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ABSTRACT
We show that the recent high-energy;.n-p polarization date

from CERN are explained in g naturai way by the three-Regge pole model.

_The prediction of this model for n+p polarization differs greatly

~

particular in this reglon, the n+p polarization has an opposite

' sign and comparable magnitude to that for =« p.

a
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This paper shows that recent hiéh-energy 1 p polarizetion
'-ydaté from CERNl are explained in a natural way by the tﬁreewRegge—
pole model.2 The prediction of the model for ﬂ+p polarization has
an opposife sign and comparable magnitude to that for =« p.

- Elastic N scattering at smali momentum transfer 1s dominated,
in this model, by three Regge poles in the crossed channel. Thus 1t is
.~ a more complicated problem than the charge-exchange reactions, with \
‘onlyxoné or two poles,Afor which the Regge hypothesis has had greﬁt
'success.z‘T However, this complication is largely compensated by the
greafer variety of data availeble. !

"The date we use are total cross éectiohs,8 differeﬁtial cross

9,10 11,12

sections for elastic and charge-exchange scattering, Coulomb

interference measurements of the phase of fhe forward elastic amplitude,l3
- énd xp elastic polarization.l These dﬁta are from 5.9 GeV/c

upward, and with équared momentum trahsfer ‘ ltl <1l (GeV/c)g. Tor

do/dt date, we worked with a représentative subset of 1lhl elastic points
~in the interval -1 <t < .0.1 andvcharge-exchangevpoints in -0.9 < t < 0.
There is aléo an indirect datum, i.e., from dispérsion relations one

can place a constraint on the zero intercept of Pt trajectory.

The constraints on the anplitudes at.the p by relating p-meson

coupling constants to nucleon electromagnetic structure, as described

in Ref. 2 and 6, are also included.
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ﬁe set aside the recent charge—exchangé polarization data.

.In the presént modél, such polarization 1s necessarily zero, but it
seeﬁs the observed nonzero values can be explainedAby gmall background
effects-~either the tails of | sfchannel resonancesl6 or another
.'low-lying trajectorle--which have negligible effect on other experimgntal v
quantities. |

| We assume scattering is dominated by the first and second vacuum
| - Regge trajectérieé P .and P'" (presumably associated with the f and
! 'mesons)-and the isovector 'p trajectory. - Followihg Refs. 2 and 5,

we parameterize these contributions of the trajectorieé‘to the invariant’

amplitudes A' and B‘ of Siﬁgh:l8
, 1% exp(clt)a(af 1) §(EL/EO)a ~ for P énd_ P! - |
A = o T I
(%o (1 + c,) exp(Cyt) - C,) (o +2) g(_EL/EO)?‘ for o, |
| D, exp(Dl*;) a2 (o + 1) é(EL/EO)a'l - for p '-a.n.d ' |
D, exp(Dit) oo + l)vé(EL/EO)Ol':l : . for 9 ,
t(t) = - [lexp( - inx) ¥ 11/ sin na, | (3)
oft) = oo+t . (4)

Here o(t) 1s the trajectory, £(t) 1s the signature factor (with
signature + for P and P', - for p);_ EL 'is the total pion lab -
0

_-energy, aﬁd E. 1is a scale factor chosen to be 1 GeV. CO’Cl’CE’Do’
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Dl,a(o), and Q' are adjustable Darameters. The factor o? introduced

' here in contrast to that O used in Ref. 2 for the B, ‘and By,

..amplitﬁdes is at this stage purely ad hoc. It was mede 1n formal analogy

“to the behavior of.the o amplitudes at a = 0 as discussed in Ref.aS.“ 
For definiteness, let us fix CO. and Do, to mean the values

for n—p elastic scattering. Then fdr ﬂ+p scattering, P and P!

stay the samé vhile p changes sign; for charge exchange, P and P'

terms vanish while p 1s multiplied by -~ W/;-i-

Experimental quantities are glven by

ols) = Ima' (5,6 =0)p, (5)

%‘2’ (S;t)v = —?;—S- g) 1 - __E___é, X |2 _ .t 5 MNVP 2+ t ]Blg ’_
. : hMN o MMN AMNv -t v
" (6)

. * .
in © A'B -
P(s,t) = - =2 . ImA N . (7)

16x Vs do/dt

i

where s 1s the square of total c.m., energy, p 1is the pion. lad

‘momentum, k is theé c.m. momentum, © 1s the c.m. angle, and P(s,t)

is. the polarizstion, defined relative to the dlrection p, X p with
- ca2in T Zout

Pin and Pout being the momenta of the pion,

T e,

We adjusted the Regge pole parameters for‘an optimum overall

fit to the data. The results are shown in Tables I and II and Fig. 1.

Teble I gives the best~fit Regge parametérs. Some parameters are not |
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o,Dl end 0O' for both P and P',

so ranges of solutions are possible. Table.I shows two examples.

well determined, in particular ' D

Case (a) has moderate slopes for the P and P' trajectories,'as in.

Ref. 2. Case (b) has a slightly smaller slope for P but & much

secondary bﬁmp in dc/dt for elastic scattering, similar to that

t observed.eo vTable IT lists the number of data of each kind that we

used, with the corresponding contributions to X2 for both.solutions.
Notice the individual _X2 velues tabulated are coﬁparable for both

solutions. Figure 1 shdws the fit to the new =« p. po&arization data

for the solution (a). The corresponding f£it for solution (b) is not

illustrated here. It differs little from the one shown for |t| < 0.6,
but beyond this region the fit of solution (b) rises more quickly.

For instance, at t = -0.8, solution (b) gives 164 for 10 GeV/c. The

~rest of the'data fitting is also not illustrated, but the quality

-of the fitting is essentially as good as in Refs. 2 and 5.

The Kip polarizations are proporticnal to the cross products.
of the A' amplitudes (A'P+A'P';A'p) with the B amplitudes
(BP +'3P, ¥ Bb). The A'p and Bp amplitudes are mainly determined
by charge-exchange date, which require & small A'p amﬁlitude relative

to _A'P and A'P.‘ and a strong Bb amplitude. Since the A'  and

B amplitudes have the same phase for a given trajectory, ignoring the

t N | 1 - t
Aty amplitude one is 1e:t with terms (A p ¥ A_ P,_) X B, (A p X BP,)

and (A'f, X BP) for the = p polarization. The sign of B is

v
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. plausibly determined by p-meson . coupling constants,‘ ~and the sign

of (A'; +A'p,) at t =0 is fixed by op. So the sign of

T.
(A'P + A" ) X B, 1is fixed, From do (stp)/at data, the magnitude
of (AtP + A'P') %% Eb in the small |t| region (say for |t| < 0.6)
‘also is essentially detemmined. It then turns out that this term

alone accounts for the most of the observed = p polarization. The

- dominance of this term is also suggested by the vanishing of the

observed polarizatioh near t = -0.6, where the Bp amplitude vanishes.
Although at this stage the individual terms A' X BP' and A' pt X E%

- are not well determined (see Table I) in order to account for the
dbserved polarization for vltl < 0.6, the Eﬁé of*the contributions
from theéé two terms has to be small. Now the (A'P + A'P[) X B, |

_ term has opposite signs for 'n"p and x+p polarizgtions. Since this -
term dominaﬁes, one ié_led to predict that n+p pélariiationé fof

|t ] <.O.6 should be éomparable in magnitpdé and opposite in sign to
that for = p. -The prediction for solution (a) is illﬁstrated in

Fig. 2 at 6 and 10 GeV/c, where for |t| < 0.6 the ﬂ+§' polarization
appears wlith opposite sign. Beyond this region, solution (aj, as
illustrated, predicts a small negatiVe polarizétion. The corresponding
prediction for solution (b), is ﬁot 1Ilustrated here. It is similar

to the one shown for ‘tl < 0.6, but it remains positive near

t = «0.6, and risesiquickly beyﬁnd this region. For instance, this.

- prediction gives 1T% x'p polarization gﬁ t = -0.8 for 10 GeV/e;
this valﬁégis roughl& the same as ﬁentionea above for = p éolafization |

with the (b) fit. The relatively large polarization with the same sign
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_ for both x+p and np at t = -0.8 for solution (b) is due to the

fact that here the contribution due to the sum of (A'P X BP,) and
(A'P. X-E%) is large and dominates.
To conclude, our results show that the recent CERN = p

polarization data are readily explained by the P + P' + o Regge‘pole
 model. This model predicts that ﬂ+p polarization will be comparable
in magnitude and opposite in signvto n p results for ltl_< 0.6.

We thank Professor Geoffrey F. Chew for his interest and

encouragement in the course of this work. One of us (yR) thanks |

Professor Emilio G. Segre for the hospitality .of the Physics.Department;

University of California, Berkeley.
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Table I. Regge-pole parameters
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Parameters Solution (a) Solution (b) ]
and units =~ p Pt o » P b

Co (mb GeV) T.h3 16.6 1.49 §.88 16.4 1.h9

N (Gev)'2 1.68 6.17 2.01 2.49 2.h2  1.98

C, - - 1.79 - R 1.80

D, (mb) - -27.h -83.0 29.2 -3.55.  1.8.99 29,1

Dl ' (éeV’)'2 Lok T7.96 0.12 ‘ 0.k1 -2.08 0.13

a(0) 1.00  0.72° 0.576 °  1.00 0.65 0.576

or  (GeV)™® 0.3k 0.3k - 1.02 - 0.23 0.93  1.02
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Table IIL. Data Fitted

Type Number of datz points

,,_sol,.(a)x2 s0l.(b)

P(xp) | b 28 4 33
oT(n*p) . 16 10 T
do , + 133 | 161

— 1 -

5 (= p 1k
do - (o} ' | .

2 (xp - «°n) 56 8T &7
Re A'(0) _ -
Tm AT(0 9 16 15

o, (0) S 1 0.1 0.3

p-coupling constraints 2 : 1 2

Total | 270 275 305




Fig. 2.

12
'FIGURE CAPTIONS

7 p - polarization data of Ref. 1 at 6,8, and 10 GeV/c
compared with the Regge Tit of solution (a).

o N . ' _ e
Predictions of = p polarization at 6 and 10 Gev/c

from Regge model of solution (a).

UCRL-16940 Rev.
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