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The 'Chew-Fra,utschi cli.a.gram1 suggests the possibility of a spin-2

- .particle ‘of mass of about 50 mi on the Pomeranchuk trajectory. Two experi-

" mental groupsz'3 have found such a particle at,.80 mi,_ and at first glance it

is tempting to assume that this particle belongs to the Pomeranchuk frajectory.‘
In fhis letter we .suggest a method of app-roximation consistent with all the
generally accepted p’rc}pevrtie's anci apply this to the P'omeranchﬁk trajectory. 4
Our’results show that this pa.rticie cannot belong to the Pomeranchuk trajec-
tory unless one of the.génerally accepted assumptions is wrong or the conclu-

sions drawn from the high-energy P-p scattering experimentsB’6 are not

correct.’
' The following features are either proved or conjectured on gene'_r'al
grounds:
" (a) ITma{t)=0 for t< ty
and Ima{(t)>0 - for t> to (where ty = 4 mi) . (1)

; where Nt is the center-of-mass energy and N tg is the two-particle

threshold energy;

(b) Lima (t) = -1, | (2)

t—=co
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X 1

(3)

(c) tlil’;a (£) ~(t-t5)", ~ where }=a(t)) + =,
~r0
. ] ) =) .
’ t 1 :
(d) Re a(t) = Rea (=) + P f Ml_‘l’i., : - (4)
. ' . t! - t. ) . o
- ‘\,{lli'xer'er-frq'm (a) and (d) Re a (t) is monotonic for t< ty
o | tmalt) - | < |
d  de T = » : ~ s
and e dRea(n) i1/2 ' - | ~ B

- where T 1s the width of the partlcle., 7
Staternents (a), (b), and (c) are satxsﬁed at lea.st for the first Regge
f:':.tra_)ectory of a Yukawa potent1a1 8 . In this case, Ima has a maximum and its
:_-“'d»envgtwe vanishes at only one. .p:oint. Gribov has shown that a(t) for a
~fe}lrnz‘zion tr.aj'ectéry' has a left-hé,hd cmt:;9 therefore, assumptions (a) and (d») ‘
- éhoﬁld'be modified for a fermi:oh, Assumptions (a), (b), and (d) are also
»‘“sat__is‘fied for Coulomb potential;lo (c) has been proved, ;1 and (d) has aiready
beez_l c:onje:ctv.xréd12 in the relativisticrcase.
| Our aim is to find a plausible form for Ima sat1sfy1ng the cond1t1ons
discussed. From exper1ence with the Yukawa potentm.lg we expect that for a
boson trajectory, Ima should have the general-shape of Fig. 1.
| This shape suggests a formula. of the type
g :
- Ima(x) = £x . (6)
¢y +(x- c?_)2 ' o

Such a formula can represent a large variety of curves ranging from

a curve with a narrow peak like a § function, to an extremely flat curve.

Parameters ¢, \, ¢,, and ¢, are to be determined from the conditions and |

1 2
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e%peﬁimgntal infdrrha.tion about the trajectory., More generally, we can take |
4Im'a. = x?‘ N/D, where N and D a're_.polynomié.ls in x with no positive roots'
and the degrée ofvx)‘ . N is less ﬂzé,n' that of D for convergence reasons.

-The number of parameters one can introduce depends on the ava11ab1e mforma-
t1on about the traJectory Us1ncr expression (6) for the Ima (t'), the integral

m_ Eq (4),ca.n be evalua.te.d;l?f exactly. .With the help of the four condition‘s'
Vo.‘(O.) =1, (‘see Réf. 1)
‘A.Re-a (80) = 2,

Im ai(t)

d Re a (t) ,1/2
\"at

<200 MeV ,

and T (80) =

t=80

the four paramete-rs'_ <y €5, €, and N\ can be determined numerically from
four nonlinear equations. This calculation was carried out at the IBM 7090
computer of the Lawrence Radiation "La.borat'ory. The resulting solution is
given by Curve (1) of Fig. 2. The vélﬁés obtained for the parameters are

¢y =259.66, ¢, = 55.243, ¢ = 3.79, and X = 1,533, Parameter c, gives ap-
proximately ti‘te position of the maximum of the Im a (t), and \ controls the
slope of the Re o.v(t) at t =0, which turns ;aut to be 2/5 BeV 2. The width
T is ab;aut 180 MeV, ' Figure 3 shows ima {t) for this solution. The differ-
ential 3p;-p‘ cross section at high energies has been measured by two experi-

% and from this Re a (t) for negative t is found. Their

mental groups,
analysis is based on the assumption that at these energies only.the contribution
of the Pomeranchuk tra.j'ec_:tory is significant. If we take the interpretation of

these experimental data seriously we would arrive at the conclusion that the
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1

1250 MeV particle cannot belong to the first Pomeranchuk trajectbry. 'Using‘
the.éener'al assumptions (a) through (e) and a(0) =1, we find that a trajec-
tory in reasonable agreemént with these experimental data re'aches Re a=2
" at an energy much lower than 1250 MeV. Curve (2) is an example of such a

- fraj’ectory, o

It is interesting to note that if we rela.x the condition a(w) = -1 a.nd
find a solution whlch comczdes w1th a "wsual least-squares fit" of the ex-
penmenta.l da.ta the solutmn would still predict a mass much lower than 1250
MeV (Curve 3). For Curve (3) a(«a) =3.25.

From our result (Curve 2), A. P1gnott1 suggested that the spin-2
particle of the Pomeranchuk trajectory may be hidden under the p reso-

15 and

nance, 14 There has a.lso been some ev1dence of a resonance at 500 MeV

a widtb between 50 and 100 MeV which 'would be also compatible with Curve (2).
When this p'apc;r \x;as first written we left the 'question open as to

Which of the two altei‘n_ative_s (.Curveé 1 or 2) shculd're_present the Pomeranchuk

» tra..jectory.. "Now in view of the new experimental high ‘energy. p-p cross-

section data of Foley ét'al. R 16

who find' a!(0) = 0.66 BeV ™%, we feel that:
(1) Our Curve (1) is a better candidate for the Pomeranchuk t.rajectory.
" (2) The interpretation of the expenmental ‘data of D1ddens et al, 6 and Baker

et al, 5

that the Pomeranchuk tra;ectory alone contmbutes at these
energies is not reasonable. o
(3) The IZSO-MeV. .pax_‘ticle maf indeed be the spin-2 particle of the Chgw-
‘ Frautschi diagram. | | | |
From the way the experimental data have progressed so far it is almost

_ certain that when the p-p cross sections are measured at still higher energies

the experimental result for a'(0) will become even smaller,
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FIGURE CAPTIONS

General shape of Ima for boson trajectory.

Rea vs t. ‘

Ima vs t corresponding to Curve (1) of Fig. 2.
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