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REGGE-POLE MODEL FOR 'oN AND NN SECONDARY MAXIMA
‘ . %
AND THE NO-COMPENSATION MECHANISM

Charles'B.-Chiu,vShu}Yuan Chu,'and Ling-Lie Wang

Lawrence Radiation Laboratory
University of California
Berkeley, California

-Januarybl7, 1967:

A pronounced dip-bump strﬁcturé has been observed in both the
ﬂfP, and x p differential cross sections (dcs) as shown in Fig. 1.
The similariﬁy between the n#p secondary maxima and their smooth
variation with enefgy,indicates‘that they grefdominated by the ,
t-channel (nx - Nﬁ)‘ exchange. Sinée the secondary maximum in
2 p - rxn is only l/hjthat in ﬁip, the n#p- bumps hefe must be
dominated by ﬁhe exchange of "I = 0 state. We have checked that
(do/at) (I =0) 'in the. secondary bump region can be approximately

fitted in a model-independent way by =
20 -2

do o . ~ o eff .
o (r =0) = F(t) EL_ . , (1)
At t = - l.h.(GeV 0)2,‘near the peak of the secondary bump, .the

effective power, aeff’ corresponding to the rapid fall of the bump

below 8 GeV/c is somewhere between -0.4 and -0.9. As usual, we

‘assume the I 0 'ffchannel exchange is dominated by the Regge
trajectories P and P'. The slopé of the P vﬂrajéctory is-smali,
as is suggested by the observgd nonéhrinking diffraction peak at‘high _
energies. Thus the negative value of aeff iﬁ thé secondary bump

region is mainly associated with the P! trajeétory. Witha t =0

intercept2 above 0.5, the P' trajectory will have to pass through
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zexro before the bump region.

Recently dips in the des have been associated with the vanishing

of the contributions of some Regge trajectories.3 Frautschi has

sugges’t.edlL that the dip in the elastic n#p des could be associated

with the vanishing of the helicity-flip amplitude of P' at d?, = 0,

a possibility allowed by the so-called Chew mechanism.5' We investigéted

this situétion extensively by fitting the sécqﬁdary bump shown in |

'Fig; 1, together with‘the high-energy daﬁa.6 Our solutions, with

reasonable fits to the—secondéry bump, do not have good X2 »Qalues

for the high-energy data. Howevef, a different possibility is that

“the helicity-nonflip émplitude of P ca.n.‘vanish at dP, - o‘,, if the
w 7,8

P' +trajectory chooses what we call the "no-compensation mechanism'.

The no-compensation mechanism for P' means that Pf couples to the.

nonsense channel, and the residue of the nonsense-nonsense (nn)

amplitude vanishes. Thus there is no pole in the nonsense-nonsense

amplitude, and it is not necessary fo have a compensating trajectory
to cancel the pole as needed for the Gell-Mann mechanism. A detailed
discussion of the « factors for these mechaniémé is given in Ref. 7.
Using this‘n04compensation mechanism, we obtain a better solution with
much lower X2 value fo£ the high-enérgy data. These two mechanisms
also give.different predictions to nip polarizations. (We shall
returﬁ to this point later.) . In this letter, we discuSS'our‘results

~ briefly and present in the figure captions some values of the parameters

we used. The details will be presented elsewhere.9
We define
do _ 1 2 . 2 2 '
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where p 1s the momentum in the s-chaﬁnel c.m, system, e£ is the.
scattefing angle in the t—channel.c.m. system, ‘fss and fsn are

t-channel helicity nonflip (sense-sense) and flip (sense-nonsense)
3

amplitudes respectively. The amplitudes fsi and fsi are constrained

by the high-energy data to-be small in the samll ftl region. Using
the no-compensation mechanism for both P and P! (the no-compensation
mechanism is not crucial for P, since Qb ~is relatively flat,»but
for uniformity we use the same « factors in P as in P'), we fit
the data both with and withouf thesé ampiitﬁdes, finding the X2. for
these two cases to be essentially the same.  We preseﬂt here the solution
with fsl: - fsi? - 0.. The ss emplitudes for P end P' are
parameterized as follows:

2ot - <1-EN’°—2——>-'% oPla+ 1) ¢ oy eme) @)% (3)
where £ stands for the signature factor ffe%péiﬁa)il]/sinnaf
The o amplitudes we used are‘esseﬁtially the'samebas used in Ref. 6.

In our fit, tﬁe,essential feature of fhe dip-bump structure is
reproduced reasonably well as illustrated in Fig. }.‘ The fit to the
high-energy data points for [t[ <1l is_as good aé’that ?resented
in Réf. 6. The dip in the n#p des of our solution is formed by the

t

vanishing of. fsi at Ly =0 (t ﬁ=—0355) with a smooth and rapidly
falling (in 1t) background .fsz' 'Sinqe the magh;tgde of fsi ‘near
aP, =0 is‘subsﬁantiai, the.pésifién Qé'fhé aip haéJbeéﬁ shifﬁedp
considerably from that of Q%, = 0. Furthermore, it moves out slightly

s s P : . .
as the energy is increased, because fss decreases in magnitude slower
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than fsit. From Eq. (3) the contribution of P' vanishes at
aP,-= -1, so the bump structure requires some curvature in o§g.
We use the form aP' = ao + ait + a2t2. The slope of P is found té
be between 0.3 and 0.k (GeV/c)_g. This nonzero slope of P
compensates the antishrinkage effectlo of the P' contribution to
reproduce the observed nonshrinking forward peak of n'p.

Now we discuss the different predictions for nip polarizations
in the dip region % = -6.8 to -1.0. In our solution for the Chew
mechanfsm, the polarizafion is contributed mainly by the interference

'

P : .
between fs; and fsnP . It predicts a large polarization with the

same sign for nﬁp and 1w p. On the other hand, for the solution with
: Pt

the no-compensation mechanism, the.interference between fss’ s

)
and fsg dominates, so the n+p ‘and the nfp pola?izations have
opposite sign. The polarization datall around 2-3 GeV/c do have
opposité siéns for n+p and n-p, but due to the uncertainty of the
direct-channel resonance contribution, this evidence could not be
regarded as conclusive. Confirmation of this.opposite sign in.this
t region in future higher;energy experiments (say 6 to 10 GéV/c)
‘will give additional support for this no-compensation mechanism.
The pp and the Dpp dcs are displayed in Fig. 2. We want
to see whether the quité distinct features in the pp and the ﬁp
des can be fitted consistently by the no~compensation mechanism for
P'. By usual»arguments,l2 the ss amplitudes are dominated by P,
P', and w. The magnitude of sn and nn amplitudes for P and

P' are expected to be small from the aN analysis through factoriza-

" tion. Although the sn and nn amplitudes will be needed to fit the

-
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polarization, we find that, in explaining the pp dip-bump structure
and the opp ‘relatively smooth behavior, inclusion of the nonsehée
amplitudes is no£ crucial. ©Since we try to explain only thé’gross
features of the ekisting dcsvdata, for simplicity, we neglect all the
sn and. nn amplitudes.- |

Thus we define

%% - ‘—__;—_E_— | sslg’ : ()
" )-l-yr s P )
where | |
2 t/uMNe)"l ofla+1)% & ¢y em(ere) (B)%  (5)
ss .
f2 - e apg® (o) (@) e em(e) (EL)(;)

As usual, the extra factor (1 - t/to) in _féﬁ is introduced to
explain the change in sign of the differehce of the pp and the pp
decs. The trajectories P and P' have already been determined in

the zN analysis. The o trajectory is parameterized as

2
o& = ao + alt + azt .

The pp and pp des data shown in Fig. 2 together with

the total cross section data15 are included in a least-square fit.

?
In our solution, fsi is smell around the dip region because of

its zero at Opr = 0. The dip-bump structure is mainly produced by

P

the interference between fsi and fsg, In the pp case, fss

interferes with fsi with opposite sign and gives a smooth and

. . . . . P .
dominating contribution. The zero in fss at O?, = 0. gives the

slight curvature in the pp des in the large [tl region.. The fit
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to the total-cross-section data is adequate down to energies as low as
-2,5'GeV/c.A The Re/Im ratié of pp elastic scatteringlh from our
solution is consistent with the available data above 10 GeV/c. Thié
ratio is withinvtwo standard deviations of thevallowéd experimental
value down to 2.5 GeV/é§9

To complement the present available decs and pp polarization
data,l5 we suggest an accurate measurement of the pp elastic des
at 3 GeV/c from t =-—O.5_to -1.0 Dbe made, although it 1s very
plausible, from the‘5- and 74GeV/c measurements in the same t region,
that the behavior should be smooth. Perhapsvmofe importént is a more
accurate and extensive measurement of the pp dcs in the t region from.
-0.% to -1.0 and energy range from 2 to 8 GeV/c. We also suggest.
‘measurements of 7P folarizaﬁion‘in the similar region. Then, a
more accufate analysis.including all the nonsense amplitudes ﬁill .

be possible.

We thank Professor Geoffrey F. Chew for suggesting this studyv

.and for his advice throughout the deveiopment of this work. We are

grateful to Professor Stanley Mandelstam for his interest in this
. H

work and invaluable discussions. We thank Dr. V. Barger, Dr. R. J. N.

Phillips, and Dr. A. V. Stirling for helpful discussions on the

numerical analysis.
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FIGURE LEGENDS

The n°p des. ' p--0, &, V, O at 2.5, 3, 3.5, and b ceV/e
respecitvely by Coffin e'{;’énl., Phys. Rev. Letters }z,‘ 458 (1966);
¢ at 6.8 GeV/c by Fol/ey et al., Phys. Rev. Letters 11, 425
(1963); © and ¢ at 8 and 12 GeV/c by Orear et al., Cornell-
Michigan-BNL preprint :submitted to Phys. Rev. July 1966.
7 p--0, A, O at 2.5, 3 and 4 GeV/c by Coffin et al., Phys. Rev.
Letters 15, 838 (1965); ¢ at 7 GeV/c by Foley et al., Phys.
Rev. Letters 11, 425 (1963); © and ¢ at 8 and 12 CeV/c by
Orear et al., Cornell-Michigan-BNL preprint July 1966. The

solid curves are out fit using no-compensation mechanism with:

o

Cy

n

2.16 ub (GeV/c)g, C, = 1.16 (GeV/c)-e for B, C, = 7.49,

1

-1.92 for 'P' and o5 = 1.0+ 0.334 4, o, = 0.629 +

Bl

1,307t + 0.288 2,

The pp and pp decs. Dafa points: pp -- 9, e, & at 3,5, and
T GeV/c respecitvely, Ref. 14; ¥ at 3.04 GeV/c by Cork et al.,
Phys. Rev. 107, 859,(1957); B at 19.6 GeV/c by Foley et ai,.,
Phys. Rev. Letters 11, 425 (1963). Dpp--4, ©@ at 2 and 2.5 GeV/c
by Barish et al., Phys. Rev. Letters 17, 720 (1966); A at

3 GeV/c by Escoubes et al., Physics Letters 5, 132 (1963);0at

‘4 GeV/c by Czyzewski et al., Physics Letters 15, 188 (1965);

o at 12 GeV/c by Foley et al., Phys. Rev. Letters 15, 45 (1965).
The solid curves are our fit with: Cy = 7.84, Cl = 2.4 for

P, Co = 27.9, Cy = -1.39 for P', Cy = 17.k Cy = 1.50,
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ty = 0.147 for o, = 0.4k + 0.986 t + 0.265 t2. Values

of the fitted Eb des by integrating over corresponding bin

intervals: & 3 GeV/c, X 4 GeV/e.
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