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ABSTRACT

We report here the results of a spark chamber experiment in which the

reactions 7 p - p°n and K_p - K*°(890)n were studied at 11.2 GeV/c incident
beam momentum. The cross-sections are determined to be o(p°) = 128 + 16 udb

t
and o[K °(890)] = 53 = 8 ub. Differential cross-sections and values of the
spin density matrix elements are given for both reactions. An enhancement

in the (v %) invariant mass distribution is observed at a mass of 945 MeV.

Geneva - 5 July 1968
(Submitted to Nuclear Physics)

*) Now at the Max-Planck-Institut fiir Physik und Astrophysik, Munich,
Germany.







TN
i .

1.

SIS/K 0 693

THE REACTIONS # p » p.n AND K'p - K‘°(89o)n AT 11.2 GeV/c

B.D. I'Vams, w. Koch ), D.C. Potter and J.D, Wilson,
CERN, Geneva, Switzerland

and

L. Von Lindern, E. Lorenz, G. Litjens, U. Stierlin and P. Weilhammer,
Max-Planck-Institut flir Physik und Astfophysik, Munich, Germany.

INTRODUCTION
The reactions
- 0
w +p-p +n (1)
.
T O+
and
- *0
K +p-+K (89) +n (2)
L K- + ﬂ+

have been studied previously’-°) at several beam energies. Existing datas,
however, are somewhat scant in the region of 11 GeV/c. For this reason

we made slight modifications to an experimental apparatus already operat-
ing at the CERN Proton Synchrotron'o), thus attempting to select reactions
(1) and (2). We obtained 2250 events fitting the reaction

7 +p-ow 4T +n (3)

and 290 events of the type

K +p-K +7 +n. (%)

*) Now at the Max-Planck-Institut fUr Physik und Astrophysik, Munich,
Germany.
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Our results on the production cross-sections and the production and decay

angular distributiohg are compared with the predictions of the one-pion
11

exchange model with absorption (OPEA)

EXPERIMENTAL ARRANGEMENT

The experimental arrangement is shown schematically in Fig. 1. The
beam (defined by a,coincidence»AlBE) was momentum analysed in optical
spark chambers S1-S4 .and the 2 metre bending magnet M1. The secondary
particles emanating from thé 1 metre liquid-hydrogen target were detected
by counter arrays G and E (consisting of a number of scintillators 140 cm
in height) and their momenta were determined in optical spark chambers
55-88 and spectrometer magnet M2 (15.5 kGm, 100 x 100 x 50 cm®). Anti-
counter D signified the interaction of a beam particle in the target.
Anticounters F were placed around the sides of the target, together with
lead sheets, in an effort to reject interactions with charged particles
and y rays leaving the target in a lateral direction. Rejection of this
type of interaction was improved with the aid of anticounters H5-H8, a
lead and scintillator arrangemeht‘défining the aperture of M2. Furthermore,
the pole faces of M2 were shielded with more anticounters Hi-Hi. The trig-
ger condition for the spark chambers was an interacting beam particle iﬁ
coincidence with two (and only two) counter signals from each of the arrays

G and E, but no pulse from any F or H counter.

Two threshold Cerenkov counteré were employed to signify each beam
particle as a ﬂ‘(u ore), K, or p. For most of the beam burst length we
allowed only K triggers, but if none was obtalned we accepted a w trig-
ger towards the end of the spill. In this way we accumulated photographs

of 30 000 w events and 10 000 K events.

By means of a large mirror arrangement, two views of each chamber
(90° stereoscoPy) were recorded on a single frame at a demagnification of
~ 40. To facilitate the pairing of the track segments in the two stereo-
Scopic views of any chamber, prisms were placed on two of the eight gaps

of each side view.




3

beo

-3-

FILM MEASUREMENT AND EVENT RECQNSTRUCTION

All 40,000 frames were measured by HPD-1 12) et CERN without any pre-
scanning or preselection; all selection was performed by computer programs
at later stages. A GEOMETRY program reconstructed beam and secondary tra=
jectories in space. Tracks in each chamber were defined by two points
with a r.m.s. error of 0.3 mm per point (including the multiple scatter-
ing in air and chamber material), the separation of the points being ~ 17 cm.
The acceptable reconstructed events were then processed by a KINEMATICS
program which used a trajectory-fitting routine (MAGFIT)13) for momemtum
determination in the large spectrometer magnet. We obtained a momentum
resolution of +0.75% for the beam particles and *0.8% at 5 GeV/c for the

secondaries.

For events with only two secondaries of total energy > 10.5 GeV, the
combined efficiency of the HPD measurement and the GEOMETRY program was
determined to be (91 t 2)% by comparison with some hand scanning and mea-
surement results. About half of the loss was due to HPD failure in recog-
nizing faint sparks, and about half was the result of the shortcomings of
the track pairing by the prisms (owing to optical distortion). This
efficiency compares favourably with that of 92%, the mean efficlency of

our scanning girls.

Of the 30,000 7 events, 7000 were found to have one positively and
one negatively charged particle traversing chambers S5-58; 1500 such events

were found for incident K-.

p° ANALYSIS

For the 7000 w events defined above, we have assumed the two particles
to be pions. Figure 2 illustrates the total energy distribution of the
(w-v+) system for these events and indicates that our apparatus successfully
selected interactions of a peripheral nature. After the application of
some geometrical cuts, 2250 events gave a good 1C kinematic fit (xz < k)
to reaction (3) and a missing mass distribution as shown in Fig. 3. Only
these events satisfying the kinematic fit were considered in the subsequent
analysis. There is some contamination (~ 5%) in Fig. 3 from the reaction
v-p - ﬂ_ﬂ+ﬂ°n, but this has been taken into acéount in cross-section cal~

culations. The background in this sample due to interaction processes
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yielding secondary particles which are not pions has been estimated to be
negligible. The absence of such background is partly & consequence of

the specific acceptance of our apparatus.

In Fig. 4 we plot the observed (ﬂ-ﬂ+) mass spectrum the p° being
clearly observed. We have limited the mass scale of Fig. 4 to 1000 MeV
because the acceptance of the apparatus for (ﬂ-ﬂ+) masses greater than this

. t
the separation of the #~ vertex from the beam particle

an unbiased sample of K; - w decays. These decays gave an absolute
calibration of the spectrometer magnet field strength, and directly proved

the (ﬂ-ﬂ+) mass resolution to be *3.5 MeV. Hence, we calculate the resolu-

tion to be 5.5 MeV at a mass of 770 MeV.

The observed data must be corrected for the limited acceptance of the
apparatus. This was achieved by a Monte Carlo procedure determining the
acceptance as a function of the four kinematic variables that describe the
interaction, namely, the invariant mass m(w-ﬂ+), the four-momemtum transfer
t, and the decay angles ©(w ) and &(w ) of the (w #') system defined in the
Gottfried-Jackson fame'*’. With the knowledge of the acceptance, we fit
the decay angular distribution of the (w @ ) system to its general form (5)
in terms of density matrix elements, allowing only for S- and P-waves.

With the normalization 2., P, Pyg = 1 we have

br I(x,8) =1 + (poo = p14)(3x* = 1)
- 3py 1(1 = x*) cos 2% - 6V2 Re pyo xV1 = x* cos ¢ } (5)

2V3 Re Pog X = 2V6 Re Pys Vi - x% cos & ,

-+

where x = cos @(w-) and the index s refers to S-wave interference. The
S-wave intensity Pss cannot in principle be determined from the angular
distribution. Fits were obtained for various t and m(w-w+) intervals, all
yielding good confidence levels. The results are listed in Table 1 and
Fig. 5 depicts the t-dependence of the p parameters in the mass region
600-960 MeV. Mention must be made of the fact that for the angular distri-

bution fits, there has been no need for us to remove events with a (mm)
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mass in the N*(1236) region, because Dalitz plots show that there are no
events with (#n) mass less than 1500 MeV (owing to our limited experimen-

tal acceptance).

The fitted decay angular distributions now permit us to correct the
observed data for acceptance. In Figure 6 tﬁe corrected invariant mass
spectrum is plotted for events with |t| < O.4 (GeV/c)®. Different Breit-
Wigner functions with backgrdund have been fitted to it, and Table 2 gives
a summary of the results. In order to calculate cross-sections, allowances
have been made for the measurement and program efficiency, electronic and
counter efficiency, muons in the beam, and secondary interéctions and
decays of pions. Two cross=-sections o(p°) for reaction (1) in the inter-
val |t] < 0.k (GeV/c)? are quoted in Table 2: oy for 280 < m a(7") < 1000 MeV,
and 0, for the full kinematic mass range. The cross-section errors given
in Table 2 refer only to the uncertainties associated with the fitted
ratios of p° resonance to background. The total error in o(p°), however,
must include an experimental error of +12% which is dominated by an un-

certainty in the electronic and counter efficiency.

Figure 7 illustrates the differential cross-sections, do/at!, for
reaction (3) in the p°-mass region (600 to 960 MeV) and in the neighbour=-
' o_ 4o . s s
hood below (280 to 600 MeV). ¥/ =t - t . , where Itminl is the minimum

momentum transfer for a given m(w @' ).

DISCUSSION OF p° RESULTS

The variation in o{p°) values of Table 2 indicates some of the diffi-
culties involved when comparing the data of different experiments where no
standard fitting procedure has been employed. Nevertheless, we present in
Fig. 8 a compilation of o{p°) as a function of p_, the incident # beam
laboratory momentum. Our value of 128 + 16 ub, corresponding to the com-

plete m(w-w+) range, has been taken from fit (A) and has been corrected

for the entire t-range (+4% correction). We have simply drawn a line

U(Pﬂ) = 14k p;z and have not attempted a rigorous fit for the reason
given above. If the true momentum dependence is approximately proportional
to p;z, our value is consistent with that of Poirier et al.®’ at 8 GeV/c,

but not with those of Bellini et el.”) at 8 and 16 GeV/ec.
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Besides the more common methods of p° mass and width determination,
we have followed a procedure proposed by Malamud and Schlein,‘5 + These
authors have suggested that,‘under certain assumptions on the produection
amplitude, one may project out a pure P-wave part from the m(ﬂ-w+) distri-
bution by plotting the moments N(m)<:Y¥(®,@)>>, where N(m) is the number
of events in a bin of mass m, and <Y¥>»is a spherical harmonic e averaged
over the (w-w+) decay angular distribution in bin m. In Fig. 9 we have
plotted N(m)(poo=p11), which is proportional to N(m) <Y2> . The results
of fits to this data of three Breit-Wigner functions without background
are given in Table 2 (E, F and G), and fit E is drawn in Fig. 9. Only
fit G shows any significant deviation from the corresponding normal fit

including background (C).

The experimental differential cross-section for the p°-mass region
. 11
(Fig. 7) is compared with the theoretical predictions of the OPEA )

*)

Cy = 0.62, yy = 0.012 (as obtained from mp elastic scattering), C2 = 1,

Two theoretical curves ’ have been drawn in Fig. 7. Curve (a) uses

Yz = %y, (as suggested in Ref. 11), g?(n'w p°)/4x = 2, and

¢*(pn7") /4w = 29.2; whereas for curve (8) we employ yz = 0.0018. The
Vtheoretical predictions include a correction factor which takes into
account the fact that our experimental diffeerential cross-section is limi-
ted to the mass region 600 to 960 MeV and contains background (fit A in
Table 2). The theoretical cross-section for curve (@) is approximately
correct in the region of Itl < 0.02 (GeV/c)?® but not for higher t-values.
On the other hand, the prediction for assumption (B) fits the experimental
slope rather well but there is a discrepancy of about a factor of 1.6 in
magnitude. The experimental do/dt’! for the lower mass region illustrates
essentially the same t-dependence as for the p°-mass region, except for
the decrease at very small t-values. For the p®-mass region and

0.02 < ltq < 0.12 (GeV/c)?, the differential cross-section can be well

- ’ -
approximated by the exponential form do/dt’ = Ae M gith A = 16.2 (GeV/e)™.

The OPEA predictions have also been tested by considering the t-
dependence of the p parameters, in the central p°-mass region. The

* :
theoretlical curves ) drawn in Fig. 5 correspond to assumption (a) which

*) The OPEA predictions were computed by means of a program written by
R. Keyser.
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does not include S-wave (i.e. Pes = 0); qualitative agreement is obtained.
As expected from OPEA, the t-dependences of (Poo=P11)s P1-1, and Re pyo at
our energy are essentially the same as those found at lower energies”‘ .
The same is true for the "“forward-backward asymmetry" in the p°® decay

which is related to Re Pos by

(F-B/(F +B) = V3 Re p _ »

under the assumption of only S- and P-wave interference.

We consider that we do not have sufficient data to make a reliable
#w phase-shift analysis, but in Table 1 we have indicated the mass depen-
dence of the p parameters for 0 < |t| < 0.2 (GeV/c)®.

Inspection of Figs. 4 and 6 reveals a peek at an invariant mass of
~ 945 MeV where the mass resolution is *6.5 MeV. For the weighted data,
the peak is at least 4.5 standard deviations above all the fitted Breit~
Wigner plus background distributions extended to 970 MeV. We cannot
explain this rather narrow peak as being due to a bias in our apparatus
or anzlysis, nor as & misinterpretation of the decay of a known particle.
No previous reports have been published concerning such ﬁ "resonance" in
the m(ﬂ-ﬂ+) distribution, but our rather good mass resolution should be

noted.

K*° (890) ANALYSIS AND DISCUSSION

After the removal of events fitting K p » K'n (K° » 7 7'), the analy-
sis of events with an incident K was analogous to that described in
Section 4 for m events, except that the secondary particles were essumed
to be K and 7. Figure 10 shows the unweighted invariant (K-ﬂ+) mass
distribution of those events (278) fitting reaction (4) with x* < 4 end
|t| < 0.4 (GeV/c)?®. The decay angular distribution was fitted to Eq. (5)
in the range 790 < m(K-v+) < 990 MeV, and hence the experimental acceptance
in this region was determined together with the cross-section for reac-
tion (2). A constant width Breit-Wigner of mass 893 MeV and width 49 MeV
with linear background was fitted to the data. The following results
were obtained for the intervals |t| < 0.4 (GeV/c)® and 790 < w(K"w') < 990 MeV,
with background subtraction and partial decay mode correction having been

made for the cross-section:




o[K*(890)] = 53 + 8 ub

(boo=p11) = 0.374 * 0.081 ( 0.54)

P11 = 0.040 * 0.034 ( 0.062)
Re p1o = ~0.143 * 0.026 (-0.175)
Re p_ = 04191 t 0,042

Re Ps = «0.047 * 0.023

In Fig. 11 we plot the differential cross-section for the K*°(890)
mass region. Since previous experimentsa’g) have shown that K*°(890)
production involves predominantly a single pion exchange, we have drawn
in Fig. 11 the theoretical do/dt’ following from the parameters Ci = 0.52,
v = 0,012, C2 = 1.0, y2 = 0.009, g°(m K K*°)/4w = 1.65, and
Gz(pnﬂ+)/4ﬂ = 29.2 in the OPEA. The p-parameter values quoted in brackets

are the theoretical values for the above OPEA parameters.

Our results for X*°(890) production and decay exhibit no significant

differences from the data of other experiments.
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Experimental arrangement. A, B, C, D, F. H, E and G are
scintillation counters; S1~8S8 are thin foil spark chambers.

Total energy of the (w.w+) system.

Missing-mass distribution for the reaction t-p A

t-dependence of the density matrix elements for the (w-r+)
mass region 600-960 MeV. The lines are predictions of the

OPEA (see text).

Corrected (w-n+) mass distribution for the reaction
7 p-uwanwith |[t| < 0.4 (GeV/c)®*. The lines are phase-
space and phase-space plus Breit-Wigner function A of Table 2.

One event corresponds to a cross-section of 0.0118 ub.

Differential cross-sections, do/dt’, for the reaction
w-p + 7 #'n. The lines are predictions of the OPEA for the
(1-w+) mass range 600~960 MeV (see text).

Total cross-section for w-p - p°n versus the incoming T
laboratory momentum. Data have been taken from references

1-7. The line is o(p,) = thek p;z.

N(m)(poo-p11) as a function of (1-1+) mass for the reaction
w-p > v-u+n. The Breit-Wigner function E of Table 2 is drawn.

Unweighted (K #') mass distribution for the reaction
Kp -~ K #'n with |t]| < 0.4 (GeV/c)?.

Differential cross-section, do/at', for the reaction
Kp - Kuan with (K 7') mass in the range 790-990 MeV. The
line is a prediction of the OPEA (see text).
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do mb__ Fig. 7
dt GeVilc

-

_+} 600 Mev = m(mrm) = 960MeV L
-~ 280 MeV = m(m* 1) = 600 MeV
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