Vol. B12 (1981) ACTA PHYSICA POLONICA No 6

A STUDY OF THE D WAVE IN THE K*K~ SYSTEM OF THE
REACTION n"p —K*K™n AT 18 GeV

CERN-Cracow-Munich Collaboration

V. CHABAUD, J. DE GRrooT, B. HYAMS AND T. PAPADOPOULOU*

CERN, Geneva, Switzerland
B. NICZYPORUK, M. R6ZANSKA AND K. RYBICKI

Institute of Nuclear Physics, Kawiory 26a, 30-055 Cracow, Poland

H. BECKER+, G. BLANAR, W. BLUM, H. DIerL, J. GALLIVANtH, B. GOTTSCHALK¥,
E. LoreNz, G. LUTIENS, G. LuTtZz, W. MANNER, D. Notz**, R. RICHTER, U. STIERLIN
AND B. STRINGFELLOW***

Max Planck Institute, Munich, West Germany
(Received December 11, 1980)

The reaction n—p — K+K-n has been studied on a hydrogen target (27000 events)
at 18.4 GeV and on a butanol target (54000 events) at 17.2 GeV. In this paper we study
the D wave fitting the superposition of f{1270)+ A,(1310)+f’(1515) resonances to the ¢¢
moment. This fit gives very high y?/ND = 60/22 for each sample if the parameters of
£'(1515) are fixed at their table values. If these parameters are left free we obtain my
= (1503%$) MeV, Iy = (144% {5) MeV, and BR(f’ = nx/f’ — all) = (3.0+1.0)%. Fixing
the parameters of f*(1515) to their table values we obtain a good fit after the introduction
of a fourth tensor meson with m = (1422+9) MeV and I' = (801 42) MeV. Such an object
does not easily fit into the quark-antiquark scheme.

PACS numbers: 13.85.-t, 13.85.Hd

+ Now at the National Technical University, Athens, Greece.
++ Now at the Technische Fachhochschule, Saarbriicken, West Germany.
+++ Now at the British National Oil Corporation, Glasgow, United Kingdom.
* Now at the Northeastern University, Boston, Massachusetts, USA.
** Now at DESY, Hamburg, West Germany.
*** Now at the Nuclear Research Centre, Strasbourg, France.

(575)



576

1. Introduction

The quantum numbers of a system decaying into K+K-, characterized by spin J and
isospin I, are P = C = (—1)’; thus J*¢ = 0+, 1—, 2+, ... and G = (—1)’*’, In general,
the reaction

np - K*Kn m

is observed to be dominated by one pion exchange (OPE). This production mechanism
leads to a K*K~ system with even G-parity, i.e. to the following resonances: S*(980),
2(1300), f(1270), £'(1515), g(1690), h(2040) etc. Another production mechanism is needed
for ¢(1020) and A,(1310) resonances. The least known of the tensor mesons is the f'(1515)
resonance, believed to consist of strange quarks, thus favouring the decay into KK.
In spite of a considerable experimental effort, the parameters of the f'(1515) are still rather
controversial. This is generally due to a small production cross-section, to an Okubo-Zweig-
-Tizuka (OZI) rule ban, suppressing its coupling to the n*n— channel, and to interference
with the f(1270) and possibly the A,(1310) resonances.

In this paper we present the study of the D-wave K+K~ resonances. This study is based
on the results of two experiments on reaction (1) at ~ 18 GeV*, They were performed at the
CERN Proton Synchrotron with the CERN-Munich Spectrometer, designed to study
peripheral quasi two-body processes off hydrogen and a polarized target.

A partial wave analysis of the K+K- system based on the results of these experiments
is described in Ref. {1]. It is a model-independent and energy-independent analysis, yielding
intensities of partial waves. These intensities can in turn be fitted by Breit-Wigner formulae.
In this paper, a different approach is followed. We fit a superposition of Breit-Wigner
formulae directly to the moments. We use the moments of the hydrogen experiment as
well as the polarization independent moments obtained with the butanol target. This
procedure leads to smaller errors of parameters, but is necessarily based on some assump-
tions, discussed in Section 4, as we do not use the polarization data in this analysis.

This paper is organized as follows. In Section 2, the selection and processing of K+K-
events are discussed. The moments of the angular distribution are presented in Section 3.
Section 4 is devoted to a multi-resonance fit to the 5§ moments between 1.025 and 1.70 GeV
mass, (1§ is the unnormalized L = 4, M = 0 moment of the K*K- decay angular distri-
bution). The results for the D-wave resonances are extensively discussed in Section 5.
In Section 6, a fit including a new D-wave state is described.

2. The data

The data for this analysis come from two experiments using different targets:
(I) An experiment with a liquid hydrogen target at 18.4 GeV incident momentum,

(II) An experiment using a polarized target (butanol C,H,OH) at 17.2 GeV incident
momentum.

! Hereafter ¢ is omitted in all dimensions.
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The reaction (1) was part of an experimental programme to study quasi-two-body
reactions off hydrogen and off a polarized target, therefore the general experimental pro-
cedure and the detectors have been already extensively described in Ref. [2] for the hydro-
gen target arrangement and in Ref. [3] for the experiments off butanol. Here we will only
describe the data selection procedure relevant to reaction (1).

Fig. 1 shows the basic layout of the spectrometer for the hydrogen target arrangement.
Incident pions interact in a 50 cm hydrogen target. Charged forward-going 2-prong events
(n+n-, K+K-, pp-pairs) are selected by a 32 element scintillation counter hodoscope S8.
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Fig. 1. Schematic view of the apparatus

The directions of the secondary tracks are measured in a spark chamber set W3 and their
momenta by the spectrometer formed by a wide gap magnet M (150 x 50 cm? window,
2 Tm bending power) and the 2 spark chamber sets W3 and W4, Idéntification of the secon-
daries was performed by two Cerenkov counters C1 and C2.

In the trigger we required that no charged particle or n° left the target under wide
angles by demanding no signal in the lead sandwich counters S5 around the target or coun-
ters S6 around the magnet window. Further anticoincidence counters S7.-lined the magnet
pole faces and coils. The spark chamber set WS behind C1 helped to purify the KK-pair
(as well as the pp-pair) sample by demanding that the faster secondary track passed the
Cerenkov counter C1 without secondary interaction or decay.

In the polarized target experiment the hydrogen target was exchanged for a polarized
butanol target.

Table I summarizes the essential run parameters. For the two data sets we used slightly
different fillings of the Cerenkov counter Cl, taking the different beam momenta into
account (see Table I). A different trigger mode was also used. For data set I, the Cerenkov
counter Cl was included in the trigger, vetoing m-pair production, while for data set II,
n~, K-, pp-pairs were recorded together. The separation of the different channels was per-
formed offline. Fig. 2 shows the efficiency curves for C1 (pions) and €2 (Kaons). It should
be mentioned that we could identify only the faster secondary particle, thus making use
of strangeness or baryon number conservation.
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TABLE 1
SET 1 SET II COMMENTS
target ‘hydrogen butanol
polarization —_ 689,
incident momentum 18.4 GeV 17.2 GeV
number of recorded triggers 3.3x10¢ 2x107 n-pairs suppressed in set I
Number of good K+K n events 27000 54000
nnn background 1% <1%
KKnn® background 2% 2%
ppn background 1% ~1%
K*A background 0.4% 0.4% 7t of K*¥ decay below 5.5 GeV
invariant mass resolution 5MeV 5.5MeV | at 1.3 GeV KK-mass
7 threshold for €l 5.3 GeV 50GeV | N,-CO, filling
K threshold for Cl 18.6 GeV 17.5GeV
p threshold for Ci 355GeV | 33.2GeV
= threshold for C2 2.3 GeV 2.3GeV | Neopentane filling,
K threshold for €2 8.3 GeV 8.3 GeV pulse height discrimination
p threshold for &2 15.7 GeV 15.8 GeV . | of p, K above 15.7 GeV
overall correction factor w= 1.30 w= 169
Oievent IN corrected sample in nb 0.134£0.006 | 0.042+0.002
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Fig. 2. The efficiency of the Cerenkov counters for pions (C1) and kaons (£2)
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In these experiments the recoil neutron is not directly observed but identified from the
missing mass after the event reconstruction. Fig. 3 shows the missing mass distribution
for both data sets. Both sets show clear peaks around the neutron mass, while a certain
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Fig. 3. Missing mass distribution for =~p - K+*K~ MM: a) MM? for butanol data, b) MM for hydrogen
data

broadening due to Fermi motion is observed in set II. After appropriate cuts we obtain
fairly pure samples of K*K—n events with the background contributions listed in Table 1.
For data set II we do not distinguish between the production of K-pairs off free or bound
protons.

The observed spectra were corrected for the acceptance losses caused by the geometry
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of our detector. For set I we randomly rotated the events around their beam direction
and tested their acceptance. Small effects of the vertex distribution and incident particle
direction were also taken into account. This correction procedure was possible because
the apparatus allowed the observation of K-pairs up to 2.4 GeV mass and [¢| (= square
of the four-momentum transfer from the incident proton to the final neutron) less than
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Fig. 4. t-dependence of the K+K~ cross-section in the f region (1.17 < mgg < 1.37 GeV) for hydrogen
and butanol data)

|t} < 1 GeV? over the full range of the decay angles in the KK centre of mass system.
Details of the method are described in Ref. [2]. For set II this procedure is not applicable
because of the polarization effects. Here the method of moments generalized for the polar-
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ized target experiment was used as described in Ref. [3]. The acceptance in the mass region
between 1.1 ad 1.5 GeV was close to 809 for both target arrangements.

The individual events were further weighted for decay in flight losses, inefficiencies
of the Cerenkov counters, secondary interactions inside the target and losses from d-rays
and recoil neutrons, detected by the anticoincidence system. Configuration independent
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Fig. 5. K+K- invariant mass spectrum for 0.01 < |7| < 0.2 GeV? for butanol and hydrogen data
losses (i.e. losses due to electronics inefficiency, extra beam tracks, secondary interactions

in the setup, reconstruction losses, beam contamination, etc.) were applied to the number
of incident pions for the cross-section calculation. The overall correction factors were
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w = 1.3 for set 1 and w = 1.69 for set II respectively. The cross-sections per event are:
04 event = (0.131£0.006) nb sample I,
04 eveny = (0.0424:0.002) nb  sample IL

As alréady mentioned, we were not able to distinguish the production of K-pairs off free
and bound protons for data set II. About two thirds of our second sample corresponds
to interactions with bound protons. Since we cannot separate these two components, it
is important to investigate the difference between the production off free and bound pro-
tons. In Fig. 4 we compare the four-momentum transfer distribution for both sets where
we assume a free proton in set II for the calculation. The small difference can be associated
with the neglect of the Fermi motion. The effective K*K~ mass distributions are compared
in Fig. 5 for a four-momentum transfer 0.01 < |¢| 0.2 GeV2. The spectra are within
the errors identical. As it will be shown in the next section, we also observe agreement for
the polarization independent moments of KK~ decay angular distributions. Thus the
results of both experiments will be used in our analysis.

3. Moments of the angular distribution

The K+K- angular distribution for a given energy can generally be written in the form:
Wi 1,0, 9) = ¥ th(myx, 1) - Re Yig(cos 6, ¢), @
LM

where myy is the effective mass of the K+*K- system, Y 1. are the spherical harmonic func-

tions, 8, @ are the decay angles of the K~ in the K*K~ rest system, Tl’;, {rmkx, t) are the mo-
ments of the angular distribution normalized in such a way that 13 = 1/,/4x.

d%c —

‘ th. The L = 4,
dtdmgy M ¢

M = 0, 1, 2 moments can be expressed in terms of the P, D and F flip and nonflip ampli-
tudes (for the definitions of partial wave amplitudes, see Ref. [4]):

In this paper we interpret the unnormalized moments h L

14 = 0.86|Dy|? —0.57(|Dyl|? + |Dnl?*) +0.60|Fo | +-0.09(|Fy|® + [Fy|?) + {(PF*)-terms},  (3)
1} = 1.11(DeD{) +0.50(F  F) + {(PF*)-terms}, 4)
13 = 0.45(IDy/* — |Dyl?) +0.29(|Fy|* ~ |Fyl?) + {(PF*)-terms} &)
with
IDol* = IDGI>+ID3I%,  (DoD) = Re (DEDY), ete.,

where f and n indicate nucleon spin flip and spin nonflip. Dy is the helicity m = 0 partial
wave amplitude (unnatural spin-parity exchange) and Dy (Dy) is the helicity m = 1 ampli-
tude corresponding to natural (unnatural) spin-parity exchange, respectively.



583

The mass spectrum, as shown in Fig. 5, is dominated by a broad peak between 1200
and 1500 MeV. The mass dependence of the unnormalized 75 (M = 0, 1, 2) in this range

is shown in Fig. 6. The higher M-moments are, as the M = 2, compatible with zero.
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The |#] range for Figs. 5 and 6 is chosen to be between 0.01 and 0.20 GeV2. The lower
limit was taken to avoid any influence from |f,,| variation as a function of mass. The
upper limit was set at |7| = 0.2 GeV? as the |t| dependence of the normalized 14 moments
(M =0, 1, 2) vary only weakly below this value as shown in Fig. 7.
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It is seen immediately that the 5 moment shows the features of the above mentioned
peak in the mass distribution, i.e. a peak at ~ 1350 MeV, a small enhancement, or at least

a shoulder, around ~ 1450 MeV and a dip around ~ 1550 MeV. Using the amount of
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Fig. 6. Mass dependence of the unnormalized moments t;, t: and t; for 0.01 < |t] < 0.2 GeV? (butanol

t! we estimate that the spin 2 states contribute at least to 709 of the mass spectrum
(I#] < 0.2 GeV?). This D-wave dominance has been observed in three partial wave studies,
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(i) the KLKPL results of the CERN-ETH Collaboration [5] at 8.9 GeV and of the Notre
Dame Group at 6 and 7 GeV [6];
(i) an analysis of the K+K- system at 6 GeV performed by the Argonne Group [7];
(iii) a model-independent analysis of our data performed in Ref. [1].
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Fig. 7. t-dependence of the normalized moments: 73, 72, and 74 in the 1.00 < mgg < 1.55 GeV mass
region for butanol and hydrogen data

Assuming that the F-wave can be neglected in the mass range under consideration,
the vanishing of the 5 moment indicates that |Dy|? = |Dy|2. With the same assumption,
a comparison of the ¢§ and ¢} moments shows that |Dy|? < |Dy|?. Therefore also |Dy|*
< Do/

It is instructive to compare our K+*K- results with the ntn— ones at 17.2 GeV from
Ref. [8]. It is seen in Fig. 8 that for the n*n— data the peak in the mass spectrum and t¢
moment are exactly at the position of the f(1270) resonance and the dip is around
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Fig. 8. wtn~ invariant mass spectrum and mass dependence of the 7§ moment for 0.01 < jt] < 0.2 GeV?*
for the hydrogen target data

~ 1480 MeV contrary to the K+K~ data. One of the reasons for this difference can be a
small A,(1310) and a large f'(1515) signal in the K+K~ data. The coupling of these reso-
nances to the nn channel is forbidden and suppressed, respectively.

4. Fits to the D-wave

In this section, a superposition of interfering D-wave resonances f(1270)+ A,(1310)
+£'(1515) is fitted to the rg moment. It is assumed that the 15 moment contains only [D?|
and |F2?| terms, where the F-wave is described by the g(1690) resonance. More precisely,
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it is assumed that:
iDyl> ~ IDoi%, |Dni® ~ [Doi%,  Re(PF*) =~ 0.

The results of a model-independent partial wave analysis of our data [1] show that
these relations are reasonably satisfied.

For resonant K*K~ production we factorize the n-p — K+K-n amplitude into a term
C,; describing the production of the i-th resonance and a term describing the decay into
the K+K~ channel which contains the mass dependence, i.e. the Breit-Wigner decay ampli-
tude Bi{(myy). Thus the general formula for our fit is

2
m s . .
1§ = — {ICKi - B(m)+ CpKpe'®" - Be(m)+ Ca K}, e - B, (m)]?

+ICKP - B(m)+Cp Kpe® - Bp(m)+Cy K362 - B, (m)2+iC, - B(m)I*}  (6)

C,; — coefficient including normalization factor and elasticities, ¢f., ¢%,, PF,d%, — pro-
duction phases of the f’ and A, resonances relative to the f-meson, where f and n indicate

nucleon spin flip and nonflip, m — effective mass of K+K- system, ¢, = N m?l4—m,2,

Kl = 1/\/ 1-—1—2?, K} = ¢&J \/ i+—éié, where &; is the nonflip/flip ratio of the i-th resonance.
Explicitly the general formula contains the terms

iCiBil2+leBji'2+|CkBki2
+2C,C; Re (B;BY) - [KIK', cos ¢};+ K[K]} cos ¢7;]
+ ... 2C,C,; Im (B;B}) - [K| K/ sin ¢;+ K7K] sin ¢J;1+ ...

where the indices i, j, k stand for the f, f’ and A, resonances.
We used the Breit-Wigner formula of the following form:

mg \/1:;; gk

2 2 . ’
mg—m”—imgl o

B(m) =

where

x 5D :‘r
F,‘x=X,,x'F‘(g“)—() . Z(QX)

awx)  Dy(quxr)’

. . [ dkx ° Dz(‘]ﬁx’)
FKK=XKK'I'*R_ T

dKK D,(qkkr)

gk = v n?/4—m,2(; grx = qex(m = mg); q.x — is the value of the decay channel momen-
tum m — m, +my, where my = m,forthef, f’, g and my = m,for A,; g = gux(m = my),
X.x(Xgx) — elasticity of the resonance R.

5 R
D
Fai = r(i) (a1

q%) Digr)’
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where ¢ is the decay momentum in the main decay channel of the resonance, namely:
q = 4., for f and g, g = ggk for f* and ¢ = g, for A,.

For spin 2 resonances we take the barrier penetration factor to be D,(qr) = (gr)*
+3(gr)*>+9 and the radius to be 1 fm. Generally, the parameters to be determined by the

data were the coefficients C multiplied by the product of elasticities VX, in * Xoue, the total

TABLE 11
0.01 < |¢] < 0.20 GeV?
K+K-n K*tK-n K+*tK-n K*K-n K*K™n
K+Kp
H, H,+but H, H,+but Argonne
Fit 1 Fit 1/ Fit 2 Fit 2/ Fit 3
1 G 1 16+ 0.14 1_20-{-0.09 1'20+0.12 1 25+0.08 s 99+O.13
f o014 -0.09 —0.12 -0.08 —-0.12
2 mg 1275 1275 1275 1275 1275
3 I 180 180 180 180 180
4 & 0 0 0.25 0.25 0.25
+0.31 +0.21 +0.28 +0.18 +0.61
s | cp 1.20_ 059 L18_ 0% 1.19_ ) 117 415 2.50_ () 43
+9 +7 +8 +6 +9
6 | mp 1499 1508 _ ¢ 1497_ 1503, 149 _ ¢
+22 +18 +23 +19 +22
7 I 140_ 54 146_17 137_21 144_1.7 69___16
+11° +15° +10°
f ° o [ o o o o
8 B 191°+20 192 —13° 186 —27° 187° _ 190 146°+23
0+ 150 O+ 100 \"J o
9 oL — — 186 —21° 187 12° 146°+23
10 &g 0 0 0.25 0.25 0.25
+0.15 +0.11 +0.22 +0.16 +0.46
11 Ca, 0.30_0.15 0.40_0_11 0.53__0.22 0.65_0 15 1.70___0.49
12 ma, 1310 1310 1310 1310 1310
13 Iy, 100 100 100 100 100
14 ¢§h 355°+45° 341°+23° 290° 290° 290°
+36°
15 ?a, — —_ 1°+84° 338°+48° 388° _ 19°
16 £a, 0 0 4.0 4.0 4.0
+0.04 +0.03 +0.04 +0.03 +1.21
17 Cg 1.28__0.04 1.28_0_03 1.27_0-.04 1.26_0_03 3'57—1.80
18 mg 1690 1690 1690 1690 1690
19 Iy 180 180 180 180 180
2}/ND 20.8/19 ! 56.2/46 21.4/19 58.2/46 45.0/38
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widths I', the masses mg, and the relative phases ¢* and ¢°. We tried the fits for the various
values of the parameter £.

The above formula has been fitted to the 7§ moment in 25 MeV bins from 1025 MeV
to 1700 MeV in a [¢| bin from 0.01 GeV? to 0.2 GeVZ2,

The results of our fits are shown in Table II. In these fits the positions and widths
of f(1270), A,(1310), and g(1690) have been fixed at their Particle Data Group [9] values
(in Table II the fixed parameters appear without errors).

5. Discussion of results and comparison with other experiments

We do not have enough data to allow all resonance masses, widths, relative phases
and & to be determined by the fit. While it is reasonable to fix the mass and width of the f
and A, to their table value we have left the mass and width of the f’ to be free. Further
we had to fix the nonflip/flip ratio &. In the first series of fits 1(1’) we varied ¢ only
around zero corresponding to the full coherence. This is well justified for the f and
the f’ production (OPE mechanism [1]) while a good justification for £,, = 0 (dominance
of B exchange) is missing. Partly this problem is related to the fact that we do not have
a precise independent measurement for the A, — KK as we have for the f — nr. Actually
there are indications that the A, is produced dominantly by Z,-exchange giving rise to
a high value of £,,. Therefore in second group of fits 2(2") we used a value of & = &
= 0.25 and {,, = 4. The value of {,, = 4 has been extracted from the Argonne data
[7] at 6 GeV by repeated fits varying £,, in small steps. We further assume that &,, does
not change from 6 to 18 GeV. In summary we obtain acceptable y2/ND for both groups
of fits but always requiring a nonnegligible amount of A, production around 8%;.

Our fits require an f’ of about 140 MeV width and a mass very close to 1500 MeV.
In particular -the obtained width is completely inconsistent with the current measured
values. Both fits 1(1’) and 2(2") require substantial amount of f”. For the relative production
phases we obtained values around 0° for the A, and around 180° for the f'. If the ' is pro-
duced by the same production mechanisms as the f one expects relative phase 0° or 180°.

We tried to fix also the f’ to the table values of m; = 1515 MeV and I';, = 65 MeV.
We obtain a x?)/ND = 57/22 for the hydrogen data and y?/ND = 66/22 for the butanol
data. Therefore either the f’ is wider and at lower mass or another description of the data
is needed. Before considering this possibility we would like to discuss and compare data
of other experiments at lower energies.

Pawlicki et al. [7] have analyzed the 7 moments of the Argonne data for the reactions
n—p —» K+K-n and n*n — K*K-p at 6 GeV as a function of mgg. The tf,* moments were
interpreted in terms of interference between f, f’, and A, resonance production. The sum
and difference of these moments may be symbolically expressed in terms of these resonance
production amplitudes [10].

Ity ~ f12 41242 Re (ff *) + |A,|?

4(t3) ~ Re (FA%)+Re (f'A¥).
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The Z(t3) data show clear evidence of an f-f’ interference effect and allow a determination
of the f — nr branching ratio. On the other hand, the data for A4(z5) show little evidence
for f-A, interference, but do show. structure (at least for band 0.08 < 7| < 0.2 GeV?)
which may be attributed to f'-A, interference.

We have applied our formula (6), as described above, to the Argonne data [7] at
6 GeV for |7| < 0.2 GeV? and simultaneously performed a fit to the n—p - K+K-n and
n+n — K*K-p reactions. In this fit we have assumed the same ratio of nonflip/flip amplitude
for f and ' resonances, namely &; = & = 0.25. From our partial wave analysis of n~p

T T T T I
Vait§ ‘ np—>K'K'n at 6GeV
R 1t1<0.2 Gev?
100
. t +
>
o
L
=
50 -
o l ' I [ { | |
| | 1 KK at 6GeV
nn—> pa e
vin t§ 1t1<0.2 Gev?
100~ ?05(0q-p = Open]
™
>
[}
O
~~
0
o 3
50— -
0 e
| i 1 |

| 1 ]
.00 1.1 1.2 1.3 14 15 16 17
Mgk (GeV)

Fig. 9. Mass dependence of the y/47 ¥ moments for {f| < 0.2 GeV? from the Argonne data at 6 GeV on
n p = K*Kn and n*tn - K+Kp
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— wtnn data [8] we know that this ratio is Ry > 0.16 for the f(1217). The results of our
fit to the Argonne data are listed in Table II (Fit 3) and are shown in Fig. 9. The results
of our fit to the Argonne data can be summarized as follows:

1. It can be seen that our resuits do not violate the Schwarz-type inequalities [f'] - |A,]
> Re(f'A%) as in the original ANL analysis [7] of the t§ moments.

2. We are able to produce a sizable f'-A, interference effect and satisfactorily fit the
data only with a nonflip A, amplitude (Z-exchange) and small nonflip amplitude for the
f and ' (A,-exchange).

3. The contribution of f’ is much larger than that obtained in the ANL analysis.
Our fit yields the relative intensity ratio CZ/C? ~ 0.17.
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Fig. 10. Total cross-section g¢o0(7N — A;N) vs incident beam momentum for A, production for
It} <0.2 GeV?

4. From results of our fit to the ANL data at 6 GeV, the estimated value of the total
cross section 640 * 0(nN — A,) for A, production, fairly agrees (if one assumes a p?, de-
pendence) with the data on the N — A,N reaction [11, 12] at 4, 12, and 15 GeV as is
shown in Fig. 10.

S. The values of mq, and I'y are compatible with those obtained in the original ANL
analysis [7] of the ¢ moments.

In summary the low energy data can be reasonably described by a narrow f’ and-very
small amount of A,, while our data at 17 and 18 GeV always require a wide f’ and fits
improve also by adding a small amount of A,. From our fits 2(2") we extract an A, total
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cross-section of 2.0 pb as shown in Fig. 10 (we used BR(A, —» KK) = 4.7%). As we need
the A, contribution one is able to predict the shape for KK{ data from fits 1(1’) and 2(2").
For full coherence assumption, fit 1(1"), we expect a markedly different shape for the 78
moment in the KIKJ data while for the fit 2(2") very similar spectra are expected. As there
are no KJKJ data around 18 GeV a direct comparison cannot be made, but the low
energy data at 6, 7 and 8.9 GeV are more in-agreement with predictions of fit 2(2").

5.1. Parameters of the f’ resonance

Our fits yield mp = (1503+7) MeV, I', = (144118) MeV and ¢ = (1874 11)°.
The value I';. contradicts the results on the reactions

K™p-» K'K'AZ%, K7p- KJSKIAEY, ©)
TABLE 111
Source mg (MeV) I'y (MeV) ' —> nw
1 Particle Data Group [9] 1516 +12 67+ 10 seen
2 Brandenburg et al. [14] F——
7 p - KK-A(Z° at 13 GeV 1527+5 61+8 < 6% (90% CL)
f’—- KK
3 Barreiro et al. [15] +19 T p———
K-p—> KK at 4.2 GeV 152246 62 14 ———<4.3% (95% CL)
- f’—> KK
K p — K+tK- at 4.2 GeV 1520413 83+23
4 Evangelista et al. [17]
K-p — K+K-A(Z% at 10 GeV 1528 +7 72425
5 Beusch et al. [16] ¢
p > K§K3g at 8.9 GeV — — ST < 19%
f’— all
6 Pawlicki et al. {7] ¢
np > K*Kn at 6 GeV 1506+ 5 66+10 | - _ (12 0.4)%
f— all

which yield the f” mass about 1520 MeV and the width around 65 MeV (see Table III).
As already remarked by the Argonne group [7], these resuits can be affected by neglecting
the interference between the f’ and small contributions of the f and A, production and
also by the procedure of background subtraction (the resonance curve has been fitted
directly to the mass spectrum).

5.2. The f —» KK branching ratio

The branching ratio of the f(1270) resonance into KK has been determined from its
co ntributions, C;, obtained in the fits to the KK~ data at 18.4 GeV and the n*n~ data
at 17.2 GeV. Both sets of data were taken with the same apparatus and the same mass
an d |¢| range have been used for fits. In the fit to the 4 momient of the n+n~ data, the terms
involving the A,(1310) resonance have been neglected.
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The branching ratio obtained from our fits is

f- K*K~ B TR\ 3 (1.20i0.12
“(c;’” ~ \6.98+0.16

2
—= ) = 0.0295+0.0061.
fon'n

After corrections for difference in beam momentum (18.4/17.2) = 1.14, the isospin rela-
tions K+*K-/KK = 1/2 and mtn/nn = 2/3 and taking f(1270) elasticity to be 0.803 from
Ref. [9], the final branching ratio is
f - KK
f— all

= (3.60+0.74)%.

In the calculation of errors the uncertainty of normalization between these two experi-
ments (~ 5% for each) has been neglected. Our branching ratio is consistent with the
Particle Data Group [9] average of (3.1+0.4)%.

5.3. The f' -» nn branching ratio

Our fits show a strong f-f’ interference effect. The relative production phase ¢
= (187+11)° is consistent with the OPE production mechanism which allows either 0°
or 180°. Therefore we assume that both the f(1270) and f'(1515) are produced mainly
(the contribution of flip amplitude to the cross-section is 1/(1+§?(,',) ~ 0.96) via OPE
in m-induced reactions. Using this assumption, we can determine the f’ — nn/f’ — all
branching ratio in the following way:

From our fit (Fit 2 in Table II) to reaction (1) we have

("> n'n 7/l »al) (> K'K/f'>all) C]
f->rn'n/foall) - (f-» KK /f-al) C2

Now using f — nn/f — all = 80.3% and f — KK/f — all = 3.1% from the last PDG
edition [9] yields:

= 0.88+0.29.

f>nr £ » KK
f'—>all f —all

Taking the SU, prediction [13] for the branching ratio of f' - KK/f' —all = 70%,
we obtain

= (22107 %.

f' - nr
— = (3.0+1.0)%.

f' - all (.0£10%

This value is consistent with those of Refs. {14, 15] but higher than the (1.2+0.4) % quoted
by the Argonne group and 19 given by the CERN-ETH Collaboration {16].

6. A possible new 2+ meson at 1430 MeV

As we have already stated our data cannot be fitted by the table parameters of the
f°(1515). The main discrepancy is in the mass region (1400-1450) MeV. Here, contrary
to the fitted curve (dashed line in Fig. 6a), a small enhancement is observed. In order to
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obtain a reasonable description of the t¢ moment with the table values of the f'(1515)
one has to add incoherently a fourth D-wave resonance to the coherent sum of the £(1270),
A,(1310), and f’(1515) already included in our fits (because of limited statistics we have
assumed the simplest version). In this case, the fit yiclds for this new object m = (1422+9)

pb/Gev3

pb/ GeV?
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1 ! T I I
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-

(K'K7)y, at 18.4 GeV]
+ 0.08<1t150.2 Gev?

1
1.3 14 15 16 17
MKK . (GQV)

Fig. 11. Mass dependence of the tg' moments in the interval 0.08 < |t} < 0.2 GeV? for the w=*r~ and

K+K- data

MeV and T = (80+42) MeV with a reasonable ¥?>/ND = 21/18. The existence of such
an object called X(1410-1440) has been indicated in the old ¢°° and KK results — see
the Particle Data Group listings. As mentioned in Section 5, the Notre Dame group [6]
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has attributed this enhancement to.the f(1275)+f’(1515) interference, but this explanation

does not work for our results.

It is interesting to note that this enhancement becomes relatively stronger with increas-
ing four-momentum transfer. In Fig. 11 the #; moment is shown for the ¢ interval (0.08-
-0.20) GeV2. There is a clear peak at ~ 1435 MeV in the K+K~ data. At still higher values
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Fig. 12. Mass dependence of the unnormalized moments: ¢, 1# and ¢ for 0.2 < }1] < 1.0 GeV? for w*n~
and K*K~ hydrogen target data

of the four-momentum transfer it is only this peak which is seen, the first one at ~ 1330 MeV
having completely disappeared as shown in Fig. 12. Unfortunately, low statistics does
not allow us to make a detailed fit in this region.

One should bear in mind that a possible new D-wave resonance does not fit easily
into a quark scheme, the J¥¢ = 2+* nonet being already full. Also its quark structure
is not clear. If it is constructed of non-strange quarks like the f(1275) it should be seen in
the reaction n—p — ntn-n. If it is built of strange quarks like the f'(1515) it should be
observed in the reaction K-p — K+K-A(ZX). Therefore this hypothetical new object finds
no easy explanation; one could even speculate about its glueball nature. The dual string
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model of Freund and Nambu {18] and Robson [19] predicts some particles in the pomeron
sector. Assuming the linear trajectory of the slope equal to 0.5 and intercept equal to 1,
one expects the first particle with J*¢ = 2++ at a mass of ,/ 2 GeV.

Let us remember that this object is not needed if the f'(1515) is in fact at ~ 1500 MeV
and wider than 100 MeV. In any case further studies of the KK system with high statistics
and good acceptance are clearly needed.
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