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A Regge quark model for O™3+— O™ ;% scattering

R. W, MOORE, K. J. M. MORIARTYY and J. H. R, MIGNERON
Physics Department, Imperial College, London SW7, England
MS. received 6th May 1970, in revised form 3th August 1970

Abstract. We present results of a Regge quark model fit to 2 body charge
exchange and elastic O~ — O~}* scattering. Both constant and exponential
t-dependent residues are used; the latter giving the better description of
the data.

1. Introduction

Previous authors have shown that high-energy 2body meson-baryon scattering
data in the peripheral region (0> > —1(GeV/c)?) can be fitted by the exchange of a
few Regge poles in the tchannel. In the following paper, we use a quark model to
relate the vertices involved in different processes without using (quark) symmetry
breaking, and this provides significant constraints on the parameters. Following
Hogaasen and Fischer (1966) and also Rarita and Schwarzschild (1967), a p’ is intro-
duced to get nonzero polarization in =~ p - °n, but unlike the last quoted authors we
find the p’ plays a significant role in the differential cross sections.

Differential cross sections of K*n charge exchange at 2+3 and 3 GeV/c and
polarizations of K~p elastic scattering between 2:0 and 2-4 GeV/c are dealt with.
These are the highest energies available for the above data and appear to be free of
s channel resonances.

The general Regge formalism is developed in §§ 2 and 3, while in §§4 and 5 the
quark model features are given. A deuteron correction for K*n charge exchange
data is given in § 6 and in § 7 a superconvergent sum rule to relate the parameters of
the p and p’ is shown. §§8 and 9 give respectively the parameterization of the
Regge residues and the discussion of our results.

2. General formalism

In analysing O~4* > 0O~}* scattering processes we exchange tchannel Regge
poles which are treated, for the time being, as physical particles to get the signs of the
amplitudes. Thus, isotopic spin considerations allow us to have I = 0 or 1 tchannel
exchange for elastic scattering but only I = 1 exchange for charge exchange scattering.
We normalize on 7~ p—="p for pion processes and K~p—-K~p for kaon ones for the
amplitude signs, giving for both the flip and nonflip amplitudes:

Alm=p »m"p)y = Ag+ A+ Aj+ AL (2.1a)
Al*p »7¥p) = Ag+ Ay —dgp— A (2.18)
AR p >Kp) = A+ Ap+ A+ A+ Ao+ A5 0 (2.1¢)
AR*p »K*p) = Ap+ 45— An—Aj—Ajs+ AL (2.1d)

+ Science Research Council Fellow.
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AR n >K n) = Ay + Ay + Ay — Ay~ Ago— Aj (2.1¢)

A(R*n —>K*n) = Ay + Ay — As+ Ao+ Apo—~ A% o 2.1f)

where the amplitude signs of (2 1a) to (2 18), (2.1¢) to (2.1d) and (2.1e) to (2.1f) are
related by the charge conjugation invariance of the 3 meson vertex while those of
(2.1¢) to (2.1¢) and (2.1d) to (2.1f) are determined by the SU(2) invariance of the
baryon vertex. In (2.1) the p’ pole is introduced in the charge exchange amplitudes
to get nonzero polarization in 7~ p—>=n. By SU(2) symmetry it then appears also
in the elastic amplitudes. By using SU(2) to determine the signs and the quark
model to determine the magnitudes, the charge exchange amplitudes are:

A(m=p —»m°n) = Ags + 47,
A(m=p —7'n) = 4%;
A(K-p »Ron) = A% + 45+ + A%»
A(K+n >K°p) = — A — A+ 4% . (2.2)

For pair-wise equal mass O~3*—> O~4" scattering the relevant quantities are
the differential cross section do/d#, the polarization P and the total cross section o,
as given by:

= L e o

o= ol i )

x {Re(4)Im(B) — Re(B)Im(4)} (2.3)
1
ag(s) = s [Im{d%(s, t = 0)}]

where s is the invariant square of the energy, ¢ the invariant square of momentum
transfer, p the incident meson’s laboratory momentum, = the target baryon’s mass,
A = A"+ {(E+¢t/4m)B}/(1—t/4m®) where A’ and B (B same as in 2-3) are the
M-function invariant amplitudes and E is the incident meson’s laboratory energy.

3. Regge formalism

The amplitudes for the exchange of a tchannel Regge pole, 7, may be written as
(following Rarita and Schwarzschild 1967)

4= =alt (- LN o+ 1,0

a1 d xp{ — ity (£)}
Bi= b0~ LY 13 L L o) (PR

mEo S in WOCi(t)

where «(f) is the trajectory function, m the target baryon mass, E, a scaling factor,
q, q' are the centre of mass t channel 3 momenta of the baryon and meson respectively,
w = —cos 0, where 6 is the t channel scattering angle, a,(?), b,(f) are the Regge
residues and + (—) refers to even (odd) signature.

exp{ — imo,(£)} + 1)

sin 7o(2)
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In (3.1), the quantity

Fe) - (=)

(where m' is the meson mass) is factored out of the residues to cancel the anomalous
t channel threshold singularities in the amplitudes due to the appearance of w in the
high energy limit of L, (w).

L, (w) is defined as

(3.2)

O(i(t) = 0 . Pm(w(‘ZU)
tan mey(?)
ou(t) < 0 : - ““;T“—“Q—mm—l(w) (3.3)
(2e0)%© Doy (2) + 4}
in the high energy limit +/7 D{x(#)+1}
e a (eLof)
ey(8){wL () ~ Ly iy - 1(w)}
@—me(w) == (t),wg_l == . (34
Hence, (3.1) in the high energy limit becomes
4 (t )<2E)“<t> {oy(2) + 4} T{es(t) + 3} (exp{—imci(t)}i 1
= T :
E, v T{ey(t)+1} sin 7o, () )
B, = _b(f)(ZE)““) 1 20,(){eny(2) + 3} T{on( t)"'%}
exp[ — im{x 1
o ( pl—im{x()}] £ ) (3.5)
sin mo(t)
In this limit, as no «(¢) reaches —2 for all 7,
Teu(0) + 33
TMau(8)+1}
is replaced by
%(f) +%
as a method of removing unwanted poles at «,() = —1 and zeros of «,(f) = — 4.
Thus our amplitudes in the high energy limit aret
exp{ —ima,(t)} £ 1\ [ E\ %D
4= —Clltn e PRI (2
sin mo(2) E,
exp{—ime;(t)} £ 1\ f E\%®O-1
B, = — D) (t){o,(t) +1 —_
i (t)ery(2){ou(2) + }( Ey— ) ( Eo) (3.6)

(3.6) suffices for odd signature trajectories, but for even signature ones the ‘Chew

t It will be noticed that the formalism brings in the { ()} contributed to the flip amplitude
by the nonsense baryon vertex plus the {«;(t)}''? extracted from the residue to prevent a
branch point at «;(f) = 0.
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ghost-killing mechanism’ is used to remove poles at «() = 0, so in (3.6) we get
A; — oy()4,
B, - o,(£)B;. (3.7)

However, for the low energy K*n charge exchange scattering, the exact Legendre
form of the amplitudes are used, giving, on comparison of (3.6) and (3.5),

4, = —Cifuft) + 10T T V7 (- l lq’l) L@ (exp{ — ima($) £ 1))

Do) +3} 240 mE, sin mo(t)
() +1} v/ lqllg’\*®-1 d
Bi= D@+ e i (- ) ae
)

We consider scattering onlyin the peripheral region, sowe parameterize our trajectories
by the linear approximation:
mi(t) = O(io+0(ilt. (3.9)

4. Quark model predictions

By treating the Regge poles as physical particles, the quark decomposition for the
external particles and Regge poles is obtained as in table 1. With this decomposition,
we make the following assumptions for the quark model of the scattering:

Table 1. Quark decomposition for external particles and Regge poles
treated as physical particles

Particle Quark structure Je
wt pi
T np
0 L (o5 —iin)
V2
K+ pA 0-
K- Ap
Ke° nA
K° AA
0-86 -
o} —_— A Y =0-3
7 ) (pp +pn) —0-532AA
é AA
1 - -
3 (pp +nb)
p* pi 1-
P np
1
o I P
P 73 (PP "nh)
b AA
1 -
fo V) (pp +nii)
Ey pn 2+
Az- n

1
A3 V3 (pp —nfi)
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(i) Only strange quarks interact with strange ones, and non-strange ones with
- non-strange ones. This explains why the ¢ and f,” Regge poles do not contribute as
they consist only of strange quarks which cannot couple to nucleons.

(i) p and n quarks react with the same ‘strength’, but the A quarks have a
different reaction ‘strength’.

(iif) The p’ triplet has the same quark decomposition as the p one, although it
cannot be put in any SU(3) multiplet.

(iv) The P’ can be identified with the f,.

(v) The Pomeron P has no particular quark structure and so can interact with
both strange and non-strange quarks.

(vi) The Regge residues factorize such that in our pole graphs B(#) =
veertex1(l) Yvertexz(f) Where B(2) is either C(f) or D(2) in the formalism.

(vii) Quark additivity.

The quark structures of the »° w, ¢, f, and f,’ are determined by mixing.

For the »°, mixing is assumed between the 53 and 7% where the subscripts denote
SU(3) multiplets. Thus

5" = ng cos §—n2 sin § (4.1)

and by using the normal quark decomposition for 3 and 771, together with the
linear form of the Gell-Mann Okubo mass relations, the mixing angle is —23°
Similarly, Folk model mixing is assumed for wg—¢,, and fy3—f,, mixing. Thus we
get the quark decomposition of 2°, w, ¢, fo, f', as in table 1.

Relations, independent of momentum transfer, between Regge residues are
determined by two methods.

(1) For a given Regge pole, relations for the residues in different reactions with
a common vertex are obtained by considering the quark content of external particles
only.

(2) For Regge poles in the same SU(3) multiplet (as corresponding multiplets
have a similar quark structure), relations are obtained by letting the Regge pole have
the same quark structure as the physical particle of the same name.

Methods 1 and 2 are illustrated by the following examples.

For method 1, the p® Regge pole is considered in the two processes =~ p—>7~p
and K- p—K~p. Assuming factorization,

BZ"(t) = Vn—yr—p"(t)yppp"(t)

Bf"(t) = YK-K- p°(t)7ppp°(t)
Hence

B;‘)(t) _ 'V::—n—p”(t).
Bo(t)  yg-x-po(t)

To determine this, reference is made to figure 1 and quark additivity is applied.
As two quarks interactiny,__ ,_(¢) (figure 1(a)) and only one in yx _x _ ,o(t) (figure 1(5)):

Bjo()
B(?)

= 2. (4.2
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(a) Interaction

B

|
Meson vertex Quark decomposition

(6}

Meson veriex Quark decomposition

Figure 1. Pole diagram illustrating derivation of quark model relations without
assuming specific quark structure for the Regge pole. (In the following figures
full lines refer to constant residues and broken lines refer to exponential

residues.)

No

(o) interaction

It

(/2 (p-in)

Meson vertex Quark decomposition

K* Kt
No
(6) = interaction
A} \
(f2)(Pp+7n)
! i
Meson vertex Quark decomposition

Figure 2. Diagram illustrating derivation of further quark model relations by

assuming specific quark structure for the Regge pole.
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Similarly, for method 2, the p® and w Regge poles are considered at the K*K*
Regge pole vertex of K*p-+K*p. For the p°, the p quark line of K* couples with a
factor of 1/4/2 and the A quark line of K* couples with a factor of 1/4/2. Forthe w,
the p quark line couples with a factor of 1/4/2 and again the A has no coupling.
Hence (see figure 2).

Yr+r+ o) = Yr*tx+olt)- (4.3)

These two methods combine to give the relations in table 2, where we have eight
independent residues (Four Cy(t) and four D,(#), both specified by the B); two each
for 1~ and 2% SU(3) multiplets plus two each for the p’ and the Pomeron.

Table 2. Quark model constraints on the Regge residues where B can
be both nonflip or flip residue

Independent
residues Constraints
Bi+ = 285
Bpo Bor = 2+/2Bg
B;{O = %B:O
B = $Bp
Bgts = 2Bo
B Bals = 24/2B5
Bio= 4Be
Bi: =3B3*
B Big = 1Bis
By = $Bi#
By = Bi}
= 2
By B; B

1 +74Aqnp/'}’qnqxp

5. Scaling factor E, in the quark model

As shown by James and Watson, quark model amplitudes should be compared at
equal values of the relative velocity of the incident meson to the target baryon in the
laboratory frame. Thus, by choosing E, to be the mass of the incident meson,
E|E, = 1/(1—9?)"2 where v is the required relative velocity and so the above
condition is satisfied. This, however, only applies to pair-wise equal mass scattering,
so in the case of 7~ p->%°n, we choose E to be (m,m,)2.

6. Deuteron correction in K*n—+K’%

The data for this reaction is obtained from K*d —+K%p where one proton remains
a ‘spectator’. Hence the experimental result is (do/df)qy whereas the theoretical
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prediction is (do/dt),. A correction to the theoretical result is given by

R e e (6.1)

where
R (do/dt), (flip component)
)= (do/d?), (nonflip component)
and
H(t) = | drlyo(r) 2exp{i(p’— p) . 1)
in which

b =2 o= ) ool )=o)

the Hulthen deuteron wavefunction with p/w~%, w~4-31x1071% cm and the
momentum of the K° is p’ for a free neutron target and p for a deuteron one.

7. Igi and Matsuda superconvergent sum rule

This sum rule is used to provide an equation of constraint between C, 7%, CyJ,,

0 07 .
9, @y’ as shown:

dmf? = % f := N [P{OT(w*p) —or(7 " p)}

kg ‘E k4 E
- {BDOLQ; (;) +Bl.L,S (;Z)” dE (7.1)

where f2 = 0-081 is the square of the #N coupling constant, 7’ is the pion mass and,
as E->o0,

E 1
BILo(—) »—TIm(4,_, o2on)io0-
t=§ﬂ, i(m/) ‘*\/2 m( b -2’n)t=0

Hence

F<a2}+1) o

, m [
BY . =2Cl. (a0, +1 ——"—-(~) 3. 7.2
ny T 2 VTR T g 7.2

»

We let the upper limit of the integral be about 397 and use Igi’s numerical determina-
tion of

[ ttostr) - exta ) 4B

8. Parameterization of Regge residues

As quark model relations are independent of momentum transfer, the first attempt
to fit the data was made with constant residues. Here there were seven free parameters

T i1 ] T K K K K K K K K
.Dpﬂ = DOQO, Dp/o = DOp"’) CA? = COA:: DA: = DOA:: Cp = COp’ .Dp = DOp

and C2 = yy0up/Vanaer a0d two parameters related by the superconvergent sum
rule that is, CJ, = C}° and C 7, = CyJ.,.
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The fits here left much room for improvement so exponential #-dependent
residues were introduced, giving 15 free parameters and two (CZ’' and C,,.)
restricted by the sum rule leading to residues:

Cﬂ(t) = Coﬁo exp(Clﬂt) Dfo(t) = DOZD exp(leot)
Chot) = Copoexp(Cy o) Djo(t) = Do exp(Dy ot)
Cut(t) = Coly* exp(Cy43t) Ds(t) = Doy exp(Dy Jt)
Cy(8) = Copexp(Cy,) D;(t) = Do, exp(D; 52)

with the 17th parameter C2 = v, qup/Yaxaxp:
There was only one C;, and one D, to each SU(3) multiplet to avoid breaking the

quark model constraints. The exponential ¢-dependent residues gave an improved
fit.

9. Results and discussions

As the Regge trajectories appear to be reasonably consistent between authors, the
parameters of the trajectories, «;° and o, were kept fixed as in table 3. The other

Table 3. Parameters for the Regge trajectories

Regge pole Al a’ (GeV)—2
P 0.58 0.92
p’ —(-48 1.44
Az 0.37 0-41
P 1-00 0.12
P’ 0.73 1.5
w 0-45 0.31

parameters, described in § 4, result from an x2 fit to the data using the minimizing
program MINUIT (CERN Program Library No. D506), and are given in tables
4 and 5. Those in table 4 result from an attempt to fit the data using constant residues
with the quark model constraints, relying on the scale factor (Ey)~%® to give the
t-dependence. The x? fits so obtained left considerable room for improvement
particularly in the elastic scattering differential cross sections, which are of shape
exp (—at). Thus, we feel that using the scale factor did not give enough freedom to

Table 4. Values of the independent constant residues and associated

parameters
Parameter in {mbn GeV) Parameter in (mbn)
Com 0-45 Diso —66-14
Cosro 12-93 Dogo ~256-28
Cout -3:23 Doy -155-79
Co* —~0-54 Doy ~2:25

C2 =340



A Regge quark model for O=1* - O~ %+ scattering 253
obtain the required a to fit the data. This was remedied by the introduction of
exponential ¢-dependent residues giving the parameter values as in table 5, but these

residues did not improve the charge-exchange scattering, probably because the

Table 5. Parameters describing the exponential #-dependent residues

Parameter Parameter Parameter Parameter

in (mbn GeV) in (GeV/c) =2 in (mbn) in (GeV/c)~2
Copo 049 Cipo -1-65  Dogo ~57-30 Dy 112
Coavo 0-57 Cipo 85:50  Dogo 2332444 Do 13-65
Coas —1-41 Ciis —075  Dost 9424 D/ —124
Cop ~146 Ci 2-03 Dop 36119 D 3-40

C2 =2.28
Table 6. ¥?2 for fits to individual data
No. of x* with exponential
Process data x? with constant t-dependent
points residues residues

or(K-p) —oz(K~n) 7 91 77

or(K*p) ~az(K*n) 9 221 24

or(m~p) —ar(m*p) 15 4 16

Slat-:(w'p—vq"n) 44 411 592

%—: (m~p—nn) 73 692 704

%%(K‘p—ﬂz"n) 33 304 49

%%(K*n—»K°p) 28 63 185

deo

-d—t(rr'p—m'p) 150 12 569 618

do

—&?(n-*p—m-*p) 119 6062 475

%;(K’p—»K"p) 50 1703 235

do

E(K*p —K +p) 50 1926 275

P(#r ~p —»nn) 17 16 96

P(mr-p->mw-p) 60 1601 820

P(m*p—m*p) 25 91 1008

P(K-p—~K-p) 32 1919 703

ReA(0)

- - 6 22 6

TmdQ) (m~p—>m~p)

ReA4(0) . .

— 11 1

ImA(O)(” p—T*p) 3

Total 721 27 649 5883
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minimizing program concentrated on reducing the large x2 of the elastic scattering
at the expense of the charge exchange. The y? for the various processes are given
in table 6.

30 !

i T oK p)=0x(Kn) T
25 l -
]
|

: I

20- T
2 1 I }
ENGH : . W |
CHE | .
1 H
< ror | ! -
o
5 ;
» 1
=

| ]
-05 -

] ]
VT T T

Pres(GeV/e)

Figure 3. Difference between total cross sections for K-p and K~n elastic
scattering, Data from Galbraith et al. (1965).

- / o7 (K*p) =0y (K*n)

o |
_3.51/,,, ]

4 8 2 i6 20
P GeVie)

Figure 4. Difference between total cross sections for K*p and K*n elastic
scattering. Data from Galbraith ez al. (1965) and Kycia (1967).
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These x2 fits to the data are not as good as in previous authors, but we have
used a simple parameterization heavily constrained by the quark model relations
without symmetry breaking. Also, as stated by James and Logan (1967), quark model

constraints are valid only to a few per cent. The discussion of the results for each
process now follows.

oy (rmp) -o7 (w¥p)

n
~

@

{(TT(ﬂ‘p)—UT(ﬂ”"p)}(mbn)
S

o

&~

)
T

o

EN-
o
[ee]
S
)
s
o
@©
NS
S
~y
~nJ

P\ GeV/e)

Figure 5. Difference between total cross sections for = p and =*p elastic
scattering. Data from Galbraith et al. (1965) and Citron et al, (1966).

Figures 3, 4 and 5 show total cross-section differences as a function of the meson
laboratory momentum. Figure 5 shows op(n~p)~—or(n*p) where p and p’ Regge
poles are exchanged. The good 2 fit results from the application of the sum rule,
giving a curve of shape E~/2 showing p’ dominance. Thus it is assumed that (except
for a quark model factor) these poles would give a similar shape in figures 3 and 4, so
the actual shapes in figures 3 and 4 are given by the interference of the 4, Regge pole
with the appropriate sign. This viewpoint is not compatible with the recent Serpukov
data in range 30-60 GeV/c (Lund 1969).

Figure 6 shows the differential cross section for # " p—>7°n. As the data here came
only from the decay mode 5°—2y, the theoretical result was multiplied by this
branching ratio which was taken as 4, although it has been taken variously as going
from (-3 to 0-38 so a modification here may have improved the fit. The #-dependence
was not carried far enough to get the zero predicted by the Chew ‘Ghost-killing’
mechanism at just beyond ¢ = —0-9 (GeV/c).

The 7~ p->=°n differential cross section is given in figure 7. The required dip at
about ¢ = —0'6 (GeV/c)? is not obtained as the p’ contribution is no longer small so
the predicted dip in the contribution of the patabout? = —0-6 (GeV/c)?is smothered.

In figure 8, the K~ p— K°n differential cross section is shown. The dip at about
t = —0'9 (GeV/c)? in the exponential residue case is probably an 4, effect.
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Figure 6. Differential cross sections for

7~ p—n°n, Data from Stirling et al.

(1965 and 1966) and Wahlig and Man-
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Figure 7. Differential cross sections for

#-p—n°n, Data from Stirling et al.

(1965 and 1966) and Wahlig and
Mannelli (1968).
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o~

o
1

CmbnCGeVie)2)

do

d¢

(o~

10~2

1073

-t (GeV/e)?

Figure 8. Differential cross sections for K-p —K°n. Data from Astbury et al.
(1966).
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Figure 9 displays the differential cross section for K*n->K%. The deuteron
correction is found to have the same form as in Rarita and Schwarzschild, but it is
found, probably owing to our questionable fit, that the Legendre form is displaced
lower than the data although the levelling off at large ¢, as indicated by the data, is

obtained.

CmbnCGeV/e)2)

dg

d¢

R. W. Moore, K. J. M. Moriarty and J. H. R. Migneron
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Figure 9. Differential cross sections for K*n—K°%. Data from Butterworth

et al, (1965) and Goldschmidt-Clermont et al. (1968).
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Figure 11. Differential cross sections
for n*p~w*+p. Data from Foley et al.
(1963) and Harting et al. (1963).

Figure 10. Differential cross sections

for #-p—=-p. Data from Foley et al.

(1963, 1965), Coffin et al. (1967) and
Harting et al. (1965).



260 R. W. Moore, K. J. M. Moriarty and J. H. R. Migneron

Figures 10 and 11 indicate the differential cross sections for 7 *p elastic scattering.
Here, the improvement using exponential z-dependence residues is dramatic, mainly
owing to the shape indicated by the data. Although no crossover effect was obtained,
this could have been obtained by extra parameterization.

(mbn (GeV/c)™2)
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Figure 12. Differential cross sections for K-p—~K-p. Data from Foley et al.
(1965), Harting et al. (1965) and Aderholz et al. (1967).

Figures 12 and 13 display the differential cross sections for elastic K=p and K+p
scattering which, as with other curves, exhibited a great improvement with exponential
residues. Figure 14 shows the 7~ p->#Cn polarization. The noticeable feature here
is that constant residues give a better fit than do the exponential ones.

Figures 15 to 18 show the elastic scattering polarization. In figures 15 and 16 the
general shape of the two curves appears to be independent of the diagram, leading to
the conclusion of P-P’ dominance, which, with no change of sign under charge con-
jugation, leads to a large x> for the exponential residue case. The K-p elastic
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Figure 13. Differential cross sections for K*p—K~*p. Data from Foley et al.
(1963).
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Drobnis et al. (1968).
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Figure 16. Polarization for n*p—=*p.
Data from Borghini et al. (1966).
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Figure 17. Polarization for K-p—K ~p.

Data from Daum et al. (1968),
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scattering polarization in figures 17 and 18 follow a similar, although much modified
shape, leading to the conclusion that P-P’ dominates in all elastic scattering polariza-

tion. However, not too much weight can be put on this last set of results owing to
the very low energy.
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Figure 18. Polarization for K-p—K-p. Data from Daum et al. (1968).

Although we have not included the diagrams for the ratio of the real part to the
imaginary part of the nonflip amplitude in the forward direction for #p elastic scat-

tering, the calculations were carried out, the exponential residues giving the better
result.

Thus we feel that a more sophisticated parameterization, together with indicated
quark model improvements, could lead to a good ¥2 fit to the data.
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