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E In recent years a nﬁmber of experiments have been carried ou;“\

__on high-energy backward 4ﬂip scattering, with both reactions showing

peaks in the backward direction which fall away rather rapidly with

- increasing ene:c'g;y.j""h The most striking difference between the two

- 1s thé dip in dqﬂiu near the backward direction which appears in

b but not x"p, as was first noted by Brody et al.t TIn the

present work we have attempted to understand the expefimental situation

in terms of the exchange of the N and A Regge trajectories which

are thoﬁght to be the dominant trajectories commmicating with the

7N system. We find that the present experimentel situation can

be readlly understood in terms of these two trajectories. The interpreta-

tion of the dip is that N trajectory exchange, which contributes only

toA n+p ; becomes numerically very small when the N pole moves near .
1

J = - 5 « Thls effect, which depends strongly on the even signature

of the N trajectory, 1s explailned in more detail below.
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We moy write the contributions to xn"p scattering of the N
and A trajectories in the crossed channel by writing the amplitude
5

+ .
for n"p scattering as follows:

F(fsm) = £ (W/5u) - go; 6 2. (~f5u) + Lsin e oA £ (- VEm)

: | (1)

At large s and fixed u , the contributlions of the crossed-channel

. + +
Regge poles dominate fl'(\/'é,u). In this 1limit fl"(’\fg,u) can be

{
written - :

(/s + M)2 - 2] WVu-1/s +2aM Ci Bi(x/;)

IR EE)

s, 1=W,A |- 4 safu cos ﬁai(\/{l)
u fixed
. o, (Vu)-3 : :
x (g(;) IERR MR (- irr(ai(*\/ﬁ—) - ’2“)]} (2)

(5 + 1 - Y VT yEram o s (VE) S”i("\’ﬂ')'%
i b sy/u : " cos mi(-\/ﬁ) <sO

X [l-f “1 expv[- iﬁQ@i(-\/ﬁ)-%)]] ’

where q 5

. = + .
n, 1s the signature of the trajectory, and Ci' 1s the 1isospin

1s the pole position, 51 is a modified reduced residue,

crossing coefficient. These expressions repr.esent the leading asymptotic
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terms in s from each pole. Correction. terms are O(L/s) compared

to these leading terms. This asymptotic form is used throughout the

" backward direction, including the region near u = 0 . The justification

of .this use for the present case of unequal mass scattering is more

élaborate than for the equal-mass case,and has recently been supplied

“1in detall in a paper by Freedman and Wang.6 A further point about

 the expressions (2) is that as written they refer to poles in the

1 =J - % amplitudes in the u channel. The partial-wave amplitudes

in the u channel obey the MacDowell symmetry,7

L - J . J :
TJ-—% (‘\/_‘i) = TJ'*‘%. ('\/TJ:) ’

where

(3)

;; T J( u) = \]E‘ exp |1 ® J(\fﬁ) sin ® J( u) .
‘ &f q(_\/:a') [ L ] t‘-\/—‘

\

We meke the convention of always deeling with the L =J - 2 amplitude

1

 end eliminating the £ = J + 3 amplitude by the use of Eq.. (3). .

~ With this convention «,(1238) = 2, a,(1924) = %, but
1 5 '
_‘Qﬁ(-9§9) = 5, aN(-:l688)‘ = 5 ;+etc.,since the v trajectory
goes through the nucleon and the 5 in the ¢ =J + %~ amplitude,

which is the continuation to negétive energies of the & =J - 3

amplitude.
The functions of/u) and B(1/u) are real analytic in the
cut «fu plane with cuts [~ co,- (M + u)] (M + p,©] . The precise |

definition of B(R/u) is
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Ty - AE () ra s )

T
Mo + %)
- J
T 3 (R) @ -a/m ) .
where  y(qfu ) = e ()
o - 2y e (E + M)
@) B+ 3 =a(u)
The quantity E isthe energy of the nucleon in the c.m. system. The
) factor I'(o +'i) in B(+/u ) at first sight would cause poles to
L appear in B(A/w ) and therefore the amplitude at « = -1,-2, etc.
;f . However, the Mandelstam symmetry8
= J B -(J41) | . |
TJ_% (fu) = T_(J+%) ((/u ), for - J ="integer (5)

holds. Therefore if a pole moves through' J = -1, say, either its

)

residue must vanish or another pole must move through J = 0 . Since

we are in the present case by assumption dealing with the leading

trajectorles, the first alternative must hold, so the functions
7(\f§ ) vanish at o = -1,-2, etc. end therefore the combination
o + 1) y(A/u ) 1s a smooth function having no poles.

Now consider the combination which occurs in the expressions (2):

Yy

y(JW) Tlo +1) |1 +1 explotn(a - 3)]]

co
I'a + %- s @

If « passes through a positive half integer, i.e. & physical value

. \..

-fi : of J , this combination either gives the amplitude a pole in ~/u or

& finite contribution,depending on whether the trajectory in Question
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. has "right" or "wrong" signature at this poiﬁt.-.On the other hand, if

o pasées through a negative half integer, the combination of fectors
above ylelds either a finite contribution or zero again, depending on
whether the trajectory has "right" or "wrong" signature at this point.

To teke the example which is most relevant for this paper, if _aN(W)

goes through J = = % the above combination of factors vanishes. 1In

contrast,  since the A trajectory has opposite signature, the
corresponding combination of factors would give a finite contribution

if qAG\/u) reached J = - 3 and would vanish only if qa(\fﬁ)

POJAN

reached J = - = . Note that in Eq. (2), two terms of the above type

‘appear for each Regge pole, one containing a(y/u) and B(+/u), and

the other a(-y/u) and B(-n/u) . If there is a value of \/u , for
which both aN(-\/'ﬁ) and oﬁ(-\/'ﬁ) are near J = - 3 , then in the

neighborhood of this value the contribution of the N trajectory

)

du’ +_ °
TP

This dip will appear at a fixed value of u , for high s . This

will be drastically reduced and a dip will appear in (

- 1s the explanatioh proposed in this paper for the dip observed in

(dc near the backward direction. Thls explanation has some

TP

‘nontrivial consequences for the shape of the N +trajectory. To see

thils, we note that experimentally the dip appeérs for a negative
value of u, u = -0.2 . This means \/u is pure imaginary and

therefore, using the real analyticity of QN(\fﬁ), we have aNCNfﬁ) =

-ah*(é\ﬁﬁ)‘ for any u <0 . In the regioﬁ of the dip we have

yfB) % 3~ op(-E) = of(VR) . Bxpending op(v/u) around

the origin in {jﬁ' , we see that this requires that the odd powers
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: ﬁi s and the trajectory functions «

. -6-
of \/u meke a weak}cqhtribution compa?ed with the even powers of
VEY . In other words any simpie parameterization of oﬁ(\fﬁ)
will require that 1t be approxiﬁately even in 1/5 o This means

that we may éxpect to find resonances of orbital angular momentum

1

L =J - % sappearing on the N trajectory as well as the known cases,

which have & = J + % . Thls last remark follows from the MacDowell

'symmetry{ Eq. (%), and the evenness of aNQ\fﬁ). In Fig. 1 the N

trajectory coming from the best fit to the data is shown. it was

constrained to go through the 1688 F5/é resonance and the nucleon.

It turns out to go through J = 5/2 at \Ju = 1600 also, which

correéponds to a D5/é resonance. The fact that such a resonance

9

Q
exists experimentally” we teke as an additonal plece of evidence in

favor of our explanation of»the dip in high-energy backward n+p

"~ scattering. There 1s no particle corresponding to the J = %

intersection at \Ju = 850, therefore the nucleon residue has been
constrained to vanish at this point, so that no particle appears.lo
The parameterizations for the A and N residue functions

, ere
Qa(wfﬁ) = (qA + %),(QA + %) D, exp[gA 1[57 + bAu] ,

By(VE) = (o + ) (o +3) (/T - V) Dy explay VE + bl

N

vhere  ug ;s the energy at which QN(W[Gb) = %
end @, = @ 0 + L \fﬁ' + 2 u for both A énd N L \*':.

We also constrained «a, to pass through A(1238) and A(1924), The

.\‘

,
i
oS
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residue functions QAv-and -6N are constrained to have the known

values at A 'aﬁd'at'the nucleon respectively. More explicitly,

do

| B(1238) = & P d—\/‘:\—_ |
end - VR =288 o
. . d o
, - N
By(-939) = T+ & —=

Vel g

-39 ,

‘where g2 is the dimensionless naN ‘coupling consﬁant, which is 14.6 .

So in actual leasf-square fitting to the experimental data there is

one free parameter for each (07

0 and two free parameters for each

residue function 'Bi .

!

Both A and N trajectories can be exchanged in backward

‘ n+b scattering whereas for the = p case only the A trajectory can

be exchanged. To study the Regge amnlitude for the A tvajectory,
we first locked at the = p data. The data 2=k which are available
at 4,6 and 8 GeV/c show a backward peak which is somewhat broader
than the corresponding peak for the ﬁ+p case.e’u The differentiel
cross section for «x p is in general considerably smaller than for
bid p in the region of the backward peak. For example, at 8 GeV}%
and u =0, the = p differential cross section 1s only one-third as
large as that for nfp . Although the data are quite crude, there 'ﬁ\_
is no evidence for any appreciable structure in the ﬂ-p cease, the
date being consistent with a smooth drop off in moving awey from the
backward direction. Due to the crudity of the data a range of fits

1s possible, consequently the A parameters are not very well

" determined, However, this does not affect the main result of this paper,

nemely the explanation ef the dip in the ﬁ+p case. This is true
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because;as mentioned aboﬁe, the ﬁ+p cross section is several times

the -n-p cross-section, which impliés that exchange of the N trajectory V

_1s the dominant effect in the n+p case. For example, in Fig. 2,

the solid curve at 7.8 Gevyk shows a f1t to the K+p date due to

fhe contribution of the N trajectory alone, whereas the dotted curve

indicates the resultant contribution to the cross-section after a

typlcal A -trajectory contfibution is added to the N - trajectory
amplitude. Due to the unéertainties in the contribution of the A,

the rest of the solid curves in Fig. 2, also represent the contribution
of the N trajecfory alone. The experimental data available range

over incident lab momenta from L GeV/c to 10 GeV/c. However, in

 least-squares fits. to the data, fits were made only to the 6- to 10- Gevy%

data. The reason for this is that near 4 GeV/c, the total cross-section
for n+p scattering shows a bump,ll indicating the possible presence
of a resonance in the direct channel at thls energy. Rather than

attempt to include the possible effects of this resonance in addition

to the Regge amplitude, we took the simpler course of fitting"only

the high-energy data. At 6 GeV/c and above, one is 3 to 4 half-widths

above this last resonance and from 8 to 7O half-widths ebove the

lower resonances. Thus we assume that resonance contributions are

‘negligible above 6 Gev/b. For comparison. we plot the contribution of

the N trajectory at 4 GeV/c also, where the fit 1s still a

- ’ » Q)
qualitatively good one. In general the fits over the whole range of

énergies represent the qualitative features of the data quite well,

; where the fact that the solid curves fall somewhat below the experimental
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points at the lower enefgies and larger u values may indicate the
preseﬁce of‘some'relati#ely small background terms not included in our
fits. The parameters for Qﬁ and: BN coming from the best fit to

the data are

0

“y

- O . :125 GeV-l )

il
it

- 003)‘!'0 p) BN

0.093 Gev'Y, b 0.227 Gev™=2

2

N

2

%y

264.0 pbl/é GeV-l .

1.052 Gev'e, Dy

- One can see from this that the position of the dip corresponds

essentially to the point where Re (ON + %) = 0, as mentioned earlier.

3
H

To conclude, our model successfully explains the existing |

features of backward x+p scattering. To test these ideas further it

is suggested that differential cross-section measurements of greater

accuracy and at higher energies be carried out. Also measurements of
s .

n°p polarization would be very useful. In en earlier paper by one of

us,12 it was shown that the sign of the polarizaetion is controlled by

the terms in ai(\fﬁ) which are odd in \/u , i.e. ail in our

: parameteiization. The A - trajectory parameters as mentioned

earlier are not well determined. However, if the contribution from
direct channel resonances are small, any A trajectory which passes

through the 3/é+(1238) and 7/é+(l92h) resonances and gives a rough

i
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fit to ﬁhe-energy dependénce of the‘ 7 p data will have a strong

-

positi#e q&l '
in np is still maintained. TFor the x'p case, the situation is
somewhat more complicated. Due to the approximate evenness of
aNQVFﬁ), ahl is small. Howevef, preliminary calculations show that
'the;sign of tﬁe polarization away from the backward direction is
st11l determined by the sign of alN
polarization showing a bﬁmp‘at the position of the dip in the

, with the magnitude of the

differential'qross-section._ The polerization is extremely sensitive
to small variations in oﬁl; whereas, as long as oﬁl i's small, the

differentiel cross-section 1s rather insensitive to small changes in
1

QN. |

important further information about the N trajectory.

Therefore a measurement of polarization in ﬁ+p would give

We would like to thank Professor Geoffrey F. Chew for his
interest in this work and a number of helpful discussions. We also
‘ want to express our appreciation to Mr. Ferzem Arbab for his part
iﬁ the early phases of this work, and to Dr. ngter Selove for
supplying us with the data from the University of Pennsylvania group

and a number of helpful.discussions.

. Therefore the prediction of large positive poiarization

g
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Fig.?. '

’ i'IGURE _CAPTTONS -

The nucleon trajectory

Backwa.rd Jt p differential Cross section data compared with c

g;_iRegge fits. Symbols" A is for 1+-GeV/c data poin’cs of .

"Ref. 1;" O and. @ are for Lt- and 8-GeV/c points of -
Ref.: 2, o, v o : ‘e.nd. '-() are for &4, l&-, 6.1-, 7 8- '
'.;1and lO-GeV/b points of Ref L respecitvely. The solid

. curves are th,e Regge fits due to the N-trajectory éxché.ngé

"contribution,;alone, and the dotted curve is the differential

i ’N-tra,je'ctofy amplitude at 7.8 GeV/e.

—+. cross section after A-trajectory contribution is added to
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