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THE REACTION 7 p - wn AT MOMENTA FROM 20 TO 200 GeV/c

. O. I. Dahl, R. A. Johnson,Jr R. W. Kenney, and M. Pripstein

Lawrence Berkeley Laboratory
Berkeley, California 94720

and
A. V. Barnes, D. J. Mellema,i A. V. Tollestrup, and R. L. Walker .
California Institute of Technology
Pasadena, California 91125

ABSTRACT

The reaction T p - wn in- the beam momentum range from 20 to 200 GeV/c
has been studied using data acqulred at Fermilab. In this letter, the
integral and differential cross sections for this‘reaction are presented.
The integral cfoss sections are considerably larger than those previously
reported. The differential cross sections can be reproduced quite easily
by Regge models. As predicted by such models, natural parity exchange

dominates production throughout this energy region.

*Work supported in part by U. S. Energy and Development Administration.
Prepared under Contract No. W-7405-ENG-48 at Lawrence Berkeley Laboratory
and Contract No. E(11-1)-68 at California Instutute of Technology.

i Present address: Brookhaven National Laboratory, Upton, NY 11973

't Present address: Hughes Aircraft Co., Culver City, CA 90230
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The reaction 7 p > wn offers a good opportunity to test the Regge
formalism for high energy interactions. Two non—interfering mechanisms
(natural and unnatural -parity exchange)pcontribute to the production cross

section and each of these. processes has its own characteristic-energy

v'dependence Furthermore these two parts can be separated by measur1ng

the final sp1n density matr1x of the w.

Omega product1on events (with the decay w » my) were accumulated

'simuTtaneousTy with charge exchange and eta production data in an experiment

performed at FermiTab-during 1974 A tota] of 2100 omega events have been
found among these data which were taken at six energies from 20 to 200 GeV.
The apparatus, methods of data accumu]at1on and bas1c anaTys1s schemes are

descr1bed in reports on the charge exchange and eta product1on measurements

In the exper1ment only .a port1on of the phase space for omega decay

was observed Therefore, determ1nat1on of the product1on sp1n—dens1ty matrix

was cruc1aT for extrapoTat1ng into the unobserved reg1ons Finding'the
decay ang]es for a given event requ1red compTete reconstruct1on of that
event Th1s 1nvoTves the compTex problem of match1ng showers seen in one
plane of the detector w1th those in the other. Fortunate]y, the requ1rement
that a m° be found in an omega- “Tike event provides an extreme]y powerfu]
constra1ntand v1rtua]]y eliminates all wrong matches | |

To reduce geometr1c effects and to 1mprove mass resoTut1on, cuts were

made on the w. decay angTe |cose |<.6 ) and the m° decay angTe

>

|cos%o *'YY|<'9 . The w massz, ° massz, and w decay angle d1str1but1ons

for the 150 GeV/c data are»shown in Fig. 1. The background under the W

mass peak varied from 25% at 20 GeV/c to 12% at 200 GeV/c, It is peaked
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at extremely small production ang]és, and itstdecay is flat in phase space.
Both of these facts indicate that thé background comes from ﬂ_p > 701N
events in which only three photons are recognizéd.

The helicity-frame spin-density matrix elements are determined for
each t bin by making a maximum 1ike1ihood fit of the decay distribution to

the functional form
P
W(e,0) = é% 1{ (1+cosze) —-—%?9(3c0526-1) 0, _]sin26c052¢ (1)

4 /7,Re(p],0)sin26cos¢}

plus a flat backgrouhd ferm. Monte Carlo iniegration teéhniques were used to
determine the average detection.efﬁciency.4 Different assumptions about
the shape of the background'éhange the numerical value of the spin-density
matrix slightly, but_]edve the average detection efficfency virtually constant.

Representativé‘density matrix elements are displayed in Fig. 2a. It is
the cosine-like structure in the ¢ distribution (Fig. 1d) that forces the
parameter f1,-1 to be large and consequently f0,0 tovbe smaH.5 At high
energies; the c0mbinati9n 0= p],]+ P1,-1 (p_= 1,17 01, _]) projects out only
natural (unhatura]) parity excﬁange6 (p],]=?%-% p0,0)' As can be seen
from Figi 2a, in this energy regime almost the entire éross section»comes»
from natural parity exchange. |

The tdtaT and differential cross Seciions forvomega'production are
1i§ted'in Table 1. Thé normalization corrections applied to these data
are similar to those discussed in Ref. 3. In Fig. 3, the total cross
sections are comparea with previous measurements. The discrepancy between
the results of this experiment and those of Bolotov, et a1.7 arises from

differences in the assumed value of f0.0". If 0.0 =.57‘had been used here

as in Ref. 7, the two results would agree; however, this value of 0.0 is
L]
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~inconsistent with our observed ¢'distkibution. }Thé'change fh slope of the

total cross sections from the region Be]bw 10 Ge’\_l'/cs‘—]0

to fhé régibn'of this
experiment is predicted by Regge theory. The unnatural parffy exchange |
portion of the cross Séctioh, which is sizeable below 10'GeV/c;]] is medi-
ated by B-trajectoky'ekchahge.  Thf§ portfbh is expected to decrease faster
with energy than the nétura] parity'paft which is mediated by p trajectory
exchange. Abdve 20 GeV/c, the effects of unnatural parity exchange have all
but died away and the new's]ope of the total cross section is less steep.

Also plotted on Fig. 3 is tﬁe tofal eta’producfion Cross s_ection.z’3
Although thelégreement of the magnitudes of the eta and omega production
cross sectiohs may be céincidenta], the similarity in sTope again indicates
that natura] parity exchange now dohinates prbduction.

As shown in Fig. 2b, each differential cross section has a dip in the

“forward direction which is characteristic of p exchange interactions, and a

structureless exponential fall past t=-.15 GeVz. The Regge model predictions

which Irving and Michael obtained from 6 GeV/c data]2

are also shown in
Fig. 2b. Although the actua]-dip in the forwardvdirection seems less
dramatic than pkedicted and the high t cross section fai]s 1ess rapidly,
the agreement between the dafa and their predictions is quite remarkable.
It is clear that a simi]ar.Regge model can accukate]y reproduce a]]lfeatUres
of both these and_the‘lower energy Cross sections.»

As 1ndicatéd before, the natural parity éxchange dominates most of the
ﬁroduction cross section. .Fits of the differential cross sections fo the

form

do/dt = A(t) p2(t)2 i (2)
beam

confirm this observation; the values a(t) 1ie almost on top of the



p—trajeciory obtained frqm pion charge exchqnge] (Fig. 4). Only in the
forward difection is there appreciable departure from this trajectory.

In that directioﬁ, the b residue function goes to zerd and pkocesses |
{nvolving ]ower-1ying unnatural parity trajectories afe emphasized. There-
fore, a departure.of'the effective trajectoryvfrom that of the p is

expected.
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Captions |
Table 1. Differential cross section in i"Jb/GeV2 and other results fram the
reaction Tr—p. > wn with the decay w - .noy. The differential cross sections
are averages over the t-.interval;v no finite bin width correétions have been
made. Errors are only statistical; the overalll. némlalization error is 10%.
he right-hand colum contains the effective Regge trajectory obtairncxl Ly
fitting the‘data to the parameferization of equation (2).
Ficure 1. (a) The 150 GeV/c three-photon mass2 spectrum of events surviving
, all cuts except that for massz; 4(b) the mal‘ss2 spectrum of the two photons
assumed to be the m°; (c) the helicify—frane polar angle distribution for
w-like events; and (d) the azimuthal angle distribution. The events in the
region labeled BG in ‘(a) were used to determine the properties of the back-
ground; events between these sections were assumed to be aregas. In (c) and
(d), the solid line represents the omega and background events fram the
amega mass region and the dotted ]_.iné represents background events fram the
BG regions. |
Figure 2. (a) Represehtative spin—-density .matrix elements; and (b) repre-
sentative differential cross sections. The dashed lines in (b) are the
predictions of Irving and Michael'? which are based on 6 GeV/c data.
Figure 3. The total ai\ega . production cross section. Data from Refs 7-10

are plotted. The partial fraction of the w - ’ITOY decay mode is taken to be

g.g3.13

Figure 4. The effective Regge trajectory. The p-trajectory is taken fram

Ref. 1 and the B-trajectory is the one assumed in Ref. 12.
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<
= Beam Mamentum in GeV ' <o
-t Bin ‘ :

Gev2 20.8 40.8 64.4 100.7 150.2 199.3 a(t) LB
0.00 - 0.05 1.8 £ 0.7 0.72 £ 0.19 0.43 * 0.17 0.21 * 0.05 0.12 + 0.03 0.024 + 0.016 0.18 * 0.07 o
0.05 - 0.10 1.9+ 0.5 - 0.74 * 0.21 0.54 * 0.10 0.25 * 0.04 0.20 * 0.04 10.082 * 0.016 0.32 * 0.05
0.10 - 0.15 2.7 + 0.4 1.13 £ 0.17 - 0.69 * 0.09 0.38 + 0.06  0.20 + 0.03 0.154 + 0.023 0.36 £ 0.04 | <
0.15 - 0.20 3.2+ 0.4  0.98 % 0.15 0.45 * 0.10 0.34 * 0.05 0.17 + 0.03 0.111 + 0.019 0.35 + 0.04 ]
0.20 - 0.25 1.7 + 0.4 0.62 * 0.14 0.32 * 0.06 0.23 % 0.04  0.10 * 0.02 0.088 + 0.018 0.35 * 0.06 e
0.25 - 0.30 1.1 % 0.3 0.48 + 0.14  0.35 % 0.06  0.14 * 0.05 0.10 + 0.02 0.032 * 0.012 0.28 * 0.06 | - C oo
0.30 - 0.40 0.9+ 0.2 0.31 * 0.06 0.12 * 0.03 0.07 * 0.02 0.026 +0.009 0.010 * 0.004 0.07 * 0.05
0.40 - 0.50 | 0.5 % 0.2 0.17 £ 0.04 0.08 * 0.03 0.012 £ 0.006 0.019 * 0.006 0.004 * 0.003 -0.08 t 0.11 R

Odo . ; ™~
K =[ Kat 0.71 £0.06 0.28 + 0.02 0.159 £0.013 0.086 +0.006 0.049 £0.004 0.026 £ 0.002 ,
-5 :
Number :
of events 437 + 29 392 + 25 407 + 23 383 + 22 290 + 19 194 = 16
: . v .

*
after background subtraction

Table 1
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