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A s t udy of charmed baryon A~ polarization in hadron fragmen
tati on pr oc e s s e s i s of part i cular i n t erest due to the observa
ti on of large hyperon polar i zat i on s i n these pr ocesse s over 
a wide ran ge o f ene rg i es (s e e , e. g., r e r. ' I.' ) . In par t i cul a r , 
i n nucl eon fragmentat i on react i on s N... Y, the hyper on pol a r i za 
t i ons , measur ed a l ong t he normal t o the product ion pl ane 
nil [P ~ Py 1. ach i eve 20-3 0 ~ at tran sve r s e moment a o f - I GeV/ c

N 
and approx imate l y s a t i s f y the fo l lowi ng r e l a t i ons : ~\ = P~o~-p.., ± <O . 

Thes e data , a s we l l a s data on po lari za t ion a s ymme t r y Of had-
rons produce d in t he f r a gmen t a t i on o f po l a r i zed protons, ca n 
be expl a i ned, a t l ea s t qualitatively , in terms o f rec ombinati on 
qua r k models taking i nt o a ccount the pos s ib ility of polari za
t i on (po l a r i za t i on asymmetry ) of hadron cons t i t uen t s'2- IV. Not e 
that t he A~ and A polari zations ar e det ermined by the pol ar i
zat io ns o f c- and s -quark s , r e spectivel y , since the ud -d i 
quark in the wav e functi ons o f these bar yon s has ze r o s p i n . 
Thus, i f the e-and s r-quark production mechan isms ar e s i mi l a r , 
a negat i ve A~ pol a r iza t ion can be e xpe cted . Obs e r vat i on o f 
a po s i t i ve A+c pola ri za t i on co u l d i nd i ca t e .' 4 / a not i cea ble co n
tr ibu t i on of t he i ntr ins i c charm t o th e nuc l e on wave f unc ti on! ?! 
Compa r i son o f t he A ~ and A pol ar i zati on s ca n a l so g i ve some 
important informa t i on on t he dep enden ce o f po l a r i za ti on o n t he 
qua r k mas s , The po la r iza t i on i s expe cted t o be pr opor t iona l t o 
th e qua r k ma s s pr ovided t ha t t he quark be come s pol a r i zed i n 
sca t t e r i ng on a c olour charge (a s a cons eque nce o f ve c to r qua r k
gluon coup l i n g / B•9 ; ) . An oppos i t e dependen c e can t ake plac e i f 
the pol a r i zat i on i s caused by t he i n te r ac t i on wit h "ext e r nal" 
conf in i ng field (e .g ., i n the c a se o f s pon t a neous r adi a ti on 
po l a riza tion /to · ). Decrea s i ng the pol a r iza t i on wi th i nc r ea s i ng 
t he quark ma s s is expec t ed a l so in the model ba s ed on t he dyna
mi c a l equa tion for sca tter ing ampl i t ude ! l l ! , 

The A+c polariza ti on r evea l s it self i n t he a s ymmetry of t he 
d i str i bu t ion o f ~the c~s i ne of angl e (] be t ween decay and pr oduc
ti on ana lyzers ' and z: 

w,- 1 + a c Pc cos (J • \ I )----... r ,.-. ..... _ .;..a C,tcmyr 
.. -,.. ,'i !"·· .~~13!1Bd 

« , ..'',"~ fr .' 
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wlu-rr P" i s LIlt' p r o j c-r: i o u u f LII" po la r i z a t i ou V,~,'LCl r 1111 LI Il' 
I. - d ;~ i s a ru l 'I ... is t ill.' a s vmmet r y pn raml' L,n" , Sill" ~ t hc po l a r i > 
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( p i r i r y r Cl Il ~ ; l~ r v; l t i () 1l ill t hc p r od u rt i ou (lr ,, ~·c,;s i s .r s s urm-d ) , t he 
Z - ilxi s s hu u I d I> tJ c ho s c u il l o ll l ; L Il,~ uo r m.i I II t o t.h i s p l ;1n« . l'h e 
.rs ymme t r v p a rume t c r Uc i s d e t crmi nc.! hy t i l e ,\'c d \i; c :IY me c hnn i sru 
. i nd d , ' pe lld s on t he c ho ice o f the d ec :l )' .1t1 :!\ Y7.cr (: ( u" I :..1 ) , \~ t! 

~, Il;I1 L c l)l1 s i d l' r ';: d i r cc t.c d a l o ug LIl,! mormut urn o f t il,' d e r-n y bn r yo n 
B ( nurl e n n , hy pcr. m o r i s obar ) i n t l le"~ r e s t l r amc . I II 111l' 
" .1 S(, II I :1 g i vv n s p i n- pa r i t y o f t hc mc s u u s y s t cm M i n LIIL' d e ca y 
\ 'l' .I3M, t ill: i s vuane t r y pn r amo t c r i s " "IlI ,L'll"J I,.. i t h t il", hc- I i c i t y
 
d'H~ .JY .nup l i t u d e s A;; (,\ . ," 2 ) by Lhe r cl a t i n u
 

" ", A ~ ,\ I A" _" 1,\ , 1'" ,» I~ - IA c (-'\ t ,-A,! ) 1- ~ A " ( '\ 1 ,A . ,J 
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(2 ) 
t"~ n - - ' " "t" :! 

IIL'r , ' '\ 1 d lld" ~ a r « t h. hn r you ; l ll d 111" :-; " 11 - ', 1 , , 1, ' h,' lil' i l ics, r e s 

pc c t i v e l y ; ~ A - Ae> i s I l h ' ,\ " s p i n 1'I' lIj .·, 'l i"1l o n I II " d t.: C1 Y .m .r

)' , I - , I . . II v z e r .,- p . I I t he p.i r r t y I~i 'r, ' "01 1:; " 1\1' " III I 11001I - p:lrt lc c or
1 

ljllil s i -UoIlI- (I,Il' L i r] e ,\ '" do c a v , 111l'1I11, w. iu l d Ih ' "'1 11 .11 to O. An 
i nrl i cn r i o u IlI r d ura y a s ymmot r y "I t il,' \" iI,lr v"l1'; p r od u r ed ill 

lie i n r c r. u -t i o n s IW !i b l" ' 11 fl 'I 'vlll l y " h L l i ll " d l, y 1I1l ',I II S o f t he .l I NR 
s pe c' l ro me t e r III.S<! n L L1 1l! S,'r pll k llllV , II ' , l 'l , ' r il l 0 1" 

1" 
; 
' 

t he d cc ay s 
\,: • ,\:\;, '!l u i ,\ ,, ' PK:! rr II: IV(' lx-e n 01 ,' 1, ' , I " d nn l 111 :11 YZI'd. These 
d .i t n i n.l i ca t « il 1l ' )Il - Zl' r iJ po Li r i z a ti u n 1'",l lllWL'Vl'I', t hoy d o n ot 
; 1 1 1 " 101 ' II I" I II d, ' l ,'r lll i lll ' c- i t lnr i t s IlIagll il ll d , ' o r i l S s i gu , s i nc e 

r l i c va l u c-s III t il.. , a s ymnu - ry pilral1l,'t , r ", 'l " .rr . 1I111;1l"WIl. TIl,'ore 
I i c .i l , ' st im oll,': ; "r LI I'''''' pn r.un ct. e r s Ioill u l d Ilt' 115 , ' 1'111 i n t h i s I 

,' , 'IILL' XI . Cn u s i d .. r 1 i r s L t ile s i mp l os t t \oI o - p.t r l i , ' I, ' d " (,:1 y s \ .' . A TT 

:1IId \ ', ,pK . IL i s wl' l l -knowl1 t hu t, ill r he a s ymp to t i . I i mi t ;n ''''',c 
w II L' 1l til l ' lII il ~iS l.: 5 " f I i g lu r o n s r i t uc n t qu a r k s C.11l he IIl'g l e ,· t eu 

ill " lI l11 p : l l · i SOli Ioli 1 II t ill: C - q ua r k nldS S III " , LIIL' s", d,' ..' a Y5 arC' desc
ri hed hy ,iI .. ~JlJ - (, :l I I ,' d S p (' , ~ L il t ll r d i : q~ r ' I III ~ ; . I t L' L1t1 h ,~ S ' ! l: t1 t ha t:" 

thL' he' I i , · i l \' I l d c c ;]y har yon ;; is t hL' 1I rna i nl y l'qu ;d Lo - 1/ 2 , i . e. , 
" " - -I . I t: RllllU Ld he t;lkell inLo , h ' C O U l l l tll a t Lite d l'l':ty h,lr ynll 
i s 1" 'J"lII, ' d h y rl',' ol1lhin i llg ;1 , :p c c L l t l l ( S";] !"f d ifJl111rk (lId)u loI i LIt 
;1 t";\ s l. ~(IIJ -'lll;]rk 1~ll i ,h 11. 15 Itl'Ii c ily - 1/ 2 uue to L II( ~ \,-,\ stnll' 
lllre oj 101" ,11, (' lI r r p n l r, ' :;pollsih le fl lr lhl' de ca y I ' . S(II) I TT' (I{ O) . 

1'I1l ~ n S\'IIIInl!Lr v p:lr;lllll'l .. r ' . " is appr< lxilililti ' l" - ) ;l l s o in til " 

' N"l " l ll .- I l p,. IJ, ~ ',4 -'J_ I.o!_,I ~ • Wlll!re 1'111 111 ilrc Lll e tli 1I~" 1 1. 1 1 
\ I "I1ll' llls t I l' I I ll' \ ~' :; p i ll d ellsiL y molL ri:-:. Simi l .1 r l y , " t ' Wlh, - ....:.. ~, 
1!1t,'re w,, i ~ ; Llll' d " ' :l y pr,d)oIbi 1 i I y " f \" Iol i LII llll' S p i ll p n' je ,' t i"l l 

' Ill tit .' .: - 'J',; i s ,'qll:ll l 'l II Tll i s r . , I :l t inn r" I I,, \~s d ir t" ' I I\' 1 10 111 

( I ) ; i.L ,,;1I" lI l d hL' t. l~" 'U ill l" l Cl' 0UlIt t l"IL w t ' . d l'll' rtn i l1 '.'l-o t il, ' 
p r ()hlbil i, ty 0' t ill' (,o llf igl1l--l t i oll (~ i t ll eostl = ~I in Ita . d, ·, IV "I 
\ . c ' lmp I L' t , l y pollri /.L'd ;I (o l1!' th .. 7. -I ', i ". 
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c a s e when t he TT '(KO 
) - me son is r e p l a ced b y a me s on s ystem M
 

wi th a sma l l e f fective mas s m. Wit h i nc r e a s i ng m, ho wever , an
 
e s sent i al d ecrease o f lac I c a n be expec ted . The r e are s e v e r al
 
r e a s ons f o r t his : a sprea d o f t he decay qu a r k directions o f 
f l i ~l t wit h respect to t he baryo n di rec tion (, - a x i s ) i ncreases ; 
t he c o n t r i bu t i o n of the meson state with he l i c i t y -I limy be c ome 
i rnpo r r an t *; [ o r t he decay momen tum comparable to t he 5(U) - quark 
mass, the helici ty + 1/2 qu a r k product ion becomes e s s e n t i a l . The 
spec t a t o r mechanism, howevc r , does no t expla in experimental data 
on D -meson de c a ys / 13/ a nd , apparen t l.y , on II ~ -baryo n decays 
as we ll /14-1~/ Un[ortun"tely, ca lc u latiuns o f the decay ampli t u 
des , 't a k i n g into account Ilon-specta tor c o n t ri bu t i o n s , arc h i Gh l y 
mod e l - d e r e nd e n t e ve n in the case of t he simp l est two-par ticle 
d e c a y s A;; '1\11 + and A~ .,pR o. So , the U v a l u e f o r the f i r s t de cnyc 
c a l c u l n t ad in r e f. ' 17 ' turned ou t to be positive nnd f or t he se
cond one - nega t i ve , Ne ga t i v e U c values for bo t.h decays ha v e 
been obtained in re fs . ' t4, t&/. Posi. tive va l ue s o f t hesc para me 
ters hav e been obtai ned in terms o f Lhe c hiral Lnr,r a ng i .1 n mo

t Sdel/ ,', Thus, the t heory at the prese n t stage is 1I11able to ma ke
 
a reliab le conc lus ion evell a bout sign s of t he asymme try pa r a me 
ters o f t he s i mpl e s t, A~ -decays . '
 

Le t us d i s c u s s the possibi li ty o f s imultaneous de terminati on
 
o f the parameters U c and Pe wi th the he l p of the analysi s o f 
angular dis tri butiolls in cascad e ;\~ - decays. To d etermine t he 
parameter U e in the case o f /\ ~ decayi ng i n t o a spin 1/ 2 ba r yo n 
a nd J mes o n o r a meso n system with zero s p in , it is e nough to 
measure t he polarizat ion o f t he d e c a y ba ryon . I f th i s ba ryon 
i s a hype ron, its weak d e c a y B. B' r. can be used f o r t his , as f o r 
the determination o f t he a s ymmet r y parameter i n the decay ::,.11 TT 

( s e e , e .g., r ef . 't9 .' ). The angular di stribut ion for the cor r es 
ponding cascade decay i s we l l known '20:' Tt e a n be \¥r it t e n i n lhe 
form : 

W(1l. n 1) - 1 + "nue cosO I t Pc I "ccosf] + uBcosOcos{J1 

3 ) 
- aB" 1- a~ sioOsinO cos(¢ tll1»).t 

Here 11 1 "(cPt,Ot) arc t he azimuthal and polar angles of t he baryon 
B' direction of f light i n the baryon B rest frame in t he he l 1 
city coordi naLe sysLelll:;'l =PU ,Ytll [ z ;': ;t ], x ,,[yj/,zl] ; a D 1
i s the a s ymme t r y p:lr:lme l er of the B .. B'n deCRy and llle is t he 
phase differenc e of the de cay amp litudes A~~4 (+1 /2,0) and 

Denoting this con Lribution by {, t,,oe have U =- (I - d / O j E). It c 
can be shown that l=2wt m2 / m 2 , where w. is the production proba
biLily of the meson state wit\ muss m and spin I (note lhat only 
the me s o n system with spin 0 and I ca n be p r o du c e d in t he .lee ay 
c . q ~ M/. 
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A:lh(-t /2,0) (v a l ue s of t he pararnc t e r s « and¢! f o r hJ,peron 
dec-ay s can be f ound in tab les o f pa r ticle pr oper ties/~ l / ) . The 
d istribution ( 3 ) yield s 5 r elations (momen ts ) f o r 3 para mete r s 
Uc ' p(~ and !lIe' To determine the pa ram-eters a a nd Pc ' i t is sufc 

ficient to analyze the angular dis tribu tion (3) i n tegrated over 
the azimuthal angle 6 1 .i.e., t he moment s <cosO>=acPc /3. <cos0 > = 

1 
= ~Ue / 3 a nd <COS8Co501 > = a rfc /9. In par ticul ar , t he po l a r i za tion 
Pc can be determined by the r e l a t i on s 

Pc =(1B<c05 0 > I <c05 6 1> , cos8cos01 >/ a B · (4 )Pc=9 <
 

Assuming t he detection e ff i c i e n c y i nde pend e n t o f dec a y angles ,
 
the statis tical errors of t he paramete rs a c and Pc . i n the l imi t
 
a 2 , p 2 « a 2• are equal t o "
 

c c B 

a(a = y3 a rJ(P ) =L oc . ( 5 ) c) a ' a 
B B 

He r e o=1/ayn is t he relat ive sta tis t ical e r r o r o f t h e si gn a l 
f r om the 1\+-decay; n is the t o t a l number o f ca nd i dat e s f or 
th is decay ,~I-a) is the fraction of background events . If the 
me s o n s y s t e m has spi n J2 ~ I, t he 1\~ -. DMd e c a y is descri bed by 
4 a mplitudes A~ (A 1,A..a ) wi t h Al , A2 = ~I ,2 , 0 ; ~l /2, ~1. I n th i s 
ca s e the me a s u r eme n t of t he d e c a y baryon po larization i s i nsuf
fic ien t to de t e rm ine the a s ymmet ry parame teruc : a j o i n t a na l y 
s i s of the ba r yo n and meson s p i n s ta tes is requ ired . We sha l l 
s how t ha t t he a ngular d i s tr i but i on i n t he c ascade decay 1\+-. BM, 
B.. B '" ,M - ab ... y ie l d s s uf fic ien t i n forma t i on to d e t ermi n e a c
 
nd Pc prov ided t hat t he value a B'; 0 i s b e f o r e ha nd known. Thi s
 

di stri but ion c a n be wr i t ten i n t he f o rm (see, e .g. ,refs. / 22 ,23 / ) :
 

W _ 1. A/lc(A .Ao)Ac~ (A\,A ) [ 8 d vi3 P (-l-Il 'IN! L Il) dOl ((J))
" - Il 2 IIIl c G 2 N' 

- I h (6 ) .r s, A' +y3 aB(-A i l Mll .L"' l ) DM o(cP ! .°1.0) ]. 
" 1 2 2 1
 

L *
 
.}":(2~f-l ) <TLN >(j .,A~L 2 M o li2Ao) ° 2 (¢.O . r/J ) . 

~ 2 - - ~ M 2 2 22N2 

He r e .p , 0 2 ,r/J2 a r e t he Eu l er ang l es character izing t h e orienta
t ion of t he c oordina t e s yste m 1 ~3~ 2 ~2I.formed f r om t he moment a 
o f t he pa r tic l e s fro~ t~e me~on-sEa£ e dec ay , wi £h ~espect to 
t he he l i city f r a me : z2 = PM , Y21 1[ z xz2 ] ,x2 = [y2 xz 2]( cP2 , 0 2 

are the az i muthal and po l ar a n gles of t he - a x i s , rr-1{J2 is t he'2
The s e e rrors ge t small e r wi t h i nc r e a s i n g P; a nd a~. For exampl e , 

t he e r r o r a (u c ) is reduced by a f acto r o f V2 a t P;:: a~ + 3~ : 
for the s a me r e duc tion o f a(Pc) , a~ ;; t (a~ + P;) i s requ i r ed . 

4 

a z i mu t hal. a ngl e of t he z 2 -ax i s i n t he syste m 1';2T/2'2 1). The
 
f u nc t i ons
 

. ~ 'N I
1.2 * 1M 2 "" L 2 (0' I 2~J 2

D ( (~ 0 ,I, ) "" e Q 
~ d 2 I eM N 1'2 .J 0 'r: oJ M ., N o 

2 2 
0 

~ " - 

r e present ma t r i x elements o f t he co r r es pon d i ng r o ta t ion tran s 
/ 2 3 1 [ o r ma t i on IX2Y2z2 1 · , I~·2 T/2 ';"2 I . The decay mu l t i po le parameters
 

T~N 2 a r e t h e b il i near prod uc ts of t he he ] ici ty a mpli tude s in
 

t he M -. a b .. . de c a y : 

1~ A/I;/ Aa . Ab •· .. ) A~2 (Aa ·"'b' · .. )( j211 2 L 2N 2 1 i2, 2). (7)T L 2Nt 
112··\ ·Ab•· · · 

where Aa,A b ... are the d e c a y pa r t i c l e he l i c i t i e s c n g i s t he 
pro j e c t i on o f t he s p i n j 2 o n t he a x i s ( 2 ; < 'l' L ~ > de no te s the 

2 ., 
resu l t of avo r a g ing over t h e va r i a b Le s c ha r a c t e l::'i z ing i n t e r n a l 
o r i en t a t i on of the pa n icles f r o m the meson- s t a te de c a y (in 
t he c a s e of 3-particl e decay , t hey arc Da l i t z p l ot variables) . 
I n t he c a s e of 2-par t icle de c a y , t he '2 -ax is is uniquely f i xe d 
by t he r e l a t i ve mome n tum o f t he d e cay pa r ti c les i n t heir res t 

rame ; t he direc tions o f the axes e2 a nd ij2 are nones sen tia l . 
Cc n s e qu en t.Ly , N2 ""Q and we c a n put if2 ",0 i n (6). In t he case1 

o f 3- part i c le decay , we d i r e c t t h e a lo ng t he no r ma l '2 <ax i s 
to t he decay plane and th e axi s e a lo ng t he mome n t um o f one 2 
o f t h e dec a y pa r t ic l e s i n t hei r r e s t fra me, f o r s uc h a c ho i ce 
o f t he coo r d inat e sys tem 1';2 ~2'2 1. parity con s erva t i on f o r bi d s 
odd N., - v a Iue s but , unl ike the c ase o f 2- pa rt i c l e de c a y , i n ge
nera l ~ i t a l. Lov..'5 odd L 2 - va I ue s ", To de re rm i ne a L and Pc ' it i s 
eno ugh to a na lyze t he a ngular distr ibution (6) inter,ratf! cJ over 
t h e azi mu t ha l angles, i. e ., 

L
 
W - ~ (2L 2 + 1 ) < T~ o >dO~(02 ) i(j20L20IJ20)[at (l +Pccos O)(1tu ucos 0 1 ) 1
 

L2~- O . 2 , . .. 

t a (l-P cosO)(1-(I cosO ) 110 IL Oli l)lb~ ( l t·P cQsO)(1-a cos( 1 ) + 
- C n \ 2 2 ' 2 c B 

(8) 

-~ b (I -P cos (} j(1 I u COS U ) ]l - ~ (2L +1) <:. T > d 
1'2 

(O )(j I I. 0 li n , 
1 2 L o o- c B L = 1. 3 "'2 0 2 2 2 2 

2 

,, [ b+(1 + Pc cos O)(l- rlBC06 0 1 ) - lU I - Pc cos 0)(1 + u BCOS 0\ )L 

"'< T 1'2N if>"' O for odd 2 - va lu e s provided tha t two o f t he deca y 
pa rtic l e s are i dentica l or t l"",y are i n a s t a t e wi t h a g i.ve n i 50 
sp i n / 24 / . 
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whe r e 3:t =1 A~'h (~1/2, O)l~ b.t = IAI 'h (+1/2,+ 1)1 2. After i n t e g a I - state d e c a y i nto three pseudoscalar me s o n s , as wel l a s 
t h e d eca y in to two spin less part icles , i s d e s c r i b e d b y the o n l r~ t i on over cosIJ IandCOB02 i n (8) , .we o b t a i n t he distribution ( I) 

- +
wi t h the a s ymrne t r y parameter U c =tu+ - a _+ b +- b_) /(a ..+R_ f b++ b_). a mplitu de A o ' Le . , TI D = 0 a nd T2 0 .. -V~TooA 1 - sta te decay
For eac h L 2 -value, the d istribution (8 ) allows the d e t e r mi na 

t ion of 4 moments < tl L2 
t 02 ) ' , , <CosOdL 2 (0 0 » , < COSOl d L2 (0 ) -, 

00 00 '" 00 2 . 
and < cos Ocos O d~5 (0 » which c an be expressed through u nk nown 
pa r a me t e r s a:!1 , b / t <T L 0> and po l ar i z at ion Pc' It can be shown 

2 
t hat t he corresponding system o f equations is overdetermined 
provided t hat the parameter uaf. 0 is known. 1f the baryon B 
does no t de c a y or parity is conserved in it s decay (u B = 0). 
t he asyrmnetry parameter U c and po l ar i z at; ion Po ' i n general, 
cannot be determined by a nalyzing t he angu lar dis tribution (6) 
on l y , The exception is the case when the pa r ame t e r c T L., O > h 0 

f o r a n odd value of L 2 " 1£, however, t he s i gn o I t hts parame
te r is be forehand unk nown, only absolute vn lues of U o and Po 
can be determi ned. I t i s seen well, e.g., in t.he case o f dis
t ribut i o n (3) whi c h is insensi tive t o s i mu l t a ne ou s change o f 
t he s i gns 0 f t he pa r arne t e r s Pc , tl and rI B -a \ 3TI~ To~' A mesonc 
state d e cay i n to sp i n l e s s pa rt i c l e s is of prac tical rnue r es r , 
A dec ay in t o t wo s p i II I es s pa rt i c l e s is d e sr-r ibed by t he only 
ampli t ude A o' a nd t he decay multipo le parameters, in acco rdance 
wit h (7), <Ire uni que ly de t e r mi ne d : T4! 0 ",(j 20L2 0 I i20) 'fOO ' This 

c ircums tance and a l so t he fac t t ha t t he T L 0 - v a I uc s are ma x i 
2 

mal l e a d t o t h e small e s t po ss i b l e erro rs uf t he pa r a met e r s U c 
and Pc a t g i vcn i2 " O. The maximal erro rs o f t hc s e pa r a mete rs , 
howeve r , a r e h i gher t ha n i n the C<lSC of t he meson sy sLem wi t h 
zero s p i n . For cxamp l c , f or i ,) = l, t hey arc 1.5 times l a rge r than 
th e val ues given i n ( 5 ) · · . C;ene ra lly s pe a k i ng , t h e pa r a me t.e r s 

for a de c a y in to t hree sp i n l os s par ticles are nu t un i <TL20 "
 

que l y de te r mined. Pa r it y c o ns e r v a tion , ho we v e r , Jecre<lse s es 

s e n t ia l ly t he number o f inde pendent parame ters , So , onl y even
 
va lue s of t he s pin j 2 pro jection II ,) o n the norma l to the decay
 
plane are a l l owcd in the case whe n- t he me s o n- s t a t e par i t y coin

cides wit h t he p r oduct o r par i t ies of t he dec ay particles ,whi le
 
o n ly odd val ues are a llowed in the opposite case. For example,
 

- Due t o par ity conserva tio n i n t he mes o n- s ta t e decay, th i s 
i s possible o n l y i n t he case of decay i n to more than two par
ti cl e s , e .g . , Q ' RC 2 rr. 

... The e rro r. 0 (Pc) depe nd s o n a re la t ive contr i bu tion o f t he 
amp l i t ud e s wi t h >'2 = + 1 and o , It i s maxima l a t (b++b_)/(a.... ...a_ ) = 

4 / 3 and mi ni ma l ( t.wo times l e s s ) a t b +b = O. 
~ 

into three 0- mesons is described by two amplitudes A~ l ' s o 

1 2 2 TITt ha t TIQ = = ( IA 1 1- IA II ) and 20 =--=: 00 
v2 + • . VI0.. . 

A decayAc~n*M IS also o f prac t i ca I I nteres t, whe re B" 1S

'I an isobar with spin-parity 3/2+ decayi ng into a 1/2 ~ baryon 
and a pseudoscalar meson ( ev g , , ~*.A tT , ~--NtT ). The angular 
distribut ion in such a cascade decay take s the form a n a l o go u s 
to (6) : 

c 0", , - 1, 1 1 
W - 2. AJ!('\l,>' 2)AJ!' (>'I,A 2 ) [Oflll,+\/3 Pc ("2'1 l N I"2,ddON(O) lIoAI>'1. 

- V 5(.!.A 'I 2MI I.J..>'I) 0 2 " (rP • (1 ,0)] Y 
2 2 MID I 1 

I " 
:, 2 (2L"rl)<-T L N ">(i"A2'L2M"IiZ

A,,) O ' l! (rP".rJn,Y, ) . 
~ Z 2 ~ ~ ~ ~'2N 2 ~ ... 2 

After in tegra tion over 
parameters P o ,<. T L 0 > 

Z 

r arne t e r s 3 ± '" I A ~ 'h 

c± = i A
C
± 104 (.!.3/2' ':'1~2. 

distr ibution allows the 

t he azimu thal a ngles , 
a nd, in the general 

( .!.1/2 ,O) I~ b .!. = 1 A~'h ~ 

As in t he previous case 
pa~arneters U c and Pc t o 

(9) 

it contains 
case, 6 p a-: 

1 1 / 2 , + 1 )1 ; a nd 

whe n aBO, t h i s 
be determi ned 

p r o v i d i n g t he sign of t he parame t er ··fO at an odd Ll!<T L20 

value is be f o r e ha nd known . If suc h a condi t ion is not fulfilled , 
bUL t lte baryon B i s a hypero n, asymmetry of i t s weak decay 
B-B'tT can be used to de termine (Ie Ril e! Pc ' Ins tead o f (9 ), we 
then have 

W_ I AC (AI'>' .. ) AC:(A1'.>.',,)lS d\ 3P (..L j.l 'lNI 1 fJ )d01N(O)J[o,~, +\ l3 a x 
II ~ II ~ lifl C 2 2 "8' B B 

1 I .. 
x (->'B'lN 11..L,\ \ D (</J ' ,(J' • 0) I · I (2L 1+ 1)(.!.>. 'l L l ,MII.!. >, I)

2 2 B' NIO I I 2 2 

L* 
(23 "aL1NI1.J..>'B)0 1 (<!>l,OI ,O) .I(2L 2+ 1)< T L N>U 2>.;LQ Mo IJ2>' 2) x 

2 1.1 IN 1 Q o . ~ '" 

x 0 Lz· (r/J", 0 () , 1/1 ) • ( 10)1.1 2 N2 .. .. 2 

whe re <PI' , O{ ar e the azimu t ha l and polar ang l e s of the bar yo n 
B ' momen t um in the n rest f r ame i n the hel ic i t y c oord i n a t e 
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s ystem:z ;=P B , yi ll [ zl xz'j ] , x 'j =Yax z'j ( Pa i s t he un i t 
ve c to r d i r e c t ed along the baryon D momen tum i n t he r e s t f r ame 
of t he i sobar D · ) . Af t er in t ec r a t ion i n ( 10 ) ove r t he az i 
mu t ha l a n g l e s cPt ' cP2 a nd ~1/2 ' we obt a i n 

W- >: (2L 2+ l) <Tl_ 0> d ~~ (°2 ) I (J201'201j20)[ a+(1+ ~ cos O)(1+U:o(fJ ) + anZ) f 
L2- O.2. .. ~	 1

9	 2 
·In (l - P COB0)(1·1d - (0 ) - a Z) ] t-(j21 L'JO 1i 1)[ b+(1f P cosO) (1I d oo(0 1) -a Z) + 

- C o0 1 a - 2' C	 B 

22
t L (l - P cos o)(lt d (0 )+a Zhc 

L(
1+P cosO )(1-do (0 ) + a BZ)+

- e 0 0 I ar e 0 1 

2 -	 L2 ( I I) 
+ c (l - P cosO)(l-d 0 (0 ) u aZ ) ]- ~ (2L 2+1) <T 1• d' dOO (02 )(j 21L20Ii2 1)

- c O l L, .= I .a .... 2 

2	 2 
x [ h (I +P cosO)( 1ld (0 )-aBZ) -b (l - P Cos O)(lt-d (Ii )+a zr ,

+ e 00 1 - c OO l a 

2 -	 2 
1 c , ( Pc C.(ISO )(1-d (° ) I a aZ) c_(l-P cos O) (1-dOO(Ot ) - uDZ ) ] .

OO 1	 c 

He r e Z , Z arc t he f unc ti ons o f t he decay ang l e s </J; , 0; an d 01 : 

z = Z 1 ~ 3Z • Z=3 Z I - Z 3 • Z 1=; (cos O{ ('.0 5 01 - 2 s i ll 0 i sin 01 cos cP '1) ' .3 

( 12 
ia=t[ 3 cosOt d; 0 (0 1 ) + 2i3 SinO( d (o (O l) cos c;!J ~ 1 . 

The d i st ri bu t i on ( I I ) l eads t o an ove r de termi ned s ys t em of equa
t i ons fo r the parameters < T J. > , a ± ,b ± ,c± and Pc provi ded 

2o 
t ha t (I a '; °i s known . If, e .~. , the meson s t a te M ha s spin j ~ =O . 
t hen b± -c +=O and T 0=0 at L 2 f. O. I n t h i s c a s e the angular 

- 1"'2 
dist ribut ion ( I I) contains II or thogona l fu nc t ions; t he i r con t ri 
but ions (moments) a r e de termined by on l y two parameters Pc 
and a , ~ (3 De sp i t e t he l a r ge numbe r of moments,-3_ )/(3 1+8_) . 
the e~rors-f o f th es e. pa r amet e r s ( i n the 1 i rni t u~ , P; « a ~ ) 
tu rn ed ou t t o be 2 .3 t i me s larger t han t he values given i n (5 ) . 
However , as a 2 a nd P~ i nc r ea s e , t hey ge t s mall er mor e rapidly

c	 +. 
as compared t o t he case o f A c decay I nt o a hyperon and a zero 
spin mes on ", 

* For example a (P ) is r educed by a f a c t o r of v'2 a t a2 :::: (a~ fe2	 e6.4 Pc ) 1 19.2. 

8 

He have a::;::iu l1Ie d until now t ha t the meson state M ha s a given 
s pin-pari ly . Now we discuss t he si tuation when t he sp in-pari ty 
of this stat~ is nul defined. As an ex ample we c hoos e tl ~ 

A;..i\3I7deca y and s uppos e the 3 17 system t o be produced ma i nl y i n 
t he l owes t 0- and 1+ states. Note t hat s upp r ess i on o f a contri 
but ion of highe r orbi ta l exci tations ' P = 1,1; 1, 2 ; .. . canf rrrr 17 

be s t r eng t hened by select i ng a l ow mass 311 s ys tem. I n suc h 
a case, the decay angular d i s t r i bu t i on , i ntegrated ove r t he 
azimu t ha l angles , represent s a superposi tion of the dis tribu
t ions (8) with j2 =0 and I . It s hou l d be taken i nto ac count 
t ha t the terms correspondi ng t o t he interference of the 0 -+ 
and I · s t a t e s van ish af t er i ntegration over ~~ and t ha t ~ l 

+ +	 ..... 

T I l =_1 , < T > = 0 an d b2- = O. Th is d i s t r ibu tion l eads
O l OJ 10 0	 - - + +

It o 8 rela t ions for 7 parame t er s a~ <Ta~ "> , a~ < T OO > a nd Pc . 
It i s easy to s how that t hes e r e l a t i ons fo rm an overdetermined 
system

• 
of equa tions; e.g . , t he po lariza tion P

c 
i s given by two 

eq uations 

9	 U 

P = U \ [ < cos > - 10 < COSOd;o(0 2 ) >]/[ <cosO l )- -10<COSOI~(02 » 1,e I 

( 13 )
92 2 

Pc = aA [ <cos OC08 01 >- 10 < cos 0 cos °1 dOO(02» 1/[ 1 - 10 < doO(02 » I. 

which represent ge ne ral iza tion of t he re la t i ons (4). The error 
of P c i s maximal i n th~ case o f a domi na nt con t r i bu t i on of t he 

- s t a t e and a; ' Pc
2« aB, It is 4 . 6 times l a r ge r t han in t he 

case whe n the zero sp in o f the meson s t aot e i s known beforehand 
(s ee (5»*. I n the l i mi t of small a~ , P; t he er rora(P) is mi
n i ma l pr ov i ded tha t t he contri bu t ion o f the 1+ state Jominates 
a nd b± = O. In such a cnse , i t is 1. 5 t imes larger t han the va
lue gi ven i n ( 5) . Concern ing t he e r r or o f t he paramet er 

2in t he l i mi t .a; ,p « a ~ i t is max ~ma l an d ~q u a~ t o O(lle)

a e,
':e = 1. 7 S/P Independent of a r e l a t lve cont r l bu t l on o f t he 0c 

and I' s ta tes . 

Cone 1us i c-us : 

+ 
- The mea s ur emen t o f the A c po l ar i za tion P and t he a s ymmet 

r y parame t ers a of the A~ decay s i s impo r t a ~ t to clar i fy t hee 
me ch ani sms of qua r k production and hadr oni za t i on . In pa rt icu lar , 
the di f feren ce o f t he a symmetr i e s of t he decay nuc leon a nd A 

* The us e f ul i n f ormat i on can g ive a Da l i t z plo t an a lysis of 
t he 3 "	 system. 
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8 06oeAHHeHHOM HHCTHTYTe HAepH~X HCCneAOBaHH~ Ha4an 
B~XOAHTb c6opHHK "Hpam~<ue coo6UJeHU.R OH.RH". B HeM 
fiYAYT noMe~aTbCH CTaTbH, COAepma~He OpHrHHanbH~e Hay4H~e, 
Hay4HO-TeXHH4eCKHe, MeTOAH4eCKHe H npHKnaAH~e peaynbTaT~, 
Tpe6yiO~He Cp04HO~ ny6nHKa4HH, 6YAY4H 4aCTbiO 11 Coo6~eHH~ 
OH~H1

11

, cTaTbH, eoweAWHe B c6opHHK, HMeiOT, KaK "' APYrHe 
H3AaHHH OHRH, cTaTyc O$H4HanbH~X ny6nHKa4H~. 

C6opHHK 
11

KpaTKHe coo6~eHHH 011RH 11 6yAeT B~XOAHTb 
perynHpHo, 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogeni cs . 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 

- I 
negHH~KH P. EZ-85-257 

+ 
06 onpegeneHHH nonHpH3a~HH oqapoBaHHoro 6apHOHa Ac 

ITonyqeHbi ¢opMynbi gnH yrnoBbiX pacnpegeneHHH B pa3nHqHbiX 
KacKagHbiX pacrragax A +c -6apHoHa, no3BOnHIOII.\He orrpegenHTb ero 
IIOnHpH3a~HIO H COOTBeTCTBYIOII.\He rrapaMeTpbi aCHMMeTpHH. O~eHeHbi 

onm6KH 3THX napaMeTpOB. YKa3biBaeTcH Ha BalKHOCTb nonHpH3~HoH
HbiX H3MepeHHll gnH H3yqeHHfl KBapKOBbiX B3aHMOgeJ"ICTBHll Ha 1160nb
IUHX11 paCCTOHHHHX, 

Pa6oTa BbiiTOnHeHa B na6opaTOpHH Bb!COKHX 3HeprHH: O.WUL 

ITpenpHHT O~~eAHHeHHOro HHCTHTyTa RAePHMX HCCneAOBaHHA, llY~Ha 1985 

EZ-85-257 Lednicky R. 
About the Determination of A: Polarization 

+ 
Formulae for angular distributions for various Ac 

cascade decays, allowing the determination of its polari
zation and asymmetry parameters, are obtained.Errors of these 
parameters are estimated. The importance of polarization mea
surements for studying quark inter actions at "lar ge" distan
ces is stressed . 

The investigation has been performed at the Laborator y 
of High Energies, JINR. 

Preprint of the Joint Institu te for Nuclear Research . Dubna 1985 


