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Partial Wave Analysis of the Centrally ProducedKsKg System at800 GeV/c
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Results are presented from a partial wave analysis of a sample of centrally produced mesons in
the reactionpp — psow(KsKs) prast, With 800 GeV/c protons incident on a liquid hydrogen target.
The meson system is found to be predominastiyave in the mass range betwe&gKy threshold
and 1.55 GeV/c2. The f,(1500) is observed in this region. Above55 GeV/c? two solutions are
possible, one with mainlh§ wave and another with mainl® wave. This ambiguity prevents a unique
determination of the spin of thg,(1710) meson. [S0031-9007(98)07609-1]

PACS numbers: 14.40.Cs, 11.80.Et, 12.39.Mk, 13.85.Hd

Significant theoretical progress has been made recentigentification was used. The target veto system was used
with two separate lattice gauge calculations of the lowesto reject events with more than a missing proton. Events
lying scalar glueball [1]. The two calculated masseswere accepted when no veto counter was on, or only one
are 1550 = 95 MeV/c¢? and 1740 = 71 MeV/c>. The veto counter was on, and the missipgpointed to it.
leading experimental candidates are tfig1500) and The missing mass squared seen in Fig. 2a shows a
the f;(1710). The fo(1500) was first observed inr~p  clear proton peak with little background. Figure 2b shows
interactions [2]. Its existence was beautifully confirmed,the uncorrected distribution for theKgKg system. The
and several decay branching ratios were measured by thstribution is not symmetric aboutr = 0 because the
Crystal Barrel Collaboration [3]. Amsler and Close [4] detection efficiency and momentum resolution of the mul-
have pointed out that the values of these branching ratiagparticle spectrometer decreased rapidly for high energy
make it unlikely that thef,(1500) is a gg meson. If particles produced in the forward direction in thge cen-
the fy(1500) is a glueball, then its production may be ter of mass system. Figure 2c shows the#s ~ invariant
favored in doubly diffractive hadronic interactions. In this mass distribution; the arrows indicate the cuts used. In all
paper, we report the observation of thg1500) in central  plots the selected events are shaded. With this selection,
production in the doubly diffractive reaction, the minimum rapidity gap betweepy,,, and theKsKj

y - system is 1.2 units. The rapidity gap between the meson
PP = Psiow(KsKs) prast Ks—mrm . (D) system angr, is greater than 3.7 units for all events.

The advantage of th&sK system ovek " K~ is that In the selected events, the three momentunp g,
for two identical bosons only states withi® = (even**  and the longitudinal momentum of,, were calculated
are allowed.

The results presented here are based on an analysis
of 10% of the5 X 10° events recorded by Fermilab
E690 during Fermilab’s 1991 fixed target run. The Mooaometer
E690 apparatus consisted of a high rate, open geometry
multiparticle spectrometer (Fig. 1) used to measure the
target system(T) in pp — prns(T) reactions, and a
beam spectrometer system used to measure the inciden
800 GeV/c beam and scattered proton. A liquid hydrogen
target was located just upstream of the multiparticle
spectrometer. The target was surrounded by a segmente
lead-scintillator “veto counter,” which was used to detect Freton
the presence of charged or neutral particles outside the —
aperture of the multiparticle spectrometer [5].

Final state (1) was selected by requiring a primary ver-
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tex in the LH, target with two Kg, an incoming beam —
track, and a fast forward proton. No direct measurement
was made of the slow protopy,w, and no direct particle FIG. 1. E690 multiparticle spectrometer.

0031-900798/81(19)/4079(4)$15.00  © 1998 The American Physical Society 4079



VOLUME 81, NUMBER 19 PHYSICAL REVIEW LETTERS 9 MVEMBER 1998

© 200 2 400 | [ 1.36<M<1.42 . L 1.6<M<1.66
DS F =] [ 100 L
8 150 | (o) 9 300 - (b) [ + i i
-k & ot :
~ 100 ; ” 200 ? 50 j 50 i + + +
Yook N o b i | OF 1 0 :
o 5 0.2 0 100 = 1.42<M<1.48 100 - 1.66<M<1.72
M*(missing) GeV?/c* x(X) % ; + * + *
S % 50 f++ | 50 Wﬁw
312000 > coo & Eohy! ot i
= o0k (c) = [ [
— £ | L |
o~ E 8 400 | ot 1.48<M<1.54 708 [ 1.72<M<1.78
1000 | > : [ ' ' i | ' '
S s00 b g 2001 - t i
: o . 100 ty 50 H
0 | L ! | 0 r 7 ; + , * +
0.47 0.5 0.53 1 2 r i }
M(m*m™) Gev/c? M(Ksks) GeV/c? ol L
. E o 1.54<M<1.6
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777~ and KKy invariant masses. F + H f
50 f :
using energy and momentum conservation, assuming that r 1 L 1
the unmeasured object had the proton mass. P S . o ’
Figure 2d shows th& K invariant mass for the events CosO CosO

that passed the previous cuts. The current analysis wasg o .

. . G. 3. Acceptance corrected apsangular distributions in
performed usng 11182 events wily Ky mass between ping of the K K invariant massM, starting atl.36 GeV/c?
1 and2 GeV/c*. The analysis was not continued to ain steps of60 MeV/c2. The curves are explained in the text.
higher mass because the number of events is very low;
but for —0.22 < xr < —0.02 the KgK invariant mass
beyond 2 GeV/c? is smooth with no evidence of the
narrowf,(2220) state seen by the BES Collaboration [2,6].the KsKs system, andb, the angle between the planes

The reaction studied here was analyzed as a two steﬁt;he icatterff 1gr20tons tm thEStI.iS tcen‘fer of masT. it
process: the production step in which &x) system is ough our events constitute a large samp'e, |

formed by the collision of two objects (from now on is not large enough to bin the data in all five production

referred to as Pomerons) emitted by the scattered proton\é?”ables' The analysis was done in bins of KieK's

and the decay step in whichX) decays intoKsKs. mvariaznt mzass for the selected regionaip, integrating

The production coordinate system was defined in(e V! Pis: Prs andsa. .

system center of mass, with tlyeaxis perpendicular to The acceptance corrected moments, defined by

the plane of the two Pomerons in tip@ center of mass, 1 0 m

and thez axis in the direction of the beam Pomeron inthe /(%) = Nzv lZfonz +2 Z timRE(Y]") ()

(X) center of mass. The two variables needed to specify ! Lm=0

the decay process were taken as the polar and azimuthale shown in Fig. 5, together with the measured mass

angles(6, ¢) of one of theKs (taken at random) in the distribution. The odd moments (not shown) are consistent

production coordinate system. The acceptance correctedlith zero, as expected for a system of two identical

cosf and ¢ distributions are shown in Figs. 3 and 4. bosons. They, moment is the acceptance corrected mass

The acceptance is flat ip and dips near cad = =1.  distribution. The error bars are statistical errors only.

The solid lines represent the angular distributions obtained In the two step process considered here,(Hesystem

from the wave amplitudes of Fig. 7. These distributionsis formed by the interchange of two Pomerons, whose

are different from the ones observed in the reacipn—  momentum vectors lie in a plane in tipgp center of mass

ps(K*K™)ps by WA76 [7]. While their distributions are system. Parity conservation in the strong interactions

strongly peaked at cgs= =1 in the mass region above implies that reflection in this plane should be a symmetry

1.48 GeV/c? (consistent with/ = 2, m = 0), ours are of the system [8]. Therefore the amplitudes used for the

fairly flat. partial wave analysis were defined in the reflectivity basis
The five variables used to specify the production[9]. Since thety; and t44 moments are consistent with

process were the transverse momenta squared of the slaero (see Fig. 5), only spherical harmonics witk 0,2
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and fast protons;ﬁs,pif), the xr and invariant mass of
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FIG. 4. Acceptance correcte#l angular distributions in bins t { {*#} { | - b
of the KK invariant massV, starting atl.36 GeV/c? in steps 0 SRR 0 Wﬁv‘w
of 60 MeV/c2. The curves are explained in the text. L f L t
_ —200F —200F
andm = 0, =1 were considered. The waves used were 1 15 > T 15 o
€, with L = §,D, m = 0, and reflectivitye = *1 \ 2 ' 2
Ly, Wi D, m =0, ye = =1, M(KsKs) GeV/c M(KsKs) GeV/c
Sy = Y(? = 1/V4m, 3 FIG. 5. Uncorrected mass distribution and acceptance cor-

rected moments as a function of tke K invariant mass.
=Yy =+5/167 (3cos 6 — 1), (4)

\/m sin20 cose splu"tions give identical moments or identicfal values of the
likelihood. In order to continue the solutions from one
(5)  mass bin to the next, one follows the Barrelet zeros or
the solutions themselves. When a zero crosses the real
Df = (v} + v;)/\2 = —iV15/167 sin26sing . axis the solutions bifurcate. The imaginary partsZof
(6) andZ, are shown in Figs. 6a and 61, becomes real at
1.55 GeV/c?. Atthis mass bin and the following one, both
Waves with different reflectivity do not interfere. solutions collapse into one, as can be seen in Figs. 6¢ and
The partial wave analysis was done in two differentéd. Before this bifurcation point there are two solutions
ways. First, the amplitudes were extracted from the mo{Figs. 6¢c and 6d), one which is mostlywave (in red),
ments shown in Fig. 5. Second, the amplitudes werend another that is mostly wave (in blue). At threshold
determined by maximizing the extended likelihood withthe KgKg cross section is dominated by the presence of
respect to the four wave moduli and the two relative phasethe f,(980) [11]; therefore, it is possible to eliminate the
©(Do1) — ¢(So ). Within errors both analyses gave the solution that has a very small wave contribution at
same answer. The programs were tested using Mont@ireshold. The remaining solution (the “allowed” solution)
Carlo events generated with interferiSgand D waves. bifurcates atl.55 GeV/c? into a solution that is mostly
When using four waves the inherent ambiguities of aS wave, and another that is mostly wave. Before
two-body system are such that there are two solutionthe bifurcation point the allowed solution uses thg
for each mass bin, one for each of the combinations of, combination of zeros. After the bifurcation point,
the two complex Barrelet zerds, and Z, [8,10]. Both  one solution uses the combinatiofy Z, (Fig. 7 left),
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and the other the combinaticfy Z, (Fig. 7 right). The v L”
results in these figures were obtained using the maximum 0 o
likelihood method; the errors are statistical errors only. E g
A striking feature of the allowed solution is the large & 2
S wave peak observed dt52 GeV/c2. The difference P 200 P 200
between this value and thig(1500) mass ofl.50 GeV/c? o °
determined by the Crystal Barrel Collaboration [3] could * =
be due to interference with thd wave background. o o
Beyond 1.55 GeV/c¢? both solutions are equally valid. 3 1} 3 1t
The ambiguity abovel.55 GeV/c? prevents a unique s i ®
determination of the spin of thg,(1710) meson. S ol S o
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to (e) individualD wave, and (f) and (g) phases relative to the



