COOBLLEHUA
OBbEAWHEHHOIO
WHCTUTYTA
A0EPHbIX
WCCNEAQOBAHUN

AyOHa

E1-2000-322

A.V.Efremov, Yu.l.Ivanshin, L.G.Tkachev,
R.Ya.Zulkarneev, I.A.Kachaev!

PARTIAL WAVE ANALYSIS AND EVALUATION
OF RESONANCE POLARIZATION IN 37 PRODUCTION
IN n—Be COLLISIONS AT 37 GeV/c* '

!Institute for High Energy Physics, Protvino, 142284, Russia
*Supported by RFBR Grant 98-02-16508

-

2000




1. Introduction

It is well known that quarks are confined and escape from direct observation.
Instead of quarks we observe jets of hadrons into which quarks fragment. How-
ever, measurement of jet characteristics allows us to judge to some extent the
quark characteristics, e.g. the electric charge or the momentum (yet with some
unavoidable error due to fundamental indefiniteness of the jet content because
of slow hadrons) or the spin of quarks and gluons through the angular distri-
butions of jets. The problem is how quark polarization could be measured.
There are several ways to do this:

1. To measure the polarization of a self-analyzing hadron into which the
quark fragments in a semi-inclusive DIS, e.g. A-hyperon [1]. The draw-
back of this method, however, is a rather low rate of quark fragmentation
into a A-particle (= 2%) and especially its predominant sensitivity to
s-quark polarization.

2. To measure the spin-dependent T-odd parton fragmentation function
(PFF) [2, 3, 4] responsible for the left-right asymmetry in fragmentation
of a transversely polarized quark with respect to the quark momentum-—
spin plane. (The so-called ”Collins asymmetry” [5].)

3. To measure the transverse handedness in multi-particle parton fragmen-
tation [6], i.e. the correlation of quark spin 4-vector s, and particle
momenta k, of particles in a jet, €,,5,5*k}kJ k"

-

The latter two methods are comparatively new, and only in the last years
some experimental indications the T-odd PFF [7, 8, 9, 10] and the transverse
[11] handedness have appeared. In particular, it is rather large (~ 10%) hand-
edness transverse to the production plane observed in the diffractive production
of (m~m*m~) triples from nuclei by the 40 GeV/c m~~beam. It resembles the
single spin asymmetry behavior and shows a clear dynamic origin in the sense
that its invariant mass ms, dependence indicates a resonance character of the
phenomenon.

In this paper we continue to investigate this problem in more detail using
the high statistics of the VES collaboration [12] for the process

T +A—= (rTrtrT)+ AL (1)



In Sec. 2 the main definitions and notation are given, in Sec. 3 the raw
data results for the handedness are described, Sec. 4 is devoted to the Partial
Wave Analysis (PWA), and Sec. 5 is a Conclusion.

2. Definitions and notation

The handedness was defined as the asymmetry of the process probability W
with respect to the spatial component of an axial 4-vector n, x €u.0,k7kIk",
where k’s are 4-momenta of particles of a system in question (k = k; + ko +
ks + - - -), with respect to some direction @ (n; = ni)

W(n; > 0) — W(n; <0)

H’i= =
W(n: > 0) + W(n; < 0)

and was shown to be proportional to the system polarization P; (at least for
system spins 1/2 and 1). The direction % could be chosen to be longitudinal
(L) with respect to the momentum k or transverse (7'1 or T'2).
For reaction (1), let the normal to the plane of production of a secondary
pion triple (m;7*m;) be
N = (v3; x vp), (3)

where vy, = ky/e, and va, = k3, /€3, are the velocities of the initial 7~ beam
and 37 system and the indices f and s label fast and slow 7 ’s in the Lab
frame of reference. The normal to the ”decay plane” of the triple is defined as

n=(v; —v") x (v; —v"), (4)

where v}, or v are the velocities of the fast (slow) 7~ or 7.
The transverse handedness, according to (2), is

W(Nn>0)—-W(Nn <0)

Hri = W(Nn>0)+W(Nn<0) (5)

Two other components of the handedness, H; and Hr,, are connected with
the sign of n - v3, and n - (vs, X IN) respectively and are defined similar to
(5). They are forbidden by the parity conservation in the strong interaction
and have to be zero.

11t is easy to show that this quantity is Lorentz invariant if the particle order in the triple
is fixed. In our case we have two identical 7~ particles, so the decay plane has no selected
”left” or "right” side and we are forced to use the given particle ordering.
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Figure 1. Raw data invariant mass

spectrum of the pion triples.

3.

As was mentioned before, we used
m-w~w" data collected by VES
collaboration [12] for our analysis.
The data were produced by the
37.0 GeV/c m~-beam on a beryllium
target and were collected by a general-
purpose multi-particle magnet spec-
trometer with full identification of fi-
nal states by a lead-glass calorimeter
and a multichannel Cerenkov counter.
We used events in the mgs, interval
0.6-2.5 GeV and ¢ = |t — tqe| in-
terval 0.0-1.0 GeV?/c®. At total of
about 9 - 108 events produced on the
Be target were used in the analysis.
More detailed description of the
VES setup can be found in [12]. The
raw data mas, distribution without ac-
ceptance corrections is given in Fig. 1.
The dependence of the VES setup ac-
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Figure 2. Acceptance of the VES setup.
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and (c) transverse.



ceptance on the invariant mass of the pion triple ms, for this reaction is given
in Fig. 2. This distribution was calculated for the physical event distribution,
so the bump at ms, =~ 1.7 GeV corresponds to production of the m2(1670)
meson, which has a better acceptance due to its wave function structure.

The same events were analyzed using Exp. (5) for the handedness Hp;
transverse to the triple production plane and similar formulas for H; and Hyps.
The raw data results of this analysis are presented in Fig.3. One can see that
in contrast to the mg, spectrum (Fig. 1), where no prominent resonance peak
is seen, the transverse handedness spectrum Hr; (Fig. 3b) reveals distinct
peaks in the region of a,(1320) and m(1670). Curious enough is the absence
of a prominent peak in the region of a;(1230) and a bump in the region of
800 GeV. Note, however, that the systematic errors due to apparatus correc-
tions are rather large (this is demonstrated by a non-zero value of the longitu-
dinal handedness Hy, in Fig. 3a) and have to be taken into account. This was
done together with the PWA considered below.

4. The partial wave analysis

The PWA was performed by the modified Illinois University program which
uses the cascade model [13]. The modifications consist in the following main
changes:

e The program is partially rewritten to handle a large number of events
(=~ 107) and fitting parameters (~ 500-700). New methods for multidi-
mensional integration and maximization of likelihood are implemented;

e The Au-Morgan-Pennington parametrization [14] is used for description
of the J¥ = 0% mr-resonance. This amplitude was decoupled into the
f0(980) resonance and the remaining broad wave without sharp struc-
tures. Both parts are separately included in the analysis.

e The relativistic covariant amplitudes of S.U. Chung [15] are used. In com-
parison with conventional helicity amplitudes, they include some multi-
plicative corrections depending upon the gamma-factor and helicity of
the intermediate isobar in the three-particle rest frame. The corrections
are essential mainly for the 17,2~ and 3" states of the pr system. In
particular, they noticeably change the 17 wave which became an almost
pure S-wave in the pr-system.



e The 27 F-wave state of the pr-system is added to the set of states which
appears to be rather large.
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Figure 4. Spectrum of the transverse handedness Hr1 after acceptance corrections.

In addition, the PWA program automatically includes the acceptance cor-
rections. As a result of the PWA, the handednesses H; and Hypy become
compatible with zero (average over ms, H; = 0.09 & 0.13% and Hpy =
—0.02 + 0.13%). Contrary to this, more prominent resonance peaks are re-
vealed in the spectrum of the transverse handedness Hr; (Fig. 4).

However, interpretation of these peaks calls for more investigation since no
prominent peaks are seen in the diagonal density matrix elements. A possible
exception is the element (17,1%), where a bump in the region of 1200 MeV
is seen (Fig. 5) and can be interpreted as production of the a;-meson whose
polarization should be a few percent. An interesting question is the a; handed-
ness (i.e. polarization) dependence of zr, kp and ¢’ variables which have to be
investigated in the future. Another intriguing point is a strange sharp peak in
the region 2200 MeV since no 37 resonance is known in this region. To what
spin-parity it corresponds is also a question for the future.
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5. Conclusion

Using the high statistics of the VES collaboration, we have obtained the trans-
verse handedness of the pion triples produced by a pion beam. It reveals very
rich resonance-type dependence on the pion triple invariant mass. The par-
tial wave analysis shows the nonzero polarization of the a;-meson and a rather
complicated picture for other I¢ = 1~ resonances. The polarization and its
dependence on zp, kr and t' will be found after calculation of the analyzing
power of the a; — 37 decay.
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Edpemos A.B. u gp. E1-2000-322
IMapuuanbHO-BOTHOBOH aHAIN3 U OLIEHKA IOJIIPU3ALHH PE30HAHCOB,
poxneHHbIX B T —Be-coymapenusax npu 37 I3B/c

Ha sxkcniepumenTansHoM Marepuaiie Koyutabopauuu VES Habmonena Gonbiuas
KOppesLHsa MEXIY INIOCKOCTSMH POXICHHUS U pacnana (t™n* 1t~ )-cucreMsl (mome-

peyHasd handedness) B mpolecce AMCCOLMALMU T-ME30HOB Ha SIEPHOM MHUILIEHH
npu 37 I'sB/c. HccnenoBana ee 3aBUCHMOCTh OT MHBApPUAHTHOM MacChl MHOHHOM
TPOMKHM. M3 IpoBENeHHOro napuuaabHO-BOJTHOBOIO aHAIN3A SBHO CJICAYyeT MOJISIPH-
3allUsi POXKIEHHBIX PE30HAHCOB.

Pa6ota Bemonnena B JlaGoparopuu ¢usuku yactuy OWSIH.

Coobmenne O6beIMHEHHOTO HHCTUTYTA SAEPHBbIX HccienoBanuit. Ty6Ha, 2000

Efremov A.V. et al. E1-2000-322
Partial Wave Analysis and Evaluation of Resonance Polarization
in 3w Production in n—Be Collisions at 37 GeV/c

Large correlation of production and decay planes (transverse handedness)
of the (n "n*n™)-system produced by the 37 GeV/c n~-beam on the nuclear target
is observed in the experimental data of the VES collaboration. The dependence
of the handedness on the invariant mass of the pion triple is investigated. The par-
tial wave analysis clearly shows resonance polarization.

The investigation has been performed at the Laboratory of Particle Physics,
JINR.
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