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Abstract

Berdnikov E.B. et al. Study of "N — nx~N and #~N — n'z~ N reactions at 37 GeV/c.:
IHEP Preprint 93-62. — Protvino, 1993. — p. 10, figs. 6, refs.: 13.

The partial-wave analysis of the 77~ and #‘x~ systems produced in the reactions 7N —
n(7’)x~ N on the beryllium target at the beam momentum of p,~ = 37 GeV/c is performed.
It is shown that: 1) all the waves with negative exchange naturality are negligibly small for
both systems; 2} the matrix element squared of the P+ wave with JFC = 1~ for the p'r~
system significantly exceeds that for the nn~ system, which could testify to the dominance
of the systems with valence gluon (¢gg) in the J¥C = 1=+ wave formation; 3) the ratio R =

%“’E’T’:; = (4.7 £ 1.0(stat) £ 0.4(syst)) - 1072 has been obtained.
AnBHOTANNA

Bepnamkos E.B. u np. Usyuenwe peaxmust 7N — g~ N u 7~ N — p'm~ N upu 37 GeV/c.:
IIpenpuar UPBD 93-62. — IlpoTsuso, 1993. — 10 c., 6 puc., 6udénmorp.: 13.

IIpoBeer mapOManbHO-BOMHOBOM aHAIN3 CHCTEM 7T~ ¥ /%™, 06pasyIoOWEXCs B peakmuax
#"N — n(y')x~ N Ha 6epuniieBcit MULIexEy OPK EMIYTIbCe MySka Py~ = 37 I'aB/c. Tlokasano,
9T0: 1). BONHK ¢ OTPHIATENHHON HATYPaTbHOCTBIO O6MeHa B 06enX CHCTeMax MpeHebpexuMo
Mamu; 2). KBagpaT MaTPWYHOTO DMeMeRTa BOMHL P+ c xpamTosrmu wucnamu JFC = 17+ gna
CACTeMHl /T~ HaMHOTO 6oNble, YeM [ CHCTEMSBI 7, 9TO CBARETENLCTBYET O AOMUEUPOBA-
HHMY CHCTEM C BaleHTHHIM ImiooHoM (ggg) B obpasosammy sonmsl ¢ J¥¢ = 1-%; 3). nomygeno

oTHouwerke R = %:(—('1;:"_'.—"':}:—)) = (4.7 & L.0(stat) £ 0.4(syst))- 10-2.

© Institute for high energy physics, 1993.



1. Introduction.

In this paper we continue studying the systems 7~ and n'nr~ produced in
#~N interactions. The analysis of the 77~ system was described in (1], the
7'm™ system was studied in [2]; our preliminary results on both systems were
presented in [3].

The interest in studying the 7 {('r) systems is mainly caused by the possi-
bility of searching for the exotic (non-g7) states with JP¢ = 1~+. In particular,
the observation of the JPC = 17+ state °(1405) in the nx° system was report-
ed in [4], and one could expect to observe the 57(1405) in the 7~ and n'm~
systems.

The data from the high-statistics experiment at the VES setup of the IHEP
70-GeV proton synchrotron at the incident beam momentum of p,- = 37 GeV/c
on the beryilium target have been used for the analysis. The setup is a large
aperture magnetic spectrometer which includes a system of proportional and
drift chambers and a lead-glass electromagnetic calorimeter. A more detailed

“description'of the VES setup can be found elsewhere [5,6].

2. Event selection.

The n#n~ and 5’7~ systems have been studied in the reactions:

7N — a7 N (1)
BN S
=7y
and
7N — 779N, : (2)
Leqtny
el 04



b 4000 - r‘L b).
- - (

20000

T T
—
Q
N
/ZcMev/z
T T

3000

Events / 4 MeV/c?

¥
ents

L i o
[ ) 2000 - |
10000 - ! L
1 ‘ r
r L | i
- [ o 1000 [~ n
o b b ] o T b oy b
0.1 0.2 052 056 06
m,, , Gev/c? M, GeV/c?
v, 4000 o
=~ L % 103
10°
0 o. | & d).
= L - E
Q 3000 < L
<+ L = F
~N t | N -
[0} - L2
© P AL‘ Tio? b
@ 2000 @ E
> L > o
¥} W E
L -
1000 r 1
r |-
- ok
G i
o L ; SR U U RS
1 2 0.4 0.8
~ 2 2
m,., GeV/c —t', GeVv

Figure 1. Effective mass distributions of v (a), x*x~x° (b), nr=(c); t-distribution for gz~
events (d). : '

respectively, which have the same set of particles (77~ n*+yv) in the final state.
To select the n7r™ events the following criteria have been used:

¢ the event has three charged tracks ( two negative and one positive ) and
two (or three) gammas in the final state;

o the total energy of the final state lies within the interval of 34 < Eyy <
39 GeV;

¢ charged particles are not electrons (determined using the energy deposi-
tion of the particle in the electromagnetic calorimeser);

o the effective mass of two gammas lies within the interval of the 7° mass:
105 < my, < 165 MeV; one additional gamma is admissible with energy
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Figure 2. Effective mass distributions of 77 (&), #tx~q (b), n'x~(c); t-distribution for n'n~
events (d).

not exceeding 0.7 GeV. When calculating the 7°-meson momentum the
constraint m..y = m,o has been imposed (1C-fit);

o the effective mass of one of 7+ 77 subsystems lies in the interval of the 7-
meson mass: 531 < Mg+,-40 < 567 MeV. The events from coutrol region,
i.e. with 503 < Myip-g0 < 521 MeV or 577 < Myptr-40 < 595 MeV, have
been used to evaluate the background.

After these cuts ~27000 “pr~" events and ~5500 “background” events have
been selected for further analysis. The effective mass spectra of vy, #tn~n®
n7~ and i-distribution are shown in Fig.1.

The n'nr~ events have been selected in a similar way. The effective mass

3
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of the two gammas had to lie within the 7-meson mass region (480 < my, <
620 MeV), while the effective mass of 7~ — in the 5'-meson mass region
(940 < Mgt r-y < 976 MeV); after these cuts ~ 4200 “5'r~" events and ~1100
“background” events have been selected. The effective mass spectra of vv,
nt7~n, n’r~ and t-distribution are shown in Fig.2.

3. Partial-wave analysis.

The angular distribution of reactions (1}, (2) in the Gottfried-Jackson (GJ).
frame can be expressed in terms of amplitudes with positive and negative ex-
change naturality (see {4,7,8]):

1) = [H.(Q)* + [HA(Q)]*, (3)

where () is the set of coordinates in the GJ frame, H, and H_ are linear
combinations of wave functions Fj, with definite angular momentum J, its
projection M and naturality 7 = +1 or — 1. The coefficients of these linear
combinations are the amplitudes, and their absolute values squared are the
intensities of corresponding waves.

The maximum likelihood method has been used for fitting (see [9] for de-
tails). To subtract a background the events from contzol region have been
included into the functional with opposite sign:

N,y N,
L= ShI) - Y ()| + [ 1(Q)e(Q)d0. (4)
i=1 i=1 ‘
Here N, is the number of “p7~" (“y'x~") events, N, is the number of “back-
ground” events, €(f2) is the detection efficiency. The set of waves has been
restricted to J < 2 and M < 1, i.e. only the waves with JPSMn = 07+0~,
10—, 1=*1—, 2+H0~, 2++1~ 114, 2+*14 further denoted as SO, PO,
P—, DO, D—, P+, D+, have been used in the fit.

The partial-wave analysis of the na~ system has been performed for the
events with 0 < ~¢ < 1 GeV? in the mass interval of 0.8-2.0 GeV, divided
into 30 bins, 40 MeV each. The results are shown in Fig.3. The D+ wave with
a3(1320)-meson is dominant; the P+ wave is small but statistically significant
and contains a broad bump. The phase difference between P+ and D+ waves
shows a rapid variation in the a;-meson mass region. There are no statistically
significant signals in the waves with negative exchange naturality, except for
the small trace of a;-meson in the D— wave.

The partial-wave analysis of the n'n~ system has been performed for the
events with 0 < —# < 1 GeV? in the mass interval of 1.12~2.12 GeV, divided
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Figure 3. Results of the partial-wave analysis of the 7~ system.

into 20 bins, 50 MeV each. The results are shown in Fig.4. The P+ wave is
the largest one in this system. It shows a broad bump peaking at my,-
1.8 GeV. The D+ wave is also significant and shows a3(1320)-meson peak with
proper phase variation and probably some additional structure(s) at My,- >
1.5 GeV. The waves with negative exchange naturality also do not contain any
statistically significant signals.

The discrete ambiguities have been analyzed using the method given in [8].
Eight independent solutions exist for our wave set. For P+ and D+ waves in
both 77~ and 7#'7~ systems all the eight solutions turned out to be equal within
the error limits; in case of the waves with negative exchange naturality the
difference between solutions in several bins somewhat exceeds the error limits,
not changing, however, the conclusion that all these waves are not statistically
significant. As an example the intensity variations of the wave P+ in the 7w~
and 7’7~ systems are shown in Fig.5; each mass bin is divided here into eight
subbins, representing all the eight possible solutions.
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Figure 4. Results of the partial-wave analysis of the #'r~ system.

4. Discussion.

It is seen in Figs.3 and 4 that there is no statistically significant signals in all
the waves with negative exchange naturality in both 77~ and #'n~ systems. In
particular, the ao(1320) meson is not seen in the SO wave, the 5~ (1405) meson
is not seen in the PQ and P— waves; the broad bump without narrow peak of
the 5=(1405) is seen in the P4 wave which is statistically significant in both
systems.

The peak of a3 (1320)-meson is dominating in the D+ wave spectrum of
the 7~ system. Its Breit-Wigner parameterslare: M = 1317.7 + 1.4(stat) +
2.0(syst) MeV, I' = 103 £ 6(stat) & 3(syst) MeV, in agreement with PDG data
[10] for the pr decay channel. This peak is also seen in the D+ wave of the
n'n~ system. Its height is ~3% of that in the n7~ system.

1We used the relativistic Breit-Wigner formmia taking into account two main a; decay modes px
and nx.
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Figure 5. Intensities of the P4 wave in the 5z~ (a) and 'z~ (b) systems for all solutions.

These data allow us to determine the ratio

BR(a; — 777')

k= BR(a; — 7-1)’ ®)

which depends on the pseudoscalar nonet mixing angle {11,12].

However since the az (1320)-meson mass is close to the #'n~ threshold, the
shape of resonance and as a result the obtained value of ratio (5) depend on
the expression chosen for the barrier factor, which depends on the c.m.s. decay
momentum g. Various expressions for this factor can be found in [11}; we can
only mention here that it strongly suppresses the a; — 5'm decay, because ratio
(5) for the standard value of 5 — ' mixing angle ©p = ~20° would be of ~0.6
if the barrier factor was omitted. To avoid this problem we use as a value of
ratio (5) the ratio of the fitted intensities of the D+ wave in 7'r~ and g7~
systems at the standard a,-meson mass, because it is almost independent of
the expression chosen for the barrier factor. The spectra have been fitted using
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Figure 6. The matrix elements squared of the P+ waves in the 7'»~ and n7~ systems.

the Blatt-Weisskopf formula for spin J = 2; ratio (5) has been found to be
R = (4.7 £ 1.0(stat) £ 0.4(syst)) - 1072 (6)

The value of systematic error is obtained by varying the parametrization of
non-a; parts of the spectra.

The intensity of the P+ wave in the 7'z~ system is remarkably high. In spite
of the suppression by the phase space and the barrier factor it is comparable
with that in the n7~ system. To compare the P-+ wave in the #'7~ and n7~
systems it is convenient to use their matrix elements squared, i.e. the intensities
divided by the two-body phase space ¢/m and branching ratios of #(n') decays
[10]. The matrix elements squared of both P+ waves are shown in Fig.6. The
significant exceeding of the P+ wave in the 5’7~ system with respect to the nz~
system is seen for My r(;x) > 1.4 GeV. The difference between decay constants
into 7w~ and =~ is even more significant, because the matrix elements include
also the barrier factor, which suppresses the decay into #'7~ stronger than the
decay into n7~. This relationship between the relative strengths of the decay
intensities into the 7’7 and 7 modes was predicted in [13] for hybrid systems
containing valence gluon (gdg) with J¥¢ = 1=*. This could mean that ¢gdg
systems are the main component of the P+ wave. It is worth mentioning that
this property does not depend on whether the hybrid system is resonant or not.
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6. Conclusions.

The partial-wave analysis of the 77~ and 7'~ systems produced in the
7~ N interactions at p,- = 37 GeV/c is performed. All the waves with natural
parity exchange are negligibly small in both of these systems. The dominant
wave in the n7~ system is D+ with a3 (1320)-meson; the P+ wave with exotic
quantum numbers is small and shows a broad bump without narrow structures.
The largest wave in the 7'n~ system is P+. The matrix element squared of the
P+ wave in the #'n~ system is much larger than that in the 77~ system. This
could mean that systems with valence gluon (gdg) give the main contribution
to the P+ wave.

The branching ratio (5) defined as a ratio of fitted intensities of D+ waves
at the standard a; mass is found to be

_ BR(a7 — 777)
" BR(ag — 7n)

We express our thanks to V.F. Obraztsov, Yu.D. Prokoshkin, S.A. Sadovsky
and K. Takamatsu for useful discussious.

= (4.7+ 1.0(stat) % 0.4(syst)) - 1072
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