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1 . . · I~trod uctio~ • 
' 

Experiments perforined at LEAR ~ CERN provided new information on the', 
PP interaction. This\ info~mation includ~s the dat~ both onP P elastic scattering" 
[1, 2] and ~n the proton 'electr~magnetic form.factor in 'the time-like region near4M2 

[3]. A common feature ,of-these data .is that they are difficult for l>eing interpreted 
within many models. ,To overcome these difficulties, sonie'interesting hypotheses 
are to be put forward. For instance, in ref. [4] fo"r explaining the energy dependence 
of the p :.:ratio of the real to imaginary par't of the forward elastic PP scattering 
amplitude, low-lying ~esonances are assumed to exist in the P and iJ waves.c I~ ref. 
[5], a great role qf th~· P wav~ in elastic PP scatte~ing at low energies is attributed 
to the bound states in a PP system. Analogous conclusions were drawn in refs. [6] 
and [7] within the phase-shift-~nalysis of elastic PP sc~ttering ~d the p- ratio. I~ 
is obvious that a bound state.in the· PP system with .a small binding energy may· 
influence on the behavior of the proton electr.om'.agnetic form factor. The discovery 

. _. of that influence will indicat~ its .possible qu_antum numb~rs: .· 

· 2. . Formulation of the. l\1odel 
\. 

=-.;.. - 1/, 

. The m~del is based upon analytic properties of th_e Dirac and Pauli isoscalar 
and isovedor form factors. The latter· are expre~sed in terms of thci ~xpe:rimenfal 

.el~ctric and magnetic proton form factor byJhe known fo~niulae . 
' . ' ~ ' -;' 

G~ ( S) = [Ft(~H-·F{( S)] + 4;2 [F;( S) A- F{(S)] 
. ;, ' '' ' ' . .··, p ·.. ·, : ·._ . ' :, . 

. . GM(p)= [Ft(S) tF,;'(S)] + [F;(S)+. F;(.S:)]. . (1) 
' . .-,. ·.:.·. ' ·' ., - .. 

Analyti~ pr~perties of the form factors -F;"v ( S) are determined by dispersion _rela­
tions that permit us toformulate various models: We'will now write theni ,;,,ithout 
subtraction·: . . . • . - . . . . 

\ . . ' 00. . ., . ·.~ .. · 

F';"11(s)' =_ l'j~ImF'tv(s)' ' 
. • .. · -.1r·_ . s,..:..s d~,-

-.- . - . :s~·" ,. . , . . ' 

(2) ' 

wheres• =·4m2 sv ='9m2 • 
. : ·, . 1(" '·.· • • 1r -- . ·, . ' . . - '• 

For practical use of the relation (2) we .should apply- to the unitarity condition , 
and connect the expression for_ ImF:,"(S) with amplitudes o~ other processes. T_he_ 

' generaqorm is as follows: .. . \ . ' . . 

Im,< 0 I}µ INN>= I:< 0 I jµ In ><n I r+JN.N >, 
.. ___ -. .:. . . .'·· . ··.,, --n -:':-"'"•' . -- . . , . , -- ~ : 

_(~) 

\\.. "' 
·" ,, 

,\ 

';'\ \--;:~~--::7-:"'.~' :: ., ·, .,_ -~ ' 
1 ttt:icr.,,,c- ;,.1::..,l f{h .. ,t."ryr. 
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• 
.· where summation runs over .the complete set of admissible intermed

0

i~te ~tates. In' 
· our c~e it is of the form.: · · · · · · · , 

In >=1211" >,1_311":_> ·.·.I K, K ;, l·N, N> ·; .- ,(4) 

Frazer- ~d. Fulco ,ve~e the fi~~t who co~puted tw~meson contribution~ [8] and 
predicted the existence of p~meson; Then, along this line beirig developed, the 

. vector dominance model was f~rm.ulated [9] that.in terms of the 'dispe{si6n relati~ns 
(2) looks .as follows: -: 

. '.. ' ,, ' {i) ' ., , ' ' ,, ' '' 

I . 'p•,v(S) ,' ~ · 2 f.,v,NN ccs· : 2 · ) 
.··~ ~-~ -~· .·. · .. ,~·-~.ms,~-~u _ ., -'":"s,v ·.-,,:· 

' ' ' . . - ·, 
(5) 

' ' ' ·" '' ' . ' ' ' ' /,.. . . ' ' . 
Equation"(5) is approximate as the SUIIl contains-only one-meson'statesand 'thus 
does not tak~ account of abundant ~~perimentlll 'data ~nd the~i-~tical mod;ls of 
two-particle cha~riels [10]. The additive· nature o( eq:(5) is a con:sequence of the 
unitarity condition (3). Below we will employ c1:n analytic and unitarized version 
of the ·vector.-dominance model thoroughly described· in ref. [11;12]. Namely,'we 
will apply'the latest' Vf!rsici~ in_;hich every of_the'.functions F;',v(S)'has its.own' 
effective threshold Sf'v < 4.M; so .that all the form-factors S:,''. < 4M; ·are compJex 

··when S 2:: 4M;. In t!1is me>del, the sum in(5)_includes mesons s = (w,w';w");v = 
(p, p', p", p"'). Compari~on of the 'resuHs for IG] ·=· IG~I ~- IG:tl _caJculated by models . 
[12] and experimentalda,ta [3] shows that the theore.tical curve does not describe . 
these da.t~ (Fig.I). Experimental points are·. below the .t!,ieore~ical cui:vejust above . 

. the threshold 4M;= 3.523Ge V 2 , ~vhen· S ~ 3. 75Ge V.2,-they cross the curve, a_nd in 
, the interval up to· S ::8 4.2Ge V 2 lie above that curve._ I;i ret [3]. a theoretical curve ·• 
was constructed on';the•b~J_s· of.calculations• made_-within._the vector domi11arice, 

. rnode!c[ll] and it lies higher thari ourcurve; as. a result, only the last experimental.' 
. point is,above the computed value. Thus, irrespective ofth(;ltheoretical model used, 

the comm~n deviil.tion from all theoretical predictions takes place for experimentar · -
~- points; which certainly poirits to tlre necessity of inclusion of the contribution ofth~ · 

state INN.>-. to the unitarity condition (3). ~arlier_ we have thoroughly studied 7. 
the forward elastic PP scattering amplitude [7] for which .we have constructed an 
analytic model based on theuniformizing variable:: 

. . ,, ' ' 

(6) 
.· _ 5 ✓S-: i.44 . 3 ✓S-: 4 .. :. ·. z__ -- --

c_ ; 4 · S . 4 · S '· · · 
:_., -·_ ' ' . ;,, . , '' . .· '. - .. : 

where S- is a c~nventional Mandelstam vari.able, the total energy· squared of a PP 
system in the c.m.s. in MP units.' Th~ variable 7.Z co~tains the 'th.resholdii'ofPP 

- . and P Prea:ctions important .for PP~ scattering at points S =· 0; 4 and the effective -
threshold at S °= 1.44 in the ·nonobservable region: The threshold of the PP ~•PP: . 
reaction is given by th.e point Z =.1 (Fig.2) arid disposition of four sh~ets of.the> 
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Figure 1:' Proton form_ factor for· S 2:: .4M; w_hen a quasinuclear bound stat_e of !P P . :: , 
is present. 
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Riemannian surfa~l of thefond
0

io~ Z(S) can be seen frci~ the Fig.LAs h~s 
1

lken:' ', 
. "shown [7], the experiment1,1,l data one~ ReTpp/Im'l'ppand O'tot can be explairicd 

'onlyifwe assume th'at a PP system Possesses a quasinuclear state with the binding· 
:energy E = (1.88 ±_0.0§)MeV and widt_h}= (0.80 ±0.05)MeV .· The am'plitude 
was.assumed in the following form: '.·. · >. · · 

. . N . . - .. ··: (: • 

·'·Tpp(S) ~ E A,.(l''-ft+ z ~ (~Ph 
'· ... ..·n=O · . • · · 

Gp 
Z-(Zph' 

(7),' ' 

,.where (Zp)i,2" =·1 =i= ,·± io and ·N =·_·2_. The pole te~IllS ·a~scribe 'the_quasinuciear 
state; 'Yhereas the sum; a non~esorfance background oJ the .S-,P-. and o~pa";tiar: 
waves. The_ amplitude (7) weUdescribe the experimental d.;,fa in the region up to 

. 4.4:Ge V 2 in the variable S. Around the threshold S ~ 4 poles of the quasinuclea~ 
state aredominating in (7). · fo tJ.1e p'cile approximation~ the unitaritycondition (3) 
reduces to Riemann boundary-value problem [14] that can be solved. In the ring, 

'-. ' . , ' . ,,, .- ' 

· containing the unit "circle (Fig.2) the s,olution _looks as follows: ' ' 

·:_G•··. · :._ •. C(z) ' . [(4.z2 -1)(4 ,-z2)]·1;2.', . ~· .. 
_pol - 2 ( (· ) )( ( )*) . 2 . : .> . Z.~ 1 .. -· ·. . ni=I Z - Zp i Z + Zp i . 9z. . . 

' ' , 

whe~~ C(z)=C(~z). So, by ~hoosing C'(Zf of the form'.' ; 

. . ·C· (·· ·)· ·_.A:'..{( .. 1 .. ' 1 : )" (· :·1·• · .. · .. :1, ).} , ··. · 
z = 1 ----- - ---,-- + 

.- · . z - z1 z - z2 . z + zi . z + z2 , · .. ~- ,, ~ - ~ 

3 

I ·, 

,•_\: 

(8) 
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. i Figii~e 2: _ rnspositio~ of four. ~hi~ts of the ri~~annian. su.;fa~e_ of functi~n. Z(S) 
~ . - . -, . . -· . -·. · · i · -1 · · · 1 · · 1 -·. · 

_+A2{(. ~~ .+~)-(-· -. +-. -J}: - .- .·.(9) 
_, . ... z --'-1.. z z2_ ,z+.z1. z+z2 . 

• .. .. ~ --- ·~- • ., • ·- ,c. ': ,,._ -, , ' / • ;' \ ,. -. 

we get the following 'expression for the form factor G ::. 
. ·' \ ' '·. .~ ..• - \ ' . ·:...~ ... 

· •. G ~ Guivni; + Gpol, · (10) 
• ,' r • ' •' 

. wlier~OuAVDM istake_n· from: [12] and G_,;01~isdefined by (9)._ Jforim.ila (10) witli two 
parameters A1 A2 is a corisequence of the unitarity condition (3) being additi.ve. A 

~ rapid change c;if.the derivative _of IG(S)I around the threshol~ S = 4· is determined 
by the pole term in (i0), i.e. by strong NN- interaction on the background of tht; 
com~lex_contribution'GuAv'.i:J111 .· Therefore, the observed behavior of IG(S)I shows\ 
the influence of the pole.term on the real and imaginary parts ofGuAVDM• . . . 

-· ~ . . . . ' - . ·• ' . ,'. . . ' . . -

3. Analy~~s of Exp'erimental 1Jata : ... -

. We, will· an~lyse· the expe~im_ental ·data in th~~r'ange 3.523GeV2 :< S < 
4.19Gef2 only on t_he ha.sis of the results_ derived in ref. [3] as they provide basic 

- information on l°'I in.that :r:ange. T4e position of poles is fixed by the re~ults from 
ref. [7] and is determined by the quantities 5 and 7: and 1025 = 3:-46 ± 0.1, rn2f = 
-0.72 ± 0.03; The quaiJ.tities A1 and .A.2 are free pai~et~rs. When: A1.= A~ ::::: o, 
then x2 ~ 450: The parameter A1 can lower the value of x2 down to ~ 150 .. The 
results ofthe analysis with both parameters ar~ listed in Table . Though the qua.Ii-

. tity iv"~F: = 469 is'small; it ~an b~ redu~edhecause thi{ argum~nts of tli~ee points-
belong to the intervals. . . . · . . . . .-

n 
~-

'J:--, 

·-

,.. 

•' 

S GeV2 .· IGluAVDM IGI . IGlexp· xt ·, 
3.523 . .. 0.604 - 0.529 0.53 ±0.02 -,..:,10-a 

3.546-3.56. 0.536 0.313 . 0.39 ± 0.05 · ·2.37· 
3.56~3.58 0.509.· 0.333 0.34± 0.04 ~.10-~ 

·-3.58-3.61 . 0.468 · .. 0.336 0.31 ±0.03 .0.75 
· 3.76 ·. 0.273 0.273 0.262 ± 0.014 . ·0.62 
3.83- 0.224 ·0.257 0.253 ± 0.01 · .. 0.16. 
3:94 " 0.175 0.247 0.247 ± 0.014 ~lo-a 
4.18- 0.154 - 0.241 0.252±0.011 1.0 ·. -'-

II 103 Ai = 5.18 ± 2.9 . • 103 A2 = -,-8.0l ± o.94 · x2
-;;, ~4~93 II 

. , 

-
4; Discussi9n. of the· Resul_ts 

A~sriming that the elastic pp scatteri~g amplitttde"has near-threshold poles · .. 
responsible for the quasinuclear bound state of a PP system we could derive formula 

, {10) for the proton electromagnetic form factor that well describes the experimental 
· re~ults [3]: This formula looks like, the formU:lafor the (p .:::. w )- intert;erence in the 
:tiin~-lik~ region of the pionelectromag11:et~cfo;m factor·n3J. The derivativ!.! ~ at 
. the .S = 4M2 thresh.old gets infinite, in>agreement with the conclusions drawn in 
: ref. . [15] .f Permissible_ quantum. num_bers oHhe quasJnuclear state ar~· dete_rmined 

"by the one~photon mechanism -0f its production and may be 3 S1 ; 3 D1 • Su~ states 
< appear in ·a number of potential and one-channel optical models [16,17], and the: 
-~ ~range·of variado·~ ~f binding energies and widths is large. !~.this.connection ~e .. 

mention once again the discussion of the influence of wide and ?arrow D~_ resonances.,_ 
on elastic.PP- scattering, a-tot anct p > The disposition of poles cif the quasinuclear - , .. -
b~und state on the four-sheeted Rie~annian surface is _such. (fig.2) _that. one of . 

. them mayappear as a low-energyresommce.; This possibility can be investigated _if 
parameters s encl 7 are free, but the appropriate set. of experimental· data _is scarce; 

. Therefo~e it is impo~tant to study the behavior of u, pand pola.rizatiori.'of _elastic 
Pp~ scat'tering for h ~ 180'M e V / c- and proton electromagneiic:form factor G ~ear . 
the threshold. This recommendation is in complete agreein~nt with the concIU:sio~s· 

·-of ref.· [18] wher~ experiment~( aguments are given in favor of narrow ( P J') bound .. 
-'st~tes'nearthe th~sold; · · · /.· · . ··· · _ _ . >~ .. , : , _ 

._ .. · . Thus, just one system of poles generated•. by the quasiniidear bound state 
. allow~d us to_ interpret b~th the pecu~iarities -~f forwfild elastic.PP. scatteriilg and 

the new exp·erimental _data on the proton. electromagnetic form factor measured in 
expenm~nt PS~ 170 at LEAR, CERN. - . : , . ._ . . ·_ .• : '· . . . . . 

· __ ,,,_ . ···_·· __ . · ?he a~thors are ·gra.tefu.l to S.Dubni~ka for ~roviding'u~ with t,he tabl,e of . 
. \: _ · · numencal values of the proton G_(S). · · · · 
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IlpHHHMaeTcsi noAnHCKa. nu _npenpm1Th1: cod6u.ie~nsi 06beAHHeHnoro 

HHCTIITYTa 
0

S1AepHb1~ HCCJI;AOB;IIIHH -~_ <<KpllTKHe coo6meHHSI Ol1Sllh. · . . . 
, YcTauoeneua cneAyiomusi CTOltMOCTb ·uo,nnucKH_Ha :12 ~ecsiues na 1faAaH11S1 

Ol1Sll1; BKJIIOllaSI nepeCbinKY, 'no OTAeJlbHbl~.TeMaTHqec.KHM !(riTeropHSIM: 

l1HACKC . TeMaTHKa .Ueiia noAnHCKH 
. I· 

· . ua roA .. 

1. 3Kc·nepHMeHTaJibHUSI q>H3HKa BbJCOKHX ::meprui1 '915p. 

2. TeopeTHqecKaSI lpH3HKU Bb!COKHX 3Heprui1 · ·· 2470 P•'' 
3. 3KcnepiiMeHTan,i,nasi uei1Tpouuasi q>H3HKU' 365p. 

· 4. Teopei"ttttecxasi 'qin3HKU HH3KHX 3Heprui1 735p • 

5. MaTeMaTHKa:· 460p. 

6 .. SI,11.epH·asi cneKTpocfonusr H paAHOXHMHSI. :. 275p. 

, 7. <1Jl!3HKU TSIJKeJlbl:X HOHOB . 185 p. 

8. KpttoreuHKa 185 p. 

> 9.·YCKOJ)HTeJIH 460 P: 

· - 10; AaToMaTH3UUHSI o6p,i6oTKH 3Kcnep11MenTaJ1bHbJX ~aHHblX · 560 p. 

11. BhltfHCJIHTeJibHasi MaTeM,tTHKU ii TeXHHKU ·, - ' 560p: •. -

12. XHMHSI · 90 p., 

, 13. TexHHKa ct,H3HtJ.ecKoro aKcnep11MeHTI1 . 720p. 

14. MccneAoBaHHSI TsepAblX Ten u JKHAKOCTei1 SIAepHbIMH MeTOAllMH ••460p. 

15. 3KcnepHMeHTanbttasi q>H3ttirn RAepttblX peaKU.Hi1 
npH HH3KHX 3Heprnsix 460 p. - ·. 

16, )J.03HMeTpHst H lpH3HK,l 3lllUHTbl 90p. ~--
J 7; TeopHSI KOH,11.eHCHpOBllHHOro COCTOSIHHII 365 p~ 

18. l1cnoni>3oaauiie pe3ynhT11Toe · .. 
· u MCTOAOB qiyJiAaMeuninbHblX q>H3H'ICCKHX uccne.o.osa~ui1, 
s CMe)KHblX o6nacTsix •iuy~H-" Tl!XHHKH . ·90p. 

19. Buoq>lf3HKa 185 p. 

«KpaTKHe coo6meumi Ol151l1i➔ (6 BblilYCKOB) ,. 560 p. 

. IlO,llflHCKa MOJKeT 6i.1Tb oqii>p~neHa C '.11106oro Mecsiua ro,lla. . ·~ ' 
. . Ilo ·aceM uonpocaM OlpOpMneHHSI UOAUHCKH ·. CJiejzyei o6pamaTbCSI B 'H3A3,;. 

· TCJlbCKTHH OTAe./1 OHSII1 no UApecy: 141980, r.,Uy6ua, MocKOBCKOH 06.naCTH 
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