 ; 

~ <z,J = ro+K) 

:f (11) = I./ [.'11) : K. ~ 0 , 
i::. I:.+ I 

(13) 

npli'leM 

I 
7Tol."I.( . 2 A = - J dx K {x) i <x) • z4« e"'-
3 0 -1:. o{ 

(14) 

ToqeqHono,no6HOMY noae,neHHD COOTB6TCTBY8T, B tJaCTHOCTH, npe-

.neJI 

-&m -tp o'l 2 J = tc°' d'rt 2
.;. 

-!-'> cO ol 

8 

l 

B_ 3aKJJKJqerme oT1.1eTm1, qTo rrpe.nrrono;Kerme o ueo6pHBaD!'le:MC/l 

, cneKTpe uacc napTOHOB npHBO,llHT TaKllte K Pll.nY ,np;rrnx CJl8.l{CTBRii, 

TaKHX KaK lf3MeHeHne :meprernqecKoli 2aaucm10ctu ceqemrn ammrivrn­

r(,m 3apllllC8HHHX nap JJ8ITTOHOB, MO,l{U[plfKanJrn 1,l(J.CIJTaelHLIX 3a.l_COITOMep­

HOCTen B rrpoueccax umrnKJ3UB!loro po2:,JJ;eH1rn a.11poHOB npu aHHl!l'HJJllUUH 

3JJ8KTpOH-II03HTp0!1HllX nap I K0T0pue ,nocrynH!l '3KcnepHU6HT8JII,-

IIOil rrponepKe. 

ABT0p!i ClJiar0,!iapHli Jl. H. IiJI0XHHlt8BY,. A~B. EqJ:p~¥0BY, P. 11. Mypa.JtllHY 1 

.... A.H. TaBX6JIH,JJ;38, A. T.~HJIHIIII0BY, Jl.B.lilHpX0By aa II0JI83Hli8 o6cyll,l{eHHll. 
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