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Abstract. Data on the reactions r I p * K '  C' and 
n t p  * K+Y*+ have been obtained using the Fermi lab  
Single A r m  Spectrometer Facili ty a t  incident a +  momenta 
of 35, 70, and 140 GeV/c fo r  momentum t ransfers  
It/ 4 1 G ~ v ~ -  The l ine-reversed reactions K-p + a-.Zt 
and K - ~  + a-y*' were  a lso  studied a t  70 G ~ V / C  with the 
same a p p a r a k ~ s  in o rde r  to  tes t  exchange degeneracy of 
the ~ ' ( 8 9 0 )  and ~':'*(1420) t rajectories .  Prel iminary 
resul ts  on the f i r s t  s e t  of reactions a t  70 G ~ V / C  a r e  
presented and found t o  b e  in  qualitative agreement  with 
the model of Navelet and Stevens. 
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The Fermilab Single Arm Spectrometer has been used to collect data 

on the reactions 

a t  incident momenta of 35, 70 and 140 GeV/c; the line reversed reactions 

were also observed a t  70 G e ~ / c .  In this paper we report on preliminary 

results for reactions (1) and (2) a t  70 G ~ V / C .  

1 
The beam and spectrometer have been described previously, and we 

will only briefly review the apparatus. The M6 beam line was used to select 

and tag particles of the desired momentum using the counter hodoscopes 

7 
and four Cerenkov counters indicated in Fig. 1. Up to 10 particles per 

pulse were incident on the 20-inch liquid hydrogen target, and the production 

angle was varied by vertically steering the beam to change the angle a t  the ta r -  

get. The spectrometer had focusing elements and in many respects resembled a 

well-instrumented fourth stage of the beam,with precision measurement of 

the trajectories afforded by the proportional wire chambers. For  this 

experiment the spectrometer solid-angle acceptance was increased by 

upgrading several of the 3-inch quadrupoles to 4-inch diameter, and a t  the 

lower momenta by tuning the optics to enhance the solid angle a t  some cost in 

resolution. This gave nominal solid angles of about 25 l~lster a t  35 and 70 GeV/c 

and 10 pster a t  140 GeV/c, compared with the 7 pster used in Ref. 1. 



The C and Y"' final states were  separated using the missing-mass 

technique, which depends mainly on the energy difference between beam 

and spectrometer particles: 

where t i s  the usual four-momentum transfer. The experimental resolution 

2 On Pb- Ps , s(Ap/p) = 0.12%, led to a spread of s ( ~ '  X z 0.16 GeV a t  70 GeV/c; 

this resolution and the intercalibration of beam and spectrometer momentum 

scales were continuously monitored with elastic-scatter events. 

In addition to the excellent momentum resolution, a second 

requirement of the apparatus was good Cerenkov identification in both beam 

and spectrometer; this was needed to reject elastic scatters, which at these 

energies have cross  sections 3 o r  4 orders of magnitude larger  than the 

reactions of interest. With four Cerenkov counters in the beam and four 

more in the spectrometer, we were  able to achieve good rejection 

of this background, a s  shown in Fig. 2. A few elastic feed throughs can be 

+ 
seen in this figure a s  a small shoulder on the low side of the C peak; the 

4 
size of this shoulder implies a rejection factor of 2 X 10 . As shown by pulse 

heights in the beam counters, the majority of these feed-through events had 

more than one beam particle in a given rf bucket and were presumably 

t t 
events with both a a and a K in the beam within the resolving time of the 

2 
apparatus. Since these elastic events have an M in the region below thres - 

X 

hold for the events of interest, they a r e  readily accounted for in the fits 

L 
to the M spectra and present no rea l  background in our experiment. 

X 
* 

In principle there i s  a background in the C and Y regions from 



inelastic events of the type 

Normalizing to the elastic shoulder, we expect such reactions to contribute 

.Y 0.5 % of the events in Fig. 2 at the C peak, and we have neglected this 

background in our fits. 

As well as monitoring the resolution and beam- spectrometer momentum 

t 
calibration, the counted-down K p elastic events were used to determine the 

effective spectrometer acceptance. This allowed us to use the f u l l  spectro- 

meter aperture, rather than requiring a fiducial region well away from the 

edges. Schematically, for each t bin the cross sections were calculated 

1 
using the known elastic cross section: 

where NC+ and Nel a re  the number of Z and elastic events, and B and Bel C 

a re  the number of beam particles eligible to initiate the correspo~ding 

reaction. These latter numbers depended not only on scalers which counted 

those beam particles passing the hardware criteria, but also on the fraction 

of beam tracks which survived the software cuts. This survival rate was 

typically 60010 for this preliminary analysis, and was monitored using 

randomly sampled beam tracks. Since both reactions have a K t 

in the final state, the losses due to K decays in flight, absorption, chamber 

inefficiency, Cerenkov inefficiency, etc., all drop out to a very good 

approximation in this ratio technique. For  this preliminary analysis the 

systematic error  on the cross section for reaction (1) is  G 15%. 



The missing mass  spectra were fit to Gaussian peaks for the elastic 

t * 
background and C , plus Breit-Wigners spread by the resolution for the Y (1385) 

.L 

and Y -(1670). A polynominal background with appropriate threshold behavior 

beginning a t  the A n  threshold was tried, but these fits started out negative 

and the threshold was moved somewhat arbitrarily upward to the 2.5 GeV 
2 

region in order to achieve reasonable fits. Fig. 2 shows the 7 0 - G e ~ / c  data 

2 2 
summed over al l  t, a total of -25000 events with M S 5 GeV , of which X 

I 
-6000 a r e  C's, -4000 a r e  Y (1385) and 500 a r e  elastic feed throughs. The 

fitted multiparticle background is  indicated by the dashed curve; its 

t * 
parametrization has little effect on the C and Y (1385) cross  sections, but 

* 
obviously affects the determination of the Y (1670) contribution. 

Figure 3 shows the mass  spectra and their fits in several coarse 

2 * 
intervals of t. For  -t  S 0.1 GeV the Y (1385) signal i s  much smaller 

+ 
than the C , whereas for larger t the two signals become comparable. This 

i s  shown more clearly in Fig. 4 where the cross  sections a r e  plotted a s  a 

function of t. Whereas the C cross  section shows a steady exponential 

2 
increase into t '  = t - t = 0, the 1385 shows a leveling off for - t<  0.15 GeV , 

min 
2 

similar to that observed previously a t  lower momenta ( p 4  10 GeV/c). This 

effect i s  presumably due to a dominance of spin-flip amplitudes for ~ ~ ( 1 3 8 5 )  

production. 

t 
The falloff in t for the C is considerably steeper than was observed 

Bt 
a t  lower momenta. Parametrized in  the usual way with Ae , for - t  r 0.5 GeV 

2 



t -2 - 2 
our C data show a slope of 11.2 0.4 GeV compared with B = 9.4 * 0.1 GeV 

3 t t 
observed a t  10 G ~ V / C .  Our slope is  also steeper than that for a p and K p 

elastic scattering, which a t  70 GeVlc have slopes of 8.6 * 0.1 and 8. 1 1  0.3 G~V'', 

* 
respectively. W e  have used the same parametrization for the Y (1385) data 

2 -2 
a t  -t = 0.2 to 0.5 GeV and found B = 7.2* 0.6 GeV , compared with 

- 2 
5.7 * 0.6 GeV a t  14 GeV/c (Ref. 2), showing a shrinkage similar to that for  

the X's .  

With our preliminary form for the rnultiparticle background, the Y* (1670) 

- 2 
appears exponential, without a forward turnover, and has slope B =  10*1 GeV . 

rl. 

Although we have referred to this entity as  a Y-, this bump could well be 

due to more than one spin-parity state. Such a bump does not show up strongly 

in formation experiments and this region is not well under stood, although 

P 
the P a r t i d e  Data ~ r o u ~ ~  do show an I = 1, 3 = 312- state a t  1670 MeV 

with width 35 to 70 MeV. Our present estimate of the mass  and width of 

the bump we observe i s  M =  1670f 20 MeV and I'= 100*30 MeV, but these 

values a r e  clearly very dependent on the form of the background assumed. The 

2 
lower-energy production experiments have seen a similar bump in their 

missing-mass distributions. 

In terms of Regge theory, we expect these processes to be dominated 
.b * 

by K~ exchange and associated cuts, in particular, vector K (890) and 

* 5 
tensor K (1420) exchanges. Navelet and Stevens have fit the low energy 

data with such a model and obtain trajectories a = 0. 38 + 0.68 t and v 
a = 0.32 + 0.68 t. An extrapolation of their result to 70 GeVIc is  shown in 
T 

Fig. 4. Qualitatively this extrapolation follows the data rather well for 



2 
- t 4  0. 5 GeV . Clearly the final set  of data with all  three energies for the 

n + reaction a s  well a s  the data on the line-reversed reaction will t ie down 

the parameters of such models very precisely. 

A coarse counter hodoscope around the target was used to obtain some 

+ 
information on the polarization of the recoiling C through the decay mode 

t 0 C + p.rr , which has a very large analyzing power, a = -0.98. The results 

a r e  shown in Fig. 5; although the e r r o r s  a r e  large, the polarization appears to 

5 
be more positive than the Navelet-Stevens prediction a t  these energies. 

The Single Arm Spectrometer Facility was built in collaboration with 

other groups, and we thank our colleagues for their contributions to the 

facility and for their cooperative assistance. We also appreciate the technical help 

provided by Tommy Lyons and Travis Minto. 
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Fig. 1. Schematic of the third stage of the M6 beam and the Single Arm 
Spectrometer. The symbols by each Cerenkov counter show 
the particles observed by these counters a t  70 GeVlc. 



+ t 
Fig. 2. Missing-mass -squared distribution for .rr in the beam and K in the 

spectrometer, summed over all 70 -GeV/c data. 





Fig.  

PRELIMINARY 

t ( G ~ v ' )  
4. Preliminar differential c ross  sections at  70 F ~ v / c  with exponential 2 fit  to the Y data between -t  = 0.2 and 0.5 GeV and the prediction of 

Navelet-Stevens (Ref. 5) for  C+ production. 
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t Fig. 5. Preliminary results on the polarization of the recoil C . The curve 
is  the prediction of Navelet-Stevens (Ref. 5). 




