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Absorption corrections in the one-particle-inclusive production of vector mesons
in the triple-Regge region
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Absorption eftects are incorporated in a Mueller-Regge model and inclusive vector-meson production in the

triple-Regge region is investigated. The invariant cross section (six)d crldt dM and the decay density

matrices of the produced resonances are studied and compared with the experimental data.

I. INTRODUCTION

In a previous paper' the inclusive production of
vector and tensor mesons in the triple-Begge re-
gion was investigated in the Mueller-Begge for-
malism with simple poles. It was found that while
the qualitative behavior of the differential cross
sections were reasonably well accounted for, the
normalization was somewhat overestimated and the
polarizations of the pxoduced vector mesons sim-
ply could not be explained in terms of poles alone.
The theoretical evidence for the need of some type
of cut correction in inclusive processes comes
from the work of Pumplin, ' in which an absorption
model, similar to our own, is derived using the
technique of eikonal field theory. This leads to
phenomenological results for the inclusive pro-
cess m +p-m +X which can be tested experimen-
taQy. ' Additional theoretical work has been car-
ried out by Paige and Sidhu, ' who then consider
the measurable polarization effects for some in-
clusive hyperon production processes. The data'
on target asymmetry for the process m'+p~-~' +g
(the subscript & indicates that the proton is polar-
ized) provides experimental support for the im-
portance of cuts in inclusive processes. The
triple-Begge limit fox' factorizing poles and Pom-

eron predicts no target asymmetry to leading
order in s in the beam fragmentation region and
the main contribution to the target asymmetry is
expected to arise from cuts. ' Soffer and %ray'
and Craigie et al. ' correctly predicted the target
asymmetry in m'+p~-m'+X and y+p~ m' +X,
respectively, using the Mueller-Begge model with
cut corrections.

In the present paper, the inclusive production of
vector mesons in the triple-Hegge region is con-
sidered in a Mueller-Begge model with absoxption
corrections. As in the previous paper' the model
does not require any free parameters since all the
required parameters are fixed from previous ex-
tensive studies of two-body processes. In Sec. II
the formalism is set up, and the final form of the
Mueller-Hegge amplitudes is given in the Appendix.
This is followed by Sec. III, which contains the
discussion and conclusions resulting from a com-
parison of the model calculations and the experi-
mental data.

II. FORMALISM

The one-particle inclusive cross section is relat-
ed through Mueller's generalized optical theorem
to the forward discontinuity of the 3-3 amplitude
(see Fig. 1)
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For the inclusive production of vectox mesons in
the triple-Begge region, with the assumption of M'
duality, we have the Mueller-Hegge diagram of
Fig. 2. To evaluate the Mueller-Begge diagram,
the currents at the pseudoscalar-meson-vector-
meson-Heggeon (0, 1,R} vertices are taken to be'

Z, = -3aq„(y,y, ) &,

j& = g»„&P„Q„(@&p )(D5+ 2S),
3h

for pseudoscalar- and vector-meson exchanges,
respectively, where p~ and (II), are the vector and
the pseudosealar wave functions, respectively, P
and Q are the sum and the difference of the incom-
ing and outgoing meson momenta, m is the average
mass of the incoming and outgoing mesons at the
three-particle vertex, It, is the vector-meson-
pseudoscalax -meson-pseudoscalar-meson coupling
constant which is evaluated from the p-2m decay
width, and P' and D+2S are the Clebsch-Gordan
eoeff icients.
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FIG. 1. Diagrammatic representation of the Mueller
generalized optical theorem.
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FIG. 2. The Mueller-Regge diagram for the production
of vector mesons in the triple-Regge region but with the
M -large condition relaxed.

The Mueller-Hegge diagram (see Fig. 3) gives
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for vector exchange and

H)(~ k~, ki xi ~)(~ xqnFK(, z(J x~ x(, ~F kf E)t
X~K, X.blC 5 5 5 5

for pseudoscalar exchange, where the B's are the
Mue1. ler-Begge amplitudes corresponding to Fig. 2

and L and I' are, respectively, the Beggeized
propagators and structure functions at the inclusive
vertices. Since particle g is a pseudoscalar, the
index X, is redundant and will be dropped. For
the inclusive cross section and polarization cal-
culations for the inclusive vector-meson production
we carry out the averaging and the summation, re-
spectively, of X~ and E, giving

H' ' =8'
X.g K, A, g

E'

The structure functions I', after averaging and

summing over X, and K, take the form

g Z,'~'(I-,'~" )*= 3n. '"(M', t, m, ')o...(~p vp), -
for pseudoscalar exchange and for vector exchange
we adopt the form [throughout the paper the parti-

cle labels (a, h, c) and (1, 3, 3) are used inter-
changeablyj

8m~
+r =

M2 &(.((I'p-I'p) )

with V denoting the exchanged vector meson.
The elastic scattering effect in the initial state

shown in Fig. 3(a) is taken into account through
absorption in impact-parameter space. In the
conventional absorption model with the elastic
scattering matrix S(h) we obtain

8 ~ '(h' h) =S* ~ (b )If c "c(f) i))S I (I))

As an approximation we take S +(I) ) and S(f)) to also
approximate the rescattering effect in the cb chan-
nel of Fig. 3(b). Heuristically, it can be seen that
in the triple-Regge region s„=s,—

~ and the elastic
scattering matrices S„(f))and S-,), (f)) can be as-
sumed to be roughly equal. Then the absorbed
Mueller-Regge amplitudes are approximated by

b, z""s, T', g,',w',

where the elastic scattering matrix is given by

S=1 C -"'= " '" =S '~'S- '~'
gQ cg t

with 5 denoting the impact parameter, C the opacity and A. =R ', where R is the interaction radius of the
target. In the present study we fix the values of C and a at O. V and 0.068 (GeV/c)'.

Finally, we obtain
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where P, is the angle between the directions of parti-
cles 1 and 4 as seen in the rest frame of particle 3.
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FIG. 3. (a) Rescattering correction to 0-+P 1-+X
in the s channel. (b) Rescattering correction to 0 + p

1 + X in the cb channel.

The variable i' is defined by qi'/k = t;„—t, where
k and q are the magnitudes of the c.m. 3-momenta
in the initial and final states, respectively, p and

p are the total helicity flip on each side of disc„2.
A simplifying assumption that the inclusive vertices
are primarily helicity nonf lip is made so that p and
p' are simply X, and A,,'.

In the calculation of H «strong exchange de-
generacy is assumed for the particle pairs m-B,
p-A„and &u-f. The trajectory parameters are ob-
tained from the requirement that the trajectories
pass through the positions of the particles in the
Chew-Frautschi plot and are given in Table I.

The one-particle inclusive cross section is then

given by

where the summation over i indicates the summa-
tion over all possible exchanges.

The decay density matrix elements for the vector
meson are given by

P'
fPf

Pp'p pp Hap
i

For the decay density matrix elements in the Gott-
fried- Jackson frame we have

III. DISCUSSION AND CONCLUSIONS

The model is applied to the study of the processes
K +p-K+ +X and m +p p +X and the results are
presented in Figs. 4 to 8. For other 0 +p-1 +X
processes the appropriate exchanges and the Cle-
bsch-Gordan coefficients are given in Table II.
The exchanges for the. process K +p-K*'+X are
n, p, p, and A~ and for the process m +p-p +X
are m and A, Although various experiments for
the inclusive production of vector mesons have
been reported" most of the data is still only quali-
tative. Detailed data on the inclusive production of
vector mesons only exists for the process K +p
-K*'+X at 14.8 GeV/c. " The comparison of the
model with the K*' production data is presented
together with predictions for this process and for
p" production at higher energies.

The inclusive cross sections are given for both
fixed M' and fixed t while the decay density ma-
trices are given vs t in the Gottfried- Jackson
frame. It can be seen in the various diagrams
that the inclusive cross sections are well accounted
for both in normalization and in structure by the
model of the present paper. This is in contrast to
the unabsorbed calculation' where the normalization
was found to be overestimated. For the density
matrix elements it can be seen that p~ and p, ,
are reasonable, at least in the region of both small
it i

and M'/s. This is the region in which the model
is expected to work well. The data for p~ for K*'
production seems to agree well with the theoretical
prediction for p' production. Since the p' produc-
tion results from the exchange of the n and theA,
this agreement would indicate that of the expected
dominant contributions to p„from m and B ex-
change in K* production, the B exchange term is
unimportant.

The fixed t vs M2/s plots show approximate scal-
ing which is consistent with the experimental re-
sults for w +p-p'+X in the P» range from about
8 GeV/c to 205 GeV/c for the triple-Regge region. "

TABLE I. Regge trajectories.
TABLE II. Parameters for the I -function approxima-

tion [obtained by a fit in the range 0 ~ it[(2 iGeV/c) ].

Trajectory Ap Exchange Ai Bj A2 B2

7r,B
p, A2
v, f

—0.013
0.470
0.386

0.665
0.905
1.017

m, B
p, A2
cv, f

—59.891
0.8914
0.8076

41.12
2.96
2.75

—14 143 3 398
0.778 -0.072
0.645 -0.266
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FIG. 4. The inclusive cross section for K +P —PC* +X for fixed M'/s plotted vs' at 14.3 GeV/c. Data are from
Ref. 11.

For K +p-K* +X the inclusive total cross section
given by

g 2
2 dt~,

for .&1' = 3.0 GeV' to M' =M, ,' and
I t

I

= 0.0005 to
2.0 (GeV/c)' gives the results of 3.02 mb at 14.3
GeVjc and 3.27 mb at 205 GeVjc with most of the
increase due to the enlarging of phase space at the
higher energy. A similar result is obtained for

+p p +X; for M = 5.0 GeV to M'=AI, „and
the same limits on It I we obtain 1.4 mb at 15 GeV/c
and l.5 mb at 205 GeV/c.

The reaction n'+p-p +X has been studied using

the dual-model B, functions. In the dual-model
calculation p« is found to be important for m ex-
change" but for A. exchange" p» is the dominant
decay density m. atrix element in the present kine-
matic region. Note that in these dual-model cal-
culations ajl the possible exchanges are not con-
sidered together and na absorption effects are
taken into account. For the dual model the in-
clusive predictions tend to the exclusive predic-
tions as M'/s decreases. Thus, the dip in p«
gradually disappears. However, in our model the
contrary is predictea, since the absorption effects
decrease with M as 3/I increases, the dip in po,
disappears so p op approaches a constant value of
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FIG. 5. The inclusive cross section for K +p K~0+ X for fixed t plotted vs M /s at 14.3 GeV/c and 205 GeV/c.

Data at 14.3 GeV/c are from Ref. 11.

To conclude, the present study indicates that
Regge-cut corrections are relevant to inclusive
production processes. Within the framework of
our parameter-free Mueller-Regge model with ab-
sorption it is possible to give a reasonable account
of the data both qualitatively and quantitatively.
However, in a recent paper by Craigie et at."it
has been indicated that other absorption effects
might well be important. Clearly better data are
required before stringent tests of the various mod-
els become possible.
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APPENDIX

In this appendix the kinematics and the evaluation of the absorption integrals are presented.
We work in the c.m. frame with the initial- and the final-state 3-momenta given by k and q, respectively.

The positive z axis defines the direction of the beam and the reaction plane is taken to be the x-z plane.
The direction of the produced particle from the +z axis defines the angle 8, the c.m. scattering angle.

We now consider the evaluation of the absorption integrals. H ' ' can be written in the form

If c c —+ cgf (g c)4
t t

where i denotes the exchange and

n,'. (1+(exp[ ivn, (t)]) -s
where the standard Regge notation is used, I', (f(t)) are the Euler Z' functions given by

-f'( n, (t)), for-i =. unnatural parity
z',. (f(t)) =

Z'(1 —n, (t)), i =natural parity,
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FIG. 6. The density matrix elements for the decay of the K produced in the reaction K"+P —K'0+X for fixed

M2/s plotted vs t in the Gottfried-Jackson frame at 14.3 GeU/c and 205 GeU/c. Data at 14.3 GeV/e are from Qef, 11.

where these I functions are parameterized in the form

I'(f(t)) =A. ,exp(a, t) +A, exp(a, t),
for analytic solutions of the absorption integrals, with the values of the parameters given in Table III, J,.
is the spin of the exchange i and

(—3tIZ)'2g't'(I', III,', t) &y...(IIp), for t =It exchang~

~

~[3tI(D+2S)]'P», for t =vector-meson exchange.

The g,. & are given by, for pseudoscalar exchange,

gE& —kE3 cosO jp sin(9a~= +P
nl3

for vector exchange,

-W2qtI (E,+E,) sinea' =0, a"=
Pl j +I

Using 2' sin(8/2) =g and writingff ~ "~, g ~, and (11 ~)* in terms of the variabie 7 (suppressing the vari-
abies s and M' for the moment) we have
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FIG. 7. (a) The inclusive cross section for fixed I /s plotted vs t for the reaction ~ +p —p + X at 15 GeV/c and

205 GeV/c. (b) The density matrix elements for the decay of the p produced in the reaction 1I' +p —p + X for fixedI /s plotted vs t at 15 GeV/c and 205 GeV/c.

H ' '(T ~Tg) =@ (T ) W[e"(Tg)]*.

Substituting this in the absorption integral yields

H ' '(T) = 4 '(T) ——exp — T'dT'g '(T') exp — IC T" TT'
abs

2A. 2A. 2z

2 co f2 TT'x W + ~ T *——exP —— T' dT' + ' T' *exP
2A. 2A. 0

1 1 1 4 " 2x
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K +p = R"0+X Tt +P po+ X

t
2

~ &1O'-
E

PL~b = 2056eV/c
»»» 102

M is*0.25
101

102
M'Is= 0.35

1Q

100

PL,b= 205 6eV/C
m2

1OO

t=-0.7

Ol ~ 10-1

-2,10
GO

102

E +1O'—

10
0.0 0.2

10

I

10
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10
1Q 10

1Q2

0.2 04 0.6 0.8 1.0 1.2 0.4 0.6 Q.B 1.0 1.2
» I »

M2/s=OA5
» I » »

M fs=0.'t5 t=-0.3
1O1-10

1OO
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10'

1OO
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„'1Oo
n X

e)t

+ I & 10 2
0.0

~ &10'-
@
C„coo.I-

„oX
»»»t ~ 10 1

o)IV1Q

1O'—
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1Q"2
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—t f(eeV/C) 2]
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1O'
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1Q2
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I I » l
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(a) M2/ s (o)

FIG. S. (a) The inclusive cross section for K +p A. + X for fixed I /s plotted vs t at 205 GeV/c.
elusive cross section for 7t + p p + X for fixed t plotted vs M~/s at 205 GeV/c.

10 100

I t=-0.9

10 100

I

10
M'Is

10

(b) The in-

%e define the variables
T'

Xg $6y2g I
i

tt» =(» exp[-i»t(n, +»)»,' t,„)],.

y = exp

it»»)»,
' (q/-u), .

TABLE IG. Clebsch-Gordan coefficients for 0 +p
]."+X.

Then the 6 & are given by, for pseudoscalar exchange,

yp; exp(X,-)
)

E (X» + &

exp(X,'. ) E3(X»' + &)+tt;, '
(qE» —kE3)+

exp(X» )
Reaction

11
+ +p p+ +X

+p po+X
+p ~p +X

x+ +p u) +X
K +p-IY*'+X

K +p ~K+ +X

Exchange

1t', A2

X, A2

w, A2
w, A2
p, B
1t'~ A2
p, B
m, A2
p, B

exp(x,') x» +2
Of t2 8»»@2

awhile for vector exchange,

6' =0

q(E, +E,) ~ exp(X,.) X,.
- 2

exp(X,'. )
Of p2 1

8 A/2
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The required p„,are given by"

8.3g„,(wp) =23.4+ mb,

and for the vector meson we adopt the form"

64.9 0.65
(pp)=097(98.6+ '

7

'

7

mb.
1 —t]mp

For accuracy all the calculations of this paper
were carried out" and plotted"'" by computer.
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