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P parity of charmed particles from associative photoproduction ofD and D* -mesons
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We suggest to measure the triple polarization correlations in the exclusive associative charm particle pho-

toproduction,gW 1pW→LW c
11D0 with linearly polarized photons, as a method to determine theP parity of the

charmedD meson. The dependence of these correlations on the parityP(NLcD) can be predicted in a model
independent way. Thet dependence of the differential cross section for vector meson photoproduction,g1p
→Lc

11D* 0, in a model based onD exchange, is also sensitive toP(NLcD).
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I. INTRODUCTION

The P parity is a fundamental property of any hadro
therefore it has to be experimentally determined. Gener
two experimental methods are used to determine theP parity
of elementary particles.

For the meson and baryon resonances, which are uns
with respect to the strong or electromagnetic interactions,
P parity can be determined through the selection rules w
respect to angular momentum andP parity, because they ar
conserved in such decays.

This method cannot be applied to the stable or quasist
particles, which decay through weak interaction, whereP
parity is not conserved. In this case theP parity can be ex-
perimentally determined through specific scattering or p
duction processes, induced by the strong or electromagn
interaction@1#. A typical example is given by theK meson
@2–4#. First of all, due to the conservation of strangeness
the strong and electromagnetic interactions, the abso
value of theP parity of theK meson does not have a physic
meaning, as in the case ofg, p0, h, r0, etc. ~which are
characterized by zero values of the electric and baryo
charges, of strangeness and charm!. Only the relativeP par-
ity for the K meson is significative, as in the case of t
charged pion: we refer to the parityP(p6) in a reference
frame, where theP parities of proton and neutron are th
same. Similarly for theK meson: its strangeness is nonze
and, due to the conservation of strangeness in such pro
asg1N→L1K or p1p→L1K11p the K mesonP par-
ity is defined with respect to theNL system.

In the lightest charmed hadron sector, all the decays of
baryonLc

1(2285) and the mesonD(1870), through numer-
ous channels due to the weak interaction, with violation oP
invariance, cannot be used to determine theirP parity. On the
contrary theP parity of the vector charmedD* meson can be
determined through its strong,D* →D1p or electromag-
netic D* →D1g decays. More exactly, these decays det
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mine the relativeP-parity P(D* )P(D), and it is necessary
in any case, to know theP parity of the lightestD meson.
The same is correct for theSc

1 hyperon, with the strong
decaySc→Lc1p or with the electromagnetic decaySc

1

→Lc
11g ~for positive hyperons!. Therefore, theP(NLcD)

parity has to be experimentally determined, in order to ha
the P parity reference frame in the charmed particle sect

The quark model gives clear predictions for theP parity
of charmed particles. For example, in case ofD25dc̄, for
the S state of the quark-antiquark system, applying the B
estezky theorem@5# about the negative internalP parity of
any fermion-antifermion system, one derives that the light
D meson must be a pseudoscalar particle. But one additi
assumption has to be done: theP parity of all quarks, with
different quantum numbers is the same. Such assump
constrains all hadronicP parities, and it is valid in the quark
model.

The purpose of this paper is to suggest an experime
method to determine theP parity of the lightest charmed
particles, independently from the quark model. We sh
here that the measurement of polarization phenomena in
simplest reaction of associative photoproduction of charm
particles,g1p→Lc

11D0, allows one to determine the rela
tive P-parity P(NLcD) ~but not the absoluteD mesonP
parity!. The charm and theP parity are conserved in photo
production processes.

II. POLARIZATION OBSERVABLES IN g¿p\LC
¿¿D0

The following discussion is based on the general symm
try properties of the electromagnetic interaction of charm
particles, without additional dynamical assumptions ab
the reaction mechanism forg1p→Lc

11D0.
It is well established@6#, that the spin structure of the

matrix element for the processg1N→Bc1P, whereBc is a
baryon with spin 1/2 andP is a meson with spin 0 is deter
mined by a set of four independent amplitudes, which
complex functions of two independent kinematical variabl
as the total energys and cosu, whereu is the angle of the
emitted baryon.
©2003 The American Physical Society01-1
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The spin structure of the matrix element, in the CMS
the considered reaction, can be parametrized in the follow
general form:

M (6)5x2
†F (6)x1 , F (1)5sW •qŴF (2),

F (2)5sW •eW f 12 isW •qŴ sW •kŴ3eW f 21sW •qŴ eW•qŴ f 31sW •kŴeW•qŴ f 4 ,
~1!

whereeW is the real photon polarization vector,x1 andx2 are
the two-component spinors of the initial nucleon and

final baryon,kŴ and qŴ are the unit vectors along the thre
momenta of theg and theD meson, respectively, in th
reaction CMS. The upper indexes inF (6) correspond to
P(NLcD)561.

Generally, the polarization observables for the conside
reaction are different for different values ofP(NLcD) and
they can be calculated only in the framework of some
namical model@7–9#. However, in definite kinematical con
ditions it is possible to predict the exact value of polarizat
phenomena in model independent way. For example,
asymmetry ofD meson photoproduction, in collinear kine
matics, induced by the collision of circularly polarized ph
tons with a longitudinally polarized proton target is equal
11, for any incident photon energy. This is a model ind
pendent result, which follows only from the helicity conse
vation in collinear kinematics, i.e., foru500 or u5p. How-
ever, this result does not depend onP(NLcD) and it cannot
help to determine the parity of the charmed partic
involved.

One has to find another polarization observable, whic
sensitive toP(NLcD), on one side, and it is model indepe
dent, on the other side. The spin structure of the collin
matrix element for the processg1p→Lc

11D0 depends on
P(NLcD):

F col
(2)5sW •eW f col

(2) , F col
(1)5sW •eW3kŴ f col

(1) , ~2!

where f col
(6) is the collinear amplitude forg1p→Lc

11D0

for P(NLcD)561.
Due to the presence of a single allowed amplitude in c

linear kinematics, all polarization observables have defin
numerical values, which are independent on the model c
sen for f col

(6) .
Let us consider the most general case, the dependen

the Lc polarization on the polarization of the colliding pa
ticles. Using expressions~2! for differentP(NLcD), one can
find the following formulas for the triple polarization corre
lations ingW 1pW →LW c

11D0:

2~eW•eW !~PW 1•PW 2!12~eW•PW 1!~eW•PW 2!, if P~NLcD !521,

~eW•eW !@~PW 1•PW 2!22~kŴ•PW 1!~kŴ•PW 2!#22~eW•PW 1!~eW•PW 2!

if P~NLcD !511, ~3!
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wherePW 1 and PW 2 are the polarization vectors for the initia
and final baryons.

One can see from Eq.~3!, that only the linear photon
polarization affects the triple polarization correlations ingW

1pW →LW c
11D0, due to theP invariance of the electromag

netic interaction of charmed particles. For further develo
ment, let us define the coordinate system for the conside

collinear kinematics with thez axis alongkŴ and thex axis
along the vectoreW of the photon linear polarization. Th
correlations Eq.~3! can be written in such system as

2~PW 1•PW 2!12P1xP2x5P1xP2x2P1yP2y2P1zP2z

if P~NLcD !521,

~PW 1•PW 2!22P1zP2z22P1xP2x

52P1xP2x1P1yP2y2P1zP2z if P~NLcD !511. ~4!

From Eq.~4! one can find a connection between the co
ponents of the vectorsPW 1 and PW 2 for the different
P(NLcD), assuming, for simplicity, that initially one ha
100% linearly polarized photons

P2x51P1x , P2y52P1y , P2z52P1z if P~NLcD !521,

P2x52P1x , P2y51P1y , P2z52P1z if P~NLcD !511.
~5!

One can see that both transversal components of theLc po-
larization are sensitive toP(NLcD), through the relative
sign betweenP2i andP1i :

P2x52P~NLcD !P1x , Py5P~NLcD !Py , ~6!

whereasP2z52P1z for any value ofP(NLcD).
Therefore, relations~6! allow one to determine, in model

independent way, theD-mesonP parity.
Let us summarize the main properties of the conside

reaction, which are necessary for our consideration:~i! The
spin of theD-meson is equal to zero and the spin of theLc
hyperon is equal to 1/2.~ii ! The P parity is conserved in the
g1p→Lc

11D0-process.~iii ! The helicity is conserved in
the collinear regime.

The suggested experiment, measuring the triple polar
tion correlations ingW 1pW→LW c

11D0, can be in principle re-
alized by the Compass collaboration@10#, which has a polar-
ized target and where linearly polarized photons can
obtained in muon-proton collisions, at small photon virtu
ity, by tagging the photon through the detection of the sc
tered muon.

The Lc-polarization can be measured through the num
ous weak decays of theLc

1 hyperon, for exampleLc
1→L

1e11ne @11#, which is characterized by a large deca
asymmetry. In other words, theLc is a self-analyzing
particle.
1-2
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Equations~6! show that only the relative sign of the tran
versal components of the polarization of the target pro
and the producedLc

1 hyperon is important for the determ
nation of theP(NLcD) parity. Therefore such experimen
does not need very large statistics, only well identifi
events. The energy of the photon beam has not to be ne
sarily monochromatic.

Let us briefly discuss the electroproduction of charm
particles;,1p→,1Lc

11D0, where, is an electron or a
muon. For the subprocessg* 1p→Lc

11D0 ~whereg* is a
virtual photon!, the collinear amplitudes, Eqs.~2!, become

F col
(2)5~sW •eW2sW •kŴeW•kŴ ! f t

(2)1sW •kŴeW•kŴ f
(2)

,,

F col
(1)5sW •eW3kŴ f t

(1)1 ieW•kŴ f
(2)

,, ~7!

wheref t
(6) ( f ,

(6)) are the collinear amplitudes correspondi
to the absorption of virtual photons with transversal~longi-
tudinal! polarization, forP(NLcD)561.

The transversal amplitudes in Eq.~7! generate the sam
correlations of polarizationsPW 1 and PW 2 as for photoproduc-
tion, Eqs.~3! and ~5!, but the longitudinal photon polariza
tion results in the following correlations:

~PW 1•PW 2! if P~NLcD !511,

2~kŴ•PW 1!~kŴ•PW 2!2~PW 1•PW 2! if P~NLcD !521. ~8!

This gives the following model independent relations:

P2x,y
~, ! 5P~NLcD !P1x,y

(,) , P2z
(,)5P1z

(,), ~9!

where the upper index (,) indicates the longitudinal origin
of theses correlations.

The transversal and logitudinal contributions can be
termined performing a Rosenbluth separation. For this a
in the collinear regime, two measurements of the exclus
cross section have to be done, at fixed value ofQ2, the
momentum transfer squared, and ofW, the effective mass o
the LcD system, but for different initial lepton energy an
lepton scattering angle.

III. PHOTOPRODUCTION OF VECTOR MESON,
g¿p\LC

¿¿D* 0

Let us discuss the problem of theD mesonP parity in
connection to associative exclusive photoproduction of v
tor charmed mesons,g1pW→LW c

11D* 0—with a more com-
plicated structure of the corresponding matrix element. In
general kinematical case the twelve possible scalar am
tudes are complex and nonvanishing functions of two in
pendent kinematical variables. Even in collinear kinema
there are three independent collinear amplitudes. So
problem cannot be solved without additional dynamical
sumptions. Let us consider, as an example, theD-meson ex-
change ing1p→Bc1D* , at any photon energy and an
D* -production angle@12#.

It is possible to prove that theD-exchange mechanism ha
03850
n

es-

d

-
,

e

-

e
li-
-
s
is
-

definite properties, which can be experimentally verified
follows.

~i! The angular distribution of the decay products of t
D* -meson (D* →D1p), emitted in the collision of unpo-
larized particles, g1p→Lc

11D* , follows a sin2v-
dependence, wherev-is the angle between the photon m
mentumkW and the three momentum ofD—in the rest system
of D* . This result depends on the relativeP parity of D*
andD, but not on theP(NLcD) parity.

~ii ! The beam asymmetry~due to linearly polarized pho
tons! vanishes for any kinematical conditions, ing1p
→Lc

11D* 0, independently on theP(NLcD)-parity.
~iii ! All the T-odd polarization observables vanish, b

cause theD-exchange generates real amplitudes forg1p
→Lc

11D* 0.
~iv! The two possible asymmetries for the collisions

circularly polarized photons with a polarized proton targ
vanish—in any kinematical condition—due to the zero sp
of the exchanged particle. Also this result is independent
P(NLcD).

These facts can be considered as different experime
checks of the validity ofD-meson exchange forg1p
→Lc

11D* 0. If it turns out that this approximation is valid
we can find some polarization effects that are sensitive to
P(NLcD) value. For example, the transversal compone
of the baryon polarizationsPW 1 and PW 2 are related by the
following condition:

P2x,y5P~NLcD !P1x,y , ~10!

which is valid also in case of unpolarized photon beam,
any D* -meson production angle. We must stress that
~10! applies only in framework of theD-exchange model,
but does not depend on many important characteristics
this model, such as the value of the coupling consta
gD* Dg andgNLcD ~in the vertices of the considered diagram!

and on the phenomenological form factorsF(t) which are
necessary to insure the correct behavior of the differen
cross sectionds/dt with respect to the momentum transf
squared.

Whereas all these ingredients are very important for
prediction of the absolute value of the unpolarized cross s
tion, the shape of thet dependence of the differential cros
section, at smallutu ~for forwardD* -production! and at large
photon energy is sensitive toP(NLcD). This can be shown
from the expression of the differential cross section, wh
can be written as

ds

dt
~gp→Lc

1D* 0!5N~s!
gD* Dg

2

4p

gNLcD
2

4p
F2~ t !S t2M2

t2m2 D 2

3@2t1~MN6ML!2#.

HereN(s) is a known normalization factor, which depend
on the photon energy,M (m) is theD* ~D! mass,MN (ML)
is the nucleon~hyperon! mass and the signs (6) correspond
to P(NLcD)561.
1-3
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The possible effect of differentP parities is shown in Fig.
1, atEg540 GeV. Thet dependence ofR(t), the differential
cross section, normalized to its maximum value~for t
5tmax520.23 GeV2), is represented as a solid~dashed!
line for positive ~negative! P(NLcD). The different
t-behavior is due to the specific factor@2t1(MN6ML)2#,
which is sensitive to the discussedP parity. For simplicity
we take the same~dipole! form factorF(t) for both parities:

F~ t !5@12 ~ t2m2!/m0
2#22,

where m051.5 GeV is a cutoff parameter. The function
R(t) do not depend on the values of the coupling consta
gD* Dg andgNLcD and have a weak dependence on the fo

factor F(t).
This prediction is valid only in the framework of th

D-exchange model.
In Refs. @12,13# we discussed the possible backgroun

for g1p→Lc
11D* 0, induced by baryon exchanges. Su

analysis can be done only for the standardP(NLcD) parity,
assuming the SU~4! symmetry, when the
NBcD(D* )-coupling constants can be estimated on the b

FIG. 1. t dependence of the ratioR5(ds/dt)(gp
→Lc

1D* 0)/(dsm /dt)(gp→Lc
1D* 0), where (dsm /dt)(gp

→Lc
1D* 0) is the differential cross section fort5tmax

20.23 GeV2, for P(NLcD)511 ~solid line! and P(NLcD)
521 ~dashed line!, at Eg540 GeV.
03850
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of the existing information on the couplings in th
NYK(K* ) vertices, (Y5L or S). In the case of
P(NLcD)511, the SU~4! symmetry cannot be applied an
therefore no explicit estimation of the background can
done. The best strategy, in this case, is a model indepen
estimation of the background through the study of the dev
tion from the predictions on different observables derived
framework ofD exchange. For example, theSB-asymmetry
induced by linear photon polarization vanishes~for D ex-
change! in the full kinematical region. A nonzero value, du
to the background, would modifyR(t) in the following way:

R~ t !→R~ t !@11SB~t!# with SB~ t5tmax!50, uSB~ t !u<1.

Therefore only large values ofuSB(t)u, can invert the ten-
dency of the curves plotted on Fig. 1. More exactly, forutu
>2.5 GeV2, uSB(t)u must take the maximal value in order t
move the upper curve down@SB(t).21#, or to move the
lower curve up@SB(t).1#. In any case the dashed curv
cannot become lower than the solid curve, for any value
uSB(t)u. Therefore, in principle, the measurements of the d
ferential cross section and of theSB-asymmetry forg1p
→Lc

11D* 0 will be very usefeul to draw definite conclu
sions aboutP(NLcD).

IV. CONCLUSIONS

The triple polarization correlations ingW 1pW →LW c
11D0 in

collinear kinematics and at any photon energy above the
action threshold—with linearly polarized photons—can
suggested as a model independent method for the determ
tion of theD-mesonP-parity, or more exactly, the relativeP
parity of theNLcD system. Note that in the standard qua
model, thisP parity is negative. Another possible way t
determine theD mesonP parity, but model-dependent, is th
study of the dependence of theLc

1 polarization on the initial
proton polarization in the framework ofD exchange for vec-
tor meson photoproductiong1pW →LW c

11D* 0, using an un-
polarized photon beam. Note that thet dependence of the
differential cross sectionds(gp→Lc

1D* 0) is also charac-
teristic of theP(NLcD) parity, but the interpretation of the
results depends on model assumptions, which are neces
for the calculation of the differential cross section.
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