acta phys. siov. 31 (1981), No. 4

WHY THE ¢-MESON POLE POSITION
COULD NOT BE FOUND FROM THE
SPACE-LIKE REGION DATA
ON ELECTRIC OR MAGNETIC
PROTON FORM FACTORS

S. DUBNICKA', Bratislava D. KRUPA®, V. A. MESHCHERYAKOV?, Dubna

The analysis of the du:a on the isovector part of the electric nucleon form factor in
a conformally mapped variable is carried out by the Padé type approximation. One stable
pole in the place of the short branch cut on the unphysical sheet that comes from the
partial wave projection of the nucleon Born term in the N scattering amplitude is found.
The results of the analysis reveal that the contribution of this short branch cut of the
second Riemann sheet is comparable with the contribution of the KK inelastic channel
and both prevent the g-meson to be found from the data on the isovector part of the
electric proton form factor in the space-like region.

NOYEMY NMONOXEHME NMOJIOCA o-ME30HA HE MOXET
BbITh ONPERENEHO M3 JAHHBIX OB MIEKTPHYECKOM
H MATHMTHOM ®OPM®AKTOPAX IIPOTOHA
B [IPOCTPAHCTBEHHOIIOXOFHOY OBJACTH?

Ananus RaHHbIX 06 H30BEKTOPHOM 4aCTH 3IEKTPHYECKOTO dopmdakropa xyknona
B NEpeMEHHOA KOMGIOPMHONO OTOBPAKEHHA BLITONHEH upu nomoumw Ilage-annpokcy- -
ManuH. OGHapyXeH OfMH YCTORYMBbIH NOMIOC B MECTe KOPOTKOTO pa3pesa Ha Hedu3n-
HECKOM JTHCTE, IPOHCXOXKICHHE KOTOPOTO OBYCHOBNEHO NpoeKIpc GOPHOBCKOrO Yiiena
COOTBETCTBYIOMIER HAapUMANhHOH BOMHBI B ammnuTyny sN-paccesHms. PesymbraTni
2Hajiu3a TOKA3bIBAKOT, YTO BKNAK OT ITOTO paspes’a Ha BTODOM DHMAaHOBOM JHMCTE
coBOagacT ¢ BKNagoM OT Heynpyroro KK-xasana M 3To He mo3sosiser onpegenuTs
©-MC30H M3 HAHHBIX 00 W30BEKTOPHOM yacTH INEKTPH4ECKOro GopmbakTopa npoToHa
B IPOCTP3HCTBEHHOMONOGHOH 06GRACTH.
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L INTRODUCTION

The nucleon form factors are believed to be analytic functions in the €ntire
squared four-momentum transfer ¢-plane except for a cut from ¢, to infinity. There

It was 20 years ago, that Frazer and Fulco {1] while using these analyticit
properties found that a resonance of suitable position and widthin the J=1 1= w
state of the pion-pion system could bring the dispersion-theoretical om_oimmo: of
the :.caoos electromagnetic structure into a qualitative agreement with the
txpeniment. At present this resonance, the so-called @-meson, is well established

+ -~ e

the mmooam Riemann sheet. This result was surprising with regard to the involved
¢xtrapolation through a cut, therefore Bowcock et al. [7] have decided to apply
the above procedure, in order to test it, to a simple model based on a known

y

paper {7] mn.n:.na the direct fitting procedure to the electric proton form factor data
to see what it predicts regarding poles and zeros. However, they found some poles
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on the first sheet and no p-meson poles. By means of this analysis they came to the
conclusion that the very precise results obtained for the 0 pole in [6] must be
fortuitous. In the present paper we present some arguments why the authors in {7]
could not find the g-meson poles as they expected to find them according to the

results of the Dumbrajs.

IL. THE ANALYTIC PROPERTIES OF ELECTRIC AND
MAGNETIC PROTON FORM FACTORS

Aside from radiative corrections, the electron-nucleon elastic scattering, in
which the electromagnetic structure of the nucleon is measured, can be described in
the one-photon exchange approximation. As a consequence the corresponding
differential cross section in the laboratory system takes the foi: wing o [€]

do _ a® cos’ (8/2) i o (1)
dQ  4E]sin’ (9/2 2E, |
1 4Eosin”(8/2) |, = sin’ (8/2)

N

x TA_; 7 % N_N%,ﬁaz@:m:gi Qszmé ,
N

where F,(t) and Fx(t) are the Dirac and the Pauli form factors, a the fine structure
constant, E, the incident electron energy, ¢ the scattering angle, m, the nucleon
mass and the approximation m,/Eo=~m,/my=~0 (m. means the electron mass) was
taken into account. F(¢) and F,(t) are real valued functions in the space-like

region (¢t <0) and different for the proton and the neutron.
From the theoretical point of view it is convenient to decompose both form
factors Fi(t), Fy(t) for the proton and the neutron into the isovector and isoscalar

parts in the following way

N 'S U
Fi()= (FI+F); Fi()=1 (Fi+ FY @)
" M S 0 n H s 7}
T.NAnv“MAmu..lmu—vw m.uAav”MTJN.INthv

from which it is straightforward to find
Fi=Fi(t)+Fi(1); Fi=F(t)-Fi(1) 3
Fr=Fi(t)+ F;(t); F;=F5(t)- F3(s).

The reason for the anooaﬁoamoa of Fy(t), Fx(t) into the isovector and isoscalar

parts is that there is a general belief that the analytic properties of the isovector

parts on the physical sheet of the t-variable are restricted only to the sequence of
the threshold branch points at t=4my, 16mi, dmk 4m?, .. on the positive real
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Mﬁm and H.:m analytic ﬁwcvonmom of isoscalar parts to the fequence of thresholq
”Mn: points at 1 =9m?, 25m2, dmy, 4m%, ... where m (i=1, K, N)is the mass
Of the pion, kaon and nucleon, respectively. Moreover, in the generalized vector

MHMQ ﬁmwosm like m.r ﬁw 0" and the isoscalar parts only by pure isoscalar vector
Bwows.m: Moo W, @, Mc > @ ,He, ++» Witich in a more realistic form factor model can be
i account as poles on unphysical C i 1
aken i physical sheets of the corresponding Riemanp
Now it is not difficult to understand to what extent the analytic structure of the

Dirac and the Pauli form factors is complicated. These complications are traps-

P —_ 4 n /i
GH)=Fi(0) + i Fi(r) (4)

GO =Fi(t)+ F3(1),

conjectured to determine the @-meson pole position on the second Riemann sheet

1soscalar vector mesons like @, @, which are present in bot the GE and the G&, form
factors. And as to the results of Dumbrajs [6], they seem to be really mozcmn“:m

In o.&o_, to .mrma more light on these problems we have carried out the w:& . is
only @E. the isovector part of the electric proton form factor that is free of Swwmﬁ
nozﬁccro:m of the isoscalar Part and also the contribution of isoscalar vector
mesons like w, @, etc. The results of the analysis are presented in the next section.

1L THE ANALYSIS OF DATA ON THE IS0
VECTOR
PART OF THE ELECTRIC NUCLEON FORM FACTOR

. If we mccma.::n instead of F? and F? into (4) the relations (2) and define the
Isoscalar and isovector parts of the electric nucleon form factor by the relations

t

G =Fi(1)+ i

Fi(0). s)
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GHO=Fi(0)+ 55 Fi(0),

we can obtain the decomposition of the electric proton form factor into 1soscalar
and isovector parts as follows

(GHn)+ Gy(1)}. (6)

[N

(t)=
In a like manner the cxpression for the electric neutron form factor

n H ~s o

=(f)=5 (Gx(1) - G(1)} (N

can be found.
By solving (6) and (7) we get the isovector part of the electric nucleon form

factor expressed through the electric proton and electric neutron form factor in the
following way

G1) = GA(1) — Ga(r). (8)

By using the data on Gi(t) and G£(f) one can obtain the data on Ge(1).

For Gi(r) we used the same data points {10, 11} for ~25.030 GeVi<t<
~0.0078 GeV* as Dumbrajs [1] and Bowcock et al. [7], in order to make
a comparison with their results. However, we have at our disposal the data on
G(t) only for —1.530 GeV><t<0.010 GeV>. Moreover, the data from this
interval do not even coincide in ¢ with the data on G(1). For this reason, we have
used for GE(t) the zero width approximation model of Zovko [12] that describes
not only the data on G(t) but also reproduces all the existing data on proton and
neutron form factors in the space-like region only by four adjustable parameters.
The latter is a sufficiently justified argument for the expression [12]

- R - -] - o

1_u"+2mp” EEAVIEER AV AT N
AN 4m? NW QM SMV AH SMVAM SMZ ’

n

with m;=0.614 GeV?, m2=1.039 GeV>, m> =14 GeV’. m;=0.585 GeV?,
my.=1.3 GeV?, meg=2.1GeV? ' =~-0.12, b’ = —0.91 GeV™? 1*=0.925,p" =
—1.10 GeV™" and m, as the neutron mass to be used to give through (8) 68
experimental points on Gi(t) in the range of moments — 25.030 GeV?<r<
~0.0078 GeV?, with the errors of Gg(1) to be found only from the errors of G w(t).
We emphasize again that by means of the aforementioned procedure we have
obtained data on the isovector patt of the electric nucleon form factor, the analytic
properties of which consist only of the threshold branch points at t=4m’Z, 16m?,

209




2 2 .
4mx, 4m;, etc. According to the vector dominance mode] it should be dominateq

e&n have nman.a out two independent analyses of these data by means
Padé-type wE.UBxE_mmo:m for two different variables, on two different com
and by two different minimization programs,

..;m first analysis was carried out at Bratislava on the computer SIEMENS by

of the
puters,

M M
H \»— + M >~=+~Amﬁva H + M \»N:ﬁ' Hv:

Gilr) =3 — i
N M ] R M ANOV
1+ M— >ua©ﬁv }n + M >N:+~A|.Hva
n= n=}l

on the pion c.m. momentum q-plane are i i
: presented in Table 1. The g- lane is
obtained from the I-plane by the conformal mapping ” _

_ /\NIASM
with m, =1,

.,;o mooo_.a. analysis was carried out at Dubna on the computer CDC-6500 by
using the minimization program FUMILI [14]. In this latter case a more ingenious
oo:.ho:am_ mapping was used. The q-plane was first turned at 90° in the
anti-clockwise direction and then shifted so that a[] the data on Gi(t) from the
range of momenta — 25.0300 GeV?< < —0.0078 GeV* be placed symmetrically
on the real axis around the origin of this new k-plane. All this could be achieved by
the following conformal mapping

ryy | : |
k= aﬂﬁ ko, (12)

where weR.o.m - The results of the direct fit of the data on Gi(r) by the Padé-type
approximation normalized to one and respecting the real analyticity

1+ Agi(ko— D"+ m Aclk™ ~ (ko — 1)7]

QMAHV” n=1 - n=1 AHWV

1+ 3 Au k"

n=1

on the k-plane are presented in Table 2.
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The g-plane and the k-plane were preferred to be used in the analysis of the data
on Gg(t) by the following motivations : First, G&(t) by the mapping (1 1)and (12) is
regularized at the first threshold branch point ¢ = 4m and the contribution of the
corresponding two-pion cut is thus automatically eliminated. Secondly, as the
e"e”—4m experiments indicate that the cross section remains small below 1 GeV
[15], we neglect the four-pion cut and as a consequernce, the g-meson pole is
undoubtedly placed on the second Riemann sheet reaching through the two-pion
cut from t=4m? to t =4mZ, Thirdly, both Riemann sheets are in the q-plane as
well. as in the k-plane placed equivalently. And we avoid the difficulty of an
analytic continuation from the interior of the unit circle through branch cuts to the
outside of the unit circle, which is characteristic for the Dumbrajs [6] as well as
the Bowcock et al. [7] procedures.

As one can see from Table 1 and Table 2 immediately, the almost identical
results are obtained independently of the variable used and the minimization
programs. One stable pole is found in the q-plane around the value g ~—i0.65 that
corresponds to k=~10.15 in the k-plane just below the threshold ¢ =4m? in the
second Riemann sheet. There are other two symmetrically placed stable poles (see

Table 1

The results of analysis of the data on G by the Padé-type approximations (10) in the g-plane

[N/M} X X/ndf Position of zeros Position of poles

[2/2} 818.607 12,99 i 14.321 1.640+i 0.624
i 12.856 -1.640+i 0.624

[2/3] 129.242 2.08 i 21.044 2.160+i 1.632
i 20.143 -2.160+i 1.632

—i 0513

[3/3] 112.973 1.85 —-i 25912 2.226+i 1.489
3.678+i 15.569 -2.226+i 1.489

-3.678+i 15.659 —-i 0.651

[3/4] 112.351 1.87 —i 31.218 ~i757.837
3.830+i 15.743 2236+i 1.497

-3.830+i 15.743 -2.236+i 1.497

-i 0.661

[4/4] 112.532 191 +i197.676 —i289.494
—i 24.613 2.230+i 1504

3917+i 15.848 -2.230+i 1.504

-3.917+i 15.848 —i 0.644

[5/5) 109.365 1.92 -1 7977 3.478—-i 0.470
—-i 7977 -3.478~-1 0470

-5.419+i 17.791 2.833+i 1.191

5.419+i 17791 -2.833+i 1.191

—-i 7977 —i 1305
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Table 2

The results of analysis of the data op Gg by the Padé-type approximation (13) in the k-plane

[N/M] X X/ndf Position of zeros

Position of poles

[1/2] 39320  60.491 ~-3.213 8.7152+i1.2459
8.7152-1i1.2459
[2/2} 735.5 11.492 -3.6422+i 0.9213 8.8908+i1.6666
-3.6422—-i 09213 8.8908 - i1.6666

[2/3] 104.8 1.664 ~7.0315+i 4.1079 10.2895
~7.0315—i 4.1079 8.0323 +i2.3115
8.0323-i23115
[3/2) 2259 3.586 ~7.0690 9.0289 +i2.9591
~1.8304 -i 3.5258 9.0289 ~i2.0591

) -1.8304 +i 3.5258

[3/3] 104.0 1.677 -12.6486 10.4563
IW.MNM.\ —i 7.4849 8.0721+i2.3888
—9.2957 +i 7.4849 8.0721-i2.3888

{4/3] 102.3 1.677 2.8032+110.0472 10.8927
2.8032-i10.0472 8.0803 +i2.5540
~6.6987 +i 24955 8.0803-i2.5540

~6.6987 -i 2.4955 :
Table 1 for g=~ +2.5 + 11.5 and Table 2 for k~8+i2.5)but no

) ©-meson has been
found on the second W_m”EmE_ sheet, which is placed exactly at 9. = +2.59 - i0.30

IV. CONCLUSIONS

By means of a direct least-square fit of the normalized and respecting the real

analyticity Padé-type approxumstions in a conformally mapped variable (o the data

on the isovector part of the electric nucleon form factor we have found most
important singularities dominating Ge(1). Unlike the pion form factor, the
isovector part of the electric nucleon form factor is not given mainly by the
g-exchange contribution, but the short branch cut just below the threshold ¢ = 4m?
on the second Riemann sheet that comes from the partial wave projection of the
nucleon Born term in the N scattering amplitude (2] plays an important role. The
latter explains the fact why many scientists {10, 17, 18] fitting the data on the
nucleon form factor in the framework of the extended vector dominance model,
fixed the g-meson mass and did not find it in the fitting procedure.
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