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REGGE-POLE MODEL FOR pp AND pp ELASTIC SCATTERING

AT HIGH ENERGIES

‘Donald M. Austin, William H. Greiman, and William Rarita
| Lawfence Radiation Laboratory-
University of California
Berkeley, California

April 20, 1970

ABSTRACT

High energy data for pp and pp elastic
scattering are confronted with the simple Regge -pole model
‘ in an attempt to discover which features of this data,
 if any, are beyond the power of this model, The.simplest
: representation, with only three poles (P, P', and w),
'gives a reasonable fit to all the data ‘except the "d;p"
structure in the Pp DCS. Several types of parameteriza-
tiens nere tested, ineluding various ghost-~killing mechanisms,
.and all produced comparable fits, To account for the Pp
DCs structure, and simultaneously circumvent the factoriza-
tion difficulties caused by the universal zero in the
amplitude, a fourth pole (the ') was introduced. The
four-pole parameterizations (several were tested) provide
vedequate fits to all the data, including the ib DCS
 etructure, and in additioh come much closer to satisfying
»:_the sum rule constraints imposed, through factorization, by

the xN and KN analyses.
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For completeneés, another vacuum-type pole (fhe P")
is introduced and five-pole fits_paramgtérized és in cut
.moaéls afé compafed with pure pole quéié.r'The fesults
_ére somewhat ambiguous{ Showing that thélhigh_energy
.differential and total cross section;, poiarizétion, ratio
6f»re;l to imaginary, and Serpukhov lepevdata all‘together

are still not sufficient for determining the differences

between many possible parameterizations.

5
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I. INTRODUCTION

vséﬁefél recent experimehts on proton—préton and'antiproton—
proton elﬁstic scattering indicafe some new features‘of these reactions
which wére-ﬁot prediéted very accurately by.previoué Regge -pole fits.l
*'Among.tﬂétfeatures requiring modification of the old fits are the
positiv¢ polarization near the forward directidn fqr both reactions,
the hiéh'enérgy total cross section énd slope-measurements from
Serpukhof;;and the structure in fhexdifferential cfoss Sections- (bCS)
seen for -t ~ 0.6 (GeV/c)2 (sée:Sec. II for referénces). Many authors
have obtéined fitsvto some of ﬁhese features by intrbducing absorptiVe
. cuts op other modifications of simplé Regge-pole theor&; - It is oﬁr
purpose here to investigate precisely which feéturés of the data, if
any, afé‘ﬁdt amenable to the simple Regge-pole repreéentation of the
scatteiiﬁg amplitudes. To this end we have attempted several parame-
| terizations conforming to the criterié of simple Reggé-péle theory--~
i.e., parameters restricted to the more or less acdepted &aluesr.
éssociated with the trajectory and residue functions established by
previous’analyses considering finite energy and continuous moment sum
rules (FESR and CMSR), the resonance spectrum, and factorization.

vIn'Sec. II we describe the data ﬁsed in the analysié, and Sec.
III gives a brief description of our parametefization of‘the amplitudeé
and obsefvables. Section IV is devoted to fits using only the three
well-known isoscalar Regge trajectories. P, P’,Iand ‘w, which give an
adeéuate description of most of the data, but seem incapable of

describing some importent features. In Sec. V we attempt to improve
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~the fitsfg;.weil as circﬁmvent the factorizatioﬁ;difficulties of the

W residﬁé function by introdﬁcing a.secondafy Q-type contribufion
with sevéral different parameterizations. Theirather ambiguous results
obtained-ffombthis'procéss lead us'to Sec. VI,iwheréin all caution is
abandonéd1and five-pole fits are investigated. 'fh§ five~pole parame-
terizafibné are seen to provide exceilent fits»tb all the data,
in¢ludiﬁé £he structure seen in the latest expefiﬁehts; with reasénable
but nonuﬁiqﬁe values of the parameters. The discussion of the.

significance of the various fits is puréued_ih Sec. VII.

v
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IT. DESCRIPTION OF THE DATA
A. Cross-Section Datai

éévérél iﬁterestiﬁg experiments doﬁé sihcéiﬁhe RRCP fitsl
inVité d:new intef?retatidn of the_structure séen-ih elastic N-N
cross-Section data. Of ﬁarficular interest are tﬁe Eb total cross
seétioh32 apd the slope measureméhts of thé pp"]vJCS,3 which extend the
lab moﬁentum range under cohsiderafion tor70 GeV/c, This wide range of
lab moméhfum allows much more precision in the determination of the
éﬁérgy.depéndence; aﬁd therefore, the Régge trajectories. Some high-
precision DCS data have become available reéenfly'which shOW'ihteresting
structure in‘the Regge fegion. Thé ﬁb DCS at 8;0 and 16.0 GeV/cu
indicate aAshouldéf; or the remnants of a-dip oééurring at lower
energies, near ‘-£.= 006‘(GeV/§)2. Néﬁ pﬁ DCS“data at 19.2 and 21.1
GeV/éS‘shOW‘a definite flattening éffect fér. —t § l.O (GéV/c)E.‘ These
twobfeafdfes pose severe constraints on tﬂe residﬁe functions.

) 'B.. Polarizatioh Daté

Perhaps the most interesting of the new data are the polarization
data at'C.O'GeV/c for pp and 5b,6 and the 14.0-GeV/c data for pp.7
The pfécision of these new data is critical for determining structure
of residue functions, such asvthé sign of the helicity-flip terms and
ghost-killing mechanisms.

;‘The 6.0-GeV/c pp polarization: -has distinctive dips near

-t = 0;6 and 0.9 (GeV/c)e, and a large (~25%) bump near -t._v:= 1.25
(Gev/c)®. The 14.0-GeV/c data, on the other hand, dip to =~ -10%. at

-t =1.25 (GeV/c)g, indicating a rather drastic energy dependence at
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large .;tv that places'severeﬂconstraints oh thevparameters.’ Also,
since the ‘pp polarization at 6.0 GeV/c ls ﬁositivehforr -t < 0.3
(GeV/c)25 the mechanism pfoduciﬁg this polafiaatiohzcahhot be P-w '
intefference, as previously conjectured,l since'the: pp and Ep data
have thelsame sign for small :t and, moreover,{do.ﬁot vanish at the
crossover:point, -t ~ 0.13% (GeV/c)z.
“ C. Ratic of Real to Imaginary and Slope Data

The data on the ratio of the real to the 1mag1nary part of the
forward scatterlng amplltude, taken as a whole,.are 1ncons1stent Rather
than favor one experlment over another or attempt to Juggle systematlc
errors,-we-slmply used the data as published. This means that.a x2
of 3 or L pef poiht is thebbest one.cah expect_for a fit. Our fits
reflectvthis fact- while producing reasonable agreement With the-overall‘
‘trend of the data to decrease in magnitude with 1ncrea31ng‘energy.

- Thee pp DCS slope data3 were taken in the range

0. 008 <'-t <0.12 (GeV/c) , for p, . from 13.0 to 69.9 GeV/c. Since
these data do not coincide with the other DCS data in this energy range,
we scaled the data by the systematic error quoted by the experlmenters,'
+0.3 (actually, we multiplied the data by a scale factor of O. 97, which
amounts to very nearly the same thing). Wlth the exceptlon of the point

at p = 63.5 GeV/c, which is somewhat higher than.the other points

lab
and invariably produced a x2 of 10 to 20, we were able to obtain fits"
With a xg_ of 1 per point or so with nearly all'parameterizations.

Hence, our feeling is that these data produced little difficulty for the

Regge-pole representation of the scattering amplitudes. As for



-5~ "v', 'UCRL-1975k4

determihing the slope of the pomeron trajectory, it is very important
to consider the range of energy involved as wellAéé;thé aberrations of

the data, fFor éxample, if one takes the two points at Pigp = 27.5 and

P 2 In(s,./s,)

69.9 GeV/é;vone finds a! = & slope ] = 0133 (GeV/c)-a;

S _ 2/ 71 ) - ,
selecting the two points at Piap © 13.0 and'63.5 GéV/cz gives
a% = O.7T(Gév/c)-2. Although the first value appears to have been
determined in a more reasonable manner, one shouid'be hesitant about
ignoring bthér choices. The data are simply not good enough to decide
such fine points. |

D. Summary

" Below is summarized our selection of date used in the fits:”
ao : ;
5 (25§ pplnts)r Py
PP | 6.8, 8.8, 10.8, 12.8, 1k.8, 16.7, 19.6,
21.9, 24.6;10 19.2, 21.1;°
- | . 10 4
o 7.2, 8.9, 10.0, 11.8, 12.0;"° 8.0, 16.0;

o, (28 points):

T
193] | 6.0 to 22.0,11 7.8 to‘26,ov,12 10.1, 19.3,
| 26.11;15 '
Pp N - 6.ovtov_22v.o,1l 20.0 to 50.0;°

Polarization (99 points):

b 6

PP 5.9, 7.0,~" 6.0,% 10.0, 12.0,17 14.0;7

PP

6.0;6

(Continued)



(Cont.)v;i"?

Re/Im (15 points):

Slope

P -

PP

(20 points):

19
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 Plap
7.8 to 26.2,%° 16,1;:19.3, 26.4,%2 2h.0,t
7.85,17 10.0;8  _; | | |
11.9;12

15.0 6 69.9.7

6
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IIT. XINEMATICS AND NOTATION

Our notation is adapted from RRCP,l with a few minbr‘changes.

Only terms of first order in cos ©

+ have been kept, and we parameterize

the t-channel helicity‘amplitudes and use them directly in the expres-

sions for observables. Ignoring_unﬁatural parity contributions, such

as m, Al, eté., we fihd'three t-channel helicity amplitudes (free of

kinematic singularities and parity conserving) which we parameterize

as follows:

0

l .

£ (®)

it

1

o (8)
®2‘ - .2: §i fssl(t)-val( ) P)

a, (t)

i . .
-0 = ,_Z ;o (t) v s
, i : ,

| f o(®)
IR A OR :

i .

- w)/WF  and
e+ et kg (8)1) 101 - ag(6)]
(1 - /)b " exm(e T6)1% 8

2 . _ ,
-t /UM i i (42 i
o o P ) B

23 i i i i i
(-t /bM") bs' bn exp[(cS + e )ﬁ] Een s

and the g's are the various ghost-killing me chanisms which-éatisfy

the equation

i i (' i)2
€ss &m ~ ‘gsn
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The'éignature factors 'gi contain an extra factor of « in
the numeratbr, which is compensated for in definihg the ghost—killing
factors; i.e., we have used the relation’

=1 . - . Ca-1

(ra)y -0 = [sinmx ¥r(l+a)l"™ .

- . N ‘
The units of the ¢'s are mb-GeV/cy.so.the "b's ‘are in (mb-GeV/c)?, the

c's are in (GeV/c)_g, and the expressions for the observables are

1

'05  = p, Im0 (t=0) ,
do. - 2 2 2 2.
K o= 0.226/p,)% (o)1 v fo )% w20 [Ty,

SR * o _
S -2 Im{®5[®l‘+ ®3]}

(lo [?+ ,@5,2 ¥ 2|@512}

'Re/I@ = Re @l(t=o)/im @l(t:bj_v

slope

do ’ do | '
[zn rey (t:-q.oéh) - 4n It (t=-0i065)}/0.001 °

1

mb)Z GeV
4(x)? & c

' -1
for the DCS, including an extra constant factor, (16x) =.

The factor 0.226 = is the usual conversion factor to m.b/GeV2

These expressions are equivalent to those used in RRCP except
for the factor of 2 in the expression for thevpolarization (which was
inadvertentlyvomitted in writing the formula in that paper, but not in
their‘calculation).

The ghost-killing factors appropriate fdr this form of gi are:
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Sense Chew Gell-Mann No compensation
g 1l/a 1 1 e
2
€nn o @ 1 o
gsn 1 o 1 o«

vThe.kinematic factors differ: from those given by Wangl

9

only in

terms like (1 - t/hM?), which are unimportant in the region of interest.

‘We chose'tO'retain the factors used in RRCP for‘comparison purposes.
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'IV. THREE-POLE FITS
A. Geﬁeral Features' ';: : o ' -
_ih the spirit of.ﬁRCP,l'the data vere cénffonted‘ﬁithrthe |
'simpleétlobeégge devices-—viz., the three isoscalar trajectories P,
P', m.  Coptributioﬁsbfrom iéovéctér exchange, §uch as g, b, ~and A2,
can bé_éétimated from the np and pp charge-exchange cross:secﬁiohs
to be sﬁalier than the isoscaiarvcontributioné by at least an'order of
magnitﬁde, and aré ignoréd in this initial gambit for a simple
represéntation of the dafé. |
'bue to the weliéknowﬁ factqriéationIdifficulty.concernihg the
zefo in the w residue functions.atlthe crossdver point (éé;vSec.HV);
thé w:vébntributioﬁ mﬁst be cénsideréd as reb?éseﬁtihgran»efféctivé
négativé?périty amplitude which vanishes near 3t-; _0.13 (GeV/c)2 to
accouanfaf fhévcrossévéf ?henomenon. Tﬁe reSidgeé for the thfeé#pole _
fits.ﬁeré parémeteriéed by éétting bgjgh = cdnstant, . |
| bsw = (1- t/to)% X constant, and bn-w = (1 - t/to)% X constént, as
| required by factorization. Thus, the interpretation is that the P’
and o represent effective Regge contributiohé éf'positive and négative
x paritj respectively, whiie the P represents-fhe Pomeranchuk contribu~
tion. The deviation of the parameters from'"canonical"go values then

" serves as some vague measure of the non-simple-Regge-pole content of

.the parameterization. -

)

From the several varieties of parameterization tested, including
various ghost-~killing mechenisms and sign combinations of the helicity-

flip.residues, the following general features emerge:
. /
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(a) A generally good fit to all the pp DCS data, including the
flattening seen iﬂ the 19.2- and 21.1-GeV/c data for 1.2 < -t <2.3
(GeV/c)gj |

(b) a cpnéomitagf inability to simultanebusly reproduée the dips in the
8.0- and lé.O-GeV/c .§b DCS near t =.-O.8’(GeV’/c)2 (however, the fits
for sméiler -t are generally good)i o R

(c) surpfisingly good fits to the Serpﬁkho& pb .sibpe and pp total
crossiéécinn dafa, with a pomeron slope of about 0.35 (GeV/c)-Q;

(d) .poléiization fits with vxg per point exceeding 2, but with vastly
différeht shapes for different parameterizationsf |

These features were common to all parameterizations that

prbauéedﬂfeasonable‘fits‘(Say, with xg per point less than 2) to the

data ;ample. The agreeﬁent fér -t < 0.6 (GeV/é)e. was very good--all
the tfoﬁblé»ié caused by iafge -f' strﬁcture;5 . ‘ |
B; Signs of Heliciﬁy-FlileeéiduevFuhctions

In terms of totﬁl X2, the rélative siénsvof the bn;s could
not beidefermined. Onl& in the shape of the pélarization can one signv
combination be distinguighed from another. Although some combinations
were able to reproduce the dip-bump structure of the 6.0-GeV/c pp
polarization data, none of the three-pole fits could reproduce the strong
energyhdependence seen fof -t > 1.0 GeV/c2, and all combinations gave
a X2 of ﬁore than 2 per point for the polarization. Taking as a
guideline that the three-pole parameterization should be able to
reproduce the small -t structure, such as the positive»values for

both pp and DPp polarization and the dip near -t = 0.6 (GeV/c)g,
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we fitted aii the data exce?t polarization with the various sign combina-
tions and comparéd the predicted polarization from these parameters. The
features found were [using the:notafion ~sign (Bﬁ?),_ sign (an,),
sign (bnw)] as follows:l | |
(a) When freed.from the constraints of-polarizatién'fitting, all combina-
tioné‘wantéd rather drastic smallv -t behavior, ffesumably to betfef |
match the iarger slope of the ﬁCS data in that region: | “
(v) Only‘thé‘combinations b(+>+ +), (+ +'-), (;.+ +), and (- + =)
give‘pdsitiVe pdlarizaﬁion for both pb and 5p .in the small - -t
iegion. | o |
(e) The laét two cémbinations; with sign (an) ; ;, predict negative
198 bolérization for -t > 0.h (GeV/c)g, contrary to fact:
(d) The éombihations (+ + ;)' and (+ + -) both seem tokreprodﬁée
fhevgenefélrshape of the 6.0—GéV/b_déta, includihg the lafée bﬁmp for
t near 1.2 (GeV/c)g. From this we coﬁclﬁde that o
sign (an) = sign (bﬁP') = +; that sign (bnw) iéinbt well determined
by this'method, and that secondary contribufiéns are necessary - to
reproduce the energy dependence seen in thé large -t polérization dafa.

Moreover, the conclusions seem to hold forvthe several combina-
tions of ghost-killing mechanisms tried, as_discussed in the next
section;

c. Ghost—Killing Mechanisms

Recent analyses of low-energy nNEl and KN22 data using

continuous-moment sum rules (CMSR) indicate that the mechanism preferred .

by P and P' 1in those reactions is the no-compensation mechanism,
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whereas tﬁe ‘W séems_td ﬁfefer the sense-chéosiné_mechanism. One
observétiohfcan?imﬁediétely be made--that is, if the P’ contribution
vanishes; aé-required by the no-compénsation meghaniém when o, = O,
thén’thgllib polarizafion at that point will be of §pposite sign to
the - .pp 'pblarization and '5 to 10 fimes as lafge in the energy region
conside?§d here. This effect is dﬁe.to thevlarge‘aﬁti—Shrinking slépe'

of the Ebj DCS and to the féct that the contfibution changes sign

" between fhe,two expressions. If the dip in the pp data at -t = 0.6

(GeV/c)2 is a reflection of o, = O, then Pib = 6.0 GeV/c

] P’ ét Prab
and -t z;'O.6_(G-eV/c)2 should be =~10 Ppp at the same point, which is
0.052 + O;Ql9f-i.e,; the no-compensation mechanism gives Pﬁb ~ -50% _

there. Some data in this region would help determine whether the P!

Contribution should vanish or not, and thus hélp pin down the ghost-

killing mechanisms applicable to NN scattering.

. Using the abbreviations S = sense-chooéing, C = Chew,
G = Gell-Mann, and N = no-compensation, we preseht a comparison of

fits using several different combinations of ghdsf%killing'mechanisms:

2

YP. P! o X
N N S 715
.N . NV ¢ 708

C ., c s - 778
¢} G G 732

From these results one can conclude that, although the vanishing of the

PY seems to give a slightly better fit, the data really do ﬁot determine
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a mechanism.' The parameters for the NNS fit, whieh'agree with the
SR

features seen in CMSR and FESR applled to nNgl and KN2 data, were

perhaps the most reasonable representation of all the data

It should alSo be noted that all

these fite gave-a similar prediction for Ebr poiarization; i.e., Pﬁp.
is pos1t1ve near the forward dlrectlon and large and negatlve (%‘—50%).
around -t = 0.6 (GeV/c . In the case of the NNS and NNC flts, it
seems reasdnable that the vanishing of the P' contribution, where

.ap, = Q,aieadsvto, P-w. interference of equal and opposite magnitude. |
Since dq/dt for.'Eﬁ' is on the order ef only ene fifth to one tenth of
that fore pp, the pp polarizatien should be 5 to 10 times.as iarge in
nagnitude'as‘the PP poiarization. This must happen in any.three-poles
fit in whlch the P' contribution vanisnes. However, it is somewhat

of a mystery why the CCS and GGG flts, in whlch the P’ contribution
does not vanish, have structure very 51m11ar tq-the NNC and NNS fits.'
The phase cancellations must be somehow_demanded by the data inbsuehva
vw&y as to produce effectivé cancellation of the P-P' terms near

-t = 0.6 (Gev/c)Z.

- In Table I we have presented two examples of three-pole fits,
both ef tne NNS variety--i.e., the P and va have the no-compensation
mechanism and the ® has the sense~choosing mechanism. Fit # has
only the P intercept fixed (at 1.0), and fit #2 has, in additiqn;
the slope of the P' fixed at 1.0. In both fits, the trajectory

emerged as rather flat, indicating that the difference between pp and

5@ data falls off somewhat more slowly at large -t ~than a canonical
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® trajecfpry would allow. The second fit is shown in Figs. 1-4
where :itbis gseen that the pp DCS at -t z-Q.B»(GeV/c)2 is
inadequately represented, as is the large -t 'energy dependence of the

polarization, Other features seem to be reasonably fitted.
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' Table I, Three-pole fit parameters for NNS'parameterization,. Fit 41

has only - Qp = 1.0 fixed; fit #2 has, in addition;.faét = 1.0 fixed.
% o' Le vcé ' b, n %
Fit 41 P 1.0*°  0.35 5.8 1.6 0,97  -0.7 -
P’ 0.67 1.64 7.h 0.1 51.5 8.9 -
® 0.k45 0.60 h.s 1.7 -31,0 3.5 0.13
Fit #2 P 1.0 0.3 5.8 1.6 1.0 -0.8 -
P’ 0.67 1.0° 7.5 1.9 54,8 8.9 -
w 0. lk 0.56 4.6 1.7 -25.4 3,7 0.13
do Re > Number of
_ 4 T P Im Slope X ' parameters
Fit # - 362 32 224k 67 30 75 ﬂ 18
Fit #o 415 26 219 67 33 760 17
Number of IR
data points 238 28 99 15 20 'vTotal = 400 data points
a, Fixed.

-
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V. FdUR;POLE,FITS
| A. General Featurés
vThé‘féétorizatibn problems associated wifh.ihe incorporation of
a univeféal zero in the o reéidue functions are.well known. This
Zero, Which.explains the‘crbssdvef in DCS for vpp  aﬁd Ep, as well as
for K'p and K p, does not appear in N —>pN,23 or in p —anop,gu
as factorization requirés.‘ Thus thefe ﬁusf exiét another contribution

to the same amplitudes, the ', to circumvent these problems as well

as the disagreement'bétwéen the ahalyses of nN.—apNQB- and KN
22,25

FESR on the existence of a hohsehse zero in the helicity-flip
coupling at -t = 0.5 (GeV/c)z.v
Tg_obtain the zero in the negative-périty amplitudes as a

cancéllation_between two Regge poles, o and w', we considered two

forms: (a) ® +t®,,and (b) ® - ® ,. It is evident that the

cancellation zero will be energy dependent unless aw(t) = aw,(t), and

a cursbry analysis of the data convinces one that only a very mild energy
dependénce of the crossover point in KN and NN  DCS will be tolerated
by the“déta. In general, we found that ohxo) a{a@,(o)} was a necessity,
wheréas éome difference;’ in slopes was possible. Also, the four-pole
fits were able to fit the shoulder in the Bb DCS while simultaneously
fitting:tﬁe rest of.the data as well as or better than the three-pole
fits. Henée we conclude that the introducfion of an ' = contribution,
require& a priori by factorization,.provides a reasonable fit to all the
pp and pp elastic data above Piap = 6.0 GeV/c and for -t < 2.5

(GeV/c)eo However, we must also conclude that uniqueness is not a
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quality 6f;these‘fits any more thén it was for théjfhree-pole case.
Adequate fits were obtained with either form‘(a)‘of;(b), and with
trajectorieé”fixed fo resemble cuts or fixed to énfque weék exch@nge
degeneraéy betWeen:thé P' and w. The best fits;jiﬁ terms;of minimum
X2, have father perplexing parametérs which tend‘to.ébscuré rather than
enlightén;:‘All fits discussed below have ﬁhe'no—éompensation mechanism

for P and P'" "and the sense-choosing méchanism'for the w and w'.

‘B. The Form ¢ +t ¢
W w'

Ianable 1T we.display the parameters fdf three different fits
having fhéifbrm ® =0+ 0 O+t Q. Fit #i_hés.only qf(d) = 1.0
fixed,_and. gives .XE/N'; 576 /400, considerdbly'better than the three-
.poie fit;‘ A physical inferpretation of the w'fénd ' trajeétories
would cerféinly be.entertainiﬁg, bﬁtvwé aré unérepaiedrfo speculate
at presenf. | - | | | | |
| .,Fit #2 has o = 1.0 and o, = 6.5'fixed_:1n addition, which
allowﬁ a posgible interpretation of the o' asbava-w cut (igndring the
£n sﬁ behavior, of course), This seems to have mainly'spoiled the
polarization fit, jacking up X° to 709. |
' Finally, £it #3 has @ (t) = a  (t) = a5 (t) = 0.5 + 0.9 t,
and gives X = 703+ Thus the cut interpretation (£1t #2) certainly
isn't forced upon us by this data. Somé 1ntérpretations of two w's
with the same trajectories appearing in KN scattering exist,fﬁut these

- are better left to their proponents for publicity. We simplyvstate here

that the data are compatible with such an interpretation.
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Table II}‘ Parametefs for»fouf—pole fits of the .form

0 =0+, +® +ta,. Inall fits the P  and P' have the
P P! w w : e

no-compensation mechanism and the « and ' have the sense-choosing

mechaniém; '
Q) o bS _ C bn SN
Rt d P 1.0%  o.32 6.0 1.7 3.3 0.3
P'  0.63  0.98 an 8.7 56.6 0.7
® 0.49 0.53 h.} 6.5 -125.1 8.0
' 0.58 0.74 10.4 1.0 9.1 0.0
Fit #2° P 1.0*  0.31 5.5 1.7 3.1 0.3
P’ 0.70 1.20 7.6 2.0 38.1 3.6
w 0.39  1.0% 5,0 1.3 -7.0 0.0
o 0.39. 0.5° 12.9 1.8 30.9 0.6
Fit #3 P 1.0%  0.37 6.2 1.8 2.6  -0.1
P 0.5% 0.9 9.1 8.9 74.0 2.7
w 0.5%  0.9% b 0.3  -123.0 7.8
o 0.5 0.9* 11.5 0.6 2.0  -0.9
T o o R T Namver of
_ at T _~ Im §Slope X parameters
Fit 1 335; 39 102 64 36 576 23
Pt fe 333 32 236 69 39 709 21
Fit #5 4o5 59 134 68 39 703 | 17
CNamber of T

data points 238 28 99 15 20 Total = 40O data points

D mm v N G D A W G e S e N e e - A e S T e o i A M e N A A e me G v e e W
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.Co The Form ¢ - @ ,
= w w

Iﬁ Table III are displayed the'parametersvfor fits having the
form ' v

@ = 0,40, +0 -0, .

'This is the simpiest form for prdducing a cancellétion; and is perhapé
eagler td:interpret in ferms of dlipoles, cuts, §r something worse. As
before; we éive the readers threé choices of tfajectories to speculate
upon; as before, the results are similarly confusing.

'Fif #1 has dnly the P intercept fixedvénd thebresults.seem
fairly cldsé to eichange degenerﬁéy for the trajectoriés. The X2 vof
588 is competitive with that in Sec. B, and there is littlé to distin-
guish bétween the two forms in the results.v . |

Fit #2 has o - 1.0 andA’a&, = 6,5, which pﬁghgs the X 'up
to 661; mainly dﬁe to the poiarizatioﬁ fit, This is the fit displayed
in Figsf.5—8 where it can'be seen that all the data are |
adequately represented by a four~pole fit with reasonabie values of the
paraﬁetérs. v |

Fit #3 with degenerate trajectories is equivalent to breaking
factorizétion for the w, and simultaneously including more complicated -
residue functions. In this fit, ¢w88 __@m'ss =0 at t = —O;l7i(GeV/c)2,
o -0 P20 at t=-0.31 (Gev/c)?, and o °* - qwsn £ 0. This is
in qualltative agreement with the KN "FESR reéults,22 in which the
non-flip coupling seems %o vanisgh at a differént value of t from the

flip coupling.
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Table IIT. :Parameters for four-pole fits of the form
) - . : . ' - ' : ‘v ) -
= ¢P + C-D.P' + q)a) d?w,_v. In all ﬁ.ts the P agd P have the no-

compens_a'ti_oh meéhanism and the o and ' have the sense-choosing

mechanisxﬁ.
R cxo o bs cs bn cn
Fit 1 P 1.0% 0,30 5.6 i,8 2,% 0.1
- P’ 0.71 1.03 T3 6.4 s5h.7 3,8
@ 0,60 1.15 5.9 1.9 ~35.8 1.2
(.0' 0970 0092 3.9 OOLI' 5-1 "096
Fit #2 P 1.0% 0.29 5.7 1.9 3,0 0.k
P’ 0,67 0.97 77 4.7 62.1 4.3
® 0.h1 1.0% 8.2 1.5 -13.2 0.5
' 0.40 0,5% 6.6 1.0 28,0 0.k
Fit #3 P 1.0% 0.38 6.2 1.8 2.5 -0.1
P! 0.5 0.9% 9.1 9.5 87.8 2.9
® 0.5 0.9% 8.3 1.4 -77.2 9.2
' 0.5% 0.9% 7.2 0.5 3.k -0.9
o dg Re 5 Number of
o - T P Im Slope X parameters
Pt #1 302 20 175 57 3 588 23
Fit #o 305 32 222 67 35 661 o1
Fit #3 421 56 152 Th 43 746 17
Number of }
data points 238 28 99 15 20 Total = 400 data points

T 05 A R U Y T G TP R B G G G S M G M R R o S M G A oo T R e e A G e R A S S A e e 4 T e G o G G e e G e
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D. Summar&

The tables of parameters are meant to iliuétrate the nonunique-
ness of Regée fits of NN elastic data as well Aéﬁthe adequacy of the |
Regge pole representation. 4Thére'need to bé further restrictions on
the residue functions, such ‘as those provided'by sum rules for N and

KN scaftering. The relation A' ~ vy B, predicted by sum rules for P

and ]?’,72’1’22 should, by factorization, imply the relations
P P . P P
:_bs ‘exp(cs t) =~ b exp(cn t) | and
t ' [ . . ] . ] -
.b_P exp(csP t) ~ b P ,exp(cnP t) .

5 n
For the fdﬁr-pole fite the relation is fairly weli satisfied for the P,
but not for the P', | s |

‘Fo; éompletengss, some fits were tried with the (1 - t/to)
fécto?’inthe w  amplitudes, 1.e., the form (1 - t/to)yéw +0 ., was
used, This form ﬁas apparently unable to reproduée the structuré in the

PP DCS'and wag therefore not investigated further.
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VI. FIVE-POLE FITS

:Since the sum rule cglculétionsglvseem to reéuire yet another
vacuumvcéntfibution, dubbedvthe .P”,isome vériefies of'five-poie'fits
were>triéd; As expected, sﬁbh a parameterization ieads,to rampant
ambiguity; and the only way to‘obtain results with even a modiéum of
interest'is to fix some of thé fréjectory»?arameters. We définé a
tradectorvaith (é) a élope néaf'O;S.(GeV/cjhg, (b) whose amplitude 6ccurs
’with'a negépive éign (relative to like contributions) to be "cut-like"
-(aé 6pboséd to the usual, or_gpole-like" parémeterizaﬁion). Symbolically,
& f1t with the P" and o' treated as "cut-like" will be indicated by
P +'P';;;P“5+ w - w', etc. In geﬁeral, éhe fiVe-poie Pits gave X < 600,>
_ and m5st yériéfiés éf pérameﬁériiétién prbduced.fits which were indis-
tihguiéhéb;e'fromvthé othefs. The o' preferred to remain "cutflike,ﬁ
és 1t must in order to provide the wéakly.eﬁergy-qépendent crossover
'zérb iﬁ;thé Dcs; The P" gave equally good fité'with,"cuf?like" or
npoie-iike" parameters.v These statements refér to.fits in whiéh the
slopes of  P' and w were held fixed at O.9vor 1.0. In Table IV we
1list some parameters as examples of five—pole'fiﬁs. We emphasgize that
there 18 nothing unique about these parameters--theré-exist many 6£her
éets that produce adéquate fits to the data, including "eut-like" forms
as'wellvés "péle—like" forms, vérious ghost-killing ﬁechanisms,‘and o
other variations. For example, residue functions of the forﬁ
3.? exp(-0,5 i na)[b exp(et)] produced fits competitive with the

gamma-funétion forms in See, III.
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Table IV; QParameters for varipué forms of five-pqleffits; The NNNSS
and GGGGG refer to the ghost-killing mechanisms, and the form of the

amplitudes is indicated for each £lt,

Fit #1 P 1.0* 0,26 6.0 2.0 2.1 0.0
NNNSS - P 0.65 1.0* 7.1 6.5 72.0 10.3
a

(P+P +P"+w+to) P" -0,21 0,57 15.1 2.7 -98.0 2.6

- o e e o o 1 o o e T T e o A e S i o o e kP S 8 o o s e e P B B i o b o

Fit #2 P 1.0% 0.36 5.8 1.6 1.3 -0.5
NNNSS P' 0,60 0.9° 9.9 3,5 71,3 . s.h
(P+P -P"+w-a') P" 0.34 0.5 9.9 0.5 38.3 8.1

- - = S T . S G B A 8 0 v A o o 0 S e e AL e o e Pt e e o

Fit #3 P 1.0% 0.25 5.7 2.0 1.1 -0.2
‘seeec P’ 0.68 0.9% 6.2 6.2 51.2 5.9
(P+P -P" + - o P" -0,21 0.5° 3.0 =-0.3 -hk.5 -0.8
o ® d.h5 0.9% 1h.ov 1,0 -29.6 1.5

o 0.5 0.5% 11.9 1.3 2.9 0.

a. Fixed. : ' (Continued)
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Table IV. (Continued)

- o e e o G A B At e G e N A P Am S e S e B B s £ S Lbe b N G0 e G e A e e e Gt e e e P Gt S G R G B B AR AT S G o -

: Nﬁmber of

‘§§;_ 32 P EE Slope | X?V. parameters
Fit 1 286 18 8 69 b7 502 25
Fit #2 o 568 oh  1Lh 63 ' Lo | 579 25
Fit #3 505 25 124 61 16 561 25

O e e e - e B o e B ks v o SR G Gk e S e B O B G e e e S e S G G e G B G G D B e e B Gt S G A S B A e B S A e S et A S

- Number of R : , o ' , .
data points 238 28 99 ‘15 = 20 Total = 40O data points
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Fit #1 in Table IV has the form P + P' + P" + @ + t o', with
the vacuum poles all having the no-compensation mechanism and the o's
having.the sense-choosing mechanism. The P intercept and the slopes

of- the other poles were held fixed. This £it is shown in Figs. 9-12,

Fit #2 haé the form. P+P -P' 4o - w',‘and.has the same
ghost killers as fit #L. The difference of 77 in X? is probébly,not
significant, ‘ | | |

Fit #3 also has the form P + P' - P" + w.ecb', but heré all
poles have the Gell-Mann ghdstekilling ﬁechanism.v The difference betwéen
the fits is noticeab1e'only in the prediction oﬁgthe ﬁb,.polarizatibn,

which is éomewhat larger fpr‘small' -t and smaller}in‘magnitudé for

o e

~ intermediate -t for this parameterizétion than for the bthers;

However, since the data are hardly sufficient to determine the behavior
in “this region, no preference can be voiced for any version of

parameterization.
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VII; .DISCUSSION

In summary several points of intereét_emerge:
1. The‘fhfee-poie parameterization is inadeqﬁate, mainly because of
the failure to £it the structure in the o DCS.
2.' The.féur;pole'paraméterization, even whenlrestricted to a.factoriza—
tibn-ﬁreaking‘ form thatbreéliy only.néed invoi&e the addition of one
additionélfparaméter over the threé-pole form;'is_capabie of giving a
feasonablé representation of all the dafa, Howevér, the data, which
are soMé‘éfuthe beét high4energy data in exiéténce, do not distinguish
between Qarious possible paramete#izations.'
' 5;: fivé;poie fits, without the use of sum rule constraints,'are non-
~unique and'probably not very useful, |

'Sdme fits wére tried oﬁ.a combiﬁation‘of ﬂip elastic gnd
charge:éxéhahge; Kip élastié‘aﬁd‘charge exchange;“and the above pp
and Ebv-eiastic data, ébtained by using ﬁhé usual P, P', p, Ay,
and & andbenforcihg factorization, Our preliminary‘conclusions are
that fits with Xe/point ~ 3 can be obtained to all- the above data
together with reasonable parameters., Ihcompatability of the many data
sets‘invoi&ed seems to be more responsible for the bad fit than
inadequacies of the simple Regge pole model, Since it is very difficult
to assure oneself that all these experiments have no nbrmalization errors
with respect to each other, factorization constraints do not seem.to
be the answer to obtainling unique fits. The most positive statement
that cén be made is that fhe present NN .data certalnly cause no
embaragsment for simple Regge-pole theory (or for some other theories,

for that matter),.
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. Ag for predictions, very little ghould be said when a uﬁique
fit hag:not been found. Again, there is one pﬁsitive statemeﬁt'tﬁat
ean benmade ffom our experiencei-thﬁt is; if.théva énd P’ chéoée
the no—cbmpensétion mechanism; then a Bb_ polariZafion predictiqn of
érOUnd 1-5d% neér t = e0.6‘(GeV/c)2‘ éeemsvﬁnavoidable. Even though
one can think of many(ways bf avoiding this (é.g.,uthrough W=’
ihtérfeience), all goodvfits with this ghost—killing mechanism--three-
polé; four-bélé, and‘five-pole-;produced the sémé prediction. This is
bothersome mainly bécauée of a parallél which can be drawn with the
Kp daté;' At piab = 2.0 to 3.0 GeV/c, PP apd; Eb as ﬁell_as K+p
and K p  havé positive polarization forv -t < 0.8 (GéV/c)g.26 ’Af
Dy = 6.O;Gev/c, the K'p and Kfp' polarigafibps'are still both
positifé in thet t range, and the pp data are alsq bOSitive for
-t < Q.B.(GeY/c)g. Hence one might expecﬁ the pp polarizatioﬁ,té
remain positive for t = —O.SV(GéV/c)E, as doeé tﬁe K p. If it should
remainvpoéitive, we would face a drastic contradietion to all of thé
parameterizations in which the P' vanishes near t = -0.6 (GeV/c)gf
Fits in which the Gell-Mann mechanism was used (fiﬁ #3 in Table IV)
‘éould'ﬁredict positive pp polarization in that region, but this is
apparently in contradietion to the CMSR resultsgl on the P' ghost~-
killing mechanism, Obviously, data in this region are neéded to settle

the gquestion.
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FIGURE CAPTIONS

.pp. and Eb differential cross sections cdmpared with three

" “‘pole fit number 2 of Table I, with predictions to 1800 GeV/c.

Fig. 2.

Fig. 3.

HSuCcessive sets of data are spaced by a decade.
vﬁﬁ polarization at 6 GeV/c compared with threevpole fit
number 2 of Table I and a prediction at 1k Gev/c.

" pp polarization at (a) 5.9, (b) 6, () 7, (d) 10, (e) 12,

and (£) 14 GeV/c compared with three pole fit number 2 of

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Table I.

Three pole fit number 2 of Table I compared with

(a) slope of pp differential crosé section,

(b) total croSs'éections‘fdr pp- and pp,

(é)‘the ratio.of the real to imaginary part of the forward
scattefing amplitude forv PP, and

(d) the ratio of the real to imaginary part of the forward
scattering amplitude for 5@.

pp and Eb differential cross gsections compared with four

pole fit number 2 of Table II, with predictions to 1800 GeV/c.

Successive seté of data are sbaced by avdecade.

DD polarizétion,at 6 GeV/c compared with four pole fit number

2 of Table II and a prediction:af lA_GeV/c. |

pp polarization at (a) 5.9, (b) 6, (c) 7,;(d)le, (é){l?,'

and (f) 14 GeV/c compared.with'four pole fit'numberfz_of

Table II.
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Four pole fit number 2 of Table II compared w1th

p(a) slope of pp dlfferentlal .cross sectlon,

_(b) total cross sectlons for pp and pp, .

'.:‘(c) the ratlo of the real to 1mag1nary part of the forward

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

scattering amplltude for PP, and

(d) the ratio of the real to imaginary part of the forward

pp

scattering amplitude for pp.

and pp differential cross sections CQmpared'with-fiVe

pole fitbnumber 1 of Table IV, with predictions to 1800'

GeV/c. Success1ve sets of data are spaced by a decade

PP

‘polarization at 6 GeV/c compared w1th five pole fit number

1 of Table IV and a prediction at 1k Gev/c.

PP

polarization at (a) 5.9, (b) 6, _(c) 7,‘(d) 10, (ej.l2

and (f£) 14 GeV/c compared with five pole fit number 1 of

Table IV

Five pole fit numbertl of Table IV compared with

(a)

(b)
(c)

(a)

slope of pp differential cross section, .

total cross sections for pp and :Ep,

the ratio of the real to imaginary partvof‘the forward
scattering amplitude for pp, and

the ratio of therreal'to imaginary part of the forward

scattering amplitude for pp. -
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission’’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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