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New experimental methods for the determination of theP parity of K mesons
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We propose new methods to determine Bhgarity of theK mesons experimentally, based on the measure-
ment of polarization observables iK-meson production in polarized proton-proton collisions. The first
method is based on the measurement of the sign of the spin correlation coefficient with transversally polarized
protons. The second one is based on the measurement of the polarization transfer coefficient from the initial
proton to the produced hyperdr§0556-282199)01905-7

PACS numbeps): 13.88+e¢, 11.30.Er, 14.40.Aq

For the members of the pseudoscalar meson octet? the are not suitable for the determination of the kaon parity.
parities(from this point on, we will refer to this as parity for Therefore, for kaons it is necessary to consider processes
shor) of the neutral7® and » mesons can be determined induced by the strong or electromagnetic interactions. As the
independently of the parities of the other particles. But thespin structures of the matrix elements for strong and electro-
parities of charged pions makes sense only in a definite “refmagnetic processes depend on the internal properties of the
erence frame,” where we can assign definite parities for, sa)particles involved, then it is natural to look at the polariza-
the proton and neutron. tion phenomena, and this is the approach adopted in this

The parity of=° mesons has been determined by measurwork. . o
ing the correlation of polarizations of both photons produced It was indicated in Refd5,6], that the relative sign ofothe
in the decaym®— 2y, via 7°—(e*e")+(e*e") [1]. The polarization of A hyperonP, in }he processr p— AK",
pseudoscalar nature of the meson follows from the fact and the analyzing powed in =~ p— AK® (with a polarized
that the decayn— "= is forbidden: Breg— =" 7 ) hydrogen targetis related to the kaon paritfPx as P,
<1.5x 102 [2]. The parity of the negative pions has been= — PxA. This relation is obtained by using only the con-
determined in the reactiom d— nn, induced by the capture Servation of parity in strong interactions and the pseudo-
of slow pions in thes state[3]. For the positive pions, one scalar charac_:ter of the negative pion. Note that, in this case
can simply assum®_..=P_-, using the general quantum only the relative value qf the kaon parqy can be measured, in
field theory statement that the parity of any boson must pdhe reference frame with equal parities for proton ahd
equal to that of the corresponding antiboson. From the exbyPeronthis coincides with the above mentioned S)sys-
perimental point of view, the process e — =" 7, which tem of reference, where the parities of all three quarids

is used for measuring the electromagnetic form factor offNdS are positive. o
pions, can be considered as evidenceFgr =P _—, or oth- In Ref.[7] another method for the determination of kaon

erwise the vertex* =" 7~ (v* is a virtual photopwould be parity was mentioned, which is based on the observabilty of
forbidden by the parity conservation rule. the reactiork ~+ “He— tH+ «°. The crucial issue here is

In the framework of the quark model for hadrons, one carthe spin of {H. Assuming that it has zero spin, the conser-
for example assume that the parities of all three quarkyation of angular momentum implies that the parity of ke
(u,d,s) are equal and positive. Because, of the conservatiofust be the same as that of the pion. Note, however, that,
of the electric chargéin all interactions and strangenedin ~ sometimes the conclusion about the spirléf is essentially
the strong, and electromagnetic interactioitsis impossible ~ based on the assumption th&at and #° should have equal
to find a process which allows one to compare the parities oP parities [8]. Furthermore, the method proposed in this
u,d, and s quarks experimentally. If the parities of the work to determine the spin ofH which is based on the
quarks were assumed to be the same, then, one can conclualealysis of the deca§{H— *He+ 7~ involved an additional
that the parity of theqq system(in the S stat¢ must be assumption that th& hyperon intH must be ins state only.
negative, as the internal parity of a fermion-antifermion sys-Thus, one should not use the procéss+ *He— {H + 7°
tem must be negativéBerestezky theorerf¥]). for an independent determination of the kaon parity.

It would be good to prove that all fouK mesons are In this paper, we propose new experimental methods for
pseudoscalar particles experimentally, without any specifidirect determination of the kaon parity, taking advantage of
model-dependent assumptions, such as the validity of quarthe recently available advanced technology of polarized

model predictions concerning the internal parities of gue  Peams, polarized targets, and the effective polarimetry of

systems. As all the decays of kaons are induced by the wedkoduced particles. We will demonstrate how the measure-

interactions, which does not conserve parity, weak decay8ent of the certain polarization characteristics in the process
p+p—K+Y+N, with Y=A,3, andN=n,p, can be used

to determine the parity of the kaon. We would like to stress

*Permanent address: Kharkov Institute of Physics and Technokhat in this work, speaking about the parity of kaon, we mean
ogy, Kharkov, Ukraine. the relative(not absolutg P parity with respect to that of the
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Ap system. Due to the conservation of strangeness in strong (do/dw)y=1% (010207 1). (4
and electromagnetic interactions, it is possible to determine

only the relative(but not the absolujeparity of the kaons as Independently of the model used for the calculation of the
in the case ofr® and » mesons. cross sectionsr; o and o ;, one can obtain the following

Note that the process@st p—K+Y+N is suitable for ~general relations foA{ ™
the determination of the parity of kaons with positive
strangenessK*,K°), whereas the proces¢™ + “He— 4AH
+ 7% is suitable for antikaons with negative strangeness. The cross sections, o, , are determined by the partial
Therefore, thesg tvx_/o processes are complemetary, and thgﬁwplitudes which corréspohd to the transitighy with the
need to be studied independently for additional testing of tht?OIIOWing spin structures:
validity of C and CPT invariances of fundamental interac- ’
tions.

Our argument will be based on the property that the pro-
duction of strange particles near threshold is dominantly of i + ~ -
Swave naturd9]. That is,|;=1,=0, wherel , is the orbital if1(£4 0a0263)[£205(0XK)at1],
angular momentum of thA N system, and, is the orbital
angular momentum of kadmelative to the center of mass of
the AN systen).

In the pseudoscalar case, only two transitions are allowe

Al7=0, —1=<A)’)<2, 3A+A,)=1. (5

fo(é4 0263 [ Ex00(0-K) 4], (6)

where f, and f, are the amplitudes, corresponding to the
transitions withJP=0" and J°=1", respectively, and;
8nd &(&3 and &,) are the two-component spinors of the
-~ ) Ihitial protons(final N andY).

for the processes+p—K+N+Y (with Y=A,X), namely, Using Eq.(6), the following expressions can be obtained

S=1,1=1— JP=0", S=1, I=1— IP=1", (1) for the cross sections; pandoy ;:

: . : =4|fo|?, =8|f,|2. 7
whereS(1) is the total spin(orbital angular momentupof 710~ 4lfol", 011=8f| ™
colliding protons and® is the total angular momentuxd) For the scalar kaon, near threshold strange particle pro-
and the parity of the corresponding channel. Note that botlgjyction is characterized by a single transition, namely,
transitions are triplet ones. Therefore, the dependence of the

differential cross section on the polarizatioRs and P, of S$=0, 1=0-J°=0". 8
protons(in the initial stat¢ must be given by the following

expression: So, for the dependence of the differential cross section on the

polarizations of the colliding protons, we can write the fol-
de™) . . o1 L L lowing expression:
G (P1.P2)=—"[1+P1-Py=2(k-Py)(k- Py)]

(do'P/dw) (P1,Py) =% 0g(1—Py-Py), (9)
+ A1+ (K- By)(K-By)] (@ e,

) AP=—1, AV=0, (10)
wherek is the unit vector along the three-momentum of pro-
ton beamo; pandoy ; are the cross sections in the tripfgp ~ whereo is the cross section in the singlet state. The corre-
state(with two possible values of the projection of the total sponding spin structure of the matrix element is determined
spin of initial protons, namelyn,=0 andmy= =1, respec- by the expression
tively) dw is the element of the phase space of the final

particles, and the upper index-( indicates that kaon is F57(E5 0263)(850261). (1)
pseudoscalar.
Then, the spin correlation coefficients which are de- We get from Eq(11)
fined via o= 412 (12)
do ™ . . do IR P . .
(P1,Po)=|=—| [1+A (Py-Py)+ A, )(k-Py) Comparing Egs(4) and(10), one can see that, the sign of the
do de 0 spin correlation coefficierd; is determined uniquely by the
Lo value of the kaon parity. It is important to note that, such a
X(k-P2)], 3) sign correlation forA; and Pk has a universal nature, as we

do not use any model for the calculation of the threshold
amplitudes. Instead, we used here only the general symmetry
properties of strong interactions, such as the parity invari-

where @do/dw)g is the differential cross section of unpolar-
ized proton collisions, can be expressed in terme gf and

01188 ance, and the Pauli principle for the identical protons. Our
dynamical assumption, concerning tBevave nature of the
A = L0 Ao 9107 91 final three-particle state, is also of a general character, and is
o10t201, 2 o10t201, based on the short range nature of strong interactions.
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Next, we will present another experimental method for The first two solutions lead to the following predictions
the determination of th® parity of kaon. Let us first note for the spin-correlation coefficients:
that, another polarization observable, which can be nonzero

near the reaction threshold, and also sensitive to the parity of (8 A;1=0, A=1, (18)
kaons, is the polarization transfer from initial proton to the
final hyperon which is called the spin transfer coefficient. (b) A1=1, A=-2.

Measurements of such correlations are planned in the experi- ) L )

ment of DISTO Collaboratiofil0—13, at LNS, for a proton The third solution in Eq(17) corresponds to maximum pos-

energy 2.9 GeV, i.e., in the near-threshold region. sible values for the followingT-odd polarization observ-
For theSwave production of strange particles, the depen-2Ples:

dence of they polarizationlsy on the polarization of proton 5 BB B B\(E.B
beam can be represented by the following expression: PixPz-Py,  (k-PixXPa)(k-Py),
. (K-PyxPy)(k-Pyp),  (K-PoxPy)(k-Pp), (19
Py=p1P+p2k(k-P), (13

. which can be determined by a single parameterf}fi).
whereP is the polarization of one of the initial protons. The This completes our discussion on how to distinguish experi-

polarization structure functions, andp, determine the po- mentally between the different conditiofis7) which lead to

larization transfer coefficients, namely, the accidental resultl6).
Finally, we would like to elaborate on our basic assump-
K§'=K§'= P1, K§'= p1+ P (14)  tion concerning th&wave nature of the near threshold pro-
duction of strange particles. The main problem for the deter-
if the z axis is chosen a|ong the three-vecEDr mination of the kaon parlty in both methods we have
For the pseudoscalar kaors, andp, are determined by Proposed, is the possible contribution of thevave for the
the following expressions: final state particles, which, in principle, can destroy the defi-
nite correlation between the signs Af and P, predicted
2 Re(fof*) for the Swave production.
pi )= —— To estimate how serious this contribution is, let us first
|fol“+2]f4] analyze the effects which can leadRewave production. For
the pseudoscalar case, thavave excitation;=1,1,=0, or
o) —|f1)?—2 RefofT) 15 I,=0J,=1) can only come from the singlet states
2 - .
[Fol?+2]f4/* §=0, 1=0-P=0"(S=1J,=1), (20

But for the scalar kaons, both of these structure functions are
zero,p{")=p§")=0, in the entire kinematical threshold re-

gion, because only singlet-singlet transition is allowed in this | et ys first note that the general structure in B).of the
case. Therefore any nonzero value jr, must be a signa- cross section is valid in this case as well. Then, taking into

S=0, 1=2-JP=1%(S=1),=1).

ture for the pseudoscalar nature for Keneson. account the triplet $ state ofKNY system and singlet P
~ Itis worth discussing what to do, if one gagi§ )=0,that  state of KNY systemntransitions, the following expressions
IS, can be obtained foA; andA,:
Re(fof1)=0, (16) 01070 _ 2(011—019) (21)
1_0'1‘0“'20'1’1‘*'0'3, 2_0'110‘*'20'1’1‘}'0'3’

for some unknown reason, imitating the scalar case. It is

clear that such a condition, in the entire kinematical regior\,\,heregS is determined byP-wave contributions only. One

for near threshold strange particle production process, coulgan see that thede-wave contributions lowers the value of

appear only accidentally. Let us analyze next how this cona and, in principle, can imitate the scalar case for which

Qition can be tested experimentally. We will use the foIIow—Al: —1, in the pseudoscalar case. But this is possible only

ing solutions of Eq(16): in the limit oy o= 0, 1= 0, whereS-wave strange particle pro-

duction is absent. In the general case, the negative values of

(@ [fol=0, [fs#0, 17) A, are possible only fors=0o o. This, however, is known

to be very unlikely for the production of strange particles

(b) [faf=0, [fo|#0, near the threshold.

Next we will present some general qualitative arguments
to support our conjecture that the near-threshold region with
Swave production of strange particles, is sufficiently broad.
To prove this claim, let us estimate the “strange radil®’
whered, and §; are the phases of the complex amplituflgs of the proton as the size of the region inside the proton which
andf;. can effectively generate the strange partidiesmN or NN

kg

(¢ 50—51=2, [fol#0, [f1]#0,
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collisions. Let us first note that a virtual transitidd—KY  strong interactions, and tlf&wave nature of strange particle
can be relalized with an energy defidE=my . This leads production near threshold. Using some simple qualitative ar-
to Rg<1/my . Then, following the quasiclassical reasoning, guments, we have demonstrated that this near-threshold re-
the orbital angular momentum of the kaonYohyperon pro-  gion must be broad enough, whose size is defined by the
duced from such a region, must bep*/my wherep* is  strange radius of the proton, namely, by the size of the region
the corresponding momentum in the c.m. systerm.s). inside the proton which can generate the strange particles.
The size of theSwave region could also be determined These new methods for measuring the parity of kaon can be
experimentally, independent of the arguments which Weested in LNSSaclay, COSY (Germany, KEK (Japap, and
have presented above. For this aim, it is necessary to fingiNr (Dubng.
manifestations of the angular anisotropy of the produced par- Recently, the DISTO Collaboration published res{itg]
ticles. Luckily, there exist processes with brogavave re- about the polarization phenomenapp— AK*p, namely,

gions, namely,7 p—no [13-13, and d+p— 3He+ w the analvzi ; ;
. . . yzing power, induced by polarized proton beam,
[16] with angular isotropy up t@* ~200 MeVic. rpoIarizationPA of the A hyperon, and the polarization trans-

In addition to the angular anisotropy, there exist othef r coefficientD Their most interesting result for our
observables, which can characterize the possible contributiofy NN - 9

of the P wave, namely, the single-spin polarization effects work, is the nonvanishing value for the polarization transfer
Single-spin polarization observables, such as the polarizatiof®€fficientDyn, which was measured at proton momentum
of A produced in collisions of unpolarized nucleons, or the3-67 GeVLt. 1;h|s result confirms our prediction that the

analyzing powetd, which is a result of polarization of the parity of theK meson is negative. We do not consider this
colliding protons, can be very sensitive to tRevave con-  result as the ultimate proof of the pseudoscalar natuiéof

tributions, as they are exactly zero in the case of3tveave ~ Meson, however, as the proton momentum where the mea-
production. surement is carried is quite far from the reaction threshold
To determine the sign oA, (and thus to establish tie  value. Furthermore, the nonzero valuasthough small of
parity of kaons, it is necessary to reverse the direction of thePa and.A, signal the presence of some nsiwave contri-
beam polarization. Here, detection of all the produced parbutions. For the final solution of this problem, it would be
ticles is unnecessary; it is enough to detect only the kaon. T800d to repeat the measurements of the polarization charac-
increase the experimental statistics, one can measure the iigristics at 2.94 Ge\, the smallest momentum for DISTO.
clusive cross sections such@&,K )Y Nor p(p,A)KN, or The latest results of COS¥18] concerning the energy de-

even the asymmetry of the total cross section. This comperP—endefCe of the total cross section for the process
sates the decrease in the cross section in the near-thresholg* < P demonstrate that this process can be detected very
region(due to the decrease of the phase space volume of tHuear the threshold, for the small values of the excitation en-
produced particles ergy less than 10 MeV.

If we summarize, the new methods suggested for the ex- We wish to thank R. Bertini, J. Arvieux, and E. Tomasi-
perimental determination of th parity of kaons, which are Gustafsson for very stimulating discussions on the physics of
based on the measurement of the sign of the spin correlaticstrange particle production in near-threshdldll collisions.
coefficientA;, and the polarization transfer coefficient in the One of the authoréM.P.R) also thanks The Scientific and
near-threshold production of strange particles, are very gerFechnical Research Council of TurkdfUBITAK) for a
eral. They were based on a simple and model-independefATO-CP grant which made this visit to the Middle East
dynamics; namely, we only used the parity invariance of thelTechnical University possible.
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