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in this papcr we present results on
a transversity amplitude analynsis of final states produced
in K7p intcractions. The sample derives from combined data
of Brookhaven National Laboratory (3.9 - 4.6 Gev/c)land
Ecole Polytechnique - Saclay (3.95 GeV/c)2 and corresponds,
after efficiency corrections, to a total of ~ 20 events/P b.

The final states of interest are :

kp » NS . ()
k-p _, Y¥tazss)mT  (3)

Results on the BNL analysis of reactions (1) and (2) can be
found in Ref. 3 , and that of reaction (3) in Ref. f+ .
More dectails on formalism used in the present work can bhe

found in the two references.

In Sect. I the amplitude analysis is
presented on reaction (1) and (2), and the data on the K p » A
reaction is compared with prewvious analysis on the reaction
W ~p. AKX(890). In Sect. II the corresponding analysis
on reaction (3) is'prescntcd and comparison made with expectations

of gquark and duality predictions.

VECTOR MESON PRODUCTION

PB — VB

The transversity frame is defired with

z axis normal to the production plane (i.c.,
= ﬁp x ﬁv/ ﬁp x ﬁv\ ). The y axis is chosen either in the
dircction of the resonance V(R') as seen in the c.m, {rame

{thelicitv—trancveraity frame) or in the direction of the incomina
pocuacnealar meou, (Largoo prelGing din Lee .o eb STac LD i

vector meson V') {(Jackson-transversity frame) ;
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There arc 12 complaex tronsversity amplitudes winch deseribe

PB .« V B' ceattering. These we define as

o
TA' A

where s, A' and } measure the component of spin along the
transversity 2z axis of the V, B' and B, respectively. Parity

conscrvation in the production process gives,
H
p N =ep et
T - -1) .1)
AII\ \ A |
50 that six complex amplitudes (i2 numbers) are sufficient to

describe the rsaction. It is convenient to form linear combina-
tions of the'TxA and form so called Byers and Yang amplitudes :

™, = - it ™ = - 1@y
1 _ (gt + 1 _ o= -

T, = 1B +C T,. =18 +C

77} = —ip% +c’ v, 7} = -i” sc”

Now, what we actually mcasure arc the density matrix elcoments
which in the transversity frame are related to bilinear products

of the transversity amplitudes,

m m'
T mn ! ey T T T oy /L
(’nn’ (v.8%) Zx n n'aA
: poly
z = Z T [
p i 1T

&c that, since we sum over the initial barvon spin states we
obtain no information about Lh~ phasc between states with proton
transvorsity up and down (i.e. A=~ 1/2and A=+ 1/2), and
the transversity amplitudes and the corresponding Byers and Yang

type amplitudes naturally soparate into twe groups :

Q (o] + -
70 T™°_ A A
v}, and ) or ' and 8"

b o) \e'] <

v e e o ©r A emagagAR e ey Ny et e e -ey




The relative phanes Letween mumbers in cach group 4a then

roaadily obiatned, but po Jaformalion 15 available on Lhe
% +1/2

overall phate and, an mentioned above, boetween e A
and A = -1/2 group. Therefors, 10 out of the 12 numbors
ncedaed to totally specify the reoaction can be obtained.

The Jackson {or helicity) density matrix

elements are written in terms of the Jackson (or hellecity! Byers-

Yang A, B, C as follows :

Py =P A A bt bas |
~CP ez,
Repg s s f¥Reintcrr . *e"C")/E: .
TEL VN A PR LI P T {o7i"Ve,
ERA P (AP < p P e g
~fe e le s,
Szl P tap o pp., la®
e 2jepie,
CoslimiAr " Crac 4 ) .
Cyelmfa e AT Y e
Cewo2ftelr " ATV,
Cosfefa ' PPulapa P e jarive,
Car=d2Re{a~C " ap UV,
R Y o

Where
EocalaPopatPayp
st e aie .
and

Cy=lmp? — pmp!t, ,
Cymlmp'?, - imp?® |
C, =impl 74,
Corlmp! 24 impt o \
Coolmpl o Iinpl st
Corlmpl® afmple |

Cyolmzlo o Liagt*,



The angular distribution of the decay vector meson Vo oand
baryon L', applicable in the s-channel helicity and Jockson
frames, can be written in teims of the joint density-matrix
elements and angles 6, ¥ (¥', ') which describe the decay
of the vector meson (baryon 7'} as

[

Wi, @ & 0"
e (1 ey et et ey o

] “'. ] “" '“’. ‘W. ‘wl. 4 w;).

where .
W =18 = A eans'nllp,, - pul, '

W, ~ 32 ntunenna Bep,,,

. W, e =3nta’tenaZipn, o,
Wonngaing atne’ ¢,
W, = 20(1 = Jea"t)atnd’ alng* €y
W, 2 3/ iy o’ atn2aaling C,,
W, e0ncosy pin’tain2o ),
W, = Jpatan ata'antnZoa congp' €,
W, »da atant atn’ncna2ip plngs’ €, .
# 5o Sa nlns' /2 oln?fatup cane' C,,

Weq # I ning' Y2 alnd0conp alng' €,

Note Lhat by using this amplitwilne analysis the positivity
conditions among the Pi?: ar~ automatically satisfied.

In addition, tents on the guality of the data can be made since
the rr§5,ll are invariant under rotation around the z-axls and
thorafare, should ho the same in hotn the Jackson and firlicitcy

transversity framcs.

One of the reasons for introduring the A,
B and C paramcters is that they arc simply related to the nice

physics quantilics one wanls to extract, e.g ¢

Natural Parity Exchange Contributions

n “ . ’.
S w LN T N |f\‘l" - lf\ ,
t A ‘1 : T '
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Unnatural Parity Exchange Contributions 2 _4 9
N T P N
-+ % -t - ‘!Q' ! *‘Q-
g Y= |C -vlc'l ; j[3§:~| c -1 C
00 }
with the polarization, (3 _ 7. + I, + I

1 Z 3 -

Maximum likelihood fits to the data were performed with the
above expression for the angular distribution.

The values of the. Byers-Yang amplitudes
as a function of momentum transfer for the rcactions K'p-» N &
are shown inF.3.48C in the Jackson transversity and Fig. 3.4 DE
in the helicity transversity frame. The corresponding distri-
buticns for the reaction X'p +» Aw are shown in Figl.2BC and
¥1gJ1.2DE respectively. As previously observed, there is a large
difference between the amplitude structure of the two rcactions.
In pnrliculaerngvnnJ?u;l U)lap-mu for XKTp, WY one obucrves
Farge valuen of ln'fz s ol b v lae:s: of l)’\“2 2t o dunction
of momentuwnm transfoer. FThis cnnentiolly produces the obsicrved
difference in thé sign of the polarization of the two rcactions;
that |n K'p —» Aw is found to be large and positive in contrast
to the negative polarization found in ¥°p » AY . In the case
of the K p-, Ay rcaction it is found (see Fig 3 ), that
within ecrror, in both the helicity and Jackson transvarsity
system that €7 and 8~ are in phasc. This ﬁhw1% with
the obrscrved samil value of Isfgz i both frawes results

in the saturation of the spin one positivity condition (fi1g. &) :

(R 00 2 o, 2T

in both the Jackson and hoelicity frames. Such a resulié is not

found in the K p., Ay case.
In Fig. 5 are shown the values of the

square of the iyvers Yang awplitade from the reaction K » ., AY

L, -

R s T T S B R Y A IT R WIS T R A TSI R
at 3.9 and 4.H Gevie. In agreemcal with sinple SU(3) and
quark nodel prediiction the amplitude structure is obscerved to

be identical Lo the two reaction:s,
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- ..'. -
IZI.~ K p-~» T ¥ {1385)1F

The rraction Kp-» Y1 (1385177 “can be
described by four complex tranrnversity amplitudes,sz ,9_’1'
where t‘(P') corresponds to the spin of the W’*(protonj along
the transversity -2 axis. From the decay correlations the
magnitudes of the four amplitudes iTs—\I , rT|‘| ,rT¢\_|| ,
and IT‘bli as well as the (wo phases :

S,
§2
can be obtained. Their extraction leads to'a détermination of

the full density matrix (I;E real and 'ntu.g'u.ny- parts of
all Pyt ) in both the tranaversity and helicity frames through

phase hetween T,- and T—-\-I
3|

phasn between T” and T_g4

the relation
> D Ty
ezm'rm\m' - % £ mT, 2N 2w 2R

In the present analysis :

1/ A massdcpendent maximum likelihood fit of the joint decay
angular dislLribution is performed. The resonance nart is
parametrizcd in terms of the transversity density matrix

element ’Zm,zm' as shown above. The joint decay
angular distribution (valid in any transversity frame} is written

as follows :

) s ’ W Imp,., + W, Repy g4 1 Inipgas)s
W0, 00 )= F507 2 (Wypgy ¢ Wapyy ¢+ Wa0ra* Wyprog.st Wy nf""’f oIy ¢ By BCPs-3 T
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W, = 2 {nin) v o it conti cond’ = o Lin 0 Lind coseg’),
1,2 Y[} « 3cos?0) s ensdconf (D e T - 5) s o ninf sind” cosg’ (1 ~ 9cos?0}],
W= 3[(1 « 3c0s70) — o con ¢030° (I co:?0 - 5) — @ 5ind sind’ cose’(1 - 9 cos?0)),
W, = 2(sin’0 — a sin’0 cos0cos0” + o 2’0 sind’ cosy’),
W, = = V3 |sin?0 cos2¢ » Do 5in?0 conf rrs2g cosd’
- - asind :;-éun'l'gos‘w c?s«,a' ~ 3 cos’0caosg’ cos2¢p ¢ 2c0s0sing’ sin2p)],
W, = V5 [in’0 saianp-!--Zlu\‘sin’u cos0 sinz.'gv cosd’
’ - a sind sind'(sin2¢ cosy’ - 3 cos?0 cosY’ sin2y — 2 cosOsing’ cos2p)j,
W,.£V3 [sin0 cos2y - 3a sin?0 cosd cas2y cosl” '
‘o .:;ino sin0’(cos2¢ cosy’ - A cos? cos’ cos2p + 2cusl siny’ sin2¢p)),
W,=Vv3 [sin’a..t;inzlp - 3a sin®0cost sin, cos0’

+a sind sind’(£in2,2 cosy’ - 3 cos?0 cose’ sin2¢ - 2cos0 sing’ cos2y);,

where A is the A deccay asymmetry parameter (=0.645), and vhere
€ and ¢ refer to the polar and azymuthal angles, respectively,
of the decay A in the Y ™ (1385) rest system with the z axis
normal to the production plane ; & and Y are the corresponding
angles for the decay proton in the -,\. rest frame with the z'

axis along the A direction in the Y ¥ (1385) rest frame.

To imposc the trace condition aytomatically
we write the squared amplitudes in term of auxilliary parameters,

%;s as follow :

T3--1|2 = '
75| (1-x)) %, |
T-l-llz = (l-xl)(l-xz)x3

T_31|2 = (l-xl)(l—xz)(l-xJ)

=3
e
w
—
—
%)
|
—

e . PN T T TR Babe e e e wen



The fit was performed in the helicity transversity with

the X; as paramcters. The squared amplitudes and phases werc
then calculaiced and the errors properly obtained. The values

of the amplitudes and their respective plasesarc shown in Fig +
along with the values of the transversity density matrix

elements obtained through ( j above :
T _ 2
¢33 © lT3-1I
T _ 2
€11 © [z, ]
T - 3 2.
Q -1-1 lr,I_J
> T e 2 . .
8 l5m3 = oyl
s T - " »
Kq Q 3-1 —!T:j_li': -1-1§ COS$|
[ T o ‘g
ba (3-1 = 1T3-1T4 1l sind
T R T T ' S
Re. 61_3 = 2T111-T_31‘ cos 9}
-— - T o c" . . (‘
dmK1-3 = (T Toa; sintt
L

he density matrix clements, so obtained, are shown in Fig. 1Y

The simple non relativistic guarx model predicts :

11 ~1-1
Ty, = T.3; = 0.0
so giving
s T - > T - l
T = Saa 2
with all other ( —_—— 0.0. Ther~ prediction give the dotted
FAarves abeeen in fia, @ . Whereas the agrass features

. I - - . P P, PR R 9% e o ~ ey - -
LR S S T TR P I RIS A NP A TR S P WAt S A JL S v A A e

previously reportod |, sowe violations. In particular, (33

and hoth ke L 3eq Ane ImQ 4, are observed to be non-zero in
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the region - tl ~ 0.3 unvz.

We have rotated the transversity density matrix
clements obtained above (which satisfy all positivity redquire-
ments) in order to obtain the helicity dencity matrix ei~ments.

The error on the latter valure are obtained in a similar fashion .

- The rclatlon bchcen the don"v!y matrix clement is glvow :

e = [(“ vf---z», wj(\u“u) avs (R (’.3.,+T::el-;,

T{lh :l [-Llo\ e -L9 .-\ ~_| 'vl/&o - - ]/P i:,
Ty 3= LUS (- 53 Q- -t...ﬂ ) o2 (2 Qm i) f

%"‘te‘ﬂ LA L(-C“-(’, X \- N ‘]—.; a2 (T + R3] /R
A L=l L" l"\\"-' v-avh ~|-. 2
N AT {cry 3?-3—3 "-'Cm K M) =7 (R C‘" - e""ﬂﬂ

r“\k Ltk ["' (L:)“ '.37 + C" e—,_q "'\l\r‘( lJ"f-"" e"‘.a)]/"

e g

o

The helicity frame ‘8Lm“ are shown in Fig. 8 . Again the full
density matrix is extracted. The simple quark model predictiong
are indicated as they dotted curves in the figure. Here, the
values of Re Cf;l and Re C N i are in desagrement with the ;
prediction for - t < 0.3 GeV”. In addition, there appear's ;
to be some violation ( ~ 37 ) bctween the experimentally

dcetermined and predicted value of IniQ31 . It should be noted i
that duality arguments predict tne s-channcl helicity frame

amplitudes for K p - Y¥ T to be purely real and, therefore,

thal Im (th' = 0.0.

°00000°

Yo thenk Dr N.P. Samios for kindly allowing us to usc the
EIL Gata.
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TABLI:L

Table I. Values of the Byecrs-Yana type amplitudes for K™p .. wi

GA = Arg (A), BB = Arg (-B), oc = Arg (C). .

Table II. Values of the Byers-Yang type amplitudes for K'p .» ¢A;

9A= Arg (A), BB = Arg (-B}, 9C = Arg (C)

Table I1II. Transversity amplitudes and transveksit& density matrix
elements for the reaction K'p » T" Y*+(1385)

able IV. The s:-channcl helicity density matrix elements for
the reaction Kp.. 1~ Y*t(1385).
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TABLE I

0ot = Ara (ch)

0./.1 \1/.2 .2/.4 4/.6 .6/10
[A'lz .03 + .03 |.23 £ .10|.07 £ .08 .10 ¢+ .11 |.08 £ .09
{A+12 .23+ .10 |.30 + .10 | .42 £ .12 | .64 £ .15 | .70 % .15
Is’fz .13 £ .08 [.09 £ .07 [.23 + .07 [.10 + .06 | .11 & .05
K .07 + .07 |.09 + .07 |.01 + .03 |.00 £ .02 [.01 + .02
lc™|? .37 &£ .12 |.11 & .07 | .15 + .08 | .16 + .06 | .09 + .04
c*]? .17 £ .12 | .18 + .07 | .12 + .09 | .00 + .01 ] .01 £ .02 |J3cksen
B--6 |1.6+1.3].1 x1. 4 & .8 1. & 1.4 1.6 £ 1.1
Q- bat | -2. £ 1. [-1.5% .8 [=-2. % .6 - -
bc-%~- .0 £.5 .1 £.7 }.2 .4 |.0 £.6 |-.1¢%.6 '
98‘—9%* -.9 % .6 |-1.5% .4 |-1.1f 1.7 - - |
|
Ie.‘[2 .02 + .03 |.03 % .04 |.10 + .05 |.19 £ .07 | .16 £ .05 .
Is*]> l.02 & .05{.17+ .06{.13+ .07 .00 £ .02 | .00+ .03 o
lc™}> .48 + .16 |.18 + .06 |.26 + .08 |.07 £ .05 | .04 + .03
| +19 : helicity
ic"{* |.23 & .17 .09 £ .03|.02z + .05 |.00 £ .02 | .02 & .03 i
B--O |3. t2. [1.521. |1.52 .6 [2.8% 1.2]-2.7 £ 1.3 :
Dt _Op+ |-2.6 % .7 |-2. 2 .9 |- 2.4+ .8 - - ,
B~-0%-|-3.1 2 1.5)-3.1 2 .7 (2.9 + .7 |-3, #1. |-3.1&.7
fct DLt | =2+2 2.9 <19 & .4 ]-1.9 + .8 - . - ;
t S oE A (-1
0.t = Arg (") )



TABLE 11

0./.1 1/.2 .2/ 4/.6 .6/.1
[a7]2 |.32 % .09| .30 & .10| .50+ .15| .43 £.12 |.53 £ .15
|A+|2 .03 + .07| .12 £ .10| .01 # .07| .05 + .03| .01 % .04
|s7}? |o.5 & .08 .07 + .06| .07 + .06| .03 # .04| .07 £ .07
18*12 |.14 % .10 .09 + .07 .07 + .06| .03 £ .04| .06+ .06
lc7|?  |.45 %+ .09| .42 & .08] .35 + .06| .19 & .10| .08 + .07 [Tacksen
lc*l2 |.01 + .04] .00+ .03] .00 + .02 .27 x .12| .25 « .09

B -0p |19+ 5{14at.5 |.92.5]| 15,7 4.7

ec'f—‘ eo.)’ - - - ' - -

9— 9- ’lngi. 7 c lio 6-1-6* . 6 _20 + . B..Z.li'.. 8

¢ — 9 :

Ot — Opr - - - - -
5712 |.19 + .08] .12 £ .06 .31 + .06 .19 % .12] .09 £ .07
[8*|2  |.07 « .07| .02 £ .04] .00 + .02 .20 2 .13| .23 + .07
lc]? |.32 % .09 .35 + .10| .09 + .08| .03 & .05| .07 + .05
|2 |.06 + .08| .09 + 09| .08 & .05 .01 £ .02| .07 & .07

b =9~ |2.85 . 6] 2.52.6| -3. +.4/-1.5+ .3 -1.8  .c | helicity

Br—~Ba 11222, | 3.4 1.5 - 1.5 £ 1.5| 2. #1.6

BC--— 9").. "2:7 :t.5 3-1 + 05 "2. + -4 "1.4 + .7 "'ag '.t u7

B - By4 |2 £1.6) .2 £ 1.6 2 £ 1.5 1.4 % .6

9bi = Arg (-1)
0 ¢ = Arg (Y
bt = Arg wh
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Fig. 1.
V4

B/

D/
E/

: fig. 2.

B/
c/

a/

rig. 3.
rig. 4.

|B
lc

Arg
Arg
Arg

Arg

Arg
Arg
Arg
Arg

FIGURES .

Valucs of the Bycrs-Yang type amplitudes for Kbp—vtﬁ)’\

-|2 (solid)
*12  (dashca)
“[? (so1ia) [B*|? (dashed) in the Jackson frame
“12 (so11a) |c*|? (aashea) n n "
“12 (solid) |B*1? (dashed) in the helicity frame
12 (so11d) [c*1? (dasheq) " n "
(C7)- Arg (A”) (solid) 1in the Jackgon frame
(ct)- Arg (At) (dashed) " " "
(C7)~- Arg (-B~) (solid) in the jackson frame
(C*)- Arg (-Bt) (lashed) " " n _
(C=}= Arg (A") (solid) in the helicity frame
(C¥)- Arg (A') (dashed) " " "
(C~)~ Arg (~-B”) (solid) in the helicity frame J

(c¥)- Arg (~-BY) (dashed) " " "

Values of the Byers-~Yang type amplitudes for K—p.,‘?.h

.

Fig. 5. Comparison of the amplitudrs for K'ps+¥YA and T p-, k¥ °A

Fig. 6. Pcsitivity domain for «w density matrix

Fig. 7. Transversity ampiitudcs and transversity density matrix
elements for the reaction K'ps N~ v*¥(1385)

Flg. 8. The s-channcl helicity density matrix elements for the
reaction Kp., - v™ Y (1385),
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