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ABSTR;ACT 

Explicit expressions for all the observed effects in the reaction p•p-+- d+JT.'"with_ a consider

ation of the S- p- and d - states of the JT-mespn _are given in the paper, 
. ) 

I, INTRODUCTI.ON 

When performing the phenomenological analysis of the reaction 

p + p - d + JTT (I) 

in the proton energy region 400-600 Mev it is necessary to express all the observed 

effects in terms of the S-matrix elements with a consideration of the s -, p- and d- states 

of the positive 31+ meson, 

"In s_pite of the fact that the analysis of the possible polarization effects in reaction 

/I/ was considered by many authors /I-6, 12/ in detail in neither of these papers the necessary . 

expressions are given in full, In this paper all the ratios are presented which maJ· he directly 

used in the analysis of the experimental data, 

Since a pion is a spinless particle 1 then it is necessary to set the spin deuteron state 

which is determined by the mean values of the six independent matrices. The operators of spin

" tensors TJ;:;-, / 7 ,a/, which have convenient transformation properties are used as independent 
" matrices, The spin-' tensor operators TJ, m satisfy the orthoginality and normalization relati,,ns 

SpTJ,,, lj,:, :(eS+1)SJ,.,,J:..,,and are expressed in terms of the operators of spin projections as 

follows :171 

Using for the operators of the deuteron spin projection the matrices in the form 

we obtain 

(
0 0 1) 
0 0 0 j 

0 0 0 

. ( 0 i ½1:: _,(I' 0 .0 n: o o ~)-0 ) 

Tio = _i_ o - z o 
(

1 0 0) 
{i' 0 0 1 

(2) 
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For the process or l,:_.:; tic le scattering or for the reactions of the type A+ g - C + d 

the spin -tensors are given with respect to the coordinate system, the z-axis of which is 

directed along the velocity of the incident particle A.. This coordinate system.is given in 

Fig. I. The system chosen is a right-hand system, the X-axis of which is directed so that the 

plane x O 1. would be a horisontal one. The mean values of the spin-tensor operators in th~ 

final state are necessary to be considered in the coordinate system from the standpoint of the 
I 

experimental conditions, the 1 axis of which is directed along the velocity vector of the 

recorded secondary particle, -in our case, of the deuteron- emitted in the direction (0, ~) • 

If k is the wave vector of the incident particle, and k' is that 9f tb.e secondary 

particle, then the 0~ axis of the new coordinate system should be directed along the vector 

n=[kKk'} . Define the Eiler transition angles from the old coordinate system associated 

with,:he primary beam to the new system defined by the direction of the secondary particle and 

by the choice o~ the 0~ axis • Three succesive rotations are necessary for this 
' ' JT 

I) The rotation with respect to the 01. axis at the angle 'f1 "'lf+ 2 , in the positive 

direction (Fig.2) 

2) the rotation with respect to the Ox' axis at the angle 0 in the positive direction 

(Fig.J) and, finally, 

0 I JT 
-J) the rotation with respect to the 'lo axis at the angle lfz-= - T also in the positive 

direction. 

Thus, the Eiler angles of the transformation from the coordinate system of the beam to the 

coordinate-system connected with the secondary particle are equal to 

4'1 = c.r + f i 9 i ' (pi :: - 3; . 

The spin- tensor operators TJ'm' in the new coordinate system are de_termined by the 

operators Trm in the coordinate system connected with the beam by means of the relations/IJ/ 

(JJ 
TJm': ~ Dmm' (lf1 I a, lf2). Trm > (4) 

(J) 
where Dmm' are the elements of the threedimensional rotation group. 

We have 
(J) , -~tn'f

1 
J , I 

Dmm' (lf1 le, <fz) = B pmm' (~El)· e,-LmC/'z 

where, 1n its turn, P~rr1' (Co:10) are the generalized Legandre polinomials. For our case we obtain 

J ]T) J . flf , I 

Dmm' ( <.p + f i a i .,... : ) = e,-im('f+-r pmm' ( (.o-j e)e 1m T ':: P~m' ( ~ e )·e•IIYl'i', l,m-m 

(5) 
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J 
The matrices Prnrri' (Co-:>0) for. J == 1 and J = 2. are of the form 

t (~0+if l sinB(CO:lB-t-1) 
i1, 

f sinG(CruG.-1) -f(ecalG+c:cne-0 

½((Dj-J) 

-rz $in e 

t(1-,.CD-:>8) 

-f{f (1--colB) 

ljf L Si;GC&.lG 

f 5in0 (C&.i 0- t) f((oJB-1/' · 

.i. (eccn"0-CMe-1) i..s;n9(C.O:l0-t) z z . 

(6) 

(l,) -·HH 1-CD1zeJ {f~5in9(c)0 ½ (3(ojie -1 J u~5in0Cc;J 0 -!..fi((-c.o:l'-0) P. ,(~0): 
mm z l, .. 

½ 5in0((c)0-1) {(ic.olB-Ccl0-1) f¾'L5in9un0 
. l, 

f(,0,le+eine-·i) _,t&i11 B (Co1S+ 1) 

f(eooe-1/' ~ Sin9(eo-;10.-1) -½~(1-c~le) ½5in0(uH0+1) t(w,(h 1) 
2, (7) 

The lines and colomns are enumerated from - J to J down-"ward and from ~eft to right. 
-im<f .m1-m· 

The auxiliary factors of kind 8 . li may be presented as ·a: general matrix so that to 
J 1 

obtain the element D it is necessary to multiply the element P mrr,' by the correspond!.ng 
-imep m'-m 

elements-of the matrix e . ~ which has the form 

f"I" J= z 
U ~= 0 and 9 is small what occurs for reaction (I) when the· deuteron having the 

.. 
limiting kinematic angle - I0-15° then we obtain with the_accuracy UP_ to the terms qua4ratic 

over e 

D{1) ~. (: 
~ --rz:0 

0 
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'1 -e 0 0 0 

e 1 -vf e 0 0 
(Z,) I D :::. o vfe 1 -IJ¾e z, 0 

0 0 ff e . i 1 -0 

0 0 0 e 1 

2. Polarized Nucleon Beam 

In this paper a method of considering the polarization phenomena suggested by V.B. Be

restetsky 121 was used. 

Consider the proton beam incident on the target and polarized in the direction (v,8) with 

respect to their direction of motion. The spin wave: function of such a pure ansemble is given 
I 

by a pair of complex numbers: ~
1 

= ~1/z. and 
I 

q2,.-= i-'/z 
To write the explicit expressions q; 0.11d i 1z. as the functions of the angles~, J consider 

I • 
the coordinate system with the i: axis directed at the spin vector, or more exactly, in which 

the spin function has• the form: a·= l j a ,. O • 1'0 pass into the new coordiflate system it is. 
~1 ~ z, . 

necessary to perform the reverse spinor transformation/I4/ 

I ., 'f j ~ 1 = o( 11 + 0 'l-2 
1~ =f~f+ J",iz 

the matrix of which is equal to 

ol. * " 
I . e -t<v,+ lfz.) . e ~('f'z-lf1l 

0 c~-g -~$in-re 

I ·s·' •e+~,-~,J p* S* = Co?~ e "½ (<f1 + 1./' z J 
-L 1nz . . 

' 
where o/1,e, ~i are the Eiler transformation angles. In our case 

and 

(f1 = 8 + f ; e = v ; ~"-== - ! 
I _q. ~.r 

~1 = ~~ e10 
i?, l 

I • 

~Z, = 5in 1_ etJ 
Z, 

(9) 

Thus, the spin function of the pure state of the nucleon beam polarized 1.n the direction 

/ V · d / may be written as follows: 
) . 
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where 
' i J 

'i, 5. v ez; = ,n-
1, 2. • 

As usual in the experiments the nucleon beam is used the polarizatipn vector of which is 

directed along the Oy, axis • such a kind o:f' the polarization arises 1:f' the proton beam partly 

• polarized is obtained as a. result o:f' the scattering o:f' the primarily unpolarized beam at any 

nucleus- polarizator. Then V =·9o0
, S = 90° whereas 

(IO) 

It can be easily .seen that the mean values of the operators of the spin projections'on the 

coordinate axes determined by.the relations/II/ 

< 0i > = I q, 1 I" - I q, j!, ; 
<6x>=Zl<e('I,~ ~i); 

< 0 ~ > = Z 1 m ( 'i~ 'l- z,) ; 

are found in the given case to be 

J. Unpolarized Target 

The unpolarized proton target cannot be described by a wave function since such a target 

is a mixture of two states, i.e., it is necessary to give two wave functions and the values of 

weights with which the latter are presented in the target. To make the calculations more 

convenient one may write 

The coefficients g 1 and e2 satisfy the condition)tl·=/&zf=f (i.e.,both spin project-

ions are equally probable) and .. the formal requirement et E-2, /the mixture requirement/, 
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4. Initial Wave Function of Two Protons 

The initial wave function of two proton system, one of which is completely polarized, 

where:1.s the other- unpolarized is written as follows: 

'¥: ( 11 z J = e ikt [ q 
1
"' c1 J ~ 'h p ( 1 i][ E. 1 oe c z.J + s.,p c 2->] · 

For /p-p/ collisions the initial wave function must be antisymmetrized so that 

j [ / / 
~,,;t = n 1.f!., (11iJ - ¥., cz, j JJ. 

As a result we obtain 

. E {[ ,1 ih ·[. ,l -ik.J 1ffn1t= ff 'tl"(1}+q_2P(11J'o((Z,J.e - q,1o((iJ•q,iPWrc<(1)-e + 

f. { ] 1k.. . - ik!/ +,rt [9,,/(1)+q_2p(1l ·p<z,J•e -['l,1°'(Z,J+q.ip<z,J]-p(1}-e r 
- E,,, Ll -t- f.2, y 
- 'U T1 'fz Z, 

If denote 1.!. L,J = co · '-f£ T1 'f J 
'1f Yi= (f 2, and make some transformations we get 

LO - f.1 { q,i, )( ih - ih) '!,i- ik~ - ikt ,I 
J1-_ fi lq,,X1,1+w-X1,o e - 8 T fp; Xo,o (e. + e )1 
(j =~{(a X +k X. )(eikl._eiki) ... 3:!... ( iki. -ik!)}· 

Z, -a v2, 1,-1 '[i' 1,0 '{z.' Xo,c e -1- e J 

where X
111 

= o((1-J·o<(Z); 

x.1, 0 = -k [ o( c 1 ) ' < i , + ! '1 , . o<' ' z , ] i x. o," = ~ [ P '1 , °' ' z. , - "' '1 ) ' cz ) L 
X1,-1 =j<_ 1>'j(Z-)j 

Expanding the plane wave in spherical harmonics and making use of the asymptotic representation 

for the fu;i,ctions J. (l<r )='r:if" J 11 (kr) at l<r n e we get /9/ , e ~$ e~,i 

'( e1T) . ('· eJT) iki. oo 1 [ 1kr-T -~ .. r-TJ 
. e zt:.Le,W-~te+1

1

·-.- e -e y (cine)· e.o . ~1kr . ~,o I 

&JT • t1T) . 
ikt -ikr. ~ . 00 

. -i(kr--) 1(1<r-,:} 
e ± e. = -k & [ ~t~z.e+i'-[t±(-1Je]-[e e. +e ·Yie (CD-:19) . 

r t=o ,o 

and 

Omitting the factor :r , independent.of the angles/ 0, ~ / and of the index e 
and taking into account only the ingoing wave we find 

\f1= f.1Vf E: ~&fae+1.{[ 1·(-dl[q,1x1,1 Yt,o<~ 0J+ if' ~1,0 Ye,o(ec-:,<3)}-t

+[1+(-1)f), fi- Xo,o Ye,o(Co-:>eJJ 
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"" e { . . 
l\'z,= Ei-'Jff.> ~ [1-(-d]['!,,X1,-1Ye,0<~0)+ {£ X,,o Ye,o (CoJ0)}-

-[ 1 + (-1 lJ • ..h x -v c ~ e Jj ~ o,o le,o . 

Express further the products A's,M Ye.,o in terms of the eigenfunctions of the total momentum J 

and its projection M , making use of_ the relations 

~ 0 ( W-:) 0) · ;'.\: 1, M "' f- ( e 10M I e J J M) ::J ;eo ( U)-:) e, If); 
1 

J:{i+
1

1 · _·. • ; 

Ye,o (Co:19Ho,o ==':!~<to>, M 

where (eiOM/f JJM) are the Clebsh- Gordon coefficients, while _:JJ<e-i) is the eigenfunction of 

the particle with spin S = I, with the total momentum J: .and the projection of the total 

momentum M. In our particular .case of the plane wave expanding along -the 0't. axis the projection 

of the total momentum is M equal to the spin projection Si. Then 

'f1: c1{.f S ie~z.e+1'l[1-c.:1Jt][q.1 ~ (e101/e,1J1iY;,e
1
J +· 

+ ~ 7 (e100/e1Jo) Y~crnJ +[1+(-1>e] · if' l::f~ceo,); 

5. Possible Transitions in the"Reaction p~ e- d+JT+, 

At the proton energy~ 600 Mev it is necessary to take into account s-, p- and d- states 

of a positive pion in reaction /I/. This leads to the following·possible .transitions: 

.. -
Initial 3P1 

1
50 iD -'p Jr i F, 

i z. Z, 
state 

--- ------ -------
Final 3 3 , J 35 d' 151 dz. J 51 d3 
state 

51 51 51 d1 61 Po 51 Pi . 1 i? 

-- -
Transition I I I I cd; 
amplitude c~, cd1 Cpo Cpz. C dz C d3 

The deuter_on state w8:s necessary to denote as (
351 . .,. 

3 D1 ) , however, as in the previous_ papers 
J we write everywhere 51 •. 

The tr·ansition amplitudes denoted in Table /1/ as it is seen from the following possess 

the properties of the S-matrix elements formulated in 191. 
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Taking into account only those. initial states whioh are presented in Table I, we get the 

expression for the ingoing wave described by ':f 1 and lj 21 : 

CJ1 = E,1 {ijr. { ~11 l -fr '::11:111 + it '-:J:(11i - '::lz_\J/) -r ~ YJ
1

(31}] -r 

,· [!:J" rT'd"] r,ff'u 0 ,lst,
0 ]J· 

-,-l,ii, Z,(11)+~z l(Ji/ +q.i V'i :lo(ooJ-VZ: ::Jz_(l,0) J 

l [ ,f'T' -1 JT' -1 -1 ,f"i' .1 ] 
Cf z.- = E.z.@ Lq," ~½ Y1,111 + v¾ 'di.,111 - '::Jz,J,, - 1½ ~JCN + 

(12) 
. r o IT' o ] [ .rr o , .11" o ]l 

+ ~'L1 t ~l,(11) + \J! Yw,, - 'l-1 ~i ':JD(ooo) - n:: 'd f.,(f.,O) 1. 
Let us construct the final wave functions. Since in the final state the particle with spin 

'~ 
S = I is emitted then the three component wave functions - spherical-vectors YreM are 

necessary to be _used. Where 

YJeM = f (e1M-,.,,r1£iJM) 1·:\,.;,.t' (8,'f)•·t,,.., 

The explicit expressions for those spherical vectors which we shall be in need of further have 

the following form /I5/ - . 
ili [ 'Zif - i"'.., f -+- ] Y. :: .!.sil-le.c ·:\'._ -Z.SinElCD1El·BT::t -t--(3cole-1).~ · 

Jr,1 rn .[f f, 1 l,o fl;' ; 1,1 I 

.... ~ [·rt' -iz-<p+ . -i'f-,. I z_ .., 1 Y, - - \Jos Sinie.e ·XH-t- ZSine-~e-e X.10 + .r.' (j(o:) e.1)-X1-1 j 
3t,-1 ~JT , • ,e. , ' 

v _.rT[-l•'I:(3 ie )-::: •rE . e e i'f• ,rs' . i il'f - ) . 1,111 -~ijj i ~r et>? -1 "-1,1 - 'l't Sin ~ 12, x.,,o + ~T 51n 9-e . X1,-1 I 

' ',IT[f .r:r z .... .l's' . -i<t-+ ' z -il-'1' -Yiz.,-i ='4ijjr 1 ~Z: (.Ho-; 8 - 1 )x.
11

_1 - ~1' 51n 0 C.O:S 9 ·B · X,,o -{f Sin e. e. . X.,,,]-, 
·~ . . . . . 

Y. .fT""'[ I Z • 3 i'f ... 3 · il'I'..,. 
H,1 =~ijjr li-li' (3~ 9-1n,,1 ... "i' Sine~e-e . X1,o -r ifi 51nle,e . :t,,-1] i - . . . 

Y. 
,IT[ 3 Z- -IZ-1/'+ 3 -f\f+ 1 · 1- + 

ti,-,=~~ Z.fi' 5in_8·8 X111 -j51n0-~9.e X1,0 -r e.fi' (3Co-:l S-1}X 11_1 ] j 

Y,-+, .fI' Jj'[' , . [ -ilf'- , l'f'-+ ] 
Z,Z,O =~~IT 'fij Sin El ·CO? e. - 9 'X1,1 - g x,,-1 ; 

- ,r:I:[1 ' -i'f... - 1 i'l'-·1 Yr.10 =1~ "i"$in9•e x,,, +'-fi'•Co16·:l:1,o - z5in9-e X1,-1; 

...,. .IT ['IT' -i'f-+ - i'I'~ ] 
Ya10 =. ~~ ~I 5ine-e X.1,1 - ~ e. :tf,O - ff Sine e . -x.,,-1 ·, 

- .IT -
~o, !1 : ~~ xf,!1 . (IJ) 

There is only outgoing wave in the f:t.nal state, the coefficients e, of which are 

connected with the coefficients ·A of the initial ingoing wave by the scattering matrix$ 191 

as follows 

BJe'M _ t: SJ AJeM 
- e t't · (14) 
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Table II. 

The coefficients A The coefficients B 
Transition of the initial . of the final wave 

wave function function 

Jet1 JeM I I 
1 . f JeM J Je.M Je.M J Je,M A x 

t,@ Ai " Ea{i;Jf B t =f Set' A B ! =- r 5u' A t 

3 - . ff ( '-J/(11)) Lh{f 
_, . ff / ( Y101) ~(h~ c~. /.51 51 -~'I,,, 1: (':11(11)) -lt'l, 1 1, c5, (\l;o-,) 

3p I I 
f 

~
1s1 d1 -f . fF d' -~ifF f ·.ff •#'I (Y, 2 .f) ( ':J 1 (If)) lt'l,i 1: ( ';;lf(lfl 1 · -"i1 ! Cd, (y;;,) lti z. 17 C I 

' ' 

f J . 
5o- 51 Po ttci.z. ( ':/:cool) -{f q,1 ( lj:{oo)) {-f h Cpo CY:10) -ff q..Cp., (Yo10) 

I J -{f q, Z, ( 'jZ,;Z,·o,) '[ 11 " -'Jf '!-i,Cfz. * C1 Cpz. (~10) Dz.___. S-1 Pi, ( ':lz.ao,) (~10> 

114 {F (':JI ) ·if ( -1 ) Lq.1{-f Cd~ tf' f 'i Z,(1-1) L'{,z, 'i' '.:JZ,(111 (Yi2) ~t T Cd, ( ~z -1) 
I 

3 - 3 d 
Pz.-51 z. 

L'l,2, ( ~:l11)) Lq.1 ( ':l:(11) ! I 

Lq,t C dz ' (Ytto) Lq,1C: d,, (Yuo> 

('::1:c:w) 
-f I ' -Lq,1 -~iz. \ '::J Z,{41)) -Lq,1cd3 ( Yu1 ) -L1. cd3 (Yu_,) 

' J . J d 
. F'Z, - 51 Z, 

~'l.z-tt ( l(cn1 )_ . JI 1t1 i ( ':J:(J1/) ·L~2,[ Cd3 (Yuo) Lq,1ffc:i~ Yiio) 

3 J Lti'ft' (~;,J1,) 
-1. . ff~ • {f I Y. ''1½' ( '3 3(311 ) ( Y,1,1) F3- 51 d3 -Liz z L'l,1 r C c, -v'l,1, 1 Cd~ ( n-1) 

I 

I I 

Here it is denoted C 5 =~C 
5 ' 

and also C d -:: - ~c d 
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Such relation is necessary to use twice, for the initial wave 'f1 , describing the target 

protons po·larized "upward", and.also for . 'fz, to which the ta.7get protons polarized "downward". 
. ·. 

6
re M .• . AJeM The results of the calculations of the coefficients , as well as the values 

used are given in detail in Table 2. In brackets there indicated ei~enfunctions Y, Y of the 

total momentum J0 ,JM at the beginning for the two proton system, _at the end 

and deuteron system. 

The final wave functions are written as follows 

+ .... -- ... 
F1 =.x1 X1,1 + f 1 X1,o + t:1 -x1,-1 

-,. -,.. -. -,.. 

F; =o<z. X.1,1 +Jz \\o + 02 x.1,--1. 

-for the pion 

(I5) 

The mean values of the spin-tensors are expressed in terms of the components of the wave 

function: /I5/ as follows: 

<Too>= :C· (lo<i)z. ... lfiil2-i-1r1 2
); 

1:1,2, 

IT * it <"fi1)=-~t .L (o(;p,-rpi 0i)i 
1 :1,i · 

<.Tio >=if .L (lo1i1 2
- l01 li)i 

• 1=1,Z 

f"T' It II 

<.Ti1>=-~-i .L (o<if;·p;'(i)j 
I :1 1 1, 

<~o >={[ ~ (ldd2
- 2cp;l2'+/rd2

) 
. '. 1:t,z. 

( TH ) =.JT J: d.; d'i . 
1:1,Z, 

(I6) 

6. Polarization Effects in the Reaction p+p-d+JTr. 

If one makes all the transformations using Table 2, and the expressions for the spherical 

vectors "Y;cM /IJ/ then.for the components.of the wave functions of the deuteron and pion system 

.we get 

c( f = ~ 1 
[ if Cs + D l, ( 3 Cole ... d] + ¥ s j n e ' e j <f ( C - -{Is Cc:, e ' d ... ) i 

A= _.i!,. 5in0-~0-ei<p·D - ..iL(:o-;)e .. cT · 
r 1 Z O Z-ff · · ' 

v · 44 · z.e· ;z<pD h 5· 0 ei'f'( .r: r. 0 d ) · 01 = T 5•n 'e 1 - It ,n . .· C. + ~15 ur:l ' ... I 

q_ -i<p . · q. . 2, - i2<f °'i = --r/- $inG-e (c_+{is Co?e- d.,.) - -f- Sin 0-B . D1 

A q,f q,z,, -i<p 
ri = ifi Co18 · C-i- - 2 Sine· Co? e · e · D0 

ti-= t Sine- e,~'f(c_-{is Co1 e-d ... )- ~:i-[[c& + D1, (3CD-le - tJ]. 

(I7) 

,.----· 
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where (0
1 

~) is the direction of the deuteron emission and 

C-=Cp0 -{f Cp2,; 

d+=Cd2,·dfcd3 ; 

d_=f-Fcdz,-cd3 ; 

Do= t# Cd 1 1-{.f d_ + {i"; Cd~ i 

D ,ff' d .rr d 3..fr d · !.= -~ C ~ + ~B - - 4 C 1 I 

Dz,==•f Cd4-{f d_- fJ' Cd1 

(I7a) 

The mean values of the spin- tensors in the general case of the partly polarized beam may be 

written in the !orm 

< T > = < T )+ P · < T > unpoJ pol 1 

where P is the degree of the proton beam polarization at the direction of the 0~ axis • 

Then 

where 

'to: f lc~IZ, + i /c-/Z, + f (IDi/2' + I Dz./ 2 )-½~ l?e cc;.v.); 

ti= f (lc-l·-1c-/2,) + 
1;1 d + Ii -i- ¾ ff !<e (c; D1 ) + 

+ f (I Dol'1' - Z jDJZ,- 6 l Dz,/~); (IB) 

r~= t(91Dz.12.+1n11i-1no1}- 1tfd+1~ 
I! the main transition in reaction /I/ at energies~ 600 MeV· is assumed, as it is done 

in /IO/, to be the transition 
I 

Dz. - 35_1 Pz. while all the rest transitions are very unlikely. 

if compared with this main one and if neglect the products and squares o! the small.amplitudes 
. J J d J J and also put the transition amplitudes Fi,- 5; z. and Fj- 5

1
d3 to be equal to zero then 

I 5 2, Vo ,. t 0 =16 \CptJ --8-Re (Cpz,Cp0 ); 

/ Is I 12, ; .r.: R ( ,. ) . 
~2, =16 Cp,. 1-T,10 e Cp., Cpo I 

I 

0~ = 0 
(IBa) 

Further 

where 

Ao =tff ln-1 (C~C5) + t 1,,,[(D1 -t- Ditc-L 
A f : ¾ ·W I "1 ( c: d +) + ~ Im [ d: ( D~ - D1 )] ; 
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, , [ ,. )'l t 
II j "2.=-i;{m c_(3Dz,-+-D,J +in Im (C.,.Do) 1 

).. 3 ='%5lm[d:(D1 -3D2,) · (I9) 

a.nd·, also like (I8a) 

I {is . If {is' ( " d )· AO = - 8 I m ( C P., C 5 ) - ¼n Im C P1- C 1 , 

I 

;.
1 
= o; 

1 g f7s'I If 1s.rr * 
'-c.=g~T m(Cp, cd,)+ 91/""f lrn(Cpl., Cdz); ·(r9a) 

I 
). 3 =0. 

The probability of the deuteron emission with the given polarization and quadrupolarization 

is defined by the mean values of the spin~ tensors of higher rank 

where 

and 

where 

~ ST' . 
(T11 ) =- 4 11~ Sin9c.o:,9•e'(f(v0 +vz_ -ecie) 

unpol · . 

.rT II [ .. ] i I ( ,. . \/o=\Jz: Im(DoCs)+Im (Dz, ... D1) Do+ ?.,,f£ m c.,.c_), 

vz, = Im[D:(3Di ... D1l]; 

I 3 . r,;' <f ) 
\)

0 
::: Z \J5 [ m (Cp1.,Cp

0 
; 

. I 

v2, = o. 

<-r;1 ·)po!::: ·H ~ ~ e{ p.o ... P-1 CM 0+ f,'-2,· C.0~1.,9+fJ-3lD·/0 ... 

i 2.<y . 
-+-Sinie.e, (fJ-~ + 1-'-s- Co10), 

r. ,. r::" ,. If 
P,o =~-' RQ, (C + Cs)-~Z. RQ, (C.,. DzY- RQ, (Do c_)j 

f-'-
1 
=-vs Re (D: d ... ); 

P-z. = 3..fi rh cc: D1) + r1e ( o; c _ J ; 

/--"J ::.w'Re, (D:d1-)i 

* ,r;:;, If p-~ = -RdD0 C_)-'IZ Re-(C1- D,) i 

/-'- s = {is RQ, ( D: d .. ); 

(20) 

} 
(20a) 

(2I) 



and 
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I 
f-'-1 = 0 

<. ~o > . ::. 0 
unpol 

where 

and 

i
0 

={-f Re.(c;c_) + De[(D1 -Dzfc-]; 

·~ 
1 
=W Re[ (D

1 
-1- Dz.(d -t-1-F, Re. (c{ d+); 

f z. = Re [ (3 Dz, - DJ' c_] 

~ 3 = -{is f?e. [ ( 3 D:z- + DJ'd +] . 

I 

L =o; 

Ii 2, : 
1
; Id+ l z-_ f ( 3 I D1, r .. Io/· T I DO I 2) -

-. i I c_ l z. - f I c + I 2, + ¾ {f De ( c; Dz, ) ; 

_ 1,¼= ¾QDi+ 2.)Dol 2 
+ 91Dif}- 't jd,..f·; 

(2Ia) 

(22) 

) 

(22a) 

(2J) 
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and 

h' , sj i., -Jio ,. 
Lo= Oo·= 16 Cpi,I -T ~Q, (_Cpi.. CpJ; 

(2Ja) 

1,. 45'I 12. J_c .. ( * = - - Gp - - '110 · J?q,. · Cp C ) · 
2, 1 '=> z, 8 z. Po , 

. ri,~ = 0 

<T > = 5ine-~e J'X +:\'. ·Co:!0-r;\'. ·Co:lz0+:t ·Coj'e). 
Z,O pol An l O 1 . z . J J 

where 
[T' r· Jt X.o=\Jzlm(c:csJ+lrn (D1,-D1) c_]; 

X.
1 

=r-flni(c;d:.J+-Iis'Jm[(D1 - Dz)"d ... ]; (24) 

[ 
,. ] 4 ,. 

Xz.=Im C_(JD2 +D1 ) -\/i'[m(C:.,Do)j 

x ; = w I .,,, [ ( 3 D2 - D, )"' d .. ] . 

and 
I ffi · ., . j fi's 11 . S ,fT " I • 

X O = - 2 I m ( C fz, C 5) + z ~z rm ( C Pa Cd I) - i' ~ i" I /T1 ( C f2, Caz. ) I 

I x 1 = o; 

X 1 
- - ~ i_ · fTs"' J.., ( C plf C d 1 ) -

1
•
5 

' IT f rn ( C p" C dz, ) . 
i,- z,V't° 1., .. ~t z. ,i 

(24a) 

I 

x.t = -4x' · :JJ, 

I 

:l:'. 3 = 0 

<,;1> = ~ fFs;r,9·~8-e/'f(fo.+ t:J ·C.O~l,s); 
unpol"' J z. · 

where 
. "' II 11 J Po = {i" lh (c - C +) + l[G' Re. ( Do C5) - 2, Re [ Do ( D1 + Dz,) ; 

f2t = Z. l?e[D: (3Dz. + D,)j; (25) 

arid 
I . fT' 

f O = - 5 /cpa,/2 +Vt" Re (Cpz Cp); 

I 

f2,=0. J 
(25a)· 

<Tz,1> =.¼ffc.o~ef-r;o+tfunS+'t.2•(,o-j2,/:1+t,·COi9+) 
unpol . 

; z Cf · l 
+S;n2,9.e, ,('r't +'t5 Co-:dJ>J.; 
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3 • f ~ 
tl, := '-Ir Im (Di,C+l-z Im (c_ D,,); 

't3 :--~ [m(d: D0 ); 

and 

and 
I I :: - 41' . WO ::-Irro 0 I 

I 

Wz = 0 

061oe.1ume11Hhlil nlwrnrr-r 
Qept1WX Hccnen:ona11nt.1 

61:16JU10TEKA 

(26) 

(26a) • 

(27) 

} (27a) 
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,[3' i 'f{ l CT";,z,\~;aSin0 e, Yo .... Y1·(.o-:)S+yz,Co1te-,.y,eo;1 E)-,. 

I Z-'f } 
+ Sinze · e ( 'I'~ + Ys · un 0) i 

where ,. rr ,. 
Yo-= lm(C_ Dt)-\lt Im (G_C5); 

,. n;T" " 
y

1 
-=& Im (d.,. Dz_)-'J-'t" Im (d1-Cs); (28) 

Yi- = - 3 I;,,, ( C: D1); 

" y
3 

=-3fis'Im(d.,. Dz,); 

½\-=Im(C~D1 ); 

Ys ~{is Ln(D;~d..,.). 

and 
I ,Jjs " 1 .fis If 5 .fT• II ) 

Yo·=---y-Irn(Cp1,CsJ ... it~Tii,.,(Cpz,Cd1)+,;~z Im(Cpz,Cdi j 

I 

1;11 = 0; 

1 _ 3,f'.is' (* (S,rf' II )· Yz- - -In: )m Cpl,Cd1)-1t~t Im(Cpz.·Cdi, 1 

(28a) 

I 

Y 3 = O; 

' ! .f15' ( II d s ,fT I ( fl ' Y~ -=~'Jt lm Cpz.C 1 )+ i;'lt m Cpz,Cdi,), 

I 

Ys = o · 

In conclusion the author expresses his _gratitude to L.I. Lapidus for valuable 

remarks and help during the researcn. 
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