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A Model-Independent Analysis of the Inverse 
Electroproduction of Protons at 276 MeV . . 

The phenomenological analysis of the dat a on t h e re ac~ 
tion rr-+p .. e++e-+ n at 276 MeV has been p e rformed . The corit rij­
butions of the states witL different photon po l a r izations 
to the cross section of this reaction have been determined 
by the model-independent method. The results are c ompar e d 
with the dispersion model predictions. The production e r os E 
section has been found for the scalar photon. A mo d el-inde 
pendent method of measuring the Dirac isovector f or m f a ct o 
of a nucleon has been suggested. 

The investigation has been performed a t the 
Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

BBe.n.eHl!e 

HCCReli.OBaHl!e o6paTHOrO 9ReRTpOpoKAeHHR ITBOHOB (03IT) 

Jl- + p- e.,.. + e- + n <n 
HBAaeTCR MeTOli.OM »syqeHBR CTPYRTYP~ HyKnOHB H nHOHa B o6RaCTH Bpe­

MeHHno.n.o6~x rrepe.n.a~X HM0yRLCOB/I, 2,S/. ~p~aKTOp~ Bll.pOHOB orrpe­

ll.enRDTCR Cp8BBeHHeM 9KCnepHMeHT8RL~X pacrrpe.n.eReHH~ C TeopeTHqec­

KBMH, paCC~T8HBHMlf C llOMOtni>D MOll.eReft/I, 4• 5• 6/, B OllJH6KH napaMeT­

poB, orrpe.n.ene~x TBRBM cnoco6oM, ~DT BKnBll. KBK norpemHOCTH aKc­

rrepHMeHTa, T8K B MOll.eRL~e HeOnpe.n.eneHHOCTB. ITocneli.HHe OK83UB8DTCR 

HeSHaqHTeRLHHMM rrpH ~cneHHH ~peHUHBRL~X ceqeHHA, OllHC~BaD­

IIIHX polt,l1elll'!e BHPTYBRL~x <fJoTOHOB c MBCCBMH, 6nHSKBMH K MBKCHMBRL­

HO li.ODyCTRMHM (KB83HDOporOBBR KHHeMaTHRB), T8K KBR OCHOBHO~ BKn8ll. 

B aTH ceqeHHR li.BDT 6opHOBCKHe qne~/S/ • 
Ha o~Te 6~o noKasaHo/2•3•6/, qTo yrROB~e pacnpeneneHHR BHp­

TYBnb~X <fJOTOHOB B pe8KUHH (I) XOpOlllO OITHCUB8DTCR li.HCllepCHOHHO~ H 

Hso6ap~MH MonenRMH; li.H<P<fJepeHUHaRL~e ceqelll'JR no li.BYM .n.pyrHM He-

38BHCHMHM nepeMeH~M, xapaKTepHSYDml!M pacrra.n. BHPTYBnbHoro <fJoTOHa, 

T8KEe H8XO;JlRTCR B COrRBCHH C pacqeTHUMl1 Kp l1BUMVI, 

BMecTe C TeM, li.O H8CTORmero BpeMeHH He 6~0 BWIORHeHO pasne­

ReHHR 9KCnepHMeHT8nbHOrO ceqeHBR 03IT H8 qaCTH, COOTBeTCTBYDmfte 

HCDyCK8HHD <fJOTOH8 B p8M}!q~X nMRpH38UHOHH~X COCT ORH !H!X. TcH\UH 

8H8nH3 ll03BORReT OcymeCTBHTb li.OllORHHT6nbHyD npoBepKY MOll.eReA H 

orrpenenHTb BepORTHOCTb HCDyCKBHHR CKSRRpHOrO <fJOTOHa, KOT0p8R rrpaK­

THqecKH llORHOCTbD onpeneRReTCR 60pHOBCKBMH qneaaMH/5/. 

B aacTORmeA pa6oTe aaanHSl!pyDTCR naH~e/7/ no peaKUHH (I). 

OrrpeneRe~ BKn8;JlU B ll.~epeHUH8RLHOe ceqeHHe 03IT COCTORH~ C pas­

R}!qHHMM llOnRpH38UHRMH <POTOH8. 
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§ I. 3Kcnep:HMeHTaJII>HHe namme 

~ WeHOMeHOJIOr~eCKOrO 8H8JIH38 HCITOJI:b30B8JI8C:b rpyrrrra C06H­

THZ 03TI, .H,II.eHTHWHnHPOBBHHHX B pa60Te/~ Ma pacrrpe,ll.eJieHKH 3THX CJiy­

qaeB ITO KB8AP8TY He,II.OCT8DmeA MBCCH Mi CJie,ll.yeT, qTO llOCJie BBe,ll.e­

HKH Kp.HT8pH8B OT60pa B 8H8JIH3HpyeMOf BH60pKe OCT8H8TCH 748+36 C0-

6UTHM 03ll, 97±I2 c~aen woaonux rrpoueccon H 70±I2 co6uTntt, 

o6ycJioBJieHHHX naaHMonelcTBRffMH B cTeHKax MHmeHH. Bee co6UTHH paa-

6HBBJIHC:b H8 ITHT:b rpyrrrr B 38BHCHMOCTH OT SHaqeHBH KB8,11.p8T8 rrepe,ll.aH­

HOro 11-m.myJJ:oca K2• liHcJio c~aen ,II.JIH KBE,II.OA rpymw YKaaa­

HO B Ta6Jinue I. B aToA ~e Ta6Haue rrpHBe,ll.eHH oueHKn qncJia ¢oaoBux 

B38:HMO,II.efcTBHM H qHCJI8 cnyqaeB, reaepnpOB8HHHX Ha CTeHKaX MHW8HH, 

Ta6JIHUB I 

.II! lliiTepnaJI 
k2. (y -2) lilfCJIO 1J.HCJIO 1JHCJIO C06HTO 1 rpynnu (raB2/c) 2 c~aen WOHOBllX reHepHpOB8HHHX 

B rpynne C06llTO B CT8HK8X MHW8HH 

I. 0,050+0,065 I,48 98 I2 I6,4 

2. 0,065+0,080 I,88 I63 27 4,4 
I 

3. 0,080+0,095 2,26 203 26 I3,3 I 

4. 0, 095+0, IIO 2,65 2I9 22 40,4 

5. 0, IIO+O, I30 3,05 2I6 II -
------- _____ ...___ ________ ------

·-

K8K ,II.JIH nee A 8H8JJ..H3npyeMoA BH60pK:II, T8K H ,II.JIH KSE,II.OA rpyn­

ITH cTpOHJJ..Hc:r, ~YJ4epHHe pacnpe,ll.eJieHHH no nepeMeHHHM Cos~(~ -yroJJ. 

Me~ ITJJ.OCKOCT:bD peaKUKH 
It rrp-! n (2) 

If 

H ITJJ.OCKOCTLD(e+e-) - rrapu B C ,J..I,I!, Jrp, t - DHIJTYBJI:bHW! ~TOH) 

H Cos 8 ( e - yroJI MeE,II.y .HMnyJI:bC8Mll 8JI8KTPOH8 H HeATpoHa 

n c.u.11. (e+e-) - rrapu). CoceJUIHe KSHaJW rHcTorpaMMH, conep:zal!lHe 
MBJioe qJriCJio co6HTd, o6f.e~c:r,, 
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§ 2. llpoue,~~.ypa onpeneJieHHH q~HoMeHoJiornqecKHX napaMeTpon 

B o,II.H~TOHHOM rrpn6JIK~eHKH ceqeane 03ll aanncuBaeTCH B Bill-

ne/4,5/ 
do 

d 9.
0 

d9.edk2 

3necb: L =I,2,3,4 -

HHHe !lJOTOHa; 

.4 d C:· 4 \ ' _._--')T 
L_ dR ci9.., ctk2 - L f<.., i • 
L =I { t (=f 

(I) 

HH,II.eKC, 0603Haq8100\HH ITOJIHp.H38lUIOHH08 COCTO-

TI onncunaeT npouecc (2) c nonepeqHHMH HenoJIHpnaonaHHllMH 

BHPTYBJibHHMH woToHaMH; T2 cooTneTcTnyeT npoueccy (2) c nonepeq­

ao-rroJIHp.naoBaHHHMH ~TOHaMH; T4- c nponoJII>Ho-noJIHpH30B8HHHMH; 

T
3 

OTBeqaeT HHTep¢epeHUHH 8MITJIHT,Y,II., OITHCHB8Dm.HX HCflYCK8HHe npo­

,II.OJibHO -H nonepeqHo-noJIJipnaoBammx WOTOHon; d C't: ;'d!J.0 tiflc d k 2 

COOTB8TCTByDm.He qacTIII ,ll.~epeHUHSJI:bHOrO ceqeHBH. 

B BHp8X8HHH (!) HCITOJI:b3ymTCR CJie~e 0603HaqeHHH: 

.QJ - T8JI8CHHH yrOJI pacceRHHH 5 -KB8HT8 B C,l(,o!, Trp; 

S2e - TeJiecH!lH yroJJ. pacceRHBH 3JJ.eKTpoaa n c .u.n. (e+e-) - napu; 

R
1
= -~ /KI ( 

2 
32X2q v· f +Cos 8}, 

R2 =- oL /K/ ... 
32X2q · k2. sLI/8Cus24', 

/ 
0<-

R -- -·~-2 
3- 52Jt q 

/kl Su12fJ CUS tp 
k2 

ol.. 1k/ 2 .. 2 

(2) 

_, R4 :- 32 Ji2 ~ · ~ 2 k ,)ul (}. 
/k i - MO,IIyJI:b :HMeyJI:bC8 i{lOTOH8 B C ,L(, '!, Trp,· q -MO,IIyJib :HMeyJI:bC8 

B C,J..I,ll, Trp. 

llapaMeTpH T /!+4/ 

K2 H yrJia BHJieTa i{loToHa 

8CT:b ~HKUKH TOJibKO ,II.ByX nepeMeHHUX: 

ei . KoHKpeTHRH BH,II. T/I+4/ 33BHCHT OT 

HCITOJJ.:b3Y8MOn TeopeTnqecKO~ MO,II.eJJ.H, 
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OueHK:e aTEX rrapaMeTpOB T/!+4/ orrpe~en&nHCD HS ycnoBHR MHHH­

~Ma c~e~ero KBa~aT~Horo ~oHa~a: 

(/J = f (11.o~rcn -JnJ tttJ.UJ. -;_~ Np- nJ 111t'OP / 

J=1 ("JJ 

(3} 

aD.eCD: J H U - COOTB8TCTB8HHO HOMep K8H8~8 H IIO~HOe 'IHCRO KaHa-

~oB B nyMe~HoM pacrrpe~e.llemm no Cos <f :H Cos G • 
Bc~enCTBHe TOro, 'ITO K8Ha~ C MamWM 'IHC~OM C06HTHft o6Le~­

HRHHCD, Be~Ha }L npH pas6HeHHH C06HTHA Ha rpyrriTH no K2 

M8HRH8CD. 

B <Pop~~e/3/ nj :JKW -aKcnepHMeHTBJIDHOe 'IHC~O C06HT:ei, no-

naBIIIHX B J-n HHTepBa~ pacnpe,~te~eHHRi nj t1UUJ. - 'IHCRO C06HTHfi, IIO-

naBWHX B STOT ze K8H8~ npH HSMepeHHRX C rryCTO! MHm8HDDi O - OTHO­

meHHe noTOKOB rrpH HSMepeHHRX c no~ofi H rrycToA MHmeHDD; Ntp -IIM­

Hoe 'IHC~O <fJOHOBHX C06HTHfi; ~ - BepORTHOCTD rrona,Jt8HHR <fJOHOBOrO 

co6HTHR B .i-n KaHa~ pacrrpe~e~eHHR; Be~nHHW P onpe~e~l!ICD rry­

TeM MO~e~Hp0B8HHR <fJOHOBOrO nponecca M8TOnOM MORTe-Ka~Oj 

2 2 
(J_j = /?J )Ken + 0 n.j l1UUI 

2 2 
+ Ocp P;· 

(}~ - OWH6Ka B onpe~e~eHHH no~oro 'IHC~a <fJOHOBHX C06HTHI; 

. . _ . . d~· mcop 
ll.J mevp - I R E de as Y' d cos B (4} 

- OZH~eMOe 'IHC~O C06HTHft B)-OM HHTepBa~e rHCTOrpaMMH; 

I - nOTOK rr -MeSOHOB; A- 'IHC~O 8TOMOB BO~opo~ B MHmeRH; e­
KOaqxpHUHeHT, y'l:HTHBaDIUdi aiWJeKTHBHOCTD perHCTpaUHH H 06pa60TKH/7 { 

Q.· -
lj 

d . 4 
~meop = ~ [} .. T 

dcoslf dcos B L_ LJ ' ' 
L =1 

(5) 

SHa'l:eHHe <IJyHKUHH Ri ~ )-ro KaHa~a rHcTorpaMMil, BH'IHC-

~eHRoe MeTo~oM MoHTe-Ka~o c yqeTOM peanDHHX yc~oBHI aKcrrepHMeHTa. 

HaAJJ,eRHHe 'l'aRHM o6pasoM nj meop xopomo on:ecHBam aKcne-

6 

I 

' 

I 

pHMeHT8nDHHe pacnpe~e~eHHR ()r2=Il,2 IIPH !9 CTerreHRX CB06o~). 
A 

ITonyqeHHHe sHa'l:eHHR Ti ~CR oueHKaMH rrapaMeTpOB Ti , ycpe~-

HeHHHx no 06~8CTE HSMeHeHHR KHH8M8T}!q8CKHX IIepeMeHHHX, B~e~eMO~ 

YCROBHRMH 3KCnepHMeHTa. HM COOTB8TCTBYDT C8'18HHR 
.1\ jc=f' A 

ai. = L a,j Tt. (6} 

J=1 
§ 3. PeaynDTBTH aHa~sa 

A 

OueHKH Of. rrpne~eHH B Ta~e IT (BepxHRR CTPOKa} • Bo BTO-

poA CTpOKe YK888HW SR8'18HHR COOTB8TCTBYJliiiHX Ce'l:eRHA 0i , BH'IHC-

~eRHHe no ~cnepcnoRROi Mo~e~/5/ c <IJOPMPaKTOpaMH ~v = Fx- , 
HaA,IteHHWMH np:e aRa~se pacnpe~e~eHKA aT:ex ze co6HTH! no Cosctl18~ 

"' 0U8HKH OTHOCHT8nDHOrO BM8~ Kalr,ltOro H3 ~eHOB o;: B C81l8Hll8 

nponecca 03IT , A 

a; 

np.HBe,JteHH B TpeTDei CTpOKe Ta6~~ IT. 

TaMllllB IT 

crlxro33cy2 (J xi033cM2 
2 0 3xi033cr? a4xi033cM2 

(2, 94;!:<), 37) (-O,ffi;t<),I6) (0,!5;!:<),05} (!,24;t<),:?D} 

3,07 -0,!7 -0,09 0,93 

74,5% -9,6% 3,8% 3!,4% 

BH~O, llTO rrpe~CK8S8HHR nzcnepCHOHHO! Mon~ OTHOCHT8nDHO 

BeJUI'UIH IJp (}2, IJ4, ~8DIIHX OCHOBHOi ( "- 96%} BM8~ B ceqeHHe 

nponecca (I), xopomo cor~aCYDTCR c aKcnepHMeHTanDHHMH oueHKaMH 
A A A 

0 l' 62· (J 4• 

7 



Ha~ c aTHM ecTL npOTHBope~He Me~ BH~Hc~eHHOH B ~cnep­

CHOHHO~ MOD.e~H Be~H'JHHOH ce~eH:I!H £r3 H ee 9KCnep:I!MeHT8Jil>HOH OUeH-

I<OH :) 3 • 

Jla~ee HCC~eli.OBa~aCL 38BHC:I!MOCTL ce"t!eHHH (ji OT Be~.lf'UlHH K
2

• 

KaK H paHee, OUeHKH Ce1:!8HHH no K8liUI.OH rpynne C06HTHH H8XO,IJ,:ifJII!Cl> H3 

ycJIOBllR !!JiHllMYMB <l>YHKUHOHa~a ( 3) • 3Ha~eHM Be~H"t!HH f2 j 9KCn. , 

nJ f"'U.UJ., pj , Q (.; , BXO,D;.f!U\HX B BHp8JieHM/3f.
5/, Bbl"t!!t!CJI.HJIHCL Il)I.fl 

,J 

KalKJI.oro HHTepBa~a no K
2

• 

HaAneHHHe oueHK!tl npHBeneHbl Ha p!t!c.I (a,6,B). Ha aT!t!X xe 

pHCYHK8X CllXOWHHMH KpKBHMH H8HeCeHH peayJil>T8Tbl TeOpeTH'J8CK!tlX pac­

"t!eTOB. B!t!li.HO, ~TO MOD.e.J!b/5/ IT03BOAHeT XOpOWO OllHC8Tb llOBeD.eHH8 

ce~eHHH, COOTBeTCTByEmHX HCfiYCRBHHD nonepe"t!HOrO HellOAHpH30B8HHOrO 

H npO,II,OJil>HO-llOAHpB30B8HHOrO <l>OTOHOB. JlBa 9THX ~eHa, no cymecT-

By, no.JIHOCTbD onpene~ Be~ ce~eHHH npouecca 03IT. UnoxaR 
A 

TO"t!HOCTb onpe;u,e~eHIDI Be~H'JBHH J 2 He ,IJ,aeT B03MO~HOCTV! C,II,e~8Tb Bll-

BO,II, o xapaKTepe aaBBCBMOCTH aToro ce~eHIDI oT K
2

• 

Ha pzc. IB BHli.HO, "'TO npe;u.cKaaaHIDI ,IJ,BcnepcHOHHOA MO,IJ,e~ OT-

HOCHT8JlbHO ITOBell.eHBR Be.JIH'JHHH 
A 

~~MH 6w 

6i3 He cor~acyDTCR c nonyqeHHHMH 

C Oli.HOA CTOpOHbl , 9TO pacXOElJ.8HB8 MOEeT O~RCHRTDCR TeM, 

"'TO MO,II,eJII> / 5/ ae IT03BOAHeT OllHC8Tb HHTeP<PepeHUHD Me~ norrepe1:1-

HHMH It! ITpOli.O~bHbiMH <!>OTOH8MH, C ;u,pyroJ;t CTOpOHH, BM8ll. Be~H'IBHH (J 3 

B naMepeHHoe ceqeaze (-4%) cpaBHHM c omz6KaMH B onpe;u,eJieHHB qz~a 

C06HTHH (poHOBHX rrpouecCOB H 'lHC~a B38BMOD.eHCTB!tlH B CTeHK8X Ml!IH8Hilo 
A 

IToaTOMY cMemeaze oueaoK o3 no oTHomeHHD K pac"t!eTHHM aaa'leHHRM 

MOXeT 6HTb o6yc~o~eHO CHCTeM8TH1:!8CROH Orn!tl6KOA, CBR38HHOi C He3-

Ha'l!t!Te~bHHMH !tlcRal!teHRHMH pacnpe,ll,e.JieHHA no nepeMeHHHM Cos lf It! 

CoS 8 . B noJil>ay rroc~eD.Hero npenno~o:areHHH ['OBopzT H TOT <PaRT, 
1\ " /1. 

'l.TO oueHKa () 3• B OT!ll!'l.l18 OT Op o·2· ()"4 ' ~CTBHT8~bH8 K 

<lJOpMe yr,'IOBbiX pacrrp8,D;8Jl8Hl1H l~OHOBhlX COOUTl!ti, 

8 

KaR ITOK838~H paC'l.8Th!, C81:!8HH8 61 B Oli.EH8KOBOH CTeneHH 38-

Bli!CHT OT D.EpaKOBCRoro lii30B8KTOpaoro <PopMt>aKTOpa HyMOHa F~' H 
' v 

cpoplf¢a.KTopa nHOHa F.Ti • Be 'IH'lli!Ha 04 aaBHCHT, B ocHOBHOM, OT F1 : 
v 

H3MeHeHlile F1 aa IO% MeHReT ~ aa 14,2%, B TO BpeMR RaK li!SMe-

HeHHe F;f Ha IO% MeHRBT ~ aa 3,8%. 

TaRHM o6paaoM, ec~H Be~H'iHHa 0"4 HSBecTaa c MB~OH onn!6Ko¥., ,. 
TO MOEHO c xopomeH TO'l.HOCTbD orrpene~Tb F1 lJ.8Ee rrpH HCIT~bSOBa-

HHlil rpy6oi1 oueHKH <PopMiJBKTopa F:r • TsR KaK ~ onpeneMeTCR 

TO~LKO 60pHOBCRHMH ~eHaMH / 5/, TO H8H,II,8HH8R T8RHM CIIOC060M B8~H-
V 

"t!HHa F1 He 6yneT aaBHCeTL oT MoneJil>HHX aeorrpene~eHHocTei. 

6 
(f0-3JC'M2) 

10 

05 

30 lfz fqr~) 

O.l1tr"cn') 
&) 

Q2 
15 20 25 

·02 

uJ{to~fl} 
f) 

02 
15 ! 20 ?5 30 

k~') 

-02 

Plofc.I. BKJJil,D;N i' .J;:vr;;vjl8p8H"Hi1Jlb!IOP. cel!eii:Ie Q;.;!! COCTOil­
lll~:; C pa3Jll1l!Hh!l.!l1 IIOJI.flp:I3<:n;liiL :!! 'OTO!IOD. 
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HeT ~H rrpo6e~oa B BarneH 6H6~HoTeKe? 
8bl MOJKeTe ITOJIY'IHTb ITO ITO'IT6 nepe'IHCJieHHble HHJKe KHHrH, 

6CJIH OHH He 6biJIH 3aKa3aHbl paHee. 

16·4888 ~03HMilTPHX H3nyqeHHH H ~H3HKa 3a­
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