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. Iawrence Radiation Laboratory

University of California
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‘August 10, 1967

ABSTRACT

There have been suggestions recently that the Pomeranchuk
trajectory might have zero slope. It is shown here that the Mandelstam
cut mechanism, which allows the existence of fixed ?bles at negative
values of angular momentum, is not sufficient to alloﬁ the Pomeranchon
to have zero slope. It is suggested that this fact makes it unlikely

that the Pomeranchon is a fixed pole.
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IS THE POMERANCHON A FIXED POLE?*

The Pomeranchuk trajectory has had a rather interesting history.
Some time ago it was thought to be a trajectory much like any other,
giving rise to the fO when it went through spin 2, and having a
slope similar to thebother trajectories.l More recently, the observed
non-~shrinkage of diffraction peaks has indicated that the Pomeranchon
has an anomalously small slope, so that at present it is the only
trajectory generally accepted by Regge phenomenologists which has no
particles assigned to it. It is understood that, in the absence of any
cuts in the angular momentum plane, no trajectory can be flat (i.e., a
fixed pole); however, the realization that cuts can and probably do -
allow flat trajectories at negative values of £ has led to speculation
that the Pomeranchon is also flat. This possibility has been suggested
in a recent paper by Oehme,2 who pointed out that it would provide a
simple way to construct a model having both non-shrinking diffraction
peaks and asymptotically constant cross sections. It would also
eliminate the unpleasant feature, present if the Pomeranchon is not flat,
of the ampliﬁude having an infinite number of branch points, corresponding
to the exchange of all numbers of Pomeranchuk poles, converging at J = 1
in the forward direction.
Oehme also suggests that the cuts proposed by M’andelstam5
might allow the Pomeranchon to be flat. 1In this note we would like to

» L
review briefly the mechanism by which the Mandelstam cuts are thought

to allow the fixed Gribov-Pomeranchuk poles at -negative integral values
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of £ , and show that this mechanism is 223 sufficient to allow the
Pomeranchon to bébflat.‘.fhe GribSQ—Pbmeréhchuk argument5‘does show
that there is a fixed pole at J = +l; couplednto ﬁhosachannels for which
J =1 1is "nonSensé;“ Oehme's"éuggestion; hoWevér, Would.requife a
fixed pole coupled to a "sense" channel, while the Mandelstam cuts ‘ot
allow fixed poles only at "nonsense' values. We wili pbint out what
strange new features one who believes that the Pomeranchon is flat would
‘have to postulate, ahd suggest that it is more plausible that the
Pomeranchon is not a fixed pole.
Consider the partial-wave amplitude a(4,s) Tfor the elastic
scatfering of two spinless particles, a and b, wheré s 1is the square
Qf the center-of-mass energy. If the unitarity equation could be
continued in the £ plane,_we Would‘have, for fixed s ébove -

threshold and all real £ ,
a(l, s + iec) - a(l, s - ie) = op(s) a(®, s + ie) a4, s - ie). (1)

A simple appiication of this equation shows that there cannot be fixed

poles: if there were for all s a pole in a(4,s) at £ = 4. -- i.e.,

0
a fixed pole in the £ plane--then the RHS of Eq. (1) would have a

double pole, while the LHS would have at most a simple pole,

Conversely, it can be shown that, if there is a fixed pole at 4 = EO,

there must be a cut in the s-plane which moves as L is varied, and

. This siﬁuation \J

which coincides with the elastic threshold at £ = 2,
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is illustrated in Fig. 1. Since sheet II of the s-plane can not be

reached from sheet I at £ = £ a(4 s - i€) will not longer

0’ 0’

be the analytic continuation of a(f s + ie). It is then possible

0"’
for the fixed pole not to be present on sheet II, in which case Eq. (1)
does not lead to a contradiction.

Some time ago, GribOV‘?nd Pbmeranchuk5 showed that the left-
hand discontinuity of the partial-wave‘amplitude had poles at negative
integral values of £ . This means that the partial-wave amplitude

itself has fixed singularities which are at least simple polesg; however,

if there are no moving cuts, the above argument shows that fixed poles

are not possible, and in fact that the partial-wave amplitude has

‘fixed essential singularities at the negative integers.. Now, essential

singularities are in general frowned upon; moreover, if one lets the
external particles have spin, negative values of £ can correspond to
large positive values of J , in which case it can be shown that any-
thing more singular than a pole will violate the Froissart bound. The
requirement that the Gribov-Pomeranchuk singularities be simple poles
leads to the necessity for moving cuts which coincide with the elastic
threshold at negative integral values of £ .

M.and.elstam5 has argued that, corresponding to diagrams <such as
illustrated in Fig. E(a)) containing in the intermediate state a
trajectory o and a spinless particle of mass M, moving branch points
exist, whose positions are given by

(1) 5y

L 2
ot = al(s®-M)'1-n, n = 1,2,3+-- . (2)

a
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There will also be cuts corresponding to diagrams such as Fig. 2(b),
which, in the special case that the trajectories «a and T are the

same, are given by .

o) () = 2ofs/M) -n, n = 12,3, (3) (

cut v

but these will not be important for our argument. We can see that the
cuts invK. (2) have precisely the property which in the preceding
paragraph was found necessary: take the particle labelled M to be the
same as the external particle b, and « the trajectory on which a lies;
then Eq. (2) shows that these moving cuts coincide with the threshold at
all negative integral £ ,

Thus whenever the Gribov-Pomeranchuk argument would otherwise
reguire an essential singularity, the Mandelstam cuts fastidiously cover
up every two-body thfeshold, and allow the fixed sihgularity to be a
pole.6 This, it seems to ug, is a very beautiful and appealing result,
especially as it does not depend on any. assumption whatever about either
the shape or the spectrum of trajectories; the»fixed pole in the (a,b)
amplitude is allowed, because of the cuts produced by the trajectories on
which a and b lie.

So far we have not said in which of £he two signatured amplitudes
the fixed poles and the cuts appear. The-Gribov¥Pomeranéhuk'singularity

at £ = 20 appears in the amplitude which is "wrong signature" at EO .

z

By an extension of Mandelstam's original argument,) it can be shown that
1

the cut at aéig = a[(s§.~ M)g] - n appears only in the amplitude whose

»
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Y+, In view of the above discussion,

signature is (signature of «) x (-1
we are not surprised that thié is the right relationship, so that the
Mandelstam cuts appear just when they are needed!

Now we wish to see whether the Mandelstam mechanism allows a
fixed pole at J = 1 to couple to channels which are "sensé” there. For
this purpose, let us consider the =« = elastic amplitude. (We could also
consider the amplitude whose s-channel is = m - NN, and to which, from
the asymptotically constant =« N cross section,7 we know that the
Pomeranchon is coupled, butvfor simplicity we continue with the example
of spinless particles.) The moving cuts we have discussed will come to
threshold only for negative values of £ . It is easy to see from
Egs. (2) and (3) that none of the cuts generated by the Mandelstam
mechanism, with any known trajectories, will in general coincide with
the n = vthreshold at £=J = + 1., Conversely, if we insist that
there be a cut, generated by the Mandelstam mechanism, which coincides
with the = n threshold, we have to assume something drastic about the
trajectory functions. Probably the simplest assumption that would do is
the assumption that there be some trajectory a such that a(mﬁg) = 1.
The supposedly fixed Pomeranchon would seem to fill this need, until we
realize that the Mandelstam mechanism requires at least one moving pole;
Turthermore, any cut involving the Pomeranchon would itself be flat; S0
such a cut would contradict the assumption that for.negative s the
singularity at J =1 is just a poie. We would have to require that for
every spinless particle a , theré exists a moving frajectory 3 with

A ’
a(mag) =1 . We do not suggest that this requirement is actuallysatisfied;
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we mentioﬁ it to illustrate the lengths to which one has to go to allow
the Pomeranchon to be flat. |

Of course, we can not completely rule out the possibility that
there are extra cuts, not produced by the Mandelstam mechanism, which
might serve.the purpose of covering up all thresholds of channels with
vacuum quantum numbers. In fact, one might argue as follows:  All known
Regge trajectories are associated with physical particles, and the cuts
in which they participate through the.Mandelsﬁam mechanism are thus
associated with particular channels. Fach cut is responsible for allowing
the existence bf a Gribov-Pomeranchuk fixed pole generated by its
assocliated channel. But the Pomeranchuk pole, if fixed, is unique; it
is in some sense a reflection of the properties of diffraction scattering,
and so is associated with an infinite number of (inelastic) channels. Is
it not therefore to.be expected that there be cuts connected in some way
with the fixed Pomeranchon, which are not associated with any particular
channel, and therefore do not arise from the Mandelstam mechanism?

We certainly cannot prove that this is not the case, so let us
observe that_it would be a very clever cut which, although not associated
with any channel , nevertheless comes precisely to the (a,b) threshold at
d = l; Also, a supposed virtue of the idea that the Ibmeranchon could be
fixed is that it would simplify the situation; however, if we are forced
 to postulate many extra cuts of unknown origin, the situation is far from
simple,

Finally, we should point out that none of these considerétions

would prevent the Pomeranchon from being a fixed cut; this is a’
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possibility which warrants further study. Werhave shown that, were the
Pomeranchon a fixed pole, there would have to be either cuts not arising
from the Mandelstam mechanism, or drastic restrictions on the trajectories.
In view of the fact that, for all the fixed poles that have been estab-
lished, the Mandelstam mechanism with no restrictions works so beautifully,

we feel that this result makes it unlikely that the Pomeranchon is a

fixed pole.

We would like to thank Prof. Geoffrey F. Chew and Prof. Stanley

Mandelstam for several stimﬁlating discussions.
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FIGURE CAPTIONS

The s-plane of a{4,s) for £ near 20., the position of a

fixed pole. ,

(%S
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Some diagrams which give rise to moving cuts.

(a) One trajectory (a) and one particle (M) in the intermediate

state.

(b) Two trajectories (o and &) in the intermediate state.
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