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The results of the recent unpolarized target experiments on the reactipr> w°7°n performed at KEK,
BNL, IHEP, and CERN are analyzed in detail. In practice, the unpolarized data allow informatianron
scattering to be obtained under the assumption of the dominance of the one-pion exchange mechanism. In this
way, for thel =07 7S wave phase shifﬁg and inelasticityr;g a few sets of values are obtained up to about
1.64 GeV. These sets correspond to the ambiguous solutions found for the partial wave amplitudes. The
difficulties emerging when using the physical solutions for #fer® SandD wave amplitudes extracted with
partial wave analyses are discussed. Attention is drawn to the fact that, fe#fkinvariant massn above
1 GeV, the other solutions, in principle, are found to be preferred to the physical ones. To clarify the situation
and further study thé&,(980) resonance, thorough experimental investigations of the reactipa- 7°#°n in
the m region near th& K threshold are required.
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[. INTRODUCTION sion of the possible consequences of this approach. Further-
more, there exists the above problem of the ambiguous solu-
. . tions for the partial wave amplitudes. In this connection we
The reactionstN— 77N so far are the major source of . - - .
especially emphasize the strong likeness of the physical so-

information on the processesw— . At high energies ; . . 0 .
lutions selected in all four experiments a7’ production
and small values of the momentum-transfer squared from the

incident 7 to the outgoingm System, 6< —t<0.2 Ge\?, and also the common difficulties that emerge in interpreting

the reactionsrN N are dominated by the one-pion ex these solutions and in their comparison with thé7~ data.
- - - . ) . :
o . y pion t turns out, in particular, that some of the physical solutions
change mechanism. In treating the data on these reactions t

. : . Sund lead to considerable violations of the unitarity condi-
partial wave analysis method is used. As a rule, a few pos- . : : . .

) . ) . .~ tion for the w# scattering amplitude in question. In addition,
sible solutions for the partial wave amplitudes of the final 0 : S

. we conclude that the data arP7° production are indicative

7 system are obtained. In some cases, the preferred solus )

L - . of a noticeably smaller value of thi,(1270)— 77 decay

tion is selected from additional physical arguments. Gener; . o : . .

branching ratio in comparison with the Particle Data Group

ally, to obtain reliable and unambiguous results in a Wlde(PDG) data[13]. In connection with the considerable interest

region of m, high statistics, polarized targets, and precisein the light scalar meson sectdsee for reviews Refs.

measurements of theN— 77N reaction cross section at [1,2,13-19), we suggest performing especially careful mea-
different energies are needed. Detailed reviews and comprey,rements of the reaction p—797°n in the m region

hensive discussions of the expgrimgntal resqlts on the reatom 0.9 to 1.1 GeV, i.e., near tHeK threshold. This would
tions WN— 7N and 7 scattering in the regionrd,<m
<2 GeV available by 1999 were presented in Rgfs2].

In this work we analyze the recent data on the intensitie
and relative phases of tf&andD partial waves of ther®z° :
system produced in the reactian p— 7°7°n. The data Phase shifidg above thekK threshold.
were obtained in unpolarized target experiments with inci- '€ Paper is organized as follows. In Sec. I, the KEK
dent7~ energies of 8.9, 18.3, 38, and 100 GeV performed a{e§ults[3] are anglyzeql. In Re[.SJ the data on the phase
KEK [3], BNL [4], IHEP [5], and CERN[6], respectively. shift 58 were obtained in th_en region from 0.3_6 to 1.GeV.
Our main goal is to obtain information on ther S wave The 53 values found by usina different way in _th(_a interval
phase shifis and inelasticitys? in the channel with isospin 0-68<m=1 GeV agree with the KEK datg8] within ex-
| =0, which would be complementary to the previous “ca- perimental uncertainties. We also present new result§80r
nonical” data extracted from the 17.2 GeV experiments orn@nd 76 in the region kX m<1.64 GeV. In Sec. lll, an ex-
the reactionngp_) ’7T+ TN [7_12] It is well known from trapolation of theS andD wave mass distributions obtained
the earlier analysefl,2,7—13 that in practice the unpolar- in the BNL experimen{4] from the physical region of the
ized data allow information om scattering to be obtained reaction 7~ p—7°7n to the pion pole (=m2) is per-
under the assumption of the dominance of the one-pion exormed. Considering the different solutions found in Ré.
change(OPE) mechanism; here too we continue the discusfor these distributions, we obtain a few sets of valuesé@)r

and 778 in themregion from 0.32 to 1.52 GeV. In Sec. IV, the

GAMS results on the reactionr™ p— 7°#°n [5,6] are dis-
*Email address: achasov@math.nsc.ru cussed. The difficulties encountered while analyzing the
"Email address: shestako@math.nsc.ru m°m0 data[3—6] are summarized and discussed in Sec. V. In

allow thefy(980) coupling constant to theK channel to be
éjetermined more reliably and also resolve the long-standing
question[16] of a possible ambiguity in the behavior of the

0556-2821/2003/611)/11401810)/$20.00 67 114018-1 ©2003 The American Physical Society



N. N. ACHASOV AND G. N. SHESTAKOV PHYSICAL REVIEW D67, 114018 (2003

10} (@) |AS|2 1 os

T

06 |-

—_—
——
—_—
—_—
————
)
o
o

S wave intensity

D wave intensity
o E
-

N

04} \

” _++ MH o1 FIG. 1. (8—(c) The KEK data
b on the reaction 7 7 — 7°=°
e [3]. (@ The normalizeds wave in-

' 04 05 06 07 08 08 10 11 12 13 14 15 16 1,0 11 1,2 13 1.4 15 tens|ty|As|2 (b) The I’]OI’mahzed

D wave intensity|Ap|?; the curve

is the fit using Eq.(1) with the

®
=]

wkb © 5 i "r @ 5% ' parameters of ,(1270) presented
] b +: in Eg. (2). (c) The relative phasé
ok ] 120 ] between the amplitudesg and
7 + {: H + + + ] Ap. (d) The I=0 #7S wave
£ ol ++ + 1 gl Jr ] phase shifts) obtained from the
g . ;e ‘} data on|Ag|? alone under the as-
g 100 .." ‘ 18 =f ] sumption thatyJ is unity.
T + 1£
"o Moo 1 wf ]

3
T
I
-
1
——

-] ]
P
e
PRI B S Y
-]
X
°
——
——
-
L

0 0
04 05 06 07 08 09 10 11 12 13 14 15 16 04 05 06 07 08 09 10
m (GeV) m (GeV)

Sec. VI, we formulate briefly a few concrete suggestions for—a22, wherea),=[ 7,exp(d6%)—1]/2i. To find 53 below the
i iom 0.0 i _<

e ermermon mtomos™ KK treshol, it was assumdl that s regions

Pe: P " =p%=1, and consequentlyAg?>~sir?(65— 63). As is well

known from a large number of previous experiments, the
Il. ANALYSIS OF THE KEK DATA phase shift5) smoothly goes through 90° in the region 0.7
_ _ N <m<0.9 GeV and the phase shi«ﬁg is negative, smooth,

In the KEK experimenf3], the data on the intensities and ang smallsee, for exampld2,7,8,17). Therefore, to extract
relative phases of thE andD partial waves for the reaction the phase shift differencéd— 62 from the unnormalized
m'm —a°n° were obtained in theninterval from 0.36 10 gata, the following normalization condition was accepted in
1.64 GeV. They were extracted from the p—7°7°n data  Ref.[3]: the maximum value ofAd 2 is equal to 1. The KEK
by using the linear Chew-Low extrapolation and partial wavedata for theS and D partial wave intensities normalized in
analysis. Because the absolut8«® production cross sec- this way are shown in Fig. 1, together with the data on the
tion was not determined in the experiment, S@ndD wave  relative phased=¢s— ¢p between the amplitudedg
intensities|Agl? and |Ap|? were initially presented in arbi- =|Ag/expi¢s) and Ap=|Ap|expldp). The values of the
trary (identica) units[3]. Any alternative solution fofAg|? =277 Swave phase shiff3 used in Ref[3] were given by
and|Ap|? was not discussed in Ref3]. TheSandD wave  the parametrizatiod2= —0.87q [with q=(m%4—mZ2)"2in
intensities are related to the phase shﬂ%sand 5'2 and in-  GeV andag in radiang, and in this way the data fcﬁg were
elasticities 7, and 75 in the conventional waylA¢?~|aJ  obtained in them region from 0.36 to 1 GeV. In the follow-
—ag|?, where ay=[ nyexp(38y)—1)/2i, and |Ap|>~|a) ing, for 52 we shall use the fit to the data from Reff$7,18
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(&)

Ri,=3.59:0.71 GeV!, By ,,=0.760-0.034.
(2

Thus, the phasey is defined by that of the Breit-Wigner
amplitude(1). To express the parametes$ and 79 in terms
of the known valuess, |Ag?, 85, and¢p, it is convenient
to represent the amplitud®s in the form (see footnote 1L

[
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where ¢ is the phase of the amplitud%s. The distinctive

FIG. 2. Thel =27 xS wave phase shif§g. The data are from  feature of the amplitudds is that in its Argand diagram the
Refs.[17] (solid_ circles)_ and_[18] (open circles The curve corre- relations betweensg—éz, &, 778' and |As| formally look
sponds to the fit described in the text like the relations between the corresponding parameters of
any unitary partial wave amplitude with definite isospifor
example, the phas¢ is confined within the range from 0° to
180° because Inf{s)>0. Thus, we have

which is shown in Fig. 2.Using the fit and the data fdAg|?
shown in Fig. 1a) we also determined the values @8 for
m<1 GeV. They are plotted in Fig.(d). The resulting val-
;?a?. [25? in excellent agreement with those obtained in b= 5_25(2)+ . 778: JI—4[Agsing+4Ad% (4)
We now determingg and 73 simultaneously by using the

available data on the relative phadand the intensityAg|? sin2( 80— o2) = 2|Aglcos¢

[see Fig. 1c) and 1d)] in the m region from 0.68 to 1.64 o 7o n

GeV. In order to estimate the phagg we neglect the tiny

amplitudea§ [17,18 (which is quite reasonable because the 1—2|Adsine
experimental errors ofAp|?, as is seen from Fig. (), are cos A 59— 85) = — (5
not too small and assume that thB wave amplitude is 7o

dominated by thef,(1270) resonance contribution and can

be written in the form Since the interference between tBandD partial waves

is defined by the produ¢g||Ap|coss and coss determines
6 only up to the sign, two solutions always exist: the solution

M Bt rrl with 6>0 and the other one with<0. Moreover, if cos is
e S S— (1)  close to 1(and|8|~0) in some region ofm then in this
mi,—m“—img I region a transition from one solution to the other is possible.

The KEK datd[ 3] presented in Fig. (t) show that the phase

where F=(mfz/m)Ffz(q/qu)sD(qusz)/D(qsz), D(X) 5fcrr1]ange3 most rapfidly near tK??ch(resh;)ld[which |ds onde
_ 2 4 — (2 A 2112 : ; ; of the evident manifestations of tHig(980) resonandean
9_+ 3T+, ay, (mle4 M) ™ Ry, 1S the. Interaction that just near 1 GeV ca$~1. Thus, in principle, we have
radius, andn; , Iy, andBy,, . are the mass, width, andlm ¢ r possible variantsi) 6>0 for m<1 GeV ands<0 for
decay branching ratio of th&,(1270). The fitted curve in m>1 GeV, (ii) §>0 for all m, (i) <0 for all m, and(iv)
Fig. 1(b) corresponds to the following values of thg1270)  5§<0 for m<1 GeV andsé>0 for m>1 GeV. However, the

resonance parameters: variants(iii) and (iv) with §<0 for m<1 GeV can be re-
jected at once. Estimating for m<1 GeV by using the
m;,=1.2830.008 GeV, ' =0.170:0.014 GeV, relation 6= 8+ 85— ¢p, one can easily verify thaé must

be positive in this region with the conventional definition of
the signs of the phase shif#§, 83, and¢y, [see Fig. 1d), 2,

and Eg.(1)]. So, we shall consider only the varian
This fit was obtained with the parametrizatioﬁ=—aq/(1 and (ii)q D] y s

2 4 6 P — —
18251 gz\;rgm )C’: T?gszg_%j?t Gge'%ﬁfjegﬁzv’ g;g:gij Figure 3 show_s the values 6§ and 73 _extracted _from the
+0.070 GeV ®. In addition, lacking reliable data on the deviation KEK data[see Fig. 1“"!)' 1(b), and Ic)] in the region 0.68
of 1;(2) from 1, we setnéz 1 for all considered values afh. When <m§1.64 Ge\/ by using Eqg4) and(5).f0r the two above
more detailed data on? are available, it will be interesting to take Mentioned variants of thé phase behavior. The values &
into account possible inelastic effects. It is not unreasonable to think the region 0.3&m<1 GeV obtained above from the data
that such effects may appear in the 27 channel only above the on |Ag|? with 778= 1 [see Fig. 1d)] are also shown in Fig.

nominal pp threshold(1.54 GeVj, but not above th&K threshold ~ 3(2) and 3b) for comparison and completeness. As is seen,
as in thel =0 7 channel. for example, from Fig. @), the sets ofég values found in
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the region 0.68&m<1 GeV in two different ways are in sharp jumps of§8 and 778 with further increasingn. There is

quite reasonable agreement with each other. In obtaiéing little doubt that these features are artifacts of the partial wave
and 778 in the general case, the Argand diagram of the amanalysis of ther ™ p— #°#°n data.

plitude Ag was built for each variant. After this the values of

2(85— 85) obtained from Eqgs(4) and (5) were finally de-
fined by the requirement that those ﬁ be smoothly con-
nected as a function of. That a strong violation of unitarity
takes place in varianti) for m>1.16 GeV[see Fig. &)]
can easily be understood from the relatipr 5—25§+ ép
[see Eq(4)]. The fact is that the values @f in this case fall
into the range from 180° to 360°, which is forbidden ¢as
the phase of the formally unitary amplitudes. Further-
more, in variant(ii), the phase sifé‘g for m>1 GeV [see
Fig. 3(c)] is in rather poor agreement with the" 7~ pro-
duction datd 7—12] according to which, for example, at
~1.3 GeV68 has to be close to 270°. Thus, varidinj with
6>0 for all m can be rejected. As for variafi), there is a

Another difficulty is that the accepted normalization for
|Ad? leads toBy,,,=0.760+ 0.034[see Eq(2)], while ac-

cording to the PDG dat§l3] By ,,=0.847+7q75. These

two values agree with one another only within their double
errors. Hence, in principle, one may conclude that #fler°
data [3] indicate that the absolute cross section of the
f,(1270) resonance formation through the OPE mechanism
in the reactionr™ p— 7°#n might turn out to be approxi-
mately 20% smaller, at least at~ M, than that expected
from the PDG datd13]. Alternatively, the KEK datdq 3]
might be normalized with use of the known value igf
=(1+79%4= szm with By, ., from Ref.[13]. However,
in this case, the resulting values [#g|? in the most inter-
esting region of the lightest scalar resonane€600)

set of specific features which, to our knowledge, are missing3,13,19 would be approximately 25% higher than the uni-

from the 7" 7~ data[7—12. As is seen from Fig. @) and
3(b), in this case we have noticeable differences;fffrom

tarity limit for |Ag|2.
We shall see in the next sections that the other experimen-

unity for m<1 GeV, its approximate equality to 1 for 1 tal data for the reactionr™ p— 7°7°n lead to very similar
<m<1.12 GeV, violation of unitarity near 1.2 GeV, and difficulties.
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I1l. ANALYSIS OF THE BNL DATA m distributions by the formulag) and(7).? In so doing, for

In the BNL experimen{4], high statistics on the reaction |SI% [Dol?, and s, iN each—t bin we take into account
7 p—m°7°n (about 8.510° event$ were accumulated the physical solution fom<1 GeV and the physical and
and a detailed partial wave analysis of th87° angular ~ other ones fom>1 GeV. Unfortunately, the absolute value
distributions was performed. This analysis has been done f@f the =~ p— m%7°n reaction cross section has not been
ten sequential intervals in-t covering the region & —t determined in the BNL experimep]. Therefore, to normal-
<1.5 GeV and over them range from 0.32 to 2.2 GeV ize the extrapolated intensitié&g|? and|Ap|? we proceed in
scanned with a 0.04-GeV-wide step. As a result, two soluthe same way as in Sec. Il. The extrapolated and normalized
tions for the unnormalized intensities of tB@andD, partial  data corresponding to the physical and other solutions are
waves and foufbecause of a sign ambigujtfor their rela-  plotted in Fig. 4a), 4(c), and 4e) with solid and open sym-
tive phase were obtained. The above quantities were denotdubls, respectively. It is interesting to note that as a result of
in Ref. [4] by |S|?, |Do|? and ¢sp, respectively; in so the extrapolation two branches of the ;  phase values for

doing, D, denotes theD wave withL,=0, whereL, is a  the other solutior(i.e., the branch withpsp >0 for all m

projection of ther®#° relative orbital angular momentum on and that with ¢s_p.<0 for all m) interweave with each
thez axis in the Gottfried-Jackson reference frapig In the other in the regiorm>1.24 GeV[see Fig. 4e)] in such a

lfo:!owmfg, \t'}/]e SShal(lj Bse these tnota_tt|_o ns, tﬁ_o .hQnehof thf soV/vay that there arise two new branches of the extrapolated
utions for thesandb, wave Intensities, which Is character- phases, which are characterized by a smooth dependence on

. - 2 2
|fzed byfg:lrg\]/e magmtt;dehd)ﬂ and ahlsmall one O(Fd h m and which, for example, can be considered as either inter-
or m= eV, and which Is smoothly continued to the secting or osculating near 1.26 GeV.

higher mass region, where tig, wave is dominated by the As in Sec. Il, we begin with the determination of the

f,(1270) resonance contribution, was selected in Refas - 2 -
. . . : . phase shifis) for m<1 GeV from the data opAg|? [see Fig.
the physical solution. Together with the intensit|&? and 4(a)] assuming thatr;8=1 in this region. The resulting phase

2 . . . .
ng (')ft?r? physmﬁ;ﬁgh\jg?unezl\?v%i@r? Iggfisr (t)vx? ?r?r;?snpoﬁgtlggshift values are shown in Fig. 5 by open circles. Note that
&sp, P yinsign. two points in the regionm~my disturbed by thek?

that the other solution intersects with the physical oneat —7%7° events[4] are omitted. Then, having the data on

~1 GeV. We agree'with the physical_ arguments given in Ad?, |Ap|2, and s for m>0.8 GeV (see Fig. 4 we deter-
Ref.[4] based on which the other solution can be rejected 'erine the values 058 and 778 with use of the general formu-

analyzo the wo solutions and also the cases with transitiorgs (3 () and(8). In extracting the information o ang
9, the phasepp was defined by fitting to the data ¢Ap|?

of the pha _p. from one solution to the other one. 7o,
Phasers-o, soit [see Fig. 4c)] with use of Eq.(1), and the parameters of

( 2 2
For the analysis we take the BNL ddt on[S[*, [Dol*, ¢, (1270) were found to besee also the curves on Figiohl,
and ¢sp, pertaining to five intervals of-t, 0.01<—t i ha physical solution

<0.03 GeV, 0.03<—1<0.06 GeV, 0.06< —t

<0.1GeV, 0.1<-t<0.15GeV, and 0.15-t

<0.2 GeV, and to the region 0.32m<1.6 GeV. Note that  2gych two-parametric fits to the off-shell partial wave intensities
data onesp are available only fom>0.8 GeV. To obtain  have been widely used in the literature to obtain suitably extrapo-
the values of the quantitidé\g|?, |Ap|?, and s (see Sec. ) lated data(see, for example, Ref§9,17,20,21). However, the de-

as functions of m, characterizing the reactionr™ 7~ termination of the phasé by use of direct extrapolation of the data
— 7%7° on the mass shell, we parametrize trdependence 0N the phasesp [see Eq(7)] may provoke a question. If data on

of |S]?, |Do|%, andegp by means of the following expres- the S-Dy interference contribution, as such, had been presented in
sions: 0 Ref.[4], the problem would not have arisen. The fit of such data to

the function —2ta exgb(t—m?)]/(t—m?)?, analogous to those in
Eq. (6), and the identification of the fitted parametar with

m2 —t exr{bs(t—mfr)] V5(m?/q)|Agl|Ap|coss, would allow | 5| to b(_e determined_ in the
|S|2:—|As|2 > , proper way. Because such data are not available, an indirect test of
a (t—=m3) the results obtained with E¢7) was carried out. Using the dait]

on |8, |Dol?>, and ¢sp, we constructed the quantity
) 2|8][Do|cosesp, and found with the above extrapolation the on-
—texgdbp (t—m7)] shell S-D interference contribution. Then, knowings|? and|Ap|?

2
m
|Do|2:5?|AD|2

> (6) independently, we determined as a function ofm. The 6 phase
(t=m3)?
™ values obtained in the two ways are in very close agreement with
each other. Certainly, owing to the forced double recounting of the
_ 2 errors of the input data with the indirect test, the errorg @irn out
#sDg o+ a(t/m,—1), @) to be larger than those obtained from the fit by Et}. On the other

hand, when the values df are determined by using E(?), their
and, in each 0.04 GeV mass bin, thus determine the unnoerrors in practice are not different from the errors of the input data
malized intensitie§Ag|? and|Ap|?, the phase, and also the  for ¢sp, All the aforesaid allowed us to prefer the determination
slopesbg, bDO, andea by fitting to the BNL data on theand  of the phases by use of Eq.(7).

114018-5



N. N. ACHASOV AND G. N. SHESTAKOV PHYSICAL REVIEW D67, 114018 (2003

b @ w2 1 Cf () b E
oo | i{i {{{ 1 «~ ul 11
%‘ o8| i i 1] E 12| { 1l
£ °F { i 1 % 10 {{
g osf 1 3 f’ 3 {+***{+ 1
el bty 18yt { " -
0,4-+ ' i 3 sk 1 1
3F ¢¢<} E
:2- + ¢¢ (# i ] sk + 4%\ H
o1 F @ 44 {{ 2r [
0,0 L L L L 1 L 1 L 1 L Q"?@ 0 1 L 1 L 1 L L L L 1 L
03 04 05 06 0,7 08 09 10 11 12 1.3 14 15 03 04 05 06 0,7 08 09 10 1.1 12 13 14 15
r (d) by, 1
« 14 | -
2 s
2 o 12} ]
g
6 _c‘)f 10 | -
: 5o { 1 SRERRRRERE + {
1 T{rtetatiy { _
2k -
° 0‘8 0‘9 110 1I1 112 1I3 1I4 1'5 1I6
“H yq 0 " @ 5 j\ R
s .,4¢+{' 2_+++, ]
W AF L B 8 . 1 1
% 20F : H : e + ‘% {_ Z-’. :- ‘; ’ ¢ ; 3 ! ; 4 1 1 1 3
f , e 4 0 . ¢ (# 4 » 4F ‘% + 4
3 - £ drg + { sk E
2 =E o 7., E sf 1
\ RRE TP INT R E
.3o_i 1 ‘ L] ] -14 | 3
08 I 0:9 1?0 1?1 1:2 1:3 1?4 1:5 08 0:9 I:O 1?1 1:2 |:3 1:4 1?5
m (GeV) m (GeV)

FIG. 4. The results of the extrapolation of the BNL dpd& (a) The extrapolated and normaliz&lvave intensity(c) The extrapolated
and normalized> wave intensity(e) The extrapolated relative phasebetween theS andD wave amplitudes. The slopés (b), by (d),
and « (f) as functions ofn. The solid circles correspond to the physical solution. The open cifrales also the open triangles in pl@
for 8] correspond to the other solution. The lower and upper curves in(plare the fits using Eq.l) with the parameters of,(1270)
presented in Eqg8) and(9), respectively.

m;. =1.279+0.002 GeV, I';. =0.205-0.005 GeV, Our results obtained for the previously selected solutions
? 2 among all the possible ones, which are shown in Fig. 4, are
Ry,=3.96+0.24 GeVv'l, B, r=0.6970.008, plotted in Fig. 5 with solid circles. Strictly speaking, the

®) selection is reduced to rejection of the physical solution with
6<0 for m<1 GeV[see Fig. 4e)], since a simple estimate

and, for the other solution, 89=56— 65+ ¢p (see Sec. lyields 5~ — (25-40)° for this
solution in the region of 0.8—1 GeV, which is, certainly,
m¢,=1.281+0.002 GeV, I'y,=0.211+0.005 GeV, unsatisfactory. In its turn, Fig.(8 and 3b) show that the
physical solution with5>0 for all m can also be rejected due
R;,=4.65:0.33 GeV', By,,,=0.7120.007. to strong violation of the unitarity condition fom

(9 >1.2 GeV. Figures &) and 5d) correspond to the physical
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FIG. 5. The phase shiffy and inelasticity,$ extracted from the BNL dati4]. Plots(a) and (b) correspond to the physical soluti¢see
Fig. 4) with §>0 for all m. Plots(c) and(d) correspond to the physical solution with a transition of the phda¢m~1 GeV from the
branch pertaining to its positive values to that with its negative ¢ses Fig. 4e)]. Plots(e) and(f) correspond to the combination of the
physical solution with6>0 for m<1 GeV and the other solution fan>1 GeV with 6>0 in the region Km<1.28 GeV and withs
<0 in the region 1.28 m<1.52 GeV[see Fig. 4a) and 4e)]. Plots(g) and(h) correspond to the combination of the physical solution with
5>0 for m<1 GeV and the other solution fan>1 GeV with §<0 in the region Km<1.52 GeV[see Fig. 4a) and 4e)]. The open
circles show the values of the phase sl@ﬁtobtained from the data dr\g|2 for m<1 GeV[see Fig. 4a)] alone under the assumption that
79 is unity.

solution for |Ag?, |Ap|?, and & with the transition of the tained from the reactions 7w p—=*t7™n, =« p
phases at m~1 GeV from the branch withs>0 to that _, z*7-A** and #N—KK(N,A) (see, for example,
with 6<0 [see Fig. 4¢)]. Such a physical solution consists Refs.[7,9,10,16,22,2B. Figures %e) and 5f) correspond to
with unitarity but corresponds to the weak coupling betweenthe combination of the physical solution wi#>0 for m
the w7 andKK channels near thk€K threshold. Indeed, for <1 GeV and the other one fon>1 GeV with >0 in the
this solution 778 is close to unity in the region <m region 1<m<1.28 and §<0 in the region 1.28m
<1.15 GeV. However, the latter disagrees with the data ob<<1.52 GeV[see Fig. 4a) and 4e)]. Finally, Fig. 5g) and
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5(h) correspond to a similar combination of the physical so-the unitarity condition form>1.2 GeV[see Fig. B)]. In
lution and the other one for whicf<0 for mfrom 1 to 1.52 analyzing them® 7% system produced in the reactian p
GeV [see also Fig. @)]. Certainly, there are two more vari- — 7%7%n at 100 GeV, the only solution fdS|2, |Dy|2, and
ants which differ from the last two ones only by the sign of s, was selected and presented by the GAMS Collabora-
& for m>1.28 GeV[see Fig. 4e)]. These variants lead, how- tion in Ref, [6]. Unfortunately, this unique solution is very
ever, to appreciable violations of the unitarity condition for close to the above physical one obtained in the GAMS 38
m>1.32 GeV, and therefore are of little interest. Thus, oneGeV 7~ p— 7°7°n experimen{5].

can conclude that just the variant presented in Fig) &nd It is of first importance that the GAMS Collaboration
5(f) is, in many respects, in qualitative agreement with themeasured the absolute cross section of fth270) reso-
results of the previous partial wave analyses of ther ™ nance formation in theD, wave in the region €& —t

data[1,7,9,11. As indicated above, this variant corresponds<0.2 Ge\f. According to Ref[24], at 38 GeV,aDO(qr‘p
to the positive relative phasg= ¢s— ¢p up to thef(1270) - ,(1270n— 7°7°n)=2.3+0.2 ub. More recently, this
resonance and the negative one above it. An important pointalue was used, in particular, to normalize the 100 GeV data
is that this behavior of6 as a function ofm is strongly [6]. Although the cross section value obtained is approxi-
confirmed by the pioneering data from the polarized targemately 1.5—2 times greater than in a set of previatsr°
experiment for the reactionr p— a7 n at 17.2 GeV  production experimen{®4,25, nevertheless, it is 1.57 times
[11]. smaller than the estimate based on the OPE mfatel ex-
Comparing Fig. 5 with Fig. 3, we just note that the BNL penmental underestimation of ther p—f,(1270)N
data lead to obviously higher values of the phase siifor — 7%7%n reaction cross section is an old story, all details of
m<0.5 GeV than the KEK data. which can be found in Ref25]]. By using this model with
Finally, as is seen from Eq¢8) and (9), the BNL data the PDG values ofn;, Iy, andBy, . [13] we estimate
indicate that the branching ratifzm, can amount to ap-

! ) op. (7 p—Tf,(1270n— 7°7°n)
proximately 84% of the PDG valug 3]. The possible con- 0

sequences of a similar discrepancy have already been dis- ~ 0P p—1,(1270n— 7°7n)

cussed in connection with the KEK data at the end of Sec. Il )

(recall that the relevant ratio for the KEK data has been _Y7-pn O7 2

found to be approximately 90PoHere we add only the evi- - mZPZ mfzrfzg fomm

dent remark that, in the case when the absolute normalization P

of the produced events is known, the valud&fsgm defines 0 —t ex;{bfz(t—mfr)]

the height of the resonance mass distribution, whereas the Xf 2 77
productmy I’ Bf . is responsible for the integrated cross 0.2 Ge (t=mz)

section. ~3.6 ub, (10

where P, =38 GeV, g2 /4m~2x14.3, and by,

_ o o 6 0 ~7.5 GeV 2+2x0.8 GeV %In(38/18.3)~8.68 GeV 2 [in
The f:'ghgsg Stﬁt'ngSMOS”éh(ﬁ rgactw_m P—m 7N Were  estimating the slopéy,, its Regge energy dependence and

accumulated by the ollaboration in two experimentsy, Its for the s he f.(127

at 38 GeV[5] and 100 GeV[6]. However, the small-t “the resu;s 0::t e; Opr mkt e 12(1270) mzla\lss reﬂlon

region from 0 to 0.2 Ge¥were examined ifi5,6] very spar- phr_esent_e n _|g_( ) we(:jre taken into a_c;:mrj]ht otelt a}t h

ingly. But the data averaged over the small region were this estimate Is in good agreement with the resuit of the

extrapolauon of the available data on the reactisnp

resented fofS|? and in Ref.[5] and for|S|?, |Dy|?
P P . IL'}, ‘DS’Dﬁ) ! b I[d] . ISI% | d°| —f,(1270n— 7" 7 n at 17.2 GeM[8], 100 GeV, and 175
andesp, in Ref. [6]. Such “global” data, of course, do not ay/126] to the GAMS energysee Ref[25] for details.
permit to perform a proper extrapolation of the mass distri-Thys, the GAMS dat&24] indicate that the value dB; -

butions measured from the physical region to the pion pole t to about 80% of that by the P
Nevertheless, we discuss some typical features of the GAMgan amount fo abot b of that given by the DB]

data. The physical solution f¢6|> and ¢sp, and the other V. DISCUSSION OF DIEEICULTIES
solution only for|S|? were presented in Rdf5] in the region
0.8<m<1.6 GeV. ThegoS_DO phase was found to be positive

in the full mass rangd5] (about the existing ambiguous periments on the reaction™ p— 7%7°n. First, the physical

solution with ¢s p <0 the readers, probably, have to guessgqtions selected by using the partial wave analyses of the
by themselves In general, the available GAMS d4fta] are 700 production data lead to values 8¢ and 53 which are
very similar to the corresponding BNL d&. For example,  jncompatible with the known results obtained from the
in the case of the physical solutio/g|? andesp from Ref.  -+.-gata at least fom>1 GeV. Some of these solutions
[5] behave as functions afi in the same way as the extrapo- lead to strong violations of the unitarity condition. On the
lated quantities*,AS|2 and & shown in Fig. 4a) and 4e) by  other hand, among the other solutions one can point out, in
solid circles. However, it is such a physical solution [fag|? principle, the preferred ones. Secondly, it is astonishing that
and & (with 6>0 for all m) that leads to strong violation of the data of the four recent experiments #%7° production

IV. DISCUSSION OF THE GAMS DATA

We now briefly summarize the common difficulties en-
countered in analyzing the data obtained in four recent ex-
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include indications that the value & ., might be dis- ence contribution differs from that presented with the simpli-

tinctly smaller than the currently accepted one. This diffi-fied notation |S|[Do|cosesp by the coherence factog
culty is rather serious and highly interesting. Let us recall=1/,/1+S, [*/|S,|. If we put ¢=1 for all m, we shall
that thes production experiments on unpolarized targets,ajways deal with the effectively underestimated values of
in particular, those under discussion here, do not permit thf‘c03¢SD0|.
gggg:zl:égni?\ (gritrr\]gglsng\?éne)\:\zt]hanhguegSzf:t?sqzi?sbtgchs More _ dlscu35|_on both of th_e additional assumptions
these contributions to t’he observed unpolarized crc;ss sectioﬁeecjm n an.alyz_mg the unpolarized data and ofahex-

. - X crll1ange contribution can be found|ib,2,11,12,27,29,30
are incoheren{27]; in other words, there is no model-
independent way to do this in the physical region. Therefore,
in our opinion, the difficulty witHszmT may present itself as VI. CONCLUSION
further evidence that, in practice, partial wave analyses of the . .
unpolarized data allow one to determine the intensities and Using the simplest method e hav_e extra}c_tedothe values
the relative phases of tt@ D, etc., = partial waves only ©f thel=0mmSwave phase shif#; and inelasticityrzg from

. . 0 0 . .
approximately, in fact, with any extrapolation method. “The (h€ current data on the reactian p—a"a"n. Considering
degree of proximity” is associated with the poorly known the ambiguous solutions found with the partial wave analysis

relative magnitude of the nonleadisg exchange contribu- W& have shown that the so-called other so.lutlons, in prin-
tion. With high statistical accuracy of the unpolarized dataClP!e; aré found to be preferred to the physical ones in the
the presence of tha, exchange mechanism can manifestMass region above 1 GeV. It seems cleag t(r;at. a new set of
itself in the events responsible ft8]2 just in the form of the ~ P'ECiSe experiments on the reaction p—mim i IS needed
above difficulty. In fact, this statement follows naturally from POth for more precise definition of the™s" production

the analysis of the unnormalized KEK and BNL dégee the ~Mechanism and to obtain more detailed informationzon

end of Sec. Il and also Sec. V for detailas for the GAMS scattering an(_j Ilght scalar resonances indfre channel. Let_
data[24], they appear to point merely to the general problerm!S fqrmula@e in this connection several concrete suggestions,
involving accurate measurement of the p— 7°7°n reac- Ieﬁwmg %S|ge the gener'al wish to investigate the reaction
tion cross section. 7~ p—a- 7N on a polarized target.

Because th@, exchange certainly exists, we suggest us- 0(13 Detailed data on then and t distributions for the
ing in future the more suitable notation for t8eD,, inter- ™ 7 S and D, partial waves, especially in the region<0

ference contribution to be extracted in the unpolarized target t<0-2 GeV where the OPE mechanism dominates, and

— 0_0
experiments, instead of the commonly used simplified one offéasurements of the absolute value of thep— m 7 n
the form|S||Dy|cos¢sp. . It includes mention of the coher- reaction cross section at different energies, for example, at
0

factor( f le, Ref28]) and i d KEK, BNL, IHEP, and CERN, would be highly desirable.
zg3Zteafco?;r?(aeerr’]egguer)égn:qzzﬁtit; .ExpezriirrLerﬁalrI?/OSr’nemeg d- The relative accuracy of new measurements must be compa-
D, wave intensitie$S|? and|D|? and theS-D, interference rable with (or better than that given by the PDG13] for

tibuti 3D ~ 4 Simuit . szzﬂ'ﬂ" This would allow one to perform an accurate descrip-
;:a(\)cr; f |Lé|gE|§S| |||2 +°||§O|S§§1‘?2re Téefliiu[ﬁ% S|'£“ +u | S ne|02L]|i2y " tion of the f,(1270) formation differential cross section
’ ™ USRS o %a;l & within the OPE model and to test how well tBavave 7°7°
and the coherence factg(0<¢<1) and the phase have  production cross section at its absolute maximgvhich is
the forms located in the region 06m<0.8 GeV) agrees with the
12 OPE model prediction under the standard normalization con-
S sD: / [( S s 2)( S |pgl2 dition according to whichA¢?=1 (i.e., 63— 65=90° and
i i=ma; i=may
Si|| Do

i=may

g:

' 79=7n3=1) at the absolute maximum point. An excess of
(11) the experimental values over the model expectations would
be good evidence, obtained from the unpolarized target data,
Sin(pi)/ for the presence of tha; exchange contribution to th8
wave 7070 production cross section in the region of its ab-
solute maximum. Alternatively, if the maximal experimental
(12  Vvalue of theSwave cross section turns out to be less than in
the OPE model, then it will completely disturb existing ideas
about thesY phase shift fom<1 GeV, which seems to be
whereS_(Dy,) and Sal(DOal) are theS(D,) wave produc- highly unlikely.
tion amplitudes caused by the and a; exchange mecha- (2) We suggest performing in the lowt region espe-
nisms, respectivelyat high energies the anda,; exchanges cially careful measurements af°#° production in theS
contribute to therN— 7N reaction amplitudes with and wave formfrom 0.9 to 1.1 GeV, i.e., in the region of the well
without nucleon helicity flip, respectivelyande; is the rela-  known interference minimum inS|2 located near th&KK
tive phase between the amplitudgsandDo; . Let us con-  threshold. This would allow one to obtain important addi-
sider the case when the amplituBg,, is negligible. Then, tional information on thef,(980) resonance coupling con-

denotinge= ¢ by ¢sp, One can see that the real interfer- stant to theKK channel,g; «x, and to resolve the long-

i=may

o= arctar{

>

i=m,a,

X Doi

S COS‘Pi)
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standing questioi16] concerning a possible ambiguity in a new curious circumstance. According to the GAMS mea-

the behavior of the phase shiff) above theKK threshold
which arises atngK+K7/47-r>4qrmﬁ~3.1 GeVf. Further-
more, the magnitude of tHeéwave intensity in the immediate

region of the minimum(if it lies below the KK threshold
can be used to obtain a very strong upper limit on &he
exchange contribution at smatllt in this region ofm.

(3) As a rule, the assumption of phase coherence between

surementg 6], the ratio|D_|?/|Dy|? in the f,(1270) mass
region at 100 GeV is half as large as that at 38 GeV. This fact
may testify to compensation of theP anda,P Regge cut
contributions P denotes the Pomeron exchapge theD _
wave production amplitude with increasing energy, i.e., to
violation of phase coherence.
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