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The flavour non-diagonabecayK,E’ — ue, predictedby the SO(10)GUT modelto oc-

cur atthe Mc scale hasnot beenseenin experimentsThelimit onthebranchingratio is

B(KB — p€) < 3.3x 107, In themodel,Mc turnsoutto beundetectablyarge. Its version
basedon D parity, however, admitsa muchsmallervaluefor Mc whichis detectableFor

this reasonasarguedin theliterature,B(K? — p€) canbe pushedo thelevel 2 10712 in

thecontet of this version.This algumentaspointedoutin this paperignoresthe bearing
of the pseudo-dimensiorule onthe decayconcernedvhichis forbiddenandassuchsup-
presssetby this rule. As anecessargutcomeof this suppressiorB(KE — p€) is destined
to lie far below thelevel of 1012 and,accordinglythe prospecbf experimentaletection
of this decayturnsout to be muchlessthanwhatis cornventionallyexpected.This paper
therefore concludeghatthe non-obserationof this decaydoesnot disreputehe SO(10)
GUT modelwith D parity.
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1. Introduction

The SO(10)model[1-5] of GUT predictsalot of new physicsif its spontaneousym-
metrybreakingis assumedo proceedria theleft-right symmetrigpathSU(4): x SU(2). x
SU(2)k, whichis oneof thetwo maximalsubgroup®f the SO(10)group.This pathgives
riseto threeintermediatenassscalegIMSs), namelyMc, My, andMz, lying betweerthe
unificationscaleMy andMy scalewith My > Mc > My, > Mz, > Mw. Thenew physics,
which occursin the scenarioof the modelconcernedpwesto theselMSs for its genesis.
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Thesamemodel,however, predictsthe existenceof anadditionallMS if thediscretesym-
metry D parity [5-7] (whichis atwo-elementsubgroupof the SO(10)group)is explicitly
takeninto accountprovidedthesymmetrybreakingof this modelis assumedo take place
viathepathDx SU(4x:x SU(2). x SU(2k. Thenew scaleMp is introducedn suchaway
thatMp > Mc. Apartform its importantconsequencd5—7], its introductionbrightenshe
prospectof experimentalverificationsof the SO(10)-predictionselatingto new physics
astheotherthreelMSs areloweredbecauséMp is sandwichedetweenMy andMc. In
passingwe alsonotethatthe SO(10)modelfailsto populatetheregionlying betweerviy
andMy with new physicsf its spontaneousymmetrybreakingis assumedo proceedria
theleft-right asymmetrigpathdescribedy its othermaximalsubgroupSU(5) x U(1).

In this paperwe shallbeinterestedn the decayKE — pewhich, beinga flavour non-
diagonalprocessi,is strictly forbiddenby the standardmodel, i.e., SU(3tx SU(2) x
U(1l)y. This decay therefore,is importantin its own right asit carriesthe signatureof
the new physicsassociatedvith the Mc scaleat which this decayis predictedto occur
by the SO(10)model. As is well known, the Mc scalearisesdueto spontaneoubreak-
ing of SU(4): symmetryto SU(3xx U(1)s—L symmetry Thecrucialrole playedby the
SU(4): symmetryin the contet of the decayK,E’ — peis reflectedin the factthatquark-
leptonpartialunificationis describedy this symmetrywhichtreatsL andassuch(B— L)
asthe fourth colour degreeof freedom([8], L andB denotingleptonnumberandbaryon
number respectiely. This symmetryadmitsthe conversionof the quarkscom prisingK,E’
into theleptonsnecessaryor the occurencef the decayKB — pe. Thisdecayis agauge
mediatedprocessasis evidentfrom the treelevel Feynmandiagramshawn in Fig. 1, un-
derlyingthis decay It is alsotransparentrom this diagramthatthe gaugebosonsX must
beleptoquarkbosonsFurthermoreasthis decayis predictedo take placeatthe Mc scale,
the colouredgaugebosonsX belongto the setof the fifteen gaugebosonsof the SU(4):
symmetry TheseX bosonscarryingelectricchageQ = 2/3, areSU(2)_ singletsandcon-
stitutea colourtriplet. As the SU(4): is actuallyresponsibldor the existenceof thedecay
K,E’ — Je, this decayis alsopredictedby any modelin which this symmetryis embedded.
It is worthwhile mentioningin this context thatthis decayis alsodescribedby horizontal
symmetry[9,10].

In orderto preparehe necessarpackgroundor our motivationin this paperwe pro-
ceedby notingthatthefollowing expressiorfor the branchingratio of thedecany_) — pe
hasbeenobtained5,6] with the help of the SO(10)GUT model:

4
BKO = 15 e 1079 ( 100TeV ))

Mc(in TeV

Thisexpressiomevealsclearlythatthevalueof thebranchingatio of thedecany_) — peis

significantlyenhancedh the SO(10)GUT modelwith D parity relative to the samein the
context of the SO(10)modelwithoutD parity asthevalueof Mc is muchlessin theformer
modelcomparedo its valuein thelattermodel.It is worth mentioningherethatthedecay
considerechasnot beenobseredin experimentsbut B(K? — p€) < 3.3 x 10~1% This
empiricalfactin turnimpliesMc > 2 x 107 TeV. Keepingthesetwo boundsin mind, and
by choosingasuitablevalueof Mc(~ 10° TeV, whichis detectable)pnecanobtainavalue
for B(K? — p€) ashigh asa 1012 within the framework of the SO(10)GUT modelwith
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D parity, asarguedin Ref. 5. Theimportantpoint to be notedhereis thatthis arguments
basedntheimplicit assumptionhatthedecayKB — peis favouredby all selectiorrules
relevantfor the Mc scaleandassuchoperatve in this decay This is, however, notreally
the casebecausehis decayis forbiddenby the pseudo-dimensiorule (PD rule) [11-22]
which, for thereasorpointedoutin Sect.3 of this paperis valid for all massscalesDue
to the suppressioof thedecayKB — pe causedy thisrule,its branchingratiois destined
to lie muchbelow the expected[5] level of &~ 10712, Our motivation in this paperis to
highlight the point thatthe value of B(K® — p€) could be pushedo the level ~# 1012 if
this decaywereactuallya favouredone,asimplicitly assumedn the literature[5,6]. One
of our intentionsin this paperis to emphasizehatthe prospecof experimentaldetection
of the decayconcerneds muchlessthanwhatis expectedirom the algumentmentioned
earlier[5].

Fig. 1. Treelevel Feynmandiagramthatleadsto thedeca)K,E’ — pein modelswith SU(4):
unification.X denotesa leptoquarkgaugebosonof this symmetry

This paperis organisedas follows. The essentialpoints regarding the pseudo-
dimension(PD) rule arediscussedn Sect.2. In Sect.3, thisrule is exploitedto demon-
stratethatthe Feynmandiagramunderlyingthe decayKE — peis forbidden.This means
thatthis decayis forbiddenby the samerule. This in turn implies that suppressiomust
be witnessedn this decay The bearingof this suppressiomn the branchingratio of the
decayconcerneds discussedh the contet of the SO(10)GUT modelwith D parity. The
conclusionaregivenin Sect.4.

2. Pseudo-dimensiomle

In this sectionwe presentan overview of the pseudo-dimensiorule [11-22] by con-
sideringthe salientpoints regardingit. This rule is expressedn termsof the pseudo-
dimensiongdiscussedelaw) of thefields of particlesinvolvedin a decayprocess.The
moststriking featureof this rule is thatit coversall typesof decaysstrong,electraveak
andsuperweaklecays¥or thereasorto bepointedoutin this sectionlt is worth mention-
ing herethatthis rule is alsoapplicableto productionof particles[14—18]throughdecays
of otherpatrticles.

Tofacilitateourdiscussioronthepseudo-dimensiordf fields,wefirst focusour atten-
tion on their canonicaldimensionsasthe formerdimensionsarerelatedto the latterones.
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Asiswell known, thecanonicalimensionsrel for all bosorfieldsand3/2 for all fermion
fields. Thesedimensionstherefore arerelatedto the statisticsobeyed by the fields, but
not to their respectie actualspins.lt is, therefore not surprisingthata non-trivial decay
selectionrule cannotbe framedin termsof the canonicaldimensionsof the fields of the
particlestakingpartin adecayprocessaspointedoutin Ref. 13. This difficulty, however,
canbe bypassed13] by switchingover from the canonicaldimensionf fieldsto their
pseudo-dimensionghich reduceto the formeronesfor somespecialcatgyoriesof fields.
In fact, pseudo-dimensiorareassignedo fields by imposingthe following requirements
onsuchdimensions.

(i) The pseudo-dimensionf a massie field, beit a bosonor fermionfield, carrying
integral scalarguantunnumbersandnon-zerospinJ, mustbelinearly relatedto J in such
away thatit coincideswith the canonicadimensionof thisfield if J=1/2, andbecomes
largerthanthelatterdimensionif J > 1/2;

(i) the pseudo-dimensionsf masslessermionandbosonfields andof massve spin-
zero bosonfields having integral scalarquantumnumbersmust be identical with their
respectie canonicadimension;

(i) the pseudo-dimensioaf afield carryingfractionalscalarquantumnumberanust
be lessthanthat of a field having integral scalarquantumnumbers provided both fields
sharethe sameactualspin.

Denotingthe pseudo-dimensionf a field by d and makinguseof the requirements
statedabove, it is easyto obtainthe following formulae[11-22] for d. The derivations
[13,18,22]of theformulaearegivenin AppendixAl.

As statedabove, the requirement(i) refersto a massie (m#0) field with J#0 which
carriesintegral scalarquantumnumbersThis requirementeadsto:

d=3J;  J#0, (1)

which holdstrue for all massve bosonfields with J+#0 and all massie fermion fields
exceptthequarkfields (which carryfractionalscalarguantumnumberspsEq. (1) is valid
for afield having integral scalarquanturmumbers.

Also, takingadwantageof the requirementii) thefollowing formulais valid:
d=3/2. (2)

This relationis applicableto all masslesgermionfieldswhich carryintegral scalarquan-
tumnumbers.

Furthermoretherequirementii) yieldsthefollowing formula:
d=1 (3)
This formula coversthe bosonfileds (with integral scalarquantumnumbers}he pseudo-
dimensionsof which are not given by Eq. (1). In fact, this formula holds true for all

masslesdosonfields with J#0. Suchfields include photonandgluon fields. The same
formulais alsovalid for all massve aswell as masslesdosonfields with J = 0. This
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formula,thereforejs applicableto Higgsfields, scalardeptonfields (which includeég, vg),
Goldstondields, etc.

By exploiting therequirementiii), oneobtainsthefollowing relation:
d=1/2  forafield  df,, (4)

Whereq‘i‘/2 denotesa spin-halffield with fractionalscalarquantumnumbersg beingthe

colourindex. Equation(4) is valid for spin-halfquarkfieldsaswell asfor spin-halffields
Df 12 (having fractionalscalarquanturmumbers)Xescribedy someextendedversionsof

thestandardnodelwhichincludethe superstring-inspirefs-basednodels[24].
Also, therequirementiii) givesriseto thefollowing relation;

d=1/3 forafield ¢f, (5)

whereq] denotesa scalarfield carryingfractionalscalarquantumnumbers Equation(5)
is valid for scalarquarks(which arethe supersymmetripartnersof spin-halfquarks)and
alsofor scalarleptoquarkg24] Dg, (Dg)¢ which arethe supersymmetripartnersof spin-

half field D(f/z mentionedhbore.

Finally, therequirementiii) leadsto thefollowing formula:
1 ) a
d= 2§ for afield X{, (6)

whereX{' denotesa vectorfield with fractional scalarquantumnumbers.This formula,
thereforejs applicableto a vectorleptoquarl{24].

A few remarksare in order here. Equations(1) and (3) reveal that the pseudo-
dimensionsof bosonfields with integral scalarquantumnumbersare integral. In sharp
contrasto this,thepseudo-dimensiors bosorfieldswith fractionalscalaquanturmum-
bersarenon-intgyral,asreflectedn Eqgs.(5)and(6), andbecoméfractionalfor suchfields
with J = 0 asevidentfrom Eq. (5). Needlesgo mentionthat canonicaldimensiongor
bosonfields are invariably integral, whethertheir scalarquantumnumbersare integral
or fractional. It is worth noting herethat pseudo-dimensionsf fermion fields, like their
canonicaldimensionsare odd-halfintegral as manifestedn Egs. (1), (2) and (4). It is
remarkablahat the pseudo-dimensioaf a spin-halffield with fractionalscalarquantum
numbershappengo be fractional,as evidentfrom Eq. (4). Thereis hardly ary needto
emphasizehat canonicaldimensionof a fermionfield cannever be fractional,evenif its
scalarquantumnumbersare fractional. It follows from our above discussiomaswell as
from Egs.(1)—(6)thatthe pseudo-dimensiordf fields,in generalaredifferentfrom their
respectie canonicaldimensionsHowever, asstressecarlier the formerdimensionge-
duceto thelatteronesfor somespecialcatayoriesof fieldsmentionedn the context of the
requirementgi) and(ii). Thisfacthasthe obviousimplicationthatpseudo-dimensionsf
fieldsadmittheinterpretatiorof somekind of its dimension.

We now definethe quantitiesin termsof whichthe PD rule is statedIn whatfollows,
wewill denoteby d,, thepseudo-dimensioof thefield of anunstablegparticleA undegoing
thedecaysA— BC, EFG,.....It maybestressedhatthetermunstableparticleis usedhere
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in themostgenerakenseij.e., it refersto arny particlewhich sufersdecaysrrespectve of

thenatureof interactiongesponsibldor its decaysFurthermorewe will denoteby D the
sumof the pseudo-dimensionaf the fields of the particlesconstitutinga decaymodeof

A. Thereforey definition,D = dg + dc for thetwo-bodymodeBC, D = dg + dr + dg for

thethree-bodymodeEFG andsoon. The PD rule is statedin termsof d, andD defined
above. Thisrule readqd11-22]asfollows.

The allowed decaysof a particle are governedby oneandonly one of the two con-
straints

du>D (7a)

and
du S D (7b)7

whered, is fixed for a given decayingparticle, whereasD can generallytake a finite
spectrunof discretevaluescorrespondingo thefinite numberof the decaymodesof the
particle concerned As evident from its statementthis rule doesnot refer to the nature
of the interactionsresponsibldor the decaysof a particle. This is preciselythe reason
for its validity in all typesof decayqstrong,electraveakandsuperwealdecays) Stated
differently this rule is valid at all massscales.In this connectionit may be notedthat
this rule is expectedto have its theoreticalbasisin a GUT. However, asis well known,
the standardmodel SU(3:x SU(2). x U(1)y turnsoutto be the low enegy limit of a
GUT. Thereforethis modeloffersatheoreticabasisfor this rule whenthisrule is applied
to decaysoccurringat low enegies. Thesepoints,althoughdiscussecelsevhere[11,18],
have beenelaboratedn AppendixA2.

We now considerthe procedurdor applicationof the PD rule to the decay<of a given
particle.Ourfirst stepto accomplistthis objective,asimplied by the statemenbf thisrule,
is to fix the constraintoperatve in the decaysof the particleconcernedThis is because
thePDruleitself doesnot specifywhich oneof thetwo constraintsgivenby relations(7a)
and(7b), holdstruefor the decayingparticleunderconsiderationThisfact,however, does
not poseary problemas specificationof the constraintappropriatefor a given decaying
particlecanbe madeby any one of the following two methodswhich suitsour purpose:
(i) directmethodand(ii) indirectmethod.

Thedirectmethod Thismethods applicableo aparticlefor whichthemostdominant
decaymodehasan appreciablébranchingratio. It makesuseof the mostdominatdecay
mode as sucha mode must necessarilyenjoy the statusof an allowed modefrom the
point of view of the PD rule in orderthat this rule can have ary claim to be a reliable
decayselectiorrule. To illustratethe directmethodwe considep(770) - decayfor which
the mostdominantmodeis p — 211, having a very appreciabléranchingratio. For the
decayingfield p, we have dy, = 3 which follows from Eq. (1) andfor the 2t mode,D =
dr+ dr= 14 1= 2, sinced; = 1 asevidentfrom Eq. (3). Clearly, themostdominantdecay
p(dy = 3) = 2n(D = 2) revealsthattheconstrainbperatvein p-decaymusthave theform
dy > D. It is worth noting herethat the taskof specificatiorof the constraintappropriate
for a decayingparticleamountdo a fixation of the sign of theinequalityappearingn the
relevantconstraintasthe equalitysign occursin both constraintgyiven by relations(7a)
and (7b). In passingwe also notethat the direct methodrunsinto difficulty if the most
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dominantdecaymodeonly indicatesthe equalitysign andtherebyfails to fix the sign of
theinequality This difficulty, however, canbe bypassedby switchingover to theindirect
method.

Theindirectmethod: This methodis applicableto a decayingparticlewhich belongs
to asetof correlatedparticleshaving the sameactualspin. Sucha setof particlesfallsinto
eitherof the two categories: (i) a setof particles(of identicalactualspin) belongingto a
particularrepresentationf a group (beingeithera global gaugegrouplike SU; (N) or a
local gaugegrouplike a GUT group),and(ii) a setof particles(of identicalactualspin)
forming a spectroscaop(suchas,for example, - andY-spectroscoy).

We first considerthe decaysof a particle belongingto a setof particlesof category
(i). For the decaysof sucha setof particles,the following generalconclusionholds (as
shavn elsavhere[11,18]): the allowed decaysof all particlesbelongingto a particular
representationf a group,beingeithera global or a local gaugegroup, are describedoy
one and the sameconstraint. This fact allows to specify the form of the constraintfor
a given decayingparticle without ary referenceo its decaymodes,if we cansomehav
manageo ascertairthe form of the constraintrelevantfor someotherparticle, provided
both particlesbelongto the samerepresentatiof a group. To illustrate this point, we
considerthe particlesdescribedoy a givenrepresentatioof a local gaugegroup. To be
specific,we consideithe gaugebosondelongingto 45-representatioof the SO(10)GUT
group. Thesegaugebosonsneedlesso mention,includephoton(y). We canspecifythe
constraintfor y* - decayby usingthe direct methodin the context of the decaysy* —
ete™,ut . For the decayingfield y*, we have d, = 1 which follows from Eq. (3), and
for theete™ mode,D = de+ +de- = 3/2+ 3/2= 3, sincede+ = de- = 3/2, asevident
from Eq. (1). Obviously, D = 3 for u* u~ (D = 3) modealso.Thereforethedecays/*(d, =
1) — ete (D = 3),utu~ (D = 3) clearlyrevealthatthe constraintoperatve in y*-decay
musthavetheform d, < D. This constraintfor thereasorstatedabove, musthold truefor
the decaysof all othergaugebosonsbelongingto the abore mentionedrepresentatioof
the SO(10)group.

Finally, we discusgheindirectmethodfor the specificatiorof the constraintgelevant
for correlatedparticlesof category (ii) which have the samespin. Suchparticlesinclude
vectorquarkoniawhich form a spectroscop e.g. - andY-spectroscop The constraints
operatvein theirdecaysanbespecifiety takingadwantageof thefollowing facts[14,20]
(whichcanbeeasilyverifiedby thedirectmethoddiscusse@bove):

(i) thealloweddecaysof vectorquarkonia,which areboundresonancesredescribed
by theconstraind, < D;

(i) the allowed decaysof vectorquarkonia, which are unboundresonancesare de-
scribedby the constraints

du>D for n=135,...

and
dy<D for n=24,6...

wheren = 1 for thefirst unboundresonancen = 2 for thesecondunboundresonancand
so on. The abore mentionedfactscan be exploited in fixing the approprateconstraints
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for the membersof, for example,the Y-family. It is easyto checkthat the decaysof

W(3.10) andy(3.69), whichareboundresonancesredescribedy theconstraind, < D.

Onthe otherhand,the constraintsappropriatefor the decaysof thefirst (n = 1) unbound
resonanc(3.77) andsecondn = 2) unboundesonance)(4.04) ared, > D andd, < D,

respectrely.

3. PDrule andthedecayK? — pe

In the previoussectionwe have stressedhefactthatthe PDruleis valid in all typesof
decayqstrong,electraveak,superwealdecays)jrrespectve of the natureof interactions
responsibldor thesedecays.In otherwords, this rule is operatve at all massscales,n-
cludingthe Mc scale.Thisrule, therefore mustbetakeninto accountin orderto ascertain
the statusof thedecayK,E’ — pe. Thisdecayasalreadynotedin Sect.1, is favouredby all
familiar selectiorrulesrelevantfor the Mc scaleandassuchfor the decayconcernedFor
thisreasonthedecayunderconsideratiomasbeentreatedn literature[5,6] asanallowed
onein the perspectie of the SO(10)modelof GUT. However, aswill be demonstratech
this section,this decayis forbiddenby the PD rule. This meanghatthe overall statusof
this decayis thatof a forbiddendecayandnot of afavouredone,asimplicitly assumedh
theliterature[5,6]. Consequentlythis decaymustundego suppressiorNow, we examine
theimplicationsof this suppression.

For our purposewe proceedoy notingthatthe decayKE — pe cantake placeunsup-
pressegrovidedthe Feynmandiagramassociatewvith thisdecayis notsuppressely ary
oneof the selectionruleswhich areoperatve in this decay This in turn necessitatethat
the verticesof this diagramarenot forbiddenby ary oneof the setof the selectionrules
relevantfor this decay For corvenienceof furtherdiscussioron this point, we recallthat
the verticesdescribingthe coupling of the leptoquarkgaugebosonsX of the SU(4): to
fermionsaregivenin Ref. 2 (for onefamily of fermions):

Eint = Xﬂ [aLorVueE + ang“eﬁ + UYL+ URunVR] + h.c.

9
V2
wherea denoteghe colourindex and othertermshave their usualmeaning.Manifestly,
the verticeshave the form X®q§l, andthoseappearingn the expressiorfor h.c. have the
form X9q,l®, wherethe superscript denoteschage conjugateandq andl represena
quarkanda lepton, respectiely. Needlesgo statethat the forms of the verticesremain
thesamefor othertwo familiesof fermions.Obviously, the verticesinvolvedin the Feyn-
mandiagramshawn in Fig. 1 have the formsindicatedabove. Theseverticesimply the
following transitions

XY = gol€, )Z“—>qgl,

which shouldnot be forbiddenby ary selectionrule in orderthatthe verticesconcerned
maybetreatedasfavouredones Otherwisethe Feynmandiagraminvolving thesevertices
mustsuffer suppressionThe transitionsshavn above, asis well known, are allowed by
all selectionruleswhich areappropriatefor the SU(4): symmetry The sametransitions,
however, areforbiddenby the PD rule, asis discussedbelow.
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We now proceedo ervisagethe statusof the transitionsX® — qql°, X® — gl in the
light of the PD rule. Thesetransitions,needlesgo emphasizemay be formally treated
asthe decaysof X% into gy andI® and X% into g5 andl. In Sect.2, we have notedthat
the decayf all gaugebosonsof the SO(10)GUT modelaredescribedy the constraint
du < D. This constraint,therefore,is operatie in the decaysof the bosonsX® and X@
which belongto the setof 45 gaugebosonsof this model. However, beforewe employ
this constraintin X%- and X“-decay it is desirableto examinethe performanceof this
constraintin the contet of the decaysof someother gaugebosonwhich is a member
of the setof 45 gaugebosonsdescribedby the SO(10)GUT model. To concretizeour
discussionwe considerz®-decayas Z° belongsto this set. For the reasonstatedabove,
thedecaysf Z° arealsodescribedy theconstraind, < D. It is worth stressindherethat
thosedecaymodesof Z° which arein conformitywith this constraintcanenjoy the status
of allowed modesaccordingto the PD rule. It is easyto seethat the obsened leptonic
decaysZ%(d, = 3) — ete (D = 3),ut ™ (D = 3), 1t~ (D = 3) areconsistentvith this
constraint.Furthermorethe empiricalfactthat Z° decaysdominantlyinto hardrong23]
is alsocorrectlydescribedy this constraint.To seethis point, we notethatthe hadronic
decayf this vectorbosonoriginatefrom the electraveakverticesz®qq which leadto the
basicdecaysz® — qq. As thesequarkshadronizethroughthe gluon-inducednechanism,
theapplicaionof thePD rulein thehadronicdecaysof Z° really amountgo theapplication
of this rule to thedecaysz® — qq. In orderto evaluateD for the gg mode,it is important
to remainawareof thefactthatZ® is acoloursingletandassuchgq = q®gq + quTg +0'qy.
Clearly, for qgmodeD = (1/241/2) 4+ (1/24+1/2) 4+ (1/241/2) = 3 sincedqq = dgg =
1/2, etc, asevident from Eq. (4). Therefore,the constraintd, < D is indeedsatisfied
for the decaysZ®(d, = 3) — qq(D = 3), which in turn meansthat the hadronicdecays
of 20 arefavouredby the PD rule. The sameconstraint,however, is violatedin the 1-
loop decaysz®(d, = 3) = T°y(D = 1+ 1= 2),2y(D = 1+ 1= 2) which are, therefore,
forbiddenaccordingio the PD rule. Thesedecaysareexperimentallyfoundto be strongly
suppressef23]. Ourdiscussioron Z%-decaygevealsthatthis decayis correctlydescribed
by the constraintd, < D which, we repeato emphasizeis alsovalid in the decaysof all
othergaugebosonof the SO(10)modelof GUT.

We arenow in a positionto investigatethe statusof the decaysXx® — gq1¢ andX® —
g5l from the viewpoint of the PD rule. Accordingto this rule, only thosedecaymodes
of the X%- and X®-bosonscanbe treatedasfavouredoneswhich are consistentvith the
constraintd, < D which, asnotedearlier describeghe decaysof the bosonsconcerned.
For thesebosonswhich arevectorleptoquarksd, = 2% = 2.33,which follows from Eq.
(6). As thesebosonsare colouredones, colour sumis inadmissiblefor the evaluation
of D for the modesgql® and gl (unlike the gq modeof Z° which is a colour singlet).
Manifestly, for the q4|® mode,we have D = dq, + dic = 1/2+ 3/2= 2 sincedy, = 1/2
anddic = 3/2, asevidentfrom Egs. (4) and(1), respectiely. Ohviously, D = 2 for the
qgl mode.Consequentlthedecaysx®(d, = 2.33) = qq!°(D = 2) andX®(dy ~ 2.33) =
g5! (D = 2) clearlyfail to satisfythe constraintd, < D, andassuchthey areforbidden
by the PD rule. Theforbiddencharacteiof thesedecaysij.e., the transitionsX® — gq4l°,
X% — g5l impliesthatthe verticesX%qql¢, X1, which causahesetransmons,arealso
forbiddenby the samerule. As an outcomeof this, the Feynmandiagramshavn in Fig. 1
involving theseverticesmustalsobe forbiddenby this rule, which causesuppressiowf
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thisdiagram.Consequentl,)theprocessKB — peassociatewvith this diagrammustexhibit
suppression.

Finally, we focusour attentionto the bearingof the suppressiomwf the decayKB — pe
inducedby the PD rule in the contet of the feasibility of its experimentaldetection.As
alreadynotedin Sect.1, experimentq23] revealthat B(K® — p€) < 3.3x 1071L In the
perspectie of this empiricalfact,asarguedin Ref. 5, thetheoreticalvalueof B(KB — pe)
canbe pushedto the level 10-12 within the framawork of the SO(10)GUT modelwith
D parity. This agumenttacitly assumeshatthe decayconcerneds not suppressedt all.
However, asdemonstratedbove, thisdecayis suppresseldy thePDrule. Thissuppression
turnsoutto betoo serious.This is becauséhe theoreticalvalue of B(KB — u€e) happens
to be quite small (~ 10-1?) evenif this decayis assumedo be unsuppressedlhereis
hardlyany needto emphasizé¢hat,dueto suppressiocausedy the PD rule, the effective
theoreticalvalueof B(K,E’ — pe) mustbe muchlessthanthecorventionallyexpectedvalue
[5] of (=~ 1071?), and as such, this decaymust be far belov the level of experimental
detection.

It is transparenfrom the above discussiorthatthe decayKE — pe might have been
obsenedatthelevel ~ 10712 if this decaywerenot suppresselly thePD rule. Therefore,
its nonobserationis really notworrisomefor the SO(10)GUT modelwith D parity asthis
empiricalfact canbe easilyaccountedor in termsof its suppressioinducedby the PD
rule.

4. Conclusions

In this paperwe have shavn that the Feynman diagram underlying the SO(10)-
predicteddecayKE — pe is forbiddenby the pseudo-dimensiorule, and as suchthis
decayis suppressedThe bearingof the suppressiomf this decayon its branchingratio
hasbeendiscussedn the context of the SO(10)GUT modelwith D parity. Within the
framework of this versionof the SO(10)model,asarguedin the literature,the branching
ratio of the decayconcernectanbe pushedo the level =~ 10-12 asexperimentsindicate
thatB(K? — ) < 3.3 x 10711, Thisarguments basedn theimplicit assumptiorthatthe
decayunderconsideratioris not suppressetly any of the selectiorrulesoperatvein this
decay This decay however, is suppressetly the pseudo-dimensiorule which forcesthe
branchingratio of this decayto go far below the level of &~ 10~12. This paper therefore,
concludeghatthe prospecbf experimentabletectiorof this decayis muchlessthanwhat
is expectednaively from the viewpoint of the SO(10)modelwith D parity. One of the
importantconclusion®f this papelis thatthesofar non-obserationof thedecayKE — pe
is really not worrisomefor the SO(10)modelwith D parity asthis empiricalfactcanbe
easilyaccountedor in termsof theinfluenceof the pseudo-dimensiorule onthis decay

AppendixAl: Derivationsof theformulaefor the pseudo-dimensions
fields

To startwith, we considetherequirementi) statedn Sect.2 whichrefersto amassie
field carryingintegral scalarquantumnumbersand non-zeroactualspin J. This require-
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mentimpliesthatthe pseudo-dimensiod canbe expresseds
d=KJ, J#0, (A1.1)

wherekK, the constanbf proportionality canbe easilydeterminedy takingadvantageof
thefactthatfor a spin-halffield (with integral scalarquantumnumbers)d mustbe equal
to its canonicaldimension(whichis 3/2). Thismeanghatd = 3/2 whenJ = 1/2. Also, it
follows from Eq. (A1.1) thatd = K/2 whenJ = 1/2. Obviously, thenK/2 = 3/2, which
in turnleadsto K = 3. Therefore Eq.(Al.1)takestheform d = 3J with J#0, whichis Eq.
(1) of Sect.2.

We now shift our attentionto the specialcategyoriesof fields (having integral scalar
quantunmumbersklreadymentionedn thecontet of therequirementii), statedn Sect.
2. This requirementoncernstself with the equality of the pseudo-dimensionsandthe
correspondinganonicaldimensionf thesefields. The formulae,givenby Egs.(2) and
(3) in Sect. 2, follow automaticallyfrom this requirement(as canonicaldimensionsof
fermionandbosonfieldsare3/2 and1, respectiely).

We now focusour attentionon fields having fractionalscalarquantumnumbers.The
pseudo-dimensioraf suchfieldsmustsatisfytherequirementiii). To beginwith, we con-
sideraspin-halffield 7, a denotingcolourindex. Its pseudo-dimensiomustbelessthan

that of aspin-halffieldzwith integral scalarquantumnumbersasimplied by therequire-
ment(iii). Bearingin mindthatafield cannotbeadimensionlesentity (i.e. d#0), andthat
thepseudo-dimensioaf a spin-halffield with integral scalarquantunnmumberss 3/2,it is
easyto seethatd for a spin-halffield with fractionalscalarquanturmumbersnustsatisfy
therelation:

0<d<3/2 (A1.2)

In orderto specifythevalueof d in conformitywith this relation,we notethat,asevident
from Egs.(1) and(2) of Sect.2, the pseudo-dimensionsf fermionfieldsareodd-halfin-
teger Theaboverelationclearlyrevealsthatit is still possibleto assigranodd-halfinteger
valueto d of thefermionfield underconsiderationln fact,theonly odd-halfintegral value
of d consistentvith thisrelationis 1/2. Accordingly, we get:

d=1/2 forafield df, (AL1.3)
2

whichis Eq. (4) of Sect.2. It is easyto seethatEq. (A1.3) canbegiventheform
d=(1/3)(3/2) = (1/3)ck,

whered. = 3/2 is the canonicaldimension.This relationcanbe recastin the following
form

d_1 for afield  qof. (Al.3a)
d. 3 p
Theimportanceof this relationwill betransparenfrom our discussionso follow.
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We now turn our attentionto a spin-zerdield with fractionalscalarquantunrmumbers.
For suchafield, therequirementiii) amountgo the following conditionond

O<d< 1 (A1.4)

This relationtells usthatd mustbe fractional.However, in orderto assigna uniquevalue
to d, werequireanadditionalcondition.We discusghis pointbelow.

We considemon-compositéermionslik e electron(e), neutrino(ve) andtheir respec-
tive supersymmetripartners,namelyscalarelectron(&) and scalarneutrino (V). It is
worthwhile mentioningherethat thereis asyet no compellingexperimentalevidenceto
justify theircompositenes§Ve proceedy recallingthatd = 3/2 for e, whichfollowsfrom
Eg. (1) givenin Sect.2. Also, canonicadimensiond; = 3/2 for this particle. Therefore,
d/d; = 1for e. For its supersymmetripartnerst we have d = 1, asreflectedin Eq.(3)of
Sect.2. Furthermoregd. = 1 for & Olwviously, (d/dc) remainsunchangedf onegoesfrom
eto & It is easyto verify thatthe valueof (d/d.) alsodoesnot changef we switchover
from ve to Ve. Consideringothernon-compositdéermionsandtheir respectie supersym-
metric partnerspne caneasily checkthatthe valueof (d/dc) remainsthe sameif we go
from anormalparticleto its supersymmetripartnersThis conclusions perfectlygeneral
andassuchmustalsohold true for a spin-halffield q‘i‘/z with fractionalscalarquantum

numbersandits supersymmetripartnerso be denotedby g for corvenienceof writing.
Needlesgo statethatthe spin-zerdfield qf carriesfractionalscalarquantumnumbersas
bothqf /2 andqg sharethe samesetof scalarquantumnumbersWe have alreadyshovn
thatd/dc = 1/3 for the field qi‘/z, asevidentfrom Eq. (Al1.3a). Therefore,d/d. = 1/3

alsofor its supersymmetripartnersg for the reasorstatedabove. Sinced, = 1 for the
spin-zerdield qf, we finally getfor thisfield

d=1/3, (AL5)

whichis Eq. (5) of Sect.2.

We now focus our attentionon massve vector fields with fractional scalarquantum
numbersFor suchafield, therequirementiii), alongwith theconditiond=£0, impliesthe
following restriction

0<d<3

on d of the field underconsideration3 being the value of the pseudo-dimensionf a
massve vectorfield with integral scalarquantumnumbers,as evident from Eq. (1) of
Sect.2. For corvenienceof furtherdiscussionswe shall denotethe pseudo-dimensioaf
amassie field having the spinJ andintegral scalarquantumnumbersby d} andthat of
a (massie) field carryingthe samespin J but having fractionalscalarquantumnumbers
by di. Obviously, d] lagsbehinddi by the amount(d, — d1); dj > d}, asimplied by
the requirement(iii) statedin Sect.2. The genesisof the quantity(d‘J — de) liesin the
differencein the natureof the scalarquantumnumbersnvolved; diJ is relatedto integral

scalaguanturmumbersandd Jf to fractionalscalaguantunrmumbergJ beingsamen both
thesecases)lt is worth stressindherethatthe pseudo-dimensioaf afield is influencedoy
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thenature(i.e.,integral or fractional)of its scalarquanturmumbersbut not by their actual
values For example bothu- andd-quarkshave the samevalued = 1/2, but their electric
chagesaredifferent.It is to benotedthatif we gofromd} to dj_ ,, thenatureof thescalar

quantumnumbersremainsthe same.A similar remarkalsoholdstrueif we go from de
to de+1. As bothd, ; andef+l arerelatedto the samespin, the quantities(d} — de) and

(di,,—d Jf 1) musthave thesamevalue.Therefore consideringnassie scalarandvector
fieldswe get

whichleadsto

d! = 23, (A1.6)

sinced(i) =1, dé =1/3 andd! = 3, asevidentfrom Egs.(3), (5) and(1), respectiely, given
in Sect. 2, dI denotingthe pseudo-dimensionf a massie vector field with fractional
scalarqguantumnumbersln passingwe may alsonotethat Eq. (A1.6) is consistentvith
therestriction0 < d{ < 3, asimplied by therequirementiii), alreadyindicatedabove.

AppendixA2: Theoreticabasisof thePDrule

In orderto searchfor theoreticabasisof the PD rule, we proceedy recallingthefol-
lowing fact[11,18] mentionedn Sect.2. The alloweddecayof all particlesbelongingto
aparticularrepresentationf agaugegroup,beit globalor local, aredescribedy oneand
sametheconstraintTheinteractiongesponsibldor all thesedecayseednotbethesame
and,in fact,generallymaybedifferent.This pointbecomesmmediatelytransparenif we
considerthe natureof interactionsof thefavoureddecaysof the 0~ particlesdescribedy
octetrepresentationf SUs (3). As is well known, the decayr® — 2y involvesstrongand
electromagnetiinteractionswhereaghe decaysitt — ptvy, T — pv, occurthrough
weak interactions,which also give rise to the decayK — 31t Also, stronginteractions
causehedecayn — 31t It canbeeasilychecledthatall thesedecaysaredescribedy the
sameconstraintd, < D. Thisis apparentlysurprisingasthe decaysconsiderecabove do
notinvolve the sameinteractionsA similar remarkalsoholdstruefor thealloweddecays
of the3* /2 particles(whichincludeQ~ ) belongingto the 10-dimensionatepresentation
of SU;(3), becausdhesedecays,as can be easily checled, are describedby the same
constraintd, > D despitethefactthattheinteractiongesponsibldor all thesedecaysare
not the same.The sameremarkis alsovalid if we switch over to a local gaugegroup
like, for example,SO(10)GUT group.We have alreadynotedin Sect.2 thatthe allowed
decay=of all gaugebosonsbelongingto the 45-representatioaf SO(10)GUT groupare
describedy oneandthesameconstrainty, < D, althoughthedecayof virtual gluons,vir-
tual photonsaswell asrealor virtual weakvectorbosonsheary andsuperheay coloured
leptoquarkvectorbosonsrespectiely, involve strong electraveakandsuperwealknterac-
tions. However, theseapparentlysurprisingfactscanbe easilyreconciledwith if we treat
thesedifferentinteractionsasthe differentmanifestation®f oneandthe sameinteraction,
asstipulatedin GUT. In fact, only in the perspectie of a GUT which considersa single
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interaction,namelythe GUT-interaction,the validity of a single constraintin the decays
of all particlesbelongingto a particularrepresentationf a groupcanbe satistctorily ac-
countedor. Thereforejt is reasonabléo assumehatthe dynamicsunderlyingthe PDrule
is describedby a GUT. This meanghattherule concernedindsits theoreticabasisin a
GUT. We have alreadynotedin Sect.3 thewell-known factthata GUT modelreducedo
thestandardnodelSU(3:x SU(2).x U(1)y in thelow-enegy limit. Thereforethelatter
modelcanbeconsideredsthetheoreticabasisof the PD rule whenthisruleis appliedin
decayoccuringatlow enegies.Ourabove argumentsarequalitative. A quantatve deriva-
tion of thePD rule from a GUT modelor from the standardnodelfor low-enegy decays
is still lacking.It is worthwhilenotingherethat QCD canqualitatively accounfor the OZI
rule. A quantitatve derivationof this rule from QCD hasnotyet beenachiesed.
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SO(10)MODEL GUTe,PSEUDO- DIMENZIJSKO PRAVILO | RASRAD K — pe

Raspad<,f’ — pe, zakoji SO(10)modelGUTe predvith dasedesava naMc ljestvici, jos
senije opazio.Eksperimentalngranicaomjeragrananjge B(KE —pe)<3.3x107L U
modeluje Mc prevelik dabi se mogaoopaziti. Nove varijantezasn@anena D parnosti,
medutim, dozwljavajumnogomanjuvrijednostMc kojabi semoglaopaziti.Stogaprema
raspraamau literaturi, B(K? — p€) bi semogaopovetatido razineas 10~12 u okviru tih
modela.Ove tvrdnje, kako se pokazujeu radu, zanemarujyseudo-dimenzijgk pravilo
premakojemuje taj raspadzabranjenpaje prematomejako potisnut.Rezultafe zabrane
darelativnavjerojatnosB(K? — pe) leZi dalelo ispod10~12, pa, prematome,moglenost
eksperimentalnogpazanjatog raspadge dalelo ispodonogsto se obicno ocekuje.Za-
kljuakje ovogradadaneopaanjeraspraljenogprocesare obaraSO(10)modelGUTe s
D parngtu.

e
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