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1. Introduction

The dispersion sum rules for the reggeon-particle scattering amplitudes
{ £Q -amplitudes) are successfully applied to the theoretical investiga-
tion of strong interactions. This dynamical approach allows one to get a
lot of information on the regularities of hadron processes.

The spin and isospin generalization of the sum rules for £Q -amplitude:
to the case .of the scattering of eons on the particles has been proposed
in the works of Kaidalov and author & . The expressions for the reso-
nances contribution to the sum rules have been derived. The general method
has been formulated to construct the superconvergent sum rules (SSR). In
the subsequent papers 4 these SSR have been applied to investigate the
couplings of L1 =41 boson reggeons with baryons.

Let us consider the SSR for the processes

LN > LW (1.1)

LN -~ &mtﬁg'g

Ciyk= 8,5
and stturate the S(U) -channel states with Is (I-u) =1/2 and 3/2

by the contribution of nucleon and Ayxx-isobar. Then we obtain a set of



equations for the helicity vertices Gr‘\o Apla,b= N Asg,i g, fA2,91).

The solution of this set is in good agreement with experimental dlut'aj
Reactions of;Azy » dx Axy are to be considered next. It turns out,

however, that the selfconsistency of the sum rules requires the contribution

; [4]
of the states with L =5/2 to these reactions. It has been shown in
that one can satisfy all SSR for the processes

‘i A;g - &-n Ag;g X
(1.2)

d-i” -» &KEss
uCiA;; - ‘-sng

assuming the existence of the exotic baryon resonamce with I a5/2
(Tabeled E gg) and saturating the ‘S(U)-channel states with L =172,
3/2,5/2 by the nucleon, Axz -isobar and E-gs5 -baryon , respectively.
The SSR allow one to determine umambiguously the spin, P -parity and
helicity vei;:if:es G::&E‘ (b=ass, Ess) of the reso-
nnce Egq -

*) An experimental evidence for the I =5/2 resonance existencg has
- been given recently in JINR experiments on the neutron beam . A
narrow peak with a mass 1.44 GeV in & 'Ti" and A"Ti -systems has
been observed 1in the reaction Np-» NA~Ji~ PIT* 5i*.
The width of this state is close to the thaoretical prediction ‘
and, as it follows from the angular -distribution of the decw products ,
its spin 1s greater thar 1/2,

{s. 5]



. Constdering now the sum rules for the processes o; E 55 « ol E g
1t can be shown that the state with L = 32 - Q(?4) must be taken
fnto account, and one can find the relations between the vertices, spin.
and P -parity of these states from the SSR for the following group
of processes

"i ESJ - Ly E 55

(1.3)
L Bys » Ly (%)

di Egs —+ okn O (%)

The successive application of this procedure lead us to the conclusion
that there must exist the whole series of baryon resonances with fncreasing
A
isospins and spins . In accordance with aforesaid, to investigate the

properties of these states let us consider the SSR for the processes
£a(I,I,+)»&£a(,I,9)
&iQ(T-1, T4, > dxO(I4, 5,00 ()
£ia(L,T,%) +dxQ(Ied, Su, )

were Q (L, 5,12) denotes the pesonance with fsospin 1 ,spia S

and parity rl ; 5; and Q,‘ are unknown spin and parity,-and saturate
the S - and U -channel states with fsospins 1-4{ , I and T+4
by the contribution of the resonances a (I-1, I-1,+),a(I,T,+)
and 0(I+1,S5 ,q’,) . As a result of that, a set of equations
for the vertices ColjO(T+d, Sx,0x) (C = a(I,I,+),a(I+4, Su, Q-))
arises. The solutfon of this set for the helicity vertices with Al\- 0,
’zl ( Al is the helicity f1ip) {s given in this paper.



0.3 .
In sec.2 some results of the previous works are presented, The

solution of the problem (1.4) 1s considered fn sec.3 . It will be shown
that the sat of equations for the helicity residues with AN =0,
has the seifconsistent solut;‘,ong and that this salution fixes the spin
{ 5,, = T +4 ) and parity (Q,f- +) of the state
a(l+4, Sx, Qn)
The properties of Qg (I,I,"‘) are discussed in sec.f.
The formula which relates the b - Q+J7 decay width ( D and Q
are particles with arbitrary halfinteger spins) with invariant ampl{tudes ‘

will be derived in Appendix.

2. Superconvergant sum rules for £ Q -amplitudes

The superconvergen. dispersion relations for the amp!itudes of ;{.O -

scattering have the usual form
(2.1)

S]m eLoCu()(v 9”‘}“,9 )d\’ =0

=)
here ¥V = (S~ ?J)/‘:My, T" idhu € is the crossing-odd ampli-
tude of L;Q * L b -scattering

T‘n‘n(' T‘.&n“) rj-\&id.“(”)
ab

The formalism of helicity amplitudes 1n the infinite momentum frame
{IMF) has been proposed in : in order to take into account the spins of
particles. The reggeon-particles vertices and contributicn of resonances
to the sum rules have a simple form in INF.

Tha particle-reggeon-particle helicity vertex in IMF has the form



~adb wyha-hel pigPa=he) ~akb
‘rhahb(?)g g et Grare (@D

where qu. is the transverse component of momentum transfer 9 = p,,- P@ ;
) 4
@ is the angle between -q,. and X -axis.
-~i2 =52
The residues GA hb(q' )have no kinematic singularities in @ .

We will consider 1n what follows the sml](q,,,‘) region and discuss the
quantities Gha’!b(O) .

adb
Tre reggeon residues ha Mo have the following symmetry pro-
perties
adb sa'sbﬂ\a*t\b d&b
Xado P ’la'lb ('i) g -Ab (2.3)
adb 1 ha-hb ~ b&a )
hade C('i) P ('1) Ghbha (2.4)

In (2.3) and (2.4) O, p, G and I are the signature, P -pa-
rity, G -parity and isospin of &  (monstrange boson trajectories
are considered); (L and 5 are the P -parity and spin of particle i .
The coupling G Mo J\a describes the inverse transition b=>a [1 ]
For reggeons scattering on particles with spins two types of SSR exist
a) Ordinary SSR which take place if Lo-of; - L, < -1 , where
de is the r‘Ightmst.singularity in the j, -plane with the given
t -channel quantum numbers. The saturation of these SSR by the resonance

Cc‘} _
contributions lead to the following relations between restdues (7 ,\;(O).

~



Ig d

v

(2.5)

ad;dg dgdr b
Z th Z C}ig)\:*n[O)Gh +n )\b( )
: wdu dud; b
“Z X T G @G0 =0

2. K g L
&y

r‘\a )\b"n

:2

and

ad;d d Jub &.d
ZL: th:‘:s:[c ; (G)C):,-i »a'0 0- G

Na Ag-d ra }\0*1(0)“
sdub dxd (2.6}
C)« a+1 -’\b(ml Z: X{‘UZ [Cj. kui(o »

 ~Gudib adydy dud;b |
Ag-1 }\a(o) - Ma hati (0) C Ao+l Mo (0)] = O

In (2.5) n 1is integer

min(Ihal, 1hsl) € 1 haenl (1he-n1) € max (rai, bant) 7

SSR (2.5) and (2.6) correspord to definite t -channel {isospin state
Iy« X=X (I,,I)(Xq = X(T,, T.)) s the tsotopic
crossing matrix; ds and cy are S and U -channel resomances
with given I, and I«u .

c.d?'jf

The quantities G Ae g are the reduced residues. They are connected.

with the physical residues in the following way:

I.-I;« I, cif
(OWA RTINSl G T (W



whers I; (mg§ is the fsospin (3-rd projaction of isespir; cf particies;
E; {s the phasz connecting the particle state with cha hasic isdspm

one; ('T P E_;’) i5 the 3<3m -symbo?.
ma ek s Cq’!;pﬁ-}

SSR L?..:x} ang 2.8} are valid for the amplitudes ] Aa b
fixad naturality (Tof)e . for {2.5) (G}%)(G;p;)((?; PY=T=+1,

and for 2.8 T= ~ 14

with

Apart from SSR {2.5) and {Z.6) for the particies with spins the SSR
arise which are valid under weaker resirictivns vur t[!e potition of £g
in J -plane, f.e. ofp-&; -dly <G Lll' Saturating thase
sum rules by thz rescnaance contribution: one can get tine following

equations

Cla-‘ds ~ dedkub

!’ X O)( C .4 #
iS J A a*ii\v L Fé? .
i Is l o N Ag*th An 5 ty

£

Odcr-stQJ ) pdcud: D ’:21 / tred

{ -
%"" hc \b‘f‘ %Jﬁh n}\bl' J f\ !.beQ"}‘\bi) -

(z.9)
,‘!d"f'" od;4 ~dgdn s (n 2V
- [‘—‘ X?S z C Ma ,\ 1y (G}u hath }*o“"” - Z Ny’
Is I\!
' Gc{ndw Ad‘uﬂ'sb * Ini}
G G @} /(
i 7 Na hp-1 b}“" n'Ab IAg=Apl

Ineg.{2.9) N and n' are integers which satisfy the conditions
tag) .
n#n' and (2.7 (| pagong) 1S the binomial coeffictent.

In order to determine the asymptotic behaviour of given sum rule one



must find the position of the rightmost cf -plane singuiarity dg  whici
can contribute asymptotically to the given crossing-odd amplitude
ik (-2
i ab

In the case of nonstrange of;,olx (with Ii,m = 4 } boson reggeces

. 2]

scattering a simpie analysis {which takes into account also the possible
contribution of moving cuts) shows that

i} for the amplitudes which lead to the 5SR (2.5) and (2.6)
&(, (0) < O if IQ = 0

Le () =0 i T,=1 {2.10)

"
»N

Le (0)=-0.5 4 Ie

i1) in the case of sum rules (2.9)

Lo = 0.5 at It = 0,1 (2.11)

Lel0) = 0 it I,=2

3. Scattering of reqgecns with I = 1 6n baryons. General

sclution of SSR,

In accordance with the scheme developed in Introduction let us consider

the 5SR (2.5), (2.6) and (2.9) for the following group of processes:

L;a -+ L«a (3.1)
of; 0-1 -+ Lx(Qrd)y C(3.2)
dia = Lx(@ri)y (3.3)

10



where .| and Ly are the reggeons with Liw=1 (9,2, ).
For simplicity the following notations are used n {3.1)-(3.3):
a(I, s=I,n=+=0a an a(I+1, 5.,N<) = (@+1)x
Let us saturate each S(U) -channel state with fsaspin Lo (Iq)
vy the contribution of one resonance only (in processes (3.1) Is(Ta)=
=sI-4,T,T+1: in(3.2) I (Ta)=T  and 1 (3.3) Ti (Ty)=
I I+d -{ }. As 2 result we get a set of relations between the known
quurundes Gm‘{x (¢=a-1,a; ) = 8,4, %) K and

oL i
fLj @+ )-‘ ({_ Q,(G+4).) . consider the

unknown residues G MNg Naes

selutfon of this set.
tLet us show first that the helicity non-flip residues are equal to zero

G foLjlard)s _ 0

N A (3.4)

For this purpose let us write down the SSR (2.9} for tne processes )
Lig-1+ of;(a+1)x and o;a » L;(a+i)x (in T, =22 )
at )\b = ha*i .
2 Q-1ie; A A~ OKL; (C+d)x a-1dG ak; (a+1)x (3.5)
Ah UA Ast 7 .J\.M-icz\da\*.t:O

a;Q ~ 0k (@vd)x A% 0 - ad: (avd)x v
I NS N N S PNy P i S N e | o (3.8)
[ Od«'-m*i)x (QeLdndi{ard)s ~adi@+d)x ~(Q+Pxd; (arl)y

A Aed T UM Nt A+d Ari =0

*). Here and {n what follows Gi‘:‘:‘ = Gi&‘;j (0}
C N



In (3.6) Y = Xy (T2T¢1;I+4,2)/ X s (T+I+1;T,2) where
th'(Iawa ; TssLe) 1s the tsotopic crossing mtrix of the
process o£;(T=21)Q(Ia) - £u(I=1) b(Ip) with S(1) -channel
isospin I'g (I¢) (for this reaction X"‘ (Ta*Ty:, Ig,1¢) =

-0 ItXtS (Ta>Iy; T, Iy )
As it wil) be shown below, the solution of SSR with the nonzero single-

fiip resfdues exists. It follows therefore from equatfons (3 5) and {3.6)
Ga-ﬁ i(aed)x _ C(aﬂt),. &; (ard), =0 it Ga 14; a

A
a‘a_o

For the cases Qa = A, Q33 Ess.) it has been shown
the nen-f1ip residues are equal to zero , hence the statement (3.4) 1s

L. 4 that

proved.
Let us now show that the simple relation between the single-flfp residues

of reggeons o; and Lk takes place
Crc &£; (Q+4)x _ EgLi'f.'.‘.P.’& 1 Cofu (Q*d)x (3.7}
A Atd T (z4) A oAxd
where

C. colj(Qed)x - cec, (a*t)x/c N&; N
A a4 2 nEg Ya-Y2

Consider the SSR (2.9) {(or (2.5) since due to solution (3.4) the SSR
(2.9) fall apart into the SSR (2.5) ) for the amplitudes with Ap= Agt2
of the reactions o&£;(0-1) »Lu(a+)x oand £;0 > £x(a+i)x -

(at Ty =2):

adx0
*) Note that s x =0 due to (2.9).

12



C’a-i&. 1aku (G+4)x 1a0-1 dxa 'oi';(doi)x (3.8)
AAZ4 U Az1 A2 T U A atd Atd A2

’O&ia takx(asi)s 1adxa 1ad;(0+4)s-
AAL U atd A2 ~ U A xtd U A1 022 ¥
1ad;(Qed) 1(a+14
+ Y(G X :(*1 x ( | Jackn (G+1)x _ (3.9)
A Atd A22

1akx(@+ L)y A1 (Qed)x £; (Q+d)x -
G A At C,\u A2 ) =0

lc"f -‘]
The relation (3.7) holds for the vertices c IS ;,1 (c,f = N, Asg,E,,‘)J .

It follows then from (3.8) and (3.9) that the ve. tices 1‘:}\(:;1). and

1{a+4) '
G ;‘i‘: V% cattsty eq.(3.7) 1f the vertices GRS ane

C'i‘ ¢4 Satisfy it, q.e.d.

The relation (3.7) reduces the equations for the single-flip residues to
the case of | =K (scattering of the sm reggeons). Let 1= K=T
i4 4 ie da ',
et X (LaeTes T, 20 - (s 53 (| ]
is 6} - sywol }, taking into account the particular values of the

6! -symbols (see table 1) one can get the set of equations for
[-]

Lx (Q+4 t@od)x Lxa+1)
G n “xt:l. I and G A :t: * given in table 2. The

solutions of this set can be found as the relations (3.4) and (3.7),1.e.

by the mathematical 'lncigctzon.
. As 1t was shown tn , the solution of the SSR for the vertices

axd
')‘ ,\:4_ (a,b~ NzASS’ESS) has the form:

INénl {_ antd
= 8(* C:I.-.ti Vzh

A Atd

13



N2 N Atd 15 Vinzihhnth \Uinzin 44214
risdat v oyl JE (*3?2 AEA (3.10)
U oaatd 0 NV EY 0, ey 3 a)

1 Edmc - r-i o~ ~ 52 M4
C’ A AEs jJ? (Jz:‘}t!@. 2wkt

Pl Lik

: - . :t * '
there @ =14, y i, ‘v jamy g

is the Clebsch-Gordaa
:oef.f icteniz,

One can rewrite forw:lae {3.10) in the gensral form
s i QS e
ra ] x b \
ana Dl AN L
L', honkd ?(1».!3!50*{)/2501)\*3)(50-}\-‘ri) !

(3.11)

W0y I T ravery
‘ = (.‘5:} 2 =1l atd: _)\ S txii (3i12)
(;' N Aty VY Visa(sa*i) J(—SC” XS !

n {3.11) and (3.12) the evident fot'"n of the C-6 coefficient is taker intc

1ceount.

~n

C Sed hed /{s-;: A2} (St 5+1)

< 4t4 S A (25+2){25+4)
C S A = Sz {3.13)
5-%% Atva Yasth 25 _—
C S N%i SEheq
= [3EX%4
S-Ya nta Vat e S
u



Substituting the values {3.11) and {3.12) into equations of table 2, one
1ady (Q+i)x
can see that the solution for the residues Arxd and
i{Qei)s Ly(Qeidx
A Atd has the following form

tada(a+d)y _ _adm@+x ~iadn(@et)y (3.14)
Ichhtii-ﬁhhti AN Atd

= [=3— M(SazA+2)(Sat r+d)

~ { 8(Sart)
iG.(mi), £,.(a+1),l _ pe+i)dy(ard), (3.15)
N Ntd = ﬁ A A4 *

X G'm”‘)' Laxla+1)x
ANTy

= [3(2%53+3) S h+4)(Sat H+2)
R (Sa+4)(Sgrd) l( aTh*1)(Sat A+ |
C‘af

where the real phase factors ]5  NE4 (q;c;c:'ft )2 = 1)
satisfy the conditions

ada (Q+4)x , Qkn(avi)s .
Aed A P i =-1 (3.16)
Gri)ply(@ed)x Sa=¥2  adn (0+4)x _ adka(a+i)x
A A-1 = () P aog A }3 A N-1 (3.17)
J
£4]

In the work ~, using the analysis of the {nvariant expression {A.1)
for the vertex GJTD in the IMF, 1t has been shown that if

O&a-b -

adxyb
A AN “O and G

»nrqg 20 (3.18)

15



then with the necessity

3.19
rz‘bzri'o ) Saé Sb‘éSa*i, (3.19)
Mb = Maq (3.19a)
adsnb
ind the helicity residues A Ntd are expressed only through the

a%ib
invariant function (;_1 {see A.3 ) and
a) if- Sy = Sq , then

N Sa¥p 97 4 < +\e (3.50)
G Pt P (1) G,j_ ’Q”S"al(sm- M (Sazh+l)

b} if Sp = Sa*i |, then

adgar _  Sa¥s ANA[(Sat he2)(Sath*d)  (3.21)
C N Std ""( 1) EMGG; ‘(12504-2)(250"1)

Comparison of the solutfon (3.4), (3.14)-(3.17) with (3.18)~{3.21) shows that

1) Sy = Se+d . Nx=* (3.22)
adsy A+1
11) ane can write the solution of the SSR for C N A4 and
aridqard in the form (3.i1) and {3.12) , and
A2t
a¥aqa . AT adq
114) SSR predict the foilowing values for (G and G,
iana '
C = [35a(23+1) (3.23)
i 2 (Sa+1)
QN Q+i\2 z
(M, Gt ) =% (28a2+1) (3.24)



The prime 1n eqs (3.23) and (3.24) has the same meaning as in {3.7).

Note that the soclution (3.4), (3.11) and (3.12) for the I -pole re-
sidues holds 1n the 1imit of the equal masses (Mg =Ma= ... = My)
The mass equality condition is due to neglecting highlying states contribu-
tion to e sum rules : .

Concluding this section let us dwell on the agreement of SSR solution
with the finite energy sum rules (fFZSR),

Let us consider the crossing-odd amplitude T),m Aa of the pro-
cesses oL;8& -+ oL;a (i= §, fAa,dr) yinthe I,=1

t -channel jsospin state. The asymptotic behaviour of T (9)),
is determined by tha S -pole contribution in the € -channel.

However according to {3.4) the non-flip iesidves of Q -pele are
equai to 2e,.oA. So the imaginary part of the amplitudes T;:)Xa should
be small (in mean) and the contributions of different resonances to the

sum ruies for T ii)ha must cancei.

(%)
The contribution of resonances to the sum rules for T Na Mg has

the form
(g-()-i;a 2 (0-1)1'3-.0
(l vi)‘ﬁ L'<G )\a‘JI «'m)* (G Aa*i ”‘0) J )
as.a; gy 2
" % [(G Na Na t*) (Gia *:‘1) ] ) (325

T L LGS e (Gt =0

(G*i-)a

17



The summztion in (3.25) runs over the resonances wi-h giver § -chaanel
isospin. Since all vesonances with Is =T and T-41  give 2 positiv.
contributior to {3.25), the ceutribution of resonances with Is = T+4
is needed to ensure this equation.

It 15 not difficult to convince oneself that the solution (3.11) and
{3.12) satisfy (2.25) thus confirming the agreement of the S3R solution

vith FESR,

4. Properties of the states O (I,I, +)

. e

The analysis of this work points out the possibility of the existencs
of the whole series cf the exotic baryon resunances with 5=7 2 3.
and positive parity . In tha quark model these resonances are exotic,
since they consist of three quarks and 1 quark-antiquark pairs. in sur
approach the states a(l,I,+) are the direct anzliosgfes of nucleon
N{938) and Azy (1232) -iscbar in the world of statss with
I > 5/4 . It is worth emphasizing that the existence of the baryon
states with increasing isospins and spins has been predilted (7] in the
ald static bootztrar Chew-Low medel which is based on the approach differ-
ent from above _ansidared, ' A
Vs most prohen”: decay mnde of the states O (I, T, t) is the cascade
*) fAs pointed in ref.[4) , the SSR show only that the imaginary parts of
the corresponding anmplitudes must be large enough. However the definite-
ness of the quantum numbers of Q (T, T ) +) and their factorized
coupling to the external states testify to the resonance interpretation

of these states.



proces= Q(I,I,+) +»a{l-1,T-4,+)+T—~>... >N+ W
At sms1} decay momenta the simple formula for the width of decay
a(I,I,+)» a(I-1,1-4,7)+q follows from exps (A.5),
{A.7}, {(A.26) and (3.28)

-~ 3 (GP™P)

1 3250"‘1
tawa-w T oM, R hg

: 2
(Pa'i) 25v1 (1+ O(Pa-s) ) (a)

Using [4.1) one can express the width of Q = Q-4 J7 in terms of FA*!VEH

lavauam ;254 (Pyuy)? )

[Casns " T RSari Pyt

The experimental search for the states QG (I, T,*) seems most
tfavourable in the bzckward scattering processes ”; For example, in order
to observe the resonance @™ T (I,I,*) 1 J'P -scattering
the fast system, which consists of proton and (I“ 4,& ) Jit mesons
and the system of slow (I~ 32)3i -mesons should be ragistered in the
laboratory frame. In this case the Q (T, I,"’) resonance is produced
via the sxchange of Regge trajectory which corresponds to g {I-1i I-1+),
The investigation of the energy and momentum transfer dependence of the
packward productfon cross sections will allow one to determine the position
of a(l,I,+ in J -plane.

* The diagrams which correspond to the production of Q (T ,I »*) in
the 'JTIP -backward scattering are represented in fig. la ,b .

The author 1s grateful to A.Ts.Amatuni and A.B.Xaidalov for the reading
of the manuscript and valuable critical remarks, also to G.V.Grigorian,
A.Yu.Khodjamirian, V.A.Khoze, E.M.Levin, S.G.Matinian and A.V.Turbiner

for useful discussions .
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- APPENDIX: Decay b=—>a+7

In this section we will obtain a formula which expresses the width of
b>a+3 (b and QO are the particles with arbitrary half-
integer spins) through the invarfant amplitudes.
The invariant expression for the full amplitude of the decay
has tre form
~ (Sa)t

Q Y 1 fig ‘p"’)“')cts‘y

(Se)Vy¢.. v’;., Mg h {A.1)

b dA

In (A.1) \V(GS,_.):G'? (Pis A 'ls the wave function (w.f.) which

describes a particle i with momentuw P; ,spin S; = F, 5 1/

and helicity X; { Ok { F ) is the tensor (bispinor) index) in the Rarita-
Schwinger formalism. !t is completely symectric cver the tensor indices G}
and has the foliowing propertias

(SpHr - .
\PQ G g-; (p“}s“ p' = (0 {r.23)

(Sir - e
Yooy G Gy (P ki) Yot ez
whare E i3 Ofvac g ~matrix and is normaiizzd as
wASHE ¢ .)

G‘i-'-ba (pls I)\IJ
~ S"i"i ("'1)} 2»".

H2
H Ve ¥z, {s the tensor which 15 constructed 7rom the metric

. M
tensor g},v 2nd momenta Dy, Doy
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‘llt--..}laa fu""'ﬂ; Sa
= M
Hvﬂ'..v’b - HV*..-V; Esb (pﬁ\', pb

He - . fy _ ~nadib

E e V} - L’i (?'l) 8/‘1_'91- .o 9/4, V, +
Ca:rrb 2
* e (?) Qpavy - ?/‘:—1."1-1 Pavy PLa4s ...+
axb |
N G?*’L (92) pav,_-g. P°V3 p;“ e t‘l (A.3)

(g%=(Pa-Po)* 3 2 = min(%a,3))

S
E S: (POV, p{,‘) = ngl‘t.o. Pav}b if Sb>A5q

Fiu P{:ia i Sp< Sa

i T if Sy = Sq

may 0 =1 {y5) if theprodict ng 1)% "2 Qb"i)Sb.%:
= -1 (+1).

{8l
The explicit form of w.f. ‘-}/ (Si )rc,a (p‘,}‘ Yy s

S)r' | ) 1/2
\,J‘ P, A = 293 e m;«1)1(3;- M)
03P [ (23;+1)! ]

(A.4)

{[ (AP - - - (2 £3) (- BT 2,
S‘*— P
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. ' "
x §a (Pi.pe). .. zc.'m (Pi,g) U (pi, N - Kt_ip")}

‘where mM; = A -1/ - g(p;,P“) is the «.f. of the |
particle with unity spin and helicity ﬁg ; U'(P;,x) ts the bispino
( Y is the helicity). 4

The width of the decay b -+ @+ I has the form

m - Ip.a 2 {A.5)
> - 2 <N 1B
L t+adn Sm(stti)Mb Mg hbi @ B

In order to calculate the 3 1< NalRl hp>)? , i.e. express
I‘b,ag; " through the ;;:a,riant functions G;a:" (q’) it is
easter ¢o consider first the helicity amplitudes of the decay. The
b *» G+O" decay helicity amplitude has the form ?

{AalAl Abd = e'“’(}"’ N) >\ M(G) Asy(ha) (A.6)
ince

5 Hera(8) gy 6% Srard
M=-5p A

t hen

Sa
27 1<halAIAN? = T [ ag (Al? =

Mo, o -~ AMa=-Sa
Sa (A.7)
=22 _ Qs (hall?
Raz= i
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The latter equality in {5.7) 1s the cornsequence of the symmetry property

L\e
of QGs, {ha)
. i ' (1.3)
lagb(}\a)} = | Qs,ﬁ("han
. ~adb
In order to find the velations between Qg (ha) and . (C}z) ¢

project the invariant form {A.1) on the helfcity stetes. Lat vz Tirst

write down the projections of some invariant expressions

U (Da,¥2)UC0,¥2) = N cosP (4.92)
U (Pas342)U (0,44) = -Nsin®R e'“’ (A.9b)
T Pa, ¥ §sU(0,%) = N cosH2 (. 10)

T (Pa,-Ya) Ys U0, 4a) = N'sinére'® (o)

In exps {A.5}-{A.20) N = !/QMo(Eq*‘Ma) ; V'= »/QMh(E:.;"Ma)

"(0a,0)8(0,1) = rm sn995°

5 {A.112)
E*(Pa,w*i) £0,4) = - cos?9a (5. 110}
*(Pa,-1) £(0,4) = - Sin9% ey (A.11c

g*(Pa,}\),Pb = Jon QPQS:" (A.122)
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Pa £(0,1) = j‘f'ﬁo\ sin@ eiq (A.12b;

Let us introduce the tensors D;;e j‘u and F' Moo Mu

D¢ ‘ -4

e =ﬁ[(bﬁo!(1-}3,)!,,,(1._@“)5(1..‘3‘);] 4
(A.13)

zPi'e

. | x g;“(Pa.ﬁt)-., g;‘b‘(pa’Ph)

aooe fiue L+4 )
| A b Co™g $440.0)- .. $M"0,0)x

pz“u-h-a Mu -1 (19
x P %L Py (Pat(0,)
Then .
— (Sq) JasMa —
.'P/u--:}‘za(P“:"a) = Caa;m;’{D}.;..}.,O'U(Pa,‘/z)+
_ (A.15) !
* D;‘:‘:‘;‘;‘; a (pa,-y?-)}

where

1 28 (Tgrmart)! (Ja-ma)ly V2
C(ga,ﬂw)‘ [ (2?‘)_*{)! ]

As (see (A.4))

SV (05280 = £¥(0)... (0D U, 1) 119
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then it follows from eqs (A.1), (A.4), (A.12a) , (A.14)-(A.16) that

alAl S0 = x"C(Ja,.mo){D}; 2 B {Pa, )+

(A7)
3, Ma-e /‘2
* D, T} FA 42 § a0, )

where

Pa §(0,4) 1t 5,> S,
X = (A.18)

Pot"(Pa,0) tf Sb< Sa

and -n =} Sp-Sal

Let us consider the contraction
R/
/u, i t’"‘(o 1).. §F" (0,4) = HL (A.19)

One can show (taking into account the exps (A.11)-(A.13) that

Hu,e - 2-"/2 (-i)el.. ! (cos%)“’e (sin%)l"c.

pigt-e) f: x4 €% (#-20)
g0 ErptL-e-zy

d { (L-€)/2 if L-€ s even

(b-€-4)/2 4t L-€ s odd
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X = QEq/Ma.

Let us consider now the expression -

L,€ L,e+d
{D/“ fh U (Pa, 1) + D}, s ‘U(Da,-i/z)}

£ 04)... 40y uo -1 o W)L raw

L,8ed -

x U(0,14) + H 'u(Pa, */g)(x )‘U(O )= Kh €Y )

Taking inte account the formula forH (A.ED) and {A.9}, {A.1D) 1t is

easy to show that

L,e,T Le Ty Tl T
K xs) = M (XS)é (xs) (K.22}
with
ML'C(§5) = Z-L/Q(_i)e(ccs e/z)Loeﬁix (523)
and L-€-2
l‘:e I - i -+ Z 1 .
Cb | (15) (l%g)l(%)l - y=0 (L—e-2,-1)g (A.24).

= P (1)



if L-¢€ s even, and

bl fLe2t

L€ 1 < . |
P ‘Xs) ﬁ(ﬂw)!(L—E-iZ;-iﬂxl (#.25)

$o (1)

M

x(-—-—-)-(___ + _.1.._...__.)
L.~C-2x €+x+i

at odd L, - &
The plus (minus) sign in (A.24) and (A.25) and the choice of N (N')

in (A.23) correspond to 5 = I (Xs)

Since

a3 ()= (M [___(2%-1)! %"
su a0 [(?b-ma)! (3,+ Mg+ 1)! ]

x (cos8p)?**™Ma* (5inGp) Io-Ma

then, finally

Asyha(F,) = 27 0™ R € (3)

{A.26)

. {(&mnm (Za~Ma! (Fo* Ma+D)! (p-Ma) ] %
R+ 1)! (22,+1)

3+ a:nb 2)(F-i4 2pEM 3-i+1,Ma, T
{ > Gy i)'( ") E xs)}
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In the formula (A.26) N = | Sp-Secl

4 if Sp 2 Sa

k(Mb/Ma)n if Sb < Sa

Lot us remind that 2 = min {3, dal

Let us write dowr some values of q)b,e(:;‘)

L,e=b T i . Hro1 . .
¢ {35)= 1—1:5 , P Kx,) =¥ieXx ]
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Using these values one can write down the expressions for the decay

widths for several particular cases
a(¥2,3%,+) > (V2. 1/2,9) + T (Qzs =+ Nar)

R e D N SR e et R P G R GVD e ML GNP TED MNP AR SR e et WS AN o

pr? (EN"’M.N) N7 sy2 (A.27)
1251 Ma (G )

1--‘A-l'N:n =

a(52,5k,+) »0(32,3,,9)+ 7 (Ess~ Dy}

— G Am GGy mme WL SH wwt R R e e e SED mm RS A G i D G wem

- pE(Ea*’ MA) QNESS
Esy>4% ~ {805 Mg, {6 (G,

(A.28)
2 En a7 Ess Mc-' PR ~ 4T Es; }
+ —fs s
[ 250G 2 Meule g am Ee]
(%2, 72,12 0(%, 9,41 T (Exx2Ess )
_ (pEﬁ)B (EEss*MESS)
Exx=Ess 84005 Mgy, {150
Ess T Ezz\2 EssME
"(Gi” n) . 10[6155 7% (‘L+2x) .
(A.29)

E TE '
R Caiditdd O S T AL CIP LR

+y Gfﬂm En(‘hx) + 3'2 GsssmE" }2 }

In (A.29) X = 2 EEss/MEss i QME;;PEss/MEs‘s.
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a™ 1,1,

a™ (11,01, %)

=1 » -—:)a‘_ "!,[)ﬁ-

EF-

Fig.1. Production of the states a™=I(1,1,+):
a) in  J*p-and b) in J7"p-backward

scattering.
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