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QUARK MODEL PREDICTIONS FOR THE MEASURABLE
GENERALIZED STATISTICAL TENSORS

By P. KIieLaNOwsKI
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(Received February 26, 1970)

A set of linear relations for the measurable generalized statistical tensors completely equiv-
alent to the quark model predictions for the transition amplitudes for the reaction 0~4-3+—
— 174§+ is given. The given relations can be tested directly by means of experimental data
for joint decay distributions of the final particles.

1. Introduction
Let us consider the reaction:

+ +
0+ —;— —>1‘+—2— , 1)
where §, ¥, 0~ and 1~ denote baryons from the }* octet and & decuplet, mesons from 0-
and 1- octets, respectively.

In the following we shall find the relations between the measurable generalized statistical
tensors (MGST) [1] for the reaction (1) which are completely equivalent to the relations
between the amplitudes predicted by the quark model. A positive experimental check of
these relations between MGST will mean that the relations between the amplitudes are
satisfied and any theoretical model must comply with them. However, it will not necessarily
mean that the quark model is verified because only a small number of the quark model
assumptions is used [2]. It will only mean that the quark model is compatible with experi-
ment.

Some of our quark model predictions for MGST have been already found and tested
by Bialas, Kotaniski and Zalewski [3]; however, it is not clear from their method whether
their relations give a complete check of all quark model relations for the amplitudes.

Our relations, which are all linear, can be easily tested. Moreover, this test will give
a full answer whether the relations between the amplitudes are exactly such as predicted
by the quark model. It will also indicate the spin quantization frame in which the additivity
assumption holds.
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2. The basic results

It is well known [2] that the quark model equipped with the additivity assumption
gives some relations among the amplitudes of the reaction (1).
For simplicity we denote:

f1=f1§o%, Js =f1%o—§, Jo =fo-§o—%’

Sa =f—1%o b Js =f—1§o—§’ J10 =fo—§o%’ @
S =fo%o—§, S =f1—%o§s Ju =f1—%0—%a

f4=fo%o§’ fs=f—1—%o%s f12=f—1—%o—%-

All other transversity amplitudes vanish by virtue of parity conservation.
The quark model predictions for the amplitudes of the reaction (1) read [2]:
class-a relations

fi= Vgeﬂivfs’ Sa= e—iwfs» Su= V§ e""’f.,,

fa= Vge—ivfs, Sz = Vge‘wfs' 3
f 3= 0, (10 =0,
class-b relations
fa= eziq]—awfn’ 4
fo= €7 fr, ®)
class-c relations
fl — e-—2iq:—3iw—-4i¢f12’ (6)
fo = e f )

The phenomenological parameters a, ¢ and y are interpreted as the angles between the con-
ventional transversity frames for the particles 1, 3 and 4 and the transversity frames in which
the additivity assumption is supposed to hold. An extensive discussion of the relations (3)—(7)

and an interpretation of the angles @, ¢ and v is given in [2]. Let us only notice that the
relations (4) and (5), (6) and (7) are equivalent if the relations (3) hold, so in the following
we shall give tests for the relations (3), (5) and (7) only.

The final particles in the reaction (1) are all unstable. The angular distribution of mo-
menta of their decay products allows measurement of the following MGST':

AL, A0, AR, A, A, A3, AR, A,

A2, A, A0 A, A, A, A, A,

AT, A2 AR A AT A A A,

A A AR A A2 AR A2 A, @

The MGST (8), as functions of amplitudes, are given in Appendix A.
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It is clear that the Eqgs. (3)-(7) give many relations between the MGST (8). We do not
intend to present all of them, but only choose those which are sufficient for an experimental
check of the relations (3)—(7). We now write down some groups of relations for the ampli-
tudes separately and present the corresponding equivalent relations for the MGST.

Ifazo»fm:()

A+ AR /2 AT /2 AT = 0. ©
IIf=0
AN+ A%a—Y2 A% —)/2 Afa— (10)
AN AR /2 A2 AL = 0.
III flo = 0
Aga+ANe—V/2 Ae—V2 Ape+ (11
+ Ao+ Ase—V2 A —V/2 Aoy = 0.
v f3 = e—iwfs
Agn—Age—V/2 Ao +V2 Ageg = 0. (12)
and
e Y2 Ay = A3, (13)
or
e ¥ VQ Atl)z—zu = Aiz—zlz- (14)

The relations (13) and (14} can be used for the determination of the angle y only in the case
when the relation (9) is fulfilled. The relation (13) or (14) cannot be used if either 4123 or 47122,
vanishes.

Vv flege_iwfs fszgemwfs
Su= 1/3 eiwf'; Sz = llg eiwfs
— 24005+ A — Ao+ A —V2 Agag = 0, (15)
ARG A Al A /2 A% = 0, 6
AG 24245 A~ )
A —2A4%2 + 2420 — 4322 = 0 (18)
and
Ao+ Agog = 3)/3 € A% 19)

Equations (15)-(19) are equivalent to relations V if the additional conditions hold:

Ao+ Agza £ Aggo+Agze # 0 (20)
and

A #0. e
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The angle y evaluated from Eq. (19) must be also equal to the angle y evaluated from Eq. (13)
or (14).
VIfe= e,
A2+ APy = FOTVAG  — A2 ). (22)
VI f, = e~ 2ie—iv—4af,
A+ AGE = T HETVRIRATR, A ). (23)
The proof that the relations (15)-(19) between MGST are equivalent to the given relations
for the amplitudes is given in Appendix B. The proofs for other relations are very simple.

3. Discussion

It should be stressed that if the relations (9)—(23) are experimentally confirmed, then
the relations (3)—(7) for the amplitudes must be true and an experimental check of any other
relations among the MGST does not introduce anything essentially new. It should be also
pointed out that for an experimental check of our relations no measurements of polarization
of decay products are required.

The author is very thankful to Professor J. Werle and to M. Kupczytiski for stimulating
discussions and reading the manuscript.

APPENDIX A

The measurable generalized statistical tensors as the functions of the reaction amplitudes:

M = 000

L VAR LAR LA AR AR AR LA Al | Aol fual® | Al Factor

1
000 B N A o A O S A = A A A A o | X m
002 1 1]+41 1 1 1 B 1 1 :
-1 —1{-1|-1]-1]~ 1] +1 |41 —
+1 |+ +1 | +1 |+ b 2/s
020 1i41 (=22 |+1 |[+1!1+1 !
—2 |- 1] —2 | —2 |+1]|+1 —
+ +1 4141+ +1 |+ x Wiz
1
022 +1 1| -2 21—-1|—-1|—-1]—1 2 | —2 1 1 =
+ + » + +1 ]+ b o/12
1
100 1 11-1 1 —-1|—1 1 1¢-—1 1|-1-—1 7=
+1 |+ + +1 4+ + X 2Ve
102 +1 1 1 1 1 1 :
— — + ~1 1 —1 +1 ;+1  —1  —1 =
+ + + x 2v6
1
120 +1 {4+t {42 |—-2|—-1|-1 {41 |+1 | +2|—-2|~—1}—1 X =

Do
Ll I
™o

122 +1 1 2 2 1 l1|-1|{-1}|~2|~2]~1,6 -1 o
142 42 |+ |+ i x5

N



319

M= 002 M= 02—2
L [AfT | Lafs| fafs | fafo | fsSih SfeS1z | Factor L \fofs | fufe Factor
X ! 1
1 1 1 1 1 — 022 1 1 -
002 | +1 | + + + + + 7 + + X3,
1 1| —2 ] —2 1 1| x —= 122 1] -1 x=
022 | +1 | + +1 |+ 2/6 + 2
1
1 1] —1 1| =1 —-1|%—
102} A+ t + 23
1
122 1 1 2 f—2 | =1 ] 21 —=
L B 2/6
M= 020 M= 022
L £ fife ] fft | fufh| Factor L A S| fsflz | Factor
1 1
020 1 1 1 1 X —= 022 1| =1 X e
20 | +1 | +1 | +1 | + 2Ve + .
1 1
022 1| -11]=1 1 — 122 1 1 X —
+ SR ILPY5 +1 | + 5
1
120 1] —1 1| —1
-+ + X 2 V§
1
122 1 U] =1 | —1 —=
-+ + X 2 W
M= 011 M= 01—1
L VA, | fefs | fifie ! fof1a| Factor L | fofs | fsfs | fufs | fufs | Factor
022 | +1 1 1| +1 ! 022 | +1 1 1 +1 1
22 22
122 | +1 1 1 1 ! 122 | +1 | -1 1 1 !
— — — X — —_— — X —
22 22
M= 101 M=110
L | Aifs | fafe | fafis | folie Factor L | Afs | fafs | fafs | fufia| Factor
1 1
102 1 1| =1 =1 | x— 120 11 —1 1| -1 | Xx—=
+1 | + Ve + + 273
! 122 | 41 | +1 1 1 !
122 1 1 —1 -1 X — _ _ %
T 2)/3 2)/2
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M=1-10 M= 10—-1
|
L | fufr| fifE | fafd (o fi i Factor L Sufs | fufs | Factor
1 1
— -_— - Y3
120 | 41| =1 | 41 -1 | xp 102 —1 | +1 /6
| .
122 | +1 | 41| -1 | =1 x oo 122 | +1 | -1 | x—=
2)/2 V3
123 1 * * 122 1 * *
AR = ﬁ (Afe—fafie) AiZa= 'ﬁ (fofs —fof)

Aﬁg = %‘ (flf;—f«:ffz)
A s =3 (fof 3~V fs)

122
A2, =0

Aiz-zzz = % (fz f;‘*f4f;1)
Aiz—zl—z = % (fsf:;—fmfs*)

122
A% =0

APPENDIX B
To prove that the relations (15)-(19) yield the relations:

fz = VE_} e—ine,

fi= Vg e_iwfss
Jun= V?—’ efwfv,

f12 = Vg e{”’fe

we write the relations (15)-(19) in terms of the amplitudes:

| AR+ £2 = 3( fs2+1 f6l?)s

and

I HRSs b Sofi= e MAR U = Vl—ge“'”(lﬁl”ﬂfs!z)-

| ful?+] fiol? = 3(|f7|2+ffs|2),.

fifz = 3fsfs,
Jufia=3f1fs

1
e )
3

(B1)

(B2)
(B3)
(B4)
(BS)

(B6)

If £, /5 does not vanish, then multiplying Eq. (B4) by ¢” and the complex conjugate of Eq.
(B4) by e~*, and adding the products to (B2) we obtain the following equality equivalent
to Eqs (B2) and (B4), which has to hold for an arbitrary y:

| fi+ el = 3| fo+efel%

whereupon;

fi=V3e;,
Ja= Vg e-ﬁ?fs'

(B7)

(B8)
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If f1; f12 does not vanish, the relations (B3) and (B5) yield
Jn = Vg e""ff7, (B9)
Sz = V§ e ™ 8"

where f# and » are real parameters.
Finally, if | f112+] /5|2 # | f4212+] f5|% the relation (B6) gives:

B=r=y (B10)

and thus the relations (15)~(19) yield the relations (B1) for the amplitudes and also allow to
determine the phenomenological angle .
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