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ABSTRACT, -

We deduce the conspiracy relations for reactions of the type
T+N>V+N

In order to study the factorization of the Regge pole residues
at t=0 we introduce a reasonable hypothesis, suggested by the work of
Freedman and Wang in the spin-less case, which allows to continue the
Regge representation at t=0 for the scattering of particles with spin and
unequal masses,

We then show that the residue factorization cannot give any in-
formation about the conspiracy or the evasion: we show in fact that the
factorization requirements give rise to relations which are not self-con
sistent,

We suggest that the factorization may fail where the residues
are singular,
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I. INTRODUCTION, -

Recently the importance of conspiracy relations among scatte-
ring amplitudes at t=0 has been discussed(l), The first example of con
spiracy relations has been discovered by Goldberger, Grisaru, Mac Dowell
and Wong(z) in their classical paper on nucleon-nucleon scattering; the
same example has been extensively discussed by Gribov and Volkov 3
In these early papers constraints-between the helicity amplitudes were
found by writing down the relations which connect the invariant scalar
amplitudes to the helicity amplitudes: in order that spurious singulari-
ties are not introduced in the invariant amplitudes, some suitable combi
nations of kinematic singularity-free helicity amplitudes must vanish
in particular kinematical configurations,

In recent papers(4’ 5,6) the problem of conspiracy relations has
been discussed in a more general framework starting from the crossing
relations(7, 8) between the helicity amplitudes. However a uniform discus
sion, able to cover in a satisfactory way all the poss1b1e kinematical si-
tuations, has not yet been given, In fact in the equal mass case the deduc
tion of conspiracy relations at t=0 does not give rise to any difficulty
and their physical meaning is very clear being linked in a very simple
way to the forward angular momentum conservation in the crossed channel,
On the contrary the situation is not so clear in the unequal mass case,

In the present paper we discuss some aspects of conspiracy,
Regge behaviour and factorization for reactions of the type P+N->V+N,
However we believe that some of our conclusions are of more general
validity.

In Sec, II we derive the conspiracy relations at t=0 following
essentially the method due to Cohen-Tannoudji et al.(6) (see however also
ref. (5)). In this wa conspiracy relations have been derived for the reac
tions ¥+N =>Z+N(9) and I+N -> v+N(10), B

In Sec, III we study the Regge representation {i,e, asymptotic
behaviour of the Sommerfeld Watson transformed partial wave expansion)
for our reactions, The different mass kinematics plays here a crucial
role: indeed the variable transformation from t and s to t and cos@;
being singular in this case at t=0, any representation ofa scattering
amplitude in the form A(t,s)=F (t,cos0;) appears suspicious at t= =0{11),
This problem has ‘been studied by Freedman and Wang 11) in the spin-
-less case and solved for the Regge representation introducing the ''dau
ghter trajectories'. We propose, without proof, a reasonable way to
extend the Regge representation at t=0 in-analogy with the Freedman
and Wang work.

In-Sec, IV we study the consequences_of the factorization of the
residues at t=0 on the sets of reactions N+ N> 7+V; N+N->N+N;
9 +V-=>7+V, We show how the factorization hypothesis leads to internal



contradictiomat t=0, We give a possible explanation of the factorization
- breakdown,

In Appendix A we give some kinematical factors involved in the
crossing matrix,

II. CONSPIRACY RELATIONS IN 7+ N>V +N, -

We shall use the customary notation ff}d- ap to denote a helicity
amplitude(12) for the t-channel reaction a+b—p c+d, Helicity amplitudes
free from kinematical singularities in s and t must be used in the deri-

vationof conspiracy relations, The first step is to define amplitudes(13.14)

free from kinematical singularities in s:

(I1.1) e ==’ (sen ~(-%—)_ ol (cos -EL)- el £
' cd; ¢ 2 cd;ab

where A=a-b, M=c-d,

The works by Hara(15) and Wang(la) show how one can then re-
move the t kinematical singularities from the amplitudes formed into
""parity conserving'' combinations. The Wang result can be written

I + 7t kT ()T

(I1. 2) fcd; ab = "-¢-d;ab cd; ab cd; ab

where KX is a known factor containing the kinematical singularities: the
behaviour at t=0 of the relevant KT ig listed in Table I.

The amplitudes ?cd,ab(S,t) being free from kinematical singula-
rities in s and t contain only the dynamic and can be reggeized(1 3).

The conspiracy relations provide additional kinematic zeros at
t=0 in certain linear combinations of the parity-conserving amplitudes.

The derivation of the conspiracy relations is given in some
detail in Appendix B, The relations obtained at t=0 are:
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For all the parity-conserving amplitudes involved here, the Wang kinema
tical factor K allows a t-1/2 behaviour at t=0 (see Tablel),

TABLE I
Amplitude ‘)\l l ‘ bihawmur neart =0
Mo x=w Gapmlt)
t ot
a £,.11 + 15,11 0 0 1 1
'2 2 )
b | ef1l ool 11 0 0 ¢"1/2 1
2 2 22
e | f.1 1 + ' 1.1 1 0 1 {12
2 2 Tty 2
d fltl-l -1t tl_l. 1.1 1 0 172 {172
2 2 T2 2
e | fgpl,l + £y, 11 0 1 172 11/2
'2 2 e 2
£ fotl._l..'..l - f;_l. !'. l 0 1 1 t1/2
272 ‘22
g | i1 o+ gl 1.1 1 1 {12 {2
Yy 2 '2 2
ho| fgl. 1 - £ 1.1 1 1 1 (172
2 2 ‘2 2
. t t
i £, + g 11 0 2 1 t
it a2
1 ftll_l 1 - flt N 0 2 y-1/2 t
th2 2 e 2
t t
m ST S R A | 1 2 1 t
B 22
n| o tf 1 1. gt 1 1 2 1/2 t
Tty 2 a2




5.

If only Regge poles contribute to the scattering amplitudes, these
relations can be satisfied in two different ways: ‘

1) All the residues of the ?t involved contain a factor of t and
therefore they vanish individually at t=0 (evasion).

2) Every amplitude f! retains its singular behaviour at t=0:
in this case both sides of the equation must approach to the same constant
(conspiracy). -

Similar possibilities are open for the contribution of other sin-
gularities in the angular momentum complex plane (cuts and fixed poles),
The two possibilities are experimentally distinguishable because in the
first case (evasion) all the helicity flip amplitudes are suppressed, in
the s-channel, for small t near the forward direction, while in the second
case (conspiracy) only those amplitudes which do not conserve the angu-
lar momentum are suppressed for small t, This feature is not peculiar
of the reactions 7+N->V+N, but is also present in other cases(9,10)
and can be discussed with the method presented in Sec. III of ref, (10).

III. THE REGGE REPRESENTATION AT t=0. -

It is well known(11) that serious difficulties arise for the Regge
asymptotic expansion if the masses of the colliding particles are different,
Letsus quickly examine the problem in the case in which the external par
ticles have spin, The partial wave expansion for the parity conserving
amplitudes; free from s kinematical singularities, is given by(13):

L ( 1))\+M+SC+SDQV -
cd;abt7c7p - —c-d:ab

(I11.1)

.S J+ Jt J- J+ |
= _?__ 2J+1»[e)\/‘ (cosGt) ch;ab(t) + eAA (cosgt)»ch.;ab.(,t)]

here 7 means intrinsic parity, S spin, M = max (WAL |M), v is 1/2 for
half-integral SC+SD and 0 for integral S +SD and the eJt (cos8;) func
tions are defined in ref, (13). We fifst extract the Wang kinematical
factor K(t), then we perform the Sommerfeld-Watson transformation on
the previous expansion (IIL. I} and we find that, if | cos0;|>> 1, the con
tribution of a single Regge pole KX (t) to the (III.1) is given by:
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Here and in following we omit the signature factor not essential for our
considerations. Introducing suitable powers of cos =‘f(9t/2) and sen "(0‘1:]2')
we get the parity conserving helicity amplitudes:

_t A +M+S ctSpv.

- ~N
fcd;abi {7C 7 D( 1) f—c—d;ab

I11. 3
(L. 3) + g ott(t)

T gan® Rogrant® G ®) ()

cd;ab

where the factor G)Yu.(t) comes out from the asymptotic expansion, for
large s and t#0, of the powers of cos(Ot/Z) and sen (0;/2):
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and its behaviour near t=0 is given in Table I for our process,

It is now clear why the Regge representation breaks down at
t=0: in fact at t=0 cos6,=0 (See Appendix A) for any s no matter how
large and so the expansion (III, 3) is not valid in the limit t=0, The deep
reason of this breakdown must probably be found in the s1ngular1(y
t=0 of the transformation from the t, s to the t, cosB, variables 11) ren
dering suspect the description of the scattering amphtude in terms of
the latter variables at t=0,

(11)

This difficulty was overcome by Freedman and Wang by in-
troducing the daughter trajectories, Using the Khuri representation these
authors showed, in the spin-less case, that the S°‘( ) behaviour survives
at t=0 provided that one introduces for any trajectory «(t) = 'Xo(t) a fami
ly of trajectories of alternating signature satisfying

(I11. 5) o(n (o? = o(o (0) - n

The extension of the Freedman and Wang work to the case of the scatte-
ring of particles with spin, described by the helicity formalism, is not
trivial and should be investigated in detail,

We shall however assume without proof that a mechanism similar
to that proposed by Freedman and Wang works also in our case so that
the asymptotic expansion (IIl, 3) is correct for any t including t=0, As
a consequence of this assumption all the helicity amplitudes have the sa-
me s power behaviour also at t=0,
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The discussion on the factorization in the next section is based
on the representation (III, 3).

IV. REGGE RESIDUES FACTORIZATION, -

We shall suppose in this section, that only moving poles are pre
sent in the complex angular momentum.

The reason of studying the factorization requirements is that, as
shown by several authors(10, 19, 20), factorization definitely implies addi-
tional t-dependence in some cases, which could give some informations
about conspiracy or evasion.

First of all let us clearly state what we mean by factoriza-
tion(17, 18). we assume, as expression of the factorization, that, for the
contribution of a single Regge pole, the following relation holds all along
the trajectory, except at most some isolated points:

(Iv.1) [ Hatb _>c+d)]‘2 _ [ ed> cd)] [ Hatb> a+b)

cd;ab cd;cd ab;ab

Moreover we shall factorize the parity amplitudes since, for s oo in
the hypothesis of parity conservation, a given pole will only contribute
to one of the two parity conserving amplitudes.

Hence if reaction 1 is atb- at+b, reaction 2 is atb-c+d and
reaction 3 is c+d-c+d, the factorization condition can be stated as:

(1v.2) l:’d’z(t)Kz(t) Gz(t)]z = [?1(t)K1(t)G1(t):| [?3(t)K3(t)'G3(t{]

The behaviour near t~0 of both sides of equation (IV, 2) is given in Ta-
ble II,

We see that the factorization seems satisfied for the amplitudes
a), d), f), h), i), m), while the introduction of extra t factors seems neces
sary in order to- satisfy the factorization requirements for the amplitudes
b), ), e), g), 1), n).

However one can prove quite in general that it is impossible,
in this case, to satisfy simultaneously all the constraints imposed by
factorization introducing an extra integer power of t,

That iniplies breakdown. of the factorization at t=0, A possible
reason of this breakdown can be the following(x): it is known that in

(%) - We are indebted to Prof, Y, Scrivastava for a discussion about this,



potential scattering the proof of the factorization theorem fails in the
point where two trajectories cross one another and there is a double po
1e(8); but one can look at a double pole as a simple pole with singular
residue, Now at t=0 some of our residues are singular and this may
suggest that also in the relativistic case the residue factorization holds
all along the trajectory, excépt at most at some isolated points where
the residues are singular,

Therefore it is impossible, in our case to derive from factori-
zation any indication about the conspiracy or the evasion,

TABLE II

Behavior near t=0 Behavior near t=0 o Factorization

E{z(t) Ko (t) Gz(t)]z '[6’1(” K, (t) Gl(t‘)] »E(?(t)‘Ks(t) Gylt) | satisfied?
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It is a pleasure to.acknowledge useful discussions with Prof,
Y. Srivastava who helped. clarify the logical ideas used in the discussion,
We are also grateful to Prof. N, Cabibbo'and Dr, A, Sciarrino for some
valuable comments, o ' :



APPENDIX A, -

We collect in this appendix some useful kinematical formulas,
We consider the t-channel reaction p+p>V+ ¥ (a+b->c+d) and the s-chan
nel reaction 9’+p‘>V+p (D+b-sc+A); the crossing matrix (7, 8) isg glven
by

R N e dialta )db'b(xb)d (2 )dd'D 'd'salb

In our case J,=Jp=1/2; J.=J 4=1. Moreover, owing to the zero
mass of the photon, 1t may eas1ly be shown(21) that cos Z =-1, so that
<1:1'D('7t)' &d .p and the crossing matrix reduces to

1/2

s /2
(A.2) fA.Db" > dia(Xg)d

'bl '

(Xp)d, (X )e o Diatb

The crossing angles are explicitely given by

-1:(s+M2 Az) 2/(A2M2
cos X

(A. 3)
V[s -)?] [ 5= )?] it ana?)

t(s+1\/12) -2 .4 2M2

(s-M2) \/"1;(1:—41\/[2)

(t+42) (s+ 42 M2y 2 p

V[S-(M-—/L)Z_][S-(M+/"~)2] (t- p2)

(A. 4) cos Xb

(A, 5) " cos X

L]

where M = nucleon mass, /éL =vector meson mass,

Another useful formula is the following:

2 2, ,2
(A. 6) cos 0, = 2st+t” -t QM +M7)

42 Veto-ent®)
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APPENDIX B, -

The method used for deriving the conspiracy relations given in
Sec. II is due to Cohen-Tannoudji, Morel and Navelet(6), 1f Tt is a parity
conserving helicity amplitude, free from s and t kinematical singularities,
the crossing matrix may be written in the form

(B.1) S-S W
1 J 11 ]

-s
where f is free from t-kinematical singularities,

If all the masses involved are not unequal, near t=0 the matrix
elements of M have the form:

C

N = -———}—j—- <+ =
(B.2) Mij 0% (terms regular at t=0)
Thus the relations
=t
(B. 3) 7. C..f =0
] 1y 3

must generally hold at t=0, since neither the ”f_f nor the ?t have
kinematical singularities at t=0, The Eqs. (B. 3) are the desfred con-
spiracy relations,

In the case of the reaction 4+N->V+N the singularity of the
elements of the crossing matrix M at t=0 is of the type of 1/t:1/t1/2
comes from the dé/g( Xa) and d%/z(xb) (see Appendix A) and
l/t1 /2 comes from the kinematical K factor (see Table I), Writing down
explicitely the relations (B.3) we find the following equations:

X, 2 sen X Xo 2
-—1-(cos -—3) : € B+ (sen—=) C=0
4 2 2
2V2
X. 2 sen X X. 2
-i—— (sen --2-9) A- S~ B + (cos —=) C =0
(B, 4) 2 V2 2
| , sen X
---%—'sen XCA-i-—%-cos xc B+ ——= C=0
V2
1 1 1
- o — . o — =
4\I_z_sen)lch 2cosch 5 sench 0



where:
L EE A U Bt S T U AP NI A __L__L] /2
- 72 2 T2 T2 T2 2 T2 2
" - ~ - q.1/2
@5 BTl dnif a1 iR a ]
: _ *2 2 T2 2 T2 2 22
N RS N R R Y [
g T2 2 2 2 T2 T2 *2 2

One can easily show that the unique solution of the system (B, 4) is
(B. 6) A =0O ; B =0 3 C =0

and these are precisely the conspiracy relations given in Sec, II,
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