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Abstract

Spin structure of the reactioNN — Y@ is analyzed at the threshold in a model independent way for an arbitrary spin
of the ®F. We found that the sign of the spin—spin correlation param@ter being measured in a double-spin experiment,
determines the P-parity of th@ ™ unambiguously. Furthermore we show that the polarization transfer from a nucleon to the
final hyperon Y is zero or non-zero strictly depending on the P-parity ofitfieand the total isospin of the NN system. It
allows one to determine the P-parity of tBe" in a single-spin measurement, sinbe polarization of the Y can be measured
via its weak decay.
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1. Introduction %+. From the point of view of constituent quark model
the minimal number of quarks in the ™ is five, i.e.,
The recent experimental discovery of an exotic the quark content of this baryon isudds. Within
baryon with a positive strangeneSs= +1 and sur- a quark-shell model with non-interacting quarks, the
prisingly narrow width [1-6], called now as the  ground state of theé* is expected to be théls)®°-
©1(1540, stimulated many theoretical works con- state, therefore the P-parity of ti&" has to be neg-
cerning its structure. The quantum numbers of this ative, 7o = —1. Inclusion of the special type afg-
baryon such as spin, parity and isospin are not yet interaction into the quark model could lead to the pos-
determined experimentally. According to the original itive parity [8,9]. Diquark model[10] predicts also

prediction within the chiral soliton modg?], the pen- 7, — 1. The lattice QCD calculation predicts for
taquark®* belongs to the anti-decuplet with allmem-  this paryonre = —1 in Ref.[11], but giveste = +1
bers having one the same spin-parity, namefy= according to Ref[12]. So, the P-parity of th&@ is a
key point for quark dynamics and for the present the
E-mail addressuzikov@nusun.jinr.ru (Yu.N. Uzikov). only way to get it is an experiment.
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Several methods based on dynamical assumptionsof the initial momentumk. Information on the re-

were suggested for determination of the P-parity of
the ®* [13]. According to a general theorefi4],
in order to determine the parity of one particle in a

action dynamics is contained in the complex ampli-
tudesa’’. The sum ovet in Eq. (1)is restricted by
the conditions/ = j3+ ja, ja+ ja—1,...,|j3— jal.

binary reaction one has to know polarizations at least Due to P-parity conservation, the orbital momentum

of two fermions participating in this reaction. Model

L in Eq. (1)is restricted by the condition—1)F =

independent methods for determination of the P-parity =, wherer = mimom3ma is the product of internal

of the ® were suggested recently in Refd5,16]

for pp-collision, and in Ref{17] for photoproduction
of the ®*. The method of Refd15,16], based on the
assumption that the spin of thig™ equals%, suggests

parities of the participating particles;;. We con-
sider here mainly transitions without mixing the to-
tal isospin7 in this reactior? For the fixed7 and
7 the spin of the initial nucleons$ is fixed unam-

to measure the spin—spin correlation parameter in biguously by the generalized Pauli principie:1)® =

the reactionpp — XTOT near the threshold. We

7(=1)T*L. Therefore, in order to determine the P-

generalize here this method for an arbitrary spin of the parity = of the system at a given isospih it is suf-

®* and both isosping =0 andT = 1 of the NN
channel of the NN—» Y ®™ reaction. Furthermore, we

consider a polarization transfer from a nucleon to the

hyperonY in this reaction. Our consideration is model

ficient to determine the spifi of the initial NN sys-
tem.

At ji = jo =  the number of the amplitudes;’
depends on the sping and j4. For a particular case

independent, since it is based only on conservation of j3 = 3 and js being half-integerja = 3,3, 3, ...,

of the P-parity, total angular momentum and isospin
in the reaction and the generalized Pauli principle for
nucleons.

2. General case

We consider here the binary reactior 2 — 3+ 4

. . . J
at the threshold region with an excess energy less than (i) a;
ten MeV, assuming a short-range type of the final state (

interaction. At this condition the S-wave presumably

dominates in the final state, and therefore the most

general expression for the amplitude of this reaction
can be written afl18]*

> Gt jopal SM) (japes japsal I M)
JMSL

Uaka _
B2

2L+1 ¢
ym aj”. 1)
Here j; and yu; are the spin of theth particle and
its z-projection,J and M are the total angular mo-
mentum and its-projection; S and L are the spin
and orbital momentum of the initial system, respec-
tively. The z-axis is directed here along the vector

x (SMLO|J M)

1 Higher partial waves can be easily included in this formalism
(see Ref[19]). However, due to unknown relative strength of the

there are two total angular momenta= js + % and
Jm = ja— 3. For the spin-singlet initial stat§ = 0,
only one orbital momentum is allowed, = J, and
therefore there is one scalar amplitudé,’ = a4°.
ForS=1andj; > % there are three scalar amplitudes

LS _— L.
aj; - =ay.

P I +1

In—1 -
ay"" " anda;" ", if (=D’ =7, or

i) @y (n #0),a) " anday ™ if (<)% = .

P’

In order to simplify the notations, we omit here and
below the superscripf = 1 in a%5. For the case of
ja= jz= 3, one has/,, =0 andJ, = 1. For this case
only two triplet amplitudes are allowed far = +1,
i.e.,ad anda?, whereas the amplitudg) is forbidden
by conservation of the total angular momentum. For
7 = —1 one has also only two triplet amplitudes, one
of them corresponds té = 1, a%, and another one is
allowed forJ =0, i.e.,ad.

According to a general method of Rd1.9], the
amplitude of the reaction can be written as a matrix
element of the following operator

2 The isospin mixing is possible, for example, in the reaction

different waves the results for observables become model dependentp + n — 04+ o7, ifthe ®t is an isotriplet. In this case the P-

above the threshold and not considered here.

parity cannot be determined by means of the method in question.
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wherey ,m, (k) is the spin function of théth particle
with the spin jx and z-projectionmy and 7,5y, is
defined byEq. (1) The operator¥ is normalized to
the unpolarized cross sectidag as

)

— SpFF
Ch+D2p+0"7
1 LS|2

+

dog

®)

where @ is a phase-space factor; we put hgie=
1
J2=73-

Polarization transfer coefficienis given by the
following formula[20]

«_ SpFo,(DFF0,(3)
pFF
where i, x = 0, +1. Using a technique of the spin-

tensor operatorf21], we find fromEgs. (1), (2) and
(4) the following general formula:

SpFFYKY

Z VRL+1)(2L' +1)

SS'JJ'LL Jgy
x2S+ 128 +1)(2J +1)(2J + 1)
x (—1)J2tiatS L1 _ ) 10| Jo0)
x (L'0L0|J0)

3
:8A,—K_

. . J S L
% .]2 S % ]4 J/ J/ S/ L/
“1s13[17 13
2 2 110
xafs(af,s)*. (5)

Here the standard notations for the-&nd 9/-symbols
are used21] and a sum over allowed angular momenta
is performed, as explained afté&qg. (1) with Jo =

0 and 2. FromEg. (5) one can find the following
relations:K § = K*] = —K} = K3, andk/ =0
ati # j, wherei, j = x, y, z. For the spin-singlet state
S =8 =0, we find fromEq. (5) that there is no
polarization transferl(,:’ =0,i,j=x,y,z). On the
contrary, for the spin-triplet staté = S’ = 1, Eq. (5)
leads to non-zero diagonal ternks’ = K§ #0 and
KQ = KZ # 0. This is one of the most important
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features of the reaction in question. We emphasize
thatEq. (5)is valid for 7 = +1 andwr = —1 and for
arbitrary spinsj> and j4 both of them being integer or
half-integer. As an example, we consider here a case
with the minimal spingi; = 3 (i = 1,...,4)for S = 1.

In this case, fofr =0 andr = +1 Eq. (5)gives

y_ |\/§ag + af|2 -3 Rd«/ﬁag + af)af*

K=K = ,
Y 3(1a|? + la312)
(6)
. W2ai+dd?
K; = 021 1,212y (7
3(|a1| + lagl )
ForT =1 andn = —1 one has got frorkq. (5)
Kx — y — \/éReaéa::ll:*
T lagl2+ 3lap 2
3 1,2
:= 12|a1| 12" (®)
lagls + 3lail
For higher spins of the 4th particlgs > 3 and

S =1, one can find fronkEq. (5)that the coefficients
K¥ = K; andK? are, in general case, also non-zero.
The spin—spin correlation coefficierst defined as

[20]

SpFo, (Do (QF*
= 9
CA,K SpFF+ ( )
Using Egs. (9), (1) and (2we find the following
relations:C11,-1 = C_141 = —Cyx = —Cyy #0,

C§=C:+#0, whereasC;,; =0 ati # j (i,j =
x,y,z). Furthermore, for the spin-singlet stafe=
S§’=0one has

Cyx,=Cyy=C,,=—1 (20)
For the spin-triplet initial stat§ = 1 we find
o X IWTal™ — T+ 1a) ™2 (1)
X, X — &Y,y — Z/L(2J+1)|a§|2 )
C,,=1-2Cy,. (12)

As seen fromEqg. (11) for S = 1 the spin—spin
correlation parameters are non-negative for transversal
polarization for arbitrary spingiz and j4 both of
them being integer or half-integer. This is the second
important feature of this reaction. On the contrary, the
sign of C; ; can be positive or negative depending on
dynamics.
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3. Thecase of minimal spins

For the particular case off = jo = j3 = ja = %
one can check the above results, usingl@presenta-
tion for the amplitudeeq. (1) and obtain on this way

all the spin observables of this reaction. We discuss

here only the case df' = 0, since the another case
T =1 was analyzed in Ref§l15,16] For 7 =0 and
7 = —1, one hass = 0. In this case the amplitudé)
describes thé P1 —3 §; transition and can be given

by
10
s = = (1 sl (13)
whereT’ = i()(ugaoyx,gH) S = —i(XgloyXuz), o

is the Pauli spin matrixy,, ; is the 2-spinor for thg'th

particle with the spin projectiop ; andk is the unit
vector along the beam direction. Usiig. (13) one
can find the cross section with polarized particles in
the initial and final states as

do (p1, P2; P3, P4)
= oI

1
= Zdoo(l —p1-p2)

x [1+ ps - pa— 2(p3 - K)(pa- k)], (14)

wheredog is given byEq. (3)andp; is the polarization
vector of theith particle. The polarization vectors
of the final particlesps and ps are determined by
the reaction amplitud¢13) and can be found using
the standard method49,20] When substituting the
obtained vectorpz andp, into Eq. (14) one can find
the polarized cross sectiolo (p1, p2) as

do (p1, p2) =doo(l—p1-p2). (15)

However, the calculation gbsz and p4 is not neces-
sarily here becaudgeq. (14)contains all spin observ-
ables of this reaction. For example, one can find from
Eqg. (14)the initial spin—spin correlation aSy , =
Cy,y = C;; = —1 and, furthermore, a certain spin—
spin correlation in the final state.

ForT =0 andrw = +1 one hasS = 1. In this case
Eq. (1)describes thés; — 3Dy — 357 transition and
can be written as

K34

s GT -T)+ F(T k(T -Kk)].

1
N 1e)

Yu.N. Uzikov / Physics Letters B 595 (2004) 277-282

whereT = —i(Xgloyaxﬂz). The form factors G and
i _ 0, 1 __ 32

F are g|vgn here by = al. + ﬁal andF = NALE

The polarized cross section for this case is

do (P1, P2; P3, P4)

@ 1
= Eaﬂ:Zx:y 7éSp{aa(1—6 -pa)og(l+0o - ps)}

1 +
X éSp{Ha (1+6 : pZ)

xMg(l—0-pp}. (17)
wherell, (¢ = x, y, z) is the following spin operator

(18)

We do not present here the final long formula com-
pletely, since not all its terms are necessary for the
present discussion. As an example, we take the terms
arising in front of the structurgs; - ps and(ps - R)(pg-

k) in the right-hand side d&q. (17) i.e., the polariza-
tion transfer coefficients

My = Goy + Fkq (o - K).

2
Ki =K} = |G TREGI
T IGH PP+ 261
GI?

a—

PTG+ FI2+2G1%

(19)

andK/ =0 ati # j (i, j = x,y,z). These formulae
coincide with those, given biggs. (6) and (7)respec-
tively. FromEqgs. (14) and (17pne can find that for
unpolarized beam (or target), the polarizations of the
final particles are zero and the analyzing power is also
zero for any P-parityr.

4. Discussion and conclusion

(1) As it follows from Egs. (11) and (12)the
coefficientsC, , andCy , are non-negative faf = 1.
On the other hand, these observables are equal to
—1 for S = 0 (seeEq. (10). This result does not
depend on the mechanism of the reaction and the spin
of the pentaquarkje, and therefore allows one to
determine the P-parity unambiguously in double-spin
measurements with transssely polarized beam and
target. A similar conclusion was made in Ref$5,
16], but for the particular case gb = % and7 =1.

(2) As follows from Egs. (5)—(8) for polarized
beam (or target) the final particle is polarized along
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the direction of the initial polarization vector, if the polarization measurements in question. Due to the
initial state is the spin-triplet one. The sign and the relation (—=1)5*7 = —ng, the total isospin of the
absolute value of the spin-transfer coefficients depend NN channel? determines the spin observables of the
on the relative strength of the different amplitud(§§ reaction NN— Y®™ in the same way as the P-parity
and therefore cannot be calculated without further dy- of the ®%, mg. As we found, the spin observables
namical assumptions. For the spin-singlet initial state K,-j andC; ; at givenT are changed drastically, when
the polarization transfer is zero. Thus, a measurementy, changes fromr1 to —1. This is because the sign
qthe polarization of one final particle in the reaction of 7, determines unambiguously the initial sp$h

NN — Y +©* allows one to determinate the P-parity On the other side, the same strong changing of the
of the ®* in a largely model-independent wayrhe spin observables appeasgivenre, when the total
polarization of the final hyperon can be measured by isospin7 of the NN-system is changed. Thus, if the
a measurement of the angular distribution in its weak ©+ js the isosinglet, measured spin observables in the
decay. The reactiopn — A°©* seems rather attrac- reactionspp — Xt (I = 1) and pn - A%0+

tive, since in the decayt\® — =~ + p both the fi- (T = 0) must be different. We assume here thi

nal particles are charged, and due to P-parity viola- is the isosinglet. However, if the isospin of " is

tion there is a large asymmetry in their angular dis- equalto 1 (or an isotriple®* from the 27-pletis under

tribution in the c.m.s. of the1® in respect of the di- consideration), then one hds = 1 in the reaction
rection of theA® spin. Since the polarization of + pn — A%O*. In this case the spin observables of
is also self-analyzing via its decays™ — p + 7% or the reactionpn — A%@* are identical with those

rt - n_)+7'r+,the polarization transfer in the reaction  for the reactionpp — X+®*. Thus, a combined
pp — XTOT can be used for the P-parity determina- measurement of the above spin observables in these
tion too (see, for exampldsg. (8). At some exper-  two reactions allows one to determine both the P-
imental conditions such single-spin experiments are, parity and isospin of th& ™. If the isospin of the®
probably, more simple than the double-spin measure- equals 224], the reactiorpn — A%@ is forbidden
mentsinthesp — XtO+ or pii — A°6 reactions. due to isospin conservation in strong interactions.
According to recent estimatioifiz2] performed in the

Born approximation for kaon exchanges, the cross sec-  In conclusion, there are two model-independent
tion of the reactiorpn — A%©* near the threshold is  features of the reaction NN> Y@ near the thresh-
by factor of ten higher as comparedpp — Xt ™. old. Firstly, for the initial spin-triplet state the spin—
At present, a measurement®f in the reactiorpd — spin correlation parametef, , is non-negative, and

,{o + Ot + p, is possible at COSY. At low momenta the polarization transfer coefficienfs; and K: are

of the spectator protop, less thare 50 MeV/c, the ~ non-zero. Secondly, fof = 0 theC, , is equal to-1

excess energy in the reactipn — A°®™ is less than and the polarization transfer is absent. Both these sig-

50 MeV. It is enough low to us€, , for P-parity de-  nals do not depend on the spin of the and can be

termination[16,22] Furthermore, as known from the ~used for unambiguous determination of theOP-parlty

d(p, 2p)n reaction[23], the initial and final state in- ~ and isospin of the9™ in the reactiongpn — A°6*

teractions affect spin observables rather weakly in the and pp — X" ©*. The method is rather general and

quasi-free region. can be applied for P-parity determination of others
(3) Most likely, the ®* is an isosinglet, since  baryons with arbitrary spins.

the isospin partne®*™ was not observed in/p

interaction[4,5]. This assumption can be verified by

Note added

3 We assume here that there is no accidental cancellation

between the different amplitudesf and thereforeKy # 0 and - — .
K? # 0 for S = 1. In order to exclude such a cancellation After the original submission of this Letter, the

experimentally, one should repeat measurement at different beam PAPErS [25] appeared, Wh?re the same subject is
energies, doing it, probably, for the bdth= 1 andT = 0 channels. studied in a different formalism.
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