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~ ABSTRACT .

Based on exchange degeneracy and SU(3) symmetry,
a Regge pole model fitting the differential cross sections
'for pion-nucleon and kaoh—nucleon charge exchange and n
production as well as polarization in nfp—>n°n,is given.
‘Besides the p-A, trajectory, a conépiring and exchange
, 2
but with intercept near zero is taken into account. The
residues are assumed to have g/r&ﬂbehavior.' A four parameter

fit gives good agreement with the experimental data.
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| INTRODUCTION

A possible cla551f1cat10n of Regge treJectorles according to‘
su(3) Symmetry, exchange degeneracy and the- Lorentz pole quantum
pumber has been given prev1ously.;’2 Our aim here is to combine
: these_considerations with the Venehiano—type representation5-in a
phenomenological'study of pion—nuc;eon and kaon-nucleon charge -
exchange reactions and n ' production; The model presented here has
numerous othef phenomenological implicatiens which are subject to
future investigations. | |

" The basic ideas of Refs. 1 and 2 htiiized here are the _
felloﬁing: The vector and tensor octets of trajectories form an
octet of'exchange degenerate trajectories with su(3) splittings of
trajectories determined by the mésses of resonances.’ These trajec~
‘torles are coupled to mesons and baryons SU(3) symmetrically.
Slmllarly, the octet of pseudoscalar tragectorles (to which the pion
belongs) together W1th the octet of ax1al vector traJectorles (to
'whlch the B meson belongs) form an. exchange degenerate ocbet of
conspiring trajectories. The co-consnirator of this octet is an"
exchange deéeneraue octet of vector-tensor tragectorles. -For example,»
the exchange degenerate m-B trajectory consplres with an exchange

2

In addition, we'shall,assume fhaﬁ'the trajectorieshhaveeai

degenerate p'-Al trajectory of the_same_intercept.

'univereal slope. In the spirit of the Veneziano formula this
simplifying assumption makes extra baryon tfajectories in the._s and

u channels unnecessary. Furthermore, the possible resonances
. . )
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belonginglto the co-~-conspirators would be hidden underneath the
other (known) resonances. This would expléin why they have not
been observed experimentall&. ‘ '

For the reactions we consider in this article only the
p and AZ quantum numbersrcan be exchanged in the t channel. Our
model consists of exchangé degenerate p-A2 plus exchhnge degenerate
andvcohspiring p'!AEZ trajéctories. Tn the next section the fofmglism

and the results of fitting the parameters are given.
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2. FORMUIATION AND RESULTS
A phenomenological study of pion'nucléon charge exchange
differential cross section and,polarization based on p and p'
trajectories has been given in a separate a.r‘l.“.icle.l‘L Here we include
the n production and kaon-nucleon charge exchange as well. Because
we assume exchange degeneracy and su( 3) symmétry of the couplings,
no new parameter is needed.
Tet us define the heliecity nonflip and helicity flip parts

of the p trajectory contribution in meson nucleon scattering to be of

the form

L SR )

p - Tey) as

B , as-1 :

and : - P 1 , (2)

B =—=Ff

6" Tlay gp(as)

Ty n o

respectively; where gp::(1—e )/simra1 ‘and B (B7)

is the helicity nonflip (flip) residue constant. Egs. (1) and (2)
can be considered as the leading term (in emergy) of a suitable

5

Veneziano-type representation. In féct, Igi” has given such a
representation for pion nucleon scattering and his formula reduce to
Egs. (1) and (2) in the high enefgy limit; Furthermore, eveﬁrif one
has to take an infinite number of Veneziano terms (cérfesponding,'
perhaps, té a single Lorentz pole), still the leading term in energy
will be in the form of Egs. (l) and (2). The exchange degenerate

p-A, trajectory passingcthrough. p(760) and Ay (1310) is given by
:



ay = 0.5+at; a =~ O.‘?_(Gre.V)—2 | o ' (3)
Similarly, the amplitudes for the A, trajectory contribution (denoted

by the subscript R) are given by

B .
AL = —R £ (as) ()
R 'R
I‘(ozi) :
f
B ooyl o
B, = —X ¢ (as) * | - (5)
R : . R , ,
I‘(a/1) : - :
where §R = (1 + e—mpali)/sin'rroz,1 |
The exchange degenerété p-A, trajectory is assumed to

have the same 'slope as the p! -A'2 trajectory. This simplifying
assumption is made in order to a#oid introducing new ba.ryon' trajec-~

tories in the s and u channels, Namely, one can imagine a Veneziano-

- type formula in which the same baryon trajectories coexist with p-A:Z‘ ‘

as with p! -A'2 « Furthermore, as pointed 6ut earlieru, this model |
{fould predict existence of a particle :with the same mass as the
B(1220) meson and with the p quantum numbers. This is because in our
séheme_ p! -A'Z trajectory coincides with the m-B trajéctory.' 'Th‘.iv?
coincidence would be a realization of chiral symneﬁry. The same\ ‘ \.

coincidence should occur for higher recurrences. On the other hand,

we assume that the A:?. trajectory chooses nonsense6 at ¢=0.
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Therefore we do not éXpect a scalar particle at the pion mass. This
schemé is consistent with the quark model; namely, if as in Ref. 2 we
assume that all trajéctories are coupled to a qpark-antiQpafk system,
then the point o= 0 is a nonsensw poinfc' for the A! trajectory.

2
Note that the A! +trajectory couples to the spin triplet of qa

2
system. The pf -A:Z trajectory, based on the masses of the pion and -
the B meson is given by

a, = - 0.02+0.9 ¢t - (6)

" The p* contribution is given by

tBn : a '
Aty = —B g, (as) 2 (7
P F(QZ) P
. v
i ‘ -1
and B ' = __EE'____ g '(as)az (8)
P ozzl_‘(ozz) p

Similarly, for the Al trajectory we have

2 o
AL, = ——— £, (as) ' :
R! P(Q’Z) R
f . .
‘ BR' ‘ 02--'1 .
By, = ———— & (as)
R Tlay X | Lo

The factor of t in Egs. (7) and (9) is included because p' and A}

are assumed to be conspiring trajectories (see Ref. 7, for example).



Note the factor o in the denominators of the right hand sides of
Eqs. (8) and (10). Due to this factor .there is a pole in the flip

amplitude of the A'2 contribution at oy 0. This .ié a ‘noris.ense pole

and thus we are assuming the existence of a compensating trajectory ..

In Ref. 4, this factor of ¢ was not included in the f]_.ip amplitude of

the p' . It turns out ’chat this extra factor improves our fit for
polarization in 7w p- m'n.
Now using the exchange degeneré.cy of the residues we have

n £f_ of _ o f - (11)

and similarly . | . (12)
n_.n _.n | f_f _ f |
' ‘32 =,-ﬁpi‘ -~‘BRI 2 [32 = Bpr - ﬁRr :
Note that, since the trajectofies are fully determined by Eqs. (3)
and (6), we are left with only four parameters Bi’ {31, [32 and [52

Deflnlng ‘the new a.mpll'tudes./( and (8 as

j = t 1 . = 1 H . . .
0% A_p‘+ A.Vp, ; AR AR,+A _ .(13)
By, 43, 5 By =Byt By

‘from SU(3) sjszne’cry of ’che' cduplings we have8

A'('rrp—>'rrn)-r\f"‘/( : o A _ (1%)
A'(K p->K°n) “./4 A |

CAT(ETpen) = -2/ 3.>3/3R
" ]
At k)= A Ag

with similar expressions for the B amplitudes. In what follovs ve
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shall consider the first three reactions in Egs. (14). We are not

including the1(+n charge exchange case because of the meager high

energy expefimehtal data and because of the complications'due'to the
Glauber corrections for deuteron target. Note however that with the
four parameter determined below our model makeé unambiguous prediction

n , , , o ,
of the K n charge exchange reaction. The differentiated cross section

is given by9 :
1 2 2, ¢ 2.2 2 220 2
e L L e L

where g is the center of mass momentum, m is the nucleon mass, p 1is

the meson mass and s and t are thé usual invariant energy and momentum .

transfer. Note that in m production we should use unequal mass

kinematics. ‘However, at the energies we are considering this extra

complication ié not necessary. The polarization is given9 by
. (16)
_ -sin0 Im(A'B ") :
P= Na do
16 =« s 3¢

where 6 is the scattering angle in the center of mass system.

10-13

The experimental data are fitted using the four free

parameters. The minimum Chi quére is obtained for

'5111 = 9.81*1, _Bfi = 119, 9, [3121 = -36+15, [32:38:}:'15 (17)

(15)
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For a total‘of 223 data points ﬁe have obtained )(2; 36_9
vhich we consider to be ratl'.:ter reasonable especially in view of
ignoring the other (non-leading) terms. 6ne could of course break
SU(3) and/or exchange degeneracy'ond obtaln a smaller xz.  But -es .
‘long as we do not know how to take all other pos:sible!terms into
account, there is very little 1nfomtion to be .ga'.inefl.. _ |

| "~ The errors given in Egs. (17) indicate the cnange~ in each
perameter necessary to _increese x_zf by 10 percent. The la'rge'uncertainty
in [32 and ﬁg " reflects tne lack of extensive polarization data, ‘tbf :
whicn the.se parameters are sensiti\fe. We are looking forward to more
polarlzation data in these reactions especially at hlgher momentum
transfers to determlne these pa.rameters with better confldence. One:
feature of our model worth mentioning is that it predicts zero polari-
zation in .~ p _charge-exchange at t ~ -0 6(GeV/ c) where oi) = 0, and
also predlcts a zero in the = p-—>nn 'polarizatlon e.t t~ -1, 6(GeV/c)2‘
where ap = ~-1. )

Note also that our formalism can be used to calculate the .

differential cross section and polarization in 'rr+p-> K+Z+ reaction.

In this case only the d/f ratios remain as free parameters; for the

LR sk kt skt

K =K and X - K trajectories are determined from the

masses in the same way as our o =A 2' and P! --At2 trajectories. The

residues in thls case are of course related to those of Egs% (17m).
Figures l. through 8. show the experimental data as well as ‘

our theoretical curves. The error bars shown on these curves are

statisticel only. In calculating the X_~2 » systematic errors in the

——
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data are also taken into account when given in the experimental
articies. .Invthe n production data we have assumed a branching
ratiolu of 0.381.
Based on our model and the parameteré obtained here
predictions are made for future data up to IOODGevyhazikigurés.Q; through

11. show the results of our prediction.
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FIGURE CAPTIONS

do do

» - 0. . . —_—
5 for mp ~ mon. Upper curve: 100 x at‘h.85
Ge'V/e laboratory momentum; middle curve: 10 xgg at
5.85vGeV/c; lower curve éi-t—o at 6.0 GeV/c.

g—g for w p - u’n: Upper curve: 100 x%—o— at 10 Ge V/e;
middle curve 10 X'HE at 13.3 GeV/c; lower curve-a? at
18.2 GeV/e.

Polarization in%ﬁp—>ﬂ°nvat 5.9 GeV/c.

Polarization in x P-»x’n at 11.2 GeV/e.

3 , .
(%q for X p—»l.{on Upper curve 10 x d‘g at 5 GeV/c; Lower
curve {;; Cat T.l GeVVb. l
(—12 for K P K% n: Upper curve 10 x Q at 9.5
dt - dt
Ge'V/e; Lower curve %gg at 12.3 GeV/e.
do- for n p-> n. Upper curve 100 x do at 5.9 Gev/c;
dt - b e PP a_f_ hd J

middle curve 10 x % at 10, GeV/c s lower curve %;Cq at

9.8 GeV fe.
do for = p - nny Upper curve 10 x L 13.3
dt p = nnx UPP dat .
Ge'V/e; lower curve gg: at 18.2 GeV/ec.

Predicted %9; for ﬂnp—>ﬁ°n. Laboratory momentum from top
to bottom is 25, 50, 75, 100 GeﬁVb respectively.

Predicted Eé? for X~ p-> K ne. At same momenta as Fig. 8..
Predicted-af for n p > nNn. At same momenta as Fig. 8.
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