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ABSTRACT 

Interactions of l a s e i ~ - i i i ~ u c e ~ l - ~ ~ 5 ~  linearly polarizecl photons in the 

82-inch hydrogen bubble cliamher at SLAC have lseen emmined to study 
0 0 0 p photoproclwtion via yp --+p p. Based on a sample of al~out 1500 f~ events 

at 2.8 aiid 4. 7 G e V  beam cncrgies, results a r c  given on  the total cliaiincl 

cross section and the inomeiituin t ransfw djalributim. The p decay spin 0 

density matr ix  cleiiients are examined in the prcscmcc of polari7,ation COY- 

relations. A strong azimutha! correlation with respect  to th:: photon polari- 

zatjon is observed in the p decay. 0 
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We have inveskigated the po  photoproduction process with linearly polarized 

photon beams at 2.8 and 4.7 GeV eiiergies using the 82-inch hyclrogen bubble 

chamber at SLAC. The laser  induced photon beam is allnost monochromatic 

and highly pol.arized. 

spectra a r e  foulid to be 0.150 and 0.300 GeV, respectively, wit,h photon linear 

polarization 01 -95 percent, 

The ful l  widths a t  half maximum of the beam energy 
1 

The total. exposure amounts to -810, 000 pictures. Of these, one third have 

been completely analyzed, corresponding to 37 cvents/pb and 44 eveiits//A b at 

2.8 am1 4.7 GeV, respect.ive1y. The overall scanning e fh i ency  after double- 

scan and a third resolve-sc,m is nioi:e tlim 99 percent. The total. number of 

hadronic events successful.ly processed I s  13,220; of these 63.5 percent have 

three charged outgoing particles. We find 1157 acceptable 3C fits at 2.8 GeV 

a i d  866 such events at 4.7 GeV which sat:isfy the beam energy cr i ter ia  and 

a r c  of the type: 

yp p7r+7r- (1) 

Figure 1 (a) and l(b) show the Dalitz plot distributions for events of reaction 
0 1-1- (1). A strong I, signal nncl some A production is oliscrved. 

-I-- Figure 2(a) and 2 0 3 )  show the IT ?r mass spectra f rom reaction (1) at 2.8 

0 and 4.7 GeV, respectively. The measurement 01 the p photoproduction c ros s  

section f r o m  reaction (1) requires a knowledge of competing processes and the 

shapes of resonan.ces. A max.iinmii lilreliliood fit has  been macle to the data 

assunting Breit-Wjgner p-wave resonance s h a p s  f o r  p and A photoproduc- 

tion in addition to phase space. The p 

(rnp/rnTn.,4, its suggested by Ross and Stodolksy. 

2 0 1-4- 

shape is modified by the factor of 0 

3 The curves in Fig. 2(a)  

and 2(b) show the results of these fits. The parameter values are suinniarizecl 
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in Table 1. 

TABLE 1 

r p  Percentage Percentage u-(I.lb) 
m 

(GeV) (MeV) P (MeV) of p o  o€ A* cpuw q,(Pb) p7i+n- 
li 

- 
2.8 76515 152*ll 64*4 13.513.0 20.1-11.2 4.2*1 31.4rtl. 5 

4-7 75314 1 3 ~ 8  7 Grt4 7*2 15.2-10.7 1.4*0. 6 20-11 
I_ 

0 4 
A recently proposzcl p -CO inlerIerence modcl not using the factor ( m  /mTri+ 

of Ross  and Stodolslry, docs not reproduce the nWt7i- mass distribution if a value 

near 760 MeV is used €or in 

P 

PO'  
0 The dif€ereiitial c ros s  scclion for  yp--p p is obtained by dividing the data 

of rcaction (1) into intervals in t, the square of tlic four-monieiituiii traiisJer 

between incoming and outgoiiig nuelcons, whcm withiii each t-interval we solve 

for Ihc numl~cr  of p 

sbovc. Tlic forward p photoproduction c ros s  sections arc obtained from a suls- 

seyucnt exponential fit,  of the forni C E - ~ " ~ ,  to the t distributions scen i n  

Fig. 3(3) aiid 3(b), €or It1 < 0.5 (GcV/c) . For  dv/dt(yp--pop) at t = 0, the 
2 2 

values arc 151. 1 15 pb/(GeV/c) at 2.8 GeV and 115 3 1.0 pb/(GeV/c) at 4.7 

GeV. The cxponential slopes are found to  be 7.2 3 0.4 (GeV/c)-2 at 2.8 GeV 

and 7 .0  

0 s ,  using the maximum likelihood technique described 

0 

2 

0.5 (GcV/cy2 at 4 .7  GeV. 

0 The coordiiiate system, used in the analysis of p decay intensity distribu- 

tions by linearly polarized photons, is given in  Fig. 4. The production plane 

of yp -p p contains the x-z axes. Depending upon the quantization axis, the 

angles 0 and c) are the usual Jackson system o r  helicity system polar and 

aximutlial angles of the decay positive pion in  the p rest frame. The angles 

@ and $clefinc the relative orientation of the production and decay planes with 

rcspec t to the beam photon polarization. With these deBiiitions, the azjinut'nial. 

0 

0 
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0 angles arc related by = Q -t @ -2n. The p decay intensity distribution is 

analyzed in te rms  of nine parameters,  using the following most  general nor- 
J 

5 

malized fLmcLiona1 form, fo r  linearly polarized photons: 

cos 0 cos $ 1 
2 2 - P cos 2@ pi;) cos  0 1- Pi:' Sill 0 11 Sill 0 cos 2ql 

- 2 &  sin 0 cos e cos Q I 

Ln this expresssion P rcfers to the percenhge of beam linear polarizaLion, 

for wl~ich we LISC thc value o€ 95. G perccnt nl 2.8 GeV and 93. 1 percent at 4. 7 

GeV, as computed froin thc Imdmard Compton sc:tttcring process and our beam 

geometry. The generalized p 0 spin density matrix elcnients pile (A)  , in the = 0 

case, correspond to the conventiond p -wave boson decay €ormalism. Thc ncl- 

ditional correlations introduced by the A =  1 and 2 cases are due to  the photon's 

l inear polarization and together with the eleinents o€ = 0, can be used to derive 

relations to exarninc various production inechmisms. Among the most inter- 

esting realtions are t,he measure of p photoproduction polarj zatioii asyninietry 0 

= ((r - (T )/(o-,, t- q ) and the parit37 exchange asymrrletry 1?, = ((T+-u--)/(c-+-+~)~ I t  I 1 
7T ") and uj- = cr* 1 .-(- ; 2 

7r 

2 Here, o-,, = 0 - 9  I O  =-,  Q =-, sP= 
0 

G-+(c - ) is the cross section for  yp -p p due to natural (uiuiatural) parity 

I i 
.. i 



G exchange mechanism. The relationships are : 

and 

(4) 
(1) (1) a;, -4. P -- - 

0- C+$" - 2 p l - l - P o ( )  - 
A strong correlation between the photon polayizatjon vector and p o  dccay 

plane containing thc quantization axis, is observed on the $ - v s  $J scatter plots 

0 of Fig. 5. It is seen that the p 

the photon's clcctrjc polarization djrcction. The beliavior of the p polar and 

decay plane is predominantly oriented along 

0 

azimuthal decay angles 8 and Cp in the helicity franic a r e  also shown in this 

€igure. These are similar in bchavior to thosc obtrtiiiecl in previous unpolarized 

photoproduction experiincnts. 7 The variations of pili ( 0 )  , from the unpolarizecl 

par t  of the gencralized decay distribution function a r e  shown as a function of 1 

in Fig. 6. This bchavior is eiitircly consistent with previous experiments. 
0 The polarization asynimelry in p photoproduction has becn measured in 

a couiter/spark chamber. experinicntal setup at D E S .  Our measurement of 

E ,  using Eq. ( 3 )  and the complete deterininntion of all parameters appearing 

in Eci. (2), is consistent with the DESY results. Figure 7(a) shows our deter- 

rninatioii of the p polarization asymmetry at 2.8 GeV, in comparison with the 0 

DESY results at 2.25 GeV. Figure 7(b) gives (t) at 4.7 GcV. 
P 

The c ross  sectional asyimietry between natural a i d  unnatural parity cx- 

0 change processes in yp -p p can be measured using Eq. (4). OLE results,  

given in Fig. 8, show that contributions from unnatural parity exchanges in 

yp -+p p a r e  small  at 2.8 and 4. '1 GeV. 
0 

__ - - -- -- __ __ - - - _I - --- 

--___ _ _ _ -  - -- 
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9 Finally, we have compared our results with a quark m.odel prediction 
2 
2 tlmi the statistical teiisorl' ~ i i i ~  vanish in  a special refereace systein wjien the 

photon polarization vector i s  per'peudiculxr to the scattering plane. In this 

system. the quantization axis is normal to the yp+p p production plane. In 0 

7T 3n terms of our  iiotation in  Fig. 4, this coiiditjon corresponds to @= - or  - 2 2 ; .  

Figwe  9 shows that this prediction is wel l  satisfied. This statistical tensor I 

is the e x p x h t i o n  Galtie of - 5/4 < sii? 0 sin 295 > , evaluated in the special 

system. 
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FIGURE CAPTIONS 

1. Dalitz plot of yp - ~ T * T -  at (a) 2.8 GeV and 03) 4.7 GeV. 
- I - -  2. T'T- mass spectrum f rom yp - + p ~  7r at (a) 2.8 GeV and (13) 4.7 GeV. The 

superimposed curves arc from a maxiirium likelihood fit including po, APH 

and phase contributions. 

0 3. Differential p cross section from y p  --, pr'r- at (a) 2.8 GeV and (b) 4.7 GeV, 

obtained from maximum likelihood fits, 
0 4. p decay analysis coorclinate system in linearly polarizcci photoproduction. 

5. Correlation between p decay plane and photon polarization. Distributions of 0 

polar and azimuthal helicity fraiiie decay angles in  (a) 2.8 GeV &ita and 03) 4. 7 

GeV data. 

G .  Behavior of thc unpolarized part of p photoyrocluction spin density matr ix  el emcnts, 

(a) at 2. 8 GeV mid (h) at 4. 7 GeV. 

(2) Po photoproduction polarization asymmetry measurements at 2.8 GeV and 

cornparison with the data of reierence (7) at 2.25 GeV. 

0 

7. 

(13) measurement of 

c (t) ai, 4. 7 GeV. 

Pari ty  exchaiige asymmetry clistributjon in  yp - p  p at (a) 2.8 GeV and 01) 4.7 

GeV. 

9. Behavior of the statistical tensor Im T as a function of Q, (foldecl), as compared 

with a quark model prediction of reference (9 ) ,  in  the Helicity, Jackson and Adair 

P 
0 8. 

2 
2 

systems. 
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