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Some general' formulae relating to the determination of the 
- - . ~o 

spin of the .-~ -part;tcle by a~gular distribution of its deca.y_ 

products~ which have been obtained by the method ~1
2: , are gi= 

ven in this theoretical noteo. 
0 

The spin state • of an assembly of 1\ =particles is describ;,.,, 

ed by giving .values of tensor- moments T ,/r;, (see for definition 
. 1 

[ ] ) , which enables us to describe any (the most general) spin 

state-of the asse1:1blyo 
0 

The angular distribution of·decay·products of the /\ =par= 

tiole ( 1\0 
.:.~ p+Yr-) may. be written as follows 

f°"17",o)::.-:~1}_(_ Z~L __ ·(,; ,~•+·f)-'/2.Q(S q)· l·-· (-1l,\f' - (J- \.f)···r~ (,', 
, , ; "'f • ,1-::.· -- \ J-J if - , - L__ I q l' ' > , V - · . 

,_,. J' n::.o2. / ii. V::: ? !/J 
V • V 

0 

where 'j.J is the complete· ~ecay probability of the t\ by the 
,.o ~- C"' /\0 . 

scheme · · .... o+J:'; o · is the spin o 
c> I.! ._ i , => I I I I . I I . ,,..,, . -c: __ -, _I __ -1 '\ " - :~ itc _ / '.-' c _, .1 \- ,2. _ '::! <-e c e- ,., , f ;J o ) 

\..:t ', '-' Lt _, -~ '. _, i \ :;.., , , ' ! '- -0 J 1· , ....._ -,_,,,, 
l ~ • ,,r 

The coefficients:: ·are tab~lated in [3] ~ It may be shown 

that the 5: (e's (sj 'h. ~)::::(-1;i,-2.(ze'+l)(?.,S+f)UJ(t'se
1sj '/2 ~)·C/0°e'o 

does not depend upon .(!,' (equal to S + , ,2 or S - 1/2 )o 

does not depenti therefore up~n the parity.of the 
. /\0 0 0 
.' 1 =particle o Formula (1) is written- in the /\ rest system; 

the axis :: of the system is assumed henceforth to be parallel 

to the unit vector n/\ which is directed along the 

Oo1,e.llm1emu,1il lfHcrnr-F 1· 
RleJ}llldX HCCJ1e.nonaum1 . 
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le movement in the laboratory system (formula. (1) is$ of course$ 

true at any choice of the axis l )o 
0 

By integrating f t?J, ~) with respect to cos V we m9:y ob= 

tain from (i) a ·distribution in an angle lf o The angl~ 'f (O~ lf~ '(.,Ji} 
-i,,--

may be defined as one ~etween the normal ·N ~o the plane of 
. 0 

_the reaction in which the . /\ =p~rticle has been produced (more 

exactly ,-N=[no X n/1], where no is the unit vecl:or of the incident 
I 

particles 0~ this reacti0n) ahd the unit vect~r -P.i ==[,;; X nil]) .-;:; p 

-is the direction of the movement of the decay protono 
( 2$-1 2.s-, , . ·- a 

}(<(' )= -::;,-r: ( j + ifi L, l ,m ( C05 m'f" ( Pc,, t::. )+Siri mtp• (Jm t::.Ha (S, qlYirn] 

Jr "'UJ:;,\j · i\:t~ T-z°_ih/2)· [!t·1)~jl;i"J;J}.!1 < 2 
l 

.J- q,. -'/;;. iv;· 0 
rn and i _ tak~ only even values, l, rn ==-- ( ? .. q. + ·/) _ · T rvi . 'T o 

Unlike the an:alagous formula in [4 , 5J , formula (2) contains an 

expression of the coefficients flM. and BM (see [415] ) through 

characteristics of the 

If T J with even 

. ( as is shown in [2] , 

0 initial· spin ·.$tate of the A =particle 0 

• A 4 . 
Cf, are real, ioeo if Jrntm =0 

. 0 

this w_ill happen~ for 1.nstance, when A is 

created in a reaction.whose incident particles and target paxticles 

· are entirely unpolar·ized)° P('f) will contain only terms with COSmf_ 

The same expression ·(no ~atter whether 'T~ are complex of real 

numbers) will hold f~r the distribution in· an angle '1, between 

I 
\ 

,:.~ 
< 

i 

~ 
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the plane of /\
0 

-creation and its decay planeo {cf o [
5J formula 

(2)). By appropriate integration we may also obtain from (1) 
. r, . . 

the distribution f (G)which is a distribution over the number 

of' particles emitted in a unit solid angle at an angle() to 

the axis l. . ( / I nA ) , averaged. over all az.imuths ~ - _ (see [6J ) :: 
. . - . ;?,5-1 . . . 

fee> ~-T: [1+~Q<s,tilPi(c.o5e)·Ta4/T:} CJ) 
1-i/4... . 

When. comparing (2) and (J), we see that J: ( tf) (or ~ ( rt) ) 

is determined by the tensor. m~ments T;;: -~ = i) 4_'_: l s-1, m = f,l lr .. (t 
<:r T i , ..... --,qi ~ 

while .:r(Q)depends upon quite other. tensor.moments: _0 • !0 ' a:m1· ¾· 
.- q,, . . 0 

OftdT171 are not completely independent characteristics of the /\ 

spin stateo But if•T0i orT,J.' do not take thei; max~m~m·values, 

there may be rather an arbitrary _(within certain limits) distri-

bution in an angle 11, when Ji. (8:) -is fixed (cf o r7J f'o;mula.e 
. 

(17} and (l8))o Therefore, the distributions in tt and cos. €9 

W-hi~h wer~ g:1:~en · in f6J , do not c ontradiot each other, which 

has already been emphasized in [7J where the cases S= 3/ c. and 

S = 1/2 -have been q.isoussed o These_ distributions .indicate, 
' - . 0 • . . 

perhaps. (poor statistics ! ) , th'a,t /\ -particles observed are 
-

not completely polarized perpendicularly to the plane of the 

r,;-- O ciO ** reaction JI + p--fl-/\ + a ( of o footnote ~)., 
. -- . 0 o r.:- -

The observed cases of reactions Ji 4-p-r-1,t-t-Q i /\_ -i'""Pt-JJ 
0 

belong to energies~J ar~t 1,5 BeVo Increasi~g statistics at· these' 
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1 energies, we may nhiefly hope tio dci.fine more ~acir:tn·atiely only 
0 

the lower limit of the /\ spin valtH~o Let us show that th~ mea= 

surement of the angular distribution o:f the diecay prodixr:its io:f . 
• I.•",. ,. 

0 . . . 
the /\ which 
r,;- ··.·•. 0 

:JI +P-•ll+Q ( "' 

is created at the th:reshold of the rea~tion 
0 

755 MeV) will just give the A spin val~e itself 
0. ' . . 

if two natural assumptions are made, namelyg 

1) . 6°=particle spin ls zero (which d·oes not contradict the ava.i-
- · 0 0 

la.ble data, at lea.st) and 2) forces between /\ and 6 are short""" 

rangedo 

The latter implies that we may n_eglect all elements .of Pt = 

. matrix ( L
11
'L

8
S1fi/R:,rli,01ei~)with °l'>O when _comp~red to the _element 

with.·.€,':::.: 0 near the ~hreshold* (see for no~ation f1] , the 

c:.:w;::~~~~X...~§C.-,C,.CZ:,C.!!JC,~~ac;:::, 

* 0 \ 

Angular d;stribution of /l , 8 at l BeV indicatres , 

that- at least .f, 
1

-= ,? :ts present o f6] Henee t.he x-ange of forces 
l ·· o - ,3 · · , 
/l - 0 is _equal to ~ 2 ... 10 and we are justj.fied :tn · neg= 

lecting the above elements in the energY. interval o:f an inc:ld.ent 

Ti =me~ons f':rom 75~ MeV tcr 780c,~80O 1i4ev in the la,boratoxy sys 0
-

. - · (. 'I 1e1,, 0-,, 11 ) 
temo It is possible 9 of couJ>:-se, that _the.element i,I\O~AOol.R _ _ If. f?.i,d,, 

.. 
1s· small owing to some pecul:ta:i·ities cn\'S the mentioned reaction·o 

,·· ' 0 ' 

In this case the angular distribution of f( 9 8 w_:lll be n_on.c:= 

isotropico 

;] 

J 



matrix. R .. is connected with .. ~he. known 

lowing1 way R ~ -S ~ 1 )o · · ·· 

S =matrix j_n the ·f'ol= 

With· these assumptions m.a.de, l~t us re=w:rite formula~ (7), · 

. (8), (9) in [~1 (the target is considered to be unpolarized) o 

0 
The A . =part:tcle tensor moments will be then expressed ·a.s the sur11 

over. J,, J,2,. 1 e, , €2, > 'j (see for notation f1J ) o Using properties· of 

the coefficients G-t/\ a.nd . Go in this expr~ssion, we obtain. tha.t 

J1= J,e ~ LA a.nd J :.::? , 0 Further' e,) e,2:::LII ± ½ and since spa~e pari.: 

ty 1,s conse:t··ved a:d . e, + e2. m'ust b.e even, e,- ~ec.: f, :L.A+ ½ · or 

e,:::e2:::::f, ~it,, - ¼ depending on the parity of the /\
0 

. with respect to 
0 

the pr_oton (note that 0 =parity is equal to (parity 'JT )2"" 

::::: + 1 . ) o So there :t~ no summation over 1
1 

':i:i. e, e:, 'J · at .all o 
· · ) ~} ) 1o l 

Denoting th~ . /\Q. spin by s instead of. L/\ and taking .off the in,,.-

0 
~ we have for the/\ tensor moments 

with even i g _ . 

T,;q,: (ii~, PA)= A<?S +1)(2q +/1< · Q (s, ql · Yi:c (½ i1n 
R-~s e constant proportional to the total cross section 6f 

' ,, 

Jl'i":"'- o Clo • [- -•-u:5 . 
thf-1: :t;eaction / +p-t:,../\ + t7 at :.Ji= tv, -=-- 780 MeVo. It must be kept _.,,. -~";']. 

in mind that the indices l are related to _ n" as quantization 

a:x~:s- and ~ is the angle betwe_en the direction of the emergence 

of /\
0 

=particles and the 
r.:' JI =meson beamo 0 
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. 0 
Substituting concr_ete expressions (4) for the A tensor 

mom_ents into (2) and (.3), we shall obtain distributions in an 

angles "'l, and 9 which will depend only upon the /\° -particle spin 

(and upon Vil: )o 

We shall not fgive here these general f ormulae*i It is inte

resting to note, however, that, if these formulae are integrat

ed with respect to ,J/\ , the. distribution in an angle 8 w:tli be 

iftsotropic whereas the distribution in .an angle ~ ( or 'f ) will 

-be the.following: ·as--1 2.S-I 

j s ('l) =C { 1 + L2 .' CO:'l m11 · t,J Q (S, ql· Jrl"<2i +1f1} .. 
. v . .(5) 

For example: j 3/c. :( 'l) ,-J 1 + 
1/3 · vO-S 2. 'L . 

If the· tensor moments (4) are inserted in (1) - · . 

_ rc?J; r) = :;; f ~f~ + 1r1 
[ Q cs/t y2. ~ Yi: (.J; lf) · ~,v <~, JTJ = 

. = Aw-[ 8JT\J1!]- 1 fa [ Q ( S/1, il2• Pei (co-& [1 = fs ( [> . (6) 

11· we. shall obtain a general formula for the distribution 
I f . c;.;(j7 ;: le ~ '[ is the angle· betwee.n the directions vi\ 

1 
JI 

in an ang

and J;'f 
,or, as may be shown, the directions of the flight of. the decay pro

ton and the incident fi =meson beamo The formula J .. % <r)~f+ 3 co-s2r· 
· · [B r.- ·2 4 1/ ~ 

was first given in_ ] ' j- S/4 (r)-1-2 co-5 r+s c0-5 r~-1 + 4/5 c08_Z [_..,_ 13 (/Jj r 
-e=--~--------------------__..._-. 
· * * When S = ~'2 we have J.;/c_ ('l.)-1+0J5sine~. cOSl 'l and, .b1;Je)-i -
-(l-3co-5~zJ:)(5-3co-s~i:t)-1 c0-1z.0 · - -
. II /\ . r.- 1 C.. 
.At an angle-1::90°we have Ji,{/7)~1+qSco-5 c. '1., while J.3/.:. (8)- -q2co-5 0 
ioeo probability d_pes not increase_ at all at ~;S6l.:::1though the dis
tribution in an angle f1, is the same as that from completely po-_ 
larized J1. Q particles., 

! 

'I 
I 
! 
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