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ABSTRACT 

Using an ll-GeV bremsstrahlung beam and the SLAC ZO-GeV 

spectrometer, we have measured K’ missing mass spectra from 

hydrogen and deuterium at five angles with momentum transfer 

squared ranging from 0.025 to O-46 GeV2. Steps in the spectra as 

a function of missing mass were found corresponding to production 

of A, c, cl,,, + A,,,,, and A,,,,. The ratio of c- to co 

production is not consistent with pure isotopic spin l/2 in the t- 

channel for the reaction -yN -+ K+c o The cross sections for 

yN--+K +c 1385 compared with ?N -+ RA violate an SU(3) prediction. 
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The differential cross section for rp -+ K+A, rp --) K+c”, 

+YP ---* K+(Cy335 + Ay,405) 9 w -+ K+A1520, P -+ K+C-, and -+I --) K+c ;385 

have been measured at a photon energy of 11 GeV for forward K+ angles. The 

method and apparatus used are similar to that used previously to measure single 

r and K photoproduction. ’ An ll-GeV bremsstrahlung beam passing through a 

27-cm liquid hydrogen or liquid deuterium target produced K+ mesons which were 

detected in the SLAC 20-GeV spectrometer. Particle detectors included two 

Eerenkov counters, a shower counter, and range counters to separate K+ mesons 

from pions, protons, positrons, and muons. The spectrometer acceptance was 

divided into 20 missing mass bins by use of scintillation counter hodoscopes. 

To obtain data over a range of missing mass and to average out systematic errors 

in the relative solid angles of the mass bins, the data were accumulated by a 

series of many runs with a central spectrometer momentum spacing of one bin 

width. In this way, data points in the missing mass spectrum could be accumu- 

lated having an equal contribution from each hodoscope bin. For each event, the 

missing mass was calculated using the end point of the bremsstrahlung E. as the 

photon energy 0 An event will therefore be tabulated at a mass greater than the 

actual mass produced in the reaction by an amount proportional to E. - k, where 

k is the actual photon energy. The yield thus obtained then has steps, reflecting 

the bremsstrahlung spectrum shape, at missing mass values corresponding to 

particles produced in association with the detected K’. 

A spectrum obtained from hydrogen with empty target subtracted is shown 

in Fig. lb. Fits to the missing mass spectra were made, using the sum of phase 

space and four steps. The relative positions of the steps were fixed from the 

known masses of the A, c, A1520, and the average mass of ~l385 and A14o5. 

The ‘1385 and * 1405 are not resolved due to their natural widths (l? = 40 MeV) 
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and the experimental mass resolution (Gaussian with o = 22 & 3 MeV) o The 

steepness of the steps was adjusted to correspond to the combined effects of our 

experimental resolution and the natural widths of the resonances. The absolute 

calibration of the missing mass scale as well as the resolution was determined 

from the step in the reaction rp -+ n+n measured at the same time, Because the 

missing mass spectra were taken at a constant laboratory angle, t varies with 

missing mass or photon energy for each step. The t dependence of the cross 

sections was therefore used to calculate the proper shapes for the steps. Fig, la 

is a derivative spectrum of lb with smoothing applied to the data. 2 It illustrates 

what would be measured with a monochromatic photon beam. Because there are 

numerous known resonances at the higher masses, only the data below 

Mz = 2,5 GeV2 were used to obtain cross sections0 Fits were also made re- 

placing phase space by a polynomial with linear and quadratic terms in MzO 

These fits gave cross sections differing from those obtained with phase space as 

background by less than the statistical errors. 

Because of the Fermi motion, steps obtained in the missing mass spectrum 

from deuterium are somewhat smeared out. The detailed shape of the steps used 

to fit the deuterium spectrum was calculated using the Hulthe’n wave function, 

H(Ps) =CP; 1 1 
2 

Pi + (a! t- /Q2 

where Ps is the spectator nucleons momentum, CY = 0 0 0457 GeV and ~1 = 0.214 

GeV are parameters as determined by White et al. , 3 and C is a constant to 

properly normalize H( Ps) 0 Variations in the magnitude of (Y and ~1 of 10% caused 

changes in measured cross sections for A and c of less than 270 and in all cases 

changes are negligible compared to the statistical errors. The Fermi smearing 
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has a small effect for small t, but is quite serious for the points at larger t and 

results in large statistical errors including correlation errors between the dif- 

ferent steps and the background (phase space or polynomial) 0 

Cross sections obtained from the hydrogen data are shown in Table I and 

Fig. 2, Only statistical errors are shown. In addition, there is an overall 

uncertainty in normalization of 5%. Uncertainties due to type of background in 

the fit to the missing mass spectrum are less than the statistical errors shown. 

All the reactions have a maximum near t = -mk and decrease as t + 0, a struc- 

ture suggestive of the presence of K exchange. If our data are integrated, 

assuming an e 3t dependence at large t, as seen in K+A and K+c” production, 

we find that at 11 GeV 

cJ-tot(A) = 
6.7 f 0.4 

k2 pb 

utot(xo) = 501 * Oo5 ,zb 
k2 

utot(C;3&) + cq#1405) = (30 7 ’ lo 3’ pb 
k2 

u~~~(A~,,,~) = (504 * lo4) ,ub 
k2 

, 

where k is the lab photon energy in GeV. Bubble chamber results’ in the range 

2 to 5.8 GeV give 

If this reaction scales as k 
-2 as does K+A and Kc0 photoproduction, this implies 

that about l/3 of our step near Mx = 1400 is c~,,,. 
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The cross sections from deuterium are given as ratios to hydrogen cross 

sections in Fig. 3. The errors shown are statistical only and an additional 

uncertainty of 5% is present in the D2/H2 ratio due to uncertainties in hydrogen 

density (1%) , deuterium density (1.4%), hydrogen purity (2%) and deuterium 

purity (1%) D The densities and corresponding temperatures measured in the 

targets are 0.0705 gm/cm3 at 20.8’K for hydrogen and 0.1687 gm/cm3 at 

21. 1°K for deuterium. The K+A production is nearly the same from D2 as H2, 

suggesting that absorption in the deuterium nucleus is not large, and it is reason- 

able to subtract hydrogen cross sections from deuterium cross sections to get 

cross sections from neutrons 0 From simple absorption considerations’ the 

expected D2/H2 ratio for K’A production is 

RA = U($ --, K+An 1 l- = 
K+A) 

ototal(P) + “total(K+n) <,-2 > 

u(yp ---( 4n 

where <rm2>/ 4n is calculated from the deuterium wave function and represents 

the probability of the spectator nucleon being in the path of the incident y or the 

produced K’. For ototal(9) = 117 pb, o+.otal(K+n) = 18 mb, (rW2) = 0.3 

(fermi) -2 = 0.03 (mb)-‘, then RA = 0.957. The average ratio found experi- 

mentally is RA = 1.02 with a statistical standard deviation error of * 0.04 and 

a systematic uncertainty of f 0.05 and therefore consistent with RA = 0.957. 

In terms of isospin and helicity amplitudes the K+c cross sections can be 

written as 

U(P--( K+c-) = q 1 A&j - $,2,1+ A?3,2)1 2 I 

U(~P ---) K+c’) = l/2 c AA 
2 

h U/2)0 - A;l,2) 1 - 2A;3,2) 1 I 
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where 4 ,I 
corresponds to exchange of isospin I, coupled to a photon with total 

Y 
I-spin I[~ and where A designates the initial and the final helicities. For pure 

isospin-l/2 exchange (Ah 
(3/2) 1 

= 0) , a definite ratio at all momentum trans- 

fers must hold. 

g (p --) K+c-) 

g (w + K+c’) 
=2.0 D 

The D2/H2 ratio for K’c production via I-spin l/2 exchange then is R 
c 

= 3 

for no absorption or R 
c 

= 2.87 for simple absorption as given abovee6 The 

experimental average over t is R 
c 

= 2.37~~ O-11 with a systematic error of 

f 0.05. The experimental ratio R 
c 

was also calculated from the raw data in 

another manner which makes it independent of systematic errors in the D2 and 

H2 densities and independent of the absorption correction. For each missing 

mass spectrum the ratio of c to A production was calculated and the corre- 

sponding statistical error using the proper correlations from the fit. This 

ratio is independent of absorption corrections if the corrections are the same 

for A and c final states. The D2/H2 ratio is then calculated as 

RC 
ZT u(‘pd -K+c N)/o( -+ K’An 

u(~ + K+c’)/otyl, * K+A) ’ 

The average experimental ratio found this way is R 
c 

= 2.07 & 0.19 which is 

to be compared with an expected R 
c 

= 3 for only I = l/2 exchange. The data 

therefore appear to be inconsistent with only I = l/2 exchange. An I = 3/2 

amplitude of the order of 6% of the I = l/2 amplitudes is sufficient to reproduce 

the experimental ratio e Such an amplitude could be due to exotic meson ex- 

change, the exchange of two particles or S-channel effects. 
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SU(3) may be used to relate photoproduction of al385 to nh1236. Assuming 

the photon is a U-spin singlet, SU(3) predicts that 

g (v + K+c;385) = ; g (-@ -+ n+A”) 

g (yn + K+C;385) = ; $(y” + r++a-) O 

In Fig. 4 we compare KC,,,, data at 11 GeV with rh data7 at 16 GeV scaling 

by (S-M2)2 t 
da o remove the energy dependence in dt o This scaling is equivalent 

to a Regge trajectory of a(t) = 0 as has been measured’ for rp 
--I-+ 

-IT A and other 

forward-meson photoproduction. Using cr(t) = *O 0 2 would change the comparison 

in Fig. 4 by only i 16%. We find KCl385 cross sections much too small relative 

to the nA cross sections to satisfy SU(3) D 
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LIST OF FIGURES 

1. One of the missing mass spectra obtained from hydrogen., The upper graph 

(a) is a derivative of the actual measured yields (b). The smooth curves 

represent fits to the measured yields consisting of the sum of phase space 

and four steps corresponding to production of A, c, cl,,, t- A1405, 

and ‘1520’ 

2. The rr, cross sections from hydrogen vs momentum transfer squared. The 

c 1385 and ‘1405 are not resolved and consequently the sum of their 

cross sections is given. 

3. The ratio of production from deuterium to production from hydrogen. 

4. SU(3) comparison of nA,,,, and KC,,,, photoproduction assuming the 

photon is a U-spin singlet. Since our resolution cannot separate Cl,,, 

and hl405 we have plotted the sum of these cross sections in (a) which by 

SU(3) must be 2 one-half the 7rA cross section. 
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