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The purpose of this talk is to give a review of the progress in
spin-parity (J*5) analyses on the iru system. " ' In addition, first
attempts at â  similar analyses on the Ku system near the threshold
are presented and its production and decay properties compared with
those of the irw system.

There are five new works on the TTCO J° analysis, one") a re-
analysis of the work presented at the NAL Conference and the other
four, (3-6) submitted to this conference, representing new endeavors
on this subject. All these works find that £he most likely Jp for
the B is 1+. In particular, Chung, ejt a_l., ' Chaloupka,"' and
Morrison, et_ al_., (6) have independently performed mass-independent
partial-wave analyses In which the possibility of interference among
different Jp states is explicitly taken Into account. They find that
the B region is dominated by a 1 wave, produced mainly by natural-
parity exchange. The same conclusion is also reached by Karshon, et_
al.,(5) who have performed a more conventional background-subtracted
moment analysis.

One may ask the question: Does a iru system around 1250 MeV
harbor just one resonant 1 + wave? Although a preponderance of ev- •
idence coming from rrp interactions indicates that the 1 wave is the
only one with a "bump" structure in this region, one cannot as yet
give a definitive answer due mainly to the fact that the partial-
wave solutions are not unique if interference effects are allowed in
the analysis. Chung, et_ al_., " ) find that an adequate description
of their data can be achieved with the waves 2", 1" and 0" in and
below the B region (S.B. no 1 + wave In the solution!). There are
unpleasant -aspects to this solution, such as a large P22 component
for the 2" state and the possibility of two resonances 2" and 1" J.n
the B region. Also the goodness of fit to the data for this solu-
tion is not as good as that for the 1 + solution. However, they feel
that the solution cannot be ruled out with mathematical certainty
at this time.

There are hints that a 1~ object, so-called p'(1250), might
exist in the TTOJ system in the Vicinity of the B.
Frankiel, et_ al_. ,'7-* from study of the reaction pp(at rest) •* ,TT .ir~u,
find that the data require both 1+ and 1~ objects it* the B region.
It would be of some interest to see If the situation" persists when-
the assumption of S-wave capture of the pp system is relaxed (this
is what they assumed in the analysis). On"the other hand, Ballam,
e£ al.,'"' observe an enhancement at 1.24 GeV in the reaction YP "*•
pu+ir" MM at 2.8, 4.7 and 9.3 GeV (see Fig. 1). They argue that the

* Work performed under the auspices of the U.S. Atomic Energy
Commission.
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most likely decay mode of the object "B" is TT°U> and, in addition,
they claim that the production cross-section is nearly constant
as a function of the photon energy, suggesting Pomeron exchange.
Then the simplest explanation of their data would be the presence
of a diffractively produced 1" object, namely the p'(1250). How-
ever, one cannot rule out the possibility that the genuine J =1
B-meson is produced diffractively in this reaction, violating the
Morrison-Gribov rule. An additional hint for the p'(125O) comes
from the e+e" experiments. Conversi, e* al.,O in a paper sub-
mitted to this Conference, argue that they see evidence of
the p'(1250) -» T°W in the reaction e+e" * ir+ir~TroiT°. The statistics,
as is seen in Fig. 2, is too meager to be taken ceriously; more
data are clearly needed to clear up the situation here.

For completeness, a few relevant details are given from the
papers on the B analysis submitted to the Conference. The »u msss
spectra from these papers are shown in Figs. 3a-c, 4a, 5a, and 7a.
The mass of the B is typically found to be in the range 1220 to
1240 MeV and the width in the range 130 to 160 HeV. An important
parameter from the theoretical point of view is the decay amplitudes
of the J^"l+ B-meson. They can be expressed in terms of either the
helicity decay amplitude F^ (X is the u helicity) or the orbital
angular momentum for the iru decay (D and/or S wave for the Jp-1+

object). The measured values of these are given in Table I; it is
seen that |F0|

2 is relatively small. However, according to Chung,
e£ al_., »" |FO!^ is definitely non-zero. The best evidence comes
from a plot of the unnormalized moment which is proportional to
|F0|

2 (see Fig. 5c); this plot shows a bump structure in the 3
region, demonstrating that |F0|

2 cannot be zero. From a partial-wave
analysis of the irw system, they quote |F0|

2 « 0.16 + 0.04 for the
JP-1+ B-meson.

Rosner,'^ ' in discussing the SU(6)(j classification scheme,
asserts that the |FQ|2 is the only free parameter describing nearly
all decays of the 0+, 1+ and 2 + families. He finds that a satis-
factory description of these decays emerges using the value 0.13 for
|FO|

2. In addition, there is the work of P. Shen and K. Kang,t11'
who did a N/D dynamical calculation of the TTU scattering process.
They find a resonant state in the 1+ wave and predict 0.18 for the
ratio |D/S | for this state, which is compatible with the experimental
measurements (see Table I).

Turning now to some further details of the J analyses, one can
see that the lrw region below and in the B is nearly all .-In the.lt
state, as seen in Figs. 6 and 7a (the points with error t>ars). • Chung,
.et_ al,. ,(3) (Juote for the density-matrix elements 0^* of the 1 + state;
Pll «• 0.23 + 0.02, PI_I = -0.13 + 0.03, and Repjn = 0.09 + 0.02,
evaluated in the s-channel helicity frame wltfi t; < 1 GeV2". Note
that both p O 0 and Pi,- i-i are large and significantly non-sero;
this indicates the importance of the natural-parity exchange in the
B production. The same conclusion is reached by Chaltfupka, " ' as is
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seen in his plots of No00, N(pj^-ox_i) and N(PH
+0I_J) for the 1

state (Figs. 7b, 7c and 7d). In addition, Karshon, et̂  al^,»" reach
the same conclusion from their analysis of the background-subtracted
moments. Finally, it should be pointed cut that all the analyses
find a sharp forward peak in the do/dt1 distribution for the 1+

state (see Fig. 8) and that the slope of the t* distribution is roughly
3<v4 for t1 < 1 GeV^. For comments on the exchange mechanisms relevant
for the B production, see the reviews by G. Fox(12) and by G. Kane.'"'

No extensive 3 irtial-wave analysis of the Ku system has yet been
performed due mainly to paucity of statistics. First attempts at the Kw
analysis, as submitted to this Conference, have been made by Protopopescu,
£L£i*> a t B N L a n d by t h e ABBCHLV collaboration. ̂ 6' Their analyses
of che threshold enhancement (see Figs. 9 and 3d) find that the 1+ wave
is dominant. In addition, Protopopescu, et_ _al.., quote |p/s|= 0.08+0.08
and P o od

+) = 1.0 + 0.1 for M(Kw) in the range 1.24 to 1.40 GeV. Thus,
it is seen that a predominantly S-wave 1+ state is produced (presumably)
by Pomeron exchange. Further evidence of Pomeron exchange is afforded
by the p ~n behavior of the Ku cross-section. As shown in Fig. 10
(providetTTjy Morrison^6)) , n ; 0 for the Kw threshold region, indicating
Pomeron exchange for the Ku system. In contrast, the irui threshold
region has a markedly different cross-section dependence (n * 2.3),
indicating importance of exchange other than the Pomeron.

The situation regarding the TTU system may be summarized as fol-
lows. The B-meson has Jp=l* with the |D/S| ratio between 0.2 and
0.3, and the B production from up interactions is mostly via natural-
parity exchange with a sharp forward peak in the t* distribution.
The spin-parity for the B is most unlikely to be anything other than
1+, although it is not impossible to fit the B region with a solution
(rather unsatisfactory in some respects) containing little 1+ wave.
The situation regarding the B region from the pp(at rest), yp and
e+e~ interactions is less satisfactory. Here a real possibility ex-
ists for a 1~ object in the B region; however, the evidence is not
yet compelling, and a more sophisticated analysis on more abundant
statistics (e e~ in particular) is sorely needed. -

The Ku threshold region is found to be mainly in the J «1+

state. However, unlike that of the iru system, the Ku) production from
K~p interactions is almost purely via Pomeron exchange. From the
generalized Morrison-Gvribov rule, then, the Ku threshold region has
its C parity positive, the same as that of the K~ incident particle.
Therefore, even if the ftii threshold enhancement turns out to be dom-
inated by a genuine resonance, Iz is not likely to be,loi\g to t'ue same
octet to which the B belongs, for C Is negative for the B meson.

So, for the moment, the B "stands" by itself, and. there is as
yet no clear indication where the strange member or the Isoscalar
partners of the B are to be found.
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TABLE I

Reference

N. Armenise, e_t al.
Tt~p at 9.1 GeV/o

S. Chung, e£ al. ( 3 )

Tr+p at 7.1 GeV/c

V. Chaloupkav '
ir~p at 3.9, 5, and
7.5 GeV/c

(2)

U. Karshon, et_ al.
w+p at 5 GeV/c

(5)

B Events(a)

78

1092 (b)

1950

584

(b)

K

0.27 + 0.13

0.16 + 0.04

0.10 + 0.06

0.08 + 0.08

|D/Sl (c)

0.21 + 0.07

0.30 + 0.10

0.35 + 0.25

(d)

(a) Estimated B events In the Interval 1.1 < M(itu) < 1.4 GeV.

(b) These are the 1 + events obtained from the partial-wave analysis
of the Ttw system in the B region with t1 < 1 GeV2 (0.6) for
Chung (Chaloupka).

(c) D =/| (-F^), S «/| (FO+2FX).

(d) Theafanalyses find Fo and F^ relatively real and F0F^ > 0.
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FIGURE CAPTIONS

1. M(n it~MM) from the reaction YP •* pw ir~ + neutrals at Ey « 2.8,
4.7 and 9.3 GeV (Ref. 8 ) . The shaded histograms result from a
selection which tends to favor the TT°(I> decay mode of the "B"
over others.

2. Cross-section vs. center-of-mass energy for the reaction e e
•* TT+TT-TIC1TO ( R e f . 9 ) .

3(a-c) M(TI+O) fron the reaction n+p * t up at 4, 5, 8, and 16 GeV/c.
(d) M(K'UJ) fron the reaction K~p -<• K~wp at 10 and 16 GeV/c (Ref. 6).

4(a) M(TT+U) from the reaction T +
P + n

+up at 5 GeV/c (Ref. 5); the
lower histocram results after the elimination of the A ^ u events,

(b) Unnormalized moTnents proportional to 3|FO| -1.
5(a) M(ir+u) from the reaction -+p •» n+wp at 7.1 GeV/c with A"1""*"!!) events

out and t' < 1 GeV' (Sef. 3); the events from the u control re-
gion have been included with appropriate negative weights to
"eliminate" the non-m background events.

0>)[c] Unnormalized monents proportional to |Fi|2 [|FO| ].
(d)[ej Unnortnalized moments which should be zero if the "u system is

in the 1+ [2~] state.
6. Fitted numbers of events in states of J «1 , 0" and 1" as a func-

tion of M(n+u) (Ref. 3).
7(a) M(ir~u) from the reaction u~p -» -n~Up at 3.9, 5 and 7.5 GeV/c with

N*u) events out (Ref.4); the points with error bars correspond to
fitted events with J =1+.

(b-d) N D O 0 > N ( P H - P I _ I > and N(OJJ+OI_I) for the 1 + wave where N
stands for the 1+ events; o,^' are evaluated in the Jackson frame.

(e) |D/S| for the 1 + wave as a function of M(ii~(ij).
8. dcr/dt1 distribution for the 1 + wave at 3.9 GeV/c (Ref. 4). Solid

bars correspond to fitted events from the partial-wave analysis.
The dashed bars correspond to the events found in a mass fit to
the B region.

9{a) M(K~co) for the reaction K"p •• K~u>p at 7.3 GeV/c (Ref. 12).
(b) The same spectrum with non-u background events.subtracted out

(cf. Fig. 5a).
10. Fit of a "̂  PLAB~n t0 tlle reactions n+p ->• Tr+up and K~p •* -K"ujp

(Ref. 6); fitted exponents n vs. M(IT*UI) and M(K~a>) are plotted.
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