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A H1therto Overlooked SU, Octet Of Regge
'Poles Implied by Bootstrap Dynam1cs*

Alberto Plgnottlf
-Laawrence Radiation Laboratory -
‘University of California
Berkeley, California .

December 3, 1963

ABSTRACT
The scattering of two pseudoscaia,r mesons belonging to the octet
. representation of SU3 is studied in the framework of bootstrap dynamics. -

It is found that the leading Regge poles correspond to a singlet and two)
|

octet SU representat1ons. The singlet state is unambiguously identified

3
with the Pomerancvhuk trajectory, and one of the octets corresponds to the' .. .
" well known vector mesons., The other octet is composed of even- s1gnature |
~ poles wh1ch are called P!, Q, and R and which, in a first approximation,

coincide in position with the vector-meson trajectories. These p‘c'>1es aro not -
..1ikely to manifest themselves as ‘l.ow'-mass particles or resonanceo becau’se
“of their positive sxgnafure, but they are expected to 1nf1uence apprec:.ably -

h1gh-energy scattermg in the crossed channel. In particular, the P! pole e

j_plays the role of the second vacuum traJectory proposed by Lgi, and the R

is su1tab1e to explain, through an 1nterference with the p pole, the sign, o

value, a.ndrhigh—véne’rgy dependence of the difference between toté,l pp and

'

np cross sections,
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_In this note we want to point out the existencé of an octet 6fﬁﬂf' o

: ewn-signature Regge poles that follows from assuming two features that

. have been recognized to play important roles in strong interactions.3*"“; 1

»SUB -symmetry1 and the "bootstrap" dynamical model.2 The.isospin-o‘_;ﬁv l

v‘l) v
member of the octet is naturally identified with the secend.vacuum . {{i'
3 -

‘trajectory proposed by K. Igi,” whereas the Pomeranchuk Regge pole
. fits nicely into the dynamical scheme as belonging to the singlet

representation of SU The T = 1/2, s=#1 and T =1, §=0

3°
’“-. componenta of the octet are likely to produce noticeable interferences
'~:with the tK . and p Regge poles in high-energy scattering; thus makingb
"4t possible to resolve some apparent inconsistencies that ‘have been
. pointed out recently. Finally, the physical manifestations of the.;'.
; g?opesed trajectories-in the resonance region may occur as spin-2+i =
lfespngnces, at energles of the order of 1.5 BeV. |
| We consider the scattering of two pseudoscalar-mesons belonging .
”:'tto the octet repreaentation of SU3 s in the limit of exact aymmetry."
It is well known that such a process can be written in terme of

. amplitudes correaponding to representations of dimensionality

" 1, 8 8, 10, 10, and 27, and that under interchange of the final
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factor of two in the contribution from the 4 channel. Furthermore,"

”‘ ‘we can drop the signature index (i) , because for nonzero amplitudes

T it 13 determined by the evenness or oddness of the representation.lv "'3;[§::A‘

The so-called "bootstrap” philosophy now requires that all Regge “fwé,” -

;fipoles appearing in the above amplitudes be‘bound states caused by the
%_rexchange of the same poles in the'crossed.it‘ ehannel.2 In the following
"agjln_i ?'*:e'we do not attempt to solve the eelfuconsistency equations that arise _'
'=«,from this principle, but rather to examine what'ean{be said about the'f;'éﬁ“;/_f -

PR
oo

ﬁl;solution without actually aolving ‘he problemai

%:f:f' For this purpose we adopt the criterion that the sign of the_ \-'ﬁ"

" force due to a Reggehpole exchange ie given by the sign of the Born

,;ﬁfi_J,j,jq;f approximation for the exchange of the physical particlee 1ying on the.

':frﬂﬂfhf;ﬁﬁ_ Regge trajectory, We obtain the Born approximation by keeping only a
ff reeonant partial wave 1n {he expansion for DtN *1n Eq. (2), This'yieidsg

. [N .
. . e

=3 : a IR

Mo 1) B, (4 e 28y a0 s TRy M
g 2L i+ 1) P, (1 Q1 + )
o (Bhlrd) ff ‘f*n"’.vﬁf).;.f'(, S"‘*<s )ty uﬁ

1’3; " ) - (3)

P

Uifor the exchange of' a resonance of energy. sqpared tR » width 7 , and - ,fﬁ ;‘“j

‘}spin _Lt-, belonging to the N' representation 1n the. t channel.5 It ;
Vfis well ‘known that a positive ‘Born approximation above thresho]d corresponde;;
[ to an attractive force.‘ Inspection of Eq. (3) therefore shows that the | )
sign of the crossing matrix element Bt alone determines the sign of :ﬁ j§T 
,Rfi the force and that’a positive element corresponds-tocattraction.é» ;;t;f;e?ff
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"(c) The 8' representation, which is naturally essociated

.1 - . ’ . * ot ] 9 i
w. - with the p, K , K , end 'ﬁ' vector mesons,” is apt to be self-

;i consistent, This was noted by Neville, who éléo pointed out that the
| 7

j;‘"ffjisame 18 true for the 10 and 10. representations.' However, Chew hasv'$ﬂyiwi;

. # —
< ;j’given argunents that show that a resonsnt solution for the 10 and 10
. \ ’ " N

. 077" states almost certainly implies a violation of the Froissart limit, and

3~fff?;that we should ﬁherefore expect the completely self-consistent solution

‘ ﬁf‘to contain no 10 and 10 resonancea,lo If we adopt this point of view :

'éﬂf and look again at the crossing matrix (L) emphasizing the forces due to

%;the exchanges of the established .1 and 8'_ Btates, (columns 1 and EY

“.we find the following feature. B , ' ’
(d) The forces on the ‘8 channel are equal to those on the 8":§3f f
. # .’ state. We are thus led to predict an 8 Regge pole, coinciding in position

”"‘Cfliwith the known 87 . This statement is exact in the absence of 1nelastic {f ‘-f

@fchannels and if we consider only 1 and 8' exchangea. However, it is

. clear that if an 8 Regge pole is present, we must include 1t as an acting jf'
'E‘force too.. We expect this force to be small, because even if this pole
;1manifests itself as a spin-two resonance, the latter will ‘oceur at a

. considerably higher energY-?l 12 1n fact, 1f we displaced horizontally . =

i”:g'the Pomeranchuk trajectory requiring it to crcss Re a = 1. at the,

. 0vY . aversge energy-squared of the 8' vector mesons, it‘vould'crbss Re @ = 2 §

| ' 13 L
at approximately (1.5 BeV)a - A quantitative estimate of the force due - :
o to the exchange of a apinwa resonance at that energy should properxy
» take into account the effect of the Regge behavior in order to avoid

..:f;embarrassing divergencea, and is beynnd the acope of this note.; We only




manifestations of the pole are weak. Therefore ‘we are inclin?dl

L

consider the 8 exchange force a8 a perturbation that %&ll nz

[
l

The crossing matr&x (h)

profoundly change the eatabliahed patterne

4

L course, becauae SU

symmetry is not exact we also expect some splitting;

3 ,
e among the different isomultiplets 1n our octet.;ﬁvg_'“;_ff

t

,on scattdring processes in the crossed channels.; In fact, our, octet;

5-

icross section. The poles proposed by Igi and' by us have similar»
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e{g}e}f?i'g%ij¢.m - In addition, Dr. Chew has pointed out that another apparent ‘
| ';;3}37  . anomaly in high-energy-scattering may be explained by the inclusion of ;;
. _; v”»thec T = 1 member of our octet, which ve denote by R .lh This is thei) 3
= YE\J{E'f“°t discussed by Sharp and Wagner15 and by Phillips, ® that the ool

;i contribution of the »p Regge pole to highnenergy total PP ’ ‘np ;
o and pp crose ‘sections has been inferred from experimental data to

be abnormally small, and’ of a sign opposite to that expected from the [;

assumption of real enalyticity of the factorized residuea.. Introdpcipg?fn

s L

?FL G =~ and

@(a) @e). i

(nP) G{(B) +. (B)H

) (pp)( Q(B) 6?( ) i+ @(s) @?q);‘;.; @?5)

T where the real aneliticity okahe‘fectofized residoes implies that the
ﬁ functions 6{(9) are positive, It is clear that a small positive value
of ¢ (pp) - g (np) for momenta in the region of 2 to 3 BeV can be j

;explained by an approximate cancellation occurring bebween the coutributions‘,f

L “of the p and R poles, both heving normal-aized" residues with the li;ee_f
f"g ,fj;{_f'expected reality-analyticity properties 17; We also note that the ?g’f '”ﬂe.il'
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. commumcatlon), has con_]ectured that the- presence of the strongest forces o
in the state with the quantum numbers of the vacuum may be of more ‘

general validity than expre ssed here.
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w - is not coupled to the pseudoscalar-pseudoscelar channel.” For a

. . We conszder that the ¢> ‘belongs to the vector meson:ocCtet, and that the

dlscussmn of the possible Q-»w mlxmg see for instance,. J' J’ Sakura.1, T

: Phys Rev. Letters 9, 472 (1962).
YThese arguments are based on the reahzatlon that 1f the 40 and. 10 states
.admlt a resona.nt solutmn similar to the 8°', the ratxo of the forces or;~ - &_ T

- the singlet and 8' states due to vector-meson exchanges would be 7,

" whereas if the 10 and IE resoné.nces e,r'e excluded, it would be 'just 2

o (see the crossing mat_i‘ix in Eq. 4). Present calculations indicate that

B C P

s A2,

14,

15.

.-1'6..

_R._'-P_h_llhps Phys Rev. Letters 11, 442 (1963)

.!\

the Pomeranchuk and vector-meson poles; conversely, given the existence ',

. of the vector mesons, a factor of 7 would imply a violation of the

commumcatlon)

We do not con51der the exchange of a physmal sca.lar part1cle on th1s S
' {

© trajectory,’ because we expect Re a ‘to vanish for negative v.a,lues,of t
The possible ,twof-ps;eud_escalar m_esen decays of thi's OCtet of reSOnanééQ,;} :
'.-woﬁld be mm, .’1"], and KK for the T=0 member; K'ti'.and Kn for the k'
T=1/2; and mq and KE‘.fér the T'=1 (G parity forbids two-pion 'Vdve(CaY
" in the latter case). ‘ R

We are assuming here that the f resonance lies on the Pomeranchuk. = .« <=

,tré.jectory, as indicated by the présent experimenta.l evidence. '

G. F. Chew, _ Lawrence Radlatlon Labora,tory, pr1vate commumcatlon. : :

D. H. Sharp andW C Wagner 'Phys. Rev. 131, 2224 (1963)

° the latter factor is adequate to produce the experimental splitting betw)een"- B

- Froissax_‘t lirnitf( G. Chew, Lawrence Radiation Laboratory, private
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At higher r;lomenta the experimental situation is still unclear. However,
the corrected np data seem to tend to cross above fhe pp values.

[See A. N. Diddens,. E. Lillethun, G. Manning, A. E. Taylor,

T. G. Walker, and A. M. Wetherell, Phyé. Rev. Letters 9, 32

{1962). ] Our model is consistent with such an eifect, because we
predict a somewhat largér value for u'.p(O) 'th:.a.n aR( 0), apd ‘we th_érefore

expect the p pole to dominate at sufficiently high energies.

" Note that G parity forbids the R pole to contribute to vN scattering.

I. Muzinich, Phys. Rev, Letters 14, 88 (1963).

J. L. Gervais and R. Omne's,vEcole Polytechnique, Paris, France, |

i
v

private communication.,
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