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An eikonal Regge representation is set up for the helicity amplitudes in the process mp
—A;p. These amplitudes are then used to calculate the density-matrix elements of 4, (1*),

which are in agreement with the data.
1. INTRODUCTION

The power of the eikonal or absorption model of
generating the Regge-cut effects has been used ex-
tensively with considerable success in the elastic’
and also inelastic® scatterings. These cuts are
found to satisfy properties very similar to those
one expects from the study of Feynman graphs.®
Phenomenologically, a definite evidence for the
existence of the Regge cuts, in our opinion, lies
not so much in their fitting the data on cross sec-
tions as in their giving the correct predictions on
measurements like polarizations, density-matrix
elements, etc. This is because the Regge cuts
have the characteristic slow logarithmic factors
appearing in the amplitudes to which the cross sec-
tions may in general not be so sensitive.® The
cuts with a suitable mechanism (like the eikonal or
absorption model, which determines their weight
functions in terms of the basic input parameters
of the poles, would give a better test for their
showing up in the polarization and density-matrix-
element data® which are normalized with respect
to the data on the differential cross section.

In this paper we have tried to analyze the data
on the density-matrix elements of A,(17, 1070 MeV)
in the process mp—A,p, using the 8-GeV high-en-
ergy data® on the differential cross section of
m'p—~A;p. For high-energy scattering we use the
Regge eikonal model in which, to the Regge-pole
contributions coming from the Pomeranchukon (P)
and the p Regge trajectories, are added the P-P,
P-p, and p-p Regge cuts. We assume here that
at high energies the P couples only to the helicity-
nonflip amplitude in the problem.®

,The plan of the paper is as follows. Section II
deals with some notation, kinematics, the Regge
representations of the independent helicity ampli-
tudes in the problem, and the eikonal representa-
tion of these amplitudes. In Sec. III we calculate
the integrals occurring in Sec. II, and in Sec. IV
we give the results of our computations and dis-
cuss and compare these with the available data.

II. FORMALISM

A. Kinematics, Notation, and Isospin
Decomposition for tN—>A4 | N
We define the following kinematical variables in
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the s-channel scattering of
”(pm Ap= 0) "'N(pm )‘N)?Al(kA’ AA) + N(kN’ A;\I):

= _(p1r+p1v)2,
t= -(p"_k.A)zy
u= —(P,,—kN)Z.

The initial and final center-of-mass momenta
squared are

2 [s=0m +m )]s —(my-m )]
4= 4s ’
2.1a
o Ls=tmyim P s—tmy-myy %13
9 = 4S ’
and the center-of-mass energies are
_stm =My
Ey 2Vs ’
B =s+mAz—m,v2 (2.1b)
4 2Vs :
The differential cross section is defined as
do _ 27s®
dt ~ §*=2s(my* +m %)+ (m y? =m 2)?
X F 2. :
AN;L,:)‘}JI oX y, )‘A)\Nl (2.2)

The contributions from ¢-channel exchanges to
T*p-~A3p are given by

F*(s, t)==(1/V6)P(s, t) £ 3p(s, t), (2.3)

where F*(s, t) denote the s-channel amplitudes for
the processes 7*p—~Aip. In what follows, for brev-
ity, we shall drop the superscript +. Also, here
P(s, t) and p(s, t) denote the contributions to these
amplitudes of the Pomeranchukon and the p Regge
trajectories. As remarked earlier, we have as-
sumed that the Pomeranchukon does not contribute
to the spin-flip amplitudes. Lastly we define the
(3x3) density matrix for the resonance A4,(1%) as

P u=N ZQ' Foxy, myFEn, s (2.4a)

ANAN
where each of the two summations is carried over
the helicities +3 of the initial and final protons de-
noted by Ay and 1), respectively. The normaliza-
tion N is so chosen that

Trpy,,=1. (2.4b)

B. Independent Helicity Amplitudes and Their
Regge Representations

The total number of helicity amplitudes in the
process considered here is 12. The conservation
of parity and G parity [at the NNa vertex, where

AND SETH 5
a(t) is the exchanged trajectory] allows only five
independent helicity amplitudes. For definiteness,
we write down the relations for our s-channel heli-
city amplitudes resulting from parity” and G-pari-
ty conservations® mentioned above, as follows:

NaNlx S,+Sy-8 -u'
AN (_1)% N=SN(=1 p=p
mmv( ) (-1)

xFoxN,xAx;v(S, t),

Fooxy, -x =24 (s, £) =
(2.5)

where
L==Ay, M =X4=2},
and
Fox pa a8 8)= (-1)x[gP1(-1)I]Fox;v, A a8 1),
(2.6a)
where

A=A y=2h.

1 |

0.l 0.2

T= 1tl=ltpinl  (GeV?)

FIG. 1. Differential cross section for m*p — Afp at
8 GeV/c in the forward direction. The data are from
Ref. 5. The three curves correspond to contributions
from different singularities: The dashed line corresponds
to the contribution from P + p Regge trajectories, the
solid line corresponds to the contribution from P + p
Regge trajectories and P-P + P-p Regge cuts, and the
dot-dash line corresponds to the contribution from
P +p Regge trajectories and P-P + P-p + p-p Regge cuts.
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Following the argument given in Ref. 8, we shall
take the product

gP(-1)=+ (2.6b)

both for the leading Regge poles and the leading
Regge cuts considered here, because one assumes
that the leading Regge cuts are dominated by the
quantum numbers, except the parity,® of the lead-
ing poles. Using Eqs. (2.5), (2.6a), and (2.6b),
one obtains the following five independent s-chan-
nel helicity amplitudes in our problem, which are
classified according to the “magnitude” of helicity
flip exchanged in the { channel. There are thus

and one “double-flip” amplitude,
Foiz1-172- (2.7c)

At this stage, a remark is in order, which will be
useful in parametrizing these amplitudes at high
energies. If we were to use a definite parity at
the NN vertex,'® then the number of independent
helicity amplitudes further reduces in the follow-
ing manner. For natural-parity exchange, for in-
stance, the last two of the three “unit-flip” ampli-
tudes in Eq. (2.7b) become equal giving, thereby,
four independent helicity amplitudes. For unnatu-
ral-parity exchange, however, all amplitudes van-

one ‘“nonflip” amplitude,
Fo12,01729 (2.7a)
three “unit-flip” amplitudes,

ish except again the last two of Eq. (2.7b), which
are equal in magnitude but differ in phase.

The Regge behavior for these amplitudes can be
derived from the general formula®
Fy 1/2,0-1/2
Fo12,01/2, (2.7b)

Fo 12,1 -1725

. i\ 2} A =gl gl ~ira;(t) ai(t)

Fae oo D 5 2 g;’lx§<t>g‘{;x4<t)[(§f) | R (%—(—t)—) &5, (2.8)
for the s-channel scattering 1+2-3+4 of any mass particle. The sum over ¢ denotes the sum over all
possible Regge trajectories. In our problem, the P and p will be taken as the dominant Regge trajectories,
and the rest, including the unnatural trajectories, will be ignored because of their low intercepts. Thus,
on the basis of natural-parity exchange and factorization, we expect that two of the helicity “unit-flip” am-

‘plitudes for our “Born approximation” in the eikonal representation behave asymptotically in the same way,
that is,

Foiz 1128 Fo 12,1 -172+ (2.9)

Furthermore, for the small-momentum-transfer predictions, as usual, we shall neglect the double-flip
amplitude.!’ Therefore, effectively, we shall be dealing with three independent amplitudes for our high-
energy parametrization of the amplitudes taken as “input” in the eikonal representation. Using Eqs. (2.3)
and (2.8) one obtains the asymptotic behavior of these amplitudes describing the processes n*p— A} p as

F® (s, t)=FF (s t)m——l—[-—iype (—ismtap’) (= aP(f)-l]il[iy"a () exp[ —izma,(1)] L ap(t)-l]
0,0\Ss 01/2,01/2\S, 76 o EXp\—t2Tidp So 9 [0 % Xpl—22ma ) So ’

(2.10a)

t 1

FR ( R . 1./ - /2 , " s or(t)-1
o 1(S, t)-Fouz,o-l,z(S,t)~i-2- i ;0— yha,(t) expl —izma,(t)] ;; R (2.10b)

1 —t\12 s ap(t)=1
FY (s, 1) =Fg 10, 112(8, VR FE 15y _1pals, 8)m ig[i (;0—) viPa,(t) exp[—izma,(t)] (s—> ,  (2.10¢)
0
where yF, ¥ 7%, and y!’ are constant residue parameters for different helicity amplitudes. While writing
p Regge amplitudes, we have assumed that the p trajectory satisfies the nonsense-choosing mechanism.
In the above Regge representation we have ignored the rather slowly varying functions of £ in the signature
factors.
The trajectories are taken as

ap(t)=1+tap’,

a,(t)=0.5+ta’,

(2.104d)
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with

ap’'=0.4, o’'=0.9.

Lastly, the s, will be fixed equal to 1 GeV? in our
computation.

C. Eikonal Representation
We may now define the following impact-param-
eter representation for the various helicity ampli-
tudes, which accounts (in addition to the P and p
poles) for the cuts produced due to the rescattering
of P with itself and with p, and also for the rescat-
tering of p with itself, Thus, for high energy and
small momentum transfer,
Fo ofs, )= (=d) f b dbJ (bV=1) exp[ixq(s, 3)-1],
0
where
XS, B2~ f VIE aV=T T (BV=DFR (s, 1),
0
and for the two “unit-flip” amplitudes,
Fo (s t) ™ f b dbJ (bV=1) explix,(s, b3)]xG (s, 8%,
]
where
& 1(s, b~ f V=TI V=T J,(b0V=T)FR (s, 1),
1]
and
Fyofs, 1)~ f b dbJ,(BV=F) explixo(s, BN ofs, 6%,
0

where

Xols, ¥ [T ATV ofs, )
4]

AND SETH

jon

TABLE I. Residue parameters of fit to 7+p —Alp
scattering data® A, taking the contributions from P +p
Regge trajectories; B, taking the contributions from -
P +p Regge trajectories and P-P +P-p cuts; and C,
taking the contributions from P + p Regge trajectories
and P-P +P-p+p-p cuts.

v
(GeV)

.
v4°
(GeV)

v{
(GeV)

v§

Fit (GeV)

-0.072
8.03
22,12

0.33
-0.31
0.32

17.92
-17.24.
17.74

-5.08
-7.10

A
B
C -2.10

(2.11a)

(2.11b)

(2.11¢)

III. EVALUATION OF THE INTEGRALS AND EXPRESSIONS FOR DENSITY-MATRIX ELEMENTS

For the evaluation of the integral representations, we can simply use the formula

T(3v+zu+1)
2V ()P (p 4+ 1)

f ) x* exp(=ax®)J,(xy) dx=

v’ exp(-y?/4a) F (5 +3v-}u, v+1; 92/40).

(3.1)

Thus, from Egs. (2.10), (2.11), and (3.1), one obtains, with certain simple manipulations, the following

eikonals:
oy _ .. (expl-b%/4Ep()] . . ap(0) exp[—°/480(s)] _ @’ exp[ -b%/4&,(S)|L,(5°/4£0(s))
ks, 17 =irp (RS SE )-irso 2 ) ). G
oy _ 1, ap(0) a1+ L,(5°/4E0(s))] 2
0= bt (R - TR Jeexi-v/4,00, (3.5}
and
X, of S, 8°) =:,{,;((;) Xo.1(s, ), (3.2¢)

where
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1 P 1 ozp(o)
rP=T§-Yo (0); 7p(s)=§ (0) eXP(—zz'”) .
ap(0)
l(s)‘zF (-—) (0)< —zzﬂ)—-) ) (3.24d)
r!P(s) = —15((—(%21"’(3) (3.2¢)
and
£p(s)/ap'=£,(s)/a’ =1In(s/sg) — i37. ©(3.2f)

With the eikonals given by (3.2) it is possible, in principle, to find cut effects of all orders due to the mul-
tiple Pomeranchukon exchanges. However, in the rather low momentum transfers in which we are inter-
ested, these effects may be negligible. In fact for all practical purposes the first-order cuts will be tak-
en. Whence, reinserting these eikonals in the integral representations given by Eq. (2.11) and using Eqs.
(3.2) again, one obtains

Fo s, t)~ i[{’rp expl 1/4A4p(s)] + a,(t)7r (s) exp[ 8/4B ()]} pote terms — 157 - Ap(S) exp[ /8Ap(8)}p-p cut

(27prp(s)AP(s)B,,(s) exp{t/8[Ap(s) + By(s)]} a,(0) —4a’By(s) +4a’'B2(s){1+t/4[Ap(s) + B, (S)]}>
Ap(s)+B,(s) Ap(s) +B,(s) P-p cut

= (3By(s)r J(s) exp[ t/8B,(s){a,*(0) + 16 @"* B,*(s) +8a"*B,(s)[1+ t/8B,(s) + */128 B,*(s)]

—407B,(S)[1+1/8B,(s)] - 4a'a0)B,(s) 1 /8B, D - c,,t} , (3.32)

Fo, (s, t) miv=t v{(s) {{ap(t) exp[ #/4By()]}p pote

, o 1+ 1/8[Ap(S)+ By(s)]\ 27 pAp(s) BX(s) explt/8 Ap(s) + B(s)]}]
_[([aP(O)—Sa B(s)] +8a’B;(s) AP(S;""BP(S)p ) P ?[Ap(s)+B,,(s)]g p ]P -

—[{r (s) expl /8 B,(s)]}G B,(s) a,(0) — 4a'B (s)][e(0) — 8’ B(s)]
+40'B(s)[ a,(0) - 6a’By(s)][1+ /16 B(s)]
+12a”B(s){1+ t/8B,(s) +[ /8 By(8)1*/6})] p-p cut } ’ (3.3b)

and

FI 0(37 ) _L(_(%)Fo 1(8’ t)y (3.30)

TABLE II. Values of pyy and Rep;, including P + p contributions to 7~p —~A7p. Experimental values are from Ref, 12.
(a) At low energy which is the sum of 5-, 7-, and 7.5-GeV/c data. (b) At high energy which is the sum of the 11-, 13-,
20-, and 25-GeV/c data.

Theoretical values 2 Experimental values
[t] =1t minl at. at at at
P (GeV?) 5.GeV/c 8 GeV/c 16 GeV/c 25 GeV/c (a) (b)

Poo 0.0-0.1 1.00-1.00 1.00-1.00 1.00-1.00 1.00-1.00 0.89+0.02 0.94+0.05
0.1-0.2 1.00-1.00 1.00-1.00 1.00~-1.00 1.00-1.00 0.74+0.03 0.77+0.08
0.2-0.4 1.00-1.00 1.00-1.00 1.00-1.00 1.00-1.00 041+0.06 0.46+0.13

Repy, 0.0-0.1 -0.00--0.00 -—0.00—-0.00 —0.00—-=0.00 —0.00—-0.00 0.16+0.,01 0.15+0.02
0.1-0.2 -0.00--0.00 -0.00—-0.00 -0.00--0.00 —0.00—+0.00 0.28 +0.02 0.28+0.05
0.2-0.4 —0.00—+0.000 —0.00-+0.00 —0.00—+0.00 +0.00——-0.00 0.31+0.04 0.35+0.08

#The first (second) column of the theoretical values corresponds to the first (second) columns for |¢|—|¢ ;0 ].
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where

)= 1 1 ,
_4£P(s) _4gp(s)

with &p and £, defined by (3.2f).

Ap(s and  B(s)

AND SETH

|

(3.39)

To conclude this section we give the expressions for the density-matrix elements which are to be calcu-
lated using the amplitude given by (3.3). From the general formula (2.4a), the density-matrix elements

Poo and Rep,, may be derived immediately as

|F0u2.01/2l2+|F01/22,o-1&|2 -
lFouz,on/z|2+Fo1/2,o-1/2] "’2]?‘01/2,11/2'

Poo=

ReF,,,2 11,2 ReF >+ ImF

2IMF

(3.3e)

Rep =__[_LILJ.LI__SL|L£2.&JL___Q_LL&J_LI_Q_LIJ_.M
10 2 2 2 ’
F01/2,01/2| + F01/2,0—1/2| +2IF01/2,11/2

where we have neglected the contribution of the “double-flip” amplitude to the differential cross section.

IV. RESULTS AND DISCUSSION

We have used seven data points (for |#]|=0.08-
0.24 GeV?) at the 8-GeV/c measurements of the
n'p—A}p differential cross section® for determin-
ing the four parameters y¢, 75 7%, and ¥}? in our
work. Three sets of these parameters have been
determined from a fit to the above cross-section
data for three different cases A, B, and C depend-
ing on the choice of {-channel singularities. For
case A of the fit we take the P and p trajectories,
for case B the P-P and the P-p cuts are added to
case A Regge-pole terms, and, finally, for case
C the p-p cut contributions are also added to the
previous singularities. The values of the param-
eters from these fits are listed in Table I. Using
these parameters we find that in all cases the the-
oretical values for the differential cross section
are in good agreement with the experiment only up
to || =0.8 GeV2. The above parameters are also
used to determine the density-matrix elements p,,
and Rep,, for A7 in the process n"p~ A[p at sever-
al high energies for the cases of three different

t-channel singularity exchanges defined above.
Table II compares the theoretical values of p,, and
Rep,, with the corresponding experimental values.
The theoretical numbers in case A for p,, are
nearly 1.0 and those for Rep,, are nearly zero for
the small momentum transfer range considered.
Evidently they are in total disagreement with the
experimental numbers’? because the Pomeranchu-
kon trajectory points to the s-channel helicity con-
servation, whereas experimentally this is not sat-
isfied in the 77p - A7p process. Similar results
are obtained if we take contributions only from the
p trajectory. The inclusion of the P-P and the
P-p cut contributions to the density-matrix ele-
ments, as can be seen from Table III, does not
much improve the predictions. Table IV supplies
the density-matrix elements for case C where the
p-p cut is included in addition to the poles and the
remaining two cuts. The agreement here is rea-
sonably good. For the momentum transfer range
of |t| = | tmn| up to 0.3 GeV?, the predicted num-
bers for both p,, and Rep,, are in agreement. At
[#] = | tmin| =0.4 GeV?, the theoretical value for

TABLE II. Values of py, and Rep,, for m~p —Aj p taking P + p Regge trajectories, P-P +P-p cuts. Experimental
values are the same as those used in Table II.

Theoretical values 2

Experimental values

[t] =1t minl at at at at
p (GeV?) 5 GeV/c 8 GeV/c . 16 GeV/c 25 GeV/c () ()
Poo 0.0-0.1 1.00-0.94 1.00~0.93 1.00—0.92 1.00~0.91 0.89+0.02 -0.94+0.05
0.1-0.2 0.94—0.85 0.93—-0.83 0.92-0.86 0.91-0.91 0.74+0.03 0.77+0.08
0.2-0.4 0.85—0.98 0.83—0.99 0.86—1.00 0.91-1.00 041+0.06 0.46+0.13
Repy, 0.0-0.1 0.00——0.16 0.00——0.16  0.00--0.16 0.00——0.13  0.16+0.01 0.15+0.02
0.1-0.2 -0.16—-0.21 —0.16~—=0,17 —-0.16——0.04 —0.13——0.04 0.28+0,02 0.28+0.05
0.2-0.4 -0.21-0.07 —0.17-+0.05 —0.04—+0.03 —0.04—+0.02 0.31+0.04 0.35+0.08

a The first (second) column of the theoretical values corresponds to the first (second) columns for |¢]|— |¢

minl'
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TABLE IV. Values of py, and Rep,, for 7 ~p —A7p taking P + p Regge trajectories, P-P +P-p+p-p cuts. Experi-
mental values are the same as those used in Table II.

Theoretical values Experimental values
[#] =12 minl at at at at
p (GeV?) 5 GeV/c 8 GeV/c 16 GeV/c 25 GeV/c (@) (b)
Poo 0.0 1.00 1.00 1.00 1.00
0.04 0.87 0.86 0.83 0.81
0.08 0.76 0.72 0.67 0.65 0.89+0.02 . 0.94£0.05
0.10 0.70 0.66 0.65 0.58
0.12 0.65 0.60 0.54 0.53
: : 0.74£0. . K
0.16 0.54 0.48 0.44 0.48 008 0.7720.08
0.20 0.42 0.37 0.41 0.55
0.24 0.31 0.31 0.51 0.69
0.28 0.25 0.38 0.68 0.83
0.30 0.28 0.48 0.77 0.88 041006  0.46+0.13
0.35 0.57 0.58 0.87 0.93
0.40 0.87 0.93 0.97 0.99
Repyy 0.0 0.10 0.10 0.10 0.10
0.04 0.23 0.24 0.25 0.24
0.08 0.30 0.30 0.29 0.26 0.16£0.01  0.15:0.02
0.10 0.31 0.32 0.29 0.24
0.12 -0.32 0.32 0.28 0.20
0.16 0.33 0.31 0.20 0.08 0.28+002  0.280.05
0.20 0.31 0.25 0.06 -0.07
0.24 0.24 0.12 -0.10 -0.16
0.28 0.10 -0.07 -0.19 -0.18
0.30 =000 -0.15 -0.20 -0.17 0.81£0.04  0.35:0.08
0.35 -0.11 -0.15 -0.14 -0.10
0.40 -0.20 -0.15 -0.09 -0.07
Poo is rather large and in that range Rep,, becomes have also compared the density-matrix elements
negative. This may be due to the fact that the data Poo and Rep,, for A] in 1'%~ Ap by taking contri-
employed for our parameter is determined from butions from P +p poles and P-P, P-p, and p-p
the n'p — A[p process, whereas we are determin- cuts given in Table V. Again it is obvious from
ing the density-matrix elements of A7 in the this table that our values are consistent with the
crossed process of 77p—-AJp. Furthermore, for experimental values'® only in the || =0.0-0.3
large momentum transfers, higher-order cuts GeV? region.
ignored here may have an important effect. We To conclude we may remark that the p-p-cut

TABLE V. Values of py, and Rep,, including P +p Regge trajectories and P-P +P-p +p-p cuts to w*p —~Afp. Experi-
mental values are from Ref. 13.

Theoretical values Experimental values
] = 1¢minl at at at at at at
o (GeV?) 5 GeV/c 8 GeV/c 16 GeV/c 25 GeV/c 8 GeV/c 16 GeV/c
Poo 0.0 0.97 0.97 0.98 0.98} 1.10£0.05 0.8440.05
0.1 0.80 0.83 0.87 0.89 } 0.65+0.08 0.65+0.06
0.2 0.75 0.79 0.86 0.89 : : : :
0.3 0.81 0.84 0.92 0.95} 0.56%0.12 0.23+0.13
0.4 0.94 0.86 0.98 0.99
Repy 0.0 0.08 0.07 0.04 0.02} 0.15+0.04 0.20+0.04
0.1 0.28 0.26 0.23 0.21 } 0.27:&0.04 0‘32—&0.04
0.2 0.30 0.28 0.23 0.20 . . . :
0.3 0.26 0.24 0.17 0.14} 0.30+0.07 0.35+0.65
0.4 0.16 0.23 0.8 0.06




1708 AHMED, BARI,

contribution plays an important role in the pro-
cess, although this cut may not be realistic, be-
cause the eikonal model does not give any idea
about the quantum numbers and signature correctly
and a few workers' are also in doubt about the
validity of Regge-Regge cuts in the eikonal pre-
scription.
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