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А Ь s t r а с t 

Polar1zat1on experiments 1n the reaction р• р-d ... л+ on а long1tud1nally-polar1-

zed proton beam have been considered here, An interest 1n similar experiments was taken 

after S ,Б, Nurushevlll had proposed а method for obta1n1ng а beam of longitudinally-po­

larized protons. 
_\ ~+ 

Polar1zat1on effects 1n the reaction р + р- Сл+А on an unpolarized and transver-

sely-polarized proton beam have been already considered,1 2 1 

§ 1, 

The proton polarization vector of the long1tudinally-polar1zed beam 1s directed 

along the axis Oz and ,Эс 0° , д = о" зо that . 
-Э - i 8 -9 fБ q 1 = с.о s 2 е ~ = 1 ; q 2 = -;iм 2 е _: О . 

The components of the f1n1te wave functions F: and ~ are 1n this case of the 

following form: 

.,., 
i . ге ,,ip 

T1.=2sw е .D1. 

о1.2 = _ ~ 5,vv, е ёi'f' (с_+ Пs с.о,, е d+ \ (1) 

It а relation between the amplitudes of d-tranз1t1ons 1n the reaction p+p-d.+:rr.+ 

1s taken into account which 1s 1n agreement with experimental data at the proton energy 

of about 600 MevlJI then Co3=Cci,,=O ·, d+= Cd2 ·, d_~&cdz ; 

The components of the final wave functions are. equal to: 

о{~,; t [~ (_\- ~ (C'd1. +Гs'rc1~ (_~cd0-1.J]: 

~: .. - ~ s·iм0 ~ е е'4' ½ .[½(3 C,j1 + Js CJ,.') ·, 
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, i 2 l2q, J3 ( J т1 = 2siм ее -ц- - 3е.11 +Гs со1 .. ; 

, 1. -iЧ' r !? ' о/2 =-ц.s.iмбе '--Cp0-~2 Cr2.+Кs'~0 Cd2. J ; 

f~ = 2 ~ ~ 0 ( Ср. + /w' Ср2.); (2) 

, 1.. . 8 iЧ' ( _ 1т г.,:, "[2. = Ч 5...,. е Ср0 - '12: Ср2. - \/ i5 ~ 8 · CJ 2) 

when calculating the mean values of the spin-tensors one may neglect the squares and 
2 

products of any amplitudes except the terms proportional to С and IC 1 • 
PZ Р2 

Then 

where 

1C(i=\~1.\2 =lo:1.l2= о; 

jd2\
2 

=- 1.~ si,.,2 0 (~ !Ср2.\2- ✓ю Re c;,:er.- ~е - ~11,;о' Re Ср~ ~ .. ); 

\ ~:J= 1 с,о,,1!0 ( 10 \ cpi + 2 {w R~ с; <;,о J ·, 

1"(2.\2 
= ~ 5iм2 0 (½ \ср\2 - ✓10 Re c;,~cr.+c.o~ е.л~о Re <;,~CJ .. ) . 

We find, further, that 

<Т()о'> =То-\- 'f2. ~ее; 

т .. = ~ \ Ср2 \2 
- 1 м Re с;,. ~J .. ~ 

"[" 1.S [ 2 3 .,--, D ,i ~2. = 1.G Cr2.l + ~ ~10 r,..e Ст, с.!а . 

Аз it ought to Ье expected the differential croзs section determined Ьу 

(Э) 

< Т00)1з 
independent of the longitudinal polarization of the beam. Therefore, 1n this case expe­

riments on the measurement of deuteron polarization states are of interest. 

§ 2. 

Consider the vector polarization of а deuteron determined Ъу <тti'> and < Т1/>. 
On а longitudinally-polarized proton Ъеаm arises an additional effeot proport1onal to 

the magnitude of longitudinal polar1zat1on. For the polar1zat1on eiual to 10~, we have: 

.. 
!I 
;J 

: 1 
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о<: ~
2 
=- i-12 5iм0 ~0 e~lf [@с;.,сr.-И' cr:cr. - 5 / cri + s{G ~е cfz C-r2j; 

~: '(2 = :(2' siм е ~ е elcp [Гtо с;.с;. -И Ср~ Cr· - 5 / Cpz \
2
- 5 {G С-9"> е cJ. Cr.J : 

* * о о<1 ~1 =:. ~1 Q 1 =:. • 

Аз а reзult: 

It follows, from (5) that the meaзurement of the 1mag1nary part of 

(4) 

yields new 1mportant data about the react1on r>-1-p-d+Ji,4 • At the заmе t1me the rea l 

part of t ( Тн)~ determ1ned Ьу Tlr\ (cr• Cr. J w1ll Ье known from deuteron polar1za­

t1on on an unpolar1zed proton beam1 4 \. 

The angular dependence of the зcatter1ng сrозз sect1on of the polarized deuteron 

on а second target 1s usually deзcr1bed Ъу the relat1onl 5 1: 

l = 1
0 

[ i + о1.. + е ~ q, + В со~ 2 еф ] , 

е" 2[:-<Т21~(½1?2 + i('Тн>1 • i <Т1)2] ·. (6 ) 

о(::;<~0'%<Т20>2 ; В= 2<Т22>1<Т22>2 . 
The quant1t1es <"т2O\, -i(т1)1 , <(т21')1 and <т21')1 аrе always real 1n cas e of 

а tranзversely polar1zed proton beam. In our сазе the quantity i. <Тн'>-- wh1ch de ter -

m1nes the polar1zat1on state of а deuteron 1з complex, Therefore, relat1on (6) muзt Ье 

general1zedlб\: 

е1 = 2[I(½1~RE' i.<T11'>1 - <Т21)2 Re(Т:i1\l ; 

е2 = 2 [;_<т;1~ Ir;, ;.<½1>1 - < т21>2 r~ <1;1\l ; 

B1=2<T22'>Re ( T22'>1 ~ В2 == 2(Т22'>2 т~<Т22'>:1 . 

If one makes uзе of а usual frame of reference 12 1 and chooзes Ч' = О O then 

Re i.(Тн'>1 =- siл,,0 C,Q',0 i-JЧ I~ Се; Cr.J ·, 

Trn i. < Тн.'>-1.== siл-.0 ~ 2 0 ~ Г2' Re(c;c&,') ·, 

(7) 

(8) 
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It 1s seen from (7 ) and (8) t l1at to determine Re ( c;c.J.x) 1t 1s necessary to 

meas ur e t he " upwar d-downward" a symmetry 1n deuteron scattering on the second target. 

Let us c onsider t he scheme of the experiment (Fig.l) 

у 

':1 

~р х 

Fig. 1. The scheme of the experiment 
on а longitudinal polarized proton beam 

The second scattering takes place in the shaded frame of reference turned with 

r espect t o an unsha ded frame of reference at the angle е~аь. Since е±аЬ • .1s small then 
/ 

1n th e new fr a me of r eference (Imi<Tн)) and Tm i. ( Тн) equal approximate l y to 

each other. Indeed, if we make use of the tranвformation formulas1 2 1 

1 .....ь 

(Imi.(Tн'>J .... =(Tmi.(Tн'>lU}':,'f-+ ~<Tto'>_ , 

an d take into account that 

<~о>_ =&.~G<>l;\~!,.12) ~ !. ~
2 0.1, ~e-Re c~r:Cdx) 

, .1,2 

is equal to Im i.<Ти) Ъу the order of а magnitude, then the difference between 
~ 

(тw, i.( '1'11) ') and Tm l.(Тн'> , due to the factor е}аЬ. will Ъе very зшаll. 
Besides the experiments on the azimuthal"upward-downwar~" asymmetry in deuteron 

scattering on а second t a rget no additional experiments on an unpolarized beam are ne­

cessary , since t he a symmetry determined Ъу sin ф is absent on an unpolarized beam. 

• 

• 
1 
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§ J . 

An additional asymmetry effect determined Ьу the coefficients в1 and в2 and 

due t o the second rank: spin-tensor < т22> is equal to 

(9) 

on а longitudinally-polarized beam. 

It follows from (7) and (9) that in order to determine Гrn< т22> it is necessar y 

to measure the azimuthal asymmetry ,., sin 2 ф • As 1n case of vector polarization ad­

dit ional experiments with an unpolarized beam are not necessary. 

At the energy of а deuteron 160 MeV the quantity < т21>2 is equal approximately 

to zero 17 1, however, theзe data are not sufficiently accurate. In the course of the mea­

surements of the azimuthal asymmetry determined Ьу ,..J sin ф it is nece s sary that <Т:н)2 
would Ье smaller than i<T1) 2 since Im('Тt1'>dn... and Tf'rl t<'1\.1.'>d.1t... are the 

ma.gnitudes of the same order. 
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