UCRL-10700

University of California

Ernest O. Lawrence
Radiation Laboratory

a )
TWO WEEK LOAN. COPY ,.
This is. a lerary Clrculatmg Copy
which” may be borrowed for two. weeks
For a personal retention copy, ca”
Tech. lnfo Division, Ext. 5545 o
- -

ANALYTICITY OF REGGE POLE TERMS

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



ErSdbmitted for pub, in Phys. Rev.
C - J

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

_Contract No, W-7405-eng-48

ANALYTICITY OF REGGE POLE TERMS

C. Edward Jones

February 26, 1963

UCRL-10700



UCRL~10700

ANATYTICITY OF REGGE POLE TERMS
C. Edward Jones
. Iawrence Radiation Laboratory
University of California

Berkeley, California

February 26, 1963

ABSTRACT
A formula for single Regge phle terms is proposed which produces the
correct analyticity in momentum=-transfer, while retaining the correct behavior

in the asymptotic region of the crossed channel and near the pole,
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Regge pole terms in relativistic scattering are assumed to give a good

representation for the scattering amplitude in two regions: (2) near a reson-

ance .or bound state and (b) in the asymptotic region for the crossed channelol’g’5

45

Such a term is generally written

P -Z
R(t, s) = -nl[2a(t) + 118(%) a(t)( )

sin « a(t) ’ | (1)
where t -is the total energy squared in the center of mass (c.m.) and z is
the cosine of the c.m. scattering angle. For elastic scattering of particles
of equal mass m, z =1+ (s/2q*2) , where s is the square of the c.m.

[¥]
energy. for the crossed=-channel process and q;g = w%= - m2 . The partial-

wave projection of Eg. (1) is6

Bt 20(t 1
R(%, t) = 2 ﬁj(oe%?) J) g\aztg + 1 ° (@)

From Eq. (2) one readily sees that bound states occur for values of
t such that o equals a positive integer, and resonances>occur-when Re
equals a positive integer and Im fz% Q. Equation (l)ﬂ on the.other hand, em-
bodies the result that the highnenérgy behavior in the crossed channel will

(z)a(t) (s)a(t)

contain a term proportional to or
-While a single Regge term may represent the scattering amplitude ac-
curately in certain regions, the analyticity of such a term in the varisble

s violates the known analyticity of the full amplitude A(s, t). To see the
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difficulty, we recall ﬁhat R}(z) has a cut running from z = =1 t0 zZ = =» ,
In terms of the s variable this means a cut in R(t, s) running from

s =0 to s =+» when (% - m2) >0, and a cut from s =0 to s = -

when (E - me)A< 0. . The purpose of this note is to propose a Regge pole
formula that has a fixed branch:cut in s starting at s = g °

To construct such a modified Regge pole term R'(t, s):, we consider

‘first its partial-wave expansion, -

R'(tys)::_ézo (22 + 1) R' (4, t) Pj&(z) . (3)

The requirement that a singularity occur at s = 8, means that the Lehmann
ellipse for expansion (3) must pass through z = zg = L+ (sO/eqg) . To
ensure this we require that R'(4,t)} be bounded by 'emgz as 4 == , where

p =1In [ZO +(zo2 - 1)1/2] > and also that it not be bounded by any smaller -ex-
ponentisl of £7 . We Turther reqﬁire.tham R'(£,t) have a pole at £ = a(t)

with residue B(t) . A choice of R' that fulfills these requirements is

R(e,8) = BLE) alt) -0l
£ - alt)

. (%)

.We now. determine R'(%,s) from Eq. (3). First we note that with our

choice of R*(4,%t), Eg. (3) can.be written

) ) ) v
R'ts) =2 (22+ 1) B(6) [ ax @' p, (2) (5)
£=0 : 3
0
Where go = ép.o Reversing the order of the sum and the integral we .obtain

R' (t,8) = B(t) Z ax x*(t) [=2x é%z—%-z—)— - g(xpz)} y (6)

0
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where

® p,(2)
g(s2) = ) g = 7 (7)
£=0 = (1 - 22x + x°) '

We integrate Eq. (6) by parts to obtain

1
| o o) 2p () (B}
R'(tys) = B(t) [2a(t) + 1] [ ax p— {8)
£ - 5 1/2 5 1/2
0 (1 - 2zx + x7) (1 - 2tz + &g )
To study the analyticity of R' we first consider the last term
alt +1
2B (t)E, (&)
'Rl(ty s) = ® - 1/2 : ' (9)
(1-2602+ E5)
This term can be vewritien 1
1/2| alt =
s 8 2
2b(t) 2 S0l2+ o9 &
' 1% T2 "% %
S. .= 8)
0
E;Q(t)
where Db(t) = B(t)/(qt ) . Assuming that b{t) and a(t) have cuts
running from t = hmg to t = f9 ; we see that Rl(tgs) has cuts running
from
s = 55 to § = ©
£ = bn® o b=w (11)
t = nsd+hm? to t o= =0,

We note that

a(t) .27

Ry (88) = (12)

3

(£+ %)

which makes it similar to R'(4,t) except that Rl(z,t) has & fixed pole at

L= = % and no pole at £ = aft) . A study of R'(t,s)’, as well as the
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integral term in Eq. (8) [which we denote ;Re(t,s) ], shows that they also

have the cut structure (11). In the neighborhood of s = s. , however,

0

“const )
R, (t,8) = s . (13)
1 (s, - S)172
0
,Whereasu’Rg(t,s)vG: (so - s)l/2 + conste (14)
Thus R2 is finite at s = g ° Chew has recently proposed using Rg(t,s)
as a single Regge term, instead of R'(%t,s) ;, since the former, being finite,
can satisfy unitarity in the crossed s-channel near s = 59 alo We note that

Rg(ﬂ,t) also has a fixed pole at £ = - %-, but this appears to produce no
difficulty since for Re &> = %-, the Regge behavior in s is maintained.
The presence of thé left -t cut in R'(t,s) may come as a slight
surprise.  But it can be readily understood in the following way. We may
rewrite R'(L,t) as
Y/ s sgtt 2” l/é} at)=£

(o, b(t).{icf“me‘“ é‘q,*[so_r“m B (15)

£ - a(t)

R'(4,t) =

From Eq. (15), R' is seen to have correctly-located bartialswave cuts,
including the left cut which starﬁs at t = %SO +-hm? . If R' were the
exact partial-wave amplitude, then the left t cut would be canceled in doing
the pértial-wave sum, Since R' 1is only one piece of the. correct partiél-

wave amplitude, there is no reason to expect the left cut to cancel in the sum,

Although Eq. (8) as it stands can only be defined for Re @ <0, we

-can define itvfor all values of O by analytic continuation. -In particular,

we can utilize the fact thatll
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o0 a(t) 1/2
(o)) = L — E e 21 (16)

(1 - 2xzv+‘x2)

to write

R'(tys) = [2a(t) + 11 B(t) Q_;_q4y(2) - lea(t) + 1] B(s)

(17)

3
."O ax ‘Xa(t)
X 1/2

= (1 - 2xz 4 x2)

+ Rl(tJS) )

which is defined for all walues . of @ . In the neighborhood of «o = integer,

we notice that

cosnt_a(t : Pt (-2)
Uia(s)®) = - jsrinozt#-cxa(lt%z Poe)(2) = ‘g;?;iﬁm ) (18)

so R' looks like R near o = integer , and has the correct residue.

By transforming variables, we can write Eq. (17) in a somewhat more

convenient form,

ot)
RW@S)=[&ﬂt)+l]b&)(%f) Qﬂﬂﬂt)l+2;f+ @a@)gl]b@)
2 s o g l/2laltkg (19)
r ds’ {qt + 5+ st + 7))l
X f . ' 172 —— - + Rl(t, S) 0
Solfsr (F+ qf)] (s - )2 .

To summarize, we have found a modified formula for a single Regge
pole in the + channel, that has the correct analyticity and asymptotic be-
havior in s , produces resonances and bound states in the t channel with

correct residues, and - if Chew's suggestionlo is incorporated - does not
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violate unitarity in the s channel. Such a form for a Regge pole term ap-
pears to have application in dynamical calculations (see, in particular,

15

reference 12) and perhaps in semiphenomenological studies as well.
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