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We note in particular that a full width at half
maximum of -105 MeV results for the a, in good 
agreement with the on-shell value. 
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It is suggested that all Hegge trajectories a(t) have a branch point at t = 0 and are com
plex for negative t. A number of consequences and conjectures based on this possibility 
are discussed. 

It is well known that a Regge trajectory a(t) has 
branch points in t at physical thresholds of all 
channels to which the trajectory couples. We 
should like to suggest that every trajectory has a 
branch point at t = 0 as well, and that each trajec-

tory is real only between t = 0 and the lowest 
available threshold. 

In potential theory, when two Regge trajecto
ries a(t) and a 1(t) collide [that is, when there is 
a value t 1 such that a(t1)=a 1(t1)], then both trajec-
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tories develop a square-root branch point at t 
:::: t 1•1 Let us suppose this is also true in the re la
tivistic theory. If a trajectory a(t) collides with 
a set of trajectories a 1(t) at values t = t 1 [that is, 
if a(t1)=a1(t 1)], then a(t) has a square-root branch 
point at each ti> so that a(t) has a set of singular
ities like '£1C1(t-t 1) 112 • A Regge cut is just a con
tinuous superposition of Regge poles; hence if a 
trajectory a(t) collides with a Regge cut, we may 
plausibly anticipate that a(t) has a continuous set 
of singularities of the form 

L~ C(t')(t-t')112dt'' 

where t0 is the value of t at which a(t) collides 
with the leading edge of the cut. 

Now any Regge trajectory when coupled with the 
Pomeranchukon ap(l) generates a Regge cut, and 
if a p(O) = 1, the trajectory crosses the leading 
edge of this cut at t=0. 2 Therefore, we expect 
any Regge trajectory to develop a singularity at 
t= 0 of the form 

L: C(t')(t-t')112dt'. 

If C(t') behaves like any integer power (t') 0 near 
t' = 0, then the singularity in a(t) is like t 112t0 + \ 

i.e., a square-root branch point. 
It is interesting to note that attempts to calcu

late a Regge trajectory dynamically, using meth
ods which are sufficiently sophisticated to gener
ate Regge cuts, also seem to yield the result that 
the trajectory is complex for t < 0~3 

Let us now turn to some of the consequences 
which may be expected to follow from the exis
tence of a branch point in a(t) at t= 0. 

Qualitatively, phenomenological Regge-pole 
analyses of high-energy reactions should be mod
ified to allow the possibility of an imaginary part 
in a (t) for negative t. However, since the imagi
nary part arises because of the presence of a 
Regge cut with which a given Regge pole inter
feres, it is probably inconsistent simply to allow 
for an Ima(t) in the analysis without including the 
effects of the cut as well. Numerically, one 
might expect that if the cut has an insignificant 
effect, Ima(t) will also, since in some sense the 
size of Ima must be proportional to the strength 
of the cut. Detailed implications for experimen
tal analyses will be discussed elsewhere; here 
we shall confine ourselves to mentioning the fol
lowing more qualitative points. 

(i) Trajectories cannot have ghosts. A ghost 
conventionally is assumed to occur if a trajecto
ry passes through a sense value of J at a nega
tive value oft; an example is the A2 trajectory, 

which apparently passes through J= 0 at t::: -0.7 
(Be V)2 • However, if the branch point at t = 0 ex
ists, the trajectory will be complex for t <0; 
hence Ima(t)*O, and we cannot have a(t)=Jfor 
t <0. 

If Ima(t) happens to be very small when Rea(t) 
=J, fort <0, however, the situation will be anal
ogous to the occurrence of a resonance at posi
tive t, and we might anticipate the cross section 
for a process in which a(t) can be exchanged to 
have noticeable structure at large energies and 
some fixed momentum transfer. [It is, of course, 
still possible that one of the conventional ghost
eliminating mechanisms, though unnecessary, 
nevertheless operates and makes the residue 
function proportional to a(t). In this event no 
such structure will exist even if Ima(t) is small.]_ 
In the case of the A 2 "ghost," no peculiar struc
ture is noticeable in the angular distribution for 
rr-P-TJn.s 

(ii) The real part of the trajectory may be an 
absolutely straight line for t >threshold and t < 0, 
even though the imaginary part of the trajectory 
is large. For example, suppose that 

(1) 

where t1 is the threshold; or, if there are sever
al important thresholds, suppose that 

n 
a(t) =A+ Bt + "£ C 1[t(t 1-t) )112• 

i=1 

Then 
n 

Ima(t) = '£C 1[t(t-t 1)]112, t> tm t<O, 
i=1 

while 

Rea(t)=A+Bt, t>tm t<O; 

=a(t), 0<t<t1• 

(2) 

Thus, no matter how large the Ci> Rea(!) is sim
ply a straight line for t above all thresholds. 

In reality, of course, the form in Eqs. (1) or 
(2) is no doubt too simple. Nevertheless, the 
true Im a (t) may be just the form given plus a 
small correction; the small correction to Ima(t) 
will then produce only a small deviation of Rea(t) 
from a straight line. 

In this connection it may be of value to note 
that the simple form given for a(t), which says 
that Im a (t) ::: Ct for t > t n, predicts that the widths 
r v, v= 1, 2, 3, · · ·, of a sequence of Regge recur
rences on the trajectory a(t) are related to the 
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masses M v of the recurrence by 

r viMv = C/B independent of II. 

Experimentally, for the longest sequence of re
currences known, namely t.(~+), t.(f+), t.(ll/2+), 
t.(15/2+), and t.{19/2+), the ratios rjM are 0.10, 
0.11, 0.13, 0.14, and 0.13, respectively.4 For 
the sequence N{~-), N(f-), N(ll/2-), and N(15/ 
2-) the ratios are 0.07, 0.13, 0.13, and 0.13, re .. 
spectively. (Perhaps the deviation from constan
cy of the lowest member of this sequence is due 
to the proximity to an important threshold.) 

(iii) The Pomeranchuk trajectory ap(t) can have 
a real part identically equal to 1 for negative t 
while satisfying unitarity conditions. Gribov 
demonstrated many years ago that an asymptotic 
behavior of the form T(s, t)- isf(t) as s - oo for an 
elastic-scattering amplitude T(s, t) is imcompati
ble with /-channel unitarity if it is valid for t 
>threshold as well as fort< 0. 5 Gribov's argu
ment has also been translated into the language 
of partial-wave unitarity in the t channel, where 
the statement is that a fixed pole at l = 1 is incom
patible with unitarity. 6 Thus the simple behavior 

da/dt -I f(t) 12 as s- oo (3) 

for elastic cross sections, which seems both to 
be very attractive experimentally7 and to have 
considerable intuitive appeal,8 has always seemed 
most difficult to accept. 

However, the presence of a branch point at t = 0 · 
in ap(t) permits us to understand Eq. (3). For 
example, along the lines of the simple model of 
Eq. (1), if we write 

ap(t)= 1+61CJt(trt))112 , 

then fort <0, Reap{t) = 1 exactly, and evidently 
this is true for more general forms for ap(t) as 
well. Hence the usual Regge form for T(s, t) at 
large s and negative t becomes 

T(s' t)- isf(t)ef Imap(t) Ins. (4) 

The presence of a nonzero Imap(t) produces only 
a phase in T; thus the cross section does in fact 
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have the form of Eq. (3). Nevertheless, for t 
>threshold Imap(l)* 0; so that t-channel unitari
ty conditions are satisfied. 

The phase in Eq. (4) can, in principle, be de
tected experimentally. It produces no effect ex
actly at t=O, of course, since Imap-0 as t-O 
from below, but polarization measurements at 
finite negative t and high energies could show it 
up. Qualitatively, the phase should manifest it
self by producing !-dependent structure in the po
larization, and this structure should (slowly) be
come more wiggly as the energy increases be
cause of the Ins factor in the phase. The precise 
features are difficult to predict because, as men
tioned previously, it is inconsistent to include ef
fects from Ima(t) without also including effects 
of the cut responsible for the existence of Ima(t). 
A more detailed analysis of these effects will be 
reported elsewhere. 
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