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ABSTRACT 

Asymmetries in charged pion photoproduction from hydrogen 

and deuterium have been measured with 16 GeV linearly polarized 

photons, Considerable energy dependence is seen in the natural 

parity contribution to the g-/z’ ratio from deuterium, and in the 

unnatural parity part of the cross section for yn+n-p. The energy 

dependence of this latter cross section is consistent with that ex- 

pected from a conventional pion Regge trajectory. 
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The use of linearly polarized photons to separate natural and unnatural 

parity exchanges in single pion photoproduction has been discussed by several 

authors D ’ To leading order in t/s, photoproduction with photons polarized per- 

pendicular (parallel) to the reaction plane proceeds by natural (unnatural) parity 

exchange in the t channel. The asymmetry 

6= 
dci /dt - d”;,/dt 

, 
dgl /dt + dy,/dt 

where dgL/dt (dy,/dt) denotes the cross section for photons polarized per- 

pendicular (parallel) to the reaction plane, is thus a measure of the relative 

importance of the two parity sequences exchanged. 

Polarized photon asymmetries have previously been measured2 for yn-ur-p 

at 3.0 and 3.4 GeV, and for yp+r’n at s&era1 energies3 between 2.5 and 

12.0 GeV. The measured X’ asymmetries were large and positive at all t 

values, and showed no significant s dependence. These results, coupled with 

the near constancy of s2dg/dt, indicated that the dominant amplitudes in or+ 

photoproduction came from natural parity exchange, and had little s dependence 

other, than the standard s -1 D 

If this apparently simple behavior of the ?r+ photoproduction cross section 

and asymmetry were taken as evidence that the amplitudes for the process were 

approaching some asymptotic limit, then, since the reactions yn -+ r-p and 3/p - r+n 

are related by line reversal, one would expect the ratio R=do/dt(yn-r-p)/ 

du/dt(rp-&%) to approach unity with increasing s. 4 However, measurements of 

R with unpolarized photons deviate considerably from this value, and show 

little s dependence. 5 Use of R and asymmetry data available at 3.4 GeV indi- 

cates that R does not equal one due to interference between the amplitudes for 
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t-channel exchanges of natural parity and even G-parity and those for exchanges 

of natural parity and odd G-parity. 

This interference is destructive in yn - ip; thus the unnatural parity 

amplitudes are more prominent in this reaction than in yp --* zn. A study 

of the former reaction thus yields information about the s dependence of 

the unnatural parity amplitudes. For this reason, and to study the s de- 

pendence of the interference in the natural parity amplitudes, we have meas- 

ured the polarized photon asymmetry for both reactions at 16 GeV. 

The polarized photon beam was produced through the selective absorption, 

by coherent pair production6, of one linear polarization state from an unpolarized 

16.05 GeV bremsstrahlung beam. The absorber was a 61 cm length of com- 

pression annealed pyrolytic graphite, oriented to optimize the net linear polar- 

ization of the beam between 15 and 16 GeV. The energy spectrum of the beam 

was similar to bremsstrahlung in this region, A detailed description of the 

beam is to be published. 7 

The polarization of the beam from 15 to 16 GeV was measured to be 0.255 

k 0.020 by using a second graphite assembly, 30.5 cm long, as an analyzer and 

measuring the beam intensity as a function of the relative alignment of the 

’ polarizer and analyzer. The SLAC pair spectrometer was used for these 

measurements. 8 The beam polarization was found to be constant in time to 

within f 0.008 by measuring the asymmetry in yp -$n at t = -0.15 (GeV/c) 2 

several times during the experiment. The pair spectrometer, monitored by a 

gas filled quantameter, was also used to measure the energy spectrum of the 

beam, allowing normalization of our cross section data for comparison with 

other measurements D The energy spectrum was found to be independent of 

beam polarization direction. 
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The beam was incident on a 1 meter long hydrogen or deuterium target. 

Photoproduced pions and kaons were detected with the SLAC 20 GeV/c spectrom- 

eter, operated online to an XDS 9300 computer. Particle identification was 

done with information from both threshold and differential Cerenkov counters, a 

lead-lucite shower counter, and a range telescope. Scintillation counter hodo- 

scopes measured the particle momentum and both production angles. All beam 

monitoring was done with a small secondary emission quantameter, which was 

calibrated against a precision silver calorimeter several times during the experi- 

ment 0 
9 Its response was independent of the beam polarization state, and re- 

mained constant for the 2-l/2 month data taking period. 

Measured yields were corrected for various counter inefficiencies, loss 

of events from cuts applied to the raw data, beam absorption in the target, 

hadron absorption in the target and detectors, decay in flight, and electronic 

and computer deadtimes. Only the deadtime corrections can influence the 

asymmetry measurements; other corrections affect only the overall normalization. 

The resulting cross sections were corrected for the azimuthal acceptance of 

the spectrometer in calculating the asymmetry. 

An example of fully corrected and fitted data, obtained at a single angle set- 

ting of the 20 GeV/c spectrometer, is shown in Fig. 1. The unpolarized 

cross section is obtained by averaging the results with the photon polar- 

ization in and perpendicular to the reaction plane, and the measured asym- 

etry values have been divided by the beam polarization. The spectrometer 

momentum was scanned over a limited range to obtain these data. 

Because the incident beam contains photons of all energies up to the 

electron beam energy, pions of a particular momentum may originate 
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from any kinematically allowed reaction and photon energy. As the cross 

section for any particular process does not vary greatly over the spectro- 

meter acceptance, the pion momentum spectrum from a particular two 

body process mirrors the incident photon intensity spectrum. Contributions 

to the measured cross sections from the reactions yd - x+ms and the sum’ 

of yd -+ =A”ns and yd -+ ?r+A-ps are indicated in the figure. At a given 

momentum the asymmetry has contributions from all allowed processes. 

The contribution from a single process depends on both the asymmetry 

and the cross section of the process at that momentum. 

The unpolarized cross section and the asymmetry were simultaneously 

fitted from a pion momentum above the z production threshold to a lower 

momentum where other processes dominate the yield. The fitted variables 

were th_e asymmetries and unpolarized cross sections for the reactions 

yN - TN, yN + nA, and two assumed background processes, a resolution 

function, and an overall energy shift to accomodate differences between 

the spectrometer and electron beam momentum calibrations. When fitting 

the deuterium data, account was taken of the Fermi momentum. Since 

all processes other than single pion photoproduction have thresholds at 

lower pion momenta, our results are in no way sensitive to either the lower 

momentum used in the fit, or the detailed nature of the background processes 

employed. 

Our asymmetry results are presented in Fig. 2. The uncertainty in 

the beam polarization leads to an overall t independent error which is not 

included in the data of Fig. 2. Agreement between the n+ asymmetries from 

hydrogen and deuterium indicates that the r- asymmetry from deuterium may 

be taken as that from the reaction yn -+ 7r-p. Calculations by Julius 10 show 

-5 - 



that any difficulties with such an interpretation should be small compared to 

the accuracy of our measurements. The ratio of our unpolarized cross 

sections to those of Boyarski et. al. , 11 is 1.12 -+ 0.07. We believe this 

slight normalization difference does not affect our asymmetry measurements 

in any meaningful way. 

The r’ asymmetry is found to be large and positive out to t = -1,5 (GeV/c)? 

The r- asymmetry is significantly different from the asymmetry measured 

at lower energies. This is the first significant energy dependence observed 

in high energy pion photoproduction. 

Cur results for the n-/7;’ ratio from deuterium are presented in Fig. 3 

for unpolarized, parallel, and perpendicular photons. The unpolarized 

photon results are in agreement with Boyarski et. al.’ From our result 

with parallel photons, we conclude there is some, not overly compelling, 

evidence for interference between the two G-parities in the unnatural parity 

amplitudes. Comparison of our perpendicular photon results to those at 

3 GeV (calculated using the 3.4 GeV unpolarized photon r-/r’ ratio) shows 

a large energy dependence to the G-parity interference in the natural parity 

amplitudes, in contrast to the smaller energy dependence seen in the un- 

polarized photon case. 

By parametrizing the cross section with parallel or perpendicular photons 

as: 

da l , ,, /dt(s, t) = fL , /, (t)s2al ’ 11 (t)-2 

one can calculate an effective Regge alpha. These results with parallel photons 
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are shown in Fig. 4. The effective alpha for dy,/dt(yn - r-p) is consistent 

with what expected of a conventional pion Regge trajectory. Other evidence 

for a conventional pion trajectory has been found recently in the closely re- 

lated process n-p - p’n. 12 

B. Richter has been generous in his interest in and support for this ex- 

periment. A. Boyarski, D. Coward, S. Ecklund, D. Gustavson, and R. 

Schwitters have shared their knowledge of photoproduction, the SLAC spectrom- 

eters, and coherent processes in crystals. R. Eisele and B. Humphrey did 

the mechanical and electrical design of the polarizer, and A. Golde coordin- 

ated the experimental set-up. 
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FIGURE CAPTIONS 

An example of fits to fully analyzed data for a) the unpolarized cross section, 

and b) the asymmetry. The curves are discussed in the text. 

Measured asymmetries in yp --Lr+n and yn - ~-p as a function of t. The 

3 GeV r- asymmetry data of Bar-Yam et al2 are plotted to show the energy -- 

dependence of this asymmetry. Lower energy r’ asymmetry data has been 

omitted for clarity. Smaller momentum transfer data, which shows the 

asymmetry falling to zero as -t decreases below m ,“, is also omitted. 

The ,/,’ ratio in photoproduction from deuterium. The data of this 

experiment at 16 GeV with unpolarized ( +), perpendicularly polarized (r$), and 

parallel polarized photons ( 4) are compared to the 16 GeV unpolarized photon 

data of Boyarski et al5 -- (+) and to the 3 GeV perpendicularly polarized 

photon data of Bar-Yam et al5 ( $ ). -- 

The effective Regge alpha for a,, /dt (yn -L r-p). A Monte Carlo procedure 

was used to calculate the errors. The error bars indicate bounds within 

which 68.3% of the generated events were contained. The uncertainty in 

the beam polarization was included in this calculation. 
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