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The most general approach to the conspiracy problem is, up to now, a group-
theoretical one, essentially based on the expansion of the seattering amplitude in terms
of the irreducible representation of the Lorentz group O,; or of the group O,. Since
this formalism applies rigorously only at the point = 0 and for equal-mass scat-
tering, more general formalisms have been developed recently in order to overcome
these limitations. In particular very interesting results have been obtained recently
by Cosenza, SCIARRINO and TOLLER (“2). Moreover the group-theoretical approach
provides a classification of the Regge poles in families with well-defined gquantum
numbers (3).

In this note we will give some of the results of a nongroup-theoretical method,
which will be described in full detail in a forthcoming paper.

‘We consider only the problems which arise in a neighbourhood of the point ¢ = 0.
Our fundamental assumptions are: analiticity, crossing symmetry and the factoriza-
tion principle for the residue functions of the Regge trajectories, which are supposed
to be bosonic and with well-defined quantum numbers. In this note we will limit our-
selves to the reacfions S+ N —J4 N and the others related to these through fac-
torization. Here N is a nucleon and J (8) is a spin J (S) and mass my (mg) particle with

(*) G. CoSENZA, A. SCrarRINO and M, ToLiER: Internal Report No. 155, Istituto di Fisica « G. Mar-
coni», Roma (1968).

(*) G. CosENZA, A. SeraRRINO and M. TorLLER: Tricste preprint IC/63/24. In this paper a complete
list of references about the group-theoretical work can be found.

(*) ¥or a simple exposition of the relevant results of the group-theoretical approach to the scattering
problem see L. BERTOCCHI: Rapporteur’s talk af the Heideiberg Conference on Elementary Particles (1967).
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my % mg s~ nueleon mass. We suppose in the following that J> 8. Obviously these
reactions are the most interesting from the physical point of view.

We will deduce the kinematical constraints at ¢ = 0, without making use of trans-
versity amplitudes (), the « minimal » behaviour of the residue functions for the parent
and daughter Regge trajectories and a classification of Regge trajectories in families
equivalent to those deduced in the most general group-theoretical approach. In our
approach the introduction of daughter trajectories is necessary, as in the spinless case (°),
in order to ensure the analyticity of the full amplitude. The singularity structure of the
daughter residue functions is however somewhat different than in the spinless case (%).

Let us quickly introduce some notations. The asymptotic contribution of a single
Regge pole to the usual parity-conserving helicity amplitudes is given by

Qot + 1

()t
gin ot
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where K* is Wang’s kinematical factor (), N = max(]i}, |¢|), A=a—b, pu=c—d,
and v (t) is the reduced residue free from kinematical singularities at f==0. The
objects which are assumed to factorize are the residue of the individual Regge poles:
in our case the residue is

at(t)—N
K& wt) v al) (I’L}”’) :

0
We give now the kinematical constraints at { = 0 for the various cases in our dis-
cussion:

1) BU case (4.6. S+N = J-N). The constraints turn out to be
(1) Toid Ly—Toitt = 0Q)

for any ¢ and d satisfying the inequality ¢ d, and

T o
(2) 5 Jend 2y —Feodi = O()
for any ec.

2) UU case (i.e. 8+8 -»J-+J). The constraints are

(3) Fiin + ot = O(E™)

(*) G. CoHEN-TANNOUDJI, A. MoREL and H. NAVELET: dan. of Phys., 46, 239 (1968),

(%) D. Z. FPREEDMAN and J, M. WaNa: Phys. Rev., 153, 1596 (1967).

(°) This difference ig mainly due to the fact that the so-called «parity-conserving » helicity ampli-
tudes have definite parity only asymptotically, so that, when the parity-bounding phenomenon appears,
a somewhat complicated cancellation between the members of the parity doublet is required (7). We
are grateful to Prof. L. BERTOCCHI and Dr, A, SCTARRINO for enlightening discussions about this point.

(") P. D1 VECcHIA, F. Draco and M, L, Pacierro: to be published.

(®) L. L. C. WaANG: Phys. Rev., 142, 1187 (1966).
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it |A—p|<|A4 pf; and
T+ Tt
(4) wd.ap — Jed.ap = O(™)

if |A—p|> |4+ u|, where m = min(|4], |u]).

3) EE case: in the simplified treatment given here we have to consider only the
pucleon-nucleon scattering. In this case the constraint is well known (°):

() Tt 1 i -~ Tl — fi-as = 00) .

The origin of the constraints (1), (2) and (5) are quite different: in fact while the latter
follows from the forward conservation of the angular momentum in the direct s-channel,
the former ones do not have so clear a physical origin. In fact they are a consequence of
analyticity and crossing symmetry. They can be deduced following a method originally
proposed by CoHEN-TANNOUDJI, MorEL and NAVELET (*), writing down the crossing
relations between the helicity amplitudes, free from both s and t kinematical singularities,
in the ¢ and ¢ channels. The requirement that no spurious singularities are introduced
leads to the constraints (1) and (2). The constraints (3) and (4) have essentially the same
origin, although they can be deduced more simply without reference to the crossing
matrix, following a method due to FrRaUTscHI and JoNEs (*°). The details of derivation
of these constraints can be found in ref. (*-11).

It is well known that, in the Regge-pole model, these constraints can be satisfied
in three different ways (12): by evasion, by conspiracy between different poles and by
a daughterlike conspiracy. In order to discuss this problem we first study the « minimal »
solutions of the factorization conditions. In general, from a given solution to all the
factorization requirements, one can obtain other solutions by increasing the number
of ¢ powers of some of the Regge-pole residues in the original solution. If a given solu-
tion cannot be obtained from another in this way, we shall call it « minimal ». It is
important to note that in order to decide if a solution is a minimal one, one must con-
sider simoultaneously all the channels connected by the factorization.

In order to study the behaviour near {= 0 of the residue functions one must
write in compact form the factorization conditions, taking into account Wang’s (%)
kinematical factors. Once this is done, it is not too difficult to find the solutions given
below (1), For the reactions with unequal masses, of the type S+8—J+J or
848> J+J’, one finds

(6) y;‘b,a;,~t”l""Ml*" A

When an equal-mass vertex is involved, the selection rules due to parity and G-parity
invariance must be taken into account. This implies the identical vanishing of the
residue if the following conditions are not satisfied: oéz(—1)5** =1, §=1if 0= + L.

(®) D. V. VoLrov and V. N. GriBov: Sov. Phys. JETP, 17, 720 (1963).

(1% 8. FrauTscHr and L. JONES: Phys. Rev., 167, 1335 (1968).

11y P. D1 VEBccHIA, F. DRAGO and M. L. PACIELLO: Frascati Internal Report LNF-68/5, Frascati
(1968) (unpublished).

(12) B, LEADER: Phys. Rev,, 186, 1599 (1968).
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Here o is the Regge-pole natural parity, = is the signature of the parent Regge trajec-
tory, the integer n is the order of the daughter, and § is the total spin of the N°N° system.
The quantity & is defined in terms of the internal quantum numbers I and G of the
exchanged family by &= G(—1)!. In the equal-mass reaction N +.N = N +.N°, for
the residues which do not vanish we have

1 if (—1)Mr=g,
(7) . Vav,ap~
gu=th i (A g,
For the families with o= -1 and v= —¢, whose parent (and even daughter) trajec-

tories do not couple to the NN system (), we have for the odd daughters

2R if i=0,
(8) Yo~
gl i =1,

(In this case however there are two other evasive solutions not present in the group-
theoretical approach and that we do not discuss here.) The solutions for the equal-
unequal mass case can be obtained through the factorization and ean be found explic-
itly in ref. (°). M is a number that we introduce at this peint in order to label the
minimal solutions. It can assume all the integer values between zero and infinity.
Every family of Regge poles is characterized by a value of M. An interesting feature
of our results is that, for all the values of the masses, a family with a given M con-
tributes asymptotically only to the forward s-channel helicity amplitudes with helicity
flip equal to M. M is then the Toller quantum number introduced in the group-
theoretical approach. This conclusion will be enforced by the following considerations.

The Regge-pole families can be classified according to the values of M, o, & These
families and the residue behaviour are coincident with those found in the general group-
theoretical approach (1:2).

Class 1: M =0, o=-+1, 7=—¢&.

A parent trajectory requires the existence of a family of trajectories with « angular
momentum » o,(0) = «(0) —n, where «(0) is the intercept of the parent trajectory.
For n even we have 7,=P,=&=7 and for » 0dd 7,=P,=—¢&=—7. Only the
trajectory with n even can couple to the N’ system. This is class I of Freedman and
Wang (). Poles of this class never conspire, as can be seen from the behaviour of the

residues listed above.

COlass Ia: M =0, 6 =-+1, v=—¢&,

Poles with n even have 7, = P, = — & = 7 and with # odd 7, = P, =& =—v. The
parent and the even daughters of this class do not couple to the NN system. This

(**) We thank Prof. M. ToOLLER for calling our attention to these families.
(**).D, Z. FREEDMAN and J. M. WANG: Phys. Rev., 160, 1560 (1967).



MINIMAL SOLUTIONS TO THE CONSPIRACY PROBLEM ETC. 1189

explains why this clasg is not contained in the Freedman and Wang classification. Also
these poles never conspire.

Olass 1I: M =0, 6 =—1, 1=—¢&
The poles of this class satisfy the constraints (2) and (5) by a daughterlike conspiracy.

All the other constraints are satisfied by evasion. For » even we have 7,= —P, =
=—¢=7and for n 0dd 7, =—P,=&=—1.

Class Ila: M =0, 6 =—1, T=§.
Poles with # even have 7,= —P,=£=17 and with » odd 7,=—P,=—§=—1.

The parent trajectories of this class, which are decoupled from the NN system at
t = 0, satisfy the constraints by evasion. Conspiracy between daughters is allowed.

Olass III: M =1, v=E&.

In this elass we find the well-known parity-doubling phenomenon. The parity
doublet structure not only allows us to satisfy by conspiracy the constraints (1), (3), (4)
and (5), but is also imposed by other general analyticity requirements. One has the
following quantum numbers:

o= +41

(only trajectories with n even can couple to the NN system);

n even: t,=—P,=&f=7,
g=—1
n odd: tp=—P,=—E=—7.

COlass Illa: M =1, v = —¢&.
The poles of this class have the following quantum numbers:
n even: TtT,=P,=—&f=1,

o= 41
n odd: T,=P,=f=—1

(only trajectories with n odd can couple to the NN system);

" even: T,=—P,=—f=1,
o= —1
n odd: Ty=—Py=§¢(=—1,



1190 P. DI VECCHIA, F. DRAGO and M. L. PACIELLO

The parent trajectories satisty the constraints by evasion. Conspiracy between daughter
trajectories is allowed. Poles with M > 1 are decoupled, at ¢= 0, from the N°.N° sys-
tem, in agreement with the group-theoretical results.

% k%

It is a great pleasure to thank Prof. L. BErroccur and Dr. A. Scrarrino for very
useful discussions, and Prof. M. TorrER for helpful correspondence.
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