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Summary 

The possibility of measuring the electromagnetic fora factors 

P 'If (a2) and P~ (m2) in a timelike region of a 2 from 

11 + p- + .- + n - like experiments is bfJing studied in 

this paper. These experiments permit to investigate the indicated 

form factors at the values of • 2 not observed. in colliding beam 

expe:r~ents. P 'II' tm2) and p~(i2) are the onl; :f~e param~ters in 

the model, proposed by the authors earlier, that describes the 

reaction lf - + p - 0 ; + n in terms of elementar;T pion and 

nucleon exchanges in t- and s-chaooels, respectively. Here ~ ; 

is an isovector virtual photon •. It is possible to select the com

binations of the density matrix elements pij (1, j = o, :!: 1) for 

the reaction 11' - + p - ~ ·; + n that will depend, to a high 

accuracy, on P ... (m2) and P~ (m2). Their experimental stud;r 

would give some information about P ~ (m2 ) and P~ (m2 ) ~ The 

situation gets complicated for the values of m2 inside a ) -

resonance region due to f 0 
- W - interference effects. As shown 

in the paper, it is possible to obtain P '~~' (m2) analysing one 

reaction, namely TI'- + p- e+ + e- + n. Whereas in order to 

obtain a mean value of P~ in the resonance region, it is necessary 

to iovestigate the reactions l1'- + p - e + + e- + n and 

1t+ + n --. e+ + e- + p simultaneously. 

i 
c 

1. BeeOeHue 

3KcnepHMCHTaJibHhiC HCCJIC)J.OBaHHH 3JICKTpOMarHHTHO

a)J.pOHHhiX B3aHMO)J.CHCTBHif' npHBCJIH K 04Cll h Ba:>KHhiM pe 3Y1Ih

TaTaM. 8 4aCTHOCTH, 6naro.uapH HMCHHO 3THM HCCJIC)J.O~ 

BaHHHM UOJIY4HJIO pa3BHTHC n'oHHTHC MaCUITa6HOH HHBapHaHT

HOCT~. Oco6eHHO JHa4HTCJlhHOC pa3BHTHe nony4HJ10 npe.u~ 

CTaBJICHHC 0 BCKTOpHhiH Me 30H -ljloTOHHOH aHaJIOrHH, BOnJIO

THBlllCC ljlyH.UaMCHTaJihHhiC H)J.CH 06 . yHHBCpCaJihHOCTH 

CHJJhHhiX B3aHMO.UCHCTBHH /1/ H noJBOJIHBlllCC ·. no-HOBOMY 

nocMorpeTh Ha KBaHTOBYIO JJieKTpo.n.HJJaMHKY. Kanu6poBo4-

HhiC llOJl.fl H YHHBepcaJihHhiC B3aHMO)J.CHCTBHH: oco6eHHO 

60JihlliOC 3Ha4C~H~ npHo6pCJIH B nOCJlC)J.HHC rO.Uhl B CBH3H 

c ycrpaHeHHeM rpy.n.Hocreii B ljlopMyimposKe Kanu6poB04HhiX 

nOJICH, o6Jia)J.aiOIUHX MaCCOH, H yKa3aHHCM B03MO:>KHOCTH 

nepeHOpMHPOBKH HX B3aHMO)J.CHCTBHH /l/. O.n.HaKO H no Ha

CTO.flll{CC BpeMH Mhl. HC HMCCM HH CTpOrOH ljlopMyJIHpOBKH 

TCOpHH yHHBepcaJihHhiX CHJihHhiX B3aHMO)J.CHCTBHH, HH Ha

)J.C:>KHhiX 3KCnepHMCHTaJlhHhiX nposepoK 3TOrO ljlyH)J.aMeH

TaJihHOrO csoiicrsa. B paMKax MO.UCJIH BCKTOPHOH .UOMH

HaHTHOCTH 6WJIO noJiy4CHO )J.OBOJihHO MHOrO 3KCnepHMCH

TaJihHhiX yKa3aHHH Ha npaBOMCpHOCTh OTO:>K)J.CCTBJlCHH.fl p-, 
w-H rp -MC 30HOB C KaJIH6pOB04HhlMH nOJlHMH CHJihHhlX B3a

HMO)J.CHCTBHH •. 0JIHaKO MO)J.CJih BCKTOpHOH )J.OMHHaHTHOCTH 

npe.unonaraeT HCnOJlh30BaHHC HCHa)J.e:>KHhlX' 3KCTpanoJIHUHH 

JaBHCHMOCTH Ma TpH4HhlX 3J1CMCHTOB no .MaCCC BCKTOpHoro 

MC.30Ha. ·B .pa60TC aBTOpOB /3/ nO.U4CpKHBaJIOCh, 4TO 3Ha-

4HTCJihHYIO HCHOCTh B npHMCHHMOCTh H)J.CH YHHBepcanh-
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HOCTH K CHJl!>HhiM B3aHMO.z:teHCTBH.HM MO)KHO imeCTH nyTeM 

3KCnepHMeHTaJihHOro H3ylJeHH.H 3aBHCHMOCTH MaTpHlJHhiX 

3JieMeHTOB OT M~CChi BHpTyaJihHOrO «iJoTOHa npH HCITYCKa

HHH, HanpnMep, 3JieKTpoH-IT03HTpOHHOH napbi B a.z:tpOHHhiX 

CTOJIKHOBeHH.HX. I.J;eJihlO HaCTO.Hll{eH pa60Thi .HBJI.HeTC.H .z:te

TaJihHOe paCCMOTpeHHe B paMKaX HeKOTOphiX peaJIHCTH-

. .':!~~I<_l!!.M_O.z:te]leH peaKIJ;HH 

1T + p --> 1T + + 1T + n I 

1T - + p 1To + Y + n --> 

H 
. ~ " " . -

- + 
1T + p --> e + e + n III 

npH YCJIOBH.HX, KOr.z:ta B03MO)KH0. 3KC~epHMeHTaJihHOe H3y

lJeHHe .z:tn«lJ«iJepeHIJ;HaJihHhiX CelJeHHH,3THX pea;~<IJ;HH KaK «iJYHKIJ;HH 

MaCChi BHpTyanhHOro. «iJOTOHa. 0Ka3hiBaeTC.H B03MO)KHhiM. 

H3BJrelJh «iJop:M«iJaKTOphi llHOHa H HYKJIOHa KaK «iJyHKIJ;HH MaCChi 

«iJOTOHa, lJTO ll03BOJI.HeT .z:te.J.IaTh CY)K.z:teHH.H 0 COOTHOIIIeHH.H 

Me)K.z:tY HHMH 6e3 npe.z:tnOJIO)KeHH.H 0 ITOCTO.HHCTBe MaTpHlJHhiX 

3JieMeHTOB /KaK 3TO .z:teJtaeTC.H B HaHBHOH MO.z:teJIH BeKTOpHOH 

JlOMHHaHTHOCTH/. IIpe.z:tnOJiara.H p- .z:tOMHHaHTHOCTh B 6e3Bhi

lJHTaTeJihHhiX JlHCITepCHOHHhiX COOTHOWeHH.HX /.z:t:c.j .z:tJI.H 

3JieKTponnoro «iJopM«iJaKTopa nnona F rr (m 2 ) n .z:t,npaKoacKoro 

H30BeKTopnoroj>opM«iJaKTopanyKJ1:0Ha F ~(m 2)14~ T.e. onpe
.z:teJI.H.H F17 H F 1 KaK: 

2 
F 2 m 

(m 2) 
.(m ) - P 1T - -~ 

fp 
/1/ 

H 

F v ( 2 
2 fpNN(m

2
) m 

m ) = --IJ 
1 fp 

2 2 ' /2/ 
m - m 

p 

Mhi llOJiyqaeM B03MO)KHOCTh HCCJie.z:toBaTh 3aBHCHMOCTh Bep-
. 2 2 2 . 

IIIHHHhiX «iJyHKIJ;HH { p1717(m ) H f p NiTTI ) ~T · m_ , T,.e. ,llOJ1-r:-
qaeM B03MO)KHOCTh cpaBHHBaTh B3aHMOJJ.eHCTBHe p-Me30Ha, 

npeTeH.z:tYIOIIJ;ero na. ponh o.z:tnoro H3. Kann6poaolJHhiX· noneii 

a CHJihHhiX B3aHMo~eiicTBH.HX, c HYKJIOHOM n mioHQM. B /1/ 

4 

---;. 

~. /2/ fp - ycnoane HOpMHPOBKH . FTT (0}'= F r (0)=1 npHBO;HT 

K COOTHOIIIeHH.HM { p = { prrrr (0) =-; fpN N (0 )- onpe,neJI.H~T K(m

cTaHTY nepexo.z:ta «PoToHa a p o~·Me3oH ·;no · nocne.z:t.HHM 

3KcnepHMtm-TanhHhiM .z:taHHhiM f: /4rr= 2,56 I 5 I, a nii Mac~ 
ca p -Me3ona. Ilpn 3HalJeHH.HX m a HHTepaane 600-900M:JB 

neo6xo.z:tHMO 3aMeH.HTh nponaraTOP. (m~-:- m 
2

)--:
1 

a /1/ 
H /2/ Ha P -Me30HHhiH nponaraTop, ylJHTbiBaiOIIIHH pe3o-
ifancilyi0--npiipo-,i:(y- p -Me3ona, lfanpli'Me-p-;-na:-tm2 -m-L_+ ____ -:-
1- imprp ;-1, r.z:te rp- nonna.H'ninp~Ha p ~Me30Ha.' P_ 

HnTepec K peaKUH.HM II H oco6enn~ III o6b.HCH.HeTc.H 

TCM, lJTO MO.z:tCJihHOC paCCMOTpeHHC ITOJBOJI.HCT H3y~ilTh 
-----qfo-pi'J<i>a:KTOphFF11 · ·- u=F_t--:-a-o6JJacTH'-3 naqe nuii-:-M:a c Chl~«iJoT<n.a-,-.. --

ne.z:tocTH)KHMoii B 3KCnepHMeHTaX Ha BCTpelJHbiX nytiKaX 

/a i I m 2 > 11
2 • a a·. I I I m 2 > 4-m: , r.z:te m c H 11··-. MaCChi 

3JICKTpOHa H ITHOHa COOTBCTCTBCHHO/, ltTO npC.z:tCTaBJI.HCT 

co6oii 6oJILIIIYIO uennocTb. • · 

B pa6oTc npnao.z:t.HTC.H. no.z:tpo6HhiC <t>opM,YJibl n _lJncnoaw:! 

OUCHKH .z:tJI.H Y.z:t06CTBa 3KCllCPHMCHTaTopon, KOTOpWX,3aHn

TepccyJOT npc.z:tnaracMble onLITbl. Oco6oc mmr.fanue 

y.z:teJI.HCTC.H 3HalJCIIH.HM B pC30HaiiCIIOH 06JlaCTH H3- 3a 3<l><l:>eK

TOB p "- w -nnTcp«iJcpcHUHH. Cacpxy _o6naCTb H3MCHCHH.H 

m Mbl orpaHHlJHBaCM HalJaJlOM pC30ilaiiCHOH o6JlaCTH p'-Me-

30Ha, T.c •. nonar:-aeM m ,~ 1,4 f>B. 
B ,pa3.z:teJle 2 Mbl .z:taeM . KHHCMaTHlJCCKOe OllHC,aHHC 

peaKUHH Ill u, npHBO.z:tHM Bblpa)KeHH.H _cooTneTCTBYIOIIIHX 

.z:tH<I:>«iJepeHIJ;HaJlhHbiX CelJeHHH KaK <i>YHKUHH HI!BapHaHTHOH: 

Macchi npo.z:tYKTOB pacna.z:ta KaK .z:tJl.H peaKunii I I I, TaK H .z:tJl.H 

peaKUHH I H I I. 
B. pa3.z:tene 3 npnao.z:t.HTC.H Bblpa)KeHH.H. JJleMeHTOB Ma TPH :

Ubi llJlOTHOCTH peaKUHH rr"":: + p ·• y* + n, llOJlylJeHHble. B TaK 

Ha3bJBaeMOH 3JICKTPHlJCCKOH 6opJitacKOH MO.z:tCJlH /3'EM/, 

xoporuo Jape~oMennoaa~~eii c~6~ ~ nc~ne.z:t6aaHHH ~oTo~ 
po)KneHH.H 3ap.H)KCHHbiX' riuono'B; Ha HYKJlOHax npH BbiCOKHX 

,/, • (. • • • < • • ,. ' 

nieprn.Hx n. cao6o.rtnoii or neH3BeCTHhlX napaMeTpoa. · · 
B 3aKniOlJCHHe . 1f pa 3.z:tene. 4 yKa 3aHHbie ;:weMeHThi 

MaipilUbl rinoTHOCTH paccM.aTpnaalOTC~ c ylJeTaM· p0 ..::..w-mi
Tei5<t>epenumi. no.<a3~JnaeTc.iJ ao3MO)KHOCTh nohy<leHH.H onpe -· 

JlCJlCHHblX <I:>H3Hl.JCCKHX pe3yJlhTaTOB'.,IJ.a)Ke B CJlylJa·e 'nJIOXOrO' 

3KCnepHMCHTaJlhHOrO pa3pCI1IeHH.H no Macce npo.z:tyKTOB B 

peaKUHH II I .. B lJaCTHOCTH, Mhi npuxo.z:tHM K BhiBO.z:tY o ne-
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06XO.I\HMOCTH O,l\HOBpeMeHHOrO HCCne,nOBaHHH peaKD;HH 
77-p .... ·e++e- + n _ u· 11++ n--+ e++e-+p .nnn H3Bne'leHHH 

ycpe,nHeHHOH no pe.30HaHCHOH o6m:i.CTH 3Ha'leHifH HHBapmlHT-
HOH MaCChi e;e--napbi,BenH'IHHbl l pNN" . 

. - + -2. KuHeMamuT<a peaT<lJUU 11 . + p -+ e + e + n 

B HH3IIIeM nop.H,nKe no KOHCTaHTe TOHKOH CTPYKTYPbl 
peaKUJ;IH I I I H.I\eT c o6MeHoM onjnyanbHbiM clJoTOHOM Y * 
C BpeMeHHnO,nOfiHbiM j-HMnynbCO~, KaK 3TO. nOKa3aHO Ha 

P!f9.·,_!,_ X~~cccc~l-(~cl-•f£1),cc~2{~,.t•.,~ 2J=• ~c()6_0,1Ha.~aiOT:f:~M._~---
-nynbCbl 3neKTpOHa H n03HTpOHa, · q ( q 0 ,q).., 4-HMnynbC 
11-, ·a p 1 (p~, pi) H p 2 (p~ ,p2 ) ~ 4-HMnynbC;I nfOTOH~ 

p H HeHTpOHa n, COOTBeTCTBeHHO; k =k 1 +k 2 H k =m >4me 
- KBa,npaT MaCChi 06MeHHBaeMoro cPOTOHa y* /Mbl HCnonb-
3yeM MeTpHKY g 00 =-g 11 =-g 22 =-g 33 ~1 /. 06bi'IHble MaH
,nenbCTaMOBCKHe nepeMeHHble S, t H U CB.H3aHbl C 4-
HMnynhCaMH. yqacTBYIOIUHX B peaKD;HH 'laCTHU cne,nyiOID;HM 
o6pa30M: · · · 

2 2 2 . 2 
s =(p +q} ==(p2 +k) 't = (pi-p2) =(k -q)' 

I . ' . a 2 · 2 
u =(p -k) =(p2-q),. 

1. 2 2 2 
KaK o6bi'IHO, s +t + u =2M +p. +m,r.ne M - Macca HyKnoHoB. 

,D;n<llclJepeHn;nanhHoe· ce'leHne peaKn;HH III, ycpe.u;HeHHoe 
no cnHHY p H npocyMMHpooaHHoe no cnn:HaM e +, e- ,n • HMeeT 
BH.I\ f 6f: . 

2 ..... .... .... 
. 211 rlkl _dk2 ak2 4 . 

da= · :£1MI -----·-o(pi+q-p2-k1-k2J, 
Vfp;·qJ~~2P. 2 k~ k~ . P~ /3/ 

r.ne M - penHTHBHCTCKH HHBapnaHTHa.H aMnnnTy,na peaKUHH, 
' •• ' ' ·' '' ' •• • • • ! ·' 

H CYMMHpOBaHHe npOH3BO)J;HTCH no cnHHaM BCeX y'laCTByiO-
ID;H:X B peaKUHH, 'laCTHU .. KHHeMaTHKa pea~n;HH B npHHHTOM 
npn6nH>KCHHH oco6eHHO npocTaH, ecnH paccMaTpHBaT'b npo
n;ecc o6p8.3ooaHHH -Y.* a. c.n;.·M. _11- H p, a pacna.n y*, -. B ero · 
cncTeMe · noi<o.H. ,lJ;nH 3:roro npeo6pa3yeM imoap:Ha:Hr:HbiH 
clJa3ooLIH o6'beM, o /3/. ak .... · cJi . ap... . . . , ,; .. 

1 2 2 . ) ._· ·. -- --·--.- o(p + q-:-p -k -k · ko ko o 1 2 1 
-~ . 1. ·. 2 p 2 . 

6 

-~ 
c . .r 
{ 
' ~l ' 

l 
·c==1 

-n, e-

p" ...... P2 -;-c·-,_··_- n- ·=--· 

Puc. l 

B npOH3Be,neHHe HHBapHaHTHbiX clJa30BbiX 06'beMOB, fiTHO
CHID;HXCH, COOTBeTCTBeHHO, 'K npoue~cy o6pa30BaHHH y* 
B C.Q.M. HatJanbHbiX tJaCT.HU H K pacna,ny y*· B ero 

! - ·.' 

CHCTeMe IIOKOH 

dk dp 2 4 · am 2 

--- o (p +q -p -k)q --an ... _, ko p~ . 1 2 - V m 2 q .. 
/4/ . 

. ' 

.... -· 1 .... .... _,-2 2-' 2 2 
v m = v q + m - Macca - , e .. r .ne q = I q I , ·q = -y(k 1 - k 2 ) , 

y*B 'ero CHCTeMe IIOKOH, a. 
yrna ·iJ.n~iib ·aeKTopa i 

.' 'I I 'I' • . ·, , 

an -+ - )neMeHT TeJie~Horo 
"g ". ' " 

llpH 3HatJeHHHX HHBapHaHTHOH MaCChi. ete"7-napbi; ·ne>Ka-. 
ID;HX B pe;30HaHCHOH· o6naCTH p -Me·30Ha; T..e. •HaXO,l\HID;HXCH 
B-HHTepnane 600 - 900 M 3B, nponcxo.u;HT "ooemecToneHne" 
BHpTyanbHoro clJoToua·, y* B' p 0 -.Me3oH · H~ ·peaKUHH IiI 
B yKa3aHHOM npHfinH>KeHHH paCCMaTpHBaeTCH KaK 'IHCTO 
a.npouuoe po>K,neHHe p 0 -Me3oHa c nocne.nyroiD;HM pa,nHaUHriH
HbiM pacria,noM p 0 :.Me30Ha Ha e+e--napy. llpH 3TOM ,nnH 
onucaHHH pe3oHaHcuoro xapaKTepa po>K.naromeiicH qacniULI 
B npaByiO tJaCTb /3/ BBO,l\HTCH clJaKTOp 

.,.\: \,, ·.·'• ;', '• ,,.-... 

• J • "] 

1T 

oc·; ~_; f'e{~)'.; l 

(.m 2.-m 2)~-+r (m) 2·. . .• , .... . p' ... '- ... : p . ....... ' : ~ f I;:~ ~ 0: : r I 

: /5/ ! . . 

~r· 
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onpe.nemno~nii pacnpe.neneane no KBa.npaTy .naaapnaHTHOH 
MaCChi e +e-·napbl m 2 H Y'IHThiBaiO~HH KOHe'IHYIO IIIHPHHY 
pe3oaaaca. Bae,tieane «PaKTopa /5/ oKa3LIBaeTCH a nonaoM 
COOTBeTCTBHH C p :., .[(OMHHaHTHhiM onpe.[(eJieHHeM tPOPMtPaK
TOpOB · F 

77
. n Ff B /I/ H /2/ n · Mhi or~aimqnaaeMCH 

npH6JIH:>KeHHeM r p (m) == T p .m p• .· 
Pacna.n p 0

-> e+ e- xoporno onHCbiBaeTCH B MO,I:(eJIH p 0 -Me-
30H-tPOTOH-aHanorHH, H306pa:>K(!HHOH .[(HarpaMMOH Ha pnc.2, 
r.ne f P - 3HaKoMaH HaM Koac.Y.aH:ra nepexo.na p o -Me3oaa 
a tiJoToH. 0TMeTHM, 'ITO peaKUHH II~ MO:>KeT nponcxo.nHTh 
n 3a c'leT pO)K.[(eHHH n pacna.na 6onee Y3Koro w -Me3oaao
ro pe30HaHca, nepei<pbiBaiO~erocH c p 0 ·Me30HHhiM. BKna.n 
w -Me3oHa no.npo6aee: o6cy:>K.naeTcH B pa3.nene 4. 

. 0 + ~ 
Pnc. 2. )J,narpaMMa pacna.na· P -> e e a Mo.nenn p 0·Me3oH-
tPOTOH- ananornn. 

· PenHTHBHCTCKH riaaapuaaTHYIO aMnnuiy.ny,. 3anncaHHYIO 
B npe.[(CTaBJie~HH cnupaJihHOCTeii /npn 3TOM CYMMHPOBaHHe 
B /3/ npOH3BO.[(HTCH no cnnpaJibHOCTHM BCeX yqaCTBYIO~HX 
B peaKIJ;HH 'laCTHU/, MO:>KHO TaK:>Ke ·. npe.[(CTaBHTb B BH,I:(e 
CYMMhl npOH3Be,I:(eHHH. HHBapnaHTHhiX COMHO:>KHTeneii: 

A 

M, = <A: l k 1' ,\ /~ 2' A ~ p 2 I M, I q 'AN pI > = 

A ._. . . 

~ <, ,\ ~ q ,. ,\; - q lA I 1 A 0 > R ,\ ,\ 'N ; >..·N ( s, t, m 2
) • 

A. 

/6/'· 

B nepaoii cTpO'IKe /6/ A1,A 2,>..N,>..' N o6o3Ha'laroTcnupanL
HOCTH e +, e-, p. n , COOTBeTCTBeHHO. Bo BTOpOH CTpO'IKe 
<>.. ~ q , >..; -q 1111 >..0>- aMnnnTy.na paci:Ia.na y* aero cncTeMe· 

nOKOH, r.ne q - 3-nMnyJihC e + ,I:(JIJI onpe.neneiiHOCTH, a f H 

• 

~ 

>.. - cnnH n cnnpanLHOCTh ·y*; R ,\,\' • >.. N-· aMnnnTy.na peaK-
- N• . 

UHH rr-+ p -> y* + n B C.IJ;.M.11-:- H p . 3anHChiBaH aMnJIH· 
TY.[(hi B cooTBeTcTJ3yro~nx CHCTeMax Koop.nuaai,MLI ucnonL-
30Bann peJIHTHBHCTCKYIO HHBapHaHTHOCTh COMHO:>KHTeneii B 

·- · A · A 

/6/. IIITpnx y M 03HaqaeT, 'ITO M 'OTJIH'IaeTcH oT M MHo-
:>KHTerieM /5/, ecnn. ecT~ Heo6xo.nn~ocTh · ero aae.neHHH. 
0TMeTnM,'. 'ITO 3aMeHa crrnpan~HOCTeii ,\I "' ,\ 2 Ha ,\I H 
,\'2 HHKaK He CKa3hiBaeTCH ·aa KOHe'IHbiX pe3yJibTaTax, T.K .. 
B /3/ npOH3BO.[(HTCH CYMMHpoaaime ITO BCeM cnupaJihHOCTHM. 

)J,JIH H3y'leHHH KOppeJIHUHH o6pa30BaHH.!I H pacna:U,a 
y* _f:!hi6ep'eM TaKyiO CHCTeMy oceii; B KOTOpoii OCb l Ha-. 
npaBJieHa B.[(Onh HMITYJihCa na.naro~ero 7T -. a OCb y nepnen
.nuKynHpna: K nnocKOCTH peai<uuu ir- + p .; y* t- n. Oepexo.n 
K 3TOH CHCTeMe OCeH ocy~eCTBJI.!IeTC.!I C ITOMO~bffi llOBo
poTa B CHCTeMe noKO.!I y*: 

A _,. A -t- j * 
<A' q, ,\' - q I A I] ,\0 > = ~ <,\'I q, A~ -ql :1; JJfO> D (uJ)./7/ 

I 2 · M ' • ' . .AlA · 

. 3.necb D,1~,\ (uJ} - MaTpH'IHhiH 3JieMeHT onepaTopa noaopo-
Ta, nepe~oc.H~ero npoeKu;um cnuna y~- c HMnynhca y* na 
HMllYJibC 77-, aM_- ~poeKUH.!I cnuna~y* na onpe.nenennyro 

. HaMU OCb 
Tenepb aae.neM cnunoaym. MaTpuu;y nnoTnocTu. peaKUHH 

77 + p -> y* + n : 

" 
2 77. 3 1 

<M'I Pi M> -~ v'* x 
, A( A, 

y(p •q/-.H2/l2 IP l(qo+po) ,\I,\ 
1 I 1 . 

1 . 
X R,\·'A' ·A R*A.>..' ·A DAM. · N' N N' N .. 

/8/ 

,IJ,utiJtiJepeuuuanhuoe ceqeuue peaKUHH 77 -+ p ->y*+n, npo:.· 
CyMMHpOBaHHOe ITO BCeM llOJIHpH3aiJ;HOHHbiM COCTOHHHHM 
y ~ onpe~eJ.uith·c.H 'cbo~a'ornenne'M: 1 .· · · · · 

,' • ' ;, : I :' . : \ '• : ;"·. 

·'.• (:Ia . . ,. 
-· ·-(y*) = Sp [p];' 
d t .,, 

/9/ 
">;{ ~ l ; 

9 ., -· 



HopMHpoaannaH MaTpnn:a nnoTHOCTH onpe.nenHeTcf!' KaK 
A 

A <M'IriM> 
<M, I p l M > = .;.___ ___ _ ,. 

Sp[ p] _, 

TaK KaK aMnnuTy.na pacna.na y*_,e+e .<A',q,'A'-q IAIIMO>. tiHCTO · 
3J1eKTpOMarHHTHOH npHpO.ll;hi, TO KBa,npaTHtiHaf! clJopMa no 
3TOH aMllJ1HTy,ne B 131 MOiKeT 6biTh paCCtiHTaHa C nOMOIUhlO' 
annapaTa KBaHTOBOH 3neKTpo.nunaMHKH. OnycKaf! necnoiKHhie 
BhltiHCJ1eHH~, CBf!3aHHbie C HHTerpHpOBaHHeM B 131, Mhl 
npHBO.li;HM BhipaiKeHHe ,nnH .nuciJciJepenuuanhHOro cetieHHf! pe
aKUHH 11-.f.p -> e+ +e- + n ,IJ;J1f! KBa,npaTa HHBapHaHTHOH 
MaCChi e+e- -naphi m 2ane pe3onancnoii o6nacTH: 

d
3

a 
• 2 

m 2 + 2me da ( *) 2 2 ---y. 
m -4m e_ W ((},¢) dt I 

v 1 
110 

a 

dt dm 2 df!__, 
1 

371 m4 

W 
1 

( (), ¢) onpe.nenHeT yrnoaoe pacnpe.nenenHe e + He B ux 
CHCTeMe n;eHTpa MaCC B BhiiiieBhi6paHHOH CHCTeMe oceii: 

3 2 - 2 
W1 (e,¢J=~[J-ra0 cos e-p 11 sin e+ 

2 -+ p
1

_
1 

sin () cos 2¢ + V 2 Re p 10 sin 2() cos ¢) , 
1111 

r.ne () u ¢ - nonf!pHhiH H a3HMyTanhHhiii yrnhi BhineTa 
e + ,nnH onpe.nenennocTH,- H p + p + P.- = 2p + p- == 1. 

' 11 -1-1 00 11 00 
BhlpaiKeHue 1101, npoHHTerpHpoaannoe no () H ¢ , 

nepexo,nHT B 

d 2 a 

dt dm 2 

a 

311 

m 2 +2m 
2 
e 

m4 

2 4 2 d 
.I m - m a (· *} y--~-- y . 110 'I 

m2 dt . 

Mo.nHcPHKan:ux 1101 na cnyqaii pe3oHaHCHhiX JHatienuii m 
2 

10,35 ::; m 2 ::; 0,81 lr3alcf2 I ocyin:eCTIJJ1f!eTCH c no
MOIUhiO BBe.ll;eHHH ciJaKTOpa 151 H HCnOJ1h30BaHHH ynOMf!Hy-

~ 0 + -TOH Mo,nenu pacqeTa pacna.na p -> e e. B HTore, npu pe3o-

naucHhiX m 2 1101 nepexo,nHT B 

10 

~ 

f) 

I 

""(~,..r 

d
3 

a ,a 2 ,;,4 2 

dt dm 2 df!-> 
q 

311 

2- e · · r · -1 r 
m ID (in2JI2 (_:_u) wPro "') da 

. dt ' p ' 411 1 '~ --

1121 
, daP ~ o 

· r,ne -d-- - npocyMMHpoBaHHOe no- cnupanhHOCTf!M p -:Me-
t o Df2) 2 z·r' 30Ha ceqenue peaKUHH 11 +p-> p + n , p m =m p-m +tmp p, 

a Wff0,cp) OTJ1HtiaeTCf! OT JT!1 (0, cp) 3aM~HOH 3J1eMeHTOB MaT
pHUhi nnOTHOCTH peaKUHH 11-+p -->y*+n pij_Ha .c.OOTBeTCTByro-
IUHe 3J1eMeHThl peaKUHH 11 + p--> p 0 +n P.f! (t,]=O, ±1) Ia 1121 

6 ~ ~ I ,, 
Mhl npeHe pernH Manon MaCCOH me . , 

AnanorH'IHhle BhlpaiKeHHf! .nnH .nuciJciJepenn:riarihHhlX ce
qenuii peaKUHH I I H I npu pe.JoHaHCHhiX3HatieHHf!X m 26y,nyT, 
COOTBeTCTBeHHO, cne,nyiOIUHe: 

(m2-p2)3 

41 D I 2) I 2 m ptm 1 

ll3l 

daP 
If p ( 0, ¢)--. 

2 d t 

3 2 
d a 1 {PTTY 

--2 --~ -- (---}. 
dt dm Jf!__, 21-TT 111 

q 

H 

cl 3 a 
f 2 2 2 ----.-

1 p TT 11 m -1- /1 m 2- ·ltL 2 p d a p 

dt dm 2 df! ... q 1211 
(----) v' 2 Jr re,¢)--

411 IDp'm2JI2 m 3 dt 

/14/ 
B 1131 H 1141 fp11y H [pTTTT - 6e3pa3MepHhie p11y-u P"" -
aepiiiHHHhie cPYHKUHH, a IT' fro,¢) u ~ f re, ¢) onpe.n'emiiOTCfl 
KaK /6/: 

.p· . p p 3 p 
lf/O,¢)=W

1
((),¢), lf 3 ((),¢)=rrr-21f 1(0,¢). . 1151 

KaK yiKe OTMetiaJJOCh, peaKUHH lf H IJ/ HHTepeCHhl TeM, 
~TO n03BOJ1f!IOT H3Mepf!Th .li;HcPcPepeHI.J;HaJ1hHhie CetieHHf! KaK 
cPYHKUHH OT m 2 B o6nacTf!X Mace y*, He,nocTmKHMhlX B 3KCne:; 
pnMeHTax na acTpetiHhiX nytiKax. PeaKUHfl I I I oco6enno 
HHTepecHa, TaK KaK 3.11;eCh Mhl HMeeM B03MOiKHOCTh HCCne-, 
.li;OBaTh 3KCTpanOJ111LlHIO no m2 peJ11!1HBHCTCKH HHBapUaTHhiX 
MaTpHtiHbiX :WeMeHTOB npaKTHtieCKH B f} ·- 3Ta B03MOiKHOCTh 

m
2 

+2m 
2 

o6ecnetiHBaeTCf!. ciJaKTOpOM 
m4 

B 1101, cytn:ecT-

II 



BeHHO . )'BenH1-IHBaiO~HM ~H¢¢epeHJ:~Hani.HOe CetJeHHe UpH 
2 4 .2 0 0 . ~ m .... me "' . TMetJaeM TaK)Ke, 'ITO TeopeTntJeCKHH ana-

,. - +-: '" . 
nH3 peaKUHH TT + p ->.e +e . + n ynpo~eH H~- 3a OTCYTCTBHH 

CHnhHOrO ~B3aHMO~eHCTBHH B KOHelJHOM COCTOHHHH; He no~

~aiO~erOCH .TOlJHOH OUeHKe 3a HeHMeHHeM CTpOrOH TeOpHH. 

3. 3/leMeHmbt MampU!Jbl nAomHocmu a 3EM 

/7/ ' . ' + 2 . 
. KaK H3BeCTHO , pea~UHH y.+ p .... rr + n npn I t I .:5 11 B 

IIIHPOKOM .HHTepaane :meprHH.-/2:5 '.("£.:<· 16-T31Jj xopollio .. 

OllHCI.IBaeTCH 3neKTPH'leCKHMH 6opHOBCKHM~ qneHaMH, T.e; 

~HarpaMMaMH <l>eHHMaHa C 06MeHaMH mioHOM B t -KaHane 

H npoTOHOM a s -KaHane. IIpn6nH3HTeni.Hoe paneHCTBO 
~ ~ + -

Ce'leHHH . peaKUHH ·y + p -> TT + n H ·y + n -> TT + p npH . OlJeHI. 

Manhlx t yKa3I.IBaeT Ha ~OMHHHpyiO~HH BKna~ H30BeKTop- · 

HOH KOMnoHeHThl ¢oToHa a 3THX peaKUHHX. B paM'Kax 

MO~enH OTMeTHM OlJeHh HHTepeCHhiH ¢aKT npaKTH'leCKOrO 

llOCTOHHCTBa 3HatJeHHH aep~HHHOH tPYHKUHH g 17 N N 2 g llpH 

H3MeHeHHH MaCChi O~HOrO H3 HyKnOHOB B HHTepaane 2,5 -

6 r3a. 

llo H CaKypan npnMeHHnH aH:anorHtJHYIO Mo~eJih K onn

caHHIO peaKUHH rr- +p .... p 0 + n c p 0 -Me30HOM Ha Maccoao:H 

llOBepXHOCTH /B/, nonytJHB XQ.pOIIIee cornaCHe C 3KCnepn-. 

MeHTani.HhiMH ~aHHhiMH ~nH It I < 2fL 2 H · npn 3HatJeHHHX 

3HeprHH B HJITepaane 3 - 8 r3B. "' 

B npe~I.I~y~e:H pa6oTe MI.I o6o6~H,nH yKa3aHHYIO Mo~eni. 
Ha peaKUHIO TT- + p -> ·y* + n /3/, r~e y* - H30BeK'fOPHhlH v . . v 
BHpTyanhHhiH tPOTOH C BpeMeHHll0~06HbiM 4-HMnynhCOM. 

liOpHpBCKHe · ~HarpaMMhi, · HCUOnh30BaHHble HaMH ~nH BI.I.

lJHCneHHH 3neMeQTOB CllHHOBOi MaTpHUbl nnOTHOCTH, ~3o-

6pa)KeHbl Ha pnc. 3. B _y*NN- V. y*rrrr - ·. aepiiiHHax MI.I 

ncnonh30BanH ¢opM¢aKTOphi F1 (m 2) H F17 (m 2), cooT.BeT

CTBeHHO. /OTMeTHM OlJeHh Mani.IH BKna~. naynneBCKOrO - . . 2 
¢opM¢aKTopa HyKnoHa . .F2 (m ) npn

2 
It I ~<s ·: /. 

IIpH,.BhiCOKHX 3HeprHHX. s -M >>.m Hr·~nH. Mani.IX· t 3Ta .. ' . ~ ' . . 

npOCTaH MO~enh ~aeT ~nH 3neMeHTOB MaTpHUbl nnOTHOCTH 

peaKIJ;HH, :"· +.,p, ..... Y;*v + .. n , · BhltJHcneHHhlx a c.u.M. peaKUHH, 

cne~yiOIUHe Bblpa)KeHHH: 

12'; 

! 

,'.j 

t ;J 
9 

.. .' 

1 
l 
·) 

J 
j 

] 
'' '- ..,, 
h" 
', \ 
•,,· 

1, ., 
'I 
i\ 

I-
" 

d . d 
~( * }=2- ~( * ) 

dt Y v - Pu dt Y v 

2 rra g 2 2 . 2t 2 2 
/ 

(•-M'J'( 4." JIF.(m'!i' + t(p -t)R«+(t+p'!' 

daL 

dt (y* l=Poo v 
da 
-(y* ) 
dt v = 

(t -112)2 

+2rra 2 2 2 tlm
2
+0-K}(t-fL

2 )1 2 

--- (-g-JI F (m Jl · . 
(s-M2j2 4rr TT m2(t-fL2)~ 

/16/ 

/17/ 

2 2 
da . 2rra g 2 .2 2 t(t-fl )ReK-t 

p 
1-1 

-· -( y* ) = (-JI F (m ) I . 
dt v (s-M2]2 4 17 TT (t--'fL2]2 ; 18; 

da 2rra·· g2 2 2 
--t- .1 

ReplO dt10 (y~ )=(s-M2).2(-;;;JIFTT(m Jl y- 2m2(t-fL2}2" 

2 2 2 2 2 ;•' 2 2 . 2 ' .. , 
[(fL -t) IKI +2t(fL -t-m )-(t-fL )(fL ..:.3t-m )ReK]. /19/ 

TL- * 
n-

~ 
. cv _ _/"{ 

./ N . --.. n p 
'P 

Tl- .. * 
.>'¥l 

I 
I 'ii , 
I 

~ 
P . _n 

Pnc.· 3. 6opHOBCKHe .II.Har:paMMht ~JIH -peaKUHH r rr. -t. p .... y* +n. . v 

_ .. , 13 ., . 



\ 

' I· 
i 

B 1161 H 117/daY,(y*) H. daL (y*)- .nncl>cl>epeHIJ;HanhHhie 
dt v dt v 

C~lJCHHJI peaKIJ;HH 11-+ p -> y; + n C BHpTyanhHbiM cl>OTOHOM 

y* , llOITHpH30BaHHhiM nonep~tJHO ·H npo,nOITbHO, COOTBeT· 

ctBeHHo; K(m 2
) = Ftrm 2)/F11 (m), a=l/137, a g 

2/411 npHHH'.. 

MaeTcH paBHhiM 14,7. llpn m
2 

= 0, T.e. B cnyqae peaKIJ;HH. 

o6paTHoro cl>oTopo)K_neHHH, HMeeM: 

..2 2 4 
da da 411a 5 t + 1-'-
__ I._ =0 __ T ( ) = (-) . _ 

dt ' dt yv (s-M 2) 2 4 11 ft -p 2 ) 2 120/ 

a 
KaK 3aBHCHT Bhlpa)KeHHH ,nnH p .. -d--(y*v) oT cl>opMcl>aKTo-

'1 t 
v . 

poB F 11 H F 1 B paMKax Mo,nenn? 113 1161 H 1181 nonyqaeM 

otJeHh HHTepecnoe npe.ncKa3anne 36M: .nncl>cl>epeniJ;H-

anhnoe ceqenne peaKUHH 11- + p ... y~ + n 

pH30BaHHhiM llO HOpManlt K lliTOCKOCTH peaKIJ;HH 

onpe,nenHeTCH JIHlllh HYKITOHHhiM cl>opMcl>aKTOpOM 

HMCHHO, 

clc~ *' __ _ da 
---- ( y ) '=' ( p + p ) --( y * ) = 
d l v 11 1-1 d t v 

211a g 2 
V 2 2 

-- (-JIF 1 (m Jl • 
(s-.H 2) 2 -l-11 

TaK lJTO 3KCnepHMCHTaiTbHOC HCCJIC,nOBaHHe 

c Y* llOJIJI• V' 

d (11. ( * ) '-- y 
dt v 

v 2 
F 1 (m) ,a 

1211 

3aBHCHMOCTH 

da 
__ L (y* ) OT 

d t v 
m 2 

ll03BOJIHJIO 6bi H3ytJaTh HCllOCpe,nCTBeH-

v 2 
HO F 1 (m ) 

2 
,niTH m , ITe)KaiiJ;HX BO BCeM paCCMa TpHBaCMOM 

HHTCpBaJie. daL 
J].anee nerKO llOKa3aTb HCtJYBCTBHTCITbHOCTb _d __ ( y*V ) 

' t • 
2 

K MaiTbiM H3MCHeHHJIM K(m ) B6ITH3H 1, T.e. npH MaJIOM . v 2 ~ 
OTITH'-IHH cl>opMcl>aKTopoB F1 (m ) H F11 fm ). )J.e:HcTBHTeJihHO, 

BOCllOITh30BaBlllHCh o6pa60TKOH ,n.c • .J:JIH aMllJIHTY..:X peaKIJ;HH 

14 

.. 

11 -+ ·p ... p o + n, npo,nenaHHOH IIIMH,nTOM 191, nonytJHBlllHM 2 . 2 . 
f NN/f-p 1111 = 0,82 npn m =m P' n nepenocH· c noMOIIJ;hiO 

I f1 H 12'/ 3TY BeiTH'-IHHY Ha OTHOIIIeHHe F t IF rr npn m 
2 = m 

2
, 

Mhl MO)KeM annpOKCHMHpOBaTb K(m 2 ) B paCCMaTpHBaeMO~ . 

HHTepBane 3Ha'-ICHHH m,HaiTpHMep, paBeHCTBOM K(m )= 

2 m . 
1-0,18.-

2
• C no.no6Hoii 

mp 

1171 ,nnH _ daL (y~) 
dt 

8;llllpOKCHMaiJ;HeH Bhlpa)Kenne 

OTITH'-IaeTCJI OT Bblpa)KeHHH: 

daL 2rra g2 2 tm
2 

--(y* )= 2 2 (-)I F11(m I - ·• 
dt V (s-M) 4rr (t--p2) 

/17 I 

• 2 
nony'-leHnoro H3 117 I c K = 1, ITHlllh Ha 2- 30/o npn 0 <It I~ 2p.. 

. da 
TaKHM o6pa30M, H3y'-leHHe JaBHCHMOCTH __ L_. ( y*) oT m 2 

. dt v 

,naCT HaM C XOpOllleH TO'-IHOCTblO HHcl>OpMaiJ;HIO. 06 3ITeKTpO

MarHHTHOM cl>opMcl>aKTope 11 -Me3ona FiT( m 
2
). 

3KcnepnMeHTaiThHO nccne,nyH peaKIJ;HH I - I I I B Bhi6pan

HOM npH6ITH)KeHHH, Mhl HMeeM ,neno C peaKIJ;HeH TT-+~-->•y*+ n; 
B KOTOpyiO ,naeT BKna,n H H30CKaiTHpHaH KOMITOHeHTa BHpTy· . 2 
anhnoro cl>oTOHa y* . llo:JTOMY ·,nnH H3BITe'-leHHH F11 (m ) n 

v 2 s A-.A-. ~ F 
1 

(m ) H3 BhirneyKa3aHHhiX .nn'!"l'epeHIJ;HaiThHhiX ce'-leHHH 

He06XO,nHMO o_ueHHTh BKITa,n B HHX aMITITHTy,n peaKIJ;HH 11- + 

p-->y* +n. 3Ta Ja,naqa peiiiaeTCH B pa3,nene 4 ,nnH pe3oHaHc- . 

HhiX 
8
3Ha'-leHHH m2. 

4. 0 803MOJICHOCTIIU npoeepKU paeeHC1118U { (m
2 )={ (m

2
), p1111 p prr11 p 

llpu pe3oHaHCHhiX 3Ha'-ICHHHX m I 0,36 , :S m, 
2 :S. 

2 
~ 0,81 1r :JBI cl I peaKUHH I I l n,neT Ja cqe;r po)K_nenHH . 

H pa.nnaiJ;uOHHhiX pacna,noB nae+e--napbi p~H w -Me30HOB. 

)J.ITH peaKUIIH 11- + p-> p'"'+ n paCCMaTpHBaeMaJI MO,nCJib ,naeT 

p d p 
-p da -P -P a • 

cne,nyroiiJ;ne Bhipa)KeHHH ,nnH p
00 

dt H. ( P 11 + P1_ 1 ) dt · 

15 



·r 
i 

p 2 . 

- p .:!:.::..___ 211 g 2 fp1111 (m 2) 

Poo dt- (s-M2)2(4:;")( • )x /22/ 

t[m 2+{1-K')(t -{1
2)] 2 

X 
2 ( t 2 )2 m - f1 . 

- p - p da P 2 11 g 2 

(p/1 +p1:-1 J-;;;-= fs-H2)2 (-;;-)I 

2 
f pNN ( m 2) 

411 ). /23/ 

2 . •) 2 • 
r.li.C K '(m )= fpNN (m ~)/fprm (m ) · llO.lJ.CTaBllHH /22/ II /23/ 

J t! . (1 

B Bblpa)f(e HIIC I 12/ .ll.ilH I I 2 d n 
c + t m uq 

+ -
( 11 -+ p -• e + e + n), 

2 
cnpaBC.ll.llHBOC npH pe30HaHCHbiX 3Ha'ICHHHX m • Mbl TeM 
caMbiM onpe.li.CllHCM BKlla.ll. 06Mena p 0 ~MC30Ha B COOTBeT· 
CTBYIOI.l{He ce'ICHHH peaKUHH I I I. 

KaKOB 6y.11.er BKna.11. o1 ·MeJona B nonnhJC .li.HcPcfJepen-
2 

UH<lllbllble ce4CHHH Poo 
d:! (1 

d a + _ 
· ( 11- + p -• ~~ + e + n ) 

d t + dm · 
+ 

-+ e + e (TT +p + n)? - - )· 
H ( p I 1 ~ (J I- 1 . . J I· d m 2 

d 2 (f 
Cna'lana paccMOTPHM BKna.ll. w- MeJona B p

00 
----2-. 
d + dm . 

)].'HarpaMMa na pHc. 2, onpe.lJ.enHIOI.l{aH pa.lJ.HaUHOHHhiH pacna.11. 
p 0 -MeJona na e+ e-- napy, cnpaBe.ll.llHBaH H .ll.llH pacna.11.8. 
w -> e + e -, .11.aer. B paMKaX SU (3) • CliMMeTpliH Clle.ll.yiOI.l{ee 

COOTHOIUeHHe Me)f(.lJ.Y llllipiiHaMH pacna.li.OB p 2.. H cil • Me30HOB: 
. rr fl 0

-+ (' + ('- )= 9 rr (tl .. e +(' -,. KpoMe Toro, Bee JKcnepHMeHThl 

-- d a ( N N ') - d a f N. oN 'l nOKa3bJBaiOT 'ITO p - 1- T1 -> W <<p -r:- TT -+ p 'I npH 
• ' oo c t oo at 

It! S 0,2 /rJo/c/:! .TaK. nanpHMep, 
H · .li.P. 6bJno. noKaJano. ·'ITO npH t 

B pa6ore ApMeHH3e 
= -0,03 /rJo/c/ 2 

. p w 
-p ·da 1 -W;_~ 
p 00 d t , p 00 d t 

w ·Me30Ha B Poo 

16 

= 60 · 7 90 /IO/ . ll03TOMY BKlla.lJ.• . 
-) ._> ·. 

d "cr · - + -
--2 f11 +p->e +e +n) _non)f(eH 6hiTh 
d+ dm 

Cyll.{eCTBeHHO MeHhiUe BKlla.ll.a p 0 ·Me30Ha. /nonee TOrO, 
. . ·2 . ,. ' 

. d a 
ananH3HPYH pacnpe.11.eneHHe 3HaqeuHii p00-.--/11-f1J..,. e++ e-+n) 

.. 'd+dm . · 

no m npH It I<< s Mhi, oepoHTHO, .11.a)Ke He yBH.lJ.HM yJKoro 
w- MeJouuoro nHKa Ha ¢oue WHpoKoro p 0 ·Me3ouuoro pac
npe.ll.eneHHH/. llraK, c 6onhwoii: roquocTbiO, Mbi onpaoe 

d 
2
a 

orpaHHqHThCH BKlla.li.OM p 0 ·Me30Ha B p d d 2 oo + m 
B cny-

qae peaKuHH I I I,. qro noJoonHT Hccne.ll.oBa Tb oepmHHHYIO 2 . . . 
cPYHKUHlO f.(>TT 11 (m ) npH 3K~nepHMcHTallbHOM HJyqeHH~ pac· 

2 
d a 2 - da 

npe.11.eneHHH ceqeHHH Pdo dt dm2 no m c Poo dt 
daP .._, 

B3HTbiM paBHbiM p~0 at ; ' Onpe.lJ.cllHCMhiM Bhipa)KcHHCM 

/22/. ~anee, npe.lJ.nonaraH.ManocTb BKna.11.a H30CKanHpHoii: 

·., .. · • a a · · . 
KOMnOHcHTbl BHpTyallbHOrO cPOTOHa y* B __ L (11-+p-> y*+ n) 

s d t 
u 2 

BO BCeM paccMaTpHBacMOM HHTepoane 3HaqeHHH m ; T.e. 
2 

oo'bHCHHH pacnpe.11.eneHHe no m B o6e cropoHbi or 
pe3ouaucuoii: ·, o6nacTH nHllih p ~MeJoHHbiMH "xooc.ra~m", 
Mbl nonyqaeM B03MO)KHOCTb Henocpe.lJ.CTBcHHOrO HCCllC.lJ.O• 
B~HHH 3lleKTpoMarHHTHoro ¢opM¢aKropa· 1T .-Me.JoHa F11 (m 2 

), 
2 .. . 

'2 - d a * ) 
HJyqaH. pacnpe.11.eneHHe no m ceqeHHH p

00 
.. 2 (11 +p->:Y. +n 

· · d+dm 
daL , 

C --(y*), B3HThiM B BH.lJ.C /17 / . 
dt 

Cyll.{eCTBCHHO CllO)KJice CHTyauHH C BKna.li.OM W ·Mc30Ha 
B . KOMtJHHaUHIO '3neMeHTOB .. Ma.TpHUbl nnOTHOCTH 

2 . 
__ da:.... +-

(pll +~_1) d d 2 (11 _+p ... e +e +n). 113 3KcnepHMeHTa ApMeHH· 
+ m . . 

. ; - ~p 
3e H .li.P· Cll~.li.YcT, _qr_o npH t = ·,0,03jr3o/c/ ('jf1 +f1-l""J;-f 

w - w da w · . /Io/' · ' · · ·. · 
· /{p il +PJ_1)dt . = 6-=- 12 , TaK ':fTO npeue6per_a,Th BKJia.li.OM 

'"17 -._p<; 



w- Me30Ha B 3TO· CelJeHHe y)Ke HeJib3Jl. 0TMeTHM 3,L(eCb, 'ITO 

_ _ · d 2a' · 

nonnoe pacnpe.neneHHe ( p 
11 

+ p}-
1

) --- .L(JIH·peaKUHH 

III 6y,neT 3aMeTno oTnH'IaTbCH OT p 0 -Me30HHoro pacripe-
. 2 p 

,neneHHH (p~~ ~~~~--;d;;:z- TOJibKO ~ B Y3KO_ii o6naCTH 

w- Me 3oua /775 ~ m ~ 795 M3B/, TaK 'ITO ,nnH nonyqeHHH 
$H3H'IeCKOH HH$opMaUHH,. KaCaiOll{eHCH BKJia.n;a w -Me.30Ha, 
neo6xo,nHM 'JKcncpuMeliT cpa-:JpelllenueM no Macce e e -na
pLI 1\m "" l. M:m, · 'ITO npe,ncTaonHeTCH · o'leHL CJIO)KHOH 
3a.n;a'leii .B nacToHmce speMH. Mo)KeM nu MLI ouenHTL. 
3lla'leHHH f p VN npH pC30HaHCHbiX 3HalJeHHHX m 2 npu 
3a8e,noMo nnoxoM ·pa3pelllCHHH no m 

2 ? 
qaCTH'IHhiH OTBeT Ha nocTaBJieHHhiH BOnpoc MO)KHO 

nony'IHTb npu auaJIH3e·npoHHTerpuposannwx no m23Kcne
puMeHTanLHO H3MepHeMLIX CelJeHHH 

J2a + - . 
(p +p ) /rr-+p_-> e + e + n)-

11 . 1-1 ' dt dm . 
- npei(enaMH HHTerpup0BaHHH BLI61ipaloTCH rpaHHUbl P -Me~ 
3ouliou· <l6iiacTu, T.e. 0,36 u 0,81 /r"Jn/c/ 2 • "BLI6epeM 

' 

3$$eKTHBHYW aMnJiui"y ,ny, OTBec'ineHHYIO 3a no'nnoe 'ce'le-
2 

'line (p '+f.l:) d a,(rr-+p::.e++e'":+·'n) 
11 1-l· ·dtdm· B cne.ziyiOll{eM 

R ..t ' 
!!_1!.._ + 

DP 

BH,D;e R w.-1 w ., 

J Dw 

'' ·r1~)~p :-:. aMnn_u~y.na, OTBe_'laiOll{aH P ~Me ~O.J:IIIO~y>-ce_'leHHIO 

-' · ·· · : .. , . ·:da · •· ;; ·- ·· ·· · · · 
('p P + p P ) • ~ • ( rr-+ p -> p 0 + n), :I p - . 

. · 11 1-1 d t 
- .a~Mn'niiTy,na pacn~.na' 1p oJe+e -;:Dphln' 

2~·m/+ iin pT p -6p'eiiT
BHrHepOBCKaH t!JopMa nponaraTopa, a Rw, :leo u Du1 - cooT-

~ •• -... ' ; ' • • f ., • '< • • • - .£ •• "1 ~- ' ! ~ . . ~ . ' ,J 

"BeTCTByiOll{He ·· W ,;Me30HHble ·xapaKTepu'CTHKH."Tor.na OTHO-
meHHe 

-,~: 

·· :aa 

J 

fdm21 RPAP 
D + 

p 

fdm 21 RpAp 
-n 

p. 

RWAW 

D· w 

2 

I 
/24/ 

- - da 
onpe,nenHeT OTKJIOHeHHC llOJIHOrO CC'ICHHJI ( p 

11
· + P l-l) , d t 

. p 
_ p - p) da 2 

OT p -Me30HHoro ( p 11 + ·p1_ 1 dt . TaK KaK m - 3anucu-

er:pani.HbiL....BbJpa)KeHHHX-B-/24/-uenHKOM-
onpe,nenHeTCJI 6peiiT:-BHrHepoBCKHMH l)_}aKTOpaMH, TO /24/ 
Bbi'IHCJIHMo· npu u3necTHbiX nenutfHHax OTHomeHHii A cd A/' H 
R w! R p· H3 ~SU(3) ~ CHMMeTpHH cn~.nyeT, 'ITO Aw (A p ~ 1 3 · 
Kna,npa THbiH ·KopeHb H3 BCJIH'IHHbl OTHOlllCHHH d a 

( - w -w ) da ( N , N') l'(p-w +p-1w1).--.(rrN ... wN') 
P + p . • -- • TT -> W II 11 - J t , . r 

11 1-I .· d t . · · 

npu ,naHHLIX s · .u · i onpe.nen'HeT Mo,nynh T o'i'HomeHHH 
aMnnHTY .n Rw I R p = T exp ( i cp 1 / 3Kcnepu:MeHTLIH()Ka3biBa
JOT, ti:To npu I t I <<s 1 < T < 5 I. Heonpe.n;eneHHOH ocTaeTCH 
numb l)_}a3a cp · .. npu .n;aHHbiX s ·u t. Bbipa)KeHHe .nn11 peaKUHH 
rr + + n ... e++e,....+ p THna Bbipa)KCHHH /24/~ 3anucaHHoro .nn11 

peaKUHH II I, oTnuqaeTCH numb 3HaKoM nepe.n R wA wl D w 
H3-3a pa3JIH'IHH B-H30TOllH'ICCKHX npeo6pa30BaiiHHX BOJIHO-· 
BLIX li>YHKUHH po_ H w -Me30HOB - peaKUHH rr -+p-> e++e-+n 
H rr+ +n-> e++e~+ p H30TOllH'ICCKH COllpH)KCHbl ,npyr ,npyqt
HHbiMH cnonaMH, l)_}a3a · cp peai<UHH I I l nepexo.nnT' B l)_}a3y 
cp '= cp ±180 ° peaKUHH rr++n -> e++e-+p. Cy:MMa Bblpa)KeHHH 

THlla /24/ ,L(JIH paCCMaTpHBaCMbiX·'H30T0llH'ICCKH. COllpH-; 0 

)KCHHbiX peaKUHii npaKTH'ICCKH He. 3aBHCHT OT cp • TaK, 
HanpnMep, ,nnH T = 1/3 yKa3aHHaH . cyMMa pasHa 2,3 npu 
nro6oM cp • H., B006ll{e, rrpoH3BOJibHOMY Mo,nynro . T k 6y,neT 
cooi"BeTCTBOBaTb anonHe onpe.neneuuoe qucnok; paauoe 
cyMMe BbJpa)Keuuii iuna /24/ ,nJiH ·o6eux peaKUBii, B KOTo~ 
pbiX 6epc'JCH IRc;JIRpi=Tk .'- · .. :. · · . , __ ; 

TaKUM o6pa30M~ 'onpe~en.R.R rk-H3 '3KbicpHMCHTOB 'no 
'IHCTO a,I1.pOHH_ OMY po~.ne8liro p 0-H (I).- Mc-3(moB D ~pea~I.UtHX . + . 0 ·' .• 

TT 1 p .. (I'~. (II)_ 1 u H TT -+ n , -> (p,, , ,w) .+ p_, CyMMHpy.R 3KCne-
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_ _. d 2 a 2 

pHMeHTanhHO onpe.nenHeMhie aenH'!HHhi f( P11 +p1_I)dt dm2dm 

- +-. + +-B peaKIJ,HHX 17 +p-+e +e +nH 17 +n-+e +e +pH,IJ;eJIHCYMMY 
Ha onpe.neneHHoe 

0 

Bhiiiie quc~o k ._ Ml-J ~.nenHeM, TeM 
CaMhiM, BKJia,IJ; p -Me30Ha B ( p II +·pi-L) ---z;-. · 3HaHHe 

- - p P da 
BeJIH'IHHhl ( p fi + p 1_ 1 ) dt-(p 0

) ~03BOJIHT, B CBOIO oqe-

. . .. . 2 
pe,D;h, nony'IHTh 3Ha'leHite BepiiiHHHOHlPYHKIJ,ifll {pNN (m ), 
ycpe,D;HeHHOe ~0 pe30HaHCHOH o6naCTU 3Ha'leHUH m 2

, U3 

ahrpa)l(enuH. /23/ .ilnH (p~1 + ·p~-I J ~; (p OJ • npe.n-

nono)l(eHue o ManocTH BKna.na y* ·a · da .l. ( 11- + p .... y* + n) 
s dt 

.nnn nepeJoHaHCHhiX JHa'leHHii m 2, npe.ncTaBn.liiOil\eecH MeHee 
o6ocHoBaHHhiM no cpaaHeHniO c ananorH'IHhiM npe.u.nono-

)l(eHneM o BKna.ne y* B 
d~L. 
dt 

ll03BOJIHJIO 6i.I Henocpe,D;-

CTBeHHO V HC~Jie,IJ;OBaTh 3JieKTpOMarHHTHbiH !~JopM!IJaKTOp HyK
JIOHa F 1 (m :t ) npn H3y'leHHH pacnpe.neneHHH no m 2 ceqe-

d 2a l .. da J:: . 
HH.H. , , _{11 + p -> e + e + n) C --;jt(y*) , B3HThiM 

B BH,IJ;e /21/. 
B JaKnio'leHne aBTOPhi ai.lpa)l(aiOT H~KpeHHIOIO 6naro

.napnocTb. C.li.repacuMoay H A.li.roaopKoay Ja uenHhie 
o6cy)I(,IJ;eHH.ll paccMoTpeHHbiX Bbiiiie aonpocoa. 
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