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* MULTIPERIPHERAL MECHANISM FOR A SCHIZOPIffiENIC POMERON 

Geoffrey F. Chew and Dale R. Snider 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 

January 6, 1970 

ABSTRACT 

It is demonstrated through an explicit model that the weak high-

subenergytail of the multiperipheral kernel, acting in conjunction with 

the strong low-subenergy component, is capable of producing a high-

ranking output Regge doublet with vacuum quantum numbers. We show that 

association of the upper doublet member with the P (pomeron) and the 

lower with the P' is consistent with experimental total; elastic and 

diffractive dissociation cross sections, as well as with multiplicity. 

of produced pions, and predicts a p'Omeron slope.near . t = 0 that is 

roughly half-normal. As t becomes negative the pomeron slope decreases 

to a small value, while for t positive the slope increases to a normal 

value, the P trajectory containing the particles usually assigned to 

the pl. The latter trajectory has a converse behavior, with small 

slope for positive t and normal slope at negative t. The P and 

P' trajectories thus exchange "normal" and "abnormal" roles near 

t = O. 



I • Il'TTiWDUCTIOl'J 

Tbe 6bsc:rvcd large md tij):L:l.city of pGTt:i.cles p:co..-l.1.:cecl tn high-

.. energy haclro;l collisions precl"tyles D. dord.llant role for the POmerClYlcn.on 

i.n t.he nnJJtirer:i:phoral kernel. ID.l't;e multiplicity irnpl:i.es a 101'.' a YCrB.gc: 

s1)benergy for adjacent p3.rU_cle IBJTS in the mu..ltiperipheral "ch~d.nll and 

thus a cont::colling influence for tbe lou-enerGY resonance cc>;nponent of 

the kernel. The htgh-ene:cgy Pow::r[:mc:l:i.ul:: component can be no more than a 

IiertUl'bCttion if the kernel is to gener<:1te thE; recl"u5site num'uer of fin2ol-

state pions. Even in t.he role 0:;:' Ilerturl)2.tion) hmrever) it has been 

noted that the i-.'eak pomeron "tELi-I T1 of the 1;e1'ne1 n:8.y be responsil,le for 

'l'his 

paper arm!::; attcaU.o;1 to the poss:i"bil:l.ty t.hat the inpixt porrreron 

pertm:'ba tion Tf'S.y split t.he leo.din?; outP,-l.t pol8 into -Gi-IO poler,) "Those 

combined strenzth corre~;po'J.ds to the sinE-:,le outplJt l)ole tb!:it woulcl -oe 

generated 1).>, tb2 ternel! s lml-energy resonance component actine; alone. 

\'112 shm.; tho:;;.t the rfl8..[;nitude of thjs sp2.:i.ti.,j,ng may 1)12 sufficiently large 

to pe:cmit idenU.f:i.catj.on of t.he ree111t:i..ng TIegge··pole doublet 'Idth the 

P and pI tra.jectories. The P traj ect.ory is then relat.i vely 

flat for t < 0 b1..i.t. riC'.s a normal slope for t:G 1 GeV
2

• 'l'he co,iverse 

is true for the P'. K3.ch h:.'1.S 8. slope rOllghly half norrr;11 neB.r t = O. 

4 -
'1'0 add.eve a tractable fra!'leTHor}~ THe employ a factorizable l:erneL )) 

S-UIJport for thj.s si:nl;lifi.catioG is gi lIen b~l recel1t nlullcrical \ro~cl: C~l tbe 

• 
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even when the low-energy resonance component of the kernel is dominant. 

Validity of the trace approximation implies the existence of an approxi-

mately equivalent factorizable kernel. Our model, then, is of the CP 

1 4 type,' but we shall alter the detailed structure of the kernel so as 

~o make it identifiable with the more explicit and realistic ABFST model. 

II. THE MODEL 

The ABFS~ model is based on pion exchange, the kernel being 

proportional to the elastic nn cross section, as shown in Fig. 1. 

Our model further approximates the elastic nn cross section by the 

sum of a "Pomeranchuk component"--the high-energy tail, and a low-

energy resonance component. Opening up the 10t vertex, we thus may 

think of a "three-channel" system, n, R, and P, as shown in Fig. 2, 

with no diagonal couplings and no R-P coupling. (We lean on the 

duality concept to justify speaking of the resonance link as a crossed 

11 ha 1 ") c nne • In the notation of Ref. 1, the internal coupling matrix 

can be written in the form 

0 
2 2 

9t gp 

TY' 2 
0 0 (II.l ) A := gR , 

2 
0 0 gp 

while the external coupling is 

•. 

,. 

'.,: 
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while the external coupling is 

y' 
A. == a 
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gaR 
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(11.2) 

It is understood that the crossed channel quantum numbers are those of 

the vacuum, so the -relevant direct-channel total cross section is an 

appropriate average over internal quantum numbers. Still using the 

notation of Ref. 1, the solution to the multiperipheralequation for 

the forward direction imaginary part, projected onto the Lorentz quantum 

numbers A. == J + I and M == 0, is 

= 

+ 

(11.) ) 

the first two terms corresponding to the elastic c~oss section and the 

_ third to the inelastic. The "propagator" functions P R p(J) are the :n:, , 

Lorentz projections of the sub energy dependence of the TC, R, and P 

links, respectively ~ For t -I 0 these propagators become functions 

7 
of t. Otherwise (11.3) remains unchanged. 

, 
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Regge poles arise when the denominator of the second term of 

Eq. (11.3) vanishes, and a qualitative understanding of the main point of 

this paper can be based on the following observations: The "propagators" 

P
rr 

R p(J) are real and anal.ytic functions in a J-plane cut along the real , , 
axis from J:=: -00 to J :=: t3 rr,R,P' where for t:=: 0 t3 p :=: 2ap (0) - 1 ~ 1, 

t3 = 2a (0) - 1 ~ -1, rr rr t3R :=: 2a (0) - 1 ~ O. 
P' 

and (by duality) In each 

case, the branch point at J = t3 is logarithmic and, at least for pp(J), 

is infinite. To the right of the branch point at t3 each propagator is 

positive and monotonically decreasing as J increases. The region of 

concern here is the interval 0.5 ~ J ~ 1, where Prr(J) and PR(J) are . : 

both positive, real, and smoothly decreasing, but toward the upper end of 

this interval there occurs the infinite branch point in 

As already discussed, the Pomeranchuk coupling 

smaller than the resonance coupling 4 
gR ' and to achieve the experimentally 

indicated multiplicity it is necessary that the magnitude of 4 
~ lead 

to a zero of the denominator close to J = 1 when the input pomeron is 

neglected 

value of 

completely. At the same time, if we set 

4 
gp unavoidably generates a zero for J 

4 
~ = 0, even a small 

just above t3pand 

therefore near the point J:=: 1. This pole has a very small residue and 

a correspendingly small physical effect. With gR
4 

and gp4 both non-

zero, nevertheless, two poles near J:=: 1 are expected in the absence of 

R-P 
. II' 

interaction, one pole of large residue generated by the resonance 

channel" and one pole of small residue generated by the "iiomeron channel. II 

Because of the indirect coupling between Rand P channels via the 

pion channel, there is a If • • tr 
mJ.X~ng of the two poles together with a mutual 

, 

. , 

, I 
, ! 

! i 

.~ i 

i 
~I: 



.. 

, \ 
'.I 

-5- UCRL-19455 

repulsion., If, before mixing, the two poles are sufficiently close 

together, the final pair of poles may have comparable residues • 

III. THE REGGE PROPAGATORS 

To illustrate the above mechanism we now proceed to make specific 

choices for the propagators P R' 'p(J). 11:, , Treating the exchanged pions as 

particles of fixed, zero spin suggests the approximation P (J) 11: )
-1 

~ (J + 1 , 

replacing the cut by a pole at J = -L A study of the ABFST model 

confirms the presence of such a pole but also reveals an effective pole 

near J = 0 when the trace approximation is employed,due to the very 
, , 8-

small pion mass. Thus we take 

P (J) 11: 

, where ... 1 < i3 < o. 11: 

= 1 

J - i3 11: 

(IIL1) 

The simplest reasonable choice for the "resonance propagator" is 

P.R (J) = L Although a branch point occurs near J= 0, as not~d above, 

numerical estimates show that the corresponding high energy tail of the 

resonance component of d 11:11: 
et 

is small compared with the contribution of 

the individual P and fO reSonances. Cutting off the tail of the 

resonance spectrum rem'oves all singularities from~(J). (We, ignore the 

exponential decrease at large positive J associated with mUltiperipheral 

phase space. 9) 

We can afford to be crude in our treatment of' P11:(J) andPR(J) 

because the singularities of these functions do hot fall into the region 

of concern: 0.5 ~ J :S L It is necessary to be more careful with 

pp(J). If the Pomeranchuk trajectory were flat we coUld take pp(J) 
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The most recent evidence on the energy dependence of the forward diffrac
, -2 10 

tion peak in pp scattering suggests that a'p(o) ~ 0.47GeV 

Now, if 

do 
:rc:rc 

dt 

et 

oc 
2at 

e (111.2 ) 

the effective length of the cut in pp (3) is given by 

(III. 3) 
a 

Assuming the value of a to be the same as in pp scattering,lO we 

have 
-2 a ~ 3.4 GeV and thus 6 3 ~ 0.14. The smallness of this 

interval justifies the replacement of the cut by an equivalent pole at 

63, (III. 4) 

if we are concerned with structure in the 3 plane on a scale large 

compared with 63. Since the P - pi splitting is of the order 0.4, 

it is not unreasonable to take 

1 
(111.5 ) 

-_. - --------

i 
·1 

I 
I 

I ',. I 
" ,',I 
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IV. REGGE POLES AND RESIDUES 

Our model solution (11.3) then becomes 

== 

[ gap2 

2 2 1 ~ 2 2 
2 gaP gp I 2' 2 gp gPb 

gR + g IlgR gRb + 
J - P .Jy J - f3 p 

+ 
4 

J f3 rr 
4 gp 

gR 
J - f3 p 

(IV.l ) 

Observe that the "pole" in the elastic cross section at LT == f3 p , which 

represents the AFS cut, is cancelled by a corresponding I!pole" in the 

'1 
! 

! 
,J 

inelastic cross section, so that the only poles in the total cross section 

arise from the two zeros of the denominator of the 'third term. These are 

the true Regge poles. 

The two Regge poles.are located at 

ex 
i 

== 
1
1/2 

r - 2 4 
_f3p __ +_f3_' __ +~l_(~ __ -_f3_'_) __ +_~ __ p __ _ 

2 

where 

f3' 

is the position of the single pole that would ·be generated by the 

(IV.2 ) 

resonance component of the kernel, acting alone. The residues of the 

two poles are easily calculated, allowing us to write 



with 

1 
r± == 2 

where 

6.r3 -

and 

J - cx 
+ 

-8-

r 

+ J - cx 

(1 + ~) 6.cx [ (gaR~ 

I3 p 13' , 

UCRL-19455 

, (IV. 4) 

2 
gR + 

2g/ gap2 ) ·1 
±6"-6~ >«(aHb l

J
, 

(rV.5) 

(Iv.6) 

6.cx - + r6~l2 + 4t2 4gp 

Note that as o with fixed, and the residue of 

the pole at J == cx approaches 
+ 

2 2 . 
gaP gPb' corresponding to purely 

elastic scattering. The residue of the pole at J == cx in this limit is 

much larger, since it carries the entire inelastic cross section. On 

2 the other hand if ' 6. r3 -+ 0 . with gp 

of the pole residue factors becomes 

, 

. 2 
fixed, 6. cx -+ 2gp and the ratio 

(IV.8) 

fa voring the pole at ·cx' • 
+ 

Thus, for a sufficiently small ratio of 

2 2 
to 2gp ' even though the pomeron coupling gp is small, the two 

poles will have comparable residues. 

of the two residues is independent of 

r + r 
+ 

It is easy to show that the sum 

2 
gp' being given by 

so the resonance component of the kernel alone determines the sum of the 

, .. 
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two residues, even when these residues are comparable in magnitude. 

To the extent that the splitting 6a between the two polea can 

be considered small, they behave in effect as a single pole with residue 

given by (IV·9). In this sense the input pomeran effect is weak. Experiments, 

however, have been sufficiently precise to resolve two separate high-

ranking poles with the vacuum ~uantum numbers, the P and the pl. Let 

us now see whether the observed P - P' splitting and residue ratio 

can be reasonably accommodated. 

V. NUMERICAL ESTIMATE OF PA.RAMEI'ERS 

The . observed P - P' splitting is roughly 0.4, re~uiring us to 

set 

6a ~ 0.4 . (V.l) 

From Eq. (III. 4), 

[3p ~ 2 a -1-6J, (V.2 ) + 

and since 

1 (i3p + [3' + 6a), (V.3 ) a 
2 + 

it follows that 

13' . ~ 1-6a+6J • (v.4) 

I 
Thus we cl~oose 

I 

"" (V.5 ) [3' "" 0·7. 

Next, if we set 

a+ :::: [3' + !(6 [3 + 6a) (v.6) 
2 



-10- UCRL-194S5 

equal to 1, we have 

613 2(1 - 13') - 6a 

~ 0.2 (V.?) 

The parameter is determined now from (IV.?): 

:::: 

(v.8) 

or 

0.03 • 

From (IV.3), 

13' (V.lO) 

and since 13
n 

is supposed to lie between 0 and -1, we choose for 

simplicity' 

I . (V.II) . 

To discuss residues we must select a particular pair of incident 

particles. We choose these to be pions and assume that at moderate 

energies, say s ~ 20 Gev2, the ratio of total to elastic cross sections 

is about 6; this estimate is based on the corresponding 'ratios for 

nN and NN scattering, together with factorization. In our model the 

elastic cross section has an energy dependence characterized by 

13 p ~ 0.9, while the total cross section contains the two powers 

a+ ~ 1.0, a ~ 0.6 with comparable weight: At not too high an energy 

the ratio of total to elastic cross section is thus slowly varying. 

Formula (IV.9) then leads us to take 

,.' 



• 
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(V.12 ) 

We are now in a position to calculate the residue ratio. From 

(IV.5) we have 

r 
+ 

r 
6~ 

1 + 60, 

1.9· 

(-{"5 
\ 

2 
I 2 2 "'\ 

( gnR 2 2gp 
~ + ) I. 2 

60, - 6f3 \gnP' 

(gnR2 2 2 '\2 
2gp \ 

I 

-2~ + I 
g:n:P -60, 6~ / 

;' 
i 

" 

2(0.173) \2 
+ 0.2 ) 

Such a number is in reasonable accord with the phenomenologically 

determined ratio of P and P' residues for nN and ~rn 
, 11 

scattering, 

translated by factorization to nn • 

VI. MULTIPLICITY 

At moderate energies the average multiplicity of produced pions 

in our model is roughly the same as in a model with only the resonance 

component in the kernel, that is, with gp2 = O. 'This average multiplicity 

is easily calculated to be 
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4 
n = 2 gR .en s (VI.l ) 

As the energy increases the burden shifts gre.dually to the upper pole at 

a , which carries a fraction ."'" 1/2 of the residue sum. The coeff.icient 
+ 

of .en s has a corresponding gradual decrease to a limiting value which 

a short calculation shows to be 

2 I ~ 4 

(1 

1..
2 

n + .en s . (VI.2 ) 

With the numbers of the preceding section, we thus have a gradual 

shift from n"" 2 .en s at moderate energies to n "'" 0.65 j,n s at 

~ 
extremely high energies. Cosmic-ray emulsion data, interpreted 

superficially, suggest multiplicity at very high energy that is larger 

by a factor of 3 than what we predict, but complex nuclei are involved 

and, in addition, low multiplicity events may be missed. Accelerator 

data at moderate energies are consistent with (VI.l). We therefore 

regard the multiplicity prediction of the model to be at least marginally 

satisfactory. 

VII. DIFFRACTIVE DISSOCIATION AT INTERMEDIATE ENERGIES 

At moderate energies the effect of the pomeron in the kernel ·is 

a relatively small perturbation and the cross section can meaningfully 

be expanded in powers of The linear term iri'such an expansion 

corresponds to a single pomeron link occurring at one end of the 

multiperipheral chain and may approximately be identified with the 

cross section for "diffractive dissociation. ff The experimental magnitude 

of the latter thus provides a check on the magnitude of 

, I 

'I 

, I 
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The full cross-section formula corresponding to (IV. 4) . 13 
lS 

a a 
dab (s) 

+ - r+s + r s 

1 ( 
0: 0: 1 0: 0: 

)(s + + S -) (r . - r )(s 
+ 

~) := - r + r + 
2 - s 2· + + 

:= (r + r )sO: cosh( 60: in s) + (r - r )sd sinh( D
2

0: £n s), 
+ 2 + 

(VII. 1 ) 

where 

(VII. 2 ) 

and where we have omitted the resonance delta function corresponding to 

the third term of (IV.4). If £n s is only moderate, the cosh and sinh 

functions in (VII.l) may be expanded to give the simpler form, 

(r + r )sO: + . (r _ r )sO: ( 60: ) in s . 
+ - + - 2 

(VII. 1 , ) 

2 The· first term of (VII. 1 , ) is independent Ofgp and keeping only the 

linear component then gives 

diff. diss. 
Jab 

(VII. 3) 

to be compared with the first term of (VII. 1 , ), which approximates the 

total cross section at intermediate energies. Using (IV.9) to evaluate 

the latter, we have, for comparison purposes, 

(VII. 4) 



or 

to 

-lh-

\ 
\ 

\ 
--:::-- lins. 

gRb
2
) 

diff. diss. 2 2 2 
0- 2 2 r:. + gaP gRb ab '-'Po :::::: gp gn "4 tot 2 2 
crab gPb + gaR gR 

(VIL) ) 

The numbers of Sec. v) ",hen inserted into Form"J_la (VII.)), lead 

ddiff. diss. 
:rcn: 
tot 

cr _ nn 

""" 0.13 in s ) (VII. 6) 

a, result "'hieh evidently is meaningful only for moderate values of, in 8. 

Current expcl'imental evidence is too L1eagre to yield a reliable 

integrated diffracti ve dissociation cross section. Hm-rever, an ,ABFST 

model extrapolation from the Al region, where such a model is success-

ful) suggests a diffractive dissociation cross section t~zt at 

moderate energies is of th~ same order of n:agnitude as t~le correspc,:,db; 

elastic cross sectiOl'i,8 in as.ree;-;,ent ~-:ith (VII.6). Thus the value of 

2 
gp needed to produce the observed P - pI splitting is consistent 

with tLBt ir.lplied b~r diffractive dissociat:i.on. 

~.', ' ,"J •• ,' .' ~', .,'. :- ,>. " :;: y 
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VIII. DISCUSSION 

The model employed here oversimplifies a complex multiperipheral 

mechanism, but relatively few aspects of the mechanism are essential to 

the point in question. The essential features are: 

(a) The multiperipheral kernel chiefly generates low subenergies for 

adjacent pion pairs in the chain, while at the same time the kernel 

possesses a weak high-subenergy "tail. 11 

(b) In. the absence of this "tail" the kernel strength must be capable 

of generating an output "vacuum" Regge pole with position fairly close to 

J = 1 and with a residue whose magnitude corresponds roughly to the high 

energy inelastic cross section. 

(c) The kernel "tail," acting alone, generates a weak output vacuum 

pole, also near J 1. 

(d) The complete kernel then generates two vacuum poles which split 

apart by the usual repulsive mechanism. If the uncoupled spacing is 

sufficiently small, the two final residues are of comparable magnitude. 

The function of our model is to see whether the strength of the 

kernel "tail" can 

(i) be large enough to produce the observed P - pI splitting, 

(ii) be large enough with respect to the uncoupled pole separation 

so that the P and pI 
14 

residues are comparable, 

(iii) be small enough to avoid pushing the P above J 

violation of the Froissart limit, 

1, in 

(iv) be small enough to accord with the observed probability of 

diffractive dissociation,15 
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All the foregoing re~uirements can be satisfied within our ,I 
crude model,leading us to suggest that the actual multiperipheral 

• kernel may generate a P - pI doublet. The most ~uestionable aspect of 

our model is its replacement of the input pomeron cut by a pole. This 

replacement depends on the effective pomeron slope's being sufficiently 

small that the effective length of the input cut is smaller than other 

significant J-plane intervals. If the input cut is not concentrated, the 

splitting of the two output poles has a substantial imaginary component 

in the J plane (one of the poles residing on the unphysical sheet) and 

the observed P - P' configuration may not be achieved. 

A number of questions are raised by the suggestion of a doublet 

p_ pI relationship: 

A. Phenomenological schemes often have assigned to the pI a 

role closely related to that of other meson trajectories, while the P 

is considered a unique phenomenon. Is our proposal incompatible with 

such a picture? 

B. With. the doublet mechanism, are particles expected on both 

the P and pI trajectories? 

C. T · 16 has t d b ha ult· . h 1 . lng sugges e a aryon-exc nge m lperlp era 

mechanism for the pI and w. Does our proposal exclude his, and vice 

versa'? 

We do not tave a definite answer to these ~uestions but suggest 

a partial answer to A and B in order to illustrate the subtlety of 

the situation. The model employed here can be extended to nonzero 

momentum transfer t, and one may continue to decompose the kernel into 

a resonance component plus a high energy tail. If the effective pomeron 



."11' 
'V' 
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slope is substantially smaller than "normal, tf the uncoupled output 

trajectories will have different slopes, crossing at some small positive 

value of t (see Fig. 3). Either at large positive t or large 

negative t, therefore, the mixing of the two poles will be weak. The 

, trajectory controlled by the resonance component of the kernel is 

expected to be "normal tf and to contain particles, but the trajectory 

controlled by the high-energy tail of the kernel will be "abnormal." 

Note, as shown in Fig. 3, that an exchange of roles for the two final 

trajectories occurs in the crossover region. The slope of each near 

t == 0 is expected to be about half the "normal" slope. For the pomeron, 

10 at least, there is experimental evidence for such an "in-between" slope. 

One of the further striking predictions of our model is that the pomeron 

slope will decrease as /-t / 17 grows. 

The picture represented by Fig. 3, for negative t away from 

the crossover region, allows revival of the suggestion in Ref. 5 that 

the tendency of the pomeron to remain near 1 is related to the smallness 

of gp4 The uncoupled trajectory--a+(t), that is--occurs at 

~p(t) + O(gp4), where ~p(t) "'" 2a+(t/4) - 1 -:- AT(t). The natural way 

to accomplish such a condition, with Af(t) small, is to have a+(t) 

always close to 1. 

The mechanism described here is expected to double other 

trajectories as well, such as the p, but because the weak inputeut 
\ 

i 
is now less concentrated, the output-pole splitting may be less visible 

experimentally. The reason to expect larger AT with nonvacuum quantum 

numbers is that trajectories with slopes near 1 GeV-2 will occur in the 

combinations that give rise to the weak input cut. 
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In conclusion, we refer to three other recent multiperipheral 

calculations that are related to the doublet phenomenon. Ball and 

~rchesini3 studied the ABFST Bethe-Salpeter e~uation with a kernel 

~ualitatively similar to ours, but the resonance component of their 

kernei was not sufficiently strong to produce the needed approximate 

coincidence of uncoupled poles. The ABFST model kernel, if based on 

the on-shell elastic 1m cross section, contains a resonance component 

that is too weak by a factor ~ 2. Ball and Marchesini thus did not 

achieve adequate pole mixing. In this paper we have assumed that some 

correction to the ABFST model will suitably augment the low subenergy 

component of the kernel. 

The model of Ref. 4, in particular E~. (4.12), contains an 

explicit doublet but, as remarked in Footnote 15, the splitting was 

taken in Ref. 4 to be so much smaller than in this paper that there was 

no temptation to associate the doublet with P _pl. 

In a completely different but still essentially multiperipheral 

calculation, using the on-shell strip model, Collins and Johnson18 

found only a single high-lying output vacuum pole, of large residue. 

In their equations, however, they employed a cutoff which effectively 

removed the high-energy tail of the kernel--leaving only the resonance 

component. We conjecture that if the strip-model equation can be 

solved without a cutoff, two vacuum poles will emerge, each with residue 

about half that found by Collins and Johnson. 
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FIGURE CAPI'IONS 

Fig. 1. The ABFST model) each vertex being proportional to the elastic 

T(T( amplitude. 

Fig. 2. The CP version of the ABFSTmodel. 

Fig. 3. The uncoupled (dashed) and coupled (solid) P and pI trajectories. 
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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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