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ABSTRACT 

A simple univereal c u r r e n t - c u r r e n t  t heo ry  of weak i n t e r a c t i o n e  now 

accounts  f8-b W e l l .  far a l l  w e a k  phenomena except  t h e  nonlef lonic  

121 = 1/2 

octet r u l e ,  cove r ing  n o t  anly the  fami l ia r  IAYI E 1 nonleptonic  I n t e r -  

a c t i o n s  but also t h e  

exper imenta l  evidence in heavy n u c l e i  hae been preeented by Boehm and 

Kanke le i t ) .  

rule, wbich presumebly should be generellzeci t o  A u n i t a r y  

IN1 = 0 nonleptonic  I n t e r a c t i o n s  (for which 

One may 8ccount  for t h e  octet nonleptonic  r u l e  e i t h e r  (a) by a theory 

t h a t  adds extra c u r r e n t  - cu r ren t  product6 for  s t r o n g l y  1nt.eractFng 

p a r t i c l e s  alone, a- else (b) by 8 dyntunlcel mechanism t h a t  enhances octeto 

by mean8 of s t r o n g  I n t e r a c t l o n e .  It is i n t e r e s t i n g  t h a t  we can d i e t l n g u l s h  

any  r easonab le  t h e o r y  of type (a) f r o m  any t h e o r y  of type ( b )  by t h e  amuunt 

of = 1 i n  t h e  AY = 0 nonleptonic  i n t e r a c t l o p ;  t h e  E 1 - 
component Is large in t h e  former case and emall in the latter case .  D i f f i -  

\ 

c u l t  e x p e r b e n t s  h v o l v i n g  li@t nuclei may be able $o r eeo lve  t h e  two 

p s l b i l l t l e e .  

* 
Work eupported i n  puce by t h e  W, 9. Atomic Energy Commleskm. 
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If octet  enhancement l e  indeed the explanation, then the same 

mechaniem can operate (as remarked by Colemrul and ClLaehow) t o  enhance t h e  

'octet  portion of electroaagnetic ma88 sp l i t t inge  in various eupermultiplets, 

and can also build up t h e  octet violation of Sn(3) eyltrmetry of strong Inter-  

actions. 

In the bootatrap theory of etrong interactions,  a p a r t i c u h r l y  simple 

description of enhancement is available, which we i l l ue t r e t e  fo r  t h e  elec- 

tramegnetic mass dmerencee .  The electromagnetic interaction is introduced 

as a driving term, which a f fec ts  the maseee of external par t ic les  and 

exchanged par t ic lee  in the dlagrame that  account fo r  the structure of 

part ic lee .  Crde ly ,  one has a uatrix relation l e e  

where D is t h e  d i rec t  e f fec t  of the d r i v i n g  force and A (Lm) Is the e f fec t  

on external and exchanged par t ic les .  

t o  having octet  eigenvalues 

values 

Strong octet  enhancement corresponds 

of A close t o  unity,  while 27-plet eigen- 

are far Frm unity. 27a 

I n  the caee of the breaking of SU( 3) eymmetry of the strong lnter- 

actions (for which a releted approach wae originally suggested by Cutkosky) 

one might coneider spontaneaue violtition, which corresponds i n  the l inear  

approximation t o  D n 0 and Ba = 1. 

of the  octet  v i o h t l o n  seeme very d l f f icu l t  t o  explain in t e r n  of the 

Hanver, the direction i n  SU( 3) epace 

directions defined by the electromagnetic and weak perturbations. merefore ,  

even In an othenriee pure bootstrap theory, 8 driving term something l ike  

Ne'eman'e " f i f t h  interaction'' may be needed. Weak nonleptonic effecte ,  

electromagnetic m ~ s e  differencee, end etrong violetion8 of SU(3) eynnnetry 

w o u l d  then really be analogous t o  one another. 
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I. TBE WEAK XrJTERACPIOA 

Let  ua e t a r t  from a elmple picture of the weak intemction,  which 

expleine nearly all of the experimental evidence, The weak coupling l e  

repreeented, ln the loca l  l i m i t ,  as the product of a eingle current and 

i t 6  hermitian conjugate: 

The intemctia may, of course, be nonlocal -- t h a t  l a ,  mediated by an 

FnteI-mediate boson of f i n i t e  m868 rather than Infinite m ~ 6 6  -- for our 

purposes we need not emphaeize th le  dirr t inct im.  

me current Ja may be written in the form 

d h Ja - Ja + Ja , 

where JaL is the leptonic part end baa, 86 far 86 we know, the 6 h p l e  

etructure 

where Jah 

part ic lee)  8nd is assumed to be given by t h e  formula 

l e  t he  part t h a t  concern8 hadrone ( s t rongly ' ln te rac t ing  

h 5 5 5 J~ - (3 ,  + I 3, + ylar + i 3*) co8 e + (3k + I 3- + 32 + i 3%) e i n  e ,  

( 4 )  

where 3 ,  ( I  

( 1  1 . . . 8 )  is an octet  of ax ia l  vector currents. 

shown, Eq. ( 4 )  gives a good deecription of leptonic week interactions w i t h  

8 of the order of 15'. 

1 . . . 8 )  l e  t he  current of the F-epin and 3 l a  

AB CBbibbo*) has 



It is ueefil t o  i n t r ~ u c c 5 )  a u n i t a r y  t r cms io rna t ion  in t h e  apace of 

6u( 3), which tranefarme the familiar ieotopic epln and hypercharge operators 

The nonleptonlc  part of the  weak coupl ing (1) can then  be w r i t t e n  

The main experimental  f a c t  that l e  not  accounted for by t h e  8 b p b  

theory we have sketched I s  the = 1/2 rule for the IaYl 1 part 

of t h e  nonleptonic  i n t e r e c t i m .  

both  I & [  = 1/2 and lAIl - = 3/2. P'rm the po in t  of view of t h e  e i g h t f o l d  

The coupl ing (6) conta ine ,  of couree,  

c 

* 1, g,  
from the 

way, t h e  expreeelon ( 6 )  cons l s t e  of three parts, t ransfarmlng  like 

and 27 r e spec t ive ly .  The 1AI-l P 3/2 con t r ibu t ion  come8 e n t i r e l y  

21 part, and it is n a t u r a l  t o  euppoee thab  whatever I s  reeponeib le  

lAIl ID 1/2 nonleptonlc  rule a c t u a l l y  nrzkee the e n t i r e  octet c o n t r  

much more important t han  the e n t i r e  c o n t r i b u t i o n .  We shall 

-\. 

- 
cc 

for t h e  

but Ion 

henceforth 

aaaume that t h e  

(and perhape 1) Over 27. 

P 1/2 rule i r  a c t u a l l y  8 r u l e  af predominance of - 8 

Lu - 
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If we dIi3pley the  interaction ( 6 )  expl ic i t ly  ae 8 8um of -I . .  1, 8, and 

27 tenae, it becomes: - 
Z$r Z$r + Z.& Z& - (q) 1 S + (5) 2 O8 + (z) 1 T (7 )  

where 

(Rote that O8 transforms llke the eighth 

There a re ,  of c o u r ~ e ,  two dlfferent  ways 

component of a primed octet . )  

t o  assure predominance of 8 Over 27. - u- 

One is t o  add t o  our basic interaction (1) some new products of currents 

(presumably l n ~ l v l n g  hadrone alone) eo ae to cancel the - 27 portion. 

ather Is t o  find a mechanism that  enhance6 the octet  (and perhaps einglet)  

contributione t o  nonleptonic proceeeee. 

The 

Let  UB begin v i t h  the first mechanism, which involves adding extra 

Z' . We a813ume that these 
+ 2a z$. z$: current product6 to  t h e  expression 

f b t h e r  products also have positive coefficients,  80 as t o  correspond t o  

poeitive probabili t ies for exchanged intermediate boeone. 'hen, I f  we m e  

res t r ic ted  t o  linear cambinatlone of the unitary s i n g l e t  S end the e l&th  

cornpanant Oe ai' a prW unitary octet ,  the only expaeeeions we CBII obtain 
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are  8um8 & e i t h e r  seven ur e i g h t  current products .  

s e m  to have any d i e t i n c t i v t  features to  recanmend it. 

No t heo ry  of t h i s  trpe 

W e  may, howewer, 

a l e 0  make uoc of t h e  t h i r d  component of a primed octet, propartiaaal t o  

In that c u e  ve can 

2' ) + 2 z;ol Z& . (W z;a z;o - Z& Z& - ';a 7a 

obtain the mre e l e g a n t  i n t e r a c t i o n  of d'Lepegnat:9) 

1 1 + (z;a - - z;la)(z;a - - Z L )  
J5 43 

Here, t h e r e  are only  five c u r r e n t  products ;  moreover, if t h e  i n t e r a c t i o n  

I s  e x p ~ ~ x m d  in t e r n  of Intermediate boeons, t hey  belong t o  a t r i p l e t  and 

a n t i - t r i p l e t  and t h e  coupl ing  t r a n e f m s  under SU( 3) l ike 2 and ..." 3. 
We have seen ,  t hen ,  t h a t  an a t t r a c t i v e  theo ry  involv ing  extra current 

products  involves no t  j u e t  3 and 0 

with c o e f f i c i e n t  of orde r  u n i t y ,  of O3 (Eq .  ( U ) )  . 
[AI'[ P 1, whi le  S and Oe have 

of ordinary leotopic sp in  and hypercharge, we may say t ha t  t h e  cos 8 term 

in O3 has 

ha6 LiY I 0, E 0. Thus i n  an e l e g a n t  theory of added current products ,  

( E q s ,  (8) snd ( 9 ) )  bu t  a b 0  an admLxture, 8 
Now 0 ha6 the property 3 

IAI'I H a 0. " r a n e l a t i n g  I n t o  t h e  language - 
2 

2 H = 0 ,  IhI_I = 1, whi le  t h e  cos 8 term i n  O8 (1Fke a l l  of S) 

t h e  coscB term In t h e  AY 0 nanleptonic  i n t e r a c t i o n  should have BD 

admixture of 1a-l = 1 of order u n i t y .  

Row l e t  u s  c o n t r a s t  such 8 s i t u a t i o n  wi th  the caee In which t h e  27 
m... 

part of t h e  nonlcptonic  i n t e r a c t i o n  l a  unimportant because of octet (and 

perhaps singlet) enhancement, Such enhencement by strong i n t e r a c t i o n 8  
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2 cannot introduce any = 1 into t h e  coo 8 term i n  the or iginel  

lnteractlon ( 6 ) ,  which containem) only = 0 and IAII = 2. The 

lA I l  .I 0 part of the cos2@ term w i l l  be enhanced end the 

prt will not. 

u 

14 = 2 

2 SLnce cot e LI 15, t h e  amount of 1, LU = 0 in the extra 

cu r rmt  model is around 15 tLnree larger than i n  the octet  enhancement model. 

If the isotopic spin dependence c m  be tested experimentally, it vould help 

t o  distlnguieh the two pos8ibi l l t ies .  

en t i re ly  frm t h e  nonleptonic decays, and cms ie t e  moetly in the 

observation tha t  the octet  amplitudes seem t o  be rather Larger 

than  one mi&t expect fram cIvde estimates based on the current-current 

product w i t h o u t  enhancement, while the 

A t  preeent, our evidence comes 

IAYI = 1 

o 1/2 

/AX1 o 3/2, 27-plet amplitude8 are 
c 

rashly of the  expected order of magnitude. u, Such evidence, of course, 

oupports the octet  enhancement model, but 

11. I W C W  PHYSICS ?ESTS OF 

4 is  far F r o m  conclusive. 

THE 57IRUC’NRE OF 

RON-LEFTVNIC WEAK MmCTIONS 

The effects of nonleptonic LSY a 0 w e a k  interactlone are hard to 

s tudy  experimentally because they are generally masked by the etronger 

Interactions. 

Boehm and Kankele?t13) heve claimed detection of cFrcular polarization i n  

482-keV 7-rays emit ted by unpohrized TalBL, t hus  providing evidence fo r  

p a r i t y  v l o h t i o n  I n  nuclear forces. Although informetion 8bout the  ~ s o t o p l c  

spin of the weak interaction cannot be gained fran such 8 heavy nucleue 88 

Nevertheless, many attempts have been made, and recently 

, the work of‘ Boehm and Kankeleit encourages the hope tbt similar 1B181 

experbents  can eventually be done on l i gh t  nuclei, where weak 121 0 0, 

1, md 2 ef fec ts  can be dletlngulshed f’ran cnm another. 



I n  evsluatlng possible experiewnts on li@t nuclei ,  we need to e e t i -  

mtc the magnitude uf parity-rnixing to be expected i n  nuclear states on the  

baeie of' the octet enhancement and extra-current models reepectively. The 

uual etepe in euch an e e t h a t e  are t o  give a weak two-nucleon potent ia l ,  

deduce an effective weak potent ia l  for one nucleon in  nuclear matter, end 

then study the  parity-mixing that reeulte In nuclear wave fUnctIon6. "I 

LBBt etep requires detai led analyele of specif ic  nuclear e ta tee ,  but the 

f i rs t  two eteps can be treated In a el ight ly  more general fashion. 

One finas the  two-nucleon p o t e n t i a l  as a functim of Fnte~UChOn 

dietance by sunning t he  various poesible exchanges euch ae s, q, p, a, 8 ,  
W ,  WM, and BO forth. 

This procedure cloeely paral le le  the usual treatment of etrong Interactlone 

except that now one vertex is we& (or, a8 In W exchange, each vertex ie 

half-weak) . 
aeeurance than ueual becauee they contribute t o  t h e  weak potentla1 mainly 

ineldc the mpuleive core of the etrang intersctione,  where the  nucleon8 

(Here, W i e  the hypothetical Intermediate boeon.) 

Ehchengee of more maeslve syetem can be neglected with better 

rarely penetrate. 14 ) 

ClaeeLfying the varlaue long-range, parity-violating terms, one finds 

t h a t  CP forbide no and q exchange and farcee a purely 

upon n- exchange,") vhereae p ,  (D, and 8 exchange contribute only t o  

1 ~ 1  = o or 2 .  

included in & exchange, eince the Iww vertex acquire6 a form fac tor ,  

extending the or iginal  range of W exchange, fran 

tr ibut ione from 

space-epin dependence turns aut to have the importent property tha t  the 

interactione of a single unpaired nucleon with the  other nucleons, lnclu- 

ding thoee i n  closed shells, add canetructively. 

1x1 = 1 character 
.c 

+ 

me long-range effects of wF= exchsnge are already 

W - p - fi. Tbeee con- 

$ exchange have 'been estimated by Michel. 15) me 
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Far the  ]AI1 - 1 p o t e n t i a l ,  we coneider & exchange end again 

c 

find that the intersctione of a 8 1 n g h  unpeired nucleon with the other 

nucleons add. 

imPediately fran the current-current formalism, but experimental numbere 

a re  available f o r  its LU = 1 countcrptu-te 5 * A + n, Z N + 1[, aad 

A +  IV + R, and each of t h e  models we are comparing re late8 these value6 

for AY I 1 t o  the AY 0 ,  IAIIl I 1 amplitude. Worklng aut the lmpll- 

cations of t h e  d'Espaepet model, one flnde t h a t  in nuclear mfitter 

exchange contributes a 1~1-1 1, parity-violating, single-nucleon effective 

p o t e n t i a l  w i t h  duet about t h e  erne etrength as the IAIl I 0 pari ty-  

violat ing p o t e n t i a l  estlmated by Michel. u) 

enhancement model with no extra  currents , the 

weaker by the fac tor  

a l s o  lead t o  d i f fe ren t  expectatlone for the absolute magnitude of the 

Ihe mpgnltude of the w e a k  19Nn vertex does not follow 

+ n- 

m- 

By contrast ,  in the octet  

I AI I = 1 potent ia l  is 
Y 

2 cot e N l5, as described previously. The two models 

= 0 emplitude, which would be raised above Michel's estimate by octet  

16) and the enhancement, 

pletely by extre currents but not by octet  enhancement. 

IAII = 2 amplitude, which m y  be w i p e d  out com- - 

'Ihur, the  isospin properties of' t h e  effect ive parity-violating 

potent ia l  In nuclear matter closely parallel those of the basic weak 

interaction discmeed i n  Section I ,  and experlmental.Fnformatlon on the 

magnitudes of 1 ~ 1 1  = 0, I, and 2 effects  w o ~ l d  be of greet value fo r  
c 

deciding whether extra  currents ex i s t .  

feasible experiments t o  propose, we vill mention br ie f ly  a couple of 

examples") of the klnd of experiment which may prove succesefU after 

further work. "be general Idea i e  to find casee where t h e  parity-coneenring 

amplitude l e  etrcmgly inhibited and dominetee the parity-violating amplitude 

by less than the urual factor  of 10 or 10 . 

Alth- we have no lmedia te ly  

6 7 
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One case which hes already been etudied is the  par i ty  

forbidden a decay frm the  8.8 MeV 2-, 

C?(O+, I=O)+a. Upper limit6 of order of normal parity-conserving 

a decay rates have been pleced m Its  occurrence. 

they would provide sure evidence that the I n i t i a l  ar f i n a l  e ta te  

a d m i x t u r e  of t h e  opposite par i ty  and same I spin. Thus i f  the search can 

be pushed sanewhat fa r ther  and p i t y - Y i o l a t j l l g  a decays found, it should 

be posaible t o  deduce the 

par t icular ly  large if the octet is enhanced. 

I P 0 level of OI6 t o  

1l any decays were seen 

has an 

I 0 weak Interaction etrength which w i l l  be 

Needlees t o  6ay, developments making it poeelble t o  observe 8 weak 

amplitude instead of a rate In a decay, or t o  obeente 

would 8-0 be very u s e m .  

IAII c = 1 terms, 

For an example of another l i n e  of at tack,  which can be dFrected 

10 tawarde e i ther  IAI1 PI 0 or  lgl o 1 terms, consider the nucleue B . 
Gamma rays emitted in t ransi t ions from t h e  S.U-MeV, I = 0, 2- level t o  

lower 1+, 2+, or 3+ levels  with 

large c l r c u h r  polarization because of the following fac tors :  

parity-conserving E l  m a t r i x  element is inhibited. If the states vere pure 

I L 0 are  likely t o  exhibit  an e e p e c l a ~  

( I )  t he  

I I 0, the  El matr ix  element w o u l d  vanieh for long wavelength; In pract ice ,  

it is rescued f r a n  th la  fate by the small Coulomb admixture of 

the eteteo.  

(11) 

duce c i rcu lar  polarization, l e  enhancod by par i ty  mlxlng between our 

S.U-MeV, I = 0, 2- level an8 the very nearby 5.16-~eV, I E 1, 2' l eve l  

provided the weak interaction ha6 a large 

the  two etatee.  

I = 1 In 

!be parity-violating Ml amplitude, which Interferes  with E l  t o  pro- 

IAII L o 1 component t o  connect 

AB a bmus, the  M1 electramagnetic t ran t r i t lm is then 
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- 1 end m k e e  use of t h e  large nucleon isovectm magnetic moment. 

Thus, a survey of the gannaa traneit ion ratee frm the 5.ll-MeV 

lwel of B", which nre not very well understood at prerent, might suggest 

8 favorable c u e  far detection of a large I,!?,II 1 canponmt in the  weak 

interaction. 

wll 

111. OCTET EXHANCKWIVT IN WEAK AND ELECIRCPIAmTIC IIPTERACTXONS 

Coleman and O L a e b ~ ~ ~ )  have pointed out the analogy between the 

nonleptonlc weak decay amplitudes and the  electromgnetic mas6 difference8 

of strongly Interacting gar t ic lee .  I n  each case, the interaction l e  a 

product of an octet  current r i t h  l t e e l f ;  the product cmta lns  2 7  a8 w e l l  

a6 8. 

be much larger than  the c7 part In all known procesees. 

In the ca8e of weak nonleptonlc d e c a p ,  t h e  6 part has been f m d  to  
c Y 

In the e lec t ro-  

mgnet ic  case, there  are two eupenmrltlplete for which p x l  information is 

a v e l h b l e ,  For the  J E 1/2+ baryon oc te t ,  the  8 prt of the electro-  

magnetic mas8 difference strIkIngLy predominates Over the 27, as evidenced 

by the approxlmtely equal spacing of the c massee; for t h e  J - 0- meson 

octet, the 8 part of the d i f f e r e n c e  in mise epuared le only el1ghtI.y bigger 

than t h e  27 C" part. Deepite the counterexample of the pseudoscalar oc te t ,  we 

*1. 

Lu 

I... 

may guese t h a t  there I8 a systematic tendency toward octet  enhancement for 

the electrmagnet lc  pe r tu rb t ion  88 w e l l  as the  weak nonleptonlc one. 

The usual mechanism of enhancement, often referred t o  i n  terms of 
19 -21) "tadpolee", has been diecueeed for  many years In  8 variety of ways. 

We may describe It b r i e f ly  a6 follows. 'Ilhe nonleptonlc weak Interaction 

acta l i ke  8 sceLar and a peeudoecalar r'epurlmr' carrying zero mergy and 

momentum. We m y ,  hwever, write sn unsubtrect& diaperelon r a h t i o n  In 



the four-mmentum squared t carried by the nmleptonic weak interaction 

and evaluate the dieperelan integral at t E 0.  

euppoee that the  integral i e  danhated by low-lying meson etatea with 

eultcible quantum numbere. 

low P I B ~ B  ex i s t ,  whlle 27-plets do n o t ,  then we b,aw 8x1 explanetion of 

octet predominance mer t h e  27. Moreover, this explanation can be 

generalized, more or l e ~ s ,  t o  the  electranagnetic ne well 88 a t r m g  m e o  

difference6 . 

We may furthermore 

loow if ecaLar aad peeudoacalar meeon octet8 of 

- 
19 1 

An Important feature8) of the b d p o l e "  mechanism is that the 

charge-conJugation propertiee of t h e  parity-violeting spurion octet and 

of the known pseudosca~-ar meeon octet are opposite. 

par t  of the  nonleptonic interaction, this meme that t h e  "tadpole" 

mechanism of octet enhancement Is forbidden by SU(3) symmetry; of course, 

the enhancement e f f ec t  could s t i l l  be considerable deaplte the SU(3)-  

forbiddennees, l l k e  the  ra t io  of K10 - 2s and K+ -. 

If we turn t o  t h e  Lif E 0 nonleptonic interaction, however, we see t h a t  

t h e  disagreement in charge conjugstion propertlee between t h e  p a r i t y -  

violat ing spurIan and the pseudoecalar rneeone completely farbide t h e  

tadpole mechanism of octet enhancement. For LU I 0, then ,  tadpoles arc 

powerlees to make 1x1 = 0 more important than 1x1 0 2 in pari ty-  

violat ing weak forces. 

For the 0 1 

12 922) rates. 

A e w a t  d i f fe ren t  mechaniem f o r  octet enhancement has been pro- 

posed by Dashen and P r a ~ t e c h i , ~ ~ )  extending earlier euggeetions by Cutkoeky 

end Tarjanne. 24) For purpoeee of deecribing the  mechaniem, we ccmelder t he  

epeclfic caee of e lec t rawqpet lc  WMB corrections. 
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We assume the bootetrap theory and describe each strongly in te r -  

act ing particle e8 a bound state of strongly interact ing par t ic lee .  

elmplicity, we consider two-body channel8 and ehgle-body exchange force8 

only, t rea t ing  unstable par t ic les  and stable One8 on t he  same footing. 

U s o ,  again fo r  simplicity,  we ignore e t r ~ n g  violatione of SU(3)  eymmetry. 

Each eupermultlplet now appear8 88 a set  of degenerate poles In t h e  

For 

varioue two-body scat ter ing amplitude6 with appropriate quantum numbere. 

The electranaanetlc interaction cau8e8 ehiFt8 in t h e  position8 of the pole8, 

in each eupermultiplet, f’rm t h e i r  o r ig ina l  c m o n  value, by amounts t h a t  

can be expressed by a mas8 s h i f t  matrix 25 ) 8Mij. Here, 1 = 1, . . v ,  
where v l e  the supermultiplicity. ’Ihe s h i f t  i n  ma68 of the bound s t a t e  

o c c u ~ s  in reeponse t o  electromagnetic m ~ 8 6  sb l f ta  of the  external p f U t i C l e 8  

and of t h e  exchanged par t ic lee ,  as  well ae more d i rec t  electromagnetic 

effect8 Involving photaa exchange. To order e* in t h e  e lectromqpet lc  

perturbations, we have, for the various s u p e d t l p l e t s  such a8 

B ( J = 1/2+ baryon octet) end II (J = 0- meson octe t )  , a r e h t i o n  of tbe 

form 

e tc . ,  

where the photon exchange e f f ec t s  have been lumped together In t h e  dr lv lng  

terms In theee equations, the A coeff ic ients ,  becatme of SU(3) symmetry, 

have the impartant property t h e t  the  various representation8 1, 8, 27,  e tc . ,  

do not mix, Let UB consider m e  of these representations, say 8. We 

* ” -  

n-- 
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enumerate a l l  the relevant eete of metrices transforming lLke 8 ,  namely 

D and F fa t h e  baryone B, D for the mesons TI, and 80 for th ,  

with n I 1, . . . 8 .  We may now write 
13 1 3  13 

Octet 

Octet 

where the index 

1 ~ 8 s  matrices. 

Octet 

Octet 

, 

a in en (a) runs over all possible independent octet6 of 

Likewise, we break up the driving force in the erne m y :  

psrt of +: d(3)  D , e t c .  8 n 13 

We may now rewrite the octet  prt of t h e  system of equations ( 1 3 ) ,  

replacing the coefficiente ABB an8 80 on by new coefficient8 Sa@ ' 13 ,k# 

where the  8 ~ ' ~  

driving terms. 

correspond t o  

I n  the eaxne feehion,  w e  can l e t  an Index A run  over a l l  t h e  lnde- 

pendent 27-plete of maes m ~ t r l c e e ,  end obtain a s e t  of equations 

, m = I, . . . 27 , ( 1 7 )  (1) ( A) 
( 2 7 ) a ~  (27)€m + (27)dm 

( 
(27)'m 

and 80 for th .  

are driving terms only fur 27 and 8 ,  apart f r o m  the t r i v i a l  singlet por- 

t ion  which does not s p l i t  eupermultiplete. 

For the electromgnetlc perturbation In order e 2 p  there 

.c - 
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It I s  eaey t o  Bee whet is a natural  enhancement mechaniem in t h i s  

formalism, We invert  one of the equatione for 6 ,  eay (16), obtaining 

w i t h  an octet  maes difference operator pointing In the  e l ec t r i c  charge 

direction In s U ( 3 )  space, juet  like the octet  part of the electromagnetic 

perturbation. Lf’ one (or  more) of the eigenvalues of g l e  near  unity,  

t hen  8 ~ n  (a) w i ~  contain a large t e rn  rmiltipuine the associated eigen- 

vector ( 8 ) .  If t h e  matrix 27g h c b  eigenvalues n e a r  unity,  then t h e  

oc te t  l e  preferent ia l ly  enhanced. 

Dashen and Frautschl have studied th ie  mechanism In the particular 

case of the B octet .  

make rou& estimates of the driving terms and the eigenvalues of 5, and 

they  indeed f ind a strong octet  enhancement, 

B octet le t reated a s  a bound s t a t e  of AB only, w l t h  e t a t i c  model kine- 

Ueing t h e i r  IV/D perturbation theory,&) they can 

I n  t he i r  estimate, the 

matics, strong forces largely from B, declmet,  and p exchange, and the 

F/D r a t i o  In BBTI coupling suggested both by bootstrap calculation8 and by 

Inference frm obeervations. 

which comes aut negative, aod two eigenvalues for 

very cloee t o  unity; i t e  aesoclated eigenvector has  a large component in 

the dlrection of B mase difference, with a well-defined 

2’7:’ They Investigate orre eigenvalue for 

one of which I8 & 

F/D r a t io .  

they predict a s t r o n g l y  enhanced octet  e f fec t  in baryon electramagnetic 

ma86 differenceo, wl th  an F t o  D ret10 which tu rn8  out t o  agree with 

exper iment . 
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The formslism we have discuesed for n a ~ s  differences c m  evidently 

be generalized to  Include chengee In coupling conetante together v i t h  

masa differences, eo that our equations VOuLd be replaced by linear equa- 

t ions involving Bg's  and 8M'e.  'Ihie extended formallem can presumably 

be applied t o  the weak nmleptonic perturbation and mule to yield week 

parity-coneenring and parity-violating coupling ccmetants . 
enhancement can result f r o m  finding octet eigenvalues n e a r  unity, v i th  

27-plet eigenvalues far amy. 

If t h i s  mechanism does in f ac t  predict  octet enhancement for the 

Again, octet  

nonleptonic weak interaction, then  t h e  enhancement, even in t h e  p a r i t y  

violat ing case, should apply to  both AY I 0 and IAYI - 1 amplitudes, 

and without necessarily violat ing SU(3) symmetry. 'h i e  l a  in contrast  t o  

t h e  "tadpole" mechsniem u t i l i z i n g  the JI octet, which fai ls  t o  enhance the 

/AI/ o 0, AY P 0 amplitude above the 

awn m e  derived in Ref. 8 lor 

baryon decays. 

1AI1 E 2 ,  and fails t o  give the ... nu 

I A Y ~  = 1 parity-viobz~tin6 nodeptonic 

IV. O C E T  VIOLATION OF SU(3) SYMMETRY 

We now t u r n  t o  t h e  violation of SU(3) eylmoetry I n  strong inter- 

actione. As is w e l l  known, the m138 s p l i t t i n g  amongmembers of a super- 

multiplet occurs in an octet  pattern,  and we vieh to  emphasize how t h i s  

property may be rekited t o  t h e  octet violatlone af SU(3) symmetry in 

electromagnetic and w e a k  interactions.  

One possible explanation of SU(3) symnetry breaking, advanced by 

CutkosQ and D ~ J a a n e ~ ~ )  and by C L a s h a ~ , ~ ~ )  is tha t  of epontaneous viola-  

tion. % first order In such 8 violation, t h e i r  theory can be described 
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with t h e  aid of our Eqs. (13) t o  (18)j t h e r e  are no driving terms "d" and 

one or more e igenvalues  of 

ponding t o  other r ep resen ta t ion8  are no$ close t o  one. (When YB t ake  into 

account nonl inear  effects, t h e  o c t e t  e igenvalue in t h e  l i n e a r  pe r tu rba t ion  

theory  need no t  n e c e s e a r i l y  be e x a c t l y  one.) 

g must be u n i t y ,  while e igenvalues  co r ree -  

l i e e  near m e  and provides  t h e  domi- & Y only one e lgenmlue  of 

nant  term, t h e  reletive amount6 of maas s p l i t t i n g  in t h e  fi o c t e t ,  Adec lme t ,  

B octet with D and F terms, and so f o r t h  can be read off from t h e  components 

of t h e  associated e igenvec tor .  

t rea tment  of B t o  a r e c i p r o c a l  b o o t s t r a p  on B and A, and find t h a t  in t h i s  

simple m o d e l  t h e r e  are actually two elgenvaluee of @ l y i n g  near  one. The 

correspondence between t h e  A and B component6 of t h e  seeoc la t ed  e igenvec to r s  

and t h e  observed A and B mass s p l i t t i n g e  i e  promising, a l though a detailed 

comparison with experiment must await m o r e  p r e c i s e  de te rmina t ion  of t h e  

elgenvaluee.  

Dashen and F r a ~ t s c h I * ~ )  have extended t h e i r  

N o t e  t h a t  t h i s  r e s u l t ,  whi le  encouraging f o r  t h e  b o o t s t r a p  

mechanism, does no t  prove t h a t  spontaneoue v l o h t i o n  has  occurred;  a non-zero 

d r i v i n g  term would also be enhanced preferentially along t h e  same e igenvec to r s .  

- 

In an effort t o  compere epontaneaue v io la t ion  w i t h  SU(3)  m e a  s p l i t -  

t i n g e  induced by a special f o r c e ,  l e t  us t u r n  fram t h e  o r i e n t a t i o n  of t h e  

octet pe r tu rba t ion  e igenvec tor  In  t h e  space of A, B,  x ,  e t c . ,  t o  t h e  d l r e c -  

t i o n  of t h e  pe r tu rba t ion  i n  t h e  space of SU(3). 

linear theory  with a d r i v i n g  term, t h e  r e s u l t a n t  mass s p l i t t i n g  has  t h e  

same d i r e c t i o n  i n  SU( 3) space a8 t h e  pe r tu rb ing  force. 

We have seen t h a t  In t h e  

If t h e r e  i s  a 

special f o r c e  r e spons ib l e  f o r  t h e  s t r o n g  violations of S U ( 3 ) ,  it must 

transform like t h e  e i g h t h  component of an octet. 

of eynnnetry w i t h o u t  any e l e c t r a a a g n e t i c  or weak p e r t u r b a t i o n ,  the l i n e a r  

I n  spontaneous breakdown 

approximation provide6 B hanogeneow equat ion  for t h e  mse s p l i t t i n g ;  
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wi th  an eigenvalue of' 

In any d i r e c t i o n  Fn SU(3) space at.? can have any eize.  

equal t o  u n i t y ,  t h e  octet s p l i t t i n g  can p o h t  

We must, however, cane ider  t h e  n o n l i n e a r i t y  of t h e  problem and also 

t h e  presence OP e lec t romagnet ic  and v-sk per tu rba t lone ,  which define 

d i r e c t i o n s  in SU(3) space that have no simple r e l a t i o n  t o  t h e  d i r e c t i o n  

f i n a l l y  chosen by t h e  large ma68 s p l i t t i n g .  Ihe n o n l i n e a r i t y  a lone  pre- 

sumebly Introduces a scale for t h e  s p l i t t i n g ,  b u t  does n o t  affect i t s  

arbitrariness of d i r e c t i o n .  n?e pe r tu rba t ions  a lone  w o u l d  be more and more 

l e  t o  u n i t y ,  and t h e  n e t  r e s u l t  enhanced t h e  c l o s e r  t he  eigenvalue of 

would be a s p l i t t i n g  o r i en ted  in accordance with t h e s e  p e r t u r b a t i o n s .  
@ 

What 

happens when both are Included I s  no t  c l e a r ,  but it is no t  eaey  t o  see hov 

t h e  e p l i t t i n g  flnally emerge6 as t h e  e i g h t h  cavponent of a n  octet. 

I n  an attempt t o  avoid t h i s  problem, Ne'eman2') has suggested that 

t h e  b o o t s t r a p  mechanism does no t  give rise t o  SU(3)  v i o l a t i o n ,  and must be 

supplemented by a special f o r c e  of t h e  cu r ren t - cu r ren t  type that induces 

t h e  Large ma88 s p l l t t l n g s .  He refer8 to  this force as t h e  " f i f t h  i n t e r -  

ac t ion" ,  a l t h o u a  we might J u s t  a8 w e l l  t h i n k  of It as the  " fou r th  l n t e r -  

a c t i o n " ,  s ince  Fn t h e  b o o t s t r a p  scheme t h e r e  I s  no  o t h e r  e x p l l c d t  s t r o n g  

cmpllng.  The c u r r e n t  presumably would t ransform p a r t l y  l ike a slnglet 

and partly like t h e  e i g h t h  cunponent of an octet ,  BO t h a t  t h e  l n t e r a c t i o n  

would conta in  1, 8, and 27. If we forget") t h e  suggest ion t h a t  t h e  f o r c e  
.u u. ..*- 

be long-range,  t h e r e  is no reason why t h e  singlet  part of t h e  cu r ren t  should 

n o t  be b igge r  than t h e  octet  part, 80 t h a t  t h e  0 part of t h e  i n t e r a c t i o n  i e  

more Important than t h e  27 I 

enhanced. 

- 
In any c88e, t h e  8 part would be p r e f e r e n t i a l l y  

.-n - 



-19 - 
Ue do not know whether the  ma88 epl i t t ing  can be described as epon- 

taneaus in t h e  bootetrap theory, w i t h  8- explanation of the  d irec t ion  I n  

W(3) epace, OT whether a force  like Ne'emsn's wil l  turn out t o  cause it, 

but in t h e  latter case w e  can say that  octet enhancement l e  a common 

feature of w e a h  ncinleptonic effects, electramegnetic p ~ ~ 8 8  di f f erences ,  and 

etrong violetions of W(3) syannetry. 
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