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The quark model is used to predict the joint decay distributions of pairs of strange baryons
produced in the reactions 4 — 43+ with polarized target. For reactions with particles polarized
perpendicularly to the reaction plane it is possible to make absolute predictions using data obtained
from reactions with unpolarized particles. Relations between the statistical tensors provide
a method of evaluating the additivity angle for the ®/,* isobar, if the polarization of the target
in the reaction plane is not zero.

1. Introduction

The additive quark model is useful for the investigation decay distributions of particles
in two body reactions (cf. Ref. [1-8]).

In this paper we present the predictions of this model for the decay distributions or
particles produced in the reactions

BB —> BB* Q)

with polarized target. Here Bis a 1/2% baryon and B* is a 3/2* resonance. Up to now a similar
analysis has not yet heen performed, because in all processes (1), in which the decays of the
baryons B and B* conserve parity, there are only lwo measurable independent statistical
tensors components Tg and 7% In this case the quark model predicts only that the com-
ponent T3 is independent of the target polarization.

If, however, in the examined reactions (1) the 1/2* baryon decays without conserving
parity (as is the case for the weak decays of strange baryons), we can measure all the tensors
T35y, with Jy and J, odd (cf- e. g. [10]). Then for reactions (1) with unpolarized target only
11 independent tensor components are not equal zero. All the tensors with J =3 vanish
(cf- Ref. [10]}. In the case of the polarized target there are 35 measurable independent tensor
components expressed by six independent complex scalar amplitudes.

We have found 35 linear relations between these tensors and tensors measurable in the
reactions with unpolarized particles. All the components T3, with M, 4+ M, even for re-
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actions with polarized target can be calculated if we know the tensors for unpolarized target.
Therefore for reactions (1) with particles polarized perpendicularly to the reaction plane
itis possible to predict decay distributions using data obtained from reactions with unpolarized
particles.

The tensor components TIJ\},{;W. with M;+M, odd are proportional to the polarization
in the reaction plane P. They can also be expressed by tensor components measureble
in the reactions without polarization. In this case the 16 obtained relations depend still on
one parameter, namely on the additivity angle y for the 3/2% isobar (cf. e. g. [5]). These re-
lations may be used to evaluate the additivity angle and, on the other hand, to check the
quark model predictions. All these relations expressing the tensors with polarized target
by the tensors with unpolarized target are presented in Sections 2 and 3. Besides, there are
also 6 relations between different tensor components with polarized target.

In the Appendix we give the expressions for the statistical tensors in terms of the quark —
quark amplitudes.

2. Relations between statistical tensors with M;+ M, even

The method of deriving of the quark model formulae for statistical tensors was already
discussed e. g. in Refs [3], [5], [9], (for a review of properties of statistical tensors cf. Ref.
[11]. Therefore we give here only the final results, i. e. the relations between statistical
tensors for processes (1). All calculations are done in the transversity frame, i. e. with the
spin projection on the normal to the reaction plane. The density matrix for the initial baryon
can be written in the form

14+P, —iPe=ia
0= 1 ( N ) 2

T 2 \ jPee 1-—P,

Here P, is the target polarization along the normal to the scattering plane, P is the polariza-
tion in the scattering plane, and « is the angle between the beam direction and the polariza-
tion vector in the scattering plane.

For the tensor components T{‘},{M with M, + M, even oné obtains the following linear

relations
3
TH(Py) = T1i(Pn = 0)+ ]/ = Ti(Pa=0)- P, ®)
3
T2 A(P,) = Tita(Py = 0)+ ]/ = T1a(Pa=0) - P )
1
T3(Pn) = T3 (Pa=0)+ Vi T3(Pn=0) Py, ®)
1 e
T13(Pa) = T1ia(Pn = 0)+ —== T121(Pp = 0) - Py, (6)
/15
TPy = Toa(P,=0), (7)

Te(P,) = Ty(P, =0), ®)
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2

Tha(Pa) = Too(Pu = 0)+ 5 Too(Ps = 0) - P, ©)
Too(Pn) = Tos(Pn = 0)+ ([2 Too(Ps = 0)+ _2_ Tog\ P = 0)) P (10)

n, n 3 n 3 ‘/g n ns
TP, = TSP, = 0)+ % TP, = 0) - P, a1
Toa(Pa) = Toa(Py = 0)+ V— To8(Ps = 0) - Py, (12)

2

TSP, = T8(Pa = 0) + ( 5+ s = 0)) P, 13)
Ti(P,) = Ti3(P, = 0) =0, (14)
T (P, =2 'l/— Ti21(Py = 0) - Py, (16)
T 4(P,) = T14(P, = 0) =0, a7
Tey(P,) = Toz(P, = 0) - P,, (18)
To(P,) = Toa(P, = 0) - P, (19)
T53(Py) = V— T53(Py = 0) - Py, (20)
Tos(Pa) = Vis‘ TR(P, = 0) - P,. (21

These relations are independent of the polarization in the scattering plane P.

From these relations we see that all the tensor components determining the decay distri-
butions with the target polarized perpendiculary to the reaction plane are expressed by the
tensors T”: (P, = 0) measured without polarized target. Because Tg = Ving, we see
from Eq. (8) that T is independent of the target polarization. Itis the only interesting result
of the quark model for reactions (1), if only the even — M tensor components are measured.
Because all the tensor components with M; +M, odd are proportional to the polarization
in the reaction plane P (see the Appendix) we see from Eqs (3)-(21) that for processes (1)
without polarization (P, = P = 0) only 11 tensor components are not equal zero. All the
tensors TﬁfM'(Pn = P = 0) vanish (c¢f. Ref. [10]). Besides there are no linear relations bet-
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ween tensors T3p3 (P, = P = 0). There are still two relations of this type expressing
a combination of tensor components with P, # 0 by tensor components with P, =0

( n) 'T/— E(P n) = TH(P n = O)’ (22)
11 1
(P, — 7/ TP = TPy = 0) (23)

3. Relations between statistical tensors with M,+M, odd

For the tensor components T34, with M;+M, odd one obtains the following linear

relations
TH(P) = ——il/—ii TH(P, = 0)Pelaty), (24)
Tio(P) = i —;-]/ % P(TE(P, = 0)e~ilat¥) 4 T2 (P, = 0)ei@+v)), (25)
Ti2 o(P) = l/ Tit (P, = 0)Pe—ila+v), (26)
TIHP) = i V__« P(TB(P, = 0)e~i(a+¥) 4 T2 ;(P, = 0)ei@+v), 27
1
THE) = ¢ V10 P(TL (P, = 0)eie+¥) +- TH(P, = 0)e~ila+v), (28)
]/— T3§(Py = 0)eilat), (29)
1 .
THP) = P(T2(P, = 0)—5 TX(P, = 0))eila+v) 1 PTB(P, = O)e~ile+v), (30
P)=1i 3lﬁ (Taa( ) —5 Tgol ))e i Vs PTH( ) (30)
T®(P) = —1% TO(P, = 0)eile+n), (31)
1 5\ . o1 .
To(P) = iP ( 3y Loatn = 0= —Vl—i) e i PT%(P, = 0)e=ie+v),  (32)
TB(P) = —iPTR2(P, = 0)¢i@+v), (33)
TH(P) — % (TE4(P, = 0)¢i@+#) + TB(P, = 0)e~rtetv), (34)
TI o(P) = —iPTR (P, = 0)e—ilatv), (35)

T(P) = —LP1/ TR(P, = O)eil=+v), (36)
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T8(P) = —iPl/% TP, = 0)elaty), (37)

TI(P) = —iP (l/g TR(P, = O)efletv 4 —_ V TI(P, = O)e~ ,(,+,,)) (38)

T®(P) = —iP l/_ TP, = o)ez(a+w)+ l/— Tox(Py = O)e“'(”“’)) (39)

They, in turn, do not depend on P,.
As seen from these formulae it is possible to determine all the tensors TY:s(P = ()
if we know T7*'s(P = 0) and the additivity angle .
Relations (24)-(39) enable one to determine the additivity angle and, besides, may serve
as a check of the additive quark model.

We have still two relations between tensor components with P 3£ 0 involving the addi-
tivity angle

TIP) = ]/% (TEo(P)etet )+ TH(P)eer), (40)

TP) — — L (T12 (P)etitern) | TI(P)e~2itetw), 1)

/6
Further there is still a relation independent of P or o
3T = Thg = —Tig (42)

but all three components appearing here are zero unless P 7 (.
Finally, the quark model predicts that the following two complex components (= 0 for
P = 0) have the same phases:

phase of Ta2 = phase of Tg;. 43)

This exhausts the list of quark model predictions for our reaction (1).

The author would like to thank Dr A. Kotaniski for suggesting the problem and many
helpful discussions.

APPENDIX

Using the similar method to that described in Ref. [5] we obtain for the statistical tensor
components with M, +M, even

TH = — —}]/ S PSS s —Fof P, (A1)

T, = ——l/ (fafa+SfsS o+ (fsfo =2/ D Pn)- (A.2)
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Th= V——(5(f3fo ~fof D —(faf o +/2/3)P (A.3)
TH, = 4F SUfsfa—Fuf D+ Fafi+fsL P (A4)
rs= Y (rinr. (A5)
2L (nriehis. (4.6
Ti2— B f L ot 2= fol®)  —o (Ll 42— fal = fo D P
2 f(w ARl = fol2 4 ol = fol?) V~(f2 JAp AL )(M)
= 41/10 (1 fult 41 fl2— f4l2—lf5i2)+—l/11——6(lfgiz—lf312+lﬂ(2—lf5|2—
~ l o4 wa) P, (A.8)
70— T(’f2 PP fm)*

+ -45—1/~(If212+|f3|2 [fal?—1 /512 Pas (A.9)

T8 — 7(1f2'2+1f312+|f4| R fal?)
+ —V—~ (I fol2 =151 fal + 1 f51%) Pa (A.10)

%= gy AR

F (|f2l2+lf3|2+1f4\2+|fa12 U lfolz) P, A1)
T 0, (A.12)
T8 = — il/ 2 it D (A13)
T, = ——]/ (Fofi 41/ Pn, (A.14)
T, — 0, (A.15)

Toa= Kf— (faf3—/315)Pn> (A.16)



Tos = 4‘/10 (1 fol2—I fal2 ] fal2 =1 f52+| fol2 =1 fol®) Pa,

= E(faf;‘}‘ﬂf;)])m

T8 = 41/1 (1 /ol +1 fol® 1 falP+1 5121 fal 2= fol?) P

For the statistical tensor components with M+ M, odd one obtains

1 3 ] e
= —ig ]/;— (fofg—FofDPeter,

12 __

Tis = —i —= P(fafo +/2/ e I+ (fof s +/5/5)e' @),

10 V
1 1 EX  poitat
T2, = i _2‘(f7f4’_f5fo)Pe aty),

1 . ”_
T = —i g5 PSS D i oo

TR = —i g PUfsa—Ff D+ (fofi—Fuf Do),

o= —i —@ P(l £+ f312—| fal2—] f5|)eilat),

1
g~

S —fsf;>e—ft=+¢>) ,

02 NE

o= ~!7g (1 fol2 =] fol2— fal> + | f5B) Peitatw),

. 3 .
o1 4V§P ((7 (ifz%z‘f‘)fs‘iz'*'!fx;lz*»ff5§2)+‘f7‘§2+'fo|2) eilaty)

—(f +f4f;)e""°‘+'”) ,
T8 — ; L"/E P(fafo4fofd)eiaty)
12 — 4 2 3/ 0 2 ?

T = i g PUSS DA (faf 4l oot

i4T/5_ P ( (%(_Jf2|2+lf312—'f4|2+’f5'2)+lf7|2—|f012) etlaty) 4
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(A.17)

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)

(A.29)

(A.30)
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1 3 . .
TiE,=1i T 1/7 P(fofs+1sfg)e et

3

Te=1 Zﬁ (fafs—fuf3) Peilaty),

3
T i S (f (LS, ) Peitatn),
03 4<V2 (fgi- 5 f;fz)

1 )
Ta=1 T-I/%P((_|f2lz+|f3t2—lf4|2+lfs|2_|f7|2+|f0|2)e‘(¢+w+

+(fafs—faf3)e™ @),

1 3 )
Tgf'__ - '47]/%P(1f2|2+xf3|2+!f4|2+1f5

+(faf5Hfaf e HEt).

2_!f7i2‘,!f0|2)3i(¢+w‘:“

(A.31)

(A.32)

(A.33)

(A.34)

(A.35)

Here f1, /5, f3: fo» /5. fp and f are linear combinations scalar amplitudes, and g is the additivity

angle for the 3/;* izobar.

Some of the formulae in this paper were simplified by the normalization condition

1 p,
(lf2|2+1f3|2+lf4|2+]f5]2+ 3 [ fA%+ % ’f0|2) + 5 (1 fol2—1fsl2—1fal2+1f51%) = L.
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