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The Chew·lf'rautschi diagram 1 suggests tho poeslbility of a spin-Z 

particle of mas& o£ about 50 m 2 on the Pomeranchuk trajectory. Two . . w 
2 3 ; 2 

oxperim.ental groups ' have found such a particle at 80 m'll' and at first 

glance lt h tempting to asaume that this particle belongs to the Pomeranchuk 

trajectory. In this letter wo suggest a method of approximation consistent 

with all the generally accepted.properties and ai,PlY this to the Pomcranchuk 

·trajectory.4 Our results show that this particle cannot belong to the 

.Pomeranchuk trajectory unless one of the generally accepted assumptions is 

wrong or the conclusions drawn from the hit~h-energy p-p scattering exper

iments 
5

• 
6 

are not correct. 

grounds: 

and 

The !ollowlng features are either proved or conjectured on general 

(a) Ima. (t) = 0 

lma. (t) :> 0 

(b) Lima (t) = -1 • 
t:.. ~ 

(c·) Im a (t)- (t-t
0

)X. 
t:::::t 

0 

1 whc re >.. ~ (l{t ) + -
0 2 

{1) 

(2) 

(3) 



(d) 
. 00 . f • 

Reo.(t):: Rao.{CII)) ·t .£.j··. Im~(t )dt. 
. . 11' t t -t . 
.. . . . 0 

where !rom (a) and (d) R.e a (t) is monotonic for t < t 0 ; 

and 

(e) r = Im a (t) , . 
d Rea (t) . r. 

'Y t' 
dt 

where .r is the wldth'of. the particle. 7 

(4) 

(5) 

Statements (a), (b) and (c) ar~ satisfied at least for the lirst Regge 
. - .· . 8 ' 

trajectory of a Yukawa potential. In this case, lm o. has a maximwn and 
.· ' ' 9 . ' . 

its derivative vanishes only at one po,int. Gribov has shown that o. (t) for 

a fermion trajectory has a left-ha.nd cut; therefore, assumptlond (a) and (d) 

should be mQdified for a fermion. Aasu.rnptions (a), (b). and (d) are also 
' . 1 ' . 11 

satisfied for Coulomb potential; 0 (c) has been proved and (d) has already 
. ' . 12 . 
been conjectl1red . in the relativistic caee. 

' 
OUt aim h to lind a pla.ualble form for Ima f.latisfying the condi· 

tiona discussed. From experience with the Yukawa potential8 we expect 

that for a boson trajectory lriHl should have the general shape of Sketch 1. 

Im a (x) 

X 

Skefcch 1. 

This ahal,)e auggests a formula -of the type 
' . ~ 

ex !m a. (x) :: 
c l + (x-cz.>z 

X - t-t 
0 

(6) 
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Sud1 a tormuln can represent a lart;,c variety of curves ranging 

from a curve with a narrow peak like a 6 .Cundion to nn extremely .Clat 

curve. Paratneters c, ~. c 
1

, and c
2 

are to be determined from the condi

tions and exper1mental1n!orma.t.lon aoout the trajectory. More generally, we 

. ~N 
can take lm a..: x - where N and D are polynomials in x with no positive 

D 
roots and the degree of x~. N is less than that of D for convergence reasono. 

The nwnber of parameters one can introduce depends on the available infor

mation about the trajectory. Using enpression (6) for the Ima. (t' ), the inte

gral in Eq, (4) can be evaluated 13 exactly. With the help of the four cond'i· 

tlons 

and 

CL (0) • 1 , (see Ref. 1) · 

~ • a. (t ) + l • 
0 2 

R~ Cl (80) • 2 , . 

r (80) =( Im n (t) 1. 
d Re n (t) .Jr 

dt .c80 

.<;; ZOO !\.·ie V , 

the four parameters c , c..,, ~-:, and ~ can be deterrnined nume1•ically fronl 
1 ~ . 

four nonlinear equations. This calculation wns carried out at the IBM 7090 

computer of the Lawrence Radiation Laboratory. The resulting solution is 

given by curve (1) of Fig. 1. The \·alues obtai11ed for the pnrametcrs are 

Cl a 259,66, Cz = 55,2:43, C ~ 3,79, clnd ~ ~ 1.533. Parameter Cz gives 

approximately the position o! the maxim urn of the Im a. (t), and ~ control a 

the elope o{ the Re e~ (t) at t ::r 0 which turns out to be 2/S Dev· 2• The 

width .r · is about 180 MeV. Figure 2 shows Im n (t) !or this solution. The 

differential p-p cross liection at high emu-gics has been measured by two 

experimental groups, S, 6 and fl·om this Re n (t) for negative t is found. 

Their nnalysia 1a based on the gcnernllj• believed assurnption that at theae 



energies only the contribution of the Pomeranchult trajectory ia algni!icant. 

For .negative t, our solutlon is in clear contradiction with these experi-

mental points. '7'aldn.g the experimental points aeriously, we conclude that 

if the aforementioned assumptions are correct the 12.50 MeV particle can 

not belong to the first Pomcranchul~ trajectory. There i.e of course the poa-

sibility that it might belong to the aecond vacuum trajectory hypothesised by 

Igi. 14 Using the general assumptions (a) through (e) and a. (0) ~ 1, we find 

that a trajectory in reasonable agreeq1ent with the experimental clata for 

negative t reaches Re·a. = 2 at an energy much lo~er tha11 80 m;. Curve (2) 

is an example o! auch a trajectoryj which fits the negative t region and pre-

dlcts a spln-2 particle at •100-750 MeV. The eY.act prediction o! the location 

o£ a spin-2 particle ls diiiicult since the··experlmcntal data for negative t 

contain rather large errors. Aside from the l250-1'.1eV particle there has 

been recent experimental evidence of a resonance at about 500 MeV having a 

15 
width of between 50 and 100 MeV, which might be o! spin. 2 and isospinzero. 

The existence o! such a particle h compatible with our results. From our 

results it was suggested to us by A. Pignotti that the spin-2 particle of the 

Pomcro.nchuk tro.jectory may be hidden under the p resonance. 16 Tllis con-

jecture tl)o is not incompatible wlth our result.~ We leave the question open 

althou.:;h from our curves a 500 MeV reaonallce may be favored. It is inter-

esting to note that i! we relax the constraint a(«>) :: -1 and find a solution 
' ·i. . 

t • t. • • d ... t II i I • II • wn1cn cou1c1 es Wl\.<11 a v r-a1al least- squares f1t of the experhnen.tal data 1t 

would still predict amasa much lower than 1250 MeV (Cu.rve 3). For Curve 

(3), a (oo) :: -3.ZS 

It is our pleasure to thnnk Professor G. F. Chcv.; for his interest and 

encouragcrnent throuchout the ·course of this work. One of us (lAS) wiahcr; to 

. t~1ank Dr. David Judd for his hclnpit2.lity a.t the Lnwnmcc n.aciiati<>n Labornto1·y 

and Robert College of btnnbul !or aa "J .. rn.crican Colle:;cs Fcllow~::.hip. 11 
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ltlGURE CAPTIONS 

Fig •. · 1. Rea. vs t. 

Fig. 2. lma.. vs . t correeponding to Curve (1) oi Fig. 1. 
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