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A Hitherto Overlooked su 3 Octet Of Regge' :·. 
Po1E!s Implied by Bootstrap Dynami,::s* 

A1 be rto Pignotti t 

Lawrence Radiation Laboratory 
·University of California 

Berkeley, California 

December 3, 1963 

ABSTRACT 

The scattering of two pseudoscalar 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: 
. . · l1 

octet su3 representations. The singlet state is unambiguously identified 

with the Pomeranchuk trajectory, and one of the octets corresponds to the: 

well known vectqr mesons. The other octet is composed of even-signature 

poles which are called P', Q, and B., and which, in a first approximation, 

., 
'' 
i' 
1·. 

coincide in position with the vector-meson trajectories. These poles are not· 

likely to manife~t themselves as low-mass particles or resonances because 

of their positive signature, but they are expected to influence appreciably 

high-energy scattering in the crossed channel. In particular, the P' pole 

plays the role of the second vacuum trajectory proposed by Igi, and the · R 

is suitable to explain, through an interference with the p pole, the sign, 

value, and high-energy dependence of the difference between total pp and 

np cross sections. 
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IMPLIED BY BOOTSTRAP DYNAMICS 

Alberto Pignottit · 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 
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.··..:. , .. : 
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.·, . 

·· .. · 
December 3, 1963'# ' . ~ . . ~ ' ·. ~. . 

. In. this note we want to point out the existence of an octet of . : •· · 
. '. 

e\en-signature Regge poles that follows from assuming two features that ... : ... :·· 

have been recognized to play important roles in strong interactions: 

1 2 . su3 symmetry and the "bootstrap" dynamical model. The .isospin-0 

member of the oc·tet is naturally. :i.dentified with the second .vacuum 

~rajectory proposed by K. Igi,3 whereas the Pomeranchuk Regge pole 

: .. •. 

. l/ I, ' 
\I 

\J. 

,· .· 

fits nicely into the dynamical scheme as belonging to the singlet 

represen~tion of su; e The T = 1/2 I s = ±1 and T c 1, s = 0 

components of the octet are likely to produce noticeable interferences 

,·. 
., .. 

* with the iK and p Regge poles in high-energy scattering, thus making 

it possible to resolve· some apparent inconsistencies that have been 

~ointed out recently. Finally, the physical manifes~tions of the . 

+ ~roposed trajectories in the resonance region may occur as spin-2 . 
/· 

resonances, .at energies of the order of 1.5 BeV. 

We consider the scattering of two pseudoscalar- mesons belonging ~ 

to the octet ~epr~sentation of SU; 1 in the limit of exact symmetry.·· 

It is well known that such a process can ~e writ·ten in terms ot · ··., ·· 
. . . 

ampli·tudes corresponding to representations ·of dimensionality ·0 • ;.· 

1, a, 

.·• 

. i 

!•' 

.• -1 

'· 
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the uni ta.ry spin dependence of· the. amplitudes . A 1 .. A 1 and . .{ .. : : _.{ ..... 

is even,· and of A8 '; ·A10, and ;r.o. oad.: ·We df!oote :these. amplitudes .,_,.,,. __ ... _.,.,:-·' .,~:;· J 
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. . , ·r .... . , . . , • . I / , '" . .. • 

,., .~~-.~ ... .'··:?.· ' 8 N' ;.·.:-· .\''·-)· ._,~·:r- '·i·%: '(2)i:;··::; ... \~·~~:;;';·::, 

.... ;:~~.~:-· .. ,_';\.~;t<::-f· ·-·· 1 
+ s:4 l ··:: ,;~~-_---r~-~-r,- ~!/:-?·.· --~--: f'.!l/~·2:~~~;,:;;::~;;::~:;~~:,1 

• -.~- •. , ._ • ; •. , ·.! • .. .... · , .• -- r I .• ,. , , •..• ,.r .. i·, ........... _, I _., :~:"/:·· :/.,;_:':•_: -\ t•• · F ' •1'.-r- :,-_·!~';·,,._· ,~·_.:<:·_. '• 
·. -.. ·~,;>.-:::'{':: Here we have taken the pseudoscalar mass· .to be one : ·s r is t~e 'square. 6t: 'r:1! ·".::}, r,\·h·· 

. ·--,' ':]~:(i-?U.~;;·.-:.~: . N' ; . ' 11 
• :~- :. • : r •!J~J.:)·:~-:~: .. :J::F 

'·.:·,-.· ... ,·~:. .. ·>:·)the energy in the center-of-mass system, Dt.· (.s,t) and· D ~~(s,u) .arJ,:.:J:,-,.-, .f.: . .-
. ::·)~~·-~-L~:d\;~-.~;i~~ . . ·-· i. ub: . _ . d\Gil~L'-:;~,y-~.:~·:::t:;(l 

·:·:::·::,~>~~:;_the absorptive parts in the crossed t and u:. channe~.s corresponding:·,,;:~>\·,•.:-.·k·,-:·:·:r.'-\'·; 1 

;j\~~~,t,~;£ttiYw tile representation. N'., and tl~~ . are the orossi,J,' m~{,·~~-·~~;]~}~g(t;!f)J/i'Jti I 
··- ·.,}3:-:~~?J:.u~itaey spin spac~. · Bose· s~t~:stics·., .and the· s~tr/propefi~~s···~f~}-~;:·i·-\:~t.;:·.-~\.-'~ ~:i;lt;:- ~-

, . 
i . ' .. 

mentioned;above imply 
'•.,. 

' :j:;r ' 

·Ae' (- ~ ( s 
1 
t.) · ... ~;·::·f.~~-~~) ( s, t.) 

.. :{~l.(::,;t{::~' ·:-~: ;~:.-
therefore ·: ·...t·_. . )~ ' 

~:i ~,. ... :!( 

~ '·(;:: 

·, ~ · . 
. }!_.;:·:··_ ~-:·'··:?:.·which shows·, that the'- effec~ :'of.ithe ··..:'u·.:·· cbannel~can- be,;represented by' a';_::1N~~,, -::~;;;. ·>. 
··- ~"' ' . "· . ' . -',.., ..... 
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· ·· · --~ ;-,_·. · ... ':factor o:f' two in the contribution from the t channel. Furthermore, 

::·-:-.··: ... ,:' 

. ' . •. 
'\ -··· ': ."1 

,, .. ,· . •' ... ' ,· ~ ·. 
(±) , because. :for nonzero amplitudes 

'·' . 
;. -t; we can drop the signature ind~x 

'·, 

. ·,.: > -._.~:-.::~~ · .. ~· it is determined by the evenness. or oddness 8f the representation. 
. -··· 

j .• ;. : • . ... ~· ~· ' • .:· 't_ ~ _. .. 
. ~ . . ,. ·, ... · ~ 

. ,. ·, 

'.·' ·.. . 
_: ,· ••• { ...... •• ¥ 

.... '.' 
The so-called nbootstrap" philosophy nov requires that all Regge _ 

,. 
... ·. :": -_ poles appearing in the above amplitudes be bound states caused by the . .:· . ~- ' 

.··. 

.· '- -~ .. . .. 
·._ .. 

, - . I 2 
. exchange of the same poles in the crossed. . t channel. In the following -

•' ... 
.·.l, ... 

.' '~ 

we do not attempt to solve the self-consistency equations that ari.se . :,:,'.: 
. . ' ,, ... 

.... ,- .. ' .< 

.... 

·. from this principle, but rather to examine -w;hat can be said about the · ·,;. ,_. ,_. .. 

',, *-'· 

- ·· .. ·; 

.'. ·' .. . . -
'1, .... ·:· ... 

solution w·i thout actually solving the probleino 

For this purpose we adop~ the criterion that the sign of the 

I·,< ::· . ... 
f• ' - ~ ' • 

< • '. ~·· •• • 

'• ~ . ' . 
.·1-

, .. ., : 

... 
'• 

. ' ' 
• J."l 

~>: .:_.,·:;·,force due to a Regge .. pole exchange _is given b~ the sign of the Born 

• f i\ -~ approximation for the exchange of the physical· particles _lying on the-

. - ":'· . ·; 
~ ' ' r: ,• 

' ... -. ' . •, .~ . 

> . . ·"' •. ' .. Regge,trajectorye We obtain the Born approximation by keeping only a 
. . ,• 

N' Dt · · in Eqo (2) ~ This yields 
I ' ' ' 

~ ,. ' . · ~ ·:<:: .:.~··). -.resonant parti~l-·wave in ·the expansion for 
' ,"\, 

' > 0 o ~ • i ~ I o : i' .' 
• ',. f .... 

,. . . ~ ·' .• . '·. 

,.... ·,· 

2t_. . 4t_ ' . 
PE . (b,.c.)· 
·-:B.A. . 

. ~NN' ( 2.c,· , l) p ( 1 + . 2s ) Q, ( 1 + ~R ) -R !:· . 
e 7 .t .. - . • t tt . . . . ~ t . ~ .. ~~ .C, s:-4 ( S • 4 )( ~ • 4 )i ::-... ..~ 

. ' I -

-~ ... · .. ; . ' . ,, 
... ~, 

I : ·, i 
. (_:;) 

.. '• - '5,. for the exchange or· a resonance of energy squared: ~ 1 width r 1 and · 

... . . · spin . tt· 1 belonging to the N' representation in the t chrumel.5 · It 
. ...< ... ~ ': :i .· .. 

· ' ·~· ;,. :'' · . . ." · is well known that a positive ·Born approximation above threshold corresponds i' 
.... - . 'i. ;,-'<·. ·.· . • . . i .. . F . . . l, 
· : :· ). ·.>·· · .. ·. i. ·~to an attractive force.. Inspection of' Eq. (3) therefore shows that :the . ,· . ' '_,· 
.. ' .. ··:: . ,:·.,,-~·. . ·. < . . NNL .; ,· .. . .,~ .' .· 

·, .-· .·: · sign of the crossi~g ~tr~ element·; l)t:. - alone ,de~rmines the si~ of_._: . f .. 

. . . .~_ the :force and tha~:;a .·po~~tive element. c~:rre~~nd~ .-to attraction.~ /..· ... -
.'> 

.,. 
J ,• ••• " ••• 

. . . 
' I ~ ~ ' 

. ;:: . !:': 
I . 
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10, 
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·10, 
~ -· 

and·· 27 .• 
,,,, 

·. By.'examining this .. 
.' ., 

·.following features: 

' 
I (a) ·The ·leading }legge t]:'ajectory corr·esponds to the singlet 

su, . 

states in.the 

' ',' 

In fact, if' we consider the forces arising 

s channel from any given t. ·channel 

see that the resulting force i~ the singlet ·state is as 

stronger than the force in any other state. :The. quantum numbers 

o, G ~ +1 . and signature· 1' = + associated with the 

.. representation coincide with those 
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' .. -. ... 
' ... '. ·· .. ··. ·' •'. ' 

.:. ': 
' ~- . ' f : .~~ 

1,· 

' '. ·.with the 
I • 

(c) The 

p I * K 

representation, which is naturally associated 

I it , and !l vector rnesons 1
9 is apt to b'e self' .. 

·. ':.,·.·.· .:" .··:~ ·'· .. consistent~ 
• • r . 1, •• 1 ~ 

This was noted by Neville, who also pointed out that the 
.. 

>f, ·.r,, 

... '.• ·· · · same is true for the 
_; ,,· 10 and ¥· representations.7 However, Chew has 

... , ... 
·.' : ~ : ·. . . -. · ···• given arguments that show ·that a resonant solution for the 10 and 10 

. • • .. 
'. states almost certainly impl.ies a violation of the Froj.ssart limit, and 

~ •• ' t •• 

·,, · . :· ·. · .. ~ ... ; ··: that we should therefore expect the completely self-consistent solution 

.. : , · .• ~-' .:·:, /·:···-.·. to contain no 10 and. 10 resonances •10 If we adopt this point of view 
• ~ • ·~. j'. 

~ ... ·. and look again at the crossing matriX ( 4) emphasizing the forces due to .. ··.:'· 

. . ~ · · ·. : +-: :: the exchanges of the es·tabliahed . 1 and 8' .... , ··: ..... ,.r. ·:.:. . . . states1 (columns 

~· ·; ~<·,·:_ '..we find the following feature. 
f •, • I I •• :I 0 

< ~· 1 
(d) The forces on the ·8 channel are equal to those on the 

~' ' ·: ,/' 

·.' 

'' . : ' ., : .. ·;.< .. ,.state. We are thus led to predict an 8 Regge pole, coinciding in position ·· 

~ ... 

, .. 
•••. ,1:; .: 

. , · : _' . with the known 8 i o This statement is exact in the absence of inelastic 

:'/. ,,,',·~·:.::. channels apd if we consider only 1 and 8• exchanges. 
I' ,. ~ ; : ·, 

However, it is '•,• 

't'···· . _. 

•,\' 
,: ~,'· ' I', 

; ... <··· .-.~'} clear tha;t if an 8 Regge pole is present, we must include it as an acting,· 

· il·. ·< ·, · ··.:·_·:,. ,· .. force too. 
·,··.,' . 

' ~ . ~ . ' 
We ~xpect -this force to be small, because even if this pole . 

. . ~· , I' ' . .' . ; ' 

·:., .: . ·:.'· .... '.manifests itself as a spin-two resonance, the latter vill .. occur at a 
·L . . .' .. ,. ' . 

'\' IJ :jl 

.' '"· . 1112' 
. . ;' ,' .. : ·. considerably higher energy •. ' In fact, if we displaced horizontally 

·, ...... ,, 
r. ~ •• • ~; .,. .' . . 

the Pomeranchuk trajectory requiring it to· cross Re a = 1.. at the 

average energy-squared· of ·the 8• vector mesons, it.would cross Rea= 2 
. 2 13 

' ·, ~· . at approximately' (1 .. 5 BeV). • ·A quantitative estimate of the force due 

'.· . '. 
to the exchange of a apin~2 resonance at that energy should properly 

. : take into account the · effect of the Regge behavior in order tO avoid 
1·,.' 

.·.: 

· ... 

/•, . 

.t 
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~:,. :~~·;,)' ~ 'l ' . ,': . ' .• " ' . c.·:~()~.. . ._,·. ' .··._>.• .', ... ···,::. :~.·. _: .• ·:.·.· -~ .~ _-•. _':·!_:.··,:·_·.: __ :1·:_:~.· .... '-_,\';·::·~,:~'li:._·:·:·; •. r;::: ... !;i·~.!-•.::.::.;:~·i';~.-!/.·;.~;:.~.;.\_'.·.; . 
. ;··t•}c:if~£};1:;~~remark that neglecting dis~t · signul...rities has' been a b8.~1c\ ;, '·· i·~.~;.:;ry~;?~:";; .·j 

~':·:,?·~::~{~·r:;~>.L,; . · · ,. . .. .;t. .-~,~ !!_! ,,'_ .. / .. __ :. __ . __ .·.• ... ··.· · ... ··._·,·_._:, ... .r.F_.~_::_ ... :_-~·-·.·_J:,_~_·_:/_··,1._:.: ... ~.~---~~}·_:_· . 
. ···:'.:.;:~~-~}.~:;_.: approximation in the use of dispersion 'relations, and that in ·~ur t! ;,;·:·~£i-·':.:~~~<;~.l,t' 1:;rJ:~::: 

. ·<·~ : : .. . ~: .. · ~~ ., ~· }~·: ; ...... ~ ·.·. ;:·.'~·?_;_i{;:_~- .·~·; .~)~f: .. t.·~-~-~ . 
. case not. only 'the ~ea~ part of th. e ~ole posi tion:.is largT, '~ut~:: al~o_;_.?:1 :~-~: !·~{:f'i-r~·I·:·:.?:~':: I' 

. . . • . \'·'~. ·~! . · .• ~ . ·;·~. '"'-'·.>.>(·{ t:~-~~;,.'r< 

.··:',··:.the imaginary_ part isc probably subst.an~ial, -s~u~esting_ ;hat. tJ~·Jr~:.q,~·.l.i:~:~)::i·_·:.·~:(~:I .. )~.f~_:{_.'J• 
:~\\ s>'' manifestations of the pole are weak~ Therefore~!. we are ·inclitJ.ijd: to ·, ··:" 1;,-;t,'·'it·:r _v .. ,,..'-,,. 

:~\~_;:.::·consider the. 8 exchange force as a pertur~:ti~n that ~ill nl~.i/:; __ r-~·r~~r;r:ir:~~~:i:~:\ti>f 
profoundly change the established'. patterne . tThi~ros~ink mB.tiih/{.4)' . ·•· l~.\!J} ~:{::~i~\\< ··:I 
shows that the effect of .the 8. exchange t~nds to ·spl{t the f'a!> .. and ·'\·:{i;j~\)i:f~;tJ//;;~iy[ 

,\~ ~:.:: •! ;-:·. i1 :1. f.. . '\ 'l(/ .·.:,ky::· :·-:·:_: ::·f 
.~ 8 Regge poles _,b~ raising the :

1 

B.• . and depressing the 1 8 ·1 ~~elf.. . Of\ lf Ji}.;;":~:~},:}.i_·~.(·· l 
course, because · SU · symmetry is not exact, we also ' : .. ' •) 

among the different i'somul tiplets in our octet~ " 
!·r ., ...... 
. 1. .. , 

.·\ ·' 

We have ·succeeded in· showing that nothin·g spectacular should 
;\· 

-·, .:,:./::·>·.)··;;.":;.~~ expected from .the proposed octet of Regge poles .in the :regia.* of 
··' <, ., • ,· ' . 

energy resonances, thus explaining why they have' ~ot been 

On.the otller hand, the effect of these poles is likely tob~: 

In fact, our., octet . ·• '''?!/} 's'>'•.'ii' · ! 

)i, ; ; :::::::.:::a:: :. ::, 1::·:::: :m:1: ~::.:::: ::::~~q;[:'~:~~fJ~: I 
. a theoretical prediction and the experiniental values of the total: ~p .~::><~·(: !:. ;' ·>·'-:;:[~ r 

' .. ;. • . . ·.·-=-; \ ·'· .:~·;;~·<·--·~·.:<,,[ .""·\.l! .t 

cross section. 3 .·The poles proposed by Igi and'. by us have .similar.·:·' :~ {:t'--~·~:;~,:/;/~~:~::·! 

.. and ·~· = +a: :~:r::eb::u::.:::t::;·;: :~:: :=.::~J~ii;~ij~,~l~l 
.,_vacuum trajector{.~:l~n,gs ~·_a. dif~e~~n~ ... s~3 ... ' r~p:res_en:tation ~han:· t~~-/l~::::T~~{{:_· :;~{t:~ 1 
, ... . . . •.;;'.' ·:."· ·,··· .. ~· · . .-.. · .. :·< .·· .... : :.· .... _-.;,:~· ·' .· .. ·, ·. •.· ..... !J;_··;i·F-:··It<,<".~ 

,~· Pomeranchuk pole,''and.thus"_we avoid the fea~ure,oi' __ having. two:_ significant:·:~:~· ·;:11; '~:d 
·. · ·· .:.:.:\-'h:··l f ~ : :·Y:~· ·· :., _.' ··~- i:< . ? y;~~.:~::j.f;:~:>·Lr-. ~-. _::; r_,~:~·:,~ :.-,~· i->.·.:·-.:~ ·,.:·;:~}~~·;-;·,:./f:,~:-.. I 

poles with ·eXa.ctly_.the~·same·quantum.numbers.:;·,.;,: .. ~.r.-::1'.·,.~~-.. ~·.i :1 :·1~'· .-:<:.·:._,.{-.:.;:~ •. :':·:<._}F.'·! 

t~~~1 ~ 

. : ·. 
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In addition, Dr. Chew has pointed out that another apparent 

anomaly in high-energy·scattering·ma.y be explained by the 
. 't.',:.' .. _ .. ·, ···/·.; 

inclusion of ·. · · :· · · 
. .> •,oJ ·:.<. i 

the.· T = 1 member of our octet, which ve denote by R •14 This is the:·· .. ,z.·. · ·, ... :::: 

. fact, discussed by Sharp and Wagner15 and by Phillips, 16 t~t the ... ·.: :."};;:~>' ·. ; '·';: · .... ,.· ·~ ~ 

{ ~ : . . .. 

contribution of the p Regge pole to high-eriergy total pp I np ' 

~ : 4 ~ .t· . 
:':' 

. ·.· ·:· .. 

.. ~ .. ;. -~ ·,. and pp 
• . . I 

cross sections has been inferred from experimental data to 

... ·.-''1. 
. ''\ . ·,~' 

. ~· .. ; ·' ;·r'. 
·:· t.· .• :.· 

·'' .'· .··-. 

·I 

: ~ .. 
;,• 

..• 1 

... 

I 
. . 

T - I ·a ( pp) ' 
CJP ·cl' (.1) 

\:1\(s) · +. \7\(s) ;+: (t{(s) + 6{s) 

where the real analiticity of ~he factorized residues implies that the 

~ ·: ~ . ; ;. . :_ ... 
~ .. : . '. . ' 

,.1 . 

'·,''I<' 
,_:._";; 

. .· . 

. . ~ ' j ... ·; 
.. •, . ' . •·, ~ 

'. · .. ::. 
."• 

··<··· .. 
@. (s) are positive. It is clear that a small positive value 

., 

. '}.: •; ;.• 

. ' -~- . J : .. ·; 1 < \, ' 



•, 
·:· 

appreciably to the differential cross sec~ions for KN. and· NN 
. l8 . . 
scattering, thus requiring revision of some 

the p trajectory from the assumption that it alone 

Finally1 

. ' . 6 ' 

we want to mention that the last·members of our 

quantum numbers s = T ·= l/2,. we denote 

Q. and 

sections for processes 

and ·PP ... Inclusion of the 

instance,: whi the 

·~·-. 
~-~~ 

Regge .. pole exchange 
• 1•, r,, I.' 

;. 
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. We consider that the ·~ belongs to the vector meson·octet, and that the 
-;.' ,,. 

..._ , . ' . . ~- :. 
w is z:10t coupled to the pseudoscalar-pseudoscalar channel. For a· 

. . . ~ . 

discussion of the possible. <I? :..w mixing see for instance, J. J. Sakurai; 

Phys. Rev. Letters 9, 472 ( 1962). '' 

(These arguments are based on the realization that if the 10 and 10 states 
' ' 

. ·- ·-"''." -·~·-...<·--~-·-·=-:·: ..... -·· _. ~~. 

' . admit a resonant solution similar to the 8 1 , the ratio of the forces on 
. ' . ... 

the singlet and 8 1 states due to vector-meson exchanges would be 7, 
. ' 

whereas if the ·10 and 10 resonances are excluded, it. would be just 2 
. ) ' 

(.see the crossing matrix in Eq. 4). Present calculations indicate that 
.,, 
(•. 

the latter factor is adequate to produce the experimental splitting between 
1: 

. ~ ' 
the Porrteranchuk. and vector-meson poles; conversely, given the existence,· · · 

' .. . . . ' ' 

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

Froissart limit (G. Chew, Lawrence Radiation Laboratory, private 

communication). 

We do not consider the exchange of a physical scalar particle on this 
1 

' ' 

.. i··'. 

;-.-_ 

trajectory, becaus·e we expect Re a. to vanish for negative values of t .. '" 

The possible two":"pseudoscalar meson decays of this octet of resonances: 

·would be 1T1T, TlTl• and KK for the T = 0 member; K'lf and KT) for the 

T = 1/2; and 1TT) and KK for the T·= 1 ( G parity forbids two-pion. de,cay .· 

in the latter case). 

We are assuming here that the £
0 

· resonance lies on the Pomeranchuk., 

. trajectory, as indicated by the present experimental evidence. 
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[See A. N. Diddens, E. Lillethun, G. Manning, A. E. Taylor, 
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predict a somewhat larger value for a:. ( 0) than a.R( 0), and ·we therefore 
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