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ABSTRACT
] We evgluate the real parts of the pion nucleon charge exchange
amplitudes using fixed-t dispersion relations with the imaginary parts

-3

of the amplitudes found at low energy from partial wave analysis and

_at high energy from a simple s-channel absorptive model. We find that

the calculated polarization, though quantitatively somewhat small, has

all the correct qualitative features.

This work was supported in part by the U. S. Atomic Energy
Commission.
f CNRS-LEBANON Graduate Fellow and participating guest, Lawrence

Berkeley. Laboratory.
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In a dual‘absorptive model for dips in inelastic hadron
processes, Harari [1] has hypothesized that while the imaginary ampli-
tudes of such processes are peripheral the real parts are not neces-
sarily so, but should rather be derived from tﬁe imaginary part through
analytieity. IngpgrticulﬁiPthe model uses the assumption of Bessel
function-like t- Behévior of the imaginary part together with the
assumption of low energy onset. of the aéymptotic (Regge) phase condi-
tion relating the real to the imaginary part, to explain dip-phenomena}
However,'in the explandtion of tﬁe dips, the real partlof the s-channel
helicity nonflip amplitudes, Re fAAZO(s,t), are not critical, and so
their features ére left largely undetermined. In this context ﬁingland
and Roy [2] have recently used the polarization data to evalﬁate

R (s,t) for the reaction = p %0 at 8 GeV/c, finding a

e ﬁax=o
markedly nonperipheral nature for this amplitude.

In this dual absorption model the consistent explanation of
the dips assumes that the p - A2 -’fo - w Regge phase holds for the

o)

spin flip, f _p» amplitude. In. 7P - n°n wve know from the nonzero

AN
polarization that this cannot also be true for the spin nonflip,
fo:O’ amplitude.‘ In this model we:extend the applicatiqn of analyt-
icity by evaluating Re fo:O(S’t) for x"p - nn _using‘fixed-t
dispersion relations; our evaluation gives a phase for fAA:O(s’t)
unequal to the Regge phase, and a gqualitative agreement with the
polarization and the Ringland and Roy (experimental) value of
Re fo:O(S’t)“

We use the unsubtracted fixed-t dispersion relations for the

t - -
invariant amplitudes, A ( )(s,t) and B( )(s,t), of charge exchange

pion-nucleon scattering [3], to determine Re fo:O and Re f, .
from the input imaginary parts, Im f and Im f At pion

D=0 M=
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lzboratory momenta below 2.8 GeV/c we determine the imaginary ampli-

tudes from pion-nucleon elastic partial wave analysis [L] and above

that momenta we take the simple form

t)

Im:fA&:O(V’ ;v 6O(t) Jx(t) S ~ (1a)

£y (v,8) = gy (e) 2 (1)

where »a(t)_ is the p-meson Régge trajectory, taken as
a{t) = 0.55 +t% .. : (2)

In the dual absorptive model of Harari [1], _ﬁo(t) ~ JO[R(-t)E]
N , .
and~_ﬁl(t) ~’J1[R(-t)2]; also the energy dependence va(t) is implicit
- in that model for the dominant spin flip amplitude, (1b), since the

" asymptotic phase relation with phase angle L 7T a(t)l is crucial to

: 2
the explanation of the dip phenomena. Here we suggest that the simple
energy dependence Jl(t) is also appropriate for the imaginary part'

of_fhe spinlﬁonflip amplitude, though, at the energies we evaluate,
: &he-asymptotic phase relation.is not. Ehis is conéistent ﬁith duality
énforﬁing enérgy.depeﬁdénce appropriate ﬁo‘exchaﬁge_degenerate
trajectories on the imaginary parts of amplitﬁaés.

We fplléw»Ringland and Roy [2] in usihé the following explicit
forms for the.residge functions of equations (1):

Bo(t) = By exp[B) t] JO[R(-t)%] ’ o (3e)

BN

B(t) = B explB(s + 0.21)] 5,[R(-t)°]  (30)

with theif'phehoméndlogically determined values of

R = 5.2 Gevl ~ I fm
3 -2
By = -34.5(ub)2 B. = 1.3 GeV
1 ) :
By ‘= 58.7(ub)?2 B; = 1.6Gev " . (4)

Thg value of Bé comes from without the N syétem, being

from an estimate by Davier and Harari [5] from K*p cross sectional

.differences. (For a variation of B! of £20% our results for the

0

polarization at its maximum vary by ~ +13%.) In fig. 1 we shbw,
for t = -0.L as a typical example, Im A'(s,t) as calculated from
(3) and (4), which is used in the dispersion relation for

Py > 2.6 GeV/c, and Im A’(s,t)v as calculated from the partial

wave analysis for p, . < 2.8 GeV/c. (We have varied the value of

-

plab below which we use the phase shifts to lower values in the range
2 to 2.8 GeV/c and we find no qualitative‘difference in our results.)
We show some results from the dispersion relations using (3) and (L)
as input in»figs.VE and 3. Figure 2& shows our dispersion rel&tion

calculated Re f at 8 GéV/c compared with the real part found

‘ =0

using the asymptotic phase relation:' .Re fAX:O = tan % aa(t) Im fAA;O'

Alsé shown in fig. 2a are the va;ueé of Re fAA:O found by Ringland

and Roy [2] from the measureg polarization [6] using the form (3)

for Im fé& EEQ the asympﬁoticrphase relgtion for the spin flip , \§,

N
. -~
= tan % no(t) Im £ We see that our calculated

amplltgde: M=l

Re fo:l

spin nonfiip real part disagrees with that found from the asymptotic

phase relation for the spin nonflip amplitude, but agrees rather well

with the values found by. Ringland and Roy. There is a contrast with

- fig. 2b which shows the real part of the spin flip amplitude as
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calculated from the dispersion relation to bte in much better aéreement
with the real_part as found from the asymptotic phase relation.

In figs. 3a and 3b we show our predicted polarization compared
with experiment (6] at 8 GeV/e and 5 GeV/c respectively. VWe see that
there is qualitative agreement between the experimental features and the
p;ediction of the dispersion relation; we already expect such a
gualitative agreement from the qualitative ggreement with Re:fAA:o
calculated from the polarization experiments. The maxima in the
calculated polarization at 5, 8, 11, and 18 GeV/c are respectively
O.Q5,‘0926,_O.20, and 0.10; the decrease with energy of the polarization
is 'expected in our calgulation since analyticity ensures that both
amplitudes have the Regge phase for large enough energies. The
polarization_appears to be too smail and this is probably assoclated

with the curve of fig. 2a for Re f being still somewhat too

=0
high near t =.-0.3. More extensive and more accurate pion nucleon
elastic partial wave information and a modification of the energy
dependence or other parameters of the high energy form (3a) of .
Im fo:O in.the energy region up to ~ 6 GeV/c might correct this
situation. In this connection we emphasize.the‘qualitative nature Qf
our remarks and the fact that no parameters are adjusted to obtain a
better fit. |

In fig. 3c we show our predicted differential cross section

compared with experiment [7]i§t 2.67, 5.7h, and 1%.3 GeV/c respectively.

The agreement is rather satisfactory up to |t| corresponding to the

dip.

Ar=0 =1 using the

N partial waves and have used this

We have also evaluated Im f ‘and Im f

lowest moment FESR [8] and the

.result, instead éf'(3), in the dispersion-relation to calculate

-6-

Re T, The resulting polarization is nearly zero. This result may

te expected, since imposing the lowest moment ¥FESR without a high

>-)(-
enough cutoff amounts to imposing the same (Regge) phase upon the
fAA:O and fAA:i' |
and =n —K'A reactions by R. D. Field [9],. but his

amplitudes A similar approach was used for the
K_n - _fz-,"-_

purpose was not the same as ours.

Re A as calculated by fixed~t dispersion relations differs from

Re AC as gived by the Regge pole o Dby

4

N .
-2 [ dv' Im[A(v') - Ap(v')] + 0(1—5); and this quantity is
v

) 0 v

set equal to zero by the lowest moment FESR calculation of the

residue in Ap.
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Fig. 1.

Fig. 2.

Fig. 3.

1{-
A ( )(s,t), for t = -0.k:; (i) ——— from N partial wave

5.74, and 13.3% GeV/e, calculated using fixed-t dispersion
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FIGURE CAPTIONS

The imaginary part of the charge exchange invariant amplitude,

s

.

analysis; (ii) — — = the highAenergy form calculated from -

2 R - : ae
eqgns. (1) = (4) of the text. r
(é) Re fAA—O plotted as a function of t at pion laboratory

momentum 8 GeV/c: (i) S calculated from the fixed-t
dispersion relation; (ii) - - - calculated using -the asymptotic
phaséirelatioﬁ Re f = tan % ﬁz(t).Im £3 (iii) I” as found by>
Ringland and Roy [2] from the §bservea éolarization.

(b) Similar plot to,fig..Qa for Re LN

(a) Péiarization_as a function of t at 8 GeV/c calculatéd
using fixed-t dispersion relations is shown by éhe curve;‘the
points are experimental [6] values. »

(b) Calculated and experimental polarization as a function of

t at 5 GeV/c shown as in (3a).

.

_(c) Differential cross sections as a fuhétion'of t at 3.67,

3

—.

relation are shown by the curve, the poiﬁts'aie experimental [7]

.
v Y

values. .
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