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TKe6yqaaa <t> .r. P2 - 11152 
OnpeaeneHHe HHilYUHpOBBHHOro nceaaocKanApHoro topM~aKropa 

HYK.TIOHB HB OCHOBB BHB.11H.3B peaKUHl! rr -p ~ e ~ e- n B TIO.:lXOilB 

a.nre6pbl TOKOB 

no.ny'leHbl 3H8'leHHSJ HHilYUl!pDBBHHOrO llCBBilDCKB.TlSipHOro doopM,PaKTOpa 

HYK.TlOH8 il.TISI HHB8pH8HTHbiX nepeila'l - t,;S: 5m:; npH HCllO.Tlb30BBHH H 3KCne-- _._ -
pHM9HT8.1lbHbiX il8HHbJX no H3y'leHHIO npouecca TT p 4 e· e TI · [V\eTOil OCHOBBH 

H8 803MOlKHOCTH npHMeHeHHSI anre5pbl TOKOB l!nll OTIHCBHHSI 3TOro npouecca 

Ha 'Kaaaunopore7 

Pa6ora BLrnonHeHa B lla6oparopHH reoperu'leCKoll ¢H3HKH OJ;tfiJ;t. 

llpeap&BT 06'J.eJUUieBBOrO BBCTBTyT& •,llep&WX BCCneJIOBILIIBI. JJ.y6&& 1977 

Tkebuchava F'.G. P2 11152 
Determination of the Induced Pseudoscalar Nucleon 
F'orm F'actor from the Analysis of the "-p 4 e + e- n 
Reaction in the Framework of c_.~rrent P.lgebra 

The analysis of the data on the ;;-p 4 e +e-n reaction in the 
region - t:::; 5 m; is performed, and the vctlues of the induced 
pseudoscalar nucleon form factor are obtained. The method is 
based on the possibility to apply the current algebra techniques 
to the "quasithreshold". 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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B nocne)J.Hee apeMJI ycununcJI HHTepec K npou,eccy pmK

JJ.eHHJI e 1-e- -nap B 77- p - CTOllKHOBeHHJIX, HllH TaK Ha3hl

aaeMOMY ofipaTHOMY 3lleKTpOpo:>K)J,eHHIO: 

- 1- -
"p.een_ /1/ 

3TOT npou,ecc ofina)J.aeT yHHKallhHhlM CBOHCTBOM, Ha-

3BaHHhlM B pafioTe 
11 

"KBa3HllOpOrOBhlM" llOBe)J,eHHeM: ecnH 

HMnynhC BHpTyanhHOrO l}loTOHa B CHCTeMe IJ,eHTpa MaCC 

k • 0 , TO Ce'leHHe 3aBHCHT TOllhKO OT 3lleKTpH'IeCKHX Mynh

THllOlleH Eo+ H E2 - )J.nJI acex 3HepruB:. 6onee Toro, 

npu HH3KHX 3HeprHJIX, W ~ 1400 M3B, 3TH MynhTHnonH 

Cylll,eCTBeHHO fiopHOBCKHe, T.e. pe30HaHCHhle COCTOJIHHJI 

JJ.aJOT Manhlii aKnaJJ. a ce'leHHe npou,ecca /1/. 3To o6cToJI

TellhCTBO ll03BOllHllO H3MepHTh B ,[l.yfiHe 3lleKTpOMarHHTHhle 

l}lopMI}laKTOphl npOTOHa H llHOHa B ofinaCTH ManhiX BpeMeHH

llO)J.OfiHhlX nepe)J.a'l /
21 . 

ToT l}laKT, 'ITO Ha "Kaa3Hnopore" (k .. =O) MynhTHnonH 

E
0 

+ H E
2

- npH HH3KHX 3HeprHJIX B OCHOBHOM onpe)J.ellJIJOT-

CJI llOnJOCHhlMH 'llleHaMH, ll03BOnHn aBTOpaM pafiOThl /S; 

a no)J.XOJJ.e anrefiphl TOKOB CB.II3aTh npou,ecc /1/ c aKcHanh

HhlM l}lopMI}laKTOpOM HYKllOHa G A (t) H C HHJJ.YU.HPOBaHHhlM 

nceBJJ.OCKanJ~pHhlM l}lopMI}laKTopoM G P (t) . BnHJIHHe GP(t) Ha 

Ce'leHHe npou,ecca /1/ O'leHh CHllhHOe. Il03TOMY llOJIBnJieT

CJI B03MO~HOCTh onpe)J.enHTh ero C fionhillOH TO'IHOCThiO, 

HCllOllh3YJI 3KCllepHMeHTanhHhle )J.aHHhle pafiOThl 
121 

)J.llJI 

nony'leHHJI 3Ha'leHHH - t :; 5 m
77

2
. 3aMeTHM, 'ITO npu uccne

JJ.OBaHHH npou,ecca npJ~Moro 3neKTpopo~JJ.eHHJI 

eN ~e"N /2/ 

onpe)J.enHTh l}lopMI}laKTop G P(t) HeB03MO~Ho, nocKonLKY a 

3TOM cnyqae MeTO)J. anrefiphl TOKOB llpHMeHHM TOllhKO Ha 
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Puc. 1. ,l{uazpaMMa 
npot~ecca rr N ->e + e-N 

e ocmo¢omoH HOM npu6-
/lUJICeHuu. 

nopore q ~o /KBaJHnopora .u.n11 JneKTpopo~.u.eHHJI He cy
rr 

mecTByeT/ H Gp(t) no.u.asneH KHHeMaTaqecKH. 
Ha~e Mbl HJnaraeM npoue.u.ypy onpe.u.eneHHJI G (t) 

p 
llpoueccy /1/ B O,IJ.HO~OTOHHOM npH6JIH~eHHH COOTBeT-

CTByeT .u.aarpaMMa Ha puc. 1 . .D.a~epeHuaanbHoe ceqeHHe 
Ha KBa3Hnopore HMeeT BH,IJ./ 1/ 

2 
~ _l!a2 I ,.

3
d!- ~2 .M_I21Eo++E i +IE+ -2E /1. ;3; 

K dk It"" 0 7T lr W2 2 0 2 

r.u.e W=yS, k2 ,.,~-M)2 , E
0
+ H E

2
_- 3JieKTpaqecKHe MynLTH

nonH npouecca rr P -+nyv. 
l13MepHTb ceqeHHe B TOM BH,IJ.e, KaK OHO npe,II.CTaBneHO 

~opMynoii /3/, TPY.U.HO. ,D.n11 Toro, qTo6bl nonyqHTb pacnpe
.u.eneHHe no k2 , Hy)I{HO MeHJITb 3HeprHIO W H JaTeM 3KCTpa
DOJIHpOBaTb K KBa3Hnopory. TaKHX ,IJ.aHHbiX B HaCTOJI~ee 
speMJI He cymecTsyeT. E.U.HHCTBeHHblii 3KcnepHMeHT no HJy
qeHHro npouecca /1/, BblnOnHeHHbiB B .LJ.y6He 121 , COOTBeT
CTByeT 3HeprHH W = 1295 M3B. llpH 3Toii 3HeprHH k2 aJ
MeHJleTCJI s HHTepsane O.s:: k 2 ~ 6m2 . 3HaqeHHe k2 = 6 m7r 
COOTBeTCTByeT KBa3Hnopory. 0,1J.HaKO ,IJ.aHHble 3TOrO OnbiTa 
MO~HO HCnOJib30BaTb ,IJ.JIJI nonyqeHHJI pacnpe.u.eneHHJI Ha 
KBaJHnopore npH paJnaqHbiX W . 

PaccMOTPHM Bblpa)l{eHHe Eot- -2E2_ KaK OTMeqanocb 
BbiWe, npH HH3KHX 3HeprHJIX Ha KBa3Hnopore 3TH MYJibTH
nonH C XOpomeii TOqHOCTbiO onpe.u.enJIIOTCJI noniOCHbiMH BKna
.IJ,aMH H paCCMaTpHBaeMOe Bblpa)l{eHHe HMeeT BH.IJ, 

4 

E -2E .. y2 g -) (W+M)2-m; yk2[ a-1 FP(k2) + 
0 + 2- rrN 4MW M2 - U 1 

'k2 + _a __ F (k 2)- ay FP (k2 )1, 
m2 -t rr M2-U 2 

/4/ 

7T 

r.u.e HeJaBHCHMOii JIBJUieTCJI TonLKO o.u.Ha nepeMeHHaJI. Mbi 
Bb16HpaeM B KaqecTBe HeJaBHCHMOii nepeMeHHoii k 

2
• Tor.u.a 

W:M+yk 2 , 

t=(m!-k2)-~
M +vk2. 

2 )2 t% /I. .. (p2- p1 ' 

-
U .. ( M- V k 2 f + ( m!- k2 ) yk2 _:- , 

M+yk2 

2 u ~(p -k) 
1 

k2 - m2 
a~---_!! __ 

V k2 (M -; jk 2) , 

2 

grrN = 14,7 · 
4rr 

F l, F
2

P , F rr - :meKTpoMarHHTHble ~op2M~aKTOpb1 npoToHa 
H nHOHa ~0 BpeMeHHnO,IJ.06HOB o6naCTH (k > 0), F/(0)=F

77
(0)=1, 

~,p (0)= b._ . 
2 ~M 

KaK BH.U.HM, ~opMyna /4/ HMeeT npocToii BH.U.. B Hee 
npaKTHqeCKH He ,IJ.aiOT BKJia,IJ.a 3JieKTpOMarHHTHble ~OpM
~KTOpbl HeiiTpoHa F't H F; . 3To CBJIJaHo c TeM, qTo 
Fn Man B paccMaTpHsaeMoii o6nacTH k 2~ 6 m; , a BKna.u. 
~, nOJIBJIJIIO~HBCJI B E 0t, COKpa~aeTCJI C qacTbiO BKJia,IJ.a 
oT FJ' . 3aMeTHM TaK)I{e, qTo JaBHCHMOCTb Ff OT k2 cna6o 
BnHJleT Ha qacneHHble -3HaqeHHJI /4/. l13MeHeHHe F'f Ha 10~ 
MeHJleT peJynLTaT MeHbme qeM Ha 1~. TaKHM o6pa3oM, 
no.u.cTaHOBKa s /4/ 3KcnepHMeHTanbHbiX JHaqeHHii Ff H 
F 

77 
, nonyqeHHbiX B .LJ.y6He 

121 
s HHTepsane 3m77 ~ k

2 :5 6m; 
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3KBHBaneHTHa H3MepeHHIO E 0 t- - 2E2 - Ha KBa3unopore 
B 3TOM :lKe HHTepsane. Ha puc. 2 npe,D,cTasneHbl 3HaqeHHJI 
Eo+ --2E 2- C OWH6KaMH, COOTBeTCTBYIOlUHMH OWH6KaM H3Me
peHHJI Ffu F

17
• Bonpoc o nonpasKax K 4JopMyne /4/, o6yc

nosneHHhiX sxna,D,aMH pe3oHaHcos, accne,D,osancJI asTopaMH 
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5 6 

Puc:. 2. CpaeHelwe poc'lemoa Oll.R F: 11 · -2E.,- npot~ecca 
;r -p ·II y 6 n00\00!.' d !<'!.'Opbl IIIOK0£1 C :JKCnepu.MeHIIIQAb-

v HblMU oaHHblMU. 1/pu pul •1ene /nyHia1Up/ eKAao UHOYI.IUpo-
aaluwzo nce600(.11Uil.RpHoc'O rjJupM£/Jaiii'IOJ>U HYKIZOHQ 0 (t) 
(l,?puuu~.~uaa/ICJI rw •HHbut ,,,u,ocoM. Cn,IuUJHUJI Kpuea.R IJ::oom
uencnayem (; (t ). l''tcc•wnu"''"'i 110 rjJofHI \ tl" /H;. 

I' 

I) 

' • 

\ 
I 

pa60Tbl / 4 /. Ha OCHOBe MynLTHDOnLHOrO aHanH3a npoueCCOB 
ciloTOpO:lKJJ,eHHJI' 5 ' OHH DOKa3anH, qTo BDnOTb )J,O 3HeprHii, 
COOTBeTCTBYIOUUIX Ha KBa3HDOpore k2 =10m2 , BKna)J, pe3o-

rr 
HaHCOB COCTaBnJieT HeCKOnLKO DpOUeHTOB. 

ABTOpLI pa60TLI ' 3,' npHMeHHnH DO,Il,XO,Il, anre6pbl TOKOB, 
pa3pa6oTaHHhlii HMH paHee .D.nJI uccne,D,oBaHHJI npouecca 
JneKTpopo:lK,D,eHHJI ' 6 ·. K npoueccy I 1/ Ha KBa3unopore H no
nyqHJia )J.nJI E + --2E Bblpa:lKeHHe 

0 2-

, ~+~2-m2 ~ 
E -2E -~ \ k

2 
\ "!D(t)-(1 t- -"'-)D(m2-k~+ 

o+ 2 2 m2 f 2MW 2M rr 
V TT TT 

2 
m" 2 2 t 2 2 + -{G (m -k )- -G (m -k )]I 
2M A 17 2M P 17 ' 

/5/ 

r,D,e f - KOHCTaHTa pacna,D,a rr •11 +-v 
TT J1 

Onpe,D,eneHHe cbopMcilaKTopos cTaH,D,apTHoe: 

I A(! I <r~ - [G a !\ l < P ' i Pl · ~ -- u2y5 AY + u 1' 2 J1 2 J1 p J1 

D(t)=-2MG +tO . 
A p 

AKCHanLHLIH cilopMcilaKTOp GA H3MepJinCJI BO MHOrHX 
pa6oTax. llocne.D.HHe 3KcnepuMeHTanLHhle ,D,aHHble no JneKT
popo:lK,D,eHHIO Ha nopore, nonyqeHHble Ha NINA' 7 

i H B XapL-
KOBe , S. npoaHanH3HpOBaHHhle Ha OCHOBe pa6oT -' 9-ll' 
,D,aJOT 

a (O) 
G (t)= 'A , MA=(0,96±0,00) f::>B. 

A 2 
t (1- -) 
M2 

A 

/6/ 
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E.D.HHCTBeHHas Heonpe,D,eneHHas aenH'IHHa B /5/ - HH.IJ.Y· 

uupoBaHHbiB nceB,D,OCKanspHLIB $opM4JaKTop G p · AHanH3 

,D,aHHhiX no J1. - JaxaaTy I 12/, B KOTOpblx t "'- 0,5 m; , ,D,aeT 

o'leHb 6onhWYIO owH6Ky. MLI onpe,D,enseM G Jt), cpaBHHBas 

$opMyny /5/ c 3KcnepHMeHTanhHbiMH 3Ha'leHHBMH Eo+-2E2~ 
flpH 3TOM DpOBBnBeTCB O'leHb CHllbHaB 'IYBCTBHTellbHOCTb 

K G p(t). 
B npe.D.nonmKeHHH, 'ITO GP Y.D.OBneTBopseT ,D,HcnepcuoH

HOMY COOTHOWeHHIO 6e3 Bbi'IHTaHHB, 3aDHWeM: 

2f g 
G (t)z TT TTN 

p 
m2 -t 

TT 

+ _l r ~)dt'. 
TT 9m2 t '-t 

rr 

/7/ 

llpH yqeTe TOnhKO noniOcHoro qneHa $opMyna /5/ He 

ODHCbiBaeT 3KCDepHMeHTanbHbiX ,D,aHHbiX /KpHBaB jaj Ha 

puc. 2/. Xopowee onucaHHe nonyqaeM /KpHBaB /e/ Ha 

puc. 2/, ecnH G P (t) npe,D,cTaBHM B BH.D.e 

GP (t),.. ---,--- _ 

-1 
1 ,1m 11 

- ----t 

1--2 
MP 

M =0,5 f8B. p 

TT 

/8/ 

r,D,e Ha puc. 3 npuae,D,eHo OTHOWeHHe GP (t) I G P (t ), 
G

17
P (t) - BKna,D, nHOHHoro non10ca. Mbi BH.D.HM, 'ITO 3Kcne

pHMeHTallbHble OWH6KH O'leHb Manbl H B paMKaX ,D,aHHOrO 

MeTo,D,a G P (t) onpe,D,enseTcs c BbiCOKoi TO'IHOCTbiO. 

OTMeTHM, 'ITO nonyqeHHbiB peJynhTaT MmKHo HHTepnpe

THpoBaTb H HHa'le: ecnu BMecTo $opMynLI /7 I npe,D,cTaBHTb 

G (t) B BH,D,e 
p 

G (t), 2 ~g(t) , 

P m 2- t 
/9/ 

TT 

T.e. DpHDHCaTb KOHCTaHTe rrN ·B3aHMO,D,eBCTBHB 3aBHCH· 

MOCTb OT t, TO KpHBaB Ha puc. 3 6y,D,eT COOTBeTCTBOBaTb 

OTHOWeHHIO g(t)/g(m; ). 

8 

flpH 3TOM 

2 g(O) = 0,94 g(mrr), /10/ grrN= g(m
2

) rr . 

12 
-o+J 

tc(!)Q. 10 

' --~Q. 
(.!)08 

06 

0 

/IJ.- Jaxbam 

1 2 23 
-t lm 7t 

4 5 

Puc. 3. 3Hat~eHUJI UHOYfiUpoeaHHozo nceeoocKaA.RpHozo (JopM
(/JaKmopa HYKAoHa Gp (t), ,4AJI yoo6cmea npeocmaeAeHo omHo
weHue Gp(t) K nuoHHOMY noAIOCHOMY eKAaoy G p(t). CnAow
HaJI Kpuea.R coomeemcmeyem (JopMyAe /8/. IloKa3aH maKJKe 
peayAbmam aHaAuaa oaHHbiX no J1. - aaxeamy /ua pa6ombl 11 2 /. 

flonyqeHHOe 3Ha'leHHe g(O) Y.D.OBneTBOpBeT COOTHOWeHHIO 

ron,D,6eprepa-Tpeii:MaHa. HHTepeCHO, 'ITO )1,0 -t<3m2 g(t) 
- TT 

MO)I(HO 3aDHCaTb B BH,D,e 

g ( t)'"" g (0)(1 -~ 1_ c: r 2 > t ) , 
6 p 

2 ~ 
r,D,e <rp > • cpe,D,HeKBa,D,pa TH'IHLIH pa,D,HYC DpOTOHa. 

/11/ 

B JaKniO'IeHHe JaMeTHM, 'ITO nony'leHHLie" 3KcnepHMeH

TanbHLie" 3Ha'leHHB G p(t) /<l>opMyna/8/ /3aBHCBT OT Toro, 

HaCKOllbKO cnpaBe,D,nHB DO,D,XO,D, anre6phl TOKOB K npoueccy 

c .D.BH)I(YIUHMHCB 11 -Me3oHaMH. ABTOpbl pa6oTLI 131 $aKTH· 

'leCKH BbiXO,D,BT 3a paMKH anre6pb1 TOKOB H DpHMeHBIOT 
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KBapKOBYIO MO,ll;eJIL. IJapaMeTpLI MO,ll;eJIH BXO,ll;.!IT B Bhlpa:>Ke • 

HHe ,ll;JI.!I E
0

+ +E - /llJopMyna /24/
1 

pa6oTbl 
3 'I. EcnH npH

paaH.!ITL ero K ~OpMyJie, IIOJiy1.feHHOH H3 fiopHOBCKHX ,ll;Har

paMM Ha KBa3HIIOpore, IIOJIY'iHM 

M2-m2 
- 7T -1 

v 2 g [ M + --.==-l F P (k2 ) + o (k2 
) • 

TTN M+yk2 1 

1 4m v k2 (s) 2 2 
,., - [ G (t)+ _-E..:__ G (m - k )1. 

j2 f A m2 T TT 
7T 7T 

/12/ 

r,ll;e m P - J4x}leKTHBHa.!l Macca npoTOHHoro KBapKa, CB.!I" 

3aHHa.!l C HapyrueHHeM SU 2 xSU2 CHMMeTpHH, d~)" llJopM· 

I}Ja.KTOp, CB.!I3aHHbiH C TeH30pHbiM TOKOM, 0 (k2
) - nonpaBKH, 

o6ycnoaneHHble pe3oHaHCHhiMH BKJia,ll;aMH 
4

!. CooTHoweHHe 

/12/ xopowo BhiiiOJIH.!IeTc.!l B paccMaTpHaaeMOM HHTepaane 

k 2 )l;JI.!I 3Ha'ieHH.!I m P = 15 M:JB, nony'ieHHoro B pa6oTe
13

' 

H ,ll;HIIOJILHoro rroae,ll;eHH.!I G~<;) . Ha Haw B3rJI.!I)l;, JTO yKa3,hl," 

BaeT Ha CIIpaBe,ll;JIHBOCTL IIO,ll;XO,ll;a, pa3BHTOrO B pafioTe
13 

AHaJIH3 JKcrrepHMeHTaJILHhiX ,ll;aHHhiX no rrpoueccy rr-P4 

~e+e-n B IIO,ll;XO,ll;e anrefiphl TOKOB Ha "KBa3HIIOpore", IIO" 

BH,ll;HMOMy, e,ll;HHCTBeHHa.!l peaJILHa.!l B03MO:>KHOCTL ,ll;JI.!I HC" 

CJie,ll;OBaHH.!I HH,ll;YUHpOBaHHOrO IICeB,ll;OCKaJI.!IpHOrO 4JopM4JaK· 

TOpa HYKJIOHa. 

AaTop rny6oKo npH3Ha TeneH .6. M .IloHTeKopao H 

A.H.TaaxenH,ll;3e 3a HHTepec K pa6oTe; C.M . .6HneHLKOMy, 

C . .6.repaCHMOBy, n.H.llanH,ll;YCY, B.A.Memep.!IKOBY H 

ll.ll.HeMeHOBY 3a IIOJie3Hhle o6cy:>K,ll;eHH.!I. 
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