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The preaent paper repori11 reault• ot meuureaent11 ot energ 

dependence of Px , P~ , Pa component• of proton polarisation 
0 0 vector in the reaction ~p - pst for M - aeaon production 
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According to the analysis of [1] on the realization of ~he 

complete experiments in the reaction of paeudoscalar meson 

photoproduction on a nucleon 

~N-. N51 (1) 

there is a possibility in a double-polarization experiment of 

the type of "polarized beam - nucleon polarization" to perform 

measurements of Ox and Oi components of the recoil nucleon 

polarization vector when the angle between the photon polariza­

tion vector and the reaction plane is 45°. In this case a new 

relationship between the independent helicity amplitudes of 

reaction (1) and experimentally observed quantities is of the 

fo:rm: 
0 q. 1 [ • * x = K d<T/dn. Im H4 Ha + H1 Ha ] 

0 _l 1 [ * * z - K d<r/dst Im H4 H1 + Hi H,, ] 

where K and q. are photon and pion momenta in the c.m.s.; 

H1 , Hi , H3 , H4 are helici ty ampli tudea in th• terms of 

Ref. (2] 

3-

(2) 

(J) 



• 

The performance of systematic measurements of O.x and Oa 

polarizations, together w1 th the meaaured qJl8.Zlti tiea dcr / cln. 

(differential oroaa section), 1: ("beam asymmetry"), P~ 

(transverse polarization), T ("target asymmetry") in a wide 

photon energy range ( Ei ) and the pion production angles in 
ft 

the c.m.s. (Bar ) impliH an essential progreaa ,in the solution 

of the problem of the complete experiment. BefQre the realiza­

tion of the program of the complete experiment the experimental 

data on new polarization parameters, in particular Ox and Oa , 

will serve for specification of phenomenological analyses pre­

dictions, since the analyses hitherto performed were based on 

reaults of single-polarization experiments on measurement of 

dO"/d.n , E , P~ , T 

On a linearly polarized photon beam for the reaction of 

5l
0

- meaon photoproduction on a proton 

~ p -. p:lto (4) 

we have been carrying out systematic measurements of crosa 

section asymmetry, proton polarization in the reaction plane 

( Pxl.) and in the perpendicular plane ( P!l ) in the photon 

energy range E~ •0.7 - 1.5 GeV at pion production angle• 
ell' · 0 0 

sro •40 - BO in the o.1!1.s• Keaaurements of Px~ and Py po-

larizations were performed simultaneously on a polarized photon 

team with the photon polarization vector oriented under 45° 

to the reaction plane. In the experiment the pos.aibilit,' of 

obtaining the values of Px and Pi!. polarizations •eparately 

is based on the phenomenon of proton spin preceaaion in the 

nonatant magnetic field as the proton is pasaing acrosa it. 
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The precession angle relative to the proton momentum f) is 

determined by the relation [J] : 

epr = '6(9/2 -1) 8gend (5) 

where X is the proton ~ -factor ; 912 is the proton magnetic 

moment; 6 bend is the proton bending angle in the magnetic 

tield. 

Performing two independent measurements of Pxa which cor­

respond to two different bending angles of the protons in the 

magnetic field perpendicular to the reaction plane and solving 

a system of two equations for Pxi! we can separate Px and P!:I 

components of the proton polarization vector. 

On the basis of this method of separation of Pxi!! into P.x 

and Pi!. it is planned to perform measurements of proton polar!· 

* zation in reaction (4) in a wide range of E1 and 9~0 • 

In the present work we report our for the first time ob­

tained results of measurements of Px , P!:J , Pa, components of 

the proton polarization vector in reaction (4) in the range 

E ~ •875-1175 .MeV for the angle o* o 
1.19[0 = 60 in the c .m-.s. 

The experiment was performed on a linearly polarized 

photon beam of the Yerevan synchrotron. Polarized photons were 

obtained using coherent bremsstrahlung of electrons with a 

maximum ~nergy of 4.5 GeV on a diamond crystal [4] , the crys­

"tal a.xis [011] being directed under 45° to the reaction plane. 

The layout of the experimental setup is given in Fig.1. 

The identification of the reaction ~p - pu 0 
was realized by 

0 
detecting one of the ~ - quanta from the !IL - meson decay in 
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coinc'idence with the recoil proton. The ~-quanta detection 

was done using a hodoecopic array of total absorption counters 

based on 16 NaI(Tl) single crystals, and the recoil protons 

detection - by means of five scintillation counters R1 - R5 

of a range spectrometer. The proton energy was determined by 

the range-energy relation. Energy spectra of the protons at 

their stopping in the range spectrometer counters and scattering 

in the carbon plate were obtained by the Monte Carlo simula­

tion [5] • The accuracy of determination of proton energy at 

stopping was "'±3 MeV, and at scattering ..v ±10 MeV. The pro-
+ 

tons were identified from the accompanying '1 - mesons by meaw: 

of the amplitude analysis of signals from the counters c1 and 
+ c

2
• The admixture of !JC - mesons in the impulse tract of the 

protons with Pp •(595 ± 45) MeV/c in the deflecting magnetic 

field was no more than 1%. The emission angles of the protons 

from the.target were found by the method of inverse matrix of 

angle transfo:rmation after finding in the MWPC 1 - 4 system 

the proton trajectory continuation through the deflecting mag­

netic field. The MWPC 5 - 8 served for finding the protons 

scattering angles. The MWPC systems allowed to determine the 

proton angles before and after scattering wit~ an accuracy of 

±2.5 mrad. In the chosen kinematic conditions of the reaction 

under study the energy resolution of the primary photons was 

±25 MeV. Photon polarization we.a calculated by the method 

described in Ref.[6] • The experimental setup operated in line 

with the "Elektronilta-60" and ES-1022 computers. The setup 

description and characteristics are given in Ref.[7] • We note 
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only that the empty target effect was 2", and the number of 

accidental coincidences of the setup two-a.rm masters was 8". 

Physical measurements were done for four versions: 

6 bend • ±13° and o(~ • ±45°. The measurements of proton po­

larization for the angles ±45° allowed us to find artificial. 

asymmetry of the setup. The average over photon energy range 

value of the setup artificial. asymmetry was -0.012 for 

6bend • 13° and -0.020 for 6bend • -13°. Measurements for 

the bending angles ±13° enabled us to determine separately 

Px and Pc components of the proton polarization vector. The 

polarization value was determined by the ma:xilllUlll likelihood 

method. The cases of "left-right" and "down-up" proton scatter­

ing in the region of polar scattering angles A0pp'•5o - 20° 

were analyzed. 

Fig.2 shows relative position of the coordinate systems, 

direction of the photon beem, axis of the proton e.rm of the 

experimental setup ( ZH ), the coordinate system of polariza-­

tion measurement. The polarization was measured in the XH , 

~H , lH coordinate system. 

Table 1 presents emission angles of protons and preceasions 

with their dispersions versus the photon energy range. 
Table 1 

ti.Eis ,, MeV 6ip±<T"(81rp)• degrees epr:!:(6pr). degrees 

875 - 925 54.2 ± 0.79 28.6 ± 0.38 

925 - 975 .. 54.9 ± 0.96 28.3 ± 0.53 

975 .- 1025 55.2 ± 1.19 27.9 ± o.69 
1025 ,,. 1075 55.5 ± 1.26 27.5 ± 0.76 
1075 - 1125 55.8 ± 1.23 27.1 ± 0.77 
1125 - 1175 56.J ± 1.12 26.9 ± 0.74 

7 



These values of angles aKP and Gpr are necessary to de­

termine Px and Pc polarizations versus t.E~ by solving the 

set of equations: 
+13 - - . - -

Pxz = Px cos (ea'P- 6pr )- pl SLn ( e~p - Bpr) 
(6) 

-13 - - - -
Pxz = Pxcos(Ba-p+Spr)-Pisin (B1p+epr) 

Resul ta of experimental measurements of Px , P~ , Pa 

components of the proton polarization vector in the reaction 

~p- p:ie 0 are chosen in Figs 3,5,4, respectively, as well 

as in Table 2. 
Table 2 

E~t<T(Ex) -,. ( * a.1.±<T e~.) 
P.x ±er( Px) p~ :t<T(PH) Pc :t<r( Pl) 

MeV degrees 

900±25 62.5:t1.6 -0.260:t0.208 +0.039:t0.096 0.352:t0.163 

950:t25 60.9:t1.9 -0.084:t0.166 -0.048:!:0.088 0.436:t0.132 
1000j;25 60.0:t2.3 -0.106:t0.126 -0.053:t0.077 0.080:t0.108 
1050:t25 59.2:t2.4 +0.014:t0.112 -0.095:t0.079 0 .017:t0 .102 
1100:t25 58.4±2.3 -0.074:t0.127 -0.047:t0.089 o.o58:to.11J 
1150:t25 57 .1 :t2 .1 -0.270±0.176 -0.050±0.108 -0.012±0.157 

The measurement errors presented are statistical. The 

maximum error in the determination of photon polarization 

buti~e the region AE~- ±6%, and the error in the determination 

of quantity f!: si.n ~PP' or Pc cos y>pp' , where Pc is the 

analyzing power of carbon , IJ>pp' is azimuth angle of proton 

scattering in carbon, does not exceed t6%. 

Figs 3-5 present together with experimental data the re­

sults of phenomenological analyses [8] and [9] • While the 

8 

* analyses [8] and [9] at a~o· 60° predict a coincident result 

for the dependence Pxi!. ( E~) in the range E~ •800-1050 MeV, 

the same analyses in the same photon energy range predict for 

the dependences Px ( E15) and Pi!.( E1') essentially different 

polarization results both in magnitude and sign. Figs 3 and 4 

show that as distinct from the analysis (8] which in the range 

E~ s 875-1025 MeV does not describe the measured dependences 

Px ( E~) and Pe ( E~) , the analysis [ 9] describes quanti­

tatively the dependence Pz(E~) and qualitatively - Px(E~) 

From the results of the present experiment there evidently 

follows the importance of performing measurements of new pola­

rization parameters which will allow one to choose between 

predictions of different phenomenological analyses. 

9 
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Figure Captions 

Fig.1. Layout of experimental setup: H
2 

- liquid h;r.drogen 

target; c1, 2 - (dE/dx) - counters; DPC
1
-a - mulUwire 

proportional chambers; C - carbon scattere:r; Cu -

coppe:r abao:rber; R1_5 - range spectrometer countera; 

C and A1_4 - antiooincidenoe counters; TAC-16 -

total absorption countera based on NaI siugle c:rys­
tals. 

Flg.2. The coordinate system in which measurements of compo­

nents of prot on polarization veoto:r were car:ried out. 

Fig.J. Energy dependence of Px - component · of proton polari­

zation vector. Points - re•ult. of this wo:rk, 

dotted curve· - re•ults of &Dal.yeis (a], solid 

curve - analysis (9] • 

Fig.4. Energy dependence of Pi! -component of proton pola-
rization vector. S;rmbols for points and curve• are 

the •ame as in Fig.J. 

Fig.5. Ene:rgy dependence of P~ -component of proton pola­

rization vector. Point•: • - re•ult• of the pre•ent 

work, x - re•ult• of our earlier wo:rk (10] • 

Symbol& for OUrYH are the ••• u in Fig.J. 
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