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ABSTRACT

. The dip~bump siructure in the low-cnergy nip elastic
differential cross section has been studied. We find that a zero in
~ the heliCity nonflip amplituaevof;the P' +trajectory gives natural
éxplanation of this structure. At the-samé ﬁiﬁe we have. consistently
'fittgd the high-eﬁergy: ﬂ#p tétal and differentialvcross sections,
"~ . the gip poiarizations; and tﬁe B charge—exchange differential
cross-section data. The helicity nonflip amplitude of the P!’
trajectory willrvaniéh at q?, = 0' if the P'  trajectory chooses
what we call the nonéompensationImechanism»' Consistent with our .xip
solution, the PP and '§p total and differential cross section can
also bevwéll fitted. The sécoﬁdary maximum in the low-energy §p

differential cross section is reproduced.
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I. INTRCDUCTION

. The secondafy bumps in xip.ﬁelastic scatteringbhave been
measured eifensively by Coffin et al. of the Michigan Group.l’2
Somé of the data are shown in Fig. i.3 Onevseeé thét the general
feature and the‘magnitude_of thé dip and the secondary bump for both )
n+p and 7 p ére roughly the same. They are quite pronounced at
2.5 GeV/b and decrease rapldly with the increase of energy. The
s1m11ar1ty between =« p and = p secondary bumps and their smoofh
energy dependence 1mply that ‘these bumps cannot be dominated by the |
direct channelvrgsonances, 1nstead_they arg dom;nated by the t-channel
 (ﬁﬂ - NN) éxchange cqntributioné, The contribution t§ the‘différential“
.1crbss section (des) dué to the t-channel exchange of an isospin O state
l

+ - dg , - o
(n'p = ﬂp)+ (:rp wp) - gt (wp a0

is givén by the expression

do N 1 /do
& (=00 = 393

|dt
L - - o : ' '(Q.;)

Since the chérge-exchange.secdndary bump at the same energy is about.

a faétor of four smaller than tﬁg bumps in the elastic dcs,h the.
resultant (dc/dt)(I:O) should be very similar to that showvn in Fig. 1.
- We have checked that (do/dt)(I=0) in the sécondary bump region can be

- approximatély fitted in a model-independent way by the formula

(t) 2

do _ eff - '

The value of @ fa( ) " is qpite negative, For instance, at t = -l.h(GeV/c)

b



o
near t”e peak of the seeondaryf bump, a(t) for the rapid fall below
8 GeV}b 1s somewheré between eO{M and -0.93* Recently dips in the dcs
5,6,7

have been associated w1th the vanishing of Regge traJectorles

thus 1t is natural to at °mpt to explain uhese.dip-bump structures by

the Regge-pole model. In thls paper, &s usual, we assume the I =0

state t-channel exchange is dominated by the Regge ﬁrajectories

)

_ and' P'.v'we assume the P ﬁrejeeﬁory is ;elaﬁively flat, as is:
suggested by the observed nonshriekinv diffractioh neak neai thefforward
direction at high energy and by the earlier fits to the high—energy'
pion-nucleoe data.8 Then the 1ow value of a(t) in tne secendary bump
region. 1mnlees that the secondary bump has to be associated: Wlbh uhe

P trajectorv rather than the P trajectory. The zero in erceo+ of

P! haS been determined by various autho*s9 %o be- above O 5, so the P'
v'traJeCuory has to be'“elaulvely steep.\ It has been suggested by

Frautschllo tna?, es-in_the n;p - xon case} the veﬁishing of -the
. : e

"helicity-flip amplitudell of. P', 'fsn' , at. aP' = 0 could be used

to expiain the secondary ‘bump in-tﬁe elastic%dcs.le Ve investigated
this possibility (Chew mechanlsw) eXuen51vely by fitting the secondary

bump shown in fig.‘l .togeuher-wlth the hlghaenergy data.8 Our solutions,

- with reasonabWe fits to tne seconda*y bump, do not have good X2

. values for.the higﬁ-energy data. However,,a different pos51b1110y is
. i ) C :

that the helicity-nonflip amplitude of P' .can vanish at Opy = 0, if

- "- . , . . . . . I s . 17 ":4
the P' trajectory chooses. what we call theé "no-compensation mechanism.” e
The no-compensation mechanism for P' means: that P' couples to the

nonsense channel, and the residue of the nonsense-nonsense amplitude
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_vanishes. Thus there 1s no pole in the nonsense-nonsense amélitude,
and it is not ﬁecessaiy to have a compensating trajectory to cancel
tﬁe pole,Aas needed,for_the.céll~Mann mechanism. This possibility
offers a new way 1o explain the observed secondary bumps, and we found
that the dip-bwip structure, indeed, can be explained naturally by the

1

vanishing of the non-helicity-flip amplitude, fssp , at Cpy = 0,

namely, by introducing an extra factor of. Q?,' to the amplitude fssP"
In Section II we discuss in some detail the four possible wvays

of assignihg the o factors to the various helicity amplitudes of

‘ pion-nucleoh and nucleon-nucleon scattering. This will serve as the

basis'of our varameterization.” In Sec. III, we discuss our fits to

the pion~nucléon data. In Sec. IV we present our analysis on the

nucleon-nucleon data, whefe we show that, consistent with our =N

solution, both the observed smooth pp des and the structured oD

des can also be adeqguately fitted.
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IT. FOUR DIFFEREINT WAYS OF ASSIGNING THE ¢ FACTORS

When the tot momentum & of a system is less than

o
—
™m
73
o]
g |
fors
'..J
&)
a1

its total intrinsic spin polerization, its value becomes unphysical.
A system at such an unphysical tegral value of @ hes been called
e "nonsense state." For example, at « = 0, any state with nonzero

total helicity is a nonsense state. To be specific, we discuss™ a

Y

system with total helicity O or 1. The generalization to stetes with

other values of total helicity is straightforward. The s-channel

jo N
He
)
)
D
H

ential cross section, expressed in terms of t-channel helicity
amplitudes, is given by

1 . a2 . >
: 5 <iLSS; F+ a!s;n Gti !fsn
TSP, L

|

IZQ

]2 + bl1 + (cos et)g]lfnn

‘ (11.1)

where the subscript., s stands for sense.and n stands for nonsense with
respect te « = 0;  p is the initial momentum in the s-channel center-of-
mass system} the f’s are the t-channel.helicity amplitﬁdes suitable

for Reggeization; a = 1, b=0 for ¥ =N and a =2, b=1 for
NN - NN or NI - Nﬁ.' The leading terms with the highest power in s ,

in terms of the t-channel Regge-pole parameters, are

. o _oqalt)
fas ~ nlt) Sss(‘u)< ~ ) (II.22)

85 qa’ S
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where

_ _ ~lexp(~ima) £1) _ (20 + 1) (o + 5
n(t) = éin ng X (. N ) (, =
o ‘ : ¢ I(a + 1)

the B's are,the_unmodified residue functions of fhé,Regge_pole, and

| g, - g' are the initiél and thé final momenta in the t-chaﬁnel éenter-of-
mass system. Sb fér 21l the o factors come frdm the asymptotic form
of the generaliied Legendré‘functions'fér largé s« The B's are

factorizable; i.e.,
(B, ()17 = By (¥) B (%) | | (11.3)

At o =0 and its symmetric point about o = -1/2, namely o = -1,

et

B, (t) oo calt)loft) + 215 . _ B (11.4)

i

)

h V 2
I

hv

Physically Eq. (II.}) says that the sense state and the nonsense state
7. :

decouple at ¢ =0 and o = -1l. Except the known threshold and

some t-kinematic-factorsQlB,the"B's ~are analytic in t .for t‘< 0.
Therefdre from Eg. (II.j)‘tHe o factors of B_ ~ must appear in either
Bss or Bnn' It can happen in four different wéys depending upon fhe

dynamics of the system:
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(1) . Choosing-sense mechanism: the trajectory couples to the: ss

(sense-sense) amplitude, so the residue of nn (nonsense-nonsense)
) : 2
apli c .

amplitude vanishes, i.e., B__ @ 1, B, ® {o(a + 1)])5, Bnn o ofo + 1)

(2) Chew‘s'mechanism:lg The trajectory does couple to the ss
amplitude, but for some dynamical ‘reason the residuve function of the ss

amplitude vanishes at ‘o = 0. To satisfy both Eq. (II.3) and Eq. (II.L),

one finds

X
2

Beg &= O Bsn e ofo(o + -})} ; P ® Bla + 1).

(3) Gell-Mann's mechanism:zo the trajectory couples to the nonsense
channel, and the pole in the nn :ampliﬁude_is canceled by a compensating
trajectory with opposite parity passing o = -1. Therefore there is no

pole in the full helicity amplitude at o = O. In this case

. 1 : :
Pss a. {ofa + 1))7, B o 1.

B . o cla + 1), Ben
The cpntribution from the'compensating trajectory.with opposite parity
is not written out in the Egs. (II.é), because it has lower power in
s _awéy from ¢ = 0.

(4) No-compensation mechanism: the trajectory does couple to the

nénsense channel, but the residue éf the nn amplitude vanishes at « = O,

thus the compensating trajectory 1s not necessary. We have

i
2

B Pla + 1), Bsh'cc'd[a(a +1))3, By S e
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Until we knéw the dynamics, we cahﬁoﬁ.decide.theofeticélly
 which mechanism is the correct one for a given trajectory. However;
by fitting the data, we can find out which mechanigm 1s consistent
'with the experimental situation. |

In the case of_ﬁhe p trajectory, one studies the reaction
% p - xon; Here.the choosing-serise mechanism has been used by various
eauthors to explain the desta consistently.5 In the abseﬁce of explicit
parameterization of .the background'contribution,zl their cholce is favored

for the following reasons. The cross section near the dip is sizable, so

o)

it is natural td choose the mechanism where fss does not vanish at

ap = 0. Secondly, this cholce is alsq consistént with the‘observea small
and yet statistically significant positive difference22 between the x+p
and x p dcs at high_energy.in the %t region befwéen -0.4 and -0.8
(GéV/b)Q. Otherwise if both fssp and -fsnp venish st o = 0, ome
would'expect the difference to change éign in this t ‘interval. In
spite of these arguments, we feel a detailed study of the energy: |
- dependence of the magnitude of the dipvand more aécurate measurement
of the difference in x'p ~and n+p des eventually wiil be needeé to
‘ﬁake this choice conclusive. |

For the o +trajectory one studies the difference between pp
and 5p elastic dcs.25 ‘This difference is linearly provortional to
the amplitude of w. In the region from t =v-0.3.to -O.TA(GeV/b)z,
this differénce is substantial and poéitive, so not both ss amplitude

end .sn amplitude of « can vanish in this region. If the ®
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trajectory is.not drastically different frdm ihe p trajectory; i£

has to péss through Zero in'this t intervél, and we believe mechanism
(1) is natural for the .

| From the =N -an@ NN analysis, we foﬁnd that it is most natural
for the P! ‘trajectory to @hoose mechanism (4). This is discﬁssed in |
Secs. IIX aﬁd IV, The P trajectory, becaﬁse of its small slope, does
not pasé through zero in the t region we analyzed, aﬁd we cannot

decide which mechanism is‘preferreé. For uniformity, we choose mechanism

(4) for the P trajectory.
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III. PHENOMENOLOGiCAL ANAﬁYSiS Of THE 'ﬂip DATA
In this section we shail‘discuss our fits bbth with the no-
compensation mechanism and with‘the Chew mechanism. Analogoﬁs;y-to
Ref. 8, with the nd—compensation mechanism for P sand P', we
parameterize the ss and sn .amﬁlitudes, or the A'~ ;nd B amplitudeé
for the pion—nucleoﬁ écattering, as'follows:

.
- 1 2 2
fos = 7 (M - t) Al
.
)

_ IS
Ce - tm®) T dPa+ 1) g o exo(cpt)(E /m)”

for P and P!,

el : |
= (- t®) T (e + 1) £ eI+ gy) exp(Cyt) - ) /2)T

_ for P,
h R 2
£, 5§ [fc(_t, - %)) B
: s P B el
= [v-'t‘(l - t/ludﬁ )1 (e + 1)E D exip(Dlt)(g,L/Eo)
for P andA P,
- Ly : o=l
= [-t(1 ~_t/mg,l)l ol + 1)t P exp(D t)(E /B,)
| ' for P,
wheré
¢ = -[exp(?iﬂd) + l]/%in ﬁa;:'_
a(t) = o(0) +ay(t) . for P iand p,

oft) = a(o)‘+_alt + aetz  .Kﬂ for P', - . (111.1)
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where EL “is the incident pion lab energy énd Eo is the séale factor
conveniently choéen-to be 1 GeV/%. Since in fitting the secondaf& bﬁmp,
we assume the contribution of P' is dominating, and the form of the
Pt trajecto#f is more crucial than that for P and p, we approximate
the P' +trajectory by a second-order power series. With the Chew
mechanism for P. and P, inlthe ss amplitude one replaces the
ag(a +‘l)2 facfor by a(d + 1), and in the sn eamplitude the parameter-.
ization is the same as above; o

The 2—‘to_5—GeV/b elastic des data pdinﬁs as displayed in Fig. 1
together with some sample high-energy datﬁ points ére included in‘the
least-sguare analysis. The high-énergy.infofmétidh~used is essentially
thé same gs that used in Ref. 8, which also has détailed references.
This 1ncludeé the toiai cross sections, differential cross sections-for
elastié scattering, the differential cross séctions for charge-exchange
scattériﬁg, the'phase of the forward elastic scattering amplitude at
various1energies.05tained By Coulomb inferference'measurements, the
constraint oﬁ'the Zero interéept.éf Pt obtainéd from the dispersion
relation on fhe real part of the forward scattering amplitude ét zero
enefgy, and the constraints on the’ fss and fsn amplitudes at the
position 6f the physical o méson from the kndwledge of nucleon electro-
magnétic-structure. We alsovinclude more up-to-date . ﬂ-p polérization
.data25 than those usedvin Ref. 8. The recent CERN K+p polarization

23

results are also incorporated.



ke

{_il;“.
With the no-compensafion mechéhiém, our fit to the high-energy
dafa points is of coﬁparable guallity to that presented in Ref. 8. The
parameters.bf this solution are tabulated in Table I.el+ The detalled
'X2 comparilsons are listed in Tabie IXI. The qualify of the fit to the
secondary bump is Illustrated in Fig. 1. In view of the fact that we
have not incorporated explicitly the direct-channel resonance contributioﬁ
end our simple parameterization is now applied over a large t reglon,
we feel. the essentiai feafure'of the dip~bump structure is reproduced
reasonably well in our present fit. The tabulated trajectory functions
are aléo illustrated in Fig. é. The. P! trajectéry is quite well
determined. In our fit, the dip in the ﬂib des isAformed due to the
vanishing of o at o,, = 0 with a smooth and rapidly falling
p 2 . - p,2 o K ,
s l term. Since the ‘fss [' term is substantial, the position
of th; dip has shifted considerably from d%, = 0. In our fit O
pas§es through zero near t = -O.S, whereas the dip is at -0.8. Unlike
the dip in the charée exchange, the fit shown in Fig. 1 moves out slightly
as the energy is increased,,ﬁecause the 'fS;PIQ
. P"e

term decreaces more

ss term. The data do not indicate any dip in

slowly than the |f
the region between t = -1.0 and -2.0. Since the contribution of

1
fssP is used to explain the secondary bump, from Eq. (III.l), one sees

that . ¢ cannot pass through -1 in this region. . The P' +trajectory

P A
shovn in Fig. 2 is consistent with the model-independent analysis at
t = ~l.b (GeV/%)g, end does not pass through -1. The p trajectory we

used here is essentially ﬁhe same &s that of Ref. 8. As shown by various
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au*bhors,5 it is in reasonable ag eemen 1t with the values obtained through

model~independent analysis. The Zero intercept of P 1s assumed to be
. - -2
~unity. The slope of P is found unlikely to he above O. i (G°V/- In

ubur'fitzjtfor the no-compensation mechanism its value is between 0.3

ard 0.4, The data, with_gccd statistics, indicate nc noticeable siructure
in v p Tforward diffraction pezk. This constrains the two amplitudes
! P y PS’( - - .-; .L‘ <2 oy .’I
Afsn and fsn' to be smpali in the small !u' region. Thelr values
& . N
in the large [tl region are poorly known, We fitted the data beoth

. 2y opr - P p! ) : . v
with and without fsn and fsn - amplitudes. We found the X~ for

these two cases are essentially the same. The solution presented in this

r .
paper has both £ P and T P set toc zero.
arn sn

With P and P' parameterized according tc the Chew mechanism,
our fits are less satisfactory. We searched for the following two
different possibilities. For case (a), the signs for the coefficients

' P P! |

D. in boih - f and T

are chosen be negative, wvhich is
0 sn en c‘o. to'_e wegative,

consistent with the soluﬁions in Rgf. 8, The best X2 obteined in
this case is about.a factor of twévlarger than the no-compensation
solutiecn. ‘For case'(b), both of fhese signs are chosen to be positivé.
This notably improves the situation. But the X2 obtaiﬁed is still
not quite combarablé to that with fhe no~compensa£ion mechanism. The
paraneters and the detailed X2 for both cases are also given in
Tables Ivand IiT. o

‘With the no- comgnnsat*on m;cha ism, the ﬁtp. polafizatién in

tho secondary bump réglon is co ibuted mainly by the 1nuerference



- 15" . ' v‘\

_ ' o E _ ‘
between fssP and fsnp' Figure 3 shows a typical prediction on

ﬂ+p and x p Dpolarization (curﬁes I) ‘together with some sample data
poin’cs".26 Generally spesaking, néar thevposition of the secondary bump
the predicted polarization fqr _ﬁ+p and for n—p -by this solution
should héve orposite sign, because the p contributes oppositely; In
ouf solution for the Chew mechanigm, the polarizaﬁion is contributed
mainly by the interference between fSSP and fgnp'. It predicts a
large polarizatlon with the same sign for ﬂ+Pv and n p (see Fig. 3,
curves II and IIi). The existing ﬂtp_ polariéétion data in‘this energy
and momehtum transfer region indicate fhe grés5'trend of having opposite
sign.. This we interprét to mean that the data are in favor of the no-
compensation type of solutioﬁ. We note here, the data also show signifi-
--: cant variation from eﬁergy to energy;: This implies that evén théugh
thé  resonance amplitudes do not play an important role in the des, they
could play'a éubstantial role in the polarization. Thls is because
the polarization depends more critically on the relative phases between
-various_amplitudes. To fit the experiﬁental data quantitatively, one
.has to take into account the resonance contribution explici_tly.e7
To summarize, we have shown here, that if one assumes the Regge
amplitude can be simply'extrapolated to the lower energy and larger It[
region, neglecting theA;esonance contribution the data prefer the no-

»: . .
‘compensation mechanism over the Chew mechanism for the P' +trajectory.
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Iv, PHENOMENOLQGICAL ANALYSIS OF'THE pp AND pp DATA

The situation in the NN ééattering is more complicated. .Tﬁe
{otal cross section dat328 are shown in Pig. k. 'The '§p tofal cross
section behaveé smoothly in the high-energy.regioh aﬁd starté to rise
rapidly around 2.0 GeV/b. The pp total cross section behavés smoothly
| beyond 3 GeV/c, but at around 2 GeV/bvstarts to turn over. Since the
Regge model gives only smooth behavior in the t&tél cross section, this
indicates, as expected,.that the lower the energy is, the further the
amplitudes deviate from‘pure Regge emplitudes. The existing Re/Tm
data29 give further indication that the phase.of the forwara scattering
amplifudes deviate from the pure Regge amplitudes in the low-energy
region. The data for thils ratio are.shown in Fig. 5. TFor the 6- %o
ZO—GeV/E region, althoﬁgh varying sigﬁificantly from experiment to
experiment, it ranges from -35% to -20%. Although the measurement by
Clyde e£ al.25 gives -43 % 5% at 3 GeV/c, around 1.8 CeV/c this ratio
venishes and becomes positive\at lower energyo29 So the furning point
could be ground 2.5 GeV/b. The ratic predicted by the Regge pole model
increases. in magnitude monotonically as the energy decreases. As is |
discussed below, the highest energy, where the dipegump structure in the
pp des is clearly observedjo’sl.is at 2.5 GeV/ec and 0.k < [t] < 1.0.
We would like to push the Regge pole model to as low as 2.5 GeV/b. From:
_the atove discussion we do not expect a quantltative agreement with
experimenﬁ in this region. However, the «aN analysis deséribed in the

previous section does give suppori to the assumption that although. the .



UCRL-17302 -

-15-

phése of the amplitude given by.the Regge po1e model deviates from

the observed value at,loﬁ enérgy, the magnitude of the amplifude giveh
by the Reggé‘polg model is still ddminating and can be used to eXpléin
the gross feafure of fhe experiméntal data in the region of interest.32’

A sampie of pp and pp elastic des data is shown in Fig. 6.

The‘ pp data at 3, 5, ahd 7 GeV/% are recently measured by Clyde et al.,

and those at 19.6 GeV/b by Foley et 31023 These data indicate that the

pp - forward peak are less steep than the pp ‘peak, and it exhibits

- shrinkage as the energy increases. The pp dcs do not exhibit any

structure. The -Dp des at 2 and 2.5 GeV/blére measured by Barish et a1.0s 31

of the Cal Tech group, at 3 and L GeV/b respeétively by Escoubes et al. and
by Czyzewski et al. at CERN,25 and at 12 GeV/b by Foley et al. at BI\TL.25

The DPp dcs shown in Fig. 6 have appreciable structure beyond

t

L]

-0.k4 (GeV/b)g. The one at 2.5 GeV/c has a pronounced dip near

t = ho.s;.foliowed by a secondary buﬁpon The energy dependence of the
mégnitude of the bump is not absolutely clear at present; The Cal fech
déta,between 1.5 and 2.5 GeV/c indicates monotonic fall of the magnitude
of the bﬁmp. This frend is.continued in the B-GeV/b CERN. data, but it is

puzzling that-tﬁe magnitude of the bump between the t ~interval from °

-0.6 to =1.0 (GeV'/c)2 at b GeV/b should be so similar to that at 3 GeV/c.

There is also the complication that the Cal Tech data have 50% hormalization

_ uncerta_in‘ty.55 Unfortunately, no pp data are available above k4 GeV/E

in the same %t region to give a definite statement about this energy

‘dependence. However, combining all the available experimental informétion,



26 |
as is sﬁggested in.Refs. 3l.and‘lb, we cénsidef if plausible that the
magnitude of the secondary maximum should decrease with the increaéé‘
;f energy. The dissimilarity befween PP épd .55 ‘des for .[t[ <1
' can be summarized as fqllows:,'the pp forward peak is relatively fiéf,
it is smooth and without noticeable structure, and thé peak.shrinks
with the increase.of energy; whereas the pp ;forwérd peak is relatively -
steep, the Pp des sho# appreciablevstructur; in.the lowver s and
larger ]tl region, and the forward,peék "antishrinks."

Now let us discuss in some detail the actual anélysis,and the
assumptions iﬁyolved here. For the pp and pp elastic scattering
p, P', dh ¢3 p, ©* and all other known nonstréﬁge meson trajéctories
" can be exchaﬁged._"Frbm the'study’of thé total-cross-section data.of
pp and Eb and the coﬁparison?h_between‘the"total cross section of
Pp, Pn, Ep: and ~§h, oné finds that the contribution of P, P! and ®
to the ss amplitudés should be déminating. There is less information
on the magnitude of sn and nn amplitudes; As‘méntioned in Seé. III,
the. sn amplitudes in the ‘nN analysis for both P and P' in the
sméll [t] region afe small, in fact they.can be set to zero. From
factorization we expect the sn and nn amplitudes shouldlalso be
small compared with the ss amplitudes; In NN scattering, near the
'forward direction, the pp and Ep elaétiq des do not ha&é any
» nofiéeable\structnre. This.implies thaﬁ the contributions of snv.and

nn amplitudes of . P, P', o and all the other trajectories cannot be

important here. On the other hand, about 10 td 205 polarization has
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béen'observedB_5 in %he -t region'from:—d.i £o_*0.7. This implies that
the sn amplitudes and in.turn the nn  amplitudes certainly are present.
However, we found that iﬁ ekpléininé the pp dip-bump stgucture fogether
with thev j9)e) émooth Eehavior in the 2.5~ to M—GQV/E region it i; not
crucial whether one includes the nonsense amplitudes or not, although

the behavior of pp des at higher energy and large Itl 'region does
depend quite sensitively onifhe mggnitude.of the nonsense. amplitudes.,
Presently no experimental dcs at higher energies afé available. Since

wé only try to get a reasonablé fit to the existing dcs data; for
simplicity wre neglect all the sn and nn _amplitudes. Thus we write
a1 'p P P! o O 2 h » (Iv.1)

-_— = -+ f +
at “ss ss =~ “gs '’

hﬂsp2

where the + sign is for pp and the - sign is for pp and,

L o o
i 2\=1 2 2 i 1 i
£ (1 - t/uM%) oy (og+ 1) & Coq exp(DSS t)(E/EO)_

ss
L N (Iv.2)
with- i being P or P!,
r ©- '(i - t/al) 1 t/% )(a. + 1)t ¢ % exn(d Pt)(E/E )a&
ss : T 0 w “ss P\ Pss Blegl

(IV.3)"

and

n

g -[exp(-iﬂa) + 1] /sin na .

The extra factor (1 - t/%o) in the fssw amplitude is necessary in

<

- 01 .a ance ig t i fer o +) - (do- /4
order“to explain the chdnée in sign of _hé difference (dcpn/d ) Qlopp/ht),
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and _to
and O have already been determined in the =N analysis. We

oy » 1 2.2
paremeterize o =0 .+ 0 Lt +0C t .
w w w W

is the position of -the crossover pdint. The trajectories a?

We include the pp and ip des data shown in Fig. 6 together
with the po and pp total cross section data shown in Fig. 4 for

> 2.5 6eV/c  in making a least-square fit. The coefficients

Py, .

P P'- » o . o co e
Cbs s Cs~ y CSS , and o -~ are essentially determined from the
information on 0. Y, o0.°°, and Sl-—q(t_—.o)l . The best-fit values

T T’ dt PP, BP. '

for these parameters are shown in Table IIT. The fits to the total
cross~-section datg are shown;in Fig. L, It fits the high-energy data
quite well. A%t 2.5 GeV/c our £its for both pp and pp data are
slightly less than 10% lower than the experimental data points. The
N ‘Re/Im ratio for our solution is éhown iﬁ Fig. 5. Between 10 and 20

- GeV/c it veries from 35 to 26%, consistent wiih the data, a1£hough the
rate of decrease seems to be a little bit too fast. This ratio deviates
from the date significantly in fhe low-energy'fegiqn, as expecéed, but
'7 it gives the‘correct sign and magnitudé dovn to 2.5 GeV/E. We believe
. the gross featqre of the dcs_can stiil beleéplained by the Regge pble
model. | | _

P pr

Dy, » and D", together with

The three exponents D__°,
ss ss

1
oa and '%be, are the adjustable parameters used to fit the <
" dependence of (do/ﬁt)bb-and (dc/at)io .  Our fitted curves to pp and
pp data are illustrated in Fig. 6. The parameters for thé best-fit

' N . . s P!
solution are also given in TableJII. In our solution, fss is small
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arbund,the dip region because of its zero at Ohy = Q0. The dip-bump -
structﬁre is méinly produced by the interference between fssP and
P"' A P . ._,_. ‘ © . s
fss ‘ In.the - pp case, fss 1nterferes‘w1uh fss with opposite
sign and_gives a smooth and domihating'contfibution. The zerc in

fssP' at d?, = 0 gives the slight curvature in the pp decs ip the
large [t region. Although the pp .dcs-data at 2,0'GeV/b were not
iﬁcluded in the search, we found; as_illustrated;'that our solution
also gives a pfediction at this energy that is reasonable compared
withvthe déta.v |

In Fig. 6 the Dp data point at 3 GeV/ec near t = -0.5 1is

_mﬁch'higher than the actual curve. But the integrated'area obtainéd 

" from our fitted curve for the corresponding bin interval of the relevant

data point gives the wvalue indicated in the figure. One sees that it

~is within one standard deviation of the allowed value. Our fit .

toithe.two points at larger }tf values is also reasonable. An estimate

is also made to obtain the area for the bin interval representéd by the

‘point near t = -0.4 for b GeV/b, and again the agreement is. similar to
that for the corresponding point at 3 GeV/c. Our prediction for the

‘larger Iﬁl points at 4 GeV/c as shown is about a factor of 2 lower

than the experimental data. This reflects the puzzlihg fact, as

nmentioned earlier, that the magnitude of the secondary bump at 4 GeV/b

.. should be so similar to that at 3 GeV/b. To really clarify the situation
we suggést that an accurate measurement of pp elastic des at 3 GeV/b»

from t = -0.3 %o t = -1.0 be made, to complement the data by Clyde et al.,

¢
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although it is very ﬁlausible fhat the béhavior will be smooth from the
5~ and 7-GeV/b measurements in the same_‘t region. Probably, more
important are accurate measu;emenfs of the pp des in the t region
from =0.4 to ~1.O(Gevyb)2 and energy renge from 2?0.£o 8.0‘GeV/§.v
Then we can really pin‘down the eﬁergy dependence of the magnitude of
thé éecondary Eump. Furthermore, if measurements of 5p polarization in
the similar region become avéilable we can then; by analyzing them

5 put in all

together with presently available 5p polarization dats,
the nonsense amplitudes, consistent with sN fit through factorization,

and make a more accurate test of the validity of our results.
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Table I. Regge Parameters for Plon-Nucleon Amplitudes (see Ref. 24)

co(mbcev2)

cl(cev'g)

D_ mbCeV

Dl GeV

al.cev”

a. GeV

No-compensation mechanism .

L

Chew's mechanisnm

for P and P! for P and P!
_ _ Case a Case b
P P' o P p! o P P' . . o
2.16°  T:h9  0.70  2.07 7.00 0.66 2.22 7.75 . 0.69
: _ xoeo(ozo+l) ):ozo(oco+1) _ )(ao(ao+l) xozo(ozo+1)

1.6 -1.92 2,00 1.10 2.66 2.66  1.26 1.59 0.19
S I - R - 1.66 - imm 18.9
e.= === 103 1.19 0.83 1,02 -0.31 -0.26 0.9%
——- cee  0.053 - 5.20 - -1.53 ~0.087 ' 5.39 -2.75 0.0k
1.00 0.63 0.58 1.00 0.66 0.59 1.00 0.62 0.58
0.33 1.31  1.03  0.49 1.4 113 0.45 1.6% 1.00
——- 0.29  --- - 0.32 0.15  --- 0.42

0.01

13-
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Table IT. Date fitted (X°)

Number of Chew mechanism Ref. 8
Type . "date points  No-compensation Case a Case b Casea Case b
%%(n“o) 141 154 371 258 133 161
+
cT(ﬂ“p) 16 8 9 8 10 7
+ -
P(x"p) 85 155 pal 2
5 ceXx
é% 56 88 87 88 87 87
a. The x"p polerization data fitted in the present paper

were not available then. We found, with the inclusion

of these polarization data in the fit, the test X

- value would be =130 for the analysis of Ref. 8.

2
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Table III. ﬁegge,parametefs for nucleon-nucleon amplitudes

P Copr @®

Cy (1> GeV?) 7.8k 27.9 . 174
c, (cev™®) 2 -1.39 1.50
t, (GeV2) '_ .- --- -0.15 .

0.41 + 0.99% + 0.27+2
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FIGURE CAPTIONS
Fig. 1. The ﬁip differential cross secthions.
x'p -~ ©, 2.5 GeV/e; &, 3; V, 3.5; O, L GeV/e by Coffin et al.,
from Ref. 2; % at 6.8 GeV/E by Foley et al., from Ref. 3;
@ at 8 and ¢ at 12 GeV/c by Crear et 51,, from Ref. 3.
xp - ©, 2.5 CeV/e, B, 3 GeV/e, and O, 4 GeV/e by Coffin
et al. from Ref, 1; % ’at T GeV/b by Fbley et al. from Ref. 3;
& and Ol’at 8 and 12 GéV/b oy Oreér-et-a135vfroﬁ Ref. 3.
The solid curves are our fite with ﬁo~compensation meéhanism.
?ig;lz. The Regge trajécté;ies‘ P, P', p, and _@‘ determined for
no—éomﬁenéation soluticn‘inA t <.O region. The point I
indicates the range of .aeff vaiue detérmined from model-
independent analysis gt b= -1.k (GeV/c)2 (see Ea. 1.2).
Fig.-B. xip pqlarizatibﬁ date cémpared with our Regge predictions.
| 2o e A T1.988 GeV/c, ® 2.5%5 GeV/e;
:r'§ m- A 1,988 CeV/e, © 2.535 GeV/e, ¥ 2.912 GeV/c.

All data points are %“aken from Ref. 26. Curves I are predicted

by ﬁO~compensationTSOIUtion;' Curves IT and IIT are predicted

by Chew mechanism,rcase a 2nd cese b respectively. at 2.5 GeV/c.
Fig. 4. pp &nd §p total—éréss-séction data compared with oﬁr_fit of

nq-compensation solution. Data peints 0O, O Galbraith et sl.,

V Armenteros et al. (Ref. 28), and - A Escoubds et al. (Ref. 23), @

Bugg et al. (Ref. 28)...
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Fig. 5. The data oﬁ the ratio vRe/im of thé forward scattering
| | ampiitude for ﬁp scattéring compared with our Regge-pre-
diction. Data pointsf A Lohrmaﬂ et a;., O Bellitini et al.,
\Y% Foley_et al.,‘ 0 Taylor et al., A Kirillora et al.,
_ ¢ Clyde et al.,, and ¥ Dowell et al. See Ref. 29.
Fig. 6, The, pp and pp des. The pp data: at 3, 5, and T GeV/e
are from:Clyde eﬁval. in Ref, 23, at 19.6 GeV/b from Foley et al.
} in Ref. 3. The pp datd: at 2.0 and 2.5 GeV/c from Barish
et al. in Refs. 30 and 31 at 3.0 GeV/c from Escoubds et al. in
Ref. 23, at L4 GeV/c from Czyzewski et al. in Ref, 23, and at
12 GeV/ec from Foley et al. in Ref. 23. Values of the fitted
7dcs by integrating évef éorresponding.bin intervals:

A 3 GeV/e, X L GeV/e.
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