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1. Introductlon o ot 't s R

, Experlments performed at LEAR at CERN prov1ded new mformatmn on the’/L- -
PP interaction.. This* information mcludes the data both on ‘PP elastlc scattering™ "
o, 2] and on the proton electromagnetlc form factor in the time-like region near 4M?
o3 A common feature of thése data is that they . are difficult for being interpreted -
S ‘within many models ;To overcome these’ dlﬁicultles, some 1nterestmg hypotheses
- i areto.be put forward. For’ mstance, in ref. [4] for explaining the energy. dependence, -
“.of the' p “ratio of the real to 1mag1nary pa.rt of the forward. elastic PP scattermg
-/ -amplitude, low-lylng resonances are assumed to exist in the P and D waves.- 1In ref,
[5], a great role of the P wave in elastic PP scattering at low energles is attrlbuted h
"~ to the bound states in'a PP system Analogous conclusions were drawn i in refs. (6] -
o }"’-and [7] within the phase—shlft analysis of elastic PP scattermg and the p- ratlo Tt -
+++is obvious: that. a bound state in the PP system with.a small blndmg energy may -
mﬂuence on the behavior of the proton electromagnetlc form factor ~The dleOVeI‘V,’ £
5 of that mﬂuence W1ll 1nd1cate 1ts p0551ble quantum numbers Lk

Formulatlon of the Model

e The model is based upon analytlc propertles of the Dlrac and Pauh 1soscalar :
'and 1sovector form factors ‘The latter are expressed in- terms of the experlmental'ji 8

. electrlc and magnetlc proton form factor by the known formulae

- ;_GP(S) [F’(S)+F"(S)]+ [Fz(S)+F"(S)]V',;
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S ;fj’,lAnalytlc propertles of the form factors F’ "(S) are determmed by d1spersnon rela—'.';
. tions that permlt us’ to formulate varlous models We w1ll now wrlte them thhout ‘
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e where S’ = 4m2 S" = 9m v : : o

<o For practlcal use’ of the relatlon (2) ‘we should apply to the unltarlty condxtlon;é» :

'”-f‘- and connect the expresswn for ImF ""(.S' ) w1th amphtudes of other processes The‘*"‘
general form is.as follows [t . R Celd
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where summatlon runs over the complete set of adm1$s1ble 1ntermed1ate states In
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Frazer and Fulco were the ﬁrst who computed two—meson contrlbutrons 8] and‘ e '

IGI= prt - -

S _0.35&7- ;;:’ f .0 :UAVDM ref.lz 0 i
predlcted the existence ‘of p-meson: Then, along this line bemg developed the«f':j;“r“ R VRSV I “0.32F. ol . TR -
- vector dominance model was formulated [9] that in terms of the d1spersron relatlons d‘; L R 0.27f - o
(2) looks as follows VR » RS N P s e < 0.22 _ 7 - - -
A = CE -V P (') <l - : L 3 % iy B g ' i'j.: 018[5" ) “_,,s‘ O “ - N , &
L o N L N S T DRSNS P [SCEE S : R P W SN AT SRR TN N0 AW Dol
B ImF””(S) z ‘Zuf"’NN6(S m,,,) ol A () R S R R 91';5 357 3.64 371 3.78/3.85 3.92 3.99 4,06 413 42 TR

Equatlon (5) is approxrmate as the sum contams only one- meson states and thus" o
“does not ‘take’ account of: abundant experlmental data and: theoretlcal models of s
two-partlcle channels [10]. The additive nature of eq.(5)" is'a_consequence- of the,_g h

i umtarlty condition’ (3) ‘Below we will- employ an analytlc and umtanzed version”
of the vector dominance model thoroughly descrlbed in ref.[11,12].. Namely, we
~will apply the latest version in wh1ch every of the’ functlons F"(S) has'itsiown " -

- effective threshold S’" < 4M Z'so that all the form factors S ( 4M % are complex S
: when .S' > 4M2: In'this model the sum in: (5) includes mesons s = (w W=
ol p" 0" Comparlson of the ‘results for |G| = |GE| = 1G5 calculated by models‘; L
--[12] and experlmental data [3] shows that the theoretlcal curve does not describe. -
" these.data (Fig.1). Experlmental pomts are. below the theoretical curve _]ust above
- the threshold AM? =3. 523GeV2, when S=3. 75GeV2 they cross the curve; and i in’
_the interval up. to .S' £'4.2GeV2 he above that curve.. In ref.’ [3] a theoretical curve:

; Flgure 1 Proton form factor for .S' > 4M 2 when a quasmuclear bound state of lPP .
s present S : SR A : !

o
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‘ ;Rlemannlan surface of the functlon Z (.S') can’ be seen from the Flg 2! As has bcen
...~ shown [7], the experlmental data on p = ReTPP/ImTPP and Ot can be explaxned

‘ “only. if we assume thata PP. system possesses a quasmuclear state with- the binding .
':energy E = (1. 88 +0. 05)MeV and width § = (0 80 :l: 0 05)MeV The amphtude‘,',;.\”

'was assumed in the followmg form ‘»:,\, o

[
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5 ‘was constructed on. “the: ba51s of calculatlons made w1th1n the’ vector dommanceff‘ i g B ';“'«T ( S) Z A (1 Z)n : ‘

g model [11]) and it lies hlgher ‘than our ‘curve; as a result only the last’ experlmental Rt : ! PP s ,," , Z (Z )1 Z (Z )2

: Pomt is. above the computed value. ‘Thus, 1rrespect1ve of the/theoretlcal model used, .. e e T i - e w
_ the common dev1atlon from all theoretlcal predictions takes’ place for expenmentalgf i 3 where (Z,,)l 2= 1 ¥ ’Y i 15 and N The P°1e terms descrlbe the quaslnuclear s

5 .f:state whereas the sum, a’ nonresonance background of: the S-p and D partlal’:“,f o
" -waves. The amplitude (7) well describe the evperlmental data in’ the region up to . [
' 4.4GeV%iin the variable S.. Around the threshold 5 = 4 poles of the qu'\smuclear S
.- state are domlnatmg in'(7).-In the pole approx1mat10n the unltarlty condltlon 3)
_reduces to Riemann boundary value problem [14] that can- be solved In the rmg, o
5 ‘contalmng the ‘unit clrcle (Flg 2) the solutlon looks as follows /’ A T e

C(z) [(4~ —1)(4—z )]1/2 S
,__.1(2—(2,,) )(z+(zp)) 92‘2 Do =

C(—z) So by choosmg C(Z) of the form

pomts whlch certamly points to the necess1ty of inclusion of the contribution of the & -
o i_state INN.>- to the un1tar1ty ‘condition (3) ‘Earlier we ‘have thoroughly studied ™
;' ‘the forward elastic PP, scatterlng amplitude [7] for which s we. have constructed an’ i
analytlc model based on the umformlzlng varlable B (R ET Y 5 e

where S— isa conventronal Mandelstam varlable the total energy squared of a PP Cot G pOI
system in the ¢.m.s. in M un1ts The vanable Z contains ‘the thresholds of PP R

_“and PPTe reactlons 1mportant for PP- scatterlng at pomts S =0;4 and the eﬂ'ectlve
threshold at' 5 =1.44in the nionobservable region. The threshold of the PP — PP

T reactlon is glven by the pomt Z 1 (Fig.2). and dxsposrtlon of four sheets of the‘

“where C(z)
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where GUAVDM is taken from [12] and GPD,- s defined: by (9) Formula (10) w1th two
parame.,ers Ay A2 is & consequence of the unitarity ¢ondition: (3) be1ng addltlve A
- "rapid change of’ the derxvatlve of |G(S)| around the’ threshold S=4is’ determmed
by the pole term in' (10), i.e. by strong NN- interaction on ‘the ba.ckground of the
complex COIItI‘lbuth'l Guavpi:.: Therefore, the observed behav1or of |G(S)| shows

_‘ the 1nﬂnence of the pole term on the rea.l and 1mag1nary parts.of GUAVDM s

k Analysns of Expenmental Data

" ref, [7] and is determlned by the quantities § and 7: and 10%6 =

o We Wlll analyse the expcrlmental data in the range 3 523G6V2 < S <
4 IQGeV2 only on the basis of the results- denved in ref. [3] as they. prov1de basic.

mforma.tlon on’ IGI in that ‘range. The posmon of poles is fixed by.the results from
346:1:0 1 1027_.‘

,—0 72 :l: 0 03.. The quantltles Al and Az are free pa.rameters When Al = Ay = 0,

- then x? ~ 450. The parameter Ay can’ lower tbe value of x? down to =~ 150 The " e
of tl Though the quan- - :
ity Z5p = 42 issmall;’ 1t can be reduced because the arguments of three pomts

' results of the analysis with both- parameters are listed in Table

) belong to the 1ntervals

(1'0) -

R E
w 4

o |32 | 0604 [0529] 053002

T 5GevZ- |GlUAVDM |G| T NGlezp

3.546-3.56| 0.536 | 0.313 | 0.39 £ 0.05

woo - [73.56-3.58 |- 0509 [0.333 ] 0.3¢£0.04 |~

. [ 358361 |. 0468 :[0.336] 0.31+0.03 |- RS R
o376 | 0273 10.27310.262+£0.014) 0.62 |}

"73.83. | 0.224  |0.257] 0.258£0.01 | 016 | - oo
394 .| 0.175 |0.247|0.247+0.014 | ~ 1073 ‘ i ,

Ao T 418— ] 0154 [0.241[0.252:£0.011| 1.0
|| 103A1_518:l:29 103A2———801:l:094 x =493 ”

Dlscussmn of the Results

Assumlng that the elastlc PP scattermg amphtude has nea.r-threshold poles A
E respons1ble for the quasmuclea.r bound state of a PP, system we could derlve formula’ -
" (10) for the proton electromagnetic form factor that well describes the expenmental :
- results [3]. This formula looks like the formula for the (p —w)- 1nterference in'the . -
-~ time-like region of the pion electromagnetlc form factor [13] The denvatlve 7&—91 at’ i
the §. = 4M? threshold gets infinite, in' agreement with the conclusions drawnic -
S ooref. [15] Permlss1ble quantum- numbers of ‘the quasmuclea.r state are determmed g
by the one—photon ‘mechanism of its productlon and may. be 36, 3D,. ‘Such states -
‘appear in a number: of potentla.l and one—channel optlca.l models’ [16 17}, and’ the(_«jﬂ ‘
range of va.rxatlon of binding energles and W1dths is large. In. this. connectlon we.-; b
L mentlon once agaln the dlscussxon of the 1nﬂuence of w1de and narrow D resonances

f bound state on the four-sheeted Rlemanman surface is such (Flg 2) | ‘that one. ofl

;them may appear as a low-energy resonance.” "This’ p0551b1hty can be 1nvest1gated i
- parameters § end vy are free, but the appropnate set of experlmental data is scarce: (
Therefore it is 1mportant to" study the behavior of a', p and polarn,a.tlon ‘of elastlc
- PP- scattermg for Py, < 180°'MeV/cand proton electromagnetxc form factor G near '
the threshold.. This recommendation is in complete ;agreement with the conclusmns
- of ref. [18] v where expenmental aguments are glven in: favor of na.rrow (PP) bound o
l”sta.tes near the thesold e : “ RIS T
Thus, Just one system of poles crenerated by the quasmuclea.r bound state,'.'lf.]
allowed us to 1nterpret both the pecuhar'tles of. forv ard elastlc PP scattenng ‘and ; s
" the new experlmental data. on the proton electromagnetlc form factor measured inw oo
- expenment PS-170 at. LEAR CERN... " @ " ‘ :
o ~The authors are grateful to. S. Dubmcka for prov1d1ng us w1th the uable of ST
"‘numencal values of the proton G(S) O S : =
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