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1. INTRODUCTION

It is the purpose of this review to gse how well the axisting
axparimental dars agree with the standard waak interaction theory,
A 1itersl intsrpretation of this task would be clearly beyvond the
intended scops of this work; sccordingly scoe decisfons cwead ¢o be
fade a8 to the material to be included. In making these cholcea, my
guiding principle has been o discuss on)y these dats which test the
haart of the standsrd model without having to rely too such on var~
ious peripheral sssumptions. 1In this spivit I temd to exclude, for
aspie, the various predictions sbout the purely hadronie weak de-
cays, since the sxpected accuracy of these predictions can be under-
atood enly in the framework of rather involved QUD uleuhum.“
The agrestent, or lack thereof, between the dots and the predicrions,
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represant in this cAso mora a test of the calculational techniguas
than ¢f fundamental weak interaction theory. In the same spirit 1
tend to ignore varicus auclear physics experiments vhose interpre-
tation {s gbacyted by the uncertsinties having to do with the ouclear
antrix elesent calculations.

The woin body of this review shall eoncentrate on vhar I consi-
der the three cornerstonsa of today's stendard model: charged
current phenomenology 88 telated to the V-A I:heoty,z) neutral curTent
phenmenclogy in the [ramauork of the Glashow-Neinberg-Salsm -odel.s)
and the couparison of the charm picturs with the Clashow-TIliopoulos-
Matani wodel.?? In addition, 1 #hall briefly discuss the extension
of the old i-guork plctuvre to the Xobayashi-Maskwus & qnn'k-a\cl‘“
and sunmarize very briefly tha present esperimentral and thenretice)
etatus of the CP violation. This program will clearly leave aut
some aspacts of theoretical std sxpevimental work that are at the
forefront of tysting and defining the standard wmodel; neutrinc wasaus
and oseillations, and the axion hunts are two examples that come
rendily to mind. The main justification for this omimsion ia their
extensive coversge in parallel lectures. For the same reason, 1
shall not go beyond tha standard model into the realm of Su(5},
50()0), and beyend.

To the excent poasibla, I would like to take a pedogogical and
historical approach ¢o thic reviev. that I mean here, is thar I will
try to indicnte ws such as possible vhat apecifiic aspect Of the
standatd socel s tested by a given axperiment amd where does this
prediction come from. Ta addition, 1 will try to & certain «xtent
to follow the historical development of the main jdeas. The develop-
ment of physics doms not, howavar, alwayé take » logical coursz -
sooe of the recent work attacha aimilar qurstior.s that wece origi-
nally confronted by experinents 20 year: ago bw_ in a differsnt
subfield, A 7 and ¥ dscay ¢ wmparissa 18 one grod exauple of auwch 8
situstion, In these cases, I shill violste the history in the
interest of a wore Tationa! logical siructure.

To conclude those introduetory remarks, I should acknowledpe
several recent axcellont reviewa, more limited in svbject matter
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covaTed then the present one, that have made my jeb considerably
zagier. I should mention especially the work of F. Scheck on muem
phy.ul.s) J.» J. Sakurai's on The Structure of Charged Currents’?
and the teview of Weak Neutral Current by J. E. Kin, P. Laogacker,
M. Levine, and H. H. Hﬂliﬂu-s) As is apparent in what follows, 1
have dravn heavily on the mstevial presented i those papers.

2, THE STATUS OF CHARGED CURRENTS

The charged current raactions played the same role in hoiping
to formulats the weak interaction thacry in the late 1950's that the
neutral currents have enjoyed scme 20 years later. After the "dark
ages" of aarly and middle fifties characterized by confusion due to
sevaral contradictory sxperisentas, came the Renaissance of the late
fifvies. 1t was characterized not only by brilliant thearetical in-
sights as exemplified by prediction of parity non-cmsewaticng) and
formulation of the V=A :hcory2) but also by a variety of crucial and
frequently ingenious experiments. Lack of spzce does not allow me
to describe this fascinacing chapter in the higrory of weak inter-
saction physics; I shall limit myself to summarizing the main conclu-
aions, showing what results they cre based on, and digcussing briefly
how well these conclusions have withstood the twin tests of time and
highar energles.

As will he ge=n in & moment someé of the mest precise experiments
in this field have been performed over a decade ago. Since rhat time
thers have occurred great improvements in technology, and thus cne
can think today of improving the accuracy of some of these results by
qQuite a good margin. Bacause of new thecretical interest there are
fyrrent plans to rado some of these older claguical experiments with
a much improve! precisicn; considerably higher accuracy &t.hun be
expected in the near future, 9 ; ""“ 2 -y

1 would 1ike to start thia chapter on charged currents Lyum-* ’.?'
rizing some of the qualitative festures of tie stondard picture that
sserge from thess experiments. These festures are:

a) V-A nature of the interaction

b) ehort range of weak interactions {(consistent with locality)
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i.e. an intermediate vector boson that is heavy on the wass
scale of the experiments in question.

€) 3 lepton familiep with similar structure

d} lepton congervation law

&) ™universality" between y weak interaction processes and
nucleon B decays. The exact meaniong of universality will be
developed ag we go on.

2.1 Leptonic Reactioms

Next I would like to turn to specific experiments. The
einplest, from the theoretical point of view, are pure leptonic

reactions, as they do not involve any complicatiens due te hadronic
structure. Himtorically, muon decay was the sole laboratory for
pure charged curraent study that fell into this categoryi today the
list $s ewpanded to 4 different processes, i.e.

u+ - e++\|e+;u

1+ - e++ve+v

v +e =+ u- + v.
(plus the charge confugate reactionms of the first 3 decays). It is
still the muon decay, however, that provides the moet precise sxrari-
mental input and 1 shall start by reviewing the information available
on this process.

The muon decay in the conventional picture is described by the
Feynman diagram of Fig. 1. Because of the low values 5° «<-momentum
trangfer involved in compariscn with the expected W mass, this
nicture is however indestinguishable experi-
aentally from & simple V-A 4 point interactiom.
If we integrate over all direccions, the
tlactron spectyunm is described by two para-

meters, conventionally called p and n, The p

and n parameters, as well as ¢ and § dis- 10=8% ararr
cussed helow, can be expressed in terms Fig. 1. u decay
of acalar, pascudoscalar, vector, axial diagram
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The orher massureable set of parasetsrs hss ta do with the
polarization of the electron emitted in the muon decay. MHore specif-
ically one can wpeasure both the longitudinal polarization ss well aw
the tvo cosponents of the transesrse polarizacion, one of which i
forbidden by time reveraal inveriance. The values of these 3 polari-
zation cowponents s of the time of the 1979 Uancowver Confersnce
are sammarized fn Tsble 1I.

Teble 1}
Electrvn polarization: experiment ws. theory
Component Exp. valve ¥=; Prediction Reference

=1.00 2 0.13 World Avg. (1979)
&mgitm!iual ~ P, -1

-D.8% ¢ 0,08 3
'!msm:sz{'rms}?,rl Blam=, 0002, 023 2] 1%
Transverse (T 'u'!.t:al)pTz B'/Aw=,003:.033 ] 15

Few words of explangtion are noeded regoriing tho transverss polsri-
zation components. The theoretical values of thoss eompononts can
be exprensed in terms of o, af, B, B', A and § poramecers (a, &%, E.
8" and A just like &, are fuactions of thy different coupling coa-
stants) and are funetidons of both elestron energy and angle
of emiseion of electron with reapect to mugn spin directisn. Thus
it is wore meaningful to fit these polarization data in tarms &f the
sbove paramecers rathor than quote the abvolute value af the polari-
zarfon. The values quoted represent fits umder the sssuzption of
total cancellatfon of scalar and pecudoncalar coupling {a = a' = 0).
The maxiwon possible value chat €7 (aod 6°'FA) <an teke 1s 0.25.

Ve can now write 8 phenvaonological current responsible for the
ey part of the charge retention Hamilconian of y decay as V-(1+ c)a,
and ask what are the experimental limite on €. 1 wauld 1tke 20 en-
phasize thet gince ve wre viing the charge retention formalism, this
quest ion I not equivalent tu the problem of poasible exfstence of =
beavy intermediate vector boson with yigh: handed couplings. The
1inits set on ¢ by valves ! of 4, EP,, and P} are displayed in

f




vectox, and tensur eoupling cosfficisnts that occur in woon decay

Bamiltonian {see Ref. & for sxpliciy formulas).

Thus they messure

directly the fora of iutersction rasponsible for the decay. The
spectyum is quite sensitivo o the value of ¢ 4u can be peen from
Fig- is: on the vther hand the spactrus rerm involvoing n ia

oultipiied by ll‘ft“ and thuy tha
spectyun iy affecced very littls
as one varies n ovar it full al-
Iowed range frow »} to +1 {see
Fig. Ib). Only st very low slec-
tron encrgles, (s thers any sensi-
tivity to the value of n.

To take into aceount the
correlation beiween mucn spin
dirustion &nd the slectron comens
tuz vedtor, 2 zore palameters ate
required, £ sad 4. The formar is
related to the maghitude of the
forwatrd backward ssymmatry; ths
lstter paramantrizes che diffar-
ence in momenrum spactrum of the
electrons smitted st diffarsnt
Tha wost racant pub=
Lished values of thase pavametars
are listed in Tahlc 1 together
vith the V=4 prediction. $§fnce
experimentally e alvays wessuras
these 2 guentitiss in the Table.
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Pig. 2. Dependance of the elec~
tron spectrum on the value of ¢
() apd 1 (b). The oolid curve in
{b} sorresponds te n0; the sut~
aids 2 curvas to u=l and neil.
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Table I
PAT MneteT Tzp. value V-A Prediceion Reference
Shape ~ p 0,732 & 003 0.750 11
energy shipe = w  =0.12 % D.21 0 12
pe difference - & 0.753 2 .009 0.750 13
ymetry x Ps: - 8!", 0,972 2 .013 i 14
3
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Fig. 3. One mhould smphasize
tkat P; &hd n measure intrinsi-
cally similar things {both can
be suprassed in terms of o and
£), but ?:. is free of the n.lllu
supprastion factor diacussed
above.

The structure of the 3uv.
part of the same Bamiltonisn
gan ba tllt.ﬂlT) by measuring
the croas section for the reac-
tion

v, + o ey + v,
shich depends both on the rela-
tive mumber of right handed and
left handed neutrinos and the
V, A interference term. The
implizstions of the measure-
ments by both the Gargamelle
Caulbaul::lun“) and more re-
cently the CHARM uperinanr.lg)
ara shown in Fig. 4.

It 48 clear that the muon
dacsy process, probing the weak
interaction structure is con-
sisteant with rhe conventional
¥=A plcturs. A good test of
posaible admintures of S and
P intersction 1s provided by
the ssasuremsnt of 1 polari-

ime
o

=] ° 1
L1 T q. [} argen
Fig. 3. PFopsible vslues of ¢ al-

Jowed by different y decay experi-
ments.

'TTA

NirR)-MNin )
Nivg)* Nn )

SoMmiI9Te) -
L4

P

b

Fig. 4. Limits on P and L set by
the Gargaselle and CHARN experi-
wents on inverae u decsy.

sation from the inclusive reaction
v, + A w

wvhere A stands for a muclesr targer., The first such measurement was

prrforesd seversl yesrs ago by CHARM couabora:ioazo}
7
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vesult, i.e. P = ].09 2,22,
imposed a 952 C.L. of 16%
on possible adaixture of S
and P inceraction. Wore g
recently the sensitivity of
the experiment was increas-
ed!l) by studying the auon
polarization a5 & function of
¥ variable (inelasticity).

As can be seen from Fig. 5a,

any possible 3, P admixture
will be relatively move in-

A

portant at high y values,

DECAY ASYMMETRY
[-4

The u decay asymmairy, how=
ever, shows no trace of v

o 0.5 K]
dependence and within sta- el bl

tiscical and systematic

uprat

Fig. 3. a) Expected y distributions
for V=A and S, P; b} decay asymmetry
sistent with what one would  of the stopped u’s as a functimm of y.

errors its magnitude {5 eon-

expect on the basis of V-A prodiction of maximm polarization.

I would like next to summarize very briefly some of the othar
features of weak interaction theory that have been deduted from u
decay. The firet very important peint, already noticed cver 20 yuurs
ago, is the apparent univevsality of wesk interaction coupling cone
stant in o variety of different processes. More specifically very
intriguing vas the fact that the wesk coupling constant as deduced
from i decay appears tc agree within 2% with the vertor coupling
constent in B decay as deduced from the study of o“‘. It was this
question of why the vector parc of the weak intersction does not get
renormalized by strong interactions that was the wmotivation for the
conserved-vector evrrent (CVC) theory. The small discrepancy of ZX
can be undersrood todsy in terms of the Cabibbo theory and ite svbse-
quent geperalization to 6 quarke. | .

The wuon decay alsc piuvides the most stringent tests of lepton
conservation mumber, and more specifically of the separate




conservarion lav of both the electron snd muon number. The limits on
the wuon “forbidden™ decay wodes, 1.&. the cmes that induce y + e
62

transitions have been summarized ° by Schech and at this conference

by Martin rrroer. They attain now values ir. the neighborhond of lu'g
of total deca, rate and provide important constraints on any theery
incorporating u-e mixing.

Most of the cbserved leptonic procegse: cannot distinguishzz)
botween the sb called addirive epton conservation law which implies

ELu = constant
ELe = constant

i.e. separate conservation of electron and mmon rurber and the multi-

plicative law, which would demand only

E(Le + Lu) = cons.ent

(—IJELu = coastEnt .

One can discriminate between these 2 alternstives by searching for a
decay mode u+ . e+ R ;e . vu
which 1s forbidden by the firsat, meore stringent “wypothesis, but al-
lowed by the second one. This decay has been recently searched for
at LAMFF by looking for secondary interactitn of the decay alectrom
neutrine, j.e.

Vot A e+ + ...
e

The decay process allowec by both schemes i.e.

+ + -
v e 4+ v +uv
e b

will yield only “e' vhose interactions to produce e serve as con-

venient normalizaticn. The quoted 11m1t23) is

+ -
u e vV
= —
R +
u =-e

; 2 E < 6.5% (90% of C.L.)
v
e
pro-ing the domingnce of the sdditive lav.
Two other questions, related to the lepton conservation law,

deserve to be mentioned here, The first one consists of theconnected
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problems of neutrino masses, oscillations gnd decay. This is & field
of great theoretical and experimental interest at the present time
and its various aspects have been discussed at this conference by
both Adelberger (nevtrino mass experiment) and Soni (neutrino cacil-
laticns), The space limitations do not permit any discussion of
these complex and interesting questions; 1 would like to merely state
here my personal opinion that as yet no convincing case has been
made either for neutrino oscillations nor for non zero neutrino
mansus.ZA)

The second toplc deals with the double beta decay which could
aceur 1f lepton conservation law is violated (e.g., v is a Majorana
neutring) and if the leptonic part of the weak interaction current
does not obey exact Y5 invariance. Thus if the latter invarisnce is
broken at pome level, either by non zero neutrinc maps or explieit
existence of both left and right handed currents (due for example to
presence of both right handed and lefe handed coupled W bosons),
then the limits on neutrinoless double 8 decay can 1limit the conceiv-
able descriptions of the meutrino.

TraditionnllY-zs)

have come from the geochemical experiments on

limits on double 8 decay without neutrineos
ste. lste, and 13oTe.
which esearched for corresponding noble geses trapped in the ore. The
amount of the noble gas admixture could then be transiated (if the
age of ore is known) into a sum of both neutrincless and 2 neutrino
{i.e. allowed in standard picture) double heta decay rates. Much
higher matrix element for 2 lepton emission makes this study an
effective way of setting limies on neutrincless process. The [ield
has recently been thrown intc a state of flux by a reported chasr-
vatiﬁnzs) in o cloud chamber of 2 neutrino BB decay of BZSB with a
rate 2B times higher then the total BB rate obtained by geochemical
means. Furthermore, a racent theoretical calculation of this pro-
c25527) appears to agree with the latest laboratory resulr, lending
additional credibility to this result. The interesting conclusion

24)

82
1s that Russian m, measurement, nev limit on  Se neutrincless

27)

double beta decay. 26) and the theoretical calculations appear o

bte incompatible with & Majorana electron neutrino. Clearly all of

1}

e — , TaE



these recults sve vsther prelizinety at this stage but they lead us
to balizve that better lahovatory axparizs-ts on double 8 decay ean
taach us sopething fundumental shout smi« intersctions.

The T decay phevowens pravids us not ouly s mesns of testing the
hypothesis that ¥ with ivs veutrino form & third leptonic doublet but
also allow one to Tepeat msny of the y=decay mtudies at higher ener-
gies. The v gitustion has recently basn :wlmza) comprehenaively
by Perl and wost vecent results hrve baed summarized at this confer-
snce by Feldaru, To aveld duplirstion, 1 shall only driefly emumer-
ace the points wost salisnt to Lhe these of Chis revieu.

In the conventional picture, *ne 7 decsy can be described by the
generalized Feynman disgran of F... 6. In terms of this diegram, the
most important conclusions can be summarized as follows:

a) The T appears to couple to the savs intermediate vector
bosen that is responsibla for other wosk intaractions. This state-
ment iz hased on the fact that all the meavured branching rasics
(f.e. bahavier of vartex B) of tho 1 agres with the predictions tased
on standard W hypothesis,

b) At the vartex A, tha coupling as detervined by a measure-
'oentzg) of the Michel ¢ paxameter is consistent with V-A, The
experimentsl value of p = 0,72 & 0.10 should be compared with the
theoretical V-A pradiction of 0.75,

¢) The v, SPPOSTE to ba distinet
is consisgent with ure,“’

(n” < 250 MeV).
1

d) There is nov a firet messurenunt of v lifetime which
measures the coupling strength ac vertax A. The Mark II grouwp
find 1)

30 fzom Ve and vu: its mass

albait the precisien {s stil]l gquite pour

T, % (6.6 ¢ 1.8) % 1071 goce o

in good agreement with the pradiction fyoo

e, vs T mivessslity of 2.8 2 10713 sacs.

Magt PITTNTY

Fig. 6. 1 decay diagran
11
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2.2. Hadronic Processes

So far the Jiscussion bas been liniced to the leptonfe pirt of
the weak curvent. Tutning wow to the kedromic sector, the aarly
experiments Indicated thst V=-A also asimd td ba oparative there, but
the cosplications due to strong intaractions make a straightforwerd
formalism wore difficult, By applying, houwevar, rather gencral
principles ot by rescrting to & specific modal, these difficulcies
can be overcome to 4 Jarge sxtent and sccvrate pradictions are
possible, I wvould 1ike next to turm to sone of the confroatations of
the charged current weak interaction theory with the axperisent in
the hadronic seckor,

Historicelly the comserved vattor currant thw:y”) and the
related igotriplet current hypothesis have baen the first truly
successful link between the weak and slactromagnetic interactioms,
By placing thae vector wesk interacticon charpgad curzrent in the same
multiplet with tha isovaector part of the slactromagnetic current, it
providad an ewplenation of lack of renormalization effects and pre-
dicted the existunce of acme direct wesk intaractions batween various
particles. The latter hypothesis allowvad one to ralculate precisely
(except for small slectromagnetic correctionsg) the matrix slements
for a variety of processes involving hadrons, Oma of the Lust cele-
brated of these predictions was the B decay of the pion, iL.e.

+ o _*
e ev,

which according to the CVC should occur with a minlecule dranching

ratio of 1.0465 x IO". A new expariment st LAMPF teasuring this

branching vat1e ! quotec & preliatoery vesult of (1.02 £ 06)x10™0, :
representing alvesdy # significent isprovement ovar the old world i
average,

Anv her yucent, and quite diffarent test of the CVC hypothesis,
ipvolvesr the wessuremant of tha branching ratio t¥a p’» + The decay
rate for this process cam be relatsd via CVC to the anaihilation
czoss section a'e” + p°. Tha latest exparimental nusmber o)

BR (x" +p"v) » {21.6 & 1.8(star): 3.6{ayst))2

12
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agrees Vary wall vith che most up to date p:cdict:lonn) of

(21.5 & 1.9)%,

¥ vould like to torn now to 8 brief discussion of the parton (or
quark) Bodel which has had some vemarkabls successes in predicting
the bebhevior of hadrons in terms of structurs cemposed of elementary
conmetituents. As we shall cee later om, the guark approach has besn
remarkably cuccessivl In i1inking the theeory with experiment in the
field of neutral current phenomena, Here I want to address myself
spacifieally to the idea rhat quarke make up 8 V-A charged currant of
the sama kind as th leprons, and this the kuoowledge of hadron cone
posicion cen losd to some very specific experimental predictions.

£ ths quark part of the cusrent is pure V-A then we have ex-
plicixc prediccions:

v ~ quark (or v - anriquask)scerteringt do/dy = comstant

V = goark (or v - sntiquark)scattering: do/dy = (l-y)z.

For the V4A quark current the predictions are simply inter-
changed (y is ths standard inelasticity paradeter). Thus if nucleone
vere coepoped exclusively of guarks we could repdily test the hand=-
edness of the querk current. Unfortunately, the presence of the qE
sea v tha sucleons makes the interpratation of the . scattering data
slightly more cbature.

The antiquark compoument, however, camnot participate io single
charw producticn, i.e. for oeutrine interactions we can only heve
PEOCEESSN -

""“'d“’tl L 3N 3 TN

v +s-u-+=+...
u

Thus u'u"' evants, to the extent that they reprasent a pure sample of
charm production fsllowed by muonic decay of charm particles, consti-
tute 3 convenlent test of quark handedness in charged current uwaak
intersctions. More specifically, the general y distribution cam be
written aa

8. (1-0) (132

where (1-8) reprasents the V4A admixture. The recent result *®? from

1
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the COHS coliaboration gives (l-a) S 0.10, cotisistent with pure lelt-
handedoese. This linir, hovever, is camparsble to tha magnicuds of
the (l-y)z component present In nop~chars prodocing nentrino {nter=—
actions and normally interpreted as dus to sntiquarks in the sea.
Accordingly, the value of (l-s) gquoted doss nnt contribute very moch
towsrds restricting the nature of the current.

1 would like to turn finally to another general principle that i
has provided us with a wealth of thacrstical predictions that appear
to be well natiafied by the experiment, namely the Cabibbo thaery.
in the original form].at:lon.sn the universality of weak intersctions
wegnt that the leptonic vesk fnteraction cutrent has the same
strength as the total hadroanic current, shich has 2 components. One ;
of thexe of strength proportional to mzl o is relevant to cthe AS=0 |
processes; the other, proportionsl to sin’d,, governs the ASezl
channels. In tha quark lamguasge, we say that the wsas eigenstates
are not identical to weak interacticn elganstates, and thst the lowar
mgzbar of the lightest quark weak interaction doublet is d' defined
a8

'y
d' =g GUlec + 8 ““ac .

L the Cabibbo sngle, 1= s free pacseetar €0 be determined by the
experiment, snd whose throzetical prediction represamts sut important
challenga to all higher symmstyy nxdals.

The formalism has been since extended first to the second dovd-
let, containing the charm quark and moTs recently to the six-gquark
world by the sddition of 3 more parsmeters. lowsver, even in the 6
quark picture, the original prodictions invelving u, d, and » quarks,
a5 vell as purely lepionic processes, differ from the 6 quark pre-
dictichs only in second order of quanti:ies that appear to be small
experimontally. Thus for the purpose of present discussion we shall
stick with a single paramerer formalism.

The strangeh of AS=:] transitions (i.s. sinzoc) can be uassured
in 2 indapendant ways i.e.

a) The xc: decays (both nevtral and charged) represent pure
vector transitions and heuce the su, bresking effects arezsuppond to
be small as cne extrapolates the Dalita plot density to g =0,
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{(Ademallo-Gatto theoreny's) Thug the decsy rete coupled with the form
factor dererminacion can yield the valus of giné e

b} ‘The baryonic eemileptonic decays arc cozplataly psramscrized
by the D/F rario in the sxisl-vecrtor mscrix elements and che Cabibbo
ngleoc {provided that ons ugey CVC to obtein behavior of gome of
the form factors and assumes sbseoce of second clazs currants). Thus
a global fir tc neutron and hyperoo decay data will yield these 2
pATENSLETSE.

Schrock amd Wong huve recently performed am mlysh”) of the
above dara ro cbtain

sind e " 0.2!9 * 0,003 froo Kc, data
winé_ = 0.220 2 0,003 froo buryonic decay data

To allov for possible thecrctical srrors having to do with BU3
bresking effects, radiarive corrections, etc., they prefer to quote
4T aversge value with a lirger qrror, i.e.

aigd, » 0,219 ¢ 0.01. .

More recently, the WAZ collaboration have pressnted nevw results
on hyperon ssmileptonic decays fram the CERN hyparoen bnn."o’ Their
data are considerably more extensive than the previovely available
total world sample, snd they have beun anslyiad within the framework
of CVC and Cabibbo theory. Nop branching rarioc msasursments (i.e.
asyepecry coefficients, charged lepton-nsutrino correlaticns, Dalixzr
dunsity, etc.) can be adalyzed to axtract tha retic of form factors
8)/f, withoot any asemption sv to che value of eind . g /f,, in
turn, can ba expressed for each Jecay as 8 linesr cosbination of b
and ¥ coupling consianta i.e. a streight line in che D, F gpace.

Self consistancy of the picture exhibite ftaclf in s comon inter-
section point for all the dsta. The 'l"l duta are shown in Fig. Th.
The branching ratio sessvremente (trsnslated into partisl decey rates)
do involve sin®, and their vesults cap be diaplayed in the D-F space
only after a best £fir ro sinb  Les been made (Fig. 78). The WA2
group has also performed 8 globa) fitr to D, ¥, and ac paTanatars
using all of their dats sc vell ss the g, /f ) sessurement for neutron

13



decay, cbtaining
sing = 0.228 = 0,012

in good agtecment with the prew

1ously quoted welue,

{learly the aelf-consis-
ctency of the hyperon data and
the sgressent of the 2 wethods
of detersination of l:ln8= con-
stityte 4an important test of
the Cabibbo theory. Tha re-
lative Jecay Tatss ¥ +» py
and & -+ yv #Ye also consis-
tent with that picture al-
though the Tuch lsrger 5»3
breaking effects hava cade
the test lesy gquantitacive.
Finally, one should mantion
that the firsc results on the
1 decay processes

? )
T+ p +v1
- L 1
LA S

H E
f e '1'1)'

t

Tk ey

F=ir3n |

A=-prl
F+l/20

Fig. 7.

The limirs on D and F

couplings imposed by the semilep-
tonic hyperon branchipg ratio
seasurenents (a) and the gy/fy

ratios «?) .

aleo ggree with the theary vithin the very limired atatistics of the

present experiments.

2.3, Liwits lwposed on Alternate Models

1 have tried in the preceding discussion to show thot the
charged curvent procasses are conmistent vithin the experimental

errors with the conventional picturs of wesk interactions.

I would

1ike to conclude this chapter with a very cursory lock ss to what
1imits are imposed by the current dats on some of the alternste

models thet have a certain depres of populeriry today.

16
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specifically T would like to look at the possibility of charged Higps
pavticles contributing a5 the intermediary to the weak inreraction
and at the postulate of the existence of right hinded coupled inter-
mediate vector boson, W,. The former arises naturslly in Glashow-
Weinberg-Selam mnde}l with & complex Higgs structure; the latter's
attractiveness has ro do with restoring left-riglt symmuetry and mak-
ing the preferential lefthandedness a strictly low erergy phenomenon.
Since cooprehensive reviews of these topics have been recently given
by Stroviok'??

some gpeneral conclusions.

3
and Sakurli,?’ 1 shall limit myself to only stating

The charged Higgs models have been recently discussed by Haber,
Kane and Sterlingéz) and McWilliams and Li.aa)
ref. 43 the Lagrangian for the charged Higps ccurling is

In the notation of

34 R

L=2 ffl

J - L l+15 1’15

Gy ¥y {og gy U5+ agge 53k ped B+ B
and the experimental problem is to determine the limits (or values)
of uff.L snd aff.n. In general the effects of ctarged Higgs parti-
¢les will exhibit themselves ms presence of effective scalar and
pseudoscalar couplings and spparent viclation of e, v universality.
The Fierz Interfcrence texm in pure Fermi transitions imposes best

limite on Higps contributions to nuclear £ decay,43) i.e.

R L, L
0.025 « (udu + “du)uev < 0.C35 .
The limits from u decay on products of leptonie couplings to Higgs
1C)

are approximately an order or magnitude weaker,

In the standard Riggs models, the couplings are proportional to
fermion masses. Thus comparison of 7 + ev to 7 + yv decay rates does
not provide aty informarion about Higgs couplings {(recall that in V-A
theory the matrix element also goes as melmu). Eowcver, there are
models vhere couplings sre independent of fermior masses; in those
c#ses thie messurement can provide quite stringert limits. The

comparison of latest experimental number with theory translates into

[y - a5 la k) % 6.5 x 307

if the present 2 o discrepancy is attributed entirely to Hipps.

17



The natyral wmotivation for a heavy righthanded coupled bomon 18
the restoration of left-right symmetry. Models incorporating & La-

grangian that is left-right symetric“)

can be characterized by 2
parameters, i.e. the ratioc of the masses of the two bosons and their
mixing angle. The sensitivity of varicus experiments to possible
existence of a heavy right handed boscn has been recently summarized

45,1
44,45, 0). The p value from p decay provides the

by several authors
wmost stringent comstraint on the allowed value of the mixing angle;
electron polarization from Gamow-Teller transitions give the most
stringent limits on the mass ratio. The current status of these
measurements has been recently summarized by Keks and van Klinken"é)

who hava measured the jolarization for low energy electrons by look-

ing at the dezay products from 3H decay. According to the V-A theory,

the polarization of the electrons after correcting for Coulomb ef-
fects (i.e. P/A) should be just equal to the velocity of alectrons
in natural units. The summary of data is shown in Fig, 8 and the

agreement appears good but the

anomalous behavior of older KINETIC ENERGY  (naV)
| 410 40 100 4001000
measurements in the inter- —_rr T . —
mediate energy region is gtill 1o |L5%Col¥p ]
o Lozorus
not very wvell vndersteod. L © | & YonKhnken
a Eckary!
The constraints on the 2- 08 | :wg;'i""“" -1
boson medel imprsed by the - ¥ |y Diftlen .

different experiments are best 08 -

expressed In the plane defined -% ]
04 3y-garo
f'-'*—\

by the mixing angle and the
mass squared ratic. They are

- 02 1
exhibited in Fig. 9 and come | =
from the paper by Sttovink.m} (o) A4SRU TR SN NN W W
The lower limit on the mass © 0z 04 06 08 I9

e vic ailtatd
of the righthanded basen
sppears to be about 240 GeV Fig. B. Summary of dats on elactron

polarization from nuclear § decay

d t
(under the assumpticn that (from Koks and van Klinken)

the corresponding neutrine is

massless, or at least has very low mass). The anticipated

I8

pomacpiney

L T

= e ey o A28 3t Pty b A



ts in t P wval
improvemen he £ " us Mwg) (Gev/c?)
from the upcoming round of

E00 300 220
experiments should significantly 0 1
improve the limits on both ¢ and — F
"o we EP
e, . «Fp
{ parameters. 0.10 - M, aee POT B
3. NEUTRAL CURRENT REACTIONS - Bl
COMPARISON WETH THEORY 2 005 fetne .
- Y .
3.1, Introduction to the standar¢ 12 Sy *,
K=l
oodel. > Vi bl S
_ 5 o0& PN . S
I would like to commence this ;.? /,-——\""""-:__
chapter with a brief introduction !, { i
<
N to the standard model. We ?‘-’ ~0.05 - H ]
L H \‘
can start out by recalling the Ay \ i
first three steps of Bjorken- ~0.10 }hh \\ ; _
, \ K
Llewellyn Smith's recipeAS) ot N o
cn how to build a gsuge theory A
Lee. —oasE L S N -
1. Choose & gauge group ° 0.05 o.! 0.15
o E=MZ (W) / M2 (wq)

2. Chocose a fermion repre- i

Fig, 9. Constraincs on tne 2~
boson model impcied by different
3. Choose Higgs scalar repre- low energy experimenis (from
Strovirk),

sentation content

sentation contenc

In a certain sense SU(2), called here weak isospin in analogy
with strong interacticns, is a natural component of a awccessful
geuge group, since, #s we have sgen from the previcus discussion,
the lepton family appears to divide itself into various multiplecs.
Since in 5U{2) we have 3 structure matrices (the familiar Pauli
matrices) this will jwply 3 vector gauge bosoni. The 2 cherged
bosons can be identified noturally with the intermediate vector
bosons responsible for the charged curren: weak interactions; the
neutral vector boson, howver, 4s pat a good candidate for the photon
because a coupling of gauge boscns with lepton smltiplets will yield
& coupling of the neutral boson to the neutrinos. Accordingly one
hap Lo enlarge the gauge group st least to SU(2) x U{1) which yields

19
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one new neutral gauge boson and provides additional degrees of f:q.-! fﬂh;_”
dom that are necessary to obtain sgreement with theory. : e

Regarding step 2, 1sospin doublets of the form B

G, 0. @

tre *he obvious candidates for fermion representation of left handed
leptons becavse of the successes of the V-A theory. However in 1light
of the tact that there appear to be no right-handed neutrinos and

the photon does couple to right-handed charged leptons, the natural

assignment for the right handed charged leptons is isospin singlets,
i.e.

O O T R I
Parentheticaliy one should remark here that gauge theories
without new neutral massive bosons can be constructed for example
with a graup structure 0(3). They are characterized by the muliipler
assignment such that Q = T3 and thus require postulating new leptons.

The standard model makes similar multipiet assignment for the

(L () e (),

(where &', s', and b' are some appropriate linear combinations of

quarks, i.e.

mass eigenstates 4, s, and b) and Ugs Gps Cps Spe by and parhaps te-
The reasons here are less compelling than In the lepton sector.
First of #ll, there is the estheric quark-lepton symmetry agreement.
This symmetry allows one to have the simplest possible Higgs struc-
ture, as discussed below. Experimentally there is only evidence that
u, d, and 5 couple in a lefthanded way {(and only at low energies, as 1
discussed previously). Ip principle up and dR could be in a higher
multiplat withagiavier quarks, but the absence of high y anomaly in

v inreractio.s would force the mass of that quark to be so high
that it would not effect the v phenomenology at energies studied to
any appreciable degree. Furthermore, accerding to Glashow-Weinberg

50)

theorem, one way to guarantce absence of flavor changing neutral

20
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curzants s to assign to sll quarks of a given hsndedness and the
ssoe charge, the sxne wesk isocpin (T) and the sime third componeat
(T,)-

Turning now to the Higps scalsrs, & single Higes doublet is the
pinimum nccaseary Feguitecent for SU(2) »x U(1) with the above fermion
reprasantation. With that assifnmest, we shall have only one non-
Zerd vacuut axpectation value &nd thus only one real-life Higgs
particls, ths neutral member of the doublet. It turms out thac
adding addicional Higgs doublets would not effec: the phenomenology
of wask intersctions, but would generste sdditional visible Higgs
acalars (both echarped and neutral). A different Higgs multiplet
ptructure, would, however, affect some of the pradictions te be
discusaed balow.

We have seen that so far we have tacitly introduced at least 3
paranssary, vhich can be taken to be:

g =~ strangth of coupling of SU{2) vectors

g' - strangth of coupling of U(1l) vector

¥ = vacuum expectation value of Higgs scalar

Thara are still other parameters, like rhe couplings of the
V(1) vector boson to Tight and laft handcd quarks and leptons (a
priorl thees sre vndatermined by the formslism). These additicna?
paramatars, however, are constrained by our reguirement that we need
to form 2 linsar combinations out of the 2 neuiral gauge bosons, one
of which will be the photon (y) end the other messive carrier of
neutTal gurrent weak interactiuns (zo}. The phcton combination wust
satisfy cartain requiremente, i.e. be massless, and couple vectcri-
ally to the charge. It turns out that impositicn of these require-
ments removes all additional deprees of [reedom. Furthermore it
specifies the strength of 2, -quark and Z-leptor couplings in terms
of the above 3 fraep parameters and third component of waak isospin.

It ic convenient to re-express the three arbitrary parameters
above in torms of conmstents more directly accescsible to experiments,
i,

¢ « glestronie unit ol charge

GF = weak coupling constant
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sinzﬂu ~ vhere 6 1s defined by tand = g'/a. As ve shall see

in a moment ninzaw 1s & parameter ocourrTing In all of
the neueral current phenomenclopy.
We can ncw enumerate seome of the explicit predictions that fall
out of the formalism discussed above:
a) ell nectral current phenomenology 1s determined once feymien
assignments are made and sinzaw 15 measured.
b} masses of gauge bosons can be determined from low-energy

experiments: " -
2 314 GF llze

M, - T M, = Hulcose“
These predicticrs are independent of the details of the farmion
representation assigned; the second predicticn depends on having emly
Higgs doublers,

e} The ratio HEIHZ can be measured ir iow energy teactiens by
comparing the strength of neutral current 4nd charged reacticns.
It is customary to define

Hw,Mz cosf = p v

and to have experiments test whether p=] (as it should be for
doublet Higas structure),

d} The left handed and right hzaded couplings of quarka gnd
lentons can be expressed as

LR

2
£y g (D) = T,UN () - c(1) stne,

Kote that the above expression follows from the general SU(2) x (1)
gauge proun. The standard (G-W-5) model makes the expression
specific by assigning multiplet structure (and hence T,) to all the
fermions.

1 would like to end this general discussion by a brief dissuamion
31 Consider the diagrams in Fig. 10 vapressnting
some of the different newtral currert weak intevraction procéalel.

about factorizatijon.

For simplacity, assume that the coupiings indicated refer fo the
strength of cuupling of lefrhanded fermions indicaced (q stande for
-ne of the quarks) to the 2° (assuve that there js only 1 of these,
as in SU(Z) x U(1)). Tha essential point o be made here is that
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any ona 3ingla process v Lyt ’ . 8 I .
can only measure the H x H, H x H
product of the two . PR S PR, .
velavant coupling
constants, €.g. A8 Fig. 10. Schepatis representstion of
for neutrino slestron factorization.

scattariag. Factorizarion means that the coupling constants thus

extracted will satiasfy the expression stated graphically in Fig. 10,
l.e,

W—-m argban

Az!nc.”hlc

This is clearly true under the assunptions staved above, but
generally will not de true 1if there are more then 1 Z°. 1In that
cose, the coupling constauts to differemt 2°'¢ caw be different and
insivad of 2 single mumbers A, B, C, we shall have a vector A B N
c of dinensionality equal to the number of 2%%s. Each reocuon
wﬂl thaz wearure s dot product of the 2 apprepriate vectors and it
will no lenger bs necassarily true thatc

AtA 2 BsC » AvB x BeC

1t is frequently customary Lo parametrilie neutral current
reactions by linear combinations of c's we have defined ahove i.a.

a) for peutrinc quark reactions: o. B, Y. &nd & representing
wvector isovector, axfal isovector, vector isoscalar and axial iso-
scale? coupling constants.

b) for meutrino electron reactions: g, snd By representing
vecter and axias) coupling constants.

e¢) for slectron-quark reactions: &, 8, ¥. ¥ defined analo-
gously =3 In (e},

d) for ec < ub reactions: hyu, by, hVA' represent ing vector-
vactor (l.e. vatior interaction at buth vertices), sainl-axial, andd
vactor-sxisl coupling consrante.

Nots that in a)l these cases thesy parameters are defined to include
the streigth of coupling .« both verticea.

For models characterized »y a minple 2=boson and under the
assumption of e~y universality, we have 7 in*ependent parameters

-4
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corzaspending to the couplings of Vpe 4, dl.’ e (and "'l.)' Bpo ‘l ] _!L
and o, (and pp). Thus 6 factorization relations wust exist, vhose Ay -
validity tests the single 2° hypothesis. To test the standard model T
one can mither analyze each reactior in terms of {ts own character— ¢
istic parametars and subsequently see 3f factorizprion reletions ars
ratisfied, or analysze sll reactions right avay in terms of the abova
7 indepandent patamcters and see if a self-consistent solytion
exiots, 1 shall tend to use the second sppronch but occasionally
will utilize = more general analysis.

3.2 Purely Jeptonic reactions = v elecrron scattering

The purely leptonir reactions fall naturally into Z classes; v-
electron scattering discuseed in this section and e'e - leptons,
discussed subsequently. So far, 3 different v electrons scattering
channels have been investigated, 1.e.

L !

v ke »v 4n
u ]

The effective Lagranglan density for these procesges can be written
as G
L, m~& 3y (1+vdv €
eff " 5 'Y 57 7y
vhere J: 18 the electromic current given by
' - -
J‘ - clce)e ru(l + 15); + ‘u“)e 1u(l - vs)e

and :L(' v and ‘Il") are the couplings of the lefr ond righthanded
electron that have been dizcussed previously.

For purposes of writing the expression for cross section, it ia
custemary to define the vector and axial e¢oupling coustants:

vve - cl_(e) + :lh)
g: - cL(e) - :R(e)
The differential croas section section can be written as

2
as _ comrl 12 4 Sy
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vhera ¥ is the fnelaaticity, m the maga of electrom and £ the neu-
trino laboratery enargy. For neutrino ccsttering ""u' V,) ve have

A= g, + ‘A’:

B (ay -5,

C= (gvz - ;‘\z\
and for antineutrino the coefficients A, B, C are ohtained by sub-
atituting L Py M In general for scceclerator experiments, the
last term can be neglected because & < £, The expression for the
total croas ssction then becomes (for neutrino electron scattoring)

2
:F'gh_n I“v""a"z‘”“ sy - 8’

Before looking at the dats one peods to Bake 2 enplanetory
COmMENt I
a) for the last raaction .o,

S, e Vo * o

in addition to 2° exchange diagram there Ia also a charged curremt,
¥ gnchangs diagraz. The latter is charscterized by Ry * 1, Ry ® 1

and thus aince the 2 disgrams coneribute ccherently we must substis

tute
l'c 4

By~ 1+ 'V“
uﬁ“.c'

b} By 8nd g, can be thought of as products of couplings at the
neutrine vertex and the electron vertox., Alternatively, in the
standard model coupling at the neutrine vertox is unity, and they can
be vieved a» 2%-0 coupling conscants.

¥s can right sway write down the predictions for these coupling
conatants for the standard SU(2) x U(1) G-W~S model. They are
listed in Tablsz 111 below

gawl't



Table 111
Hautyino-slectron scattering coupling conatants {G-W-

Reaction o e 0 Ky %)

- - ]

V' Y +a oy + -mze" ll.uzav A+ 2 -hzo" =iy

voee A + sin’s stn’e & + 2 sin’® %
e u w v

The experitental cross gection volues together vith their evrors
define elliptical bands in the g, 8, space. The ‘-’e' ellipss is dis=
placed from the origin because of the extra charged current term (the
Rye R, Space in our convention corresponds to meutral curzeat gy sod
8, ®ly). The lat.at compilation of data are displayed in Fig. 11
and they come from Barbiellinid’s tolk at the 1981 Bonn Confersnce.
The V¢~ data comes from the resctor experiment of Reines et al, 52
the V. o ellipse ic dominated by the nev reault from the CHARM Col-
laborat ““'53} and the \lul- result is influenced moatly by the
Fernilab expariment of Heipterberg et 01.5"). The dats yield 2
pussible solutions for g, and g, one of which is compatible with tha
G=¥=5 podel and & value of
l.‘-nzﬂv avound 0.25. As wve
shall ece later, the mon G-¥-%
solut lon appeats excluded by
ths ¢7s" wark end meutrino
hadvon scattering coupled vith
factorization.

3] ﬁ' = leptons

Ye consider here the
exporimenta) study of the
reactions:

kY
2

+ -
AT

+ - + -
e Fe »p +y

Fig. 1. Swmary of v e, v e, and

- CJ -
a*-re -t +7 v

5‘,0 scattering dats.
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e,

The interest in these reactions from the point of view of this review
2ies in the fact that they sre pensitive to the interference effects

batwesn ¥ and 2° dtagrams, as shown in Fig. 12.

(The first reaction

hes additionsl 2 disgrams with ¥ and 2° in the t chenoel). In
principle thess resctions cah yield information on ¥ differefit cou-
pling constants, comsonly vefarred to ss hy, h,y. and by . which
5n the standard model end asauming Jepton universslity reduce to:

by g‘,z * ) (1- hsinzew)z
LEERED’
A" BBy ok (1- 4 sin’e )

The ters multiplied by hw shove \Ipss) in the expression for
EDtal arsas sSpEtion as & parcantags change awny from the predicrion
of one photon exchanpe dispram and rises linestly with a, by, Bives
tise to parity viclating affects like non zero helicity of outgoing
laptona and crose seitiom dependance on the helicity of the incident
slsctron or positren, Yinally hM will manifest itself as a forward
backvard asymmatry of the ouggoing leptons of a given charpe.

Basides the intrinsic difficulty, connected with the measurement
of the first 2 wffects they ave saxprcted to be very smali in the
standard modal. ‘Thin is dus £o che fact that they are preuwicted to
vanigh if linza" w» 0,2%, which sppaars to lie very near the experi-

santal value,

prasenca of non 1ero hM
terss, The most con-
vineing svidence gomes
from the observad asym=
aatry in che reacvion

e et ey

The results on that resc~
tion, aa wall as the re-
tated 111" channel, pre-
mtcd“’ at the fonn

e gpi 4 e s S

Thup it is not surprising thot none of these effecte

hava basn chservad an yat. Thare appears now, however, evidence for

1
+* »* ¥ ut | ?
y . z"
- ¥ (X e
L1 2 ] ardral

Fig. 12, The tvo intarfering dlagrams

+ = 4+ =
inee ~ua .
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Conference are sussrized in Table 1V,
121V
Cherge Asysmetry Results for ¢ s Annibilation
MARK ¥1| CELLOG JADE | MARRJ |PLUTO{ TASSO Last §
combined _
+ g 3 -
A\m {X) |-4#3.5 |-1.] -10 ~11%4 | =334 7510 |=11.3:5.0) =7.722.4
GRS Pred =4 )] _-3.8 ~?.8]-7.1 |-5.8 | -8.7 ~7.8
[ 3
A, (D) -6312 0l
GHS Pred -5 wd

Though still limited statistically, the agresmant with thoe scandard
model is quite impressive.

The effect in angular distribution for
e++n--e++e-
is much less significant, The folded angular distribution from

MARK J 1s -huun57) in Fig., 13 and ghowsa praference for hM » i,

= 0 solution over the hw = b, hAA = 0 hypathesis, The full angular
distributions from the other & PETRA datlncnr|57) {Fig. 14) do not
appear to show very much discriminating power between the axme 2
alternatives.

Alternatively one can combine

all the available data on tne 3 ! ! ! !
8k MARK § =

leptonic channels, i.e., total cross s

section as a function of s, anpu- ss C'g'-'

lar distribution of Bhabha scat- i "o -i E E —p -

tering and the forwvard-bnekward ?,ls .

- - 0. -
u+p and 1+1 Asymmelry {0 | 1 1 1
extract both h,,, and b ¢ 02 04 06 06

LA AA 1
pimultancously. This has been A {eusd i
done by the 5 different groups Fig. 13. Comparigon of MARK J

deta on ate- + ete with pradice
tions based on 2 differant sets
of values Tor by end hyy. The
lover curve corrosponds £o
L hyy=0; the upper one to

haa0 Byt

st PETRA {not a1l the different
pleces of input wers utilized
by all groupe) snd the resalts
are showpn in Fig. 15, 1 have

56}

-
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3.4 Sewlhadraaic Neu Curtent Reactionn: vy-Hadron Interactions

These “rocasses present additional complicetion that 41s mot
presant in purcly leptonic interactions, if.e. the fac. that hadroms
#ve covplex ptructures. Thus we have to rely om the quark model and
somctimes other theoretical assunptions to make the ~omnsction be-
tween theorctical predictions and experimemtal reality. Fortunataly,
the structure functions of the nucleons are known now quite well In
the vegion of interest as is the fraction and composition of quark-
antiquetk sea. Ssriouz theoretical and calculstioual dtfficultfes
still vopain: gquextions regarding edclusive pion production chamnels
and sige of svenie phyrics effecks are same of the examplea illustra-
tive pf this point.

The resctions 1 shall discuss fall naturally inte 2 different
categoriest v-hadron scattering experiments and vesk-electromagnetie
interference exporimonts in hadronic reactiens. I shall begin by
discussing the noutrine reactions.

This topic has been comprehensively reviewed rather racently
and the naw axperimental dltn‘s” since that literature review was
completed appear consistant with the previous conclusions. Accord-
ingly 1 shail rely heavily on the published review of Kim et al.a).

Just as for the v alectron chamnels, we can write the effective
Lagrangisn denaity

6,58

G
Loge = 75 5 v, 41y ":

with the hadronie current JE given by
- 1 -
J: -?[gl'(l)q 1 Y, (l-l-ys)q iJ + [‘n“’“i v, (l-'vs)q‘]

vhere the sum extends over all the quark flavors, i.e. v, d, ¢, 8, b,
etc. An slternative notation, involves decomposition fnto isovecter
(isoscalar) vector and axial vector currents. Ignoring the heavier
quarks

Jl: .l c(i‘r”u - avud) + Hplo Y¥g b - ﬁvnvsd)

+* l:y(ivuu + a-:un + ki (Ev”'vs u 4+ 37"75‘)
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The 2 waty of couplings sre valated linearly in sn cbvious manper.
As faxr as the hesvier quatks ate concerned, It {s generally customary
in the fite to sssuse generation symmetry 1.e. that e(e) quark
couplings vil] be the s ay the d{u) guark couplings as required
in the GNS podel. Hesvier quarks are ganarally isnored. The resnlts,
howevex, are not too sensitive to thent sazubptions.

There is & variety of experimentsl input that determine the
quark neutTal current couplings. 1 emmarate then br:lany below:

a) muwunto!lvlv“h mnl»ln; fm:n
il;lclllt target. Thess Beapurenents are sensitive :n nl_ +4° smd

+ c!u #ince no information sbout isoopin structure of the
mr.ul cyrrent can be obtained.

b} dJdecp insldastic scattering from neutTon and proton targets.
These are measurscants squivalant to (a) encapt that the isoscalar
target 1s Teplaced by & single nucleen. Thus the experiments differ-
entiste betyean “L("‘n) and dL(dn).

¢) dinclusive pion production (vA = vnX). The charge of the
leading pion provides scme informaticn abeut the nacure of the
struck quark from the knowlsdge cf the quark fragmantation function
nq'(:)-

d) elastic scattering: vp = vp and Vp + vp, These eroes
sections are written in terns of the vector and axial-vector form
factors of the proton. The forzer cen ba ralated by CVC te the
elecrromagoatic form factora; soca additional assumptions are needed
to parametrize the axial form hctou.ém

) excluefve pion production channels. The analysis of these
chanuels js probably mosc complicated theorecicelly since it is
dhecured by the iaperfect knovledge of the relevant hadronic matrix
alements. Abbott aud Bavvett waa the model devaloped by AdlerS!? ¢
perform the sualysis.

f) The excluaive Yesction

3.#11-5.4-114-,
can proceed only vis exisl currmat and the sagnitude of 1ts cross
section is predicted by the GWE wodei.

A
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Fig. 16 1llustrates the com—
stzaints imposed by the d1fferemr
ssts of dnput data. The dats are
Permetrized by ¢, (4), ¢ (),
tpld) and ¢ (u) and it 1s eno~
venimnt to display the con-
straints ax allowid regions in
both laft=handed Abd right-hended
coupling constant Spaces. Again
it shovld be recallad that in
both vhesa spaces the standard
noda) limits the allowsd region
to a stTaight line segment, each
point on which correspends to &
diffqreant valus of un‘au.

Fig. 1&a shows the resatric-
tioms imposed by R, Rs measure-
TmONts on en iscescalar target. As
mentioned earlier emly an annular
reagion in sach spAca can be de-
fined by thess daca. Adding the
data on neutron and proton tar-
gata, restrices the allowed re-
#ions to thosa shoum in Fig. 16b.
There is also g correlation he-
tveen the allowed Tegions in the
€ (u) - cl_(d) space and the

Fig. 16. Conscrainta imposed on
the neutral currest couplings by
ths nsutrinc-hadron data: =)
data iscacalar cargeta only:
b) dsta on iscscalar targets
coobined with data ab neutyan
and proton cargetd: &) all -
hadton daca {from Kim et at.).




—

t.(!.l) - l.‘.‘(d) space which 1s displeyed as a shaded region in che
Bye 'l plot. Finally, Fig. 16c 1llustrates che allowed regions 1f
sll the v badroa dsta of the first & types {(s-d) sre included. Of
the tue allowsd regions in the lefthanded space, the nom GWS region
(unshadad) is excluded both by the exclusive pion production d-:-ss)
and the axperiment of Pasierd et .1.,62)

In susmary, ve see thus thet all of the nevtrino hadron data
define (within errors) a single set of coupling constants, both in
lafthandad snd righthanded space. Furthermors, both solutions are
consiatent with the constraint imposed by the standard model and both
correspond to the seme value of s:.nzew. Finslly the value of Binzﬁ“

0.2 - 0.25) i» consistent with that obtained from the purely
leptomic resctions, The GWS has obvioucly passed another stringent
test.

3,5 Veak—electromagnetic interference in hadronic intersctions

The relavant experiments here fall into following categories:

a) polarized electron deep inelastic scattering

b) parity violation in atomic experiments

¢) «'s” -+ hadrons

It ip the first two categories Lhat heve provided so far the
nost ralevant informstion although the situation regarding the atomic
parity axperiments has becn confused from the erart, both in experi-

mental results and theoretical calrulations. In the famous SLAC
63)

on Ged resction.

parity violating clectron ncs* ering experiment ope studies the

reaction . -

e +d+e +X
with polarieed electrons. Due to the interference between the y and
2" axchange diagrams, the cTe86 5 ctions for electrons polarized
parallel and antipniallel to the beam will be unequal. The size of
this asymmetr 86 8 function of x and y Feynman variables has been
tatculated by Cahn and t:i.h:mna"n in the framework of the parton model
If one neglects antiquarks as well as heavy quarks, the expresgion

for asymmetry An. defined by dc+ ~do_
AD - dn* +du_

13
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becoues
A, 96, '
2 [%' Vo ¥ Qa7 Vafhe * FOIO A ¥ 0yt Ay V.]

4G
- - 5;;““ {[vuAe -k vdAe] + ) [Auve -k Adve]

vhere vu i the vector coupling of the y quark, Au the axisl coupling
of the u quark, and similarly for Ud. Ad' Va. A.. Qu and qd arms
charges of the up and down quarks, vespectively. F(y} is defined by:

F(y) - —l-;-;l—-z!.;-
1+ (1-y)

The expression abave iz model independent., 1f factorizatieon
holds (and v-2° coupling i unfty) then ’

Vu = :L(u) + zR(u)

Au - :L(u) - ;R(u)

\-'e - s; z eL(a) + ‘R(")

and similarly for Ae, Vd' Ad‘
Furthermore in the GWS model the y independent coefficient be-

comes -3/8 + 5/6 sinzew and the y dopendent coefficient % (linzeu-k)-

The experimental results of Prescott et 01.63)

Ap

- = {(-9.7 1 2.8y + (4.9 2 B.1) r(y)] x 1077
Q

vhich translates into the following constraints on the coupling

give:

canatants:
VA, - ] Vihe " -0,23 ¢ 0.06

Auve -5 Adve = 0.11 2 0.19

The experiments looking at parity viclstien in atomic transitions cen
measure & linear combination of VA and VA, that {s slmost orthoge

onal to that investigated at SLAC. Thus in principle thecr 2 sets of
experiments can determine coupling conscants quite well, 1o practice,

34



bowever, the status of atemic paricy experiments has had a rather
confusing history and some of the discrepmncies between the older and
neret expetimence are still not cavpletely understood. In sddition
the situstion 18 also elouded by the difficulties of thepretical
interpretation; the value of the magnitude of the parity vioclaricn
axpacted Iin the WS model has been reduced by a factor of 2 a5 more
sophisticatad calculations were pe:fcmcd.ss)

In light of chis checkered pssc history and the fact thar a
dutailed discuseim of these experiments is given in Adelberger’s
reviev at this Conference, 1 shall limit wmyself to merely summarizing
all the Tepults in the Table below. Different experiments prefer to
quots thair resules in terms of different quantities, i.e. weak
charge (Qu). ratio of El to M, matrix elements {R), und amount of
rotation due to parity violstion (u“c - related to R through nrwber
of absorption lengthe in the vapor). 1 prefer to keep in the Table
their origina) choicee vhen pregenting thedr resvlts.

Table V
o Suiwmapy of atemic parity violation experiments
Toup ¥lement 2 Quantity Experimentral Theoretical® Ref.
__Guuted value _prediction
Barkaley T™h 2927 U ~155+63 ~116.5 66
]
(-0.722,.1)%10 0 _,o ooy 10-8 67
ashington BL 8757 R ypu4al.mi0® T8 i2)x10°° (g
ovosibixsk B4 6476 R (-20.2:2,7)x10°C -(10-16)x10"0 69
~B
(2.724.7)210 & _ 0l -8 "
0xfors Bi 6476 R (_w_m.s,xw-a (10-16)x10 |
Tm:w Bl 6476 Bep (-0.22¢1.00810° 107 72
'Iun;a of + uorerical values for R Tep e-2nts wy relatively
uninformed estimate based on the spread of veluee obtained
from varioss calculations,

= The atceie parity esperiments can best be compared with S5LAC ed
expsrizent if one uses the comcept of weak churge,n) defined by

Q M,2) = « 4 VA, 22+ H) + VA, 2+ 22)
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ana thus for Thillium ue hava

Q (123,81} = - 1140 vuab -~ 1308 vdAe

The Berkeley result can thus be expressed as

-1140 vuAe - 1308 UdA! -~ 115 2 63
vuAe + 1.15 vdAe = .l4 2 n6

1 have also converted the results of the most recent Washington
experinent and the Novosibirsk experiment into weak cherge by utiliz-
ing the central value of theoretical predictions indicated in Tablae
V. The results of these 3 experiments are displayed together with
the SLAC experiment in Fig. 17. Clearly the Tesult iz consistent
with the GWS model and a value of ||:lt12a"r = 0.23,

1 end this sectiom with a very brief comment cn the chsnnels

et + e = hadrons

which can alyoc exhibit effects of y-2° interfererce. The norualized
cross section for the production of quark pair ff can be written as
(before QCD corrections)

2 2 ' 2
Re = Q7 - 8sqslel 8 P(s) + 16577, + 8} d(af + gf IP'(s)

where the 3 terms represent the photon term, y-z? interferance term,
and 2° term rvespectively, P(8) is the propegator term for tha 1-8"
interference and P'(s) for the pure 2° exchange, and g = 4.47 % 10"5
cev™2, ‘

In the framework of the GWS model gv' and ivf are functions of
sinzeu and thus the total cress section will have & mild dependance
on that parameter (8, alao comes in tha propsgator teros through
mzo). Thus if QCD corrections are helieved to be known sxactly urzn
can write the total norwalized cross section as a funccion of ain B'.
This kind of analysis has been parformed by the MARK J b:°“P7‘) and
their results for R aa a function of /3 sare showm in Fig. 18. The

95 C.L. limits yield ) s
40,34
ein B“ 0'27-0.08 .
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Berkateyd %
=0.6
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Alomic Pority =21
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0
-0.8 Tos 0.8
- Vuhl
]
=01 J =0.% atbnate
Fig. 17, a) Constraints impoansd
in the 'ldA:. Vukl apace by the
SLAC polariced ed experiment

and some of the Tecant ateomic
parity violation exgerinents.
for clarity tha error range
choth auperimeatal and Cheo-
retical) is shown only for thae
Berkeley experiment. b)
Conparison of these expsrimects
vich the GUS prediccion.

T

ona should add bere, parenthet~
1cally, that the cmtribotion of
tha hesvy gquarke to the valwe of
R is just as Amportami a5 of the
v and d quarks, Thus the situ—
ation here 1& differcot from
the saxperifents on sT- ' nary
Targets.
3.8 Summery of neutral cursent

procesges

It suould be clesr from the
above that the GWS model wppears
to esatinfy all the data. 3
separate kirde of reactions

{purely leptonic, v hadron, and
electron hadrop) give self-
congistent molutions with &
value of sinzew % 0.23. One
would like to be & little more

quantitative about how good the
‘ aas T T T T T T
Ll 3 4
4k A
R SL W. e s TN 01 Yoty
st —n? By s 02T d
ce—gin §y 010
1k ——unl 8y 070 .
o Il 1 [ 4 a —a -
8 12 % 202 8 ¥ 3% 38
- J3 Gav) an
Fig. 18. Merk Y results on R an

a funstion of VYo compsred to
thearetical predictions with
different values of sino.
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agreemtnt really is. For this purpose, 1 shell quote hare sobs of
results obtained by Kim et al..') froo globsl fits to 1] the data
they considered. The data included there were significantly scarcer
than availlable today and discusged in this report, At the time of
their fits none of the e's  dst2 were available and atomic parity
experimental zituatlen was puch more cbseure than it is todsy. Thus
none of these data were included in their fits. Furthetzorse the
recent high staristics experimants on v, e and ;u' scattaring vers
unavailable at that time, &5 well as some of the recent v hadron
data. Nevertheless, all of these new experiments suppert iho rosults
cbrained by Kim et al., and thus would not change the values rasult-
ing from their fits significantly.

I vould like next to discuss some of tha results of their fits
and their implicatiems.

a) factorizaetion. As alroady mentioned, the diffarant submets
of the data can be fitted in & totally wodal indapendent vw-”':
Subsequently, the different coefficiente can be zomparsd to ses if
they satisfy the factorization relaticns (true if there is cnly cne
7% present). We have seen, howevar, that the differonc pieces of
dota are all consistent with the GWS model, a sinple 2° hypothesis,
Hence they must eatisfy the factorizacion relations.

As an example, however, of how these tests work iv practice, I
illustrate in Fig. 19 the 2 reglons in gv' ' g: space alloved by the
ve scatfering experiment, We have s genezal factorization l'lll:‘l.bf?”

B, Je," - [tu + /(4 ?m]/ [cf.“ + V1308 + sm]

whose right hand side can be evaluated {rom neutrino hadrenm and SLAC
a8 experiment. Without errovs, this relation would give a straight
line {a g;° , g,° space; the ervora brosden it out ta two trisnguler
gectors. Clearly, the factorization sdnits the predoninutely axial
solution and is incorpatible with the vector one.

) 5 paramerer fit, If one assumes SU(2) = U(1) wich conven-
tional 1'3!_ assignments we can Fit the data to 3 paresecers, 1.e.

2 d ]
o, smzow. T+ Tap o Tqy

8



vyhers we have dgnored the p End 1
laptons as well as heavy quarks.
Rim st al. chtain for this Fic:

82 = 1,018  0.045

sin?s, = 0.249 2 0,031
= 0,010 + 0.040
0.058
= 20,039 & 0.047

‘l'” «0.101

L]

The feature of the fit that I
wvant to emphasize here 1is that all
right~handed fernions are compstible
Fig. 19. A graphicel Tepre- with the singlet assignment, i.e.
setaticn of ane of the GWE model. More specifically,
::::r:;::::“‘;ﬁf"“' doublet scruccure of the eype

(e° l—)n i ruled out, wvhere E° is &
heavy tighthanded slactron nautrine.

Note that thess data cannot say anything about heavy neutral
muon neutring, since none of the u data vere included in the fic.
However, there is now independent evidence agaiust (N° u")a doublet
from the work of A. R. Clark et “.76) who rule our an W° decaying
via

1
‘.
Wl v nprad

B° -ty ;u
in the ranga 1 Slnolicc\'.
¢) 2 parsmeter fit. Accapting the pinglet assignoent for the
right handed fcramiops, tha data can be fircted to 2 parameters only:
03 mtl*sinzev. The results of Rim ot 2l1. ars,

0% @ 1,002 ¢ 0.015
sinfe, = 0.234 1 0.013

The value of ol consiatent with unity indicates that the daca sre
consistent with Higgs doublet struccure, f.e. adbsence of sny other
sultiplets for Higgs ecalsys. In addition, this result has

¥



implications on poasible snistence of hesvy fermiond. Betauss of
renoraslizerion effects involving loop diagrams, the pressnce of such
ferzions wonld be expected to displace the valus of p svay from
unity. Specifically, the quoted 50% confidence level upper limit on
[} hplienn) an upper liwit on any hesvy larmion of 500 GaV, axmuming
that its partner is wasslesr.

4) single parameter fit., Finelly one can constrain pz = ] and
fit to sin""'a‘T only. The result is

s:nzgw = 0,233 £ 0.009

x2 = 33.1 for 48 d.o.f.

This is an impresaive resulc, and a great success for GWS model
considering the variety of sxperimental results that have gone inte
this fic, and the fact that some of the input data are detarmined
rezsonsbly accuratuely by now. 1 should als> snphasize that the naw
dats obtained since Kim et al. fit will make thia cemclusion even

stronger, since all of it is cormistant with the sbova gquated value
of s:lnzeu.

4. GLASHOW-ILIOPOULOS-MAIANT (GIM) MODEL

The CIM moder™) was invoked to explain the absenca of neutral

currencs in strangenegs changing intersctions deducad from searchex

for the decays
] ¥ -

kv

+ -
K "'+v”¢

and
The suthors picked up on an earlisr suggesticn by Bjorken and

Ghlhowm) to pestulate a fourth quari, charm, vhich sysmatrized the
averall situation in the quark gector by Hypothesising that cha left-

handed quark doublets that part(cipaty in weak interactions are

u c
(i cosd, + & “"ac)l. and (-d alng, + 0 “"c)t.
vhere 6, 1a che previously discussed Cadidbbo engle.

This postulste had fur resching consequances both 4n the field
of spectroseopy of new particles snd in the fiald of their
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intesacrions (1.e. currentg). The space is too short hers to
describe the weny successes In apectrowcapy; the bagic fdea was that
the posrnlare of & new guark, with & new quantum oumber conservad by
both strong and electromagnetic intersctions, w.ould inply that there
should exist s whole spectrun of naw pur:i:les.7” both of tha typa
(ce) and of the (cq), (cAg), etc., where q etands for a light quark.
Furthermore, the lowest lying chare states should be long lived

t % 10713 sec) and decay only by weak interactiona,

It is now well known thet the obeerved charm spectroscopy
agracy well with vhat one might expact from the GIM model and its
many succeeding elshorations, O(ne hes seen the expected bound atstes
(0/3 . #" 5 m; » %) 8% vell as the open charm states (D, P, 4.) and
their mzsses sgree remarkably well with the pradictions of the
mode]l. Since these subjecta have been reviewed extensively in the
nten:uu,m) 1 will not discuss them any further, but turn instead
to the question of predicted currents.

T shall start out by enumerating in Table VI the currants that
are possible within the &4 quark model.

Table VI
VWesk interaction currents in the 4 quark model
GIM-Cabibbo Typical
rrent AQ AS AC Strength «M Strength Relevant Experiments
e -1 0 0 caso,_ ey 8 decsy, v inter-
- actions
2us -1 -} © alnoc €)¢y Kea. hyporon decay
d 1 0 ) sim -8, c v=charm, forbidden D
c 172 decays
§) sc i 1 1 cosd °l°2°3"1'3°“ alloved D docays
5) wu o o 0 depends on - K.C. v interactions
- sing - electron hadron
6) 44 0 0 0 v invernctions
7) s 0 0O O s aeasdd - v interactions
8)cc 0 O O some as wy - v interactions, gvv
Bds O©0 1 0 asbsent - l’: . w0t KTy
10) ne 0 0O 1 absenc - vecharadv, charm
decayy
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The first 2 chargad currents and the firet 2 neurra) cuorrents
are "cld” currents thet have alrasdy been discussed. Furthermore the
ds current ie also an “old” current whoss absence was the raison
d'srre for the GIM mechanisnm. Accordingly I shall limit my discus-
sion to the other 5 currents, emphagizing meinly the comparison of
the experimental data with the GIM predictions. One should note that
the exténsion to the 6 quark mode (X-M scheme) will not  hange
predictions vithin che experimencal arrore, aince the K-M ond GIM
predicrions arve diffsrent only in the 2nd order of vhat eppear
experiwentally to be small quantities (1 use stardard notation where
€; S cosh, , sy ¥ lm: y oL},

Y

3 s

dc coupling. In principle one can extract this inforsstion in 2 diff-
eremt wayst by studying either chars production in v intersctions or
the Cabibtbo forbidden D decays. It twrms cut that the only reliable
quantitetive information one can cbtain is from the )lst process, so

T ghall discuss it first following the treatment of s-kun:” and
Pakvaca, Tuan, and thuui.an

T Wy Wk

Chatn can be produced in v interactions in one of two ways:
either off the d quarks
vedeyp e

or off the & quarks in the sea
veEs+u +e .

It is the first process that is relevant to the coupling of interest;
it can be ssparated out by studying the x distributioun with the
conclusion thet 50-63X of charm production (more rigorously: oppo—
sitely tharged dileptons, since that is signature uvsed for chars
identification) comes off the d quark. DUsing the tots] neasured di-
iepton rats (~ ll.'l-z ¢ 30%), allowing for threshold effacts, and
taking (9:1)% ar the average ai-mt;mi: branching ratin, tae obrains

0.19 < ]alczl < 0.3 .

This should be compared with sind = D.229 quoted earlier.
The Cabibbo suppressed branching ratia
D+s+ e+ Vo
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couplad with the lifstims messursment could in principle determine
the anme paramster, just ss lles determines the valus of .nec.
However, no data on these decsy modes are cvailable as yet. The non=

leptopic branching ratios of the D° unuredsz) to be

T /re™) = .3 2 192 r kN /r ) = (11,3 £ 3,002

ara difficult to interprat theoretically because of strong inter-
sctica effects. It cen only be said that they support the quali-
tative conclusion that Jc coupling is of order sint,.

8c coupling, The cleanest channel to study bere is -

.
ptaE 4+ e +v,

because symmetry breaking effects are minimized fin this channel for

the sane reason a5 in Ke, dacay. The experimental input consists of
D' 1ifetime sud b* + K%'V, excluoive branching rors0.53  zogerner

the; yleld:

rep* » K°n+v.) = ()2 0.5)x10t weel

This value, coupled with the assumption that the form factor in the
decay is dominated by the F. yieldsn
[clezca - a3, c-“] = 0.8 + 8.2

5 coupling. This meutral current coopling can be obtained from <he
do/dy 2istribution in nestrine badron neutral current interactions.
The contents of the u, & sea has to be first ohzained Erom “hargsd
current intersctions. Jonker et al. obtain®*)

2, 42
I8, ) 7 18y" = 139 = 0.43

£c coupling. The strength of this coupling can be measured by ob~
serving v/J producti.n in nautrine intersctions, that prasumably
proceeds through the disgram flluetrated fn Fig. 20. The CDHS eol-
laboration quatnss)
2 2
(8,718, 1" = 1.7 £ 0.5

In principle, at lesst, this coupling cculd alse be measured by

chaerviag the decsy mode ¥/J + w9, {f one would know the exsct
sushar of neutTine flavors.
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1 should add here parsnthatically that the
fact that e'e + nadrons agteas uwith the thaory
st high energies’® says thet N.C. coupling of

heavy quarks (including bb) camnot ba snomaicusly
2 large.
u¢ caupling. This current should vanish in the
GIM model. It can be looked for in the reactions
; 1ake
:::.tig'ym::; v, + A~ vy +C¥ 40a
by meutrince.

I-be"'-l-v”-l'hdrm

i.e. chars production by nentrinc beams withoot any finsl state woon.
Fros their work in nson f111ed bubble chawber, Baltsy quotea’®)

g _{charn changing N.C.)
@ (rocal H.C.) 53

based on no significant signsl found, 1 believe that 4 comparsble

or better limit can be axtracted from the emulgion wtk") in the ¥

beam at Ferzilab, dasipned to measure charmed particle lifatime,
Alternatively, one can search for neutral curreant chara dacays,

for example by looking in neutiinc interactions for signatures of the

type -
“u*“'u +CF aee

L. e* 4 ¢~ + hudvans
86)

Rased on no events of this type found, Baltay quotas

¥ %thnn changing nevizal M; %21
T (eharm changing charged currents

In summaTy, the spectroscopy and interactions of the charm
particles are in good egreexent with the GIM mods). In saversl
lé:!ﬂ!l. howaver, thare exists great deal of room for sxperimantal
inprovenent.,

5. EXTENSION TO 6 QUARKS

In & Temaridble paper, written before the discovary of the ¢
quark, Kobaysshi and Maskeus™’ argued that vwithin the stmplest 5U(2)
x U(}) wodel {i.e. enly ene Rigps dovblet) with only 4 quarks, there
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s no natural way to jeoerate CF violstion. They showed that ons of
the poasdible weys to have CF viclation within this wodel, vss to

molarge the quark prpulation ¢o 6 Wirhin this fraswvork the charged
cnrrant would de written ast

o@D 3(2)

whera ! 19 a wnitary matrix that defines the mixing of the mass
aigemgtates. For the 3 x 3 dimensionsiity U {a chetacterized by 3
Eular~like angles and ona phase. Spacifically tf can be wil:un“) as

! b | €18y
Ul ~cps "1‘2"3"3":‘“ '-'1‘2‘3“3':‘“

5o, "1‘3'2“2'3"" "1‘2’3“"‘2"3‘“
This sthent bacase more attractiva an v lepton gainsd respectability,
inacfar that eguality of quark snd lepten populations {with conven-
tional charga assigowents) is ans way to ramove the crimngle snoma-
iies, Tha scheme became the "paw orthodoxy" with the unewcry”)
of T st Ferwilab and its subssquent =mfimtim9°} ut DESY, I
would 1iks to raview in this chapter the question as to hew well this
"new orthodoxy” i supported by the experimmnta) daca.

We msy fivst ask how wall is the exnistence of this new dovblec
sstablished. There is nuw ressonably good circumstantial evidance
that new flavor has been produced in the «'e” annihilazions: from
the 7 mettuecpy,su the axcass cucerm”) ant hm”’ production
at the 48 T state, and the vaiue of R a¢ bigh energy.’” on the
other hand, 4t 4x not clesr that any unambiguous nal.s beauty b
signal has been ssen a8 yar..“ In susmary, however, 1 think most
people would agree that the evidence for existence of a b quark is
quice good.

Uhat about the top quark, t 7 PETRA detectors have sesrchad for
the t quark vp o the highest anergies of that ring mw see no evi-
dence of § production.”>) This places an upper linit of £ 16 Gev.
Shonld this be a scurce of woryy to the advocares of the & quark
model? The thesretical eatimates are uncertsin, but it sppears that

4%



t quark mass of arcund 40 GeV weuld mot be too mprlm;.”) A
fair statement to make wonld probably be to ey thar even though
there iz no axperimental evidence for the & quark, neither do the
preasnt Bearches speci. strongly sgsinst the existence of 2 (¢ b)
doublet.

I turn nest to the possible saltornative mvltiplet sssignmenty of
the b qu-rl:.”) The Glashow-Weinberg theorem no longer guarantess
antomatic suppression of neucrsl curunu.,o and thes one wight
expect sn spprecisble decay rate into 2 charged leptons, i.e.

beet +a 4y

R
The exact pradiction s impossible to wake becsuse it depends o¢n the
nixing parameters of the E-M matrix (the form of the matrix remains
the sawe &8 for the 6 quark picturs.) The raquirsment thet ASel
neutral currenty are absent forms nov one of tha constrainte that
have to be imposed in obtaining posaible solutions of the XK=M matrix.

V. Barger and 5. Pakvass neve exaninad tha possible alurnll:ivn’”
and conelude that

Bib + e'eX) = Blb » VXY R -x

This prediction already sppears to be in troubla with the latest ye~
su1¢a% from the Cornell e*e” work.

The other possible alternative mmy froe the atandurd wodels is
a(c b)x dodhler. This doublet is hard to rule out upuhcn;;;ly
because K couplings can be strongly suppressed in this case;
only detailed study of b+t decays could axelude this possibility.

Thus it appaare that (x b)L alternative s the most appealing
ong. 1 would like to end this chapter with & very brief discussion
of how well the K-M paramerers are datsrmined. Any pelf-inconsis-
tancy in this determination would ba svidence for necessery modi-
fications or sxpmmsion of the X-M schame (B quarks?),

1 have alresdy discusaed pravicusly the determinstion of Vegr
LW elements (1he aubsrripts rafsr to the 2 goarhs linked by
a giver element). Dntil t gquark is discovared, no direct Informstion
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on 3“, Bt., and gth is powstble. it remaing to digcuss l!“d- uby®
”&' and the constraints on D,. °2‘ 03, and & imposed by our infor-
sation sbout these watrix elemento.

The n& element is cbtadped by comparing che strength of the
waall intersction cunstant as obtained from pure Fermi 8 decays to
tha. obtained from » decay, The eost recent snslvsis g:veuml)

v, = 0.977> & 0.0025 .

At present there exists no experimgutsl informstion on U, end U,
saparately. A lower (and pot very usetul) limit on the sum of their
SquUsTeR

fogi? + 1,17 3 007
can be obtwined from the upper limit on B 1ifetime (13 < 3x%x10
sac) by aswuming the spectacer medel, which doee pot sppear Lo work
ton well in D decays.

More umeful informstion exists on tha ratio of these 2 morrix
ulsents, }Unblucbl’ from the study nf the detatls of b decay., 4
relativaly large value of U, would result in a Jarger numbers of K's
ard 8 Jover energy cherged lepton spostrum, than one would heve if
Uy dominaced. The experimental pitusticn on the electron spectrum

uroaglygz’mn supports the large U, element {shown in Fig. 2i}.

i1

¥ .05
0.02
s o.o‘

o G
e @ 2 3 av
- E. (G“' E. (Gl\” A

Fig. 21. The cboerved sxperiuental ensrgy spectiwe
of electrons from the 2 CESK decectors taken at the
45 T: &) data from CLEG detector with 1 GeV experi-
sentel cutoff. The curve corrssponds to the spectrum
expected on the basis of b+ decay. b) data from
CUSB dstector compared with 8 + avi{D,b") prediction
(80144 curve) and B + av} (lla = 1 GeV} prediction
{dashed curve).
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A quantitative interpratation of these ploty is difficylt becsnss
of the uncertaincies about the mase of the final state hadrenic
systen. Thus the CUSB gtovplu) chtaing for r(nm:uur(n-mn.n‘)

- 0.23 (90 C.L) 1ifF x, - 50 (»,n) and 502 (p,0)
£ 0.32 (902 C.L) if X, =1cew.

Similarly the measured pusber of &'slwcn:’” 15 2.52 0.5
0.5 to be compared with the predistion of the standard -nd.1103) of

HR = 1,5 for b»e trmaition
Ny = 0.7 for b»u transition

Superficially, at least, both pieces of evidence support predominance
of the b+ec decay mode.
We finally interprat these vesults on the U matrix elements in
terms of the & basic parameters. Logically the steps are as follows:
a) from U‘_“l that measuses ¢, ons cen deduce that

8= 0,23 ¢ 0.0}

b) U,q and Vs (""351> giva the relaticn

clz + 512 ‘:32 =] = llz 133 " 0,996 % 0.004
2 2
or 8,78y = 0.004 ¢ 0.004
- +0,12
vielding 8y (3.2'!_0.27

c) “cd (alcz) then gives
Blcz - 0026’ 4 0.07¢
or 8, £ 0.57

d) U, {cjepey - .2530“) imposes a coupled constraint oa &,
snd 8, vhich for amall o, and 9, can ba sppreximaced gs

2 2
8,°/2 + 8y 12 + 0,0, € 0.4 For ¢=0
1 ]
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e) |B‘N=b| ratio lllllsl{elezug + e,uzcuil) can alse be
translated into a constraint in tha &, L) plave.
mnmuamﬁnzmssmummummmmm. 22,
for 2 specific values of &, i.u. 0 amd w,

For completenass, mﬁmdmtlwmtalhuwo can be
chtained fram thecrstics]l arguments bawed vt the ? wass d:lfier—
£nce. 106} We recall that the original uthltéos for the mass of
the chara quark cens by estimating the atlL-Ks) from bhox~disgrans
in Fig. 23. Of courss, in those days the t quark was pot fncluded
in such calcullstions, but the fact that the mass of the c quork cawe
surprisingly clese to the theoratical expactations, argues thar the
contributicn of tha ¢ quark tc the mass difference cannot be too
large. Vary roughly that cen.ridbution is

Am (KL-RSJ = ntz x

0.8 (;, strangth of td+Es couplings
0.8 dard Arguing that contribution due
4’;‘.. - to t quark should not be grester
04 - than that due to ¢ quatk leads tao
ﬁ “ inequality
0.2 » -
.a o /| i i a|i‘? a
{6) —> >
| L 10 .
0.6 - w W
1 o X T
o.‘ o "y
" 3 w a
0.2 -
b .y w,ct
o Ao g a2 1 a2 1
] 62 05 085 o0Oa L] w .
st be ) A ~-n J—
r‘s. 23. Bom dlqulls
Fig. 22, Comscraints imposed contributing tv the
on sindy and wint4 by diffar- KP-K§ wass diiference.

ent experiments (fyom Bskurai).
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ten @, & "zo:
2 -= a -

It is instructive to look st the X-M matrix by uaing the valves
of 8,, 5, and 8, derived fycm the srgusents applied sbove. I Te-
produce below the matrix as dersved by Sskurei’) from hie typical
valyes for &=0, i.e,

'l - 01221 ‘2 a 0,2% o, = 0.262

3
Be then ohtaing

0.974 0.219 Q.0%9
U= {-0.213 0.845 Q.488
0.057 D.489 0.870

The values (especially the last decimal figuresm) should not ba taken
literally. They are useful, howavar, to illustraie the featurs that

the couplings tend ta get smaller as we gat further avay from the
diaéonal.

6, CP VIOLATION

Very little hae happened axparimentally in this field since the
review article of X, X, Khinkneehr..m” Tha generel situation cen
be summarized very suceinetly as followa:

a) CP violation has bean cbsarved!®”) in the x:--u; system,

b) CP violstion in K'-Kg system iz consistent with

'sm ) suparweak theory (Fig. 24).

€} No CP violstion effect has bean sesn in ony other syum.w”

On the other hand there is now o renewed interest in studying
the CP violaticn and severa) precise experiments are in the rumming
or planning stage that mey shed new laght ob this pld prodlem.

This revival of tha experimentdl interest has been stimulated "o
a large extent by the cheorecical work attempting to suswer the
questions posed by the CP vislation either within the framevork of
the standard mode]l or by applying snere variant thereof.

The 2 acid cests of the diffarsnt v.. irx appear tc be the
racrio [c*/e| thac can be measured by comparing the mognitudes of

Wolfenstein
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T | T ny. 88d N, and the electric dipole
{0} ormeat of the nsutron. The impert-
ance of thase two quentities stems
portly fram the fact that different
theories have at leasc a fighting

chance of making a prediction about
them end portly from the face that

the present expetimental limits are

very ¢lose to at least some of the
recent predictions. The preaent
experinental limits are:

in ) le*/e} £ 0.02"'®

3m10.4 ¢ 1,5)x10 Ce et

INAGINARY (x10°3)
-]

Vithin the framevork of the standard

. node) the ¢ parometer is gpiven
‘”"3.7 30.2. h\,ln’t),

-a,-a.-_»,}us'*_lo' le] & .* Bind, cosd, 8ing, Alnd

1 Il i

2 2
. ( e, ,m/n")
. REAL (.lo.gl 2 [ t

"~ antal

Fig. 24 S *y of measured wvheve the last facior 18 o alowly

(a) and derived (b) CP vio- varying functiom of 8, and quark
lation parsmeters in lt,‘_'-lg
syctem {(from Cronin,

ref. 106}, caleviate §, the above equnt fon can

be viewed an s weans of measuring § (provided that chere are no
other contributions to CP viclatiane). That will he possibla once
better knontledpe of 0, and e, will be avallable.

it does, appear that the ratio [¢*/c] can be calrulated within

the K=M model, and the consensun of different cajculations is that
112)

messrk. Since no one knows how to

17500 % {c*fc) 2 )/sh

f.e. on the verge of experimental dotectab?lity. As for the dipole
moment, hovever, the prediction fs far sway from che preaent limits,
nabely
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On the enperisental aide a highly fncowpletc lint of topice that
seed to be investigated might be:

a) dearch for t quark

b) obsarvation of t neutrino

¢} cbeervation of u?. z". Higas scalave

d) dotetmination of v asnses and the v nixing paremeters

a) determinstion of ¥=M astrix parssetare

£f) batter msasuremant of CP violation parameters

£) swarch for additional genarations

h) batter limits on all the couplinge

3) proton stadility quastiom
pius many others.

On the theorstical side many questions remain also:

8) why is thare a quark=lepton similarity?

b) 4s there & largor group than 5U(2) x U(1)7

¢) why are thave only certain celor-charge combinations?

d) how many genarations are there? why?

s) vhat causss CP violation?

£) wvhy is thers lefteright seymmetry? 4s it just a low energy

phanozenon?

8) are quarks and laptons fundamental’
plus many others.

Cne could also ask a general question: Do we have an ultimate
theory of waak intavactiona? I do not want to answer it, but wvauld
iike to renind tha reader about the existonce of the large number of
fres paraneters in the theory;

3 CWS podel paramaters (s, “F' linzow)

JO  K=-M matrix and quark mass parameters
10 lepton sector parameters

nase of Higes scalar

nuzber of generstions

-1 ouzber of Niggs dovbleis

26 winion total mmber of parameters.
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If the number of Bigas doublets, ausher of genevations, ov the
size of the gauge grovp are larger. the numbec of pacanetars cen
gvov to a significantly highar ausber. Whather & theory with se
many paramrcters can be called truly fundsmental 1is at leant partly
a subjective question, that cannot be doswcred on any sbeolute
scale. Hoat of us, hovever, would prohably enewer 1t in the
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