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2 &
(N*¥|So| p)=—4X- ——ssing,

3 (1—ge
and (p|Ss|p)=1.
Using again the approximation of singlet exchange to
calculate the ratios of N* production to ealstic scatter-
ing, we find

(B14)

Tnep|? 8 &2 A—1
Tl 9T [14+3(\—1)/T]

For small T', Eq. (B15) is approximately 2I'8?/(A—1),
consistent with a correspondingly small rate for N*

(B15)
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production.?8 A consistent solution is found, in fact,
for sin’¢=0.1 [a “physical” proton of 90% (56,1),],
a X which is 99.8%, X and an N* which is 999, bX>.

With these parameters (I'=0.0734, £=0.99) and
the parameters of the CHKN fit a, calculation including
all of the exchanges considered in CHN provides essen-
tially the same results obtained in Sec. 7.

26 Note that our conclusion concerning the suitably of admix-
ture with a single level would be completely reversed if N were
close to unity. This might occur if, e.g., axial-vector exchange
could be as important as the exchange coupling to Ss.
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The crossing matrix of the helicity amplitude for a production process is worked out with the conven-
tional definition of helicity states. This crossing matrix has the same form in different c.m. frames except
for particles moving along the z axis, which have additional phases. It can thus be used for successive
crossings. The generalization to N-to-NV’ processes is discussed, and application to the Regge formalism is

considered.

I. INTRODUCTION

HE crossing matrix, which relates the direct-
channel and the crossed-channel helicity ampli-
tudes, has been calculated in a two-body—to-two-body
process (2-to-2) by Trueman and Wick,! Muzinich,? and
Cohen-Tannoudji, Morel, and Navelet (CMN).3
Capella,* using a technique introduced by Moussa and
Stora® and utilized by CMN,? has derived the crossing
matrix through an unconventional definition of helicity
states. By his definition, Capella avoids certain phase
angles in the crossing matrix. From the point of view of
a conventional helicity® definition, Capella’s helicity
states are defined in an ‘“‘unnatural” frame, though the
frame has not yet been worked out explicitly. On the
other hand, the boost used in CMN’s? paper can easily
be shown to coincide with the conventional boost in the
c.m. frame. The advantage of the conventional approach
is shown by considering two successive crossings, as in
Fig. 1. The total crossing matrix from the direct channel
(d) to the second crossed channel (¢;) is composed of

* Work supported in part by the U. S. Atomic Energy
Commission.
(1;6’1;) L. Trueman and G. C. Wick, Ann. Phys. (N. Y.) 26, 322

2Ivan J. Muzinich, J. Math. Phys. 5, 1481 (1964).

3 G. Cohen-Tannoudji, A. Morel, and H. Navelet, Ann. Phys.
(N. Y.) 46, 239 (1968).

4 A, Capella, Nuovo Cimento 504, 701 (1968).

5 P. Moussa and R. Stora, Lectures at Hercegnovi International
School, 1966 (unpublished).

¢ M. Jacob and G. C. Wick, Ann. Phys. (N. Y.) 7, 404 (1959).

two sub-crossing matrices, one from the channel (d)
to (c1) and a second from (c1) to (c2), together with a
transformation matrix to connect the frame used to
calculate the crossing matrix from (d) to (¢c;) and the
frame used to calculate the crossing matrix from (c;)
to (cz). For Capella’s method, the transformation
matrix will be very complicated and has not been
worked out in his paper. If we calculate the two crossing
matrices in the same frame, then we do not need to
perform the transformation. But for one of the two
sub-crossing matrices, the simplicity of Capella’s result
will disappear, and that matrix must be calculated
independently. Of course, since Capella’s definition of
helicity states is not the conventional one, the crossing
matrix from Capella’s method and that from the con-

- 3 b 3

2 3| 2 a b
= =
Crossing Crossing

a b a | 2 |

(d) (c,) (c)

F16. 1. An example of successive crossings: The direct channel
(sa5 channel) is crossed into the intermediate channel (f; channel),
and then the final crossed channel (s;2 channel). The total crossing
matrix is CirCr. The intermediate channel may be fa2, fb1, Or 32
channel. However, the total crossing matrix is independent of the
intermediate channel.
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ventional definition of helicity states not only differ in
form but also have a different physical interpretation.
In this paper, we consider the crossing matrix of the
conventional helicity amplitudes for a 2-to-N process,
and obtain a result from which we can easily write down
two or more successive crossings.

In Sec. II, we start from the analytic properties and
the crossing relation of the spinor amplitudes (M
function’8) for a 2-to-3 process, and then derive the
crossing matrix. The method to calculate the crossing
matrix is discussed and the process with two successive
crossings is also considered. The results are then
generalizable to a 2-to-N process. In Sec. III, the explicit
expressions for the crossing angles and the transforma-
tion matrix due to change of the choice of x-z plane are
worked out for a 2-to-3 process. They are easily general-
ized to a 2-to-N process. In Sec. IV, some applications
of the crossing matrix are discussed. In particular, we
consider the case when the direct-channel helicity
amplitude, dominated by exchange of crossed-channel
Reggeons and/or saturated by the direct-channel
resonances, can be expressed in terms of the double
Regge terms of the appropriate crossed-channel helicity
amplitude through the crossing matrix. In the Appendix,
the asymptotic expressions for the crossing angles when
the total energy goes to infinity are written down
explicitly.

II. KINEMATICS AND CROSSING MATRIX

Consider the process a+b— 14243 (s55 channel).
The particle state 7 is described by its four-momentum
i, spin s;, and the helicity M\i. We define the c.m. frame
of the s;5 channel such that the incoming particles a
and b move along the z axis and the crossed particle 1 is
in the x-z plane with a positive x component of its
momentum. Later on, we will show that a different
choice of the x-z plane will result in a difference of the
phase factor. The invariant variables are defined as

Sab= (Pa'*_Pb)z) Si;= (P‘+Pi)2§sk}
(4,7,k=1,2,3 cyclic) (1)
tia= (Pt'"?a)z ) lib= (P-‘—Pb)za J'(i)j= 27371:#]) .

We choose sqb, S12, S23, f1a, and I3 as independent
variables. The four-momenta p; in the c.m. frame of
the 5,5 channel are parametrized by
Pa=ma(coshay, 0, 0, sinha,) ,
p»=my(coshay, sinhas sinr, 0, sinhas cosr),
p1=m(coshay, sinha; sinéy, 0, sinha; cosé;) , 2)
pi=mi(coshe;, sinha; cosé;, sinha sind; cose,

sinha; sind; sing;) (:=2,3).

7 H. Stapp, Phys. Rev. 125, 2139 (1962).
8 Steven Weinberg, Phys. Rev. 133, B1318 (1964).
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The invariant variables are related by

Liattivt Sap=ma>+mp>+m+s;i
(4,5,k=1,2,3 cyclic)

Liawy+liary T Sij=md+mP+ma)®+ b
s12+ s23+ ssn=m >+ mo2+ms+sqs.

The crossed channel a+1— b+2+3 is called the 4
channel. We shall calculate the crossing matrix between
Sap and #, channels. The crossing matrices between any
other two channels can be obtained either by similar
methods or by crossing twice. The four-momenta are
denoted by g;, and parametrized by (&;,0:,¢:) in a similar
way as in the s,»-channel c.m. frame.

Before calculating the crossing matrix, we have to
make the following two assumptions®:4: (a) There exists
an analytic domain such that the spinor amplitude can
be continued analytically in the invariant variables
from the physical region of the s,; channel to that of
the #;, channel with all four-momenta fixed on the mass
shell. (b) The spinor amplitude M agagn; (P102035 Paps)
satisfies the crossing relation®

Mipansinans ©? (192935 papv)

= (=D Mappsran (= popaps; pa—p1).  (4)
The phase label ¢ is unity if the two crossed particles
are fermions, and zero otherwise. The spinor ampli-

tude®” is defined to transform under a complex Lorentz
transformation A as

Mrpararan 19() =2 D3pn,"*(A) Digng™(A) Digns®(A)
X

3)

XM 559565 19 (AP) Digr (M) Dipy™(A),  (5)

and similarly for M @) (p). The spinor amplitudes
MGa)(p) and M “1a)(H) are related to the helicity
amplitudes H ©®¥) and H ®1), respectively, by

Hapanainaa @2 (9) =2 D (L p1€) Digng®(L pg€)
X

XDX;)"la(Lme) M 5,Kaks; be(aab)( P)

XDX‘,).'“ (Lpa)Dxbxb'b(LPb) (6)
and

Hyparaina 497 (D) =22 Diyni®®(L54€) Digrg®(Lpse)
N
X D5 L 53€) M 535055505, 19 (D)
XDsara® (L) Dipn(Lz), (7)

whe?e €=10s (o2 is the Pauli matrix), and the boost
L,, is uniquely defined through the equation

Lp.,z e—i¢ilse—i6ilze-—ia.‘K;. (8)

We now continue Eq. (6) from the physical region of

the 1, channel to that of the s43 channel along the path

° G. Bross, H. Epstein, and V. Glasser, Commun. Math. Phys.
1, 240 (1965).
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stated in the assumptions. The discussion of the analytic
properties of the amplitudes under the continuation in
CMN’s paper? is also applicable to a 2-to-3 process. At
any point on the generalized Mandelstam diagram!® of
a five-body process in the physical region of 5,5 channel,
there exists!! one unique complex Lorentz transforma-
tion A~! which carries the continued set of four-momenta
{2} = {ﬁac,ﬁbc’ﬁlc’ﬁzc’§3c}
to the set

{z}={ps, —pv, — 11, D2, P3}

since 2;-z;=2;-Z; for Z; and z; in the barred and unbarred
sets of four-momenta, respectively. From Eqgs. (4)-(7),
we have

H \) @) (548,512,523, 10,/35)
=(—=1)* 3 (—1)MReth—Fstarth—si—5p
X D5 (L= ALp)D-sy s (LA L)
XD_53 33 (L 53 AL py) H{5) 19) (545,512,523, 1a,l35)
XD3 (L AL pg) D50 (L AL ), (9)

where H <) and H (1e) are the c.m. helicity amplitudes
in the 555 and #1, channels, respectively. In Eq. (9), there
is an over-all phase factor ® undetermined, as shown
in Ref. 3. We have two kinds of techniques to calculate
the crossing angles. One is used by Trueman and Wick!
and by Muzinich,? and the other by CMN3? and by
Capella.* We shall use the latter method. The boost
L,3() in the s, channel in Ref. 3 is defined as

Lay(i) {byis,h2yis} = {go/mi;ma(3),m2(8),ms(D)},  (10)
where {t,71,52,%5} is a standard tetrad, and
72(2)y = — €urpeqa’qs°q1°/[G(ab1,ab1) J1/2
(for i=a,b,1)
= — €upeda’qv°q:° /[ G(abi,abi) /2,

(for 1=2,3)
g q 4irqr Qe
G(ijkdmn)=det|qi-gm gi*gm qk'gm| (11)
°qn Qi'Gn Qi qn

m*(gatqs) —[qi- (gat90) Jgs
md[gi (qatgs) P—mid(gatgn)?}t’
”l(i)n = 6uvp¢’72(7:)y7)3('i) pqi’/mi ’

n3(3) =

the four-momenta ¢; being in an arbitrary frame in the
sab channel. The 7,(3)’s are orthogonal to each other and
normalized to positive or negative unity depending on

10§, Mandelstam, Phys. Rev. 112, 1344 (1958).
1D. Hall and A. S. Wightman, Kgl. Danske Videnskab.
Selskab, Mat.-Fys. Medd. 31, 3 (1957).
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whether they are spacelike or timelike. Simila.rl}_f,
L.(i), in an arbitrary frame in the f, channel, is
defined by

Lay(){E,01,00,08} = { T/ miyin(0),72(2), (D)}, (12)
2(D)u = —€wped 01?30’/ [G(a1b,a10) ]2 (for i=a,1,b)
= —eupoda’ 01’3/ [G(ali,ali) M2, (for 1=2,3)
m(ga+q1) — @i (da+01) 13
mif (35 (@30 P —m(@at+a)%

711(8) u = €mpatia () 73(2)°qs/ ms.

7a(i) = — (13)

By explicit calculation we can show that Lgp*™(4) and
Lg*™(3) in the c.m. frames of s, and #;, channels with
the plane of particles @, b, and 1 as x-z plane are equal
to L, and Ly, respectively; i.e.,

Lwc.m.(i):Lp“ Lalc.m.(i)=L5i, (14)

This is the essential reason why we define 75(7) and
72(3) in Eqgs. (7) and (9) differently from Capella’s
definition.* Further, the relation between the continued
La1%(3) and Lz, can be written as

Lat®(@)=A"1Lg™ (i) =A""Lj-. (15)

It means that the crossing angle Lz <AL, is equal to
La1€(1)'Las(3), and we will calculate the crossing angle
from La(1)~'Las(3). Thus, the method introduced by
CMN? is applicable to a 2-to-3 process. For 2-to-N pro-
cesses a+b— 1424+ -+Nande+1—b+2+---+N,
Las and L, still have the forms given by Egs. (10)-(13)
except that the index ¢ rums from 2 to N and the
invariant variables s; and ¢; are redefined as

si=(patpo—p3)?%, tLi=(patpr1—p)*. 1)

We note that in the above discussion we choose the
x-2 plane in sqp and ¢, channel as the plane specified by
the particles @, b, and 1. If we choose the x-z planes as
the plane specified by the particles a, b, and 2 in the sq3
channel and the plane of g, 1, and 2 in the #;, channel,
then we only need to change the definition of
772(7:) (1'= a’b) and 7-72(1') (‘l:=d,1) to

772(1;)#= —e“,,,qa"qb"qg‘/[G(abZ,abZ)]1/2,

(for i=a,b) (16)
ﬁ2(i)u= "fuvpan'leqf'/EG((lI2,012)]’/2
(for i=a,1).

The difference of the crossing matrices for two different
scattering planes will be calculated in Sec. IIT explicitly.
The result is such that we must insert a phasefactor
¢~*73 only for the particles moving along the z axis in
a certain channel, where ¢ is the angle required to rotate
from one x-z plane to another. For the particles not
moving along the z axis, nothing is changed. By this
observation, it is straightforward now to write down
the crossing matrix for a process with two successive
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crossings, as in Fig. 1. The total crossing matrix C is
just C=CyC,, where C; isthe crossing matrix from,
channel (d) to (C1) with the plane abl as the x-z plane,
and C, is that from channel (C;) to channel (C;) with
a12 as the x-3 plane. The Wigner rotation 7 is to change
the plane a12 to ¢1b in channel (Cy).

III. CROSSING ANGLES

Following CMN,* the Lorentz transformation
£(1)= (L41°)71(3) Las(3) can be expressed as

£(i){£)7}177}2r7}3} = {eiiy"'lla))n?(i))"]ii(i)} ) (17)

where ¢;= —1 for 1=1,b and ¢;=1 otherwise. For the
particles a, 2, and 3, £(4) is a pure rotation, while for
the crossed particles b and 1 it is a pure rotation plus a
complex Lorentz transformation which introduces at
most a factor (—1)2. The most general rotation R(3) is

R(‘L) = exp(—i&]a) exp( —‘l\l/,Jz) exp( "’Lf,]a) . (18)

We can calculate the angles (£:%:,7:) by computing the
values of various (sx,R(7)%:). The representation func-
tion D of a rotation group only depends on cosy:, and
the formula for (7x,R(2)%:)’s places no restriction on the
sign of siny,;. Thus, we assume y¥; to range between
0 and w. One may derive the following relations from
the various formulas for the (3x,R(2)%;):

cosi= —(713,R(1)n3) = —7s°(3) - na(3) ,
sing; sinéi= — (72, R(1) ) = —726(4) - (),
sinyg; singi= —#5¢(2) - 92(3)
siny; coséi= —71°(1) - 13()
—siny; cos¢y= —73¢(2) - m(4).
If we use Eq. (11) to replace ¢’s by p’s, and Eq. (13) to
replace ¢’s by $’s, we obtain, for particles a,b,1,

(3ab+ma2_mb2) (t1a+ma2 —mlz) - 2m,,2A

(19)

cosye= ’

A(st! b)mazymb"))k(tla;ma‘z,mlz)

2mq?
Sabd —‘maz '—7”I>2
—tla"— ma2+ ”"12
- tia+ ma2+ mi2

®ri= —G(abli,abli)= — (3)* det

and ®; and &; are the sub-boundary functions' for the
processes a+b— i+ (1,7) and a+1— i+ (B,7), respec-
tively. They are expressed in terms of invariant variables
as
D= B(Sqap,tia,tiv; 5i)
= Sablialib—Sa b('muzm b2+ mi25i) - tia(m.-"’maz-{— mbzs;)
+2mlmimls(1/m2+1/me+1/m2+1/s)), (22)
and &= ®(l14,li0,51:; ;). The expressions for cost; and
12T. W. B. Kibble, Phys. Rev. 117, 1159 (1960).
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(sapFmo2 —ma?) (frat-me? —1s)+2mp?A
cosyp= ’
N(Savym2,ma2)N(fra,me%,t5)
(sabtmi2—s1) (tra+m12 —ma2)+2mi%A
cosyy=— )
A(Sab, 1%, 51N (t10,112%,m0%)

f1=0’ Eb=0)

fa=m, (bo=m, Ea=7‘r) hi=m,

and, for particles 2 and 3,

(Sabtm2—si)(liatmd—ts) —2m3A
cosy; = )
A(Sab,mi,5 )N (1a,mi2, 1)

2m[ B N (lraymidyts)

Sil'lf,' = =
[®:-3¢ ]t
. 2m DriJIN(Sap,m2,55)
sin{= ’
[®;-3¢,]} (20)
2m.-
coséi= S eEE——
[®:- 3¢
X{G(abi,ali) —G(ali,ali)+G(bli,ali)},
2m.~
cos{ = ————
[®; -3¢t
X{G(abi,ali)+G(abi,abi) —G(abi,1bi)} .
Here
A=ml—mp2—mi*+s51,
A#?y%2) = [(v+y+2)(x—y+2)
X(x—y—2)(as+y—2)]", (21)

ICi= A2 (Sa b,m.ﬁ ,S,') A2 (tl.,,m.-z,t;)
—[(sapt+m2—s:) (hat-m2—1:) —2mPAT.

®7; is the total boundary function of the process and
is defined by

sab—”zaz_""b2 _lla+ma2+ ’nl2 —tia+ma2+mi2
2my? —tatmi+m?®  —latmi+md

— it mp2+my® 2m,? sii—m2—m? |’

—titm?t+m?  sii—mi—m? 2m?

cos{s in Eq. (20) are used to determine the range of &;
and {; uniquely.
Substituting Egs. (14) and (17) into Eq. (9), we have

H))(®ab) = (_1)0 Z (_l)kz—iﬁkﬂﬁh—n—xb
X

Xexp[i(Aaa+Nsla+Naa+Nsts) ]
Xexp[ —im(—Aa4-Aa—Ap+A1) ]
X(ixl__)\l“(\1/1)(1_X,_)‘,'2(¢z)d_x,~)‘,’3(¢a)

dea)‘a‘a(¢a)d—ib)\bsb(\l/b)H‘)‘!(“‘") . (23)
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Using the identities

d_s* W)= (—1)" N5 @) ,

d_n* @)= (1) (r—y),
and

@)= (=1 (r—y), (24)
and redefining r—y; and r—y as §¥; and ¥, we have

Hxpaanginans 2 (Sab,S12,523,/10,/3b)
=(—1)° 3 exp[ —im(—Aa+Na+A1—A5)]
X

Xexp[i (>\2§2+)\3§'3+5\2£2+>\353)]
Xd 7\1)\181(‘;l)diakzaz(‘p?)dxakau(‘h)
Xz (‘Pa)dxb)\b’b(‘;b)

X Hxpxqka; hara 4127 (56,512,523, 0105115 -

(25)

The crossing matrix may have an over-all phase factor
which may be the product of factors like (—1)2%. We
do not specify it, since it cannot be measured experi-
mentally.

If we choose the x-z planes to be the plane defined
by the particles a, b, and 2 in the s, channel and that
specified by the particles a, 1, and 2 in the ¢, channel,
we just change the definition of %:(z) and #2(4) as in
Eq. (16). By explicit calculation we can show

cos¢ s =12°(b) - 72(d)
—G(abl,ab2) 3 —P,— Py
 [G(alb,a18)G(ab2,ab2) 12 2(®yD)M2

(26)

If we express the angles (a;,0:,¢:) of Eq. (2) in terms of
invariant variables, we can see that

cospa= (P35 — B2 —P1)/2(P1P;) /2.

Therefore, we have cos{s=cospe. Similarly, cost;
=cosps. We also obtain cos{s=cos{s COst,= coséy.
These results verify the statement about the trans-
formation matrix in Sec. II.

In the 2-to-N case, we have the same formula for
crossing matrices, but we have to distinguish s;; and s,
and s;» and s;. The invariant variables s;; and ¢;; are
still defined as in Eq. (1), while s; and ¢; are defined as
in Eq. (1'). In the 2-to-3 case, si; and f;3 are equal to sy
and ¢, respectively. For the N-to-N’ process we have
found the Lorentz transformations L(i) and L(3) such
that L*=-(;) and Le=-(i) are equal to L,, and Lj; in
the c.m. frame of the direct channel and of the crossed
channel, respectively. The same technique can also be
applied to calculate the crossing matrix in the N-to-N’
Pprocess.

It is worth mentioning that the crossing angles &;, ¢,
and ¢; are real in the physical region of the s,5 channel,
because in this region the three orthogonal 7;(s) are real
vectors in the three-dimensional Euclidean space. The
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relation that brings the standard tetrad (7i,72,%3) to
(711(9),72(4),73(4)) is real also.

IV. APPLICATIONS

Capella* has made several applications of the crossing
matrix for the 2-to-3 helicity amplitudes. We shall
discuss the difference which arises from the crossing
angles £; and {;, and mention some further applications.

In general, the crossing angles £; and {; are real in
the physical region of the 5,5 channel. Therefore, for an
experiment which fails to measure polarizations, the
differential cross section may be expressed as

do/dQx Y | Hyymakexak 0 | 2.
X

For an experiment measuring the helicity orientation
of one final particle, the cross section can be expressed
in terms of the #;, channel helicity amplitude

doi/dQe= 3 | Hapangnars™? |2
AN

=_Z i (W) diat (W)

i ki

Xexp[ —i(n—A)FJHr 0 Hs (% (2)
The right-hand side of Eq. (27) looks as if it is not real,
but if we take the complex conjugate, we get the
original form after changing some dummy indices \;
and A\i. In Eq. (27), indices other than \; have been
neglected. Equation (27) is particularly useful to relate
the crossed-channel Regge terms to the asymptotic
expression of the direct channel in high-energy polariza-
tion experiments. It is easily seen that the phase angle
{; must not be omitted since the change of the phase
angle will alter the cross section drastically. Following
a similar line of argument, we can write down the
formula for the differential cross section with polariza-
tion measurements of more than one final-state particle.

3 b
2 3
Qa
23
Lo >
'lo 'Sb
Crossing Q,,
Sab | t a
t!O
(a) (b)

F16. 2. The ssp-channel c.m. amplitude, dominated by crossed-
channel Reggeon exchange can be expressed in terms of the Regge
terms of the fi,-channel c.m. amplitude via crossing matrix in
a 2-to-3 process.
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One of the applications of the crossing matrix is to
investigate the kinematical singularities and the
kinematical constraints for a 2-to-N process, but we will
not discuss this matter further here.

Another application is to express the asymptotic
behavior of the s;3-channel c.m. helicity amplitudes in
terms of f1.-channel Regge poles for extermal particles
with spin. For example, the ss;-channel c.m. helicity
amplitude corresponding to the process shown in
Fig. 2(a) can be obtained by crossing the ?;,-channel
amplitude shown in Fig. 2(b), which has the form?!3:14

> Thpgatieen (f10) D, 212(010) (g (12))
HRBAX2X3RD

X I‘“x"_‘amzazs(ha’tsb)D‘.“.‘aza (t3b) (g(23))
X I“.‘h)‘banaub(ts b)DX:Xzazl:Rw (A%PZ) :l
XDX;X:”[RW(AS,P:i) JD)-\b)‘b!b[Rw(A brp b)] .

We do not explain the notation here but only mention
that g and g®® are the little groups and A; is the
Lorentz transformation which carries the rest frame of
the Reggeon to the c.m. frame of the f;, channel. This
is referred to the case that both 512 and 5,3 become large
as s.p becomes large. The sqp-channel c.m. helicity
amplitude for a process shown in Fig. 3(a) in which s;2
becomes large and s»3 is fixed can be obtained by crossing

H(ta) =

(28)

2 3 2
| 3
= b
a ) b Crossing
Sab
(a) ! (b) a

F16. 3. The sqp-channel c.m. amplitude, dominated by crossed-
channel Reggeon exchange and resonances (direct-channel
Reggeons), can be expressed in terms of the Regge terms of the
hia-channel c.m. amplitude via crossing matrix in a 2-to-3 process.

13N. F. Bali, G. F. Chew, and A. Pignotti, Phys. Rev. Letters
19, 614 (1967).

14 Chan Hong-Mo, J. Loskiewiez, and W. W. M. Allison, Nuovo
Cimento S7A, 93 (1968). Further references are cited in this paper.
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the f1,-channel c.m. helicity amplitude of the process
shown in Fig. 3(b). In this case we need several Regge
poles since one of the variables s or s is not in the
high-energy region. One notes that the amplitudes in
Figs. 2(b) and 3(b) have similar formulas except that
the labels of the particles are interchanged.
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APPENDIX

The asymptotic expressions of the crossing angle &;
when s,45 goes to infinity is explicitly written down. The
angle ¢; will only give an over-all phase factor which
does not change the measurable quantities. Therefore,
we shall not calculate them. We restrict ourselves to the
cases where s12523/525 g0€s to a constant as s, goes to
infinity, since in this region the Regge poles dominate
significantly.

(Case 1) sqp—®, s33—> ASap' ¢, s12— Bsap® (0<e<1):

(a) e=3,

—2ma[ D(A?4B?+424 B—4my2) |2
[(AB—m?)C]!2

sin £2— )

Sin£3 —0 ’
where
D= ma*—2mo?(t1a+tas)+ (f1a+t35)* — 4l1atas
+ AB(2t15+m12 —2m >+ mo2)+ A2B?,
C=-— (m32+ 2m22))\2 (tla,mzz,la b)

+ ZAB(M22 —tla —'lsb) (m22+tla+ tab)
—4my?t1 B —4Amy2t3p A2,

(b) >3, sing—0, sing—0.
. D”zk(ha,ﬂhz,tab)
(c) e<%, sinfgp—o>———— sing—0.
AB(t1atsp)'/?
(Case 2) ss5—®, s12—> Bsap, Ses fixed:
suné;— 0, sing— 0.



