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) ABSTRACT

The connectlon between Regge poles and elementary-partlcle poles

was. explored 1n a prev1ous paper, where we made use of ‘the approx1matlon
'of elastlc unltarlty and of the assumptlon of no CastllleJo-Dalltz—Dyson

O(CDD) amblgulty In this naper we 1nclude the CDD amblgulty, and. show

w1thout recourse to any approx1mat10n that" the vanlshlng of - F(s)

‘(the renormallzed plon-nucleon prOper vertex functlon w1th one nucleon

‘off the mass shell) is the necessary and sufflclent condltlon for the

-

elementary nucleon to_lle on the Regge’ tragectory From the conaltlon /)

.

" T(s) E0 it also follows that 2 =2, = Z'SM-; 0, 'where fZl is~ the

1 2. 2

. vertex-renormalization constant, Z is the nucleon wave—functlon

-2
renormelization consﬁant, and lBM is the nucleon self mass. But the

vanishing of T'(s) does not always follow from Zl; Z2 = 225M 0.

Therefore, the so far widely recognized compositeness condition,

Zl = 22 =.O, or‘Ze"= 0. with the finite selfemeSS, is‘not.suffieient to '
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Reggelze the elementary nucleon. Finally, Kausvand;Zachariasenfs

'crlterlon for Reggelzatlon is dlscussea. Their criterion is not

necessary to Reggeize the elementary nucleon, it should be so modlfled i

l as to be I(s) K(s) =0 and &n ‘='O, where gB? is the re51due of

the extre pole in the pionfnucleoh scattering amplitude and X(s) is

the pionLnucleQn ﬂorm,factor,with'bne nucleon off thejmass‘shell. l s

v

-«
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I. INTRODUCTION AND SUMMARY
N>Let us'coneider the pion—nucleoh'scaﬁiering; ‘At first we.

neglect the compllcatlon.due to splns and 1sosp1ns But they are -

"uteken into accouptvin theflast_sectlon. If the nucleon is the’

elementar§.particle, the 4th partial-wave amplitude Tz(s)_ is

always written-as

Tﬂ(é),? 5£6vr(s)'s£'(s)vr(§)v+ fz(s>.¢“’;-.'.pjﬁ:“;(lt;2.

where 'P(s)b*is the renormalized - n=N. proper vertex functlon w1th
" one nucleon off the mass shell, S '( ) is the. renormallzed nucleon.-
'5propagator,_and,.s“-ie‘theftotél energy squared.‘.The vertex function 'f'

(s ) is related ‘o the forn factor K( ) through -

'pt<é)'sF'<s>-={K(s> Sﬁ(s) S e

e_‘where SF(S l/(M -s) is the free'nucleon‘prOpegator_with the

‘nucleon mass M ; ,sov Tz(s)__is rewritten as

'“--‘¢;<s> - s£O [tK/k&?es>]7+f_£z<s5‘}_p-g,_5f_jvj_'r'n<;53>f.f‘

Jin and MacDowelll’ showed quite generally that ds one 1ncreases:

' the strength of the force, P and -f develop a pole at_the same

0

‘p051tlon where S ! has a zero, before a pole of TO on. the second "

b
Rlemann sheet reaches the flrst sheet thus the poles of T and fo

_ are.not poles of' TO- and X (cancellatlon theorem) By maklng
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Fthe Regge trajectoryvorosses the value 4 =0. By the cancellation .7'.

‘ambiguity, and show without recourse to.any approximation.thatlthe
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use of the analytlc contlnuatlon of fﬂ 1nto the complex angular—' o o ;fl
momentum plane, they further suggested that the pole of I 1is

associated’ Wlth a Regge pole, i.e., iT fﬂ has a Regge pole at

4 =0(s) with the proper signature, I' has a pole at the point where

theorem, however, this pole exactly cancels the Regge pole, so that -

it does not appear in TO.

In a previous paper

3

we,took this. interpretation for the.-

vertex function pole for granted, and explored the connectlon between

,the elementarybpartlcle pole and the Regge pole. The bas1c 1dea was

as follows" The scatterlng amplltude Tz contalns the Kronecker.'

delta 51ngular1ty in the 4 plane, due to- the ex1stence of the

~elementary partlcle. If the elementary partlcle lay on the Regge

trajectory,veuoh a slngularlty should-dlsappear; and the inverse of

_this would be.true; Our_analysie folloWing this idea, however, was

' restricted by assumptions of elastic unitarity and no Castillejo-Dalitz- . .

Dyson (CDD) ambiguity. In the present paper we inclUde'the CDD. ©

Vaniehing of T is-the necessaryrand euffioient condition for the

elementary nucleon to lie on the Regge traJectory From the conditionhf o ]“;?f
F_E'O. 1t -8180 follows that Zl Z = Z EM = O,' vhere Zl 16 the = ‘ L ) ’f‘jf
vertex-renormaliZatiOn constant' Zé-'ls “the nucleon wave—functlon ‘,_"-‘ "‘V:'

renormallzatlon constant and 6M is the nucleon self-mass. But the_~*

vanlshlng of T. does not always follow from Zl = Z2 = Z28M i.Ot



"

5.

'Sectlon III 1s devoted to the ‘ O llmlt ,Kaus and_Zacherlesen s
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Therefore, the widely recognized compositeness condition, Zl.= Z, = O,.

'or- Z, =0 Wiﬁh'the'finitevseif—mass,dis;not Sufficieht to Reggeize =~

2.

evthe elementary nucleon.

In Sec II, we collect several well-known formulas for T',

¥ ,' and fﬂ, and summarlze the proof of the Jln—MacDowell cancellatlon;

:" theorem, Wthh plays a cruc1al role in the: process of Reggelzatlon.

' cr1ter1x1for Reggelzatlon is dlscussed 1n Sec. IV. Thejl'criterionjisﬁ,di

not. necessary to Reggelze the elenentary nucleon, it should be so

' modlfled as to_be IX = 0 and gB O, where ,ng is the res1due of .
the extra pole in."T 5. introduced by»them. *In Sec.»V we teke;lntou

E account splns and 1sosp1ns of the plon and the nucleon A Buf the.

conclu81on'dbtalned-ebove remains true.’ The vanlshlng of F does

" not follow from Z; = Z, = Z,8M = 0.

12T 2
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II. THE CANCELLATION THEOREM

We éssume'that SFYY has the Lehmann spectral rep:esentatipn.'

- with no subtraction. Do S _ - ‘ e

x(s)vz ;__EL;f;vj+ d‘; 5-= L agt e U(S') 6L
_M2 I oo v T (M+H)2 . '(ﬁ’_f M ) (st = s) .
N O

where d, is the subtractlon constant and u is the plon mass. Since

'zc( ) > O, SFf 1s_th¢THerg;otz fgnct;Qn Then we have

. C . (M+H) :'1_  :.3 .
'-_O()"ISF/S'Iz ‘.',‘

* where | Sﬁ are real zeros .of Sg', and .cn'z_o.' In the elastic S

'region, f?(s)f”is'-u :'_'  - - {*‘ | “ " '  " . o '7{

14

-p<-s)'|K(-sF/SF IVAC (2.4)

p(s lr<s>l/<s-M>

n
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p( ) belng the plon nucleon, b= O phase4space factor. The ,wa.vé-,.

functlon renormallzatlon constant - of the nucleon is glven by

N.
]

. g o _ e N

. 0

D . P o 3y -) o o

1l
ja—t
1
|

A e o (M+M)_
Since O = ZQ,.S.. 1, w_.é have ‘.t"h.e, inequality
(s-M7) ' o S

Al -

1> |
. s
(M)
: Vf_i'om Whlch it follow'su"that
lim  s|T/s|* =0 . oo o (2.7)
-

" The nucleon ‘s.elf"lém‘a.ss ' 5M2 is 'gi"vén 'by the formula’

S—)OO

.z aM .11m (vs‘-M ) [ 2 (S/ ')] i | s ' (28)

(_ ds (s M2) o( ) N Z o (S"n-'Mg)a . _
-,(M+u) N

I It 'SF‘ > o gg s = °°, ‘then v_w‘e‘ get Z2 = Z26M2'-£ 0, from vhich at
least one of the sn's Imust be smali_erv than Mo. Iﬁvfact,. _from'(2.2) :
one can’ see-‘that SF' . “has one ze»ro. ffoij s < "Mg . whén SF' - ?o'

as s = ®,



" and (2 10) we see that f
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Now let us. turn our attention to (l 3) Several a.uthorsé’T e

showed.that in. the elastlc reglon fﬂ and F oatlsfy unitarity by .

" themselves: .

Im £, = of ,f

1l

ko)

|

5

*

i} .
o)

H

=3

Im T

These relatlons are the same as thoée‘of 'TZ énd‘K. In fact -a comblned

fuse of (1 2), (l 3), (2 3), and (2. h),‘together w1th unltarlty relatlonS'

of Ty and .K; ylelds (2.9).and-(25;0). From thesevrelatlons‘(2.9) :
b' and T could_havé'a pole_aﬁ the séme o
:i_p051tlon on the second sheet given by' 1+ 2ip§j %'O;- If this pole :

‘moves onto the flrstvsheet, Q) and P develop a pole at the same

pos1t10n, say s = SO'. Thén the integral-path_in‘(2.3) is deformed,

'yleldlng a pole term.

"‘,;é nvﬁg,., ,?dét E&s ) 5 (s') Ti (s1) o Ly - : i b(é.l;)‘zA

T E (s'—M ) (S’ ._- ) O Sy- SO .?

Ty2
/e

Mo-sq

OB Ry B CF T

(2.io)“fviﬂ

.
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-whefe_ 7 and ﬂ-%) areoreeidues of the pole sol~ of I' and Hroo

respectlvely. From ‘the Herglotz property of S ' and from unitarity

of fo’~ this pole ‘SO can lle only in the 1nterval‘ ME-S s S (M+g)2;

' 'Thﬁs; SF’ ‘developsoa‘Zero'at the same point so. Therefore, from

(1.2) we see that K has no pole at s==so,-and hence

D . . S o L .
(M~ -s.)C = lim (s -8 )OX . . S s

'The:equatiohse(Q-lz):ahd (2.1%) give'_

 K(sg)y/0e" - o) = g s o o (2.15)

; Wthh shows, as. is seen from (l 3), “that the pole s- of P and f

0 S0

e 1s not the pole of Q) Thls is the. cancellatlon theorem due to -

H..Jln and MacDowell 2 ':and playe an 1mportant role 1n the next section.'

Other Zeros »— (n ﬁ()) in SF' .which can 11e only in the reglon

e;gbi and (M+u) <s are not poles of P but zeros of K

'coirespondlng.to_CDD zeros;' Therefore, (n % O) in (2 3) are glven by;: .
R P(s /e (s ) | S :f R S
o wdo O Gan
S Tn T v , . /
L M_ - sn : S , :
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III. TEE I(s) =0 LIMIT.

In the Reggelzgiworld the Kronecker delta term 1n Tz should

: dlsappear, i. e.,- TK =0. We assume that K has no pole. Then,;t :

'cannot be 1dentlcally zero if g % 0, g being the pion-nucleon
.coupling,constant.8v_Slnce we are_not inﬁefested_in the g =0 -case, -
the conditien ‘TX =0 is nothing ﬁﬁt the condition I's.o. 4In the- Y
,.; following we assume the existence of K,‘ even if T = 9 ~When X
has'a~p01e,iﬁe can‘take.the_limit K.=0 but g #.O.» This.case was L
| consideréd by Kaue.and Zachariaeen,lo endeESJdiscussed;in_the? '
next sectlon . o

| ;ANow con31der ‘the dlsper51on relatlon of T:

-0

e'- Mg'_ vy s = sz } , ImT (s')

0 ;M f'?o;,‘.“ | s (M+g)2'- -

| F( s) = : -

- (3.1)

' Here T needs at most one subtractlon, because the asymptotlc behav1or

of T is given by (2.7). From (3 l) one can see that the limit:

T =0 yields™

and >'

: '11:;1_"}42:_'.7 /(M2 - o.)'.'_.‘.= g - -(373)_.:-_. -

s‘ﬂﬁlMg) (s’ 4_5)'.4'
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On the other hand the cancellation theorem (2.15) gives

o S Sl

”Since %hebpole S with“the reeidue gaa lies on the Regge tragectory,

-0

“Eqs. (3 2) and (3. h) mean that the elementary nucleon lies on this’ fﬂ o
‘ Regge tragectory. v v |
Inversely, from (3 2) and (3. u) it follows that T=o. To show - .

this, we make»use of (2.5), We rewrlte Z, as

(l ) C ) _._A: | ,.ds 3(s) F _ j{: c, ?'e. s (3.5)~;”

Hw)?  n f.o

whereA;C'

o 18 given from (2.12) and (2.1%), By,

 Now, in-the liﬁité ”§$ = M2' and gb 2, uwe heve 'C'v= 1. Then,

"0

from (3 5) it follows that B(s) = 0, z = o, and C,=0. (n-}éio :

2

"because these are all nonnegatlve quantltles. In the elastlc reglon [_

k eo( s) is glven by (2 h) and hence P = 0. Therefore, by analytlc a |

'contlnuatlon F_ Vanlshes everywhene. We have requlred the ex1stence o
:ef "X, even‘lf- F_= O" Thus the Kronecker delta term dlsappears,

f_and the:amplitude_'Tg 'now.reduces to;'fz.,



' been required, even in.the limit I''= O.

-7
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In conclu31on we have shown qulte generally that the vanlshlng

.,of F is the necessary and suff1c1ent condltlon for. the nucleon to

‘lie on the Regge trajectory. In'thisfproof, the existence of K has

Tet us make a few remarks'concerning the limit T =

2
1 2 2

.(a) From T = O it follows that 79 =%. =72 5M = O,_ where Zl is

| deflned by 11m ‘P(s) =7,8- But the inverse of thlS’lS not ' _':Q;f”?

s o ® . : . e el

always true. sThe‘last condition 2,25M2 = O, was used by Gersteln and

'Deshpandelg as one of compositeness conditions; They: showed that if

n.

0, -and if the self-maés‘ 6M2 is‘finite, then 0( ) O and

M2 follow However, from (2 8) it is clear that when one of

2

%0

s, in (2 8) ‘appears in. the reglon s <M ; i. e.,'when SF' becomes

infinite as’ s - o, their. conclusion never follows. If Sp' satisfies

2

-the unsubtracted dlsper31on relatlon, the condltion Z SM =0 1is
' equlvalent to. the condltlon F R in. the scalar theory. However, if

' splns of the plon and the nucleon are taken. 1nto account the latter

does not again follow from the former, as was shown by Deshpande.12

(v) Since the pole, sd ‘of P 001nc1des with the zero of 8p', the

limit so-#'M2 is possible only 1f the integral in the Lehmann )

representatlon becones dlvergent or the subtractlon constant tends to

. 1nf1n1ty, or both., This means S E Then from S SFK flnlte

F

- we get P O, “or from (2 3) 0( ) ,must vanlsh and hencei P'=.O.
‘ThlS 1s an alternative proof of dbtalnlng F . 'In this Case the

Climit g02‘= g2‘~is_deriwed from-;s = M'V~through I =0.

-0



'where M2 < s ~<“(M+u)2=?ahd~'(M+u)2'< 3sn, Now, in the limit s =M

»1ntegral in (3 7) be flnlte
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(c) Other zeros sn,(n £0) in SF' are zeros of K which cannot

lie in the interVal_,M2< s <'(M+u)2. We conjecture that as s,
o approaches,-Mgf‘thosefieros s, 80 to infinity. This may be seen o

" in the lelOWing argument: When S_' has the unsubtracted Lehmann A

F

representation (2.1), we have the equation _

—— : | ~—>5 - .E' ds’ __ o(s') T
| 4(50 - M )-(sn - M) " (M*H)g (sfvE»So)'gs' t'Sn) - ' - =
:ggA

-0

'the 1ntegral in- (2 l) becomes dlvergent However, we suppose that the

13

_ Then s, ‘must go to plus_infiﬁity. Since

K(s ). = 05 thls means K(s) —>O as 's —»w._ Wheﬁ SF',_haS‘the ane— ’

'subtracted Lehmann representatlon (2 2), one of the snfs;, say Sy, may
_'lle in the reglon ;sijMe,' and the other zeros (n % O, l) can lle‘

”only 1n the reglon (M+u) sL Then,we:have T"V

3 (so -_.ME) (S -M2)

.l.  k3f8> 



»‘Constahtf d Tbecomes infinite, or both. ,Howeﬁer,'we éuppose tha%‘the.

) require I(s )/d =0 as s *’Me, ‘then s
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-where -
I(S):% . | .-'dS' vcés ) , ..'-‘.v. . - | (3.9) . /////"
. : (M'HJ') (Sr - M ) (SY - S)_. o T : .;/__/""/ .

o

.wa, in the;liﬁit'rs = M2 the integral in (2.2) or the subtraction |

0

L 1ntegral in the numerator in (3.8) is finite. Then sh must go to . T ¢ .';_

plus‘lnflnlty; However, the~motlon_ofl S, 1s somewhat different

1
fromuthese‘off'sn’s.' Since sl~$~M2, we have
1

2/<$1,-1M? =a - [d +. AI(s )1 1° . o .§3‘i°>'

0.
values, dependlng on those of the ratlo I(s )/d. But the case

As s ':approaches_ M the rlght—hand 51de in, (3 lO) tends to varlous'

I(s )/d - o should e regected because s:L tends to M * and hence

K(s ) = ( 2) =g = o,: contradlctlng our assumption g # O If;we-v"

1 tends to mlnus 1nf1n1ty,

j;which~means X(&) é 0. as:.s *-w;. Thus the CDD Zeros in K dlsappear.

o
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V. THE KAUS-ZACHARTASEN CASE.

~Kaus and Zachariasenlo,considered-the_Reggeization when KX Jhas_

‘an extrs polewnear"Mg;lsay :SB. Let us suppose thet,this_pole comes

v;from.the_second Riemann sheet of‘ XK., Then Sﬁl turns'out to be
'(s) L +-., L EELSEEN § i X L ,dsr _9(s') -
M2 - s SB - s s _ M2 T ] - o - os! 7
S o (ho1) -
or L
v A )
"(s) +d + — = —> 3 b ds? —3
- - - . r o L ‘
M~ - s B (sp7)" M+u>2 ‘(s M)(s s}
'(/.. ) ./v.' (’4‘.2) /// g

. . -
R s
e . . e
. T
- >
e

';where %. is the coupllng constant between the nucleon and the nvepartlcle
1 v

iwith.the mess_ sB ,.and we set"M < s The propagator must have one .

B
: Zero-so“ between M2 and | B’ and may ‘have at most one zero éo’
between’.sB 'snd (M+u)2. These zeros come. from the second sheet of l

F and hence coincide w1th the poles of F Therefore, by the -

o cancellatlon theorem these poles are not poles of Tb The propagator‘
may have also CDD Zeros in “the reglon (M+u) _S S, and one CDD zero

.1n the regfon s;STM?_ 1f SF' - o as 8 - o, - But these zeros are “'
not poles of’ P but zeros of X, Just like those in the precedlng

.: sections. For s1mp1101ty, hereafter we con81der only the case when

N

l
“there is no zero between Sq and (M+p) Then Eq“-(2'3)

© for -5 //S ! and the dlspers1on relatlon (3 l) for F remain un-

‘changed.
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K = (g +8y -8 )+
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: Now,_in'thé Reggeized‘world Tx ‘éhould~vanish, SO that ":'5

X =0 or T ;_O;~.Since 'K as well as  P 'has a pole;-we'éaﬁ take

' the limit K =0 or I''=0 evenif g-£0. Kaus and Zachariasen.

conSidered[only fheiformer limit K =0, ahd‘neglected erroneously .

subtracted diépersion relation

1m (PK)

the latter limit .fj:-O. We assume.thaﬁ TK satisfies .the once-

S ~- s 0 s - S 0 T
can O B S (M+u)2 '(s' - 3 ) (s

where

o
o)
i
3
)
f?::~<_ L
=
N
1]
wn
o
~—
1
®
o
N
-

N
(@)
]
F
2
: 0
Cw
' w0
“td
§
=
1
\
0]
td
[\M)

,s =S, respectlvely We rewrite (H 3) as

B

| gBe(sgf-ng) go (s M?)

© 8 = Sy  ‘;J S'-"SQ

s

- (Lj)""h

(h5)

R . . k . L
‘ Here gB and _ gB are res1dues of poles of TO agq X _at.

¥

ey
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Then the limit IX =0 yields
= o
4 . 2,2 .2
’ S & *eg =8 s (k7))
: 2P (s, -5,) =0, (1.8)
ahd | ,
- 2 2 2 Dy S
gB (SB - M ) -—go (SO --M ) (h"g)
- From these.equatidns‘me-obtain three solutions:
v(l) sy = 5o # M.’ gy = &g 7 anq henceA.g =0,
ey ' e 22
(1) s, =M ~ Spy 8y = O,__ané nence g° = g, >
PUUUE- S ST S N Y-
(11}) eo = M ?-SBj: and in general 8y ﬁlO,vlle;, 8 ﬁ goz. .
The solution (i) contrédicts the assumption g £ 0, so this must be
regected The. solutlon (11) meansvﬁhat the.elementafy nuéleon lies -
- ' -”,' on the. Regge traaectory) whereas the solutlon (111) does not mean it,
f@v ‘ ‘ because of g % go . Thus we reach the conclu51on that in order for',:
. f the same’ res1due to appear as in the elementary case, we must in
_'f" adaltlon:requlre_'gg = gbe ,ori'g§2'= 0 in the 'TK = O limit. This
: means that
1im -M)(s ) =efg 20  (410)

P
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as is seen,frem;(h.Q){ o
Inversely, if we require g - = gO: and lim o
' ’ s : - s. o M
o S _ | N . 0 _ -
- (s 5o = M )/( - M ) 0, then we have IK = 0. and ‘gB2 = 0. This is

seen as follows: From (k.1) or (4.2) we have

o 2 (oo

2(sB_;.Mé>/(sé:-fM2) %1(3,*.3 % ij~+ {kd + 0+ l) + b %7/2 Sy ; M2)2J : ; .
._‘wﬁeré :g‘; a (éle_zéé)_} ;e; .:jlie: .:“;.5> >e,‘ve‘>f B (h.lS)

S"+'M2) (Sf'fléo)

(s5 - s ) (S - M )

| o )

: Qe

Yo

- If- [(é' - M )/( - M )]—aw s then %. /(s - M2) or . the 1ntegral in 5 e

s (k1) becomes 1nf1n1ty, or both, or the rlght—hand side in (4. 12)

..beeomes‘;nfln;ty,',Th}semeans_-SF"_; @.‘ Hence from S r SFK
v’finite (including Zero) ﬁé get- PK 5-0: On the other hand .g? :.gog B
efﬁand X =0 yleld gB A o - | -
| In conclus1on we have shown.that when X has an extra pole;
[PK O and gB =0 are the necessary and suff1c1ent CondlulOnS for
‘ the nucleon tovlle on,the Regge traJecthy.‘ We have,again.congeeturedv o

-that in the limits- EK'='O and gBe = 0O the CDD zeros‘in.‘K Vgo/to/’i

infinity.



'Since

UCRL-16812 Rev..

_19_

V. SPIN ONE-HALF PARTICLE

We take 1nto account spins and isospins in the plon-nucleon o

'scattering. We make use of the Gell—Mann—Low15 representatlon for the

ngcleonlpropagator:

ey 1710) m‘

1 R o
SN =g=% * %

el

'..w“’ 'fb   d_(Wf)ll‘

t o . ‘
dw W' irp T
M ‘

e (w'>
.
dw._ Wf + 17p
S M .

1

-AIF“~

o (w) 50 for W M 4 B ‘the function

” fé"f.Af?O;(Wf).~

t rro— ¢
. qW x'Wﬂ+AW"'
_, M+u,. L o

o(W)

W

:=\l|—’

S M Rl
(5~2)

?'dbtainéd;py_replacing' 7i7p in’ (5 l) w1th W is the Herglotz function .JA-

.. Then,. the function"sf/SF‘ can be wrltten as

: o o’ - . . . . _
e Ty f S g
=1+ 2 Mv['".dW' = +(w.)f'__w - M. aw )
ST . y }}__,W'--W- I . : ) W“ +W .

R

) ; | ‘SF o' oy E G

e e AT s Wit R
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: ~“whereffwﬁ: are real zeros of SF' , -andA‘C= Z-Oz  Let us write the ermA-"

factor w1th one nucleon off the mass’ shell 1nrthe form

u<p )ra3.75K( 17p) . u(p >ws (1, (2) K<w> £ <p> K(-W)
(5 5)

" where . ool o0 L e

A (o) = (W +17p>/2w /(56)

s . ’ T
e : . PR
e o . .

Here K(W) is norﬁalized ﬁov g at W = M. In:thé elastic region,
. 0+(W) is then ‘given by

o

RS AL I Ll

where -

N

) {0 - - R




-as

: _?jl‘(w-)" _ .". _16:; wz M

» unltarlty relatlons
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' If we define the_proper‘vertexvfunction vy

'"then' 3+ (W)f'in'theoelastic region is

SR ..-p;(Wv‘).. SRR
B =2y ——— T W] GO CRE0 NP

Now, the partlal-wave amplltude, ] (W), for;a;state}ﬁiﬁh’,l

o total angular momentum J =1 f % and 1sosp1n EI'?’%7¥0an,befﬁrittenfszva

16

2 "2‘:, r( .

vk
-

+lx
B

¥3. (

f (w)

=R
LJ.
l\)h—l

(5 12)

= Here e have nomallzed T ’(W) to .

T, (W) = é“gJ’ sma /q S (5

above the ‘fhfesholaf : "634" belng the phase Shlft We. assuiﬁe that fj;ﬁ,q»)}..;'

is meromorphic in the’ j plane The form factor K(w satisfies -

17, -
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im_.k(w+‘)' = q(w;) T;;(@ k(w .o ) .1 u)
Im x(-4,) ’"7.Vq‘('w+) T_%?'W%) ?‘("Q»_: (5.15)

" for W, M- + u\w M +2u, where W, —W + i€, and € is an
n 1nf1n1tes:|.mally small positlve number By_ virtue of the MacDowell

 re1gFionl§
. (5-15) éé%;pe»ieéiiﬁten as T}-f
In K('W ) »» .q(W ).T; o, -) K(-W - i :  ‘(5~._1’7)

| . Here we have taken the cuts of q(w) in the W plane between.

'—(M + p.) and ‘-(M - p.) and between M - p. and Mo+, ‘so that |
q(W) 1S real for ,W [WI > M *H and q(-w) ,-q(w) when o S N E

: W > M o+ Mo One can. show that T and f " sat:.sf;y unltarlty felatlons _{/’

bythemselves, o L O AR g A

= 'P('_w‘,,)"% alw, ) £31(W,) rw) o, .(5'.13)

I.m :1"‘(-W‘+) = Q('l-W.*_) f_;(-er) I‘(-w+), | S o (5,19)



and ) » ‘ ‘. ' . ‘_ . . : : . . ’ . ’ . 3 e

: ;m fji'(w+) - 'q(w+) lfJi(W_*_)‘g, | S ‘ .('5,20).

for W, M + S WS M + 20 By virtue of (5.16), £,,(W) aleo nas

the same reflectlon property, so that (5. 19) can be rewritten as -
Im rv(..-w+) = a(W,) f,é__(wdr)_lf(fwdr)_-,_ _ (5.21) -

In qulte the seme way . as mﬁ tﬁe'preceding sectiome, the Kronecker‘o‘
delta 51ngular1ty in T (W) must disappear in the. Reggelzed world, from<
(5 12) it then follows that F(W) EOr. We shall not. take ‘the case when
K(W) has an extra pole. A generallzation of the case is easy, Just like -

SecQ IV. Now, the dlsper51on relatlon of F(W) normalized to g at

| w0 ey

(W) = ' ' WY

T =g T | AT o) (W - W)
B D .

R G vh iy R e Al e S

where‘ WO is a pole of F(W) coming from the'second Riemann Sheet,'and ...

4 is its re31due ' From the same - argument 'as in the preceding sectlon, S

'_this pole 'WO is also a pole of f1 (W), but riot ‘a pole of T1 (W)



‘at W= W but not a pole of Tl (w) and X{(-W), by virtue of

Al(5 23) Now Eqs (5 22) and (5 23) together with the condltlon P(w)

UCRL-16812 Rev.

.

and K(W), so the equality o

TG i) = &2 B .

is valid, where 5g02 is the re51due of the pole in (l6ﬁ/3)f1 (W) x."'

Wg/[(M;-'W)g-ua_ . From the reflectlon property, fl (W) hes a pole AT

. m
L O
-

A .lead to M WO and g2 = gog. Slnce the pole of f1 (W lles on the'
-1Regge tragectory, these equalltles mean that the elementary nucleon
'pole now lles on, the Regge tragectory. The 1nverse of this can be shown R
*.to be true, in qulte the same way as in the preeedlng sectlon Thus, |
-lall the results obtalned 1n ‘the. scalar nucleon case are also valld in

~ the fermlon case. Note that in the fermion case, the llmlt Z25M 0

© o is not equlvalent to P = O, even when S 1. satlsfles the unsubtracted

:Iehmann representatlon;.
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