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EFFECTIVE THEORIES AND THRESHOLDS IN PARTICLE 
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Physics Division, Lawrence Berkeley laboratory, t Cyclotron Road, 
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A b s t r a c t 
The role of effective theories in probing a more fundamental underlying 

theory and in indicating new phytic* thresholds U discussed, with examples 
from the standard model and more speculative applications to superslring 
theory. 

1. I n t r o d u c t i o n 

Effective field tlieories have proven to be a useful phcnomcuological tool 
in elementary particle physics. Ttiey serve a s probes of the underlying sym­
metrica and s t ructure of more fundamental theories, and the very limitations 
on their domain of validity can point to thresholds for new physics. I will first 
illustrate tliesc points with examples from the Standard Model. T h e large Iliggs 
mass limit of t h e Standard Model provides both a theoretical laboratory for 
checking the validity of an effective theory and also as a model for possible 
physics scenarios a t t l i e S S C / L H C . 

Finally I will consider t h e Standard Model itself as an effective four-
dimensional field theory tha t is Hie low energy limit of ten-dimensional super-
string theory. This entails tlie s tudy of four-dimensional effective 8ii]K.-rgravity 
theories tha t emerge as limits of the string theory a t scales ft just lielow the 
string and /o r com par I ideation scales, and tha t should reduce t o t h e Standard 
Model a t still lower scales: /* « Mrtt where Mn = (8 i rG ' w ) - i ~ 1.8 x lu l 6 <7eV 
is the reduced Planck mass. In addition, a t t empts t o make the connection be­
tween Miitcrstriiigs and observed particle physics must be able t o arcoiml for tlie 
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origin of su)H.'»ymniL'try (SUSY) breaking; this motivates Mir s tudy of effective 
lagrangiaiui for gaugino com lei nation. T h e \n*\tc is to finil a formulation (hat 
generates ttie observed large hierarchy «»f scales. 

2 . E f fec t ive T l i e o r i e a fa t - i e S t a n d a r d M o d e l 

«?. t- Fermi llirary 

Low energy weak interactions are well ttescfil>ed hy the Fermi lagrangian: 

Cln* = V&MHW'LML'IM. ( I ) 

which is now understood as t h e low eiietgy limit of intermediate txxxm (W) 
exchange, with the identification 

wliere a3 as g*/4*r is t h e SU{2)t coupling constaut . If we use (1) t o calculate 
the one loop contribution to the four feruiion coupling we get a onaitratioilly 
divergent contribution 

r Jtor&r .... 
Evaluating instead Hie same coupling at the one-loop level of the rcnonualizahlc 
Yang-Mill* theory, and then taking the limit of low external momenta Jp| a «K 
»iii-, gives 

which, using (2) , ia the same as (3) , provided we make MIL- idenlifirati<m 

Similarly, one loop corrections in the effective theory ( I ) include logarilhiui-
rally divergent te rms, for example, an B feiinioji coupling, that agm.*, after the 
sulHltiluliuii (5) , with those calculated in the low energy limit of the .Standard 
Model. 

T h e effective theory defined hy ( 1 | provides a good description of weak 
interactions for energies UHty <£. 1, and the loop expansion convert-?, if the 
cut-olf satisfies K*Gp < I. Ilefore it was understood that the underlying physics 
of t h e Fermi theory was a Yang-Mills theory, lln'seohsei valions pointed in a new 



physics threshold A < G£* fa 3006VV, a threstiotd tha t we now associate with 
the mass tnw of t h e intermediate boson. Veltinan was one of t h e first people l o 
recognize 1 the importance of Yang-Mills theories in this context. 

When flavor rlianging four-fermioti couplings are included in C i m , a cut-
«ir Iras than a few GeV is required for consistency with observation; this led to 
the predict ion 3 , later made more precise by calculations' 1 within the renormal-
izalile Yang-Mills theory, of tlie charmed quark mass. 

2.2. I'ion Chiral Dynamics 

As atiotlier example, t h e low energy physics of pious is described by an 
effective lagrangian where t h e pion field can be viewed as an interftolating field 
for the quark bilinear field operator: 

flj-fa* => »- (°) 

In this case we d o not know how t o take an analytic limit of the underlying 
QCI) theory t o obtain t h e effective pion theory. Rather the low energy limit of 
the latter is dictated by symmetries and their quantum anomalies: 

£.„ = i a . , ^ . , + ^ ) + ££^r"~ + .... (7) 

T h e first te rm in (7) is Hie unique two-derivative te rm tha t respects the chiral 
SV('l)i, <&> SU{'l)jt symmetry of Q C D with two massless quarks . It defines a 
nonrenormalizable elTcclive theory for wliich the loop expansion series converges 
if the cut-off, A < 4nfM ~ GeV, lies below the observed resonance mass scale. 
In fact, for a sui table choice of cut-off tlie one-loop corrections in th is effective 
theory reproduce, for example, the low energy tail of the p resonance. T h e 
second term in (7) , which induces tlie neutral pion decay i r 0 —• 7 7 , arises from 
the chiral anomaly 4 present in quark QEI) . Both terms will have analogues in 
the c-lfective theory for gaugiiw condensation to be discussed below. 

3 . I s t h e S t a n d a r d M o d e l a n Effec t ive T h e o r y ? 

In the alxive examples, the notion tha t the ciit-nfT should indicate a scale 
of new physics is related to tlie miacccplability of fine tuning. For example, one 
miild iibsoilt the correction (3) (along with t h e leading divergent corrections 
in higher loop order) into the definition of t h e Ken 11 i constant Gy. Since in 
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tlie effective nonrcnoriualizahle theory now (e.g., t h e 8 fermion coupling) terms 
are only log divergent. Hie limit o» the cut off would lie much k^a sti iugeut. 
However this would require arranging cancellations among large corrections to 
produce a very small iinnnVr. In Ihc spirit of avoiding line I lining, we r an 
point t o two fine tuning problems in the s tandard model that might suggest 
new physics threshold!!. 

» . / . The Strong CP Problem 

T h e QCI ) lagraiigian in tlie Standard M<xlel takes the form 

CQCU = - J / w F - + ^OF^F1"1 + qi ¥><! + iqLMqn + fc-c). (8) 

witerc o j is t h e Q C D coupling constant , A/ is the quark mass matrix and t h e 
parameter 0 violates I ' and 01*. An discussed at this meeting hy Eduardo de 
Raphael, the experimental limit on the neutron electric di|>o]e moment sets a 
stringent bound: 0 < 10"*, if we work in a basis where the <;tiark mass matrix 
is hcnui l ian M = At*. When radiative coirections from the 01* violating weak 
sector a rc included, the quark mass matrix acquires a logarithmically divergent, 
nottfierimliaii correction. Rediagonalization of hi then induces a correction* bO 
t o 0, t h a t in the s tandard model is divergent first in 7-loop order: 

b9sM = buj + folk,, 

A, ~f'" 1Vi'" )V'"?'"•„ in'* 
*fiiii»«'1-i — I I — I T~vctiM ~ I " , 

\ x / V x / in*,. 

<u = =* (a) ' sifcfeM^ (A/„„) < 2 - .o-» m 

assuming »i* < 2GW.VI' and A <: Mft. Here Orhht — i\stS^\\\b is the usual 
CI* violating parameter of the Caluhbo-Kohayashi-Ma.ikawa mat r ix . 8 Although 
the contribution (9) increases when one includes additional couplings, such as 
in Sll(5) grand unification, it is clear that the strong CI* "problem" dors nut 
provide useful information on |tossihle new thresholds. 

3.$. The Gauge Hierarchy Problem 

In the s tandard model the renincnaliml lliggs mass is drli-miim-d us 

»»» = 5 ( ' ' V I ' ) , = «iJ l(l«*-) + a ^ 5 A i + . (10) 
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wlicrc A is the rcnormalized Iliggs self-coupling constant, and a is a numerical 
coefficient of order unity. If the Iliggs sector i i weakly coupled, X < I , absence 
of fine Liming suggests a new thresliold at a scale A < 37'eV, which is the 
well-known "second threshold", first emphasized by Vellmaii. 7 

A priori, there it nothing sacred about weak coupling. If we allow A, 
and hence mj / , to become arbitrarily large, the Iliggs sector becomes strongly 
coupled. At scales well below the Iliggs mass ni/f, the strong self-couplings of 
the throe eaten Goldstone bosons <p* of the Iliggs sector manifest themselves as 
strong self-couplings among tlie longitudinally polarized interinediate bosons, 
Wk

t Z. More precisely tlte S-matrix for the eaten GoMstone* is equivalent,* up 
to corrections of order niw/Ew, to that for tlte longitudinally polarized bosons. 
A recent alternative proof* by llclenc Vcltman of this "equivalence theorem" 1 0 

has resolved questions" that hail bee.i raised about its validity. To the extent 
that the linear a-model u equivalent to tlie linear one (a possible discrepancy 
at the two loop level has been pointed out by van der Ilij and M. Veltman 1 3), 
the effective lagrangian for this system is identical to tlte QC1) lagrangian for 
low energy pious, Eq.(7), with the substitutions TT —* tp and fw —* u, where 
v — J'/'cV is the vacuum expectation value of tlie Iliggs field: 

Eq.( 11) gives a valid description of strong W, Z interactions over an energy range 
rnjv *H E1 <$C A 3 , wlierc A is the ultraviolet cut-off for the effective theory, and I 
have displayed tlie qnadratically divergent part of tlie one-loop correction, which 
could be reabsorbed aa a renonnalization: 

¥>«« = Z * ¥ \ i>RW = Z * u « 2 5 0 G e r i 2 « | - - J L - + . . . . 
luJT'll* 

This HIIOWS that, in order to avoid fine tuning, a new physics threshold A < 
4>ri> — 'A'VeV is indicated even in the strongly interacting limit of the electroweak 
sector. 

One popular scenario for this new physics is technicolor;13 in this case the 
strongly coupled part of the electroweak sector closely resembles the piou sector 
of CJ('l), iiuImling tlie resonance region, with a scaling in energy by a factor 
i f / / . s= 2800. However there is no explicit realization of this scenario without 
ptit'tiimiruolngiral problems. 

5 



Veil man realized some l ime a g o u that the r am (-Nations among feruiions 
and Ixkbons in a stipcrsymmelric t h e o r y 1 4 would d a m p ihe quadratic divergence: 
in (10), provitfed the fennion-hosoii mass gap is not too large. It has proven 
dillicult t o construct a phenomviiologit ally viable renouualizahle llieory with 
spontaneously broken impel symmetry (SUSY), hu t quite easy t o accommodate 
explicit soft SUSY breaking, in the form of scalar ant) gaugino masses and triliu-
car st:alar self-couplings. T h e scale parameter that determines the size of these 
effects plays llic role of the cut-off in (10). In fart , the most recent measurc 
itH'iiU of t h e Standard Model gauge constant* indicate tha t tlu'ir unification is 
ruled out in the minimal Standard Mode), while unification within the minima] 
supcrsrynmielric extension (>f the Standard Model fits the da t a well, with a SUSY 
mas* gap of about a 7 VV.'* 

In th is context one must still understand why ihe mass gap is as small as 
it must Ike t o conform (o Hie d a t a with no line tuning. A favorite hypothesis is 
tha t local suncrsyinnietry, in the form of a nonvanishing gravitino mass iu^ , is 
broken spontaneously in a "hidden sector" of a (iinmeiioriualizahle) sujHTgravily 
tlieory, which may in turn be the low energy limit of a (finite) supers! ling theory, 
it is then llic task of the snpcr i t i ing theorists to preiticl the correct scale for 
the SUSY mass gap . 

4 . T h e l l e t e r o t i c S u p e r s t r i n g 

In (he supers!ring scenario, one starts from a siring t h e o r y ' 7 in ten di­
mension!* with an £ J C$ l'$ gauge group, and cuds u p " 1 in four dimensions with 
an effective N = I siiiwrslrhig theory with gauge group ((-" € /'.»> W W{'\) W 
SlH2)0t'(l) € «.*€ Et). G is Ihe gauge group of a SUSY Yang-Mills Ihe 
ory coupled to mat ter , including Ihe ipiaikn, leplonH and Higgs particles of the 
Standard MCMIH and their supeipiirluers. 0 " is the gauge group of a "hidden" 
SUSY Yang-Mills sector, thai has only gravitational strength couplings Ut <»h-
served mat te r . A |M>pular candidate mechanism for SUSY hieaking is gaugiuo 
condensa t ion 1 3 in Ihe hidden sector, which is axsumed to he asymptotically free 
ami infrared enslaved, so Hint the SUSY Yang-Milts theory becomes confined at 
some scale A,- where gaugino condensation occurs: 

< AA >,.,.!- A?. (12) 

An additional s o m e ; of SUSY breaking could In-" 1 | | „ - (i|iian1ize.l) i r e <.f i|..-

li 



field strength / / r m n of tcn-dimensiona] supergravily. 

Ii\i"- < !/,__ > = 2itn ^ 0, f.m.n = 4 9. 

HIMH = VLBUH. L.M.N = 0, . . . ,9 . (13) 

When forth sources of SUSY breaking are present, it is possible30 to have "local" 
SUSY breaking, in the sense that the gravitino acquires a mass: m$ £ 0, with a 
vanishing cotiinological constant at the classical level of the effective theory. Su-
i-crsyuuuetry breaking sliould be communicated by radiative corrections to the 
observable sector, resulting in a SUSY mass gap, i.e., "global" SUSY breaking. 

4-1- The Effective Supetyravittf Tlieory 

The particle spectrum of the effective four dimensional field tlieory in­
cludes the gauge superiuultiplets W, tlie matter dura) inultiplets • ' and the 
sujiergravily inultiplet. In addition tliere is a gauge singlet chiral tnulliplet S, 
with a scalar component flea that is tlie "dilaton™ field whose vev determines 
the value of the gauge coupling constant at tlie unification scale: 

< I t e j>=f f - \ (14) 

as well as singlet diiral inultiplets T„, called "moduli", whose scalar coniponents 
ta are related to the structure of the compact manifold. In the case of a single 
modulus" the unification (or comjiactiricatiou) scale is determined as 

A/3 

A - = 7 = ^ : 0 ( < l ' , ' , > > " 5» 
where <p% is the (complex) scalar component of the sii|>erfield • ' . 

The effective theory just below the compactification scale is an N = I 
supergravity theory. In the Kaliler covariant superficld formulation33 of stiper-
grnvily, the lagrangian takes tlic simple form 

C^CB + C^+CYU. (16) 

'Hit' fiist term 

£t- = -sftPeen + he 07) 

is (lie (•''jicratized Einstein term. It contains the pure supergravily part as well 
.u> I In- kinetic energy terms for the cliiral supennuUiplets. The second term: 

£„ = J dt&£eKt^2^2\V(Z) + he, (18) 
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coulaint tlic Yukawa couplings and I lie scalar potential, ami the third term 

is lire Yang-Milt* lagcangiaii. The above lagrangiait is invariant under a Kahler 
trajisfwiiutkHi, wliicliigarnU'fiiiilion of llicKalik-r (Mtlt-iili.il l\(Z,Z) — l\[Zt'/.y 
and of llie *ti|>er|K>teiitial \V[Z) =• \\'{Zy by a Imlonmrpliic fiimtkm l-'{Z) = 
F ( 2 ) * of ihetrhira! snjtcrmiiltiufcU 'I = • \ 5 , ' l i : 

h - A" = A- + /.- + p, if -. ii" = t-^'w. cm) 

Since Ihig transformation change* eKt'W by a phase t ha i ran Iw rom|>ensal<.-d by 
a phase transformation of the integration variable 8 , the t l u w y defined above is 
classically i nva r i an t 2 3 ' 2 3 muter Kaltler transformations j*mvM«l one transforms 
llie siliwrfields H and II ' " by acomi>ensaling phase; for example1Ji«r Yang-Mills 
supcrfiekl transforms an: 

!*'•- e-^^nv-. (21) 

This last transformation, which implied a chira! rotation on the left-handed 
ganghio field AJ: 

is anomalous a t t h e quantum level, a [Joint tha t will t»e imfHirtant in the discus­
sion Ix-tow. (Here a is a gauge index and ' » i s a Dirae index.). 

T h e theory is completely spetilk-4 by the field content , the gauge group 
and the three functions l\, \V and / of the rhiral Mi|>einehls. In theories from 
superslringa one has j£(Z) = tfiji", resulting in the identification (14). T h e 
Kaltler jxslential *le|«*mls on t h e tlilatoii ami the moduli fields m sticlt & way 
that the compactiliralion scale (15) is deleruiined hy the vrv: 

4-2. The Effective Lagramjian for (langum ('omlttssalimi 

In order to inror|»orste sii|>ersyu]mi:lry breaking, we inilmlr an Hh-ctive 
potential for gatigiiKi condensation that is cousl nif led hy Hit- iu t iodikl ion of ;• 

H 
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comjxw'itti sii|>crficl<i oiierator2'" V as an interpolating field for tlie Yang-Mills 
roiiipmsiic operator: 

\w'W; * V m cK'*W{ll). (24) 
A 

Here // is a cliiral stipemiuHiplct that represent! tlie lightest hound state of 
tlie cuiifltied SUSY Yang-Milts sector-,, in the tune way Mint the \»m\ » an 
inler|>oIatmg field for the coiupubite quark operator, Exj.(ti), in low energy QCD. 
Kalikr invariaiice requires 

Will) ~»e~FlT(/7) (25) 

under (20). 

J list aa tlie symmetries of the Standard Model and tlieir quant-nn anoma­
lies minutely determine llie low energy pioii lagraiigian (?), the symmetries of 
the effective supergravity tlieory determine the effective stipergravily Ingrangtaii 
for the l>oiind state superniultiplet / / . In addition to the tfiirat anomaly re­
lated to the transformation (21)* (22) under Kaiilcr transformations, there is a 
cotifonnal anunialy associated with a reseating of the cut-off (IS), (23) under 
(20): 

Sour - /*FJ*ACVT. m 

Tlie effective lagraiigtau for gaugino condensation is defined by3*.* 

C'H E ItPeec^Will.S) = jd*8£eK/aH'(W)2MMW/*') * h.c. 

= j #ee<#f*2t0*e-3S,mmN9\nVitli) + he, (27) 

where &n determines the ^-function for tlie confined Yang-Mitts theory: 

anil X and ft are constants of oriler unity. The //-siiperflelcl kinetic energy term 
b determined liy the KaJile? iMSteiitia!36'*7: 

K = - ln(S + S) - 3 hi(T + f - 1 * | ' - |H | a ) . (28) 

II Iiiler a Kihler transformation (20), (25), with II — c-f"ll, tire la 
Krangian (27) untlergoes tlie shift 
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which correctly reproduces tlie known vartatimis under l i te trarc and conformal 
anomalies.3* Note that in this formalism the aiimnaly is reflected in the inter­
action term (27), b id the / / kinetic energy term, ikfined liy (28), re*i>ct is the. 
classical symmetry *& the ttteury. 

I f we now solve for the vacuum value of the scalar cmii|M>nt'iil h of the 
siijKirfielil / / : 

< f c > = / i e " i , (.10) 

and integrate out the l/-fiupermu|ti|>let, w l w h at the classical kvel of the theory 
tk fmcd by (27) and (28). amounts to fixing li at Us ground state value (30), 
we obtain an effective theory fur • ' ,£», 7" ami the observable* sector Yang Mills 
fields that » defined by (28) wi th / / = < h > and by lite stmerpuirii ltal 

H' (Z) = < ^ * ' W * + c + A « r ; w ' * \ f . = - j % < V , (31) 

where the constant e is |»rafx>rttonat to the %<tt> (13). This ta precisely the ef-
fc i ive theory obtained earlier by Dine ct al.m using arguments based on a 
iKHiantHiialoiis cliiral ('(1) symmetry: 

A' - e 3 ," / 3A:, s - s + 2Ki{i. (32) 

TIte effective theory defined by (31) Itas a |xwith% semi-deliitiU; {Mitettttal 
whk l i vanishes at the minimum. If c = 0, the vacuum energy is minimized for 
h « 0 ( < / / > = 0) or < 3 > - * oo (<i = 0), that is, condensation docs not 
occur and suncniynimctry remains unbroken. I'or c ^ 0 the effective theory lias 
the Mlowiug projicrlics at the classical lev<- , J0 and at the i>ne-liN>|>:iH level: the 
coKlilolugical constant vanishes, the gravil itm uima t»£ can 1M; lumvaiikhtiig, so 
that hwal KU|>eiiiymtn(-try is broken, in winch case the vacuum is degenerate, mut 
then: is no manifestation of SUSY breaking in the observable sector. Nomeuor-
malizatHHi tlieorems for siipeigiavily, together wi th a classical ,S7.(2,'i2)«»i- f(I) 
symmetry of this elective theory, indicate"" that these results will |M-rsist lo all 
orderii uf the effcclive theory diTmed by ( i l l ) . 

The 67.(2, H)<bV{\) symmetry effects a Kahbr transformation (211). tuxl 
hence is broken by anomalies at the quantum level. The clfecls of wumialtcs 
can l»e made manifest iit (he effective Imv energy theory if we Hist iitlegrale 
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out the / / supernmltiplet a t tlie one-loop level. Then soft SUSY breaking in 
the form of gaugino masses appears a t t h e one toon level of the effective low 
energy llieory; more precisely lliese terms arise from diagrams with one / / loop 
and one "l ight 'part icle loop. Evaluating this contribution requires first f-illy 
determinirrg t h e one- / / - loop effective lagrangian and performing the appropriate 
wave functiun renormalizalions and tlie Wcyt transformation needed t o recast 
the rcuorinalized Einstein curvature t e rm 3 * in canonical form. 

Including loop corrections from tlie / /-sector, one finds 3* tha t masses are 
generated fur t h e gauginos of t h e observable senior t h a t a re of order 

l l A / « "- ITeV, 
"" (4irJII«J« 

for m6 < mti ~ A c < 10" 3 A/«, (33) 

whrre ni/i is t h e mass of t h e //-siipermuitiplet. T h e factor ( 4 * ) ~ 4 appears in 
(33) because the effect arises first a t two-loop order in the effective theory, the 
factor m £ is tlie necessary signal of SUSY breaking, the factor mj / is t h e signal 
of the anotiialuus breaking of SU[2,7l)0U(l), and A 3 is the effective cut-off. 
Tins last factor arises essentially for dimensional reasons: the couplings respon­
sible for t ransmit t ing tlie knowledge uf symmetry breaking to the observable 
sector arc nonrenomi&lizable interactions with dimensionful coupling constants 
proportional to Mpf. Note tha t tlie ground s t a t e equations give 

so it is not ixwsible to generate a hierarchy of mere than a few orders of mag­
nitude between n i£ anil ACUT if c is quantized as in (13). However this initial 
small hierarchy is enough t o generate a viable gauge hierarchy if observable 
SUSY breaking is sufficiently suppressed, as in (33), relative to local SUSY 
breaking. For example, recent 1.EI* da ta 1 * suggest Aatfr ~ 10 l 6 6*eV, g~2 ~ 2, 
so for a hidden E* gauge group (£*> =• .56) we get A c «- .GAcur - 3 x 10~3A//>j. 

4-'i. Ilcstvrutiun of Space-Time Duality 

In I he formalism presented a!Hive, tlic classical Sl,{2,7l)&lf( I ) symmetry 
is broken by anomalies t o a Pcccci-Qiiinn type V{\) symmetry: T —» 7 ' + 17-
Ifowcvrr tin* discrete subgroup SL(2,Z) of SL['Z,Tl) is known 3 1 1 to he an exact 



symmetry t o all orders in siring perturbation theory. Similar symmetries are 
present in more general string compactifkalkms. 

This so called "modular in variance", which includes (tie "duality" inver­
sion It —* Ii~* of (lie radius of compact ideation, is ration**) by adopting, instead 
of (27), lite effective lagrangtaii 3 ' 

e # = Jj1e£e

K/32buXc-3S/2iuH3Ui(lhi1iT)/it) + he, (3M 

wliere IJ(7") is tlte Dedckind r/ function. This is the tuiiipic function of the trlii-
ral aiiperfieldf tha t lia» the required analytic ily and St.(2,Z) transformation 
profKTlics. 3 3 ' 3 1 l o r different conipaclilicatious it will l>c replaced by different 
moduli-dependent funct ions. 3 3 - 3 4 This additional fontrihutton to the Yang-Mills 
wave function reuormatization ran he understood 3 * as arising from finite thresh-
old correct t o n s 3 0 - 3 3 to the leading log approximation thai arise from heavy siring 
mode loops, and is closely related to the anomalous (piaiitiim correction due to 
t h e (nunreiKirmalizahle) coupling of the Kohtef connection, 

r„ = htd„* - ht9„z = - —~— + —=—r-rz , 
U i + » * - 1 - \<p\2 J 

t o the axial ( ' ( I ) current . 2 7 * 3 7 ' 3 * This AHHJ-lyjie anomaly 1 induces a coupling 
of the moduli to the fermion axial current and hence lo ihe gauge field strength 
/''„„/-''"', in analogy with the nit coupling in (7). 

Whether or not this "corrected" effective lagrangiau, or it a generaliza­
tion to more realistic cuuipacliuYalions, can produce as promising a result fur 
phenomenology as the one in (33) remains lo be seen .* 
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