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.AI•~ 

The theory and pht'nomcnology of heavy quark production and decays at LEP 

811• ~>LC t•nergies are discussed. We particularly emphasize the bottom quark physics 

lwcall~+> of the anticipated large event rates on the z0 
peak, and top quark physics 

for obvtou~ reasons. A good part of the calculations presented here is of interest 
+ -

also for experiments at lower e e energies. 

L. Introduction 

+ -
The past and present experience with e e storage rings as precision tools 

111 the studies of heavy quark physics strengthens our hope that LEP and SLC would 

continue this illuminating tradition. This hope is certainly well founded since one 
+ - 0 0 

··xp•.•(·t s a CI:"OSS sect ion for e e --. Z --. ( hadrons, leptons) of "' 30 nb at the Z -peak, 
-1 

J'<i '- m--1. ~ 93 GeV. With an estimated integrated luminosity of "' 100 pb in a 
6 0 1) 

typical year at LEP, one expects per year 3 x 10 Z events Thus, the interest 

ln LEP lies primarily in its capability of study,;ng 

already been emphasized in the context of Higgs ~nd 

rare processes. This aspect has 
2) 

Higgs - like particle searches 

\J,_. \JotJld like to concentrate here on the heavy quark physics, especially the rare 

plo,·t·H~ws in Ltw weak decays of heavy quarks, 

Lt'l ll::i briefly take stock of the situation in veak decays of the charmed 

Hwl bottom hatlrons. As of now"' 85 7.: of the n° and"' 80 % of the D+ exclusive 
II 3) 

dt•cay:~ ltav~ b~en measured, mostly from the ql <3.77> decays . The inclusive mea-

suJ-ern~nts of the processes ID0 
1 D+l __. J<±X, their semileptonic decays as well as mea

surements of a large number of Cabibbo suppressed decays have put the Cabibbo - GIM 

current in charmed hadron decays on a firm footing. The inclusive lepton spectra 
4) 

ar•~ well reproduced by the CCD - improved quark decay model . The experimental 
± • 

:-;il'tJation about th~ F decays 1::> not quite as satisfactory. There are only a few 
• • • d<•cay m<)d~'<i establi'<ihed and even inclusive measu-rements of the type BR<F --. 1 Xl, 

r• 

T\R(F± __. t-.:±Xl, HR<f'± __. T]Xl etc are not yet measured. This circumstance is both due to 
+ - • 

t ht> rdatively small statistics of the e e --. F X sample as well as due 

__. o0x, D±X. 

to the formi-

dahle hHcl\Y,round from tttt' 

lwml<'ldnt: ratio HR(Z
0 -~ 

s 
Ot 10 ) t'Vt~nU; of tlte type 

+ -much more frequent processes e e Since, one expects 

cC> ~ 11 7. ill t!te standnrd 

z0 __. CX .. F±X in a typical 

modPl, this would lend to 

year at LEP. This is large 
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± 
Pnnttl:;h .'l s;"tmple to :;lddrr>!-:s dPlAl \f'd f111Psttons Aho1Jt" F dPr.'lys. Hm.;P\'Pr, 1\lf' r>'-.] 

diffr>rPm-,.. nt LIT ;tnd :;J.C ;mr\ t)JPtr counlPrp<lrts AI rr:n~i\ :1t1d !TP lit·:~ t,, th·· 

impr-oV+'d v~rtPX r!Ptectlon cnpahJ llty at LEI' :wd SJ.C with trpic . ..,J r-·:~o\ut iop•· nf 

dPtPction t•ff.iciPncy for tho• ~+ •II'·Sr>llS ') 
Ol?Q)p . This shoulc1 provldP A rP!'lSOil<thlp 

• ~t- UT and SLC, ROmPthtne which is missing in lnwf!r I"TIPrgy P P r>XJWrim.,nt::: ..,, 

PfT, PETRA, crSR !'!Tid DORIS. The i.ntPresl in tar:t:tnr, th•· I·+, ;'tp:11t <Hi it.•; ot.-n 

rl&ht, IS Also rlur> to th,.. PXJWr!:ed r:IPr:'flYR of th" bottnm m>':~nns ~~-~ :~nd 1;,.:1), mtxin;;s 

"~ ~o o ± 6J . ± 
r:s • ~ B8 r, I vi ng R8 --l F X . TIHJR, nn undPrst:~ncllng of tlw F dt>c1y pr "["'\ t p•<; 

rond ;111 I mpr nvPrl dPt.Prl\ on pff tc 1 f'ncy nt [ F.P mul SLC wo1rl d hP ;\I '"' pr·pm i 111n. 

ThPrf' Is nnotht:'r l ~tPnt inl••rP.st In tilf' stndiP:~ nf t h•' <'li.'l.rm"d ~"·::"n 

!\P!'nrs. nnmely 
o -o 

in the 0 ~ D oscillations, ThP pres<:'nl '"'8t 1 i ml t nn t h<' 

prolmhlllt}' of 
0 -0 0 

D 4---) D oscillntlon 1:1: P<Tl 
-0 -3('1) 

•-• n 1 ( 11. ·rxto . w .. '''} •''<!"'"' 

.c;omr> improveml'nt on this limit hy the ongoing PXpr>r·Jmr>nts l"•forr- t·h,.. 1fT I !lrJH>IL fn 
0 -0 -'! 

the sland"'rd mncir-1 ow· expPcts Prob. en .-l D l ~ 0110 · l, thnnr;t1 th•·r-p j•; !'!>II'' i-

"> 
d•·r.1h!P HlH'Prl.nlnty In t-Ill' numPrlcnl prPdlctlnn dHP ln non-p,.rturh,lt iv<' rff,., l« 

lilr('." nHmbPr of f'VPnts ln th1• proc('ss z0
--) n°x MHI ttw ~iZ<''lhiP dpt.,~_·t lt>n ••ffi

C1ency for til!' o0 mesons at LEP nnd SI.C eX~)f'rJmPnU; should m11.l'" It pw;:<il>lr· to 

o -o -3 
df'tf'ct n ~ n mtxings rll thf' 10 lf'Vf'l. Thr- VPrtPX ch•lf'c'l.jnl! pff tcif'1WiP~; for 

the rh11.rmPri ,qnri hottom mPsons At l.FP ArP dlsc-ussPd sPp11.rRI:I"lY h1· R. SPlt] .. s in~ 
0) 

r:omp!Hl ion rr>p•?rt 

Turnlng to t:hf' rrPRPnl sl!'\1 liS (lf hot tom h-<Hlron clf'f'!lV!~' proh."lb 1:- t liP mo:~t 

s i t~l< i I 1 •·>'Int. rP.slt] L so (;'\r h<1:'1 lwr>n I tn mP!lS<H"<'mt•nt nf t II" 1 r :t\ ··r"1f',t' I 1 t •"' 1 ''"'. 

<rr~> = 1l·7.f, ± 0.1f,J x 10-!7. Sf'C, Ttw Inti!: h011(1111 lif••t (ml' i:; '1 bo"ll f<>~- 1!"1' '111<1 

::',\C: t•X)H'rimr-!lls llf<rl W(lll]d Ptl."lh\P t.hf'm tn <1<-IPc't hot.tom mP:<nw~ :1!. -1 r··,tlwi h·Hod

snm•.' r·!lt~> ls<"C refs. 1'31 nnd 110) f0r cnlrnlnltons of dr•t,.c·t inn pffio·p•rw""'' nt 

LIT ·1nd SLC:). Tht-' ot·hpr sJr,ntflr:~nl lnform:~t-ion from tl1l" n::;R -'IIHI OORJ:~ '''1""11-

mPnts is t hr prt>sl"nt uppPr lim! I on t.hf' hot t ''Ill •J1111.dl <"<•l1Jll i nf: ,-,w-d 1nl r-;,t 1" · 
- 1 1} 

Tlo•' 

1\ =: rth~~~~~~Jllrch·••·h'Jl < O.Ofl7. t'lO 7. ronfidPIH"f' '"'···J.t 111 '\ddJtl"t' '" ,,,.. 111· 

clns i Vf' 1111'"1Sl101'1nf'11LS' t tw f'XpPr \Jnf'lll s nt; CE:;R nnd noR J:; ll-"1\"f' j'lll 'lJ'I""' h•Hn:ol·; nt• 

n11mhl"r of two- body or quasl twn- hn•ly <IPr.1y:o: nf t J,., 11° 11.nd n± mP:<nn:<, vlrt< h -"' ,. 
-'1 -() + - 11) 

typl<:1llly <It th.-. ]PVf'l of 0•10 l, fnr P)Ullnp]P RR<n --'> n 11 l < 0.07. 7. . r .. r till• 
. !2) 

C:~bihbo- Kob.<~y;J:-dli- MAslHlW<l (CKMl :"dlowPd lrtmsi! int< !J > ,., thP i1wl<<''i1·•· 

m~W'><lrements of the• srmtl•·ptnn!f' ht.<JW:hil<f, r:1! los <111<1 l"rton ::;po•,·tr-:1 :n·,. 110 'l;·r····-

mr>11! with jl<'rlnrh;tl:lVP QCD- lmpn<VPd qU!!T'I\ elf'<'."\)' mndo•]. 010 tj,,. ,,t\wt loll• I:.,, 
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fl~ meson h!!s yPt to be discovered. The discovery of thP f\~ mrsnn and ttlf' Hntirl-

0 -0 pateri lnq;e I\3 I-} B8 oscillation may have to wnit the onset of the LEP and SLC ma-

chin~s, though we do expect signiftrant :trivances p]sewhrre on these front.s ln the 
13) 

interw~ntns period . ExtrapolntinG in time, probnhly the most. Important lj<Jeslinns 

in bottom decnys at the time of th~ LEP turnon would be thP dctermin:ll:lon nf the 
0 -0 

CJ\M !-lltppresscc\ tr;Jnsition b--'> u, the observation (confirmation?) of 8 8 - fl 3 

oscillation, the measur('ment of indivi.du.<~l bottom h;'\dron llf('tl.mes and S<"mll•·rtonlr: 

hr:JnC:hin~ r:Jtios. Sln<::e the hr;mchin[: rntlo rmcz 0 
J ])i}) "' 15 7., we I"XJII'C't: A product

jon of O<t06 t bottom hadrons per det·Pclor nt LEP per YPI1.r. Thls sho1tld {'fiAh]t> the ('X

p~rlments at U-:r to study most if not all of thesf' questions. \.lhf'tbl"r onl" .,._,onld bP 

ahlc to detect CP violation in bottom hadron decays is a (\Uestion that depends on n 

numbt•r of fortunate circumstances. Dedic:1ted LEP runs ovPr .<1 long periocl, h0wrvPr, 

would provide the statistics and the measurin& environmf!nt to ,qt l<:·ast. meanlnf_;ful lr 

probe the predictions in several extensions of the standRrd model in the CF violation 

sector. In most extensions of the st;\"ndard model, the CP violntion effects in the ,., 
bottom sector are enhanced 

The standard model predicts a sixth qunrk, top, to complete the bottom 

doublet. Present evidence for the top qt1ark is rather fragile, The tTA.1 - coll::~hnrA

tion have reported evidence for a signal in the canonical topology expected in the 

"' t-quark deca)'s with the mass in the range mt = 30-50 GeV . The top lnndsr:1pP is 

otherwise flat and it is virr,in bmd for exper1mPnters <Jt LEP And SI.C. Ohviotlsly, if 

n<t > mz;z , then top w111 not he ,1cccssible in ttw z0 
df'cnys hut only i.n thP h1&h"r . -

en<"rgy e e r:ontln<liJm where the tt cross sf'ctlon is not )nrg<". Form~ m?-17., therro 

certainl}' is some phase spnce suppression in top quark produc:-t1on rates. Th.-.sf' r:1tr>s ,., 
h-1\'" h>'~'n Pst-im'1l<'d hy tlw vorkin& group on toponi11m physic:-s , whtch 'W•' li;n:•· ''~ '" 

used here. We shall rf'strict our::;t'l\·es hPrP to some of th!"' intr>rrs~inr, isS'I''S in 

th, d~?cays of the top qunrk. fn the CKl'f modd, thr> p<P"<'nt- bn<m·' nn t !w m--,:·rix 

clement Vub and unitarity predicts IVthi>>IVtsi>>IVtrJI. TIP'':'··· 1 ·•· VII<"~ twt- 1! 

would b!O' possible to measure thC' tr.<JnsiLio~n:.; -• s <1nd t -• b Cit l.[P, lr>"<rling t:n 11.11 

independent determination nf the matt'iX 

l<nown in the CKH model via the relation 

element 
2 

Yts = 
Yts anrl Vtd· Since Vts is :1lready 

2 2 
- Vus - Vcs , this Plnlrl pro\·idc 

fl checl\ on the 3-f<~mily CKM model. The method to determine Yts is throut;h 
± + 

the meAsurement of the 1 energy spectrum in the semileptonic decars t -~ sl ul, 
+ 

which would result in harder momentum spectrum compared to the decays t --'> bl llJ 
2 

However, since already 1Vt 5 f/1Vtbl ~ OO.l , whPrf' \. =- sinOc , mPasurin& this r'1tlo 
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would require a very large top hadron sample, which may or may not be ava1l~ble at 
0 

the Z peak. A lower value of mt , say mt = 30-35 GeV, would be v~ry welcome in this 

respect. 

Thel-e is no compelling reason to believe that quarks heAvier than the top 

exist. Ho\olever, they may exist in their' own right. The most stringent constraint on 

the heavier fermion masses is due to their contribution to the so called p-parame-
2 2 2 

ter defined for example by p : mw !mz cos 9w .The value of p found from the deep 

inelastic vv and 

6p ( 0.04, which 

- 17) vv data is p = 1.02 ± 0.02 . At 1o 

translates into the following bounds 

2 
( "'u - "Qd ) 

1 2 
+-<mL-"Ll 3 v 

2 
< <310 GeV> 

level then•fore one hAs .. , 
on the fermion mAsses 

where the notation is obvious. This gives a fairly large allowed mAss 

search of heavy fermions. If the heavy ferm\,n mAss mF < F:b,•1"lm , t hr>n 

rang~ for 
+ -,.. ,.. m<~-

the 

chines would be suitable tools to produce these fermion" M~d. ::;t;;Jy tiwtr propertll'~. 

We shall, however, restrict ourse 1 ves to 3-f ami lies and refer tn dPla i 1 f'd r:Al en

lations presented in refs. <22> and <231 for phenomenological implicntions of hl"'::tlf'i•'r 
~00 

than,quark production at LEP. 

This paper is organized as follows. In section 2, we discuss the pro-
+ - -

duction cross sections for the process e e ~ r,z ~ ff and review th~ forvnrd-

backward charge asymmetry. The cross sections estimates take into account both the 

perturbative QCD corrections in O<f('8 l as well as the quark mass effects for hr.nvy 

quarks. This then provides the branching ratios for z 0 ~ ff. We revlev the pr~"'sPnt 
status of the weak decays of heavy quarks, presenting estimatPs for their lifetimes, 

semileptonic branching ratios and some exclusive decay modes of thP 

bottom hndrons which have a special theoretical interest. We also discuss the 

perturbative QCD corrections to the ]± energy spectra in the semtleptontc d~cays of 

the charm, bottom and top quarks and present a me~hod to determine the ratio 
+ - 0 t 

Vb11 I Vbc in the continum e e <or on thP. Z pole) throur,h t"hl"' l tr.<~ns'·"r~" 

ent>rgy distributions. In sf'ction 3, wP revtf'w thP prP.s-t"nt stfltlls of till' C~M m;""~trix 

elements and the potential of LEP experiments to dPtermtne som" of t ht> um!,.L.-rmt IH'ol 

entries in the CKH matrix. In section 4, we rf:'vieu lhf' tlJeory and plit•nomPnolot;y of 
- t9) 

B-B oscillations . We present rtJtes- for the dtlf'pton flnAl st..<~tPs in thP rlN'flys 
0 - t ± + - 20) 

Z ~ bb ~ 1 1 x, l 1 x and for the inclusive lepton-k~l(m-Jwon final stt~les in 

--
-6-

+ -
e e ~ y,z0 ~ l±K~K~x. l±K±K±x, l±K+K-x, which also provide useful signa4ures for 

the B5 - S5 oscillations. In section S, we briefly review the prospects of CP-vio

lation in the bottom hadron decays, remaining mainly in the standard model frame-
6 14 22) 

work and briefly mentioning variations on this theme ' ' . Ftnallv, ser:Uon 6 

contains a brief summary and an outlook. 

2. THE STANDARD HODEL PREDICTIONS in 
+ -

e e ~ HADRONS 

~.1 Cross sections and the forward backward charge asymmetry 

We start this section by reviewing some of the standard formulae for the 
+ - 0 -

processes e e ~ Z ,y ~ ff where f is either a lepton or a quark. In the Born 

approximation, and ignoring for the fime being fermion mass corrections, the diffe

rential cross section <averaged over initial and summed over final spins> can be 

written. as 

da 
(e+e- ~ Z,y ~ ff> 

dcoso 

2 _, 

<l0fN"tGF<1 - s!rrrz >D 

U2 

2 -1 

2 2 2 
na Or Nf<1 + cos 9> 

2s 

2 
VeVf (i + COS 9) + 2AeAfCOS9 

GF NfsD 2 2 2 2 2 
+ ----

16n 
<ve + ae l<vr + Af 1<1 +cos 9> + Zaeafvevfcose 

2 2 2 

(2.1) 

where D = <1 - s!mz l + <rz!mzl Or is the electric charge and the paramPters of 

the standard model ar. Vf and Nf are given in table 1. As is well known the interest 

in the cosO distribution is in the electrowcnk forward-backward charge asymmetry 

defined as 
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0 

I do I do 
-- dcosO- -- dcoSO 
dcosa dcos9 

0 
_, (0) 

1\h::: - ~f 
;:: -\0) 

0 Of 

( 2. 2J 

I do I do 
-- dcosa + -- dcosO 
dcos9 dcosO 

0 -I 

The numertltor in the integrated asymlll{'try, l'lr, anct the cross sPct ion, •lf, 1r1 tln· 

denominator are givf'n by <the supersrripl <OJ denot<'s lovest order-) 

(0) 

0 f 

l\ { 0) 
f 

vhere 

f 
"vv 

f 
"M 

~' ZY 

o' zz 

= 

= 

f + f 
avv a AA 

,r + t/ 
ZY zz 

40.QfNrGv<1 - slmz2lD 4 2 2 
- na Q N -
3s f f 

2 _, 
GF Nrs 

"" 
2 2 

ar<ve 
2 

+ ael 

3./2 

4a 2 -t 
-- OrNrGv<i - s/m2 lD ./2 . lleAf 

2 ' 
GF Nf sO- AellfVeVf 

2" 

<2.31 

_, 2 _, 2 ' ' VeVf C:fNfSO \'f{\·p + A,,) 
+ ------

<" 

r Z.l'll 

from where it is strAightforward to read off the cxpresr-;.ions for !.lw <'rross R'"'cl. inns , 
and the asymmetry. Distinguishing here bfO't\.fr>en the £1> PF.TR!\/T'T:f' rr~n&P s « mz 1111d 

Q , 

(ii) at the Z -peak, s "'mz , one hils thr following PXprPssion~~ for thr two rq;ions 

-B-

2 
< J' !'l << mz 

Af 

rrr 

\.:hf're 

f1pp 

<11 ls 

f 
AF-B 

f 
rr 

• 3Gr_ _s:__---,,
o../2n < 1 - 1':/mz l .. [ ~ l 

2 
rrjlp Or Nr -

+ - + -

nGp 

./2a 

o< e e -+ p p l 

2 
mz 

3Ae<'lfVeVf 
z·--- z z "-

ve<Orvrl 
Nr ----z 

<1 - s/m2 l 

• 2 
- na 
3s 

<ve+ Ae l<vr + l'lf l 

2 q 
Gf Nrmz 
---z 

6nrz 

2 
<ve 

2 2 
+ :te Hvr 

2 
+ Af ) 

(2.5) 

<2.61 

<2. /) 

We will not rUsruss IH•re the electrowenk r<ldlatfve rnrn•rtions, 1.·hfrh h'n·p 

been exlPmlively discussed by the working group on thf' prf'ci~ion lc~t::; of the slan
ZQ) 

danl model at LEP . Our interest hf're is mAinly in thr- producUon :mrl dr>c;~y pro-

pert ies of the h~avy quarks. To get a quAntitative estimate of thP produr:tJon 

cross set:t tons 
+ - 0 for f' e -} Z -} ttx, which tn turn effPcts lhr- bnmchtng r-.11 ios for 

all other z
0 dPc<~y modes, as wf'll <Js for the thr-orf>tif'Al tnterprPt:ttion of prf'ci-

ston me<Jsurements of the forward bnt::kward asymmetriE-s for thf' qnl'lrk ::;ector, IJP nr>Prl 

"to r>VAllll'lle both thf' (}CD corrf'ctions l'lnd the f'ffects of itlclmllnr. llif' qwuk mnssf'~. 
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2. 7. oc;n and quark trtass correct ions to ere e + e- -t y, z -t x l and A~s 

We shall first discuss the QCD corrections to the production cross 
q + - 0 

se('tion, rr , for e e -t Z -t qq . It is well known thl'lt ignoring tiH' f!Unrk mAsscs, 
+ -

the perturbattve QCD corrections to the f'lectroWPflk cross section cr<e e -t y,:>: -t 

- + -
qqxl l'lre the same as for the purely electromAgnetic production pror:PS!-i e f' ·• Y -t 

- 2 
QflX. These later corrections have been calculAted upto terms of orriPr a 5 A Jon::; ttmP 

25) 
agn, giving 

a cr0 ( 1 + 

(2) 2 
«s CQ l 

" 

( 2) 2 

+ c
2 

( «s CQ l 

J l 
where cr0 is the point like cross sec~ion in the quark parton model, 

ao 

2 
4na 

s 

[ 2 
Qq q 

(2) 2 26) 
a

8 
<Q l is given by the <two-loop) expression . 

(2) 2 
a

5 
CQ l 

12n 
;,: ~ 

133 - 2nqHn<Q If\ ) 
[ 1 -

313_06 - 3Bn~) 

!33 - 2nql 

7. 2 
Jn lniO /~ l 

l11CQ./A.l 

and th~ r:onstant c 2 is gtw~n by th~ following expression In th1• so c~llt>d HS 
?.1) 

scheme 

cz 1.98- 0.11Snq 

- 1. 4 for nq 5 

+ - + -

<2.Al 

12.9) 

( 7..10) 

( 2. 11) 

For the massless case going over from e P. .-. Y 4 Q'lX toe f' -+ Y,Z 4 qqx nmounts l.n 

replacing o 0 br of which is given in Eqs. 12.3) nnd 12.4). Tn nlhf"'r \Jonls Cl~v nnd 

0"~ are normAlized by the snme multipliclltive fnc:tor. Im:lmllnt: qunrk mASH cnrrPcl

ion splits the factorized fo1-m of the QCD corrf'rtton lermR <2.8> into t\Jo diffpreont 

-10-

multiplicative faci::ors for O"~v and O"~A· The quark mnss corrections up to ,O<<tgl to 

O"q llre the sAme <:~part from a colour factor cr = 4/31 as the ones obtAined by 
vv 28) 29) 

Schwinger in QED , They are well approxtmnterl by the expression 

Rq <3-~o'>f 4 2 " 
v • r" 2 t 1 + - a8 <0 l 

3 2~q 

--7' 
l3q ... 1 

2 
1 as<O l + ~~·- ~ 

" 

where l3q 
2 2 112 

ct-4"q I Q l 

2 <tg<Q l !f. 12n 

-7 

l3q ... 1 

2 2 
33lnQ II\ " 2 [ q 

12n 
-,---, 

33 - 2nqlnQ II\ 

2 2 
Q + Smg 

ln /\2+ s~nq 2 

- [ ~ 
4 l [ ; ~.] l } 

2 

( 2.121 

(2.131 

anrl we have indicatf'd the rdatlvtstic limlts for s » 4mq li.P.. J1q ..J 11. In other. 
2 

\Jords, the coupling constant as<O l feels thf' effect of only the light flnvours. 

The correction ,., factor for the O"~A part of the cross section is well :~pproximatPrl 

by 

Rq 
A 

3 f 
~q t 

4 2 
t+-a.,<Ql 

3 _, 213q 
- [ " 

10 
" 2?. 

s ~q + 
7 2 
·- l3q 
7. l [ : 0 

,, 1 n . ' 
+ -

The exprPsston for the cross :-ectton cJ(e e -. '(,7. ..J qql no\J becomes 

"f L:[ q 
RCJ. nq 

v vv 
+ Rq oCJ. 

A M l + f= [ a' 
vv 

1 
+ (1AA 

17..1'1) 

I 7.. I~; l 



where the cross section is 

parts. Thf' expressions for 

coefficients in t~ble <1l, 

now 

a' 
vv 
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obviously split into 
f 

and ~A~ are given in 

th" lr-ptonir: ~nd tmdror1ic 

eqs. (2.4l togelhf'r wlth thf' 

' There are severJ'tl remnrks nbout the rletf'rmtnntion of a 8 !!/ l thflt h.'!YP l:wPn 

m.qde in literature and we would like to restate thPm hr>re. S11pfln""" mt > m. 1 7. tn 

vhich cr~se the decay Z -t tt is forb1dd!"n. Then, to nn PX('ellent r~pproxim'~t inn tlw 
+ -

total h::adronic cross section (J(f! e -) y,z -)qqx) is givf'n 

correctt.IJn term Amounts to approximately 47. Assuming AM; 
2 

by Pf[S. (7.,8). 
3t) 

::. 1 SO H~V . 

niP r,cn 

With thl" 

hup,P statistics available, the determination 1Jf as<O l at l.EP vlll 
:uq 

the systematic erriJrs. These are discussed in det~ll elsewhere ; 

he doml nat.<:'d by 

Hsc;o1Hn1 nt; fl :t 1:: 
+ -error on rz or on o-<e e -t Y,7.-+ x> will allow A rlPtf•rmiwlt.ton of as wit.hin ± 207. in 

a modf'] indej.wmlr>nt vny. By the ::~arne Argumt!nt meASllrf'IDf'Hts of thf' lf'ptonic hrAtwhln~: 

0 + -ratio BR<Z -+ 1 1 l will also provide a more or less compArllhlf' sen:-:itl\'itr to a~. 

If mt <mz/2• then the 
30) 

It has been Argued 

contribution dlie to tt' production hf'com~s somPwhnt un('f'r-t:ltn. 

that including O<as l corrections should provi<if' a hf'll f'r t-hf'o-
0 - -+ -

retical estimate for cr(e ~ -+ttl and r<Z -+ tt). HoWf'V!'l". tlif' t.opolOt!Y of tt f'\'f'lll !" 

i:;~" expected to be qtJite different. This 
32) 

s!O'pAratf' compAnion rep(lrt . Exclltd1np, 

is discussr-d in de-tail hy G. R1tdolph in '• 

thf'!-;f' evenls nnd r<"llcnlAI irt[: 
. -

rrr,," ' Y,7 

qql for thf! rest of the h11dron1c evPnl.s should ngntn lNHI tn n dPIPrmin.'ll inlt ,f 
2 

a 3 <Q l. Clearly, such A meAsurf'm('nt. is nnt ('fll.lr"1Y irwltl~i\'" ·•1td .,, .,.v;1 :,,,.,] 

syste-matic uncertainty has to hr- irwlw!.--.cJ in _".11. stH:It dPlPrmin::~llnn:; nf rx,.rt) l. 

W•! have not attemptf!.d to estimate the mod~l dependC'nce of nontop tup,Jnclc:ll r·r•1s~~ 

sPctions And lPnv~ it ns nn instructlvP f'Xr'rclsl' fot- otJr I'XpPrlmental co.llr-.1g1Jes. 

We return to the discussion of thf' f.'stJm,"lh:·~> For ttw· dr-c.'ly 
0 -

thP br::mr.hing ratios BR<Z -+ ffl, lncludlng thP hr:~nching rnt.io for 

0 
Vldl!. : rz I'Jru] 

0 
Z ) l\ 'l.,r-

0 
m.'ll.i.zin[: the w1rlths f<Z 4 P\Jl, WP c;'lll I'Xprrss tlw rcl;'lt iv,--. 

branching ratios as 

0 -
r<Z -+ ffl -,.--_-
r<Z 4 vvl 

0 

.., 2Nf [ 
?. f ?. f 

Vf Rv + Af RA. 

and rcz -+ \J\1) --·-r.-am7<C· -,------
7.4sin 9vc-os Ow<:l - l\roJ 

( 2. 1 (,) 

{?. 17) 
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33) 
\.;ith 6ro = 0.06 whith corrects for the effpr.t of thf' rf'normalization of a 

I expressions for Rv,A are obtained from F.qs. C2.1?:l And <?:.tLll hy Rf"tting Cls 
0 -

The 

0. In 

tAble 2Cal - 2Ccl "Wf' presPnt the branching ratios for the df'cays Z --. ff for thrr'f' 
2 0 

sets of vAlues for mz And sin o..,. In fig.- (1) ve shov the branching ratio Z ·J tt 
30) 

AS a funr:ti.on of mt . Clenrly, the 
0 

perturbnt1Ve CfllCU]at_iOnS for f(7 4 ttl brel'lk 

down if the mnss difference t-..H CZ 4 ttl is vf'ry smnll {( t GcVl, sinf:f' non-pPrturhn

tive effects ber.ome important. We notf! thAt in the standArd model, vtth three 

famtlie~ of qu<~rks and leptons, the branr:hlng rAtios for hf'.<JV)' fl>=~vntJr prnd1wtion 
n -

arf' rAther large. In pArticulAr, "WI-' f'XpPct BR<Z -~ t·cl ::. 117. :md RRCZ -~ hhl " 157.. 
- 0 -The brAnching ratio for the tt modP, BR<Z -+ ttl, rould bf' m;; lnq~e r.s ::. 37. for 

mt ~ 40 GeV, when' now O<a3 > corrPctions plny An import.:ml. rolf'. 

N'~xt we d.lscuss the mAss Ami QCD corrections to th£' forwAril-tmrkwArd 

chAT'f." asymmf>try. At the Born level, thf'- quark-mass corrections to 6f are givf'n by 

Af 
2 ( 0) (OJ f f3 (If where flf is given in eq. <2.3l. The O<asl correctionR to A have 

33) 
Also hPen r.11lculatf"d OnP now h::~s 

(\ ( t ) 

" 
Aq 

2 
as<O l 

+- ·-
n 

4 (0) 
r F - !lq 

" 
+ r r-.' Cql 

F zy 
<2.10\ 

where as notr:>d in rl:'f. C33. l, th~ /:.zy le-rm origin;"Jtcs from Uw imaginary pArt of th•' 

7. propaeAtor inte-rf~rint; with thP phrJton propae.'lt0r t;ivinr,, 

!J.' ('l) 
ZY = 

' [ l -1 J?: GraOeGqnf.'Aq r 21mz n C7..1'Jl 

ThP fnnf:tlons rr and rr are shown in fig. <f.J ,,:;: '' f••lt• t i"l' ,,, 

polntt-'d out. in rPf. C33l,_ til!' ()(as' !'nrt<'r-1 lrnr tr·•· ;., i\'l Itt r·•t· ( !'. 1 :l) '1"' :II lwr 

smnll. HnwPver, since crq chMif::t'S sukd'llti.L"l.lly for ~q << 1, thP fon.mrrl-b:l<'li\..·:Jrd 

nsymmPt ry flq 
Aq 

tiq 
nlc;oo chATtf:f'S sohstnnl.l:t.11y for l.ltf' hf':lV}' qttnr·ks ill l.hP s.1m,... 
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• limit. At the Z -pole, however, this effect is expr-cted to be substantinl only for 

the top quark. In fig.3 we show the effect of the chnnge in the asymmetry for thf< 

top quark for mt = 2SGeV as A function of the centre of m.<~ss enf'rgy. ThP interPst 

in fig. <3> is twofold. First, the determination of the he.<~vy quark ~lr-ctrovf'ak 

coupling constants have to be corrected for the quark mass and Q(as l r-ff<•r"l !'! vh.tch 

CPrtainly are not small for the top quark. Secondly, thf'se correct.tons tend to 

decrease the forward-backward c:harge asymmetry. As w~ are going to discuss in a sub

sequent section, w-eak mass mixing effects due to B-B mtxing Also tf'ml to di•crf'flSP 

this asymmetry. Since Bs-Bs mixing is expected to bf' lArge n.nd the forv~:~rd-h~H:kl·:"rct 
+ - - t 

asymmetry in e e -J bb -+ 1 x hfiS been Advocnterl AS a possihle plAce to dt>t.>"'ct slwh ,., 
mixings , it is important to take into account the corrections we h:we just dis-

cussed. 

Before closing this section we reiterate thAt the measuremf'nts of the 

total cross section and the asymmetry in regions {il and <iil are sensittve to 

different pieces of the standnrd model couplings. This is obvious from Eqs. <2.3>

<2.7>. In table <3l we have collected the present experimental information on the 

standard model coupling constants and their expected values. 

The axiAl vector coupling constAnts :{',np,nu Ami Ar:l h'ln' J,..,,,, ~- .. -w,,,.f'rl •.:it.h 

9. typical error of :t107. at lower enf'rgtes. Thf' error!· f'r:_ ;, ,A nnd n :"lrF' st. i ! 1 

large. Hopefully, more data from PETRA And PEP should Also renrlPr lf\f'fiSnrPm<'nls of 

a't.,c,b at a comparable level of accuracy. Thl're is practically no 1nformr!l:ion Alftl.1l

Ahlf' on ns, for lack of A propf'r stgnnl of the s-qn;u·k, nml on At for ohYinns rf'as~>ns. 

Turning to thf:> measuremE"nt of the vector coupl1 ng constants vq, th>"'rf' havP bPen vPr·y 

few attempts in the p.<~st to extrAct thPm directly from dt~tfl. Tnstpnd, almost Ahmys 
2 

results are presnted in terms of sin 9w. It would be nice to haw· mPnsurPmPnts of 

vq· The presPnt statu!'! of the leptonic ve-ctor coupl.tng const.'lnts ts sttmmnrl?.Pt\ in 

fig. <4J wlif'rf' the product VeVIJ and vev't. nrc 

PETRA and PEP energies. The forward-backward 

presented from the mPnsm·f'mPnt.s rtt 

• asymmetry at the Z peak nllol.'s 

tllf'A::mrements of 

c/ measures the 

the coupling constn.nt product afVf as can bf' set:>n from t:>q. f7..1l and 
2 2 

combination Cvf + afl. Thus, measurr-mPnts 
f f • 

of Af·s nnd cr at the z 
peak vould determl ne af And Vf tndi vt.dually·. 
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7. 3 Weak decnys of ttei!YY..._~rks 

We shAll briefly revtev hf're some of the salient fentures of hf'avy quArk 

de-cays, tJhich are relevant for studies at LEP and Sl.C energies. In the standard 

model the weak decays for heavy hadrons are governed by the Hn.mlltontnn 

Hw ~ [ Jp <OlJ <Ol + h·c 
../2 + -~ 

with tl1E" charged wenk c11rrent given by 

J_" Jl 
-v 

+ Jq 
-v 

The leptonic and the quarkonic currents. have the familiar form: 

e 
J~v = ( Ve, VI" Vc ) Yv ( 1 - r, ) ( ll-

' 

Jq 
-v [u,c,t]Y" 

d 
[1-y8 )v[s) 

b 

Whf:>re V ts a 3x3 mAtrix, first vrittf'n by Kobay.:\shi and HaskAwn for 3 quArk 

families. 

It is customnry to use the free quark decay model for the processes 

• Q ... q 1 VI, qqtq2 

<7:.20) 

( 2. Zi) 

to calculate inclusive semileptonic and nonleptonic rates l'lnd 1±-momentum spectra. 

The short distance pArt of the strong interaction corrections are then tAken into 

account in QCD perturbation theory. This gives two types of corrections (1l genninf> 

O<as l perturhat ion thf'ory corrf'cl tom~ to rsL• rNl. and ( 11 l renormnl i zatton of thf' 

bAre Hamiltonian for the non-leptonic interAr.ttons, Hm .. We discuss t.ht> rorrf'r"t

ions of type ( i il first, Th·~ renormA l i znt ton group I mprovt>ments lf!Ad tn t h•' mtJl t i-
± 3"1) 

pllcattve ren.,rmAl1.7.ation of the operators 0 , giving 



-·J s-

eff GF [ [ •w J [ mw J ] HNL oo JZ c+ as, ~- o_.. + c_ a.s, ~ o_ 

wtth 

o, " 2 [ [ U V D JL [ D V+ U J L % [ U V U JL [ 0 V+ oj, l 
wh~n· U<Ol df'notes the up<downJ-typ~ qunrk arrnys And <UO\ 

3tl) 
~~~ding log approxtmA.tton, one hAs 

c_ 

C+ 

2 2 
<Xs<v >ta.gnt..., > 

1/J7. 

17. 

33-Znr 

<?..??l 

\r Ypl 1 - Y., lD. Ilr Llw 

where pis n refPrPnce mass scAle rrnd Tlf is the number of fl:wnurs <rrr'" 4,S,h for 

c,h and t decays, r~spectivelyl, Clearly, the VAlues of C:t. nre flAvour lnnd quArk 
35) 

mass dependent>. For 1\ = 0.2 GeV, numt'rica1ly 

c- I me ~ L I GeVl 1.? 1?..?.:11 

r_ (ffib "' 5 GPVl 1.4 

c_ <mt ~ 40 GeVl l. 01 

Th1s is to be compAred w1th the free-quArk decAy result c+"" c:_ '- 1.0. Tlrns, for 

the top qnark, r~nnrm::tli?.ation group .tmprovr>mf'nts inc± nre nnl Vl'r·y slt;lli f H·ard 

The genuine Q(a.sl corrections to th~ pnrtinl vldth.« rsL And f'm. hnn' nlso 
36) 

heen cAlcnlatPd. For semileptonlc rlr>rAys nnf' h-'lR thr> rf'snlt 

rsL C0 ~ I [ 

(OJ 

r SL !<SL 

., 
0, --· 

mq ~ J [ 1 -
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2 

~ ~_>_ f ( ~ 
3 n "'Q J l 2 

IVqql 

TIH• r:nrTP("1 inn fnclors of type (i) nnd typf' 111) for rm. t.o::;f't hr'!" l:;l\'f' 

ro ~ 3JVo'l ,z 2 (~~!1.~~ r N"L IVq q I I ' ' r,j 1 2 3 mq mq mq 

3 
l[ 1 + X [ 

2 ' 7.c+ + C-
2 

("" ) ~ ~<>~--'L-- ho 
3 n [ 0; '• J l 

(0) 

r nt KNL 

2 s 

\.:h.-rr• r 0 C" 
"F---"<.2, 

192-n 

The phase spac" fRctor Ifx,y,zl is given by 

2 
( 1-7.) 

17..24> 

:n) 

<2.7.51 

[(X, y,zl 17. J 
2 

<x+yl 

d' [ ' ') [ ' ) [ , ') [ ' J - t:- x - y 1 + z - t: W (,x ,y w 1,7. ,r; 
r. 

( 2. 26) 

wherr• W<a,b,cl [ ]'I'[ ]'I' a- { Jb + Jc )
2 a-{ Jh- Jc) 2 



and x,y,z mi <i 
·~ 

1,2!3). 
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For y = z 0, the function I<x,y,zl has the fAmiliar form 

I<x,O,Ol : g<xl 
2 

1 - Bx 
4 6 • 

24x lnx + Bx - x 

In eqs. 12.241 and <2.25l, we have introduced thf' multiplicativf' OCO corn•ctlon 

factors Kst and KNL for the semileptonic and non-leptonic decnys, which rPprPsPnl 

the cumulative f"ffects of all QCD corrections to the widths. The phase spacP 

functions g<xl and f(x) are shown in fig. <Sl for Q(x(O.S, which .ts the rrmgf' of 

interest for the t,b and c decays. The function llQ<O,c±l, which enters the non

leptonic decays, has actually been ca'iculated for mq
1 

= 0 and so the quark mtlss 

effects in the QCD corrected form have been approximated by the free-quArk riN'AY 

expression. The numerical accuracy of this approximation has still to b~ checked, 
37) 

In the limit mqi = 0, the function h<O,c±) is given by 

2 2 2 2 
2 31 19 ~~ + 3 ~~~~~-~ h<O c±l = - <n- --> +--

• • • 

....-here 

P+ 

P-

b, 

[ - ?.?,1 

24 
-- + 

2c+ + c-

; nf ) h 

' 
+ ( 51 t 9 

3 

«s<mo > 

Of ) ~2 
h, 

263 

12 
10 ]1 [ 38 ]' 
- Of - + -102 + -- Of ""'7. 
9 b1 3 h, 

33 - ~t_:[ 

3 

7. 2 
2c+ P+ + c_p_ 
--...,...-----z-- ( 7.. 7.7) 

2c+ + r_ 

f2.28l 
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There is considerable amount of uncertainty in the determination of 

the renormalizatton constants c± bec~use of the choice of the renormnlizqtion 

scale p. A reasonable choice of tJ is probably the parent Q1Jark mass .:~nd all our 
38) 

calculations are based on the assumption JJ = TI1Q • With this choice of p <~nd 

AHS = 200 HeV, one gets KNL<charml = 1.46. The volues of c± and KNL for the bottom 
39) 

rpJ.:~rk for the experimentally allowPd bottom quark mass range 4.8 GeV ( mb ( 

5.2 GeV are given in table 4. Typically KNL (bottom> = 1.12. The corresponding quan

tities for the top quark in the mass range 30 GeV ( mt ( 50 GeV are given in table 6, 

Quite amusingly KNL<topl < 1, with Km.. <mt = 40 GeVl :: 0.94 being a typical number. 

The 0(a5 l correction factor for the semileptonic decay Q ~ qlut dcpenrls on 

the mass ratio mq/mo . For the charm quark decays, m3 and 

by the fits to the lepton energy spectra in the proces~ 

me have b!'f'TJ det.ermi nf'd . - . 
e e ~ 11'" ~ 1 x. This 

gives Kstfcharml 0, 81. The corresPOnding K-factore for thP CK11 allowed bottom 

decays gre given in table Sa for the mass range 4.8 GcV' mb' 5.2 GeV and 1.5 GeV 

< me ( 1.8 GeV. 

Typically, for the b ~ clv1 decays Kst<bottom) "'0.87. The correspondinu 

K-factors for the CKH supposed decays b ~ ulu] are shown in table Sb for 4. B GeV 

mh' S. 2 GeV and 0.3 GeV ( mu' 0.6 GeV. TypicAlly, Kst Cb 4 ux> ""' 0.82. For the top 

qunrk decays the! semilepton.tc K-factors are: 

l<st <mt 40 GeVl 0.89 for t ~ blu1 

0,87 for t ~ ~lu1 

ROd t ~ ..-JlU] 12.29) 

Ttw rlf'pendence of Kst on mt in the nmge 30 GPV 4 mt ' SO GeV is very mild 

and we don't sho~o~ it explicHly here. However, we hnve tnken t:hts v::~riAtion into 

Acrount in cAlculating f'<topl and thf' st>milPptontc hrnnchtng rntio 1\Rft .., ]~). 

We rpmark thnt thP QCO corrections Wp hnvf' hf'Pn discm;~~illt; so f:n pP! I 'li_n 

to the fr,...e quark rif>CA}'S <:>nly. How Ahont t·he flnnl :o::t..-~1.~> ini.Pr;wt ions, 1 ih" fnr 
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• •o exflmple the interference effects discussed for the D df'c<~ys or n\ Ji,..r- nnn-

"' spectator mechanisms, like for ex<~mple thf' <~ntlihil<~tion mr>chnnism 1mporL·u1t for 
0 

D dec:~y~? That these mechanisms arc numerically important for thf' chnrm df'cApo: ls 

well established through the ratio of the liff'-times: 

c(D+J 
~, 

ciD l 
2.0 ± 0.2 

q2) 
And that of the semileptontc branching ratios 

+ + 
0 4 (' X 

D -+ e X 

+0 5 
2.3 -0.4 ±0.1 

We would like to llrgue here that despite the lmportlolllt'f" of !:hf' non-spP.C't nt.or 

effects in the charmed hadron decays·, their analogues 1 n the bottom nnd top dN'AYS 

are expected to be numer1cally unimportant, at le:~.st in the Inclusive decay r<~IP:• 

and branching ratios. We briefly review below the annihilation and interferen~e 

effects for the bottom and top hadron decays. 

The annihilation of a pseudoscalar meson 

known from the charged pion and kaon decays, (K±, 

into a p<~ir 

• • 11 ) --) ~ Up, 

of fermion~ ts well 

e±ue. The mAtrix ele-

ments describing the decay P-+ f 1 + f 2 depend, due to the fnmiJjAr hellcit.y 

arguments, on.the fermion masses m1 t~.nd m2 , and on thf! overlap of thf' anniliil.,tinr. 

quark wave fUnctions in the psetJdoscnl!lr mPson. Thu:-::, for tlw lo•ptonjr d••, .. n-~ 

P 4 ltul, the decay wtdth is gtvf'n by 

2 ' 
r ( Pt=:Qql -+ l±ul ' [ '"l 2 ~Q~- fp

2 
mpml ! - _, 7. 

ffip Gf Bn 
( 7. ~lO l 

where VQq is an element of the CKM matrix nnd f p is t lw psPlJrlosr,, 1 ;'lr ffiP<-iOn t'OilJ>l i 111; 

r:onst::mt defined ,qs 

< OIQrJ.Jr 50JP ifpPJJ 

Forth{' decays P 4 f
1
f 2 , the decay width is obtain('r\ from Uw <'Xpressinn 

r(P-+f 1f 2 > 

2 
GF 2 

c - fpmp 

"" 
2 ' <m 1 + m?.l 

2 ' 
1' [ ·~ 

lnp 
"f 
m,. 

( 2. Jl ) 

( ?:.:17\ 
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where the two-body phase sp<~ce fnctor IA<x,yl is given by 

IA<x,yl 

2 

[ 
1-~] ~112 <1,x,yl 

X + y 

2 

12.331 

with X.t1,x,yl (1-x-y) - 4xy and the f~ctor C descrihes tllf' dyn:~mir·a\ dPt.Ails: 

2 2 
for w* -annihilation C=31Voq1 IV 12 1 P ·) '1t1z 

2 
for P 4 l±ul lVQq I 

2 2 
for w* -exchange Jv01 t 1Vq2 1 ( 7. :1'1) 

3 

The psPudosr:alnr coupling const:mt fp And thP CKH mntr1x clPm('nts V0q and V 1 ~ 

are needed to evaluate the contribution of the dPcays P 4 f 1f 2 • The const:mts fp 
43] 

number of pApers using non-relat·ivistir: potential modPls have been €'Valuated in A .. , 
QCD sum rules <1nd the so c.<tllf!d hAE models of 

.,, 
hndrons . In non-r('lAtivistic 

potential mod!'!ls fp is related to the WI\Vf'-function at the origin, lVIOl, hy tlw 

PXprPsslon 

1Z 
fp J -- I'll< OJ I 

mp 

where the C}-q cPntrP of mass wavf' fllnctlon 'lllrl is normnllz<'d by 

In :-;-urh model~. 1.11<0) is governPd by the rf'dlJCPd mass 

" 
~q_ 

ffi()+mq 

! 7. 35) 

3 ' J rl rlllllrll ~- 1 . 

whi('h appronr:hPs the Ught quark mnss mq for m'l/tnq « 1. Hr>ncf' in thr> non-n·lAI i

vistic modf']S Win) ApproAches :I ronstant v:tlllP AS IT1Q iTHTf'ilRPB, \.'hlrh \.l<lllld prf'(tjr•!. 

a dl':'cre-"'se of f p ns 

1 
f p a. J 

ffip 
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w-tth increasing mp. Non-relativistic morl~ls :lrC" f'Xpected to work rf'nson.-1h1~· 

well when both the quark masses mq <~.nd mq <~.re not smnll, 1 tkf' fnr exnmplt'- in t hf' 

B~, 
0 • 

Tc ;~nd Tb mesons. The rel:.tlvistir: AS Wf'll r.s ()ID cnrrPf"i ior,~-- r·h-"':-'." •t,P 

rnr r pr·t < r:;,;~ for r ,,,. numer.lcal values of fp, in pn:rticular thro 1nttPr 
0 

expected to be significant, llke for ex:lmpl>? in D , quark mesons are 

1 ''' ., \" ~ -- 1 1 :_; J I! 

' 0 ' D , B , B _, 
0 • 

T11 nnd Td m~C"sons. The present tlworr>t\ca1 dtspf'rslon in lllf' eslimALPs of fp is nt 

lrnst n fnctor 2, with most morlrls prPdtctlng the follwing V~tluPs for- f~ 1 (In th» 

normalizntion fn ~ 130 MeV) 

fo "' 120 - 180 MeV 

fF - 130 - 220 MeV 

'"d - 80 - 160 MeV 

ffls "' 100 - 200 MeV {2.3f-,) 

0 • 0 
Th11s, most probably fB ( 200 MrV for the Rd , nu nnd ns ffiPsons TIH• corrPspondln(: 

0 • 0 
coupling constants fy for the Tu, Td, Ts mesons Are E:'Xpected to tw f'VPn sm.1.ller. 

This would imply that the contrih11tion of the W:t -exchange and Ann.ihilation din

grams in P-+ f 1f 2 would bt:'come rap.idly unimportant AS mq increAs~s. w,-. PxpPct LhPsP 

mechanisms to contribute at the rate of ' 107. to lire B dPcays Arrd At .<1 c<,mpl~tely 

nE:'gligible rate for the top decays. In this respect, the estimntes prPs~>nt.f!d in 

this report are substantially different than for ex11mple the on~s rr.porte<.l tn 

rf"f. f4.6), where A much higher valu£' fs = 500 MeV wAs used to est..imnte the <kcnys 

B -+ f 1 f z· Some of the two-body t!Pcnys of thf' clmrmPd nnd bottom hndrnns Arf' 'lllit.P 

intr-rr.sttng in that they prov.idf' tPst.ing grounds for tiH' h:rdronic waw• fllrwt ions, 

likP for exnmplf' fp ,And/or provide information on tbt" CI\M m;)trix rl<•mr-11IS \' 1 j. 

We will l.<~ter prl':>f!nt: an estim"'tf' of thP hranchlnr, r.<~tlos for som,... of llw two 

t•,.,rly annHrilAtion modr-s. 

In wh::~t follows, we shnll ignore thr- tlexch:ul[:P nrrd Ann!lrilnt rnn <"nrtll·ihn

tion 1n f'St.imfltins the total widths of thr bottom nnd top hndr·ons. l.ikPIJisP, ir1t Pr-·

ferencf> pffects an:- also f.'Xpectf'd to hecom.-. nnmr>ric-nlly sm:1ll d1u• t·o thP 1-u-::•• 

phAse sp."'CP :Jvnllnhle in the bottom and top dec::.ys, whil<' ltw wnvr--(unctinrl ny•·r·lnJ•, 

whirh i.:~ the mP.<~snr~;> of Jnterferencro effPctS, is expPc-tPr:l t:o br~ r-ss,...nt:i-1lly 

r:ons!.m1t. Thf' r-ft•·rt nf nf'glt:'cting tllf' non-!-lpPc-tntor cont.r.thrll io11 orr f'tot r·1n \,• 

estim.<~ted .<~ssuminr, A modrol for t.h,... lrAdr0nlc wnvf:' fllnct-ion. W~:> st1P~ll hnwr•vpr- nnt 

flttl~mpt this h('rf'. Altr~rnntively, one cnn get nn esl.tmnte of t.hf' nc-r:rwm:y nf lhr· 
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spPctAtnr morlt:'l d"'~cript.ion of 1nC'lmdve widths hy thP pr('dicttons of thr f:r•ml

leptonic branching rAtios. 

In the approximation of neglPcting ~exch:mge And tnterff'n'nr:f' rontri
'17) 

buttons, Ure total width of the bottom quark cAn ht:' expressed as follows 

b 
rtot C~m~ [ I I' I I' ] --- -3 Vhc Zc + Vbn Zu 

192n 
(7..3"/l 

The factors Zc and Zu depr>nd on the QCD scAle parameter fl., renormaliznlion scalf• p, 

and the q11ark masses mb, me, m0 etc. With I\ "' 200 MeV, }-1 = mh, the dt'pPnd.Pnce of 

the function Zc on the masses mb and:.mc is show-n in tnble Sa. For the CKH allowed 

decays and the mf!ss range 4..8 GeV ( mb ( 

f1mct·ion.Zf:. varif'S in the range 2.0 ' Zc 

5,2 GeV, 1.5 GeV me ' 1.8 GeV, the 

( 3.6. For the CKH suppressed decays the 

depenrlence of the factor Zu on the masses mh and mu is shown in tabl(' Sb. It should 

be empahsizf'd thAt the value of the mAss mu needed in thf' CKM forbirlden df'cnys 

h ~ u + x is very probAbly 1n the vteinity of 500 M('V, since it is an lntPrpolr~ttrrt; 

mass for a weighl;ed avernee of the hadron masses m,, mp, mz 11 etc, which saturate 

thf' 11 '111-'lrk rh::.nnPl. In thP nf'xt sr>rtlon, we shall discuss thnt· A stmfl.1.r valuP for 

m0 is su~;;;r>stf'd from the pos.il.ivity of thf' lPpton spPctrum, wlrr-n one take~~ Olas> 

corn'ctions into Account. In thf"' rAngr- 4.8 GPV ( mb ( 5.2 G<'V nnd 0.3 GP\' ( mu ( 

0.6 GIC'V, thr> function Zu V.<~ries in thf"' r:tn~P. 5.73' Z11 ~ h.SS aml twnr'f' is q•IIIP 

?~ell, l•'. 

Tt1f' Sf'mi.lf"'ptonir: decny width can also br> expres~·H!d similarly 

.I> 
f SL C~m~ [ I I' I I' ] t;7~3 Vhc Lc + Vou L1J 1?..3fll 

" where the factors Lc and Lu, like their counterp:trts Zc and Zu for rtot, lr1mr th~:> 

efff.'ct of the Ocnsl ()CD corrections as well :ts the qur~rk m:;ss pfff"'cts. Fnr thf> 
b 

q11.<1rk mnss range considered for rtot the functionH Lc and Lu are given in L1.bles 

Sa and Sb rf'S]J<!<:tivr-ly. Since thf' prPsent upp~;>r hound on tilt! ratio IVt)\11/IViwl is 

alreAdy v~>ry strinr,ent for thf' rrrrpose of det.erminln!~ rf;,, nnd rtot , naml'ly 



2 
lVnu I ·-z 
IV he I 

-2 
3x10 

-?.?:-

The nnmerical effect of dropping the JVhul df'pPndf'nl term in r'fls.<2.37l ;md <2.3Rl 

is nl'gligible. The semileptonir: brrtnr:hin!} rntin is givl'n by thP PXpn'l'Sion Ckf'•'J'In:: 

2 
only terms of order IVnuiiiVncl l 

Lc [ 1Vbul2 [ Lu BRCb _., lx> :r - 1 + --- -
Zc Vbc Lc 

Zu 

Zc l l ( 7. 39) 

The numeric/'ll vAlues of the sem1leptontc brnnching ratios P.R<f'l t~re gin'n in 1.1l>lP 

5a. For the qunrk mass range considered, BR(el vl'lri£'~ in the rAngf' 13.?7. 

"' 15.87.. This is to be compared with th£' mPnsurf'd brnnchtng rntios 

BR<B ._. xlv1 > <11.7 ± O,h)i, nt l<~s> 

<12.7. ± O.Al% nt PETRA/PEP 

' flR (" l ~ 

1?..40> 

Th~ measured numbers are approximately 157. lower th:m the est im.1tes prt'::><>nt ,...d h"r". 

Thi~ rPprest'nts a fair description of the ~Pmilcptonic hr:nwhinr; r:1t inc; ~"111n· tH'It

perturb.<~tive pffects certainly havf' to hP t?<k••n lnto n•·L·oqnt. :>.t- t hi:.,; ] .. \·r·l. 

0) 

Tho:- avr>r.1t:;o:' l1fP-t1me of thP bottom hadrnnc; hm::; ;)]c;n hPf'Tl m"<'~<;-IJrPr! 

-l2 
~b (1.26 ± 0.16lx10 sec ( 7. f) 1 l 

This information can be combined wilh the pre~Pnt upp»r limit on I he r.<~ttn R :>.nd 

Cfl. <2.37> to determine the CKM matrix elPmPnt lVbcl· HowPver, Al' wr> hr~\·f' s•·•·n 

there exists- 157. discrepnncy betwr>r>n thf' thPorf't1rnl pn•diction of JlRfPl h"'s"d on 

e'l. <2.37) and the experimental measurr>ments. Though Lhis \.s nut a hlr, d••-'11 b<Jt A 

snmewhnt prpferre-d procedur£' is to u~e the mf'nc;urf-'(1 llU:IIlt.tties BR<Pl rtnrl -rthl And Uw 

rPlat·Jon 
BR(P) 

rsL = 1? .II;J l 

' 

-?:3-

.<~nd use instead the theoretiCAl pn•dl.ctions for rsL . This nf'f'dS a prf'c1s~ dr>t('r

min.<~tion of the m!l.sses mn and me , whir:h crtn 1n principlf' be dP.termlned from thP. 

lepton energy spectnJm. We df'fer furl.hr>r d1Rcuss1on of Lhis potnL to I tw 1wxl 

SPrlion. 

tlf' briefly dlscuss Another method lo de-termine the CKM m<llrlx f']••ro<>nt \'h11 . 

This involv~s thf' rlf'r:ay B± ~ -/vl Tlw form11ll\ for ~hP w1rRh is givPn ltl (''1_.(7..301. 

Num.,rtr:Ally, 

, ' 
r<B± ~ c±vc> :1 30 ( .:..~ 

ms ]
2 ~E~3 

197.n 
lvbul 

2 

..:hir:h lN1ds to the br:~nching ratio 

BR<B± ·J c±v;:> :~ 

u~-;in& ff1
11

- fn 

30 ( fb 
ms r lvb"l 2 

Vbc 

[ lv""j 2 
] Zc + -- Zu 

Vhc 

lvh,l 130 MeV and -·- ~ 0.16, this lends to an nppPr hound 

Vhc 

BR<I3± ~ r\Jcl 
_,, 

?:x1 0 

17.4:11 

17..1111> 

( 7. f):; l 

wltlch indeed is comprtrAble to the prr>sent uppf'r boundc; on hndronic l\..'1> l>nt!y d<'f'r1Y~ 

. ± ± 
involvtnf, b _., 11 trrtnsitons. Th~ sir,nature of thr:> decny B ~ 't \..l 1 woulrl lw ~om~"'l·.'h;j\ 

strik_ing. One "'ould observe l:he topoltor;y 

0 
Z .-. bb -.(Rljet + 

1 
<Bl jet 

• 
""" 

1D,f+n-n, ... l I Z. ftf,l 
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resulting in a very. asymmetric hAdron energy depo~ttion In thr tvo jl!ts. Thl"! jl•t 

vith lover hadron energy deposition vill have A •* , vhich can he !d('nt1fted either 

through topology or in vertex detectors. An A~soclatton of such topologlrs v:lth thf' 

• • dcc<tp::: B -+ l \1--c hovever, vould need very extensive <tnnly~t~ due to tiH• much morf' 
:1; :t - ± 

copious process F _. -c u--c and the semilrptontc decnys b ·• c-r u,_, hot h tm·nl\·ine. r 

in h:ulrontc jPtS. This, hovever, can be studied v1th th(' hPlp of the f'XJsllng m<>ut1• 

carlo progr.<~mmes. In any case the finAl states 1 x in je-ts vtth 1 I'! 1 p tHl\'(' 

led to very important informAtion in the study of vcak int:f'rnct.ions; V(' h('l\eve th~t. 

thf' final ~t:Jte 't:tX will certnlnly provide nnothPr useful tng Oil tH'<t\"Y hruh"ons, 

and ve would like to emphasize a good detection ahil1ty for --/'x states. 

Next, we discuss the decays of the top qunrk. In tbc CKH model thf' decays of 

the top quark are dominated by the t~anisition t -+ hx. The next allovcd tran:=::ttion 
2 2 2 

"" IVbcl t -+ sx is 
-3 

3 X 10 

expected to have a relative branching ratio ~ IVtsl /IVtol 

and the tvice forbidden transition t -+ dx is expected 
. -4 

branching ratio of OCtO ) or less. The present evidence of the 
IS) 

sparse and the present determination of mt allovs a range 30 

to give An inclm::_i\'f' 

top quark 1:::: re~thPr 

GcV mt' SO GcV. 

We sh;l1l take this bound seriously and present calculations for mt tn this range. 

Th~ total decay ~idth of the top quark can b~ expr~ssed as 

r~ot 
2 ' 

Grmt -t - ... , r 
t97.n 

-t 
1.:h1'rP. the n••ltJcc<i vtdth r i~; defined ns 

r' [ -t 
r, 

and the sum ts over all allowed decny mndr:-s i. Thr:- l"''·f '.n.: r•"i'l•·•·r! l.."i<ll·),:,· 

rlr-finP.d just AS the totnl reflucec\ V:ldth ft., !1,1mP.l)' \'1f\ tJ,P r·,]ntion 

2 ' 
t Grmr. -t r --, r 
i 1'J2n i 

( 7. 47) 

! 7.. fiR l 

<"1(1 ~,,, 

( 7. .'1'1) 
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. -t 
The n11mP.rical values of r i together with the CKH angle dependcncP Are shcn.;~l in tahl~> 

1 for the leading sixteen inclu:::::ive partial decay modes, involving leptons and 

quarks. The branching ratios for all of these partial decay modes are also sho~n in 

table 1 for mt ~ 40 GeV, Vtb ~ 0.~97, Vts ~ 0.05 and IVtdi/IVtbl ( 0,01. These 

branching ratios depend very weakly on mt in the mass range 30 GcV ( mt ' SO GeV, 
+ 

ami in particular the semileptonic branching ratio is very stable with RRCt -+ 1 uxl 
-t 

10.77.. Ttu:· dependence of the reduced width r on mt is shovn in table 8, where the 

factors Zb, Z5 and Zct<sZs> nre dcfined viA the relation 

r' [ lvtbl
2 

zb + lvtsl
2 

Zs + lvtctl
2 

Zct ] C2.S0l 

-t 
The dependence of r on mt as shown in table 8 is also rather mild, Note that for 

t 
mt == 40 .GeV thr vidth r tot s 17.2 KeV, A number already comparable to the combined 

el~ctromagnetic and strong vidths of the bound toponium state octt">, The lnrge ~1dtl1 
t . 

of r tot and its rapid rise with mt has several important pht>nomPnnlogical conscqul:'n-

ces for the search of bound toponium states. Thls ts t.hr> s11hjr-r·t. of 1 11" 1 1•P·•!1fnm 

study group to vht~h Ye refer for dE-tat h. 

There are several remarks that ue would lik~ to make here ahout top quark 
+ 

decays. Top quarks are copious sources of tau l~ptons: BR<t ~ b~ u,) 3 10.57.. In 

adrlition since b decays also involve --ct leptons with a brnnching ratio nR<h-+ 
- . . 

C't u"l> 3 2.57., one expect~ an 1ncln~1VP branching rat1o RR<t ~ 't x) s 137.. Stnce "1: 

can vell he tagg:ed In a good vertex detector, ·one has an adrilt.ional ml:'thn<i to tag 

top cp1::~rk decays; -r:t at a larg(' anglf' from a hndrontc jf't an• not PXpPcteoi from 

b<~ckground processes. In particular, the processes b-+ --c*ux wnulrl }Pad to --/ vith

in the jet. Next, ue note that the dominant decay modes of the top quark are ex

pect,.oi to rf'-snlt in the inclusive states t-+ l:tx(l "'e,v). TtJ1s is nbYious frnm 

table 7 and th"' fAct that in almost all decays a bottom quark ~ill be produr"'d with 
- + :t :1; 

large energy, the subsequent decays b-+ 1 x, as well as c -+ 1 x, 't -+ 1 x decays 

will r~;"sult in a v"'ry large inclusive branching ratio fort -+ 1*x. In fa,...t r>ven thf' 

df'cays involvJng d1lf'ptons t-+ l:tl~x are expN:ted to bP quite :=::Jenif1ctmt. The dt

lepton Ce + v) br<~nching rl'ltio for the decays t -+ l:tl+x is expected to be ~ 147.! 

This provirles another vPry useflll stgnaturt!" for detecting tl1~> thresl10ld of thf' top 

q11ark. We r,lvf' ln tnhlf' 'J, llll' hrnnching r·atios for the tnclnsivP fl11nl stntPs t ·) 
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lnl±)x fnr 11"' 0, ..• 5. Of ronrs~>, the :l('tu::~l mP;"J311rPmf'nts \.'O'Ild rl"]"'lld <>11 1 l1f' )r•Jol ••I 

det'-'cli on pff icif'nC'y and WP dnn' t ::~t.lPtnpl I o m:thr> ::1 f,IIPss :d•o111 I lu•m, !-' i 11• , .• ~. 1 .,I l •·<I .. , 
mnnt.c c::~rln programmes .<J.r•~ A.Vr~ll:Jhlf' which r:1n hP 11!--'Pd nt IJT ''IH'q;i•·:-· '" , ... , ••wll• 

thes~ pfficipnciPs. 

W<• lol0!lld '-'~Pf'f'\Al]y likP to emph"'!~iZP hPI"f' thr (]pr·:~v mnolr• I \:),;,! 

is PXp<~f'l('d tn rf'reiVf' cont·ribtJt lrJn from I h•' r!Pc.'l~·s 1 • 1·1 \l I + ,-]I'll; ·'" 

Sinr:'f' nnP nf tht> leptons i.f'. frnm tlw c.'l:~c.1d<' I• ' i 1'1 \.'Ill )"' , " 

Will proh;'lh]y not. contrlhutf' VPry mtwh In Ill<' nu•:t·~lll'"d jll n•·••·.::s I ' . 1 l >. \•: I t' 

ShrJJJ diSCIJSS }r~\er, !J~ d<l I'XJ1N't SIJbSI!Ult·ta) Wl'/l]\ miXllll;·.:: ill II.•• ~~ f\C' ,_.,., l••r, 

which should also show itself indlreclly in thP dP<:nfe> of rhArgPd I op mr••.:t>r>~· .,.1-. •v' 

tfs) 
- + 

--. h(s)l v1 

l 
Bs +--+ 

+ 
Bs __. 1 \J 1 X 

le.<~.dinr; to enPq;Ptic l±l±x. TlntR, ll is t'XIt'PmPly ltnpottnnl to li'll"r' .'l f:'""l 

meAsnremPnt of tl1P f'rtf'rr,y of l± ~n<l its C'li~rr;P. 

_2~,__/l___~>••mi 1 "Il' onic rlPc~~-d l~tr.i IH_I_~U~.!.!:::.__I!f_ltf'~Yt_!~rj\_:-;_~-~llr.Lli:'!.'l!:.r!__l!!~ _ 

Thr• i ril.er est in li!P RPm!] Ppt o11i~ r!r•rny d i ~~ r i \ntl inn:> nf l11·:•1·y •Jil'll · 

m.<~nifnlrL The sllflpP of the ll'plon f'nr>rt:r di:-:trihulion is sr>n::iit ivr> In r]o.• t:11 :,r•l 

P-'H::Jm<•IPr, PM, \.'hich fr1r f'X!implP liM> tlif' V'l]Uf' J'M :l//i(0) f•H- llo<' ,.;l,'ltod:lld 

V-1\1\'+1\l o:11rr·ent, ln 1± -~ l±llJtl,- (] P,]Jl dPC':lys. TIIP sh;~pP (l{ t]•ro 1± "'l"''!t,•rn 

1 n thr 
± 

-"lnd t 

srmi lept'onic dPc;:~ys of hP:wy qu<~rks Q--. ql±P] j:-; I lll'n hy Annlo;;v \.'til• ;1 

dPI'Il)'.~ tllRO ;<lf'fl.<;it\Vf' to t!Je chtr;l]\ly {lf 1]1!' o·Ji.'llf,<'t] 1-.'l','lk t'l1TI"f'lil /"':<J~>'I 

mr~nl'll m•'AStJr"PmPnLs nf I hP lnclusivP ]f'pl on Pnr•rt;y ~'l"''·tr·,, f•lr I II" ch'lr·m••d :H1•i 

bottom h:nlrons hAvr~ lPd t.n thP v.<tl.ldlty of (V-Al •·urrf'nts of I. he st.:liJ<l.'ll d rnn•Jrol 

for rAnd b rtllnrk sf:'ctor. In mldltinn, thP lPplon f'Tif't(:y sp,.•·tnrm i11 tl"' dr·<·:w:; 

Q __. rtl\Jt is Sf"nsiltve to the m.'lss of the rlf:'CAylnr:; qll<~f'll, mq, :ctiHI lo 1111' r 11 j,-, m'i/n~)· 

In pnrtJcuhr, lhP JlPAk p()Sition nf th<> di:~tr!lmt-ioll rlf'/dFj. df'IIOif'r! \1\' r~"':ct]( is 

scnsilivP to lll() <to ::J Jes:->•~r- Pxteul !'lisP 011 mqlmol, ·utd tlw "lid ]"Jint - :')o••o·t I IIIII 
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to tlw rnt io m.-/111()· f'rpcjr-;p mPasuremPnl nf df'/dl::1 tlwn is n (;0\"1 m••lh•nl to <klr•lrnltl" 

l>olh Ill() '\Tld m
11

, nnd ttw Tf'lnti\'P :-;tn•nr:;lli of l.hP CJ\M nlln\;!'d and Sll)'pr.--.:,:·:,.,~ tr11l;i

tion;;, Hr~ sh<ll1 r·Pview hPr<:O somP nf t.tw points involvf'fl in usint; thr irwlnsJyr• l•·r''"n 

spN·tr.1 for- ch•tf'rmininr; mt- from the tor quarl( dec,1ys ,qnrJ thP r:tl in rhq/\'1>• 111 tl11• 

hot t <Jill (jll<ll ]i d1••:,qy:o;. 

In qnnrk-pArlon modP], the l±-enrrgy sp!'cl r<J in :O:•~mi !Pptontc d,., .. ,vs nf 

liP'l\':0· li;"~drnn:~ ;"lrr r:llculntPd in I hf' fr·rp qunr·k rkr';'IY !'IJ'J>rrox1m'11 ioll fr<>m I 1,.- prrw .. 

Q __. 'll±ul. ThP normaliZPd lepto11 PllPr·r;y distrilHJtiol•:' :It" w·ll ]q,n·ll l1•r ,. -,!,d I• 

50) 
d"C<l}'S . 

d[' 

r d-:: Hlx 1 ,r.,) 
0 x.. -, 

2 2 7 
t2x 1 l 1 - x 1 - r q!__ 

( fot- r· .<~.nd l d<'t'<'l)'S) <?. Sll 
( 1 - X l ) 

7 7. 
7 \ 1 

2 - xI - r· '1~--?.x I < I ... -------:r--
--~'71 - Xj) 

[[1-x,)[1- 7 

r 0 x,)+[7-x,)[ 1 + 7r q X j; J 

< ror h dl'( :ty" l ( :'. ';?l 

<,..']!Pt-r• X] 2r.Jimq ' rq ffiqfll'() nnd r O iS l liP SPmj 1 •']>I <Jill,. <ir>l''l\' Vidl Ji iII I l1>' f I,,,, 

'I'll' I; ,j,.,.'l\' mnd .. ) 

I 0 

7 ' r: rlt q ) -
- '"'3 -· 
1 '17n 'l 

I I' 1\'0'11 c(m,llmol 

m" 
TlH' ln1X j ffilll'1 nf Xj (.<; e i Vf'n hy: x

1 
' 1 - rr1 , 1.'11 i c h, for •·x:nnp 1", !1 'l.'~ t lw 

\':'l]lr<>:~ O.H? :mrl 0.'1'1 for· '-l1f' h ·~ c nr1d h -} 11 dec<1ys, rPspPct ivPly, fur· m]. ~; C•·\'. 

n',. .8 r;,.y .1r11i m11 " O.S GPV. ThP corrP~;pondill(i vnJIJp:.; fnr- I h•· 1 np '1'1'111·. d•·• 'l,., 

t· 4 hh•] :'liHII 4 (<;,dllt•j <11"•' ~ O.'lfll! ;'!lid~ 1.0 rf"']H'<l 1\"<·l~ fnr l'lt 110 r·,.r. Tlw 

mnx 
d If 1 •'l"PIW\' 1\x J 

d,-, .. ,,.~, v 11 II ~~ 

~ 0.01!\ tr·nw-dnt<'s Jnto ~ :100 M•·V inii!:J for r-:1 ~ 70 (~,·\', )PI 

or 
111 r: ,,t '10 Gr>\'. Tln1·~, :tn PXj\Primrnl :'l] 

± 
1 o'IP'l"f:Y ~""""lnl inn 

' l><'l t !'I l lo-111 1? i:.:: !11'1'<\t'd 1 !l nlf' 'lSlll <' t ]u· d 1 f [ t'l I'll!'<' ill\ ]If' 1 <'11<\ )'"\iLl f'IWI ;:\ 

I<•)• 
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spectra in the deca}rs t _. blu1 and t -t Cs,(DluJ. This circumstnnc:r> hy ifsr-lf pnt-s 

enormous limitation on the feasibility of measuring the r.<'llio of thP CKM m.<~trix 
2 _, 

elPmf'nts IVtsiVtbl, more so sine(' one expects 1Vt5 1Vtbl "" 3x10 ! Gtven PTlOU[;h 

st:~t.istic:s, it certainly is doable but in View of thf' rntcs for top production, the 
pel'lk 

prospects are not very f'ncouraeing. The qtmntily x
1 

is sl'ns11.1vf' to t!1P m,qss mo. 
and in the free-q11.1.rk lfli>del it is given by the expression Cfor t dl;'cay:=~> 

xpeak 
l 

?. t;?. 
C5 - r l - Ci + 14rg + r gl 

---------) 2/3 

rq -+ 0 

6 
t:?..S:l> 

peak 
This CQrresponds to E

1 
= 10.71, 11.03, 11.35 GeV for mt "'40,41 and 'l2 GPV, 

respectively. Thus, an experimental determination of Efeak within± 0.10 GPV will 

determine mt within: 0.5 GeV. Of co11rse, this is a somewhat idt>alizt>d sitlll'lt"lon. 

The experimental distributions rlepPnd on the lorcnt7. boost Cand hencP on thp-
"J 

frr~gmentation of t quark -+ T-hAdron), on the pola ... tzation of thf' top hadrons 

and on their hadronic w:we functions. In addition ont' should t:~kl'! Into ac:count 

pP.rturbative OCD corrections. n-.e Ofa:::l corre-ctions to thP inrll!R]Vf' ]P.pton 

spf'ctrum :In the decays 0 __. l:tx h;we been CAlculated tlnd cnmpnrr•d w.l.lll lhf' d:Jta from 

the IJI"C3.71l(4.3 l anrl TC4.s) decays. In lcAding orrlt>r QCD, the lt Prwrg}' distributlun 

for the st:mdard V-A currt'nts cRn be expresse-d as 

1 dr 

r0 dx 1 
~ lvoolz [ n( x,,rq J + 

with the normalization 

XmllX 

I h( XJ,rq) dxl -r ( rq ] 

0 

2 
2a::;-<m Q!. 

• h( xl,rq J] t2.5'll 

(?.. 5~i) 

wlwrf' ffr'1l ts sho\Jn in fl[!.<~il. Tlw fnncl!un h<x1,rfll t:--;· 111 ):l'!l~<r·11 :1 ~""IIIJ>l\c;JLI'd 

function fnr rq' 0. For r'1"' 0, lt. lws hPPII cnlrnln!{'(l nnnlyt !!":Illy hy C:1blhl1o PI 
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4) 4) 
al for c-quark decays and corbo forb quark decays. It was shown in ref. <4.J 

1 dr 
that the normalized distribution - is rPm.<~rkrthly st;tble against OCnsl radiative 

r dx 1 

correctiQilS for mq/"'Q "~- 0, which is the case in the dominant decays c --. s, b _. c, 

t _.b. The endpoint spectrA in the di'cays b ·t u, t _. s,d however become nr:ogativc- in 

0 =<a5 ·l. The remedy of this is either to exponentinte the lNtding terms for tht' end

pojnt spr-ctrum, or else assume tlJAt thf' efft'c:tive mm;s of the u anci d qm~rk ts not ., 
zero but of 0<500) MeV . For such values of m0 , md, which sPr-m to bf' vt·ry rPnsoll-

ablP, the normnl ized lepton energy SpPctra are also very stable for thP CKH 

suppressed transitions. We shall not show the QCO corrt'ct~d spectra ht'rf' !':tm·t' thPy 

are pr~ctically indistinguishable from the uncorrectf'd onf's and refer to refs. t4l 

for rt>levRnt compnrisons. 

We would like to point out here that precise measurements of the 1:-energy 

spl"ctra can also be used in the + - + -
continuum e e production, e.g. in the processes e e 

0 - • 
__. Y,Z _. bb _. 1 x, to study the CKH suppressed decays b _. ulu1 . The interesting dis-

tribution in this context is the transverse lepton-momentum distribution, 

1 da 1 
2PT /Js is meaRured with respect to the botton jet axis. Since o dx 

1 
• where x 1 

T T 
52) 

the ang1Jlar radius of a hadronic jet ·shrinks with increasing Js , ont> expt.>cts 

falrly collimated bottom quark jet.R At LEP/SLC energies. Thus, f'rrors on l.l1f' df'ter

mina.tion of jet axis are not expected to pose a severe prQblem. We quote her~> from 

ref. CSOl the corrected expr~sstons for the normAlizPd transversi" lepton-momentum 

distribution, measured with respect to the parent quark tjt>tl axts in the c\e.~Ays 

0-+ qlul, 

1 dN 
~ 

N dpT 

wherP 

X 

~ 

rJ (dpTlH 
t min 

PT JH 

H 
Po ' P1 • E T 

max 
X f(ptHl ".'Q 

E H 
[dx IHX,Yql 

:X: T 

X 

2 
ll Pr 

min 

2 
H + m 

) t /2 

t 2.56) 
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2 z 
ffillX. ( 

2 
0, CPT

1 
- lJ. lrlQ )/7./'J.PTl 

CPT> 1 n:T>H - tPT>!! 

z 
m

0
A 

1 2 
-(1-r l 
2 q 

32 
--.;--~ 

mo g(rq> 

197. l 
~ for tb; r., t) decAys 

mo g<rq> 

{ 7. ';7) 

H - h >hd r 11 · ···r11 
ere H = Qq is th~ f'l'lvy Cdecayine a ron nnd f c 

1
> I!'l m1 Inlnn!-:u: T 

distributlon function, usuAlly tllkPn AS A anuss1An. Tlu• function Htx ., Po • P1, Yq 

mqlmq> is given by the expression in eq. (7..51>, for r. And t dt>cnys, <'!lld "!!· (7..!.7.) 

• for b decays, and the function gtxl is eiv£'n by gtxl ' l-Ax 
,, (, 

- 7.t'!x lnx ... Rx - X • 

rlN 
Ttte ·m,~;::.!'luremf'nts of the dlstrlhutl.on ----T tn hi~;h r>nPrer 

N dpT 

. -
t'" t'Xj•f't 1110!"111 

h-'l.\"1'- l"'d to tiH' d!'terminati<ln of brtltlchtnr. rn! los forb ) lx, t • .-J,j,-1, '"" ill;~"'"' 
<;:J) 

agro;-ement with the measurements at th~ T(4sl . PrPSt'lll botton. li·1•lt ('It :o-1 ..,, 1st 1c;.: .,, 

PETR.VPEP Is typtcl'llly nn ord~r of m<~gn1lllfle smnllPr th:w At rx>RIS :1nd fT~>R, .1nrl Ltti~· 

fact thPrefore hns limited the scope of the PF.TR/\/PEP f'Xp•~r i m,...111.s in st>t tin;; '1 rn•--tn-

' inr.;f11l limit on the quantity Vbu/Vbc· HowevPr, with :ln expPctPrl,... 10 hot tom h11drnr1:; 

per experiment per year at LEP, detectors hnvin~; good lepton f'rtf'rgy rf'solution!': 

would b~ Vf>ry compPtitivP. wlth experitnf'tltl': nl DORIS :lnd CE~R. 

derays 

<pR> ~ 
T 1 

the Pr 

With this possihtllty in mind we show the di~trlhnt inft·~ 
dN 

N •II'-! 
T I' •ll!t ' ~.,. 

b -~ el VJ :md b -~ nl "I in fit:- (r,) n~;in;~ :1 •• ,, "'' r,,., 

400 Mf'V, " numhPr sugt:•><;t ~·d hy t 11•• Jli"PSt'!JI 'I :II -1 ( ~ I t•' ' - "' II :'''" ! i, 

II 
-dt~>trthutJons tlep•~nd 0{1 tilt' dtnict' or 1111' !ltll"lii~~IC-J'-r r1ln,·t )Pit 1iid In• 
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t h" 'Jll'111l}" of such m••llSilremf'nts is not l(lillf' lhf' Sllffil' .1s lllf' onr>s from tlw Tl'l;~l __, 

- ± 11" 
should, hm•evf'r, bf' pointed out th11l thf' funct!oc1 flpTl is 

R R' 
{ll~''lSUrflhle Jnderwndf'ntly tn the S;iffiP experim.,nt, hy for ~'X.''tmplr ffi"'I.':O:IJr\ng drT/dpT' 

hh -~ 1 x rlf'rnys. It 

.01nd t-his would elimin.<~te the uncertntnty in discussion. f\ \.'nrd of c:lt!'-lnn nbout lhf' 
1 . -

rt>l!l.Livr> nnrm·\li?.:ltion of dN/rli'T <h•n/h~•·l tn nn PXfH'rimPnt; It is r,tvPn l>y 1\ 
7 

IVJ 11 /Ytw1 gtr· 11 l/glrcl In thf' (jlnrk par-ton modt'l.l 

Z__,_'i__Ir:Jl... ~l~2':1r::!s_ _r~ l f!_cl.z_£\t_ 1__!:_n __ t:.L( !.:~Ui__ 

Jn Uw rrf'rPrline S!'Ctlons t!tf' pfff'cls nf ~hP tlf'AV}' qn:-~rh pnl;'"lrjz;ltinn on 

!:!,.., f\I"<HIIwt·inn 'lrtd d<'<'-1Y distribution:~ \.JPrf' ne-cl.,rt-,-.d. For chr1rm 'l!td bnttnm •]tt-1rl1s, 

t-hP p•Jlll.rizAtion t>ffeC"'ts 11re- expf'cled to he very smnll sin•·,-. it J:;:; pn•domin-1nt]y A 

psPurlnsrAlAr mP:-:on thAt f'vpntuAlly rlen"nys WPAkly. C]PAI-ly, lhP spin-1/?. m1t 1\r"f' nf 

' t:hP qH:-~rks !e-arling tn .'! <1 + C"ns Ol dlstrlh11t.1nn fnr tltf' qn.1rl<.: Jrl~~ is st.ill m'lin-

t'1in!'d h11t th.-. hP:lVY qullrk decays isotropic:~lly ln its rest framf'. Th.-. distributions 
+- - - ± ± 

mPasur"d in thP processt>s e e ~ cc, hb ~ 1 x, h x art> in gonrl agree-ment ~.r:ith thf' 

<'!!-:S1lmpttnn nf llf'[;]f'r·t lng lltP i'olnrizntion .,ffp,·ts ln lltr> WP:'!k dt>c;,ys nf \];f' c :-~ttd lo 

qu11.rks. 

Tlti:" Assumption would still be correct if the t.op qqnrl<.: fi"Ai;rn<·!tl'll iPn pro-
• 0 • 

r:r>ss l ~ T,T, + x were e-itl11'r domin::~terl by lit" pse,u!n:~o·;-,\,11" top IT'•':"nno :.] 

Pte, vhich is somPI.IhAt unli]<.:r>ly, or· f']~.;r> lf th" VPrtn1 111•'""11 T .J,., . 
cn,1;_;n .. t-ic nr .~trong intt>raction:.;, lr:-.1rlifl1; In T ) TY, r,,, tlt1• !,. 

• • 
'"" cn:-:f' for n MHI R df'c:lys. f!n\JI'\>t'l, tht·· ·>\!(·; ~:·-··!1'11]" ,.-

"'' •,.,-,,,. 

'l" 

" \<·'. 
),.r. 

slnf:P llw hy~w·rfine splitting hetveec1 T -'\nd T i:.; f>xp.-ct<"d l•• l1f' vt•ry snnll nm\ tlw 

• 
Ht t·r-'\n~ilion rat-t" J'<T J T + y> wonld h••comr• much sm;tl\t•• •·nn,p;nPr! t-n tit" ~o·•"ll; dr>\ . ..,~ 

• 'i'i) 
widt.tt r<T ~ 8Xl . This cert-lllnly would h" ltif' cn:~ro for tltf' top q•lflr·k \o.'tll1 m: 

30 r;,.v. This mf'AIIB lh:ll lhr> pnlM·Jznt.lou of tlw top qunrll will n•snlt in., J•r>!nt-t;~1-. . 
ti(Ht ofT ::~ml, thrott[;h tftp pnrtty violA! in;_; 1-.'~':'!]1. dl'l·.-,~·-· nf T, ~o.·ill !'"' dtl•· 1ft 

tho:> o:>nPrf.:Y .<~nd llnt;ulnr distributions of its rlPr:Jy prnrhwts. Tn :1rldit inn, fnt- ! lu• )>1"•1-

+ - • -· 
("P;~;~ P P T (szlT (szl ~ x, nnP PXJlPc!s spin-spin <"orrr·l·t!iott ••ffp.-t~;. 1 ('1ol in;; t, 

Sflffif' ('rlh•'!.<'IWf' ln thf' frllgrnf'nl11l!ntt nf tnp qwHk Jr!:" 
'>"-l 

It Is 1'\"ilh'nt fn>m lids dis1·w-;sinn lltflt :HI flddit i"n:1l t•·,.:un.•t••t, ~~""""]~· t\w 

do•:__;t·pr• nf pn lll.J-jz;tt j nn I h'11 :-;ut·\· i V>':-; I liP fi"-'\Gffi"!tl '11 jon Jll '" r'···.;, f, \.'<lll] rl \<•' ltr'•'dr••l 

t:n (·nmp:1r•• t·Jwnrr•ticHl distrjh•,tions ~o.•ith Llw tht.n (>n top q11:1rl1 pr('rl•wtintl 'Ht•l 
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drcAys. Of course, f is a priori not Known, hut if: crm he determined by ll ~inr.lr 

measurl'm~;> nt". The d;1t a from thf' top quark dec nys then sltnHl rl hP compnrrd with t tlf'o

retlclll calclllllf:ions including polarization effects, with the depolcu·tzntton pnra

meter f. We sha.ll discuss the t-polariz:~t_ton effects both in prodm:tton :md dP("flYS, 

borrowine calculnttnns rf'portPd in rf'fs. 156> and 1571. 

+ -
Top quarKs will be pr·orluccd in e e annlhtlatjon with a hir,h rlrr;n_.r of 

polari7.1ll inn. 01"f1ning tltf' t quarK polArlznt.ton V+'("l:or rt - CP[_,PT,PNl, OIH' hns !ht• 
'31 '>A) 

following expressions for thl" lhr·pf' componPttlS' ' 

PL 

P' 
T 

[ 
z z ?. 7. 

2 Vt at f3 ( 1 + cos OJ + ?. r·p <vt + n1 f! l 
N . . 

I 

•t 1 [ 2 
______.:. - _, sin9 Cvt At f3 cosO + re at 
ITiz Nt 

l"o-..:0 ) 

12.581 

Neglecting y-z interferencf' and OCD loop cOrrections thf' Vf'clor I\ l if'S in 

the t-pror:ittction plAne, t.e. its normAl compnn!C'nt PN v:~nish+~:'!. In IC'q. 1?;,5Rl, lh(' 

functions N1 anrl rf! are g1vPn hy 

2 
<vt 

2 2 2 2 2 
N, + at J f3 (1 +COS 9) + 2Vt It - e ) + 4rp Vt At ~ ~0s9 

r, 

~ 

2ve Ap 
~-,~-2 

<ve + fie l 

z 1J?. 
ft-4mt /sl 

1?..5'3) 

whr>rt' A 1 , vi nre gt ven in table (1). Botlr Pl. And PT are s~nsit i ve function:~ of mt 

For mt O('t vPry closr> to m1..J7., P1. 1::; lArge, nr>r,ntiv+' And only sl()wJy vnrying with 0. 

The trnnsvprst' component PT hns A 

pon~nts .'"lre displayed in fig. <7> 

<PL> And <Pr> art' givPn by 

strong fo'rwnrd-bnc:kwArd Asymm!'try in 0. goth com

for mt "40 GPV. 1\vf'rAr,Prl overt ltP pol."'r !1Jit:lP, 

<Pt> 

<PT> 

2vt atJ3 

N2 

~ ~ reVt 

• 
~.o 

re ~ 0 

•• N2 

2 

and the function N2 is gtven by 

z 2 z 3 2 2 
N2 (Vt + Rt )j3 + - Vt (1 - f3 ) 

. 2 
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<?:.hO> 

C?.. f,1J 

Th" qu:1ntities <Pt> nnd <Pr> are shown in fig. f8) A~ a function of Js for mt .'· 40 

Gt>V and the vnlucs of the stAndnrd model paramctf'rs corresponding to st>l ( i) in 

tablP 12). 

The componf'rtt of t-qm~rk polarization normal to th!' t-quark production 

plnn,., PN• r,PlS A non-zPro cont.ribHtton from tntPrft'rt'Ttef' !1r>lWf'P.Tl non-renl Z exch:~ngr• 
59) 

and r~'al y exchange amplitude!>: , And between Born :~mplitudPs and non-real V('rtex 

0::::0 corrf'rtions. Thf' n•levnnt Ff'ynmrm di:~gr:1ms .<~re slwwn tn ft[;. <'Jl. Writing 

PN ~ PNCyZl + PN<QCOl 

on·~ h-"1:> 

PNiyZl 
tr;ncx 

z 
Gr1!1z1U2 

mzrz 
--:r 

0 

•t 
-2 f3stnG fQ,. a,. Ot •t>!Nt 
./Q - -

<7._r;?:J 

C2.6:1l 

where ()~(Otl is thr. f!leclric rhnrr,e of the f'l('rf:ron !top quark) And tl1~' nnrmi'!l\

znt.ion Nt is givf'n by r.q. C2.59J. The PNI(,CDJ pArt i!'l giV('n by 

PN((,CDJ 
4o:s 

3 

•t 
~2 

JQ 
[ 

z 7. 7. 2 l 
sin9 lv + a lv ~ cose + 2ve ae vt at 17. - f3 l I N1 

e e t 
<2.h4l 
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Thl" dep!"ndcnCP of PN on 9 1R Also shnwn in fl{;. C7). Tlw flllffiPricnl v"l1w nf I'N i:..; 

very sm:1ll for .;~11 v<~lucs of 9 find it is not going to hP Pm::y tn mPnSilrP it Thr 

efff'rts of heam polari7.nt:lon on PN hnve bf'en st.ndif'd in rPf. <S7l, \.lhPt·f' it is :~l1m•n 

thAt both PnfYz) And PNCifOl Are dramntlc11lly Pflh:tncr>d for Iong:tludin11lly pni,u·izPd 

bPI!ms, though 1 n angulnr rec 1 ons of sma 11 product 1 on rnt f'. For l his re~1son .,..,, dr1n' t 

show them here. 

The me;~surPment of final state correlations amon(; leptons nnd j>'L:~ r<'<JIII·· 

res the knowledge of spin-spin correlAtions betwf'en t ami t. Dropping trTms of 

' O<re> c~o for sin 8w=1/4l, one has 

dofs,sl 

dQ 

do 1 

dQ • 
( 1 + hjls!J + b}JS!J + b!JVS!JSU 

\.lherP the coefficients of the spin terms nre given hy 

h" 

hp 

hpv 

••t [ ) - ---qz BtVt <1 - J,kosOJk!J + c 1 + f.kos0Jk 11 I N1 

·~ [ ) Q -<~tVt <l+J3cosO>kp + <1-fkos8lk11 I N1 

?. 2 2 2 
fvt - nt l J3 (1 - cos 9lg1JV 

' _ 4fvt 
2 2 2 

f3 at> <kpku + kvkpl I Q 

2 2 ' ) - 1\ ( \'t - nt l f3cos9 { kpku - kul<p) I Q I N l 

c?..r.'il 

( 7 .I.(,) 

\.;hPre l<p <1-lld k!J df'notf' the 4-momf'nt.n of thf' inttinl stnl<' r'lPclron !11111 I"'''IIJnll. !1• 

thf' prf'cr>dtnr; secliotJ we hflVf' prf'sPntf'd drtni 1Nl <111'1 r i h11l.ion k1sr>d nn t hr llnJ>O [.'11 r

zed top qunrk. Including th~ polarization of l\1f' l 'l'l3t·k, onr h.'1s 

dJ( s) dff1 + c~sJJl ( 7:. (, 7) 
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... -here df is the differential w-idth for unpo]M'17.ed t-dr>r:ny. R!"strJcting t0 thf' 
+ '37) 

SPmilPpl0nic dernys t ~ hl u1, one h,'1s 

rlf" 

, , 
C:rm1 
~~--1'\' 

17:811 

x1.G_- X] - (mhlmw/) dx]dX]JdOl 

f- lm],lm.,.,lz- Cm 11mwl7. 11 - xh>J
2 

Thr> \·r·rt or <p c~n tw r:hns1•n for top QI][Jrk ~s 

Cp = 
1 [ ! 1 
- - PJ --

mt/2 XI Jl ?. PtJI ) 

11nd for r]N· 'lYS 

1 
Cp " + xl Plp - 2 Ptp muz 

l?..f,fll 

(/'_f,'l) 

( ?.. 701 

The trentment of !'t prodrwtion ~nd dPcAys so fnr is in close nn~lnr;y t.-itlt, 
+- +- ±:j: :f::j: 

fnr ex.<~mplP, thf' one for thf' process e e ~ 1: 'f ~ 1 1 x, 1 h x <llsclls:'>f'd in 

ref. 1611. Thf' e:-~s!'ntlnl dlfff'n•nce here arises from thP unknown mtxturf' of tnp 

kHlron polr~riz;1ti0n slates survlvtng fr.'lJ:::ffif'fll<'ltion pffccts. Tlw nctunl cross Sf'rt inn 

is., \.leighted .<~.vernge of configuntllons in which hoth tnp qunrks nr" dt>p<>l:l• l?•'d, 

t nr 1 is d.-rnl."lriz,.d, or nn qq;,rk t:-; dPpolnrL~PrL Tlus \.'l ll 11.'1J>f"'fl, for ,,~-->•nplr-. 

- -· •- ·-· for thP ronflr;nrAtions TIX, lTT + T Tlx nnd T T x r-p:-;ppr-tlvr\v. ,\~:~11m1nt_; lhnl n . . . 
polnri:?•·d qnnrk with B7. = +tl?. \.Ill] con\'(•rt tnto T <s7. = 1l, T ls7. Ol, T l''z -11 

:lllr\ T< s Ol \.lllh rPlntl\'f' \.l>'l~hts 7::1:0:1 would g!VP 0.~;- ThP rnmhlrwd r•ffprf 

of prorhwtion, fragmPntAtton dPpolAJ·t7.Atlon, And \.leAk df'c-Ays rnn tht>n ]>P PX[>rf'R~I'd ,., 

-1 - ' -\ . -
drrfin'll CI d 11 Dt Dt \1- f [bp r]J + b\-l el-l)+ f hpu c]lc)Jj d{(tldf<tl ( ?.. 71) 

\.lhl•r~> Dt;<Dt> is tltP top quArk fnnti-qllArk) frngmPntatton function, usu<JlJy pArn-
62) 

mPtri7.Pd by th•~ Pf'terson e-t nl. funrtton 

Dt < z l ~ ~--~·lc t.__!__r!___ 

' [ 1 - ! - ~f.t. ) ' 
z 1-z 
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To show the kind of polarizntion f!ffects thAt nn• expl"cted at u-:r And SLC 

cnergit's, we show from re-f. CS1> the pffect of vnrytng the 
+ -

the primnry lepton Pnergy distribution in thP proc£'~~ f' f' 

r: t :md 
0 

·• 7. 

p:u·nmPI Pr~ on 

tt -• l±x tn fir.~~. 

<10a) ... <t0c), 1t is clear that the f'ffcct of vnrying Et in the region o' (t-
-3 • 

tO on d<T/dE
1 

is not very important, however this distribution is rnthPr sPnst-

tive to the depolarization pArameter f. Tn pArUculnr, t.hP Pnd-pnl!lt !'lfW!'t.rnm I~ 

dependent on f in a measurable way. This is A complicAtion vorth rt>mf"mh<:>rlng If 

attempts are made to determine the CK11 ratio VtsfVtb from precise mNtsuremf!nts of 

the enr:l-point spectrum in the top qnnrk sPmt-lepton.tc decays. In fig. <10c), the 

combined effect of the variations on.i and fonda/dEl± are shown for two values ot 
peak 

mt = 4.2.5 and 37.5 GeV. We note that E1 , which we recall is a good mPnsure of 

mt, though somewhat smt>nred is still rather sharp. Thus, polarization pffPcts on 

the lepton energy·spectrn, though by no means small, still leave th~ shAl•e g('nsi-

~" t!ve to mt, and a good measurement of d[fl could allo~ a determination of mt to 

within 1 GeV. The measurement of mt through lepton energy measurements is also 

studied by the working group on topontum at LEP. 

We will conclude this section by a brief discussion of colwr£-ncP pffec:t~ . -
in the production of top quarks, which are absent for light qn.'l.r\< proc·~~s f' 1• ~ 

r,z ~ q(i ~ 2jets. The coherencf' pffPc-ts In thf' top IJll:'lrk fr··~emPrttflf.ton wo11ld 

reveal themselves in a production angle dependence of the frAgmf"Ot.'l.tion f11nctton, 

quite contr:lry to the common incoherent approach. Tllis cnn be SPPJl hy tntnuhwiTif: 
- + -

the helicity density matrix pCtt) for the process e e -~ r,z -~ tt 

' ' 
Pv]-JV p 

1 

N 
) Tvp>.

1
>.2 

tt".>.z 
. ' 

Tv JJ >.1>.2 
(2.1:1) 

Here Tis the helic.tty amplitude calculated from the P-orn dinr,r<tm sho\.:n in 

fig. C11>, where the definition of hPlir.itiPs enn nlsn h1• S£'•'11. ThP !"'fl!idltt,)n TIJ' 

fixes the mormalization N , The cross-sl'ctt()ll for Ll1l' lnclusive p1·odtwt.tt•n of n LoJ' 

hadron is given by 
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+ -
rlaCe e ~ t:t ~ Hxl 

dcos9dz 

dcr H 
Dt C9,z) 

dcos9 

~hPre, in the coherent picture, the fragmentation function is given by 

D~ <O,zl I dx [ 

"x 
uu'pv' 

M~~ <tt ~ Hx> 
""x\llJ 

ce> 
p\ljJ\l' }.1' 

• 
M>.>.xu Jl 

<2. HI 

<2.1Sl 

Eq. f2.14l df!scribes the inclusive cross-section for the production of II tn tt ~ Hx, 

starting ~ith a 

of e, hence thE' 

tt system whose spin state is described by pctt), which ts a function 
H rlPpendcnce of Dt on 9 and z. It is easy to show Cin the approximation of 

neglPcting ,, H f\ ) thAt the coherent fragmentation function is given by the ~xpre~s-

ton 

H 
Dt fO,zl 

) f 2 2 f dx hx \ C1 - 2 P++u) IHnx+-1 + 2 P++++ { IHnx++J 

+ Rc M>.\x++ 
. \ 

Mnx--1 J 

\.ll1ere 

P++++ 

2 
4 7. mt 
- sin 9 -
N s 

' whcrf' lllzl 
, 2 

s /[ { s 

2 16 
Q + -

t 9 

2 2 
+ mzl 

2 2 2 2 l 
102 1 Vt <ae ~ ve> 

2 2 
+ mz rz ] 

f2,16l 

C2. ?7) 

II 
For light QUArks, r++++ = 0 nnd so tlw frnt;ml'llLHt\on funct.ton Dt t0,z) h:lo; ]10 0-dl'--

pPOrll'fi('P, rf'cov~ring t·hc USIJAl fncohPn'nt frngmf'ntJtt.lon plcturf'. To haV(' n cif'tni1N1 

preriJction nne should know the non-perturbative funetion 11\\x+- , H\\x±± etc., 

which, for ex~mple are functions of (t Anrl the dcpolnrtzntion pnr:tmPI.£'r f for thP 

model we discussed earlier. 

!t is ohvlous thAt detatlerl predictions of the colwrellf'l' effN:ts ~r,.. mo•lf'l 
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dependent. However, ·u is pos~ible to get firm predictions for exclusiv" f,in'll 
+ - - -· states ltke for exnmple e e -+ y, z -+ TT, TT et<:. In particular, onf' has 

T + - -• 
Dt <e e --+ IT 

7. 
'" 11 - 2P++++> IH01 -+I 

T , + -
Dt <e e 

2 
.... rf> - 4P++++ lHoo++l 

The quantities 1-ZJl++++ Ami liP++++ Are shown Ml functi<>tiS of 0 111 frt:

{12>, \Jhich Sf'rVP.s as an example of the t-qunrk frn1:rrn·n!:1tion dPpl'rul~'IWP nf 0. Tlw 

pff~>ct that such angular d!'pendence cAn have on som.--. of ttw php;!c:11l 111>s.--.n·~hlt•H 

l 
could be dramatic. For f'Xample, the forwanl-back\Jnrd asymmetry AFR nn 1:~ ""to for 

+ - - -+ - _ .. 
the exclusive state e e -+ TT and gets enlumced for the exclusivf' stnt.--. e f' -• TT , 

t - + - -compared to the AFB <O> for thP process e e --. tl. This is shown in fte. f13l. 

Heasun>ment of these effects would constH11te A test of the spin-spln pffN·t s of 

top quarks in hadronic channels. 

3. The Cnbibbo-Kob~§_l}i-l'fflskA~A l'f,qtri_~ 

The flavour mixing matrix V, rP1nt_ln[; thP Pif,"nstrJtf'S of t!lP q'1"'rk 

m~sses to those of the \Jeak currents J~ J.n f'q. <2.21) cnn bf' symhol.ic"lly 

lo'ritt"'n :!:'> 

( Vud 
Vus v,b) 

V " Vcd Yes v b 
Ytd Vts v:b 

( ~~ . tl 

... 
Thf.>riO' are various parametrizations of the ml'ltrtx V ~IMil~hlt> tnvol\·inr, thrf'r 

ane l "-" And :~ plrnsf'. ThP f t rsl of tlrPsf' pnrnmf'tr l:;o,nt Inn, g I Vf'n hy Kohay'l!-dl i :wd 
<2) 

Mnskaw::~: , hRs the form 

VKM 
( 

c, 

-, :::: 
-s 1c3 

ctczca-szs3e16KM 

c,sz.-:3+c2c 3e
16

KH 

-s,s3 ) 
c,r2s3+s r ,.lt\KI'f 2 "3. 

c,szs3-c2c3f'i6KH 

f:1.7.l 

whPP" c 1 ts 1 l = cos9i(stn9 1 l and 61\M is a phnse, inductne Cf' v1ol;1lton. lh·~q"''' its 

plon~ering chnracter, there is 1'1 gf.'neral fpplfng among thf' prarti.tinnPrs of .,.,P,'\k 

-39-

interaction phenomenology thnt thf' Kohayashi-Hnskawl'l fr>rm, VKH'• is not pnrticul.<~rly 

h101ndy in thP Am~ly~1s of experimentnl re!'mlts in terms of simple dPduct1ons of the 

CKH Rngl~s. This is obvious from n cnmpnrisnn of l.'flS. <3.1> amt f3.2>; onl.y lhf' 

m~Asurem~nts of the m::~trix elemPnt Vud can hP c:lirectly tr.1nsform••r:l. into thP 

c:letr>rmin.<~tlon of the CKH :mg!P 9 1 . 1\ll othPr elemf'nts involve function~ of "~ ]P!l~t 

l\.:n nn~lps nnd Romf' involvP 11ll thf• follr" CKH p.<lrflmPI.Pr!'l. Not. Rltl'prJslnJ:ly, 

.<tll flll.<lnti_ties rl'l3t.Pd t·n thP f'lPmP.nts Vcs• 

ly have An involvl"d dependence on th•~ ]>!1.1:~,-. 
0 -0 

Ych• 

'~fiM· 

Yts• .<~nd Vth rlirf'rt.ly or 

J:x.·nnp] <•S "f '"II< i1 !<o• ],;11· I,,, 

nl mo)-'1. 

1 T"l i r•"·!-

.,. " 
K - K mass diffpp;onces, the cr viol:1t lng pnr-rlml'tl'r~ mlxir.~: ]"lr'w"·l•·r<· If< 

t "" rwnt )';\l hott<)m mP:'!Otl s·~rtor AS Wf']] 11:~ cr v!olntiOIIS. Ill S<~v··r·;ll of 1\.•· ("'\:·=··. 

mPntJ.onl'!d .<~.bove this is an utml'!cessary complication and can he avoid('d by A more 

judir·lous choice of rotAtion axf's and qw1rk phasf's. Onf' cAn mnkf> US{' of thf' rPCPnt 

measurPments of !Vbc:l ;md the bound.s- on !Vbnl to \i'rll.e murh simpl('r and practicrtl 

par:~metriz:~tton.s- of the matrix V. Wf' sh;dl discuss some populAr allernatiVf' 

riO'presentations for the mntrix V in .•(while after discussing the present 

PXperimPntnl st:1tns of thf' VKH' mnlrix elf'mPnts. 

We list here the m<~trix elf'ments governing the 2x? {d,s) pnrl of thP mrllrix V. 

ThPy ::~:re t;tk"'n from ::t rec:Pnt .-:ompil::ttlon in r('f. fb~i) t~-a·e nlsn rpfs. (f,(,Jl. 

IV,Jrtl 0. 9735 ± 0. 001 5 c1. :n 

IV08 1 0.2~1 ± 0.003 

IV('ctl 0.24 ± 0.0~ 

IVcsl " 0,85 ± 0.15 

The mAlrlx Pl<'ments IVhrl :md IV!Jlll nrt• ttw focus nf vpr-y inl<•ns•• r•xp,-.rim•·nt:~\ 
+ -

r,.:~,.·n·cll etl. tlw· existing e <' mrtchlrH"s. As we have discussPd in <_],\all in tlu• 

prf'C"Pt:'ding sect-inns, the most optimistic plnce to measurf' 1Vh11 1 ts In the an::tlysls 

of thf' end-pnint }Ppton f'nergy spt>ctrum (f'QHiv;\lPntly tr.'l.nSVf'r~e ].-.pton ·~n··r·r,y 

srw-•·t-r11ml. Tht> prPsf'nl best limit on tllf' rntio 1Vh1/Vhr1 is fr·om thP :m'\lY<;!'S nf 
+ - - ± ;1) 

thP prOC'f'SS f' (' ·• Tt/isl -) nn. l X . ('ufortrmnll'ly, I liP \"Iii .. r t!w l··pton 1'\WIO:' 

~~pt>rlnrm is Sf' liS[\ lVP to !.Ill' hot tom h:uh·nn \J:lVP fllll<'t Inn '1.1\tl t lu• •'XIl'~l,-1 Inn ••I 
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I Vbu/Vbc I at prPsent is a model depl'nrl('nt enterprise. Probably, lht• presPIIL llf'st 
- 67) limit on the quantity R : rcb~ulvll/f(b7clull is 

~ < 0.04 <90% c.L.> C3. 4l 

obtained by analysing the events with the mass of the hadronic system prod11cerl with 

the lepton, mx < 1. 0 GeV, Ana lysing the lepton energy re~; ion bf'yonrl the b -l c l\11 It i-
- 3) 

nematic limit gives R < 0.08 • Theoretical models used in such l'lnAlyses AT{' by 110 

m~ans exhaustive or compelling. There is certainly a lot of experimPntal ~nd theorp-
+ -tical work to be done to get out IVbu/Vbcl from e e d:1.ta. HowevPr, it Is ohvio11~ 

from eqs. (2.37> - 12.39> thAt the upper bound R < 0.08 Alrendy pushes t.hP coot t"ihn

tions of the b _,. u transitions below a significant level in the sPmtlPptontc dt>c;w 

branching ratios and life-times for bottom hadrons. This fnct can bf.' usPd <nnd Jws 

been usedl to determine the matrix element IVbcl from the measurrome-nts of <tB> and 

<BR>st· U~tng the relAtion 

B 
rSL 

BR<l l 

'B 

B the QCD improved expression <2.37> for r 5L and the measured values for <~8> and 

BRC 1 l one gets 

for mb 

" of r SL 

give 

IVbc I 

+ 0.011 

0.050 

- o. 006 

0.04 < IVbcl < 0.07 

:t: 0.002 

using R < 0.08, thts givf.'s the uppror bound 

IVbul < 0.01 

13.51 

{ 3 .(,) 

(3. 7J 

This is roughly n frtrtor 2 worse limit thnt onf' oft.f'n sf'f'S tn lttr>r·atr!l"f', ~o.·lrl1·h nrP 

-- ~ ---
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based Qn much smaller vAlues for R. The matrix l:'lements IVbcl 1\nd 1Vh11 1 are so 

small that it is pos_sible to predict the element IVthl to 
1

a precision bPt:t.Pr than 2 

p. p.m., with the error dominated by the one on I Vbc I. Unitarity cnn bf:' u~r-d to 

predict the range of all the rest of the mr~trix t>lements of V. Thlls, thC' prr>sent 

knowledge of the CKH matrix can be summarised as follows 

0.973 :1: 0.001 0.231 :t: 0.003 ( 0.01 (3. Bl 

v 0.24 :t: 0.03 O.RS ± 0.15 o.oss ;I; 0.015 

( 0.011. ' o. 06 0.9992 > Vtb > 0.9975 

We wo11ld like to point out that the errors on the matrix elements IVcctl 

and IVcsl are still quite large to ml'l~e more definitive statemP.I!ls nbout Vtd and 
Vts and ye have used the safer presen't limit R < 0.08. 

We shall mAke a digression here and point out that in particular 

theorettr.al scenarios it is possible to relate the mAtrix elements Vij and the 
68) quark masses. For example, it vas pointed out by Stech that if the up-quark mass 

m~trix Hu and the down-quark mass matrix Md have the form 

t T 
Hu=Hu"'Hu 13. 9> 

Mct 
t Hd=aH0 +A 

\.;hPrP a Is a con~trtnt and A is flO :mttsymm~trtc mal.r!x, ltrf'n on£' can stmv thr~t 

a md- m~~~ 

mu-mc;+mt 

z 
IV 12 1 z mctlms 

2 

•b 

" •t 

z 
<O.OSSl 

JV 23 1 z m8 /mb - mclmt 
z 

<0.23) 

Thf' prPdicttons and postdtcttom~ <3.10J Arf' in remArl>nblf' ngreement with lttf' 

<3.101 
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eXpl"rim('nt:~l met'lsurements And somr>d<~y may f'VP!llt!Ally lwlp 1.<• di~w1>lt111f;lf' llw 

complicated structure of symmetry brP.<~ktne givint: T·ist' to thE> qn.1rl' m·llri,·r>s- M11 11nl 

Hd. Wl1ilf' still on tile trAil of thf'oretJc,ql Spf'culAtioTJS, OTH' slmuld T"Pil\'Hi; 1 h"<l it 

is possible to prPdlct the ratio 1Vb11/Vhcl in spPcifJ<· modr>ls fpr 'lllr!Tit mM-::-: 
60) 

m'ltrices. For PXITmplP, in thl:' p,Pnf'rAl i:>:ed frit7.~·WII mod<• I t l11• qwll h 11:'1'"'' m'l'' tr·o· 

Mu .<~nd 1\1 e.<~ch havf' thP form 
70) 

"' J 
Hi F ipj F e 1 j e , 

0 A 0 

A 0 B 

0 c 

( :1. 11 ) 

wltere ft.., B, C are posit 1 VP constants and >. 1 and p j :1re som~> pht~sPs. ThP mrtt r 1 x 

elemf'nts of F can bf' writtf'n in tf'rms of the quark mnss!O's 

~ 1f2 - 1j2 -
A~ <m 1m2 l , B- <m2 m3 l , C - m3 1m3 » m7. >> m1 l 

70 71) 
One then has the prediction ' 

!Vbu/Vbcl ~ ( mu Jt/7. = 1/th 
~ 

( 3. 17.1 

10.131 

for the quark m<l.sses mu"' 5.1 Hf'V And me= 1.3~; GPV, tnlwn from rf'f. <77:>. This 

prf'rllcts !Vbul ~ 0.004, which ts .<1 factor 7..5 smnllf'r thnn t.lw prPsf'nt limit !:i\'1'11 

in <3./l. It has been argued in rPf. <?Ol tl1nt hot.h the StYf'h nnrl Ft Jl ;·:-ct, m·1ss 

m~trir.es can b~:> mAd+" rompatAble to each othPr. Confirming lor rultnr, 011~1 tl..

prf'dlct1<1n (3.131 is probllbly onf' of the lnsk~ of thr> l.F.P I'XpPrimPnts. Sf'Pil 111 this 

perspect i Vt:', precis ion measure~ents of hot tom hadron df't'-"'-Y propPrt 1 PS 1 s '11! 

f'normously rewardtne enterprise. 

Return! ng to 

which deserve speciAl 

other parametrization of the CKM mntrix, V, ll•r•rf' m·e two 
73) 

mention herP. Wofenstf'in hM! ohs(•rved th.1t tht> mnt.rtx 

el~ml"nts Vij show a certain pattern, ~h1ch suggests R pe1·turhn~ Jw~ !.'Xpnn~inn of 

the matrix elemf'nts. Df'f1ning IVuql = cosOc ::= \, onf' hr~s nHmPri{·rolly 

' 0,23 

IVhcl"'\2 

' I VhtJ I ' \ 
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0.05 

' Tlinrl, I'XflMldlng viJ in po~Prs of \ Alld kr•Pp111!) terms upto 0(\ l (!Jlf' h.1S ;\ 

pr•rturh;'l:tive form for V 

v -1 WolfPnstein -

2 
1 - - \ 

2 

_, 

3 
A'A<t-p-iftl 

' 

1 - - \ 

' -" 

2 

2 

A\ <p - 111> 

' \ 
I 

' A\ 

The present experimental information then gives (for R < 0.08> 

\ "' 0.23 

A=1.0±0.?. 

2 ' ,, 
+ " 

< 0. F>S 

2 ' 

<:1. 111) 

I 3. I~; l 

{ 3. 1fi l 

For R < 0.04, onf' would haVP p 
+ " 

0.30. This p;~r·;~met.riz:ltion h:1s ttw simplf' 

fentllrf's th:1t. <tl the Plements Vus and Vcd have the SAme tntf'rpT-Pt!ltlon Ito 01\ll ,., 
as in the 12x2l C:~hthbo-GIM matrix (Ul IVcbl IVtsf !lnd lttt'l Cr violntion 

3 
ent.Prs .1t 01\ ). Of course, the Ansntz r.q. t3.1Sl is A VPry C0m•Pn1Pnl construct 

for analysing experimental restJ]ts as ~e shall seP helo~. 1\ny rlPPper th<>orr>t \rnl 

unr:\r>rstnnrling of the pt:~ttern (3,14l is not At. prr>sPnt rlVAil:~hlP. 

~-
---..---
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15) 
Another representation of the CKH matrix is given by Gromm and 5<-'ht>rhtl•r 

\Jhich, to practical. accuracy has the form <c 12 <s12 > 

c,, 

VGS 
-s 12~i.Pt2 

-i.p -1( ~ + ¢' ) -s13e 13 + s 12s 23e 12 23 

1,¢112 
stz'-

ct?. 

-s23;1¢'z3 

costl12 fsin0 12 > etc. l. 

I~ \ 
s 13e t3 

:,)~23) 

( 3.17) 

Here the three mixing angles coincirie uith the measurAble transition AmplitiJdPs 

s 12 = 1Vu8 1, s 23 = IVcbl, s 13 = IVubl· The physical CP nonronservati(Jn 1~ ffii'AS!Jred hy ,., 
the invariant phase 

~ ofl12 + $23 - .Pta {3.18J 

All CP-nonconserving Amplitudes are proport ionnl to IV usV cbVub I si n.p. Fo~ f ixcfi VA lues 

IVmJI, IVcbl and IVubl, the CP non-conserving amplitudes uill be mAximized for l¢d 

= n/2. Using the freedom in defining the quark phnses one can rotate away thf' phm;l's 

¢~ 12 and ¢123 in <3.17) getting 

cl2 8 tz st3"l¢ I:'L ]'l) 

VGS = - 5 12 ctz 8 23 

-I$ 
st28 za-5 t3 -s23 t 

~o·hich is very slmil~r to Vwolfen~tPin· WP shall use the form C3.1Sl in dlsruss.irrg 

our results. Som(' other reprefwntAtions of Uw CKH Are disr:ussefl in r·pfS:. C71 l awl 

( 7(,). 

We \Jould like to end this section with some remarks on tire pot(•ntlal ,,f !.rl' 

experiments in measuring thl:' CKH matrix eleml"nl.s, Jnrl~;ill& from thf' pn·sc-nt s:~fe 1 i

mtt R < 0.08, one may need an ordl:'r of mAgnitude lflr[:l•r· bottom hmlron snrnpll' th:111 

presf'ntly availllbl~ to measure thl" matrix elemr-nt l\'b11 1 ttl A. li'VI'l 1\'bnl "' 0.004. 
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6 
This mfly or may not be available by the I.F.P turn on. With an anticipated 10 bottom 

hadrons per year per experiment at LEP, it should certainly be possible to test 

this limit. We have· already stressed the importance of having good lepton energy 

resolution tn 
t t 

B --) 1: u't: , B 

thts context. Hemwrements of exclusive bottom hadron decay modes 
17) 

-t 1111, p11, 3n, 1\11 etc. may Also help, though thf.> interprPtation 

of data would be somewhAt model dependent. CompAred to the experiments at OORIS :~:nd 

CESR, the experiments at LEP have an advantage and a di!=!AdvantAge 1n the- recon

stnrr:tion of bottom hadrons. Since the bottom quark And antiquark jets will be sepa

rated at t.EP enrgies, thP problem of cross-over of the two bottom hadron decay pro

ducts is much less Sf'Vere, increAsing the bottom hm-tron reconstruction pff \cil'nr.y. 

The disadvantage at LEP is combinatorics due to the bottom quark fragmentation, giving 

rise to addirlional hadrons before the dP.cay of the hottom hndroll, 1\ f<>ntnn• whtrh 1s 

absent at thl' T<tlsl. Luckily, the frAgmentation h -l nx 1~: v<:; y iwnl nnd t.lris should 

help in distinguishing the bottom hadron decay products from thl" rPmnants nf the 

hnttom qu~rk jet. Thus, for <7.>B = o·:·s And for the CAS(' of twobody or quase two-body 

dt>c,qys in Mu transitions, n cut of F.track > 10 GeV, for exAmp1(', should rPmov,.. the 

frAgment~tion products. Here having good particle id('nt1fication "Jill bf'- n pArttrulnr 

Advantage. 

Turning to the measurements of the CKH mntrix eleml'nts Vti(i=d,s,bl, th~ 

experiments at LEP and SLC have no s:r.bvious rival! ·Houever, as cAn be Sl'f'n from 

eq. (3.15>, one expects 

I Vts I 
Vtb 

I Vtb I 
Vtb 

2 - ' 

3 

' 

o.os (3. 20) 

0.01 

It !'leems thnt if mt !I; 0(30 GeV), then tt.ere might be enough top hndrons avAilable in 
0 -

the d!"cay Z _.. tt to meAsure IVtsl· Tht> element IVtdl is, however, by no ml'"ans 
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trivial to measure, though identiftrcntion of tlw h;ulrnTIS lll,p,l'- 11 rr•colliT1;; ill tl1" 

dect~y t -+ lx may provide some useful trig[;r>r for tl11• t ·) d ,],. ·;' ",;; 
± . • ± . 

t-+ (s,dll VI-+ (TI,p,IC,k ll u1 is r~lso quill' striking. 

4.. Weak HAss Hlxings and tht>ir Implications at LEP 

A non-trivial tPst of tht> !'lt:mdard model liPs In mensurln[; the :-;tp•nt:tll nf 

the flavour changing 16Fio:2, l\Qc=O transitions <~mong the m•utrnl mf'son 
0 -0 

sy~tf·ms K -K 
0 -0 0 -0 0 -0 

D -D , B -B and Bs-Bs· Experimnntnlly, surh trnnsil tons h:tvP hr><'n m<'llSHrl'd 1n I h" 
0 -0 

K -K Sf'ctor 
?B) 

collidrr 

only, though there exists some pn•11 ml nAry f'V l dPnr·" from t h" rn:N pp 

20) 
mesons 

thRt such mlxtngs mt~y nlso bP prPsent tlffi(lflf, tlw Tlf'lllr"'l bot tom 

0 -0 0 -0 

0 0 
B5 -Fl 8 

Concr:>ntrating on the interest 
0 -0 :. 

and Tu-Tu oscilllltions and their 

at I.CP, we will d.tscuss t.hf' n -n D -R 

phenomenologicAl tmpl1cat.1ons 111 lhis 

section. We start with a discussion of the formal:lsm which is needed to tksrriht' 
0 -0 

H -H mixing, where H is any neutr::al meson, assumPd to be 11 pseudoscnlt~r. DPfining 

the mass eigenstAtes by MH and H1. (for he11vy and light> having definite der:Ay 

widths rH and ft (and hence l!fe-tlmes), we will primarily be interested in th" 

f]Uantities l!.H, tlf Alld (l'f defined below 

hH ~ HH - Ht ( l'j,1l 

t.r ::: rH - rt 

0 -0 

Hu,L 
<t+cHlM ±(1-cMlH 

.JZ<t+lf:MI > 

whPre liM and t.r are obtained by diagonaliz.tng the Jlnmi ltoni<~n 

0 

H ( ~o 
( 

M - ~ tr 
2 

• t • 

Htz- 2 rtz 

"'• -tr,) ( ::) 
H - ·- if H 

2 

( 'l.?) 
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This exPrcise gives 

tJf 7.Re [ <H12 -- r 12 J <M 
• - r 112 z 12) J 7. 12 

AI = -'1 Tm [ rn12 -
. 

T'tzl <Htz -
7. 

7. r:zl J'/2 . 

0 -0 

( l'j,3l 

In lltLs notation M1z-- rt2 = < !1 lf!IH >, <~nd orlf' nf'eds tn I'C>IIlplltP t.llf' tr:tn<.:tt·inn 
0 - -07. -

amplitude H <:=Qql ~--) H <:::Qql to gt>t H12 And f' 12 . Since in the stnndnrd modPl, hoth 
0 

I hf' photon and Z have manif('stly dl.<~r;onrrl rnuplings, thP lowr-st: non-trlv\<:~J 
0 -0 

r::ontriblJI:ion to the amplltudl" H f---+ 11 
+ -

is viA. thP exrhangr:> of W W dtngrnms. Tlrr>Sf' 

box type diagrams are assumed to represent the inclusive sum of nll flnvour neutral 
0 -0 

intermediate states to which both H" And H can contribute. 

0 -0 
~~_:_Q____!:r iX 1 ll&.:i_ 

0 0 
The calc11lations for t!M<D l and l\f(D l are given in refs. <Bl. Thf' 

0 
contribution to hr<D l is suppressed due to the C,qhthbn angle nnd onf' expPrts 

0 
l\f'lO ) -:?: 0 
~------u----- ~ 10 TheorPticnl predictions for l\l'f(D l ;we rnlhf'r fl11id. ThP st:nndHrd 
nn l 

prodcdurP is to cn.lculate the 1\C 'l. box dingr:tms nnd r·Pl:JLP tlrf' r'~sult t" the 
79) 

AS~ 2 rPSlJlt of LPP nnd Gt~i]lr~nl . ThP r,..~nlt lisnorin[; tlw smr~ll r·"n~rf)nJtion 

from I tw h IHHl t qu:trk~ l is 

2 

~!2 : ( ~~ ) 2 ~ ~12 
M\'K me fK mK 

( '1.11) 

72) 
l'sing thP rllrrent quark masses .<~nd fo fK gtves 

8 _, l\HfDl -'l 
1\H(Dl ~ 7.x10 ~PC ::; 10 <II. Sl 

f(Dl 
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If, however, one uses the constituent quark mass mg 

0 
MHO l 

9 -1 
2x10 sec 

MHO> -3 
z 10 

[(D) 

SOO HeV, then 

., 
It has also been argued recently that l\HIOl/f<Dl is further snppres~ed 1 f 

(IJ.6) 

one inc·ludes quark 
-6 

~H<Dl/f(Q) : 10 ! 

masses on the external lines of the ~c=2 box diagrams giving 

Wolfenstein has taken up thts issu~ recently and 
0 

qn€'stioned 
2 

the use of box diagrams to estimate ~H<D ) because of the smallness of m8 , 

since non-perturbative effects are expected to be important. The problem is that 
0 

the alternative way of calculating 6H<D> via the Cabibbo suppressed decays D ~ 

+ - + - • -2 
-t n n , K K , ••• ,etc. leads at best t'O an upper bound MHDl/r<Dl < 10 and it is 

very 

will 

difficult to make a definitive quantitative 
0 -0 

ke~p the D -0 issue ~ively for some time to 

statement. It Sl'ems th.'!.t this issuP 
0 0 -0 

come! Any way, th~ D - D trans!-

tion probability, despite large charmed hadron statistics at LEP, would be diffir:ult 

to detect. 

0 -0 
4.2 ~ -B Hixings 

We shall now discuss the mixings in the bottom meson scr:lor .'!.nrl for tt1c 

time being will not discuss the CP violation parameter £g. The hox di~gr~ms shown 

in fig. <141 give the following results for the mass differences 

2 ?. 
o Gr fsd lllBd ?. A 

(/1, 7) t.H<Bd l : ----z-- "w B Fct lmb,mt.~> 6n 

?. ?. 
0 Gr fBs mss 2 

l\MCB 8 J : ----z--- Mw II Fs <mb,mt.~l 
6n 

-'19-

YhPr~ B is the so-called bag consbmt, which entf'rs through the rleftnttion 

0 
<hrvct-r5 >dl 

2 -0 4 A 2 
<Bn I I Bd >: 3 B fBd mBd C4.Bl 

0 2 -0 4 A 2 
<Bs I lbytJ(t-r 5 lsl I 88 > : - B f 8 ~ 3 s s 

and has the value B : 1 in the v~cuum insertion approximation; fgd And fs
8 

ArP. the 

bottom mPson pseudoscal.<'~r constants definl"d in section 2 and the functions Fct ~nd 

F8 are given by 

Fct Cmh,mt.~l 
d2 d2 d d 

(\cl ui + <~tl u2 + 2(~tl(~clu3 

F8 Cmb.mt,~l O.~J 2u 1 +· ~~~J 2u2 + 2C~:)(X~lu3 14.9) 

The CKH-angle dependent fActor ~i assume the follow.lng values in the Wolfenstein 

parametrization: 

IXdl ::: • 3 
1Vcb Vcdl . ' <4.101 

c 

I~ dl • 3 2 2 3 
;:; IVtb Vtdl : >.. J<1-pl + rJ ' ' t 

l~s I • 2 
- IVcb Vcsl . ' c 

IX 51 • 2 
- IVtb vtsl . ' t 

Th" qu.<Jrk mass rlependent factors ui have been recently rccalculnted by Burns et 
1 q l 

al. including OCD calculations to vhich ve refer for details. We shAll Rhow simp!£' 

and approximate formulae for u
1
for intuitive reason. The lP.ading contributions to u

1 
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are given by 

2 2 
ul"'mc/'\1 {4.11) 

2 2 
u2-mt/'\i 

2 
u3 .. mtmc I '\/ 

In the expected top quark mass range 30 

of the exact r~sult. Thus, th~ dominnnt 

GeV ( mt ( SO GeV, cq. {4.11 I is vi thin 57. 
0 0 

contribution in both 6H<Rdl nnd f..H1P. 8 J is dw· 

to the u2 term. Since in the QCD improved quark decAy model for bottom h:~rlron~, one 
0 0 7. .q 

expects f1 B d I = rc B 
8 

l a. IV be I .. ~ , as w-e dtscussed 1 n section 2, the plll'nomf'nol o-

gically interesting quantity for B-ii oscill:~tions, I"'M/r, has the folloving CKM 1:\ngle 
_20) 

dependence 

6H 0 2 r <Bd' a. ~ ( ". 1?.) 

q 
M 0 ' - CB l a. -rr = 1 
r s ' 

Eq. f4.12l g:ives a simple p:1ttcrn for the_ mass mixings in the bottom meson s£-ctor, 
0 -0 0 -0 

namely IBd - Bdl oscillations are CKH forhidden and IR - 8 l Are ~KM n!..lQ.~A· 1n 
6H o t:.H o s s .... 

fig. f1Sl w-e show- r- <Bdl flnd r-- HI l as a function of m for 13 = 1. For 1'111 these 
t:.lf 0 -1 6M 0 s t 

vnlnrs -r <Bdl < 10 Ami -r 0\ l > 1. Thus, we expN:t substantiAl mixtn~;~ in the 
o -O 0 s_ 0 

8
5

-13
5 

and very lHtle in the Rd-Rd sC"ct:or. 

There exists a general consensus in litrr:~t ure t 11'11 t lu· q•r,.,nl it,. tiC i "' 
0 -0 -0 

suppressed for both the Bd-fld and P. 8 -R
0 

m!xines; tr, l.!tr fnrmf'r r:l'lsf' ll i:~ ·• cnns•·-

quence of CKH suppression in the decay bd -} <udl (iJdl, and in the latter of phase 
--- l\fOO 

spar:-e in the decay bs -t <csl (csl. Thus f <Bd, 85 1 « 1 and ve shall ignorl" this 

QIJantitiy _1n numerical calculations. 

A good method to investigate R-B mixing is to measure the scmilcptonic 

d~cay of a B<or ~) m~son in the "wrong-sign" lepton. Defining the ratios r and r AS 

follol.'s <note our convention B :: b; , B :: hql 

0 + 
feB --t l VJXl 

r " nn -t.l v1xl 

0 
reB -t l v1xl 

r = -__,--,-~
rcn __, 1 v1xl 

"' thfO'n one C!'!.n show 

2 
r 0 

r = r/T] 

OM 

r 

2 + 

4 

2 

) + ( 

( 6H ) 
2 

r 

Ar 2 

) 
?.r 

( 6r ); - zr 

-S1-

2 
0 r 

1\M ?. 

) 

z ------

( M) 
2 

2 + 
r 

v!t.-rC' T] 1:::! A mr•asttre of CP-vtoll'ltlon dPfin('d Vin thP ronvrrtllnn indrprnrlPnl 

r~lation 

<BH ! BL> 

2 
t-o 
-----, 
J•o 

( 4.131 

( '1. 1") 

< 'l.tSJ 

( 1\M ) ' WIO' sh;~ll SPt T] = l for thr tlm~ bejng. For complt•lf' mtxing i.P.for r » 1, 

r "" 1 leading to equAl numher of "rjght stgn" nnd "wrong sign" leptons in 
0 -0 

11~"1!\:r::.l R d~rays. Ho"wf'V<'r, sincP only thE:' R -R osclllntion is PXpPrtrd to be 
s s 

signifit:l'lnt, only the ratio r will rlevt;~tp sipllflc.<~ntly from 0. WP ddinr., 
s . 0 

flllanttty which tl'lk('S into !'!.ccount the n•]l'lttv~ rAte for Rs produrt.lf•n Anrl t1PTtrP 1s 

mnr~ rf'lt:'vant for· thr t:'Xp~rlment!'!.l me:u::;urements In t.hf> contintmm lhnn ~hP 
0 0 

f11Jan~iti.PS r<Rdl and r<B
3

l which Wl"re defln~d in (4.13>. The PXpPrlmPnl.'l] mrAS1H"f' 

of B-B mixing invnlv1ng thf' wrong sign l!>plon in tlw ~wmllf'pton\!" R rlrr<~rs is).., 

df'fined :ots 



+ 
rcR --t 1 x > 

X ::: ± 
rtfl~lx> 

~57.-

Ui. If, I 

0 . 0 

On!"! C"lll n"lat~ ). to the individ!J"ll mixing p;"tr:l.meLPrs xd ~nd ls of r." '11HI n"' ffii'S(lfl:.; 

deflneri :l.S 

l,j( s} 

Vi<l th•• rel<1'-lon 

0 + 
rcRdCsl ~ 1 xl 
--·-o-···---r-
rn\tcsJ -~ l x> 

~~_{__,_<;_~ 

t+rd(sl 

' 
CBRld CBRlsPRX:-; 
--Px+~~~-

<BR> d d <F!R> 

0 0 

I 11. 17 I 

(IJ.111) 

vhere PctCP3 J ts th£' fraction of BctCfl8 ) mf'son productton nt n t; i \'f'll r·l'rtl 1 P rrf ffi;J:;s 

0 0 
energy, CBRlct[CRRl 8 ] is the Hf'mJ.leplonic brrmchJng ratio for Lhr> Ilct[RsJ m>'son n11rl 

<BR> 1s thF:' tiVPrr~gP Sf'mi.lf'ptontc br<tnchlng r:1.tio of hot.tnm kHin>IIS mr>!'ISllrPd -'\t lh!ll 

Pnergy. Sincf' P3 0 <Jt TCIJs), thp [(!Js) dHll1 r ·qr lnt'ilSilf"P 011ly ld H<)W>'\'!'r, <(·.· '·''' 
be ca}ClJlated from fig. C1Gl, one e-xpects ld { 

CESR 

-2 
10 ! n Llir> sl "'lnrlnnl mr"l••:. n,.. pn·-

SP.nt br;ost limit on Xd from experiments at 
'I 

1 s Xrl < 0. 7.7. , ~-.·hir"h is 1 u'';:l1l y 

tvo or·ct,-.rs of m:tgllitnrl<' lnrgr!r thnn t.llf' f'XJ>('r·t I'd \'rt l1w of t.I1P s."'lmf' tjlt'lnl it~ i 11 '],., 

st::Jnri:l.rr:l model. {[xperiments tlt CESR a11ri DORIS :1n• 1-'f•ll nrlvi~c;r•d t.o r·'ll' .,,,.,\·•· l<'• 1 

l0 he ablf' to mf'asure weal{ ru1Ss mtxtnn 1•ffPct~ in till' hoL1l•JII m~'snn !'><>f·lrw 1 1 

Since Xrl is 
20) 

\ 

very ~mall, w~ ~el :l..ri ~ 

exprf'sston for 

\ 
<~13._~~Psx~ 

< BR> 
l's\s f (ssl:t:o; 

0 in < ''· .1 B J. T'"'"• ) ..... 

.,, 

wht'rt! ttw lt1st: two Pf!'ltll1LIPR f'ffiiTf:t' from llw r~ssllmJI! lo11s CIJII'.!.'Js <J'.I\) "'"' <1il 

Ps ~ fls8J, which is t.tw prohnhllit.y of prndw·i11g r~n s~ pnir- ir1 tlw fT·•::•n<·l•l:,l i"'' 
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of t!.P h-'lll!lrl\ jPI.. Tlw q11nntily fCssl 11!lS hPr>n mf'!lSIJrPrl in !l Jr~ree n11mh,.r of hir,ll 

r:'TV"rr;y pf,yslcs expPr1mf'nts. Tlr<' lx!st fil of the n·lnlr:'d qu;Jrrttt.r Ys ~ f<~·;:;J/f<drl.J in 
+ - '5'1 

f' f> :l.nnihil.<~t1on nt PETRA and PEP is: Ys = 0.33 ± 0.07. , 1-Jhlr-h r,ivJ>s fls:-·l ~ 0.1:1. 

The ratio fts~l ts 1nr:-rf'ns1ng slovly vlth .Js, so VP f'X)'N:t fls8Jr.EP/SI.C ~ O.lS. TlrllS, 

for mnxirn1rm Ps-Bs mix in[;, XR 

t]IP Cflfil. i ClUUm, Of!(' <'XpPCt.S 

0.5 rtwl for r>xpr>rimPnl.s involving hb prnd•wt inn ill 

lm'lx f ( ss) ( 1!. 7()) 

2 

~-.·ltirh &i\·e~' !l rnlio of 17-RJ7, for thr> n•lrtti\T prob:,llllity of ptnrhwing ,-, l:rc>~•:;-

s i ;-;n 1 "Pl r>n ill llw pr i m"'l"}' sPmi 1 Pptonir:: dN"A}'S of A bot tom rpnrl1 < Jr•! ) . 

+ -
1__:_~_2_rJ~[~':.._di lr~pl on 1;:!\::._~~l!L£.....~--~~I~H_>;_ 

NPXt \J"f' cnkul~l£' thf' dtleptt'ln ,-a~e-s from the primr~ry B deeR}'~. ll••nntlnt; 

by NzJ tlw preriir::tf'rl 

r::nml>illlltion is N 

dileptnn rA~~. tl1e expPr-tPd rat·~ for opposit"f' And 

RCt±/+-> 
~~~'!: 

"·-

--7 
\s • 0. ') 

+-

2 7. 
<11-xJ + 1 >Nzl r~nd N±± Zx<l-x>Nzl· 

z,o-x> 
-----------z---------r 
11-xJ + x 

2xsf1- Xsfls~IJ 
l< ..... ·-~·--::·--7. -7.-- --.:··7. 

[1- \sflss)] + XsfCss) 

7flssl~2- fl~sJ 
-~-----=--z--------;:::--~_-

<7 - fCssl + f Iss) 

0. 11~ f Ol ( ( !~S) () • 1 ~; 

<'0) 
Ttlf'n 

~-;r~m'' r::htlr;~~' 

I I!. 71 J 

T!H· 111;>'1!'1'( 'l'IOif'd is for ffi"lXiiiiiJJn lls-P.·.; m!xill;: ·d 11'"/~:Jc ,.,,..r,:l'"' r .. !'<o'll]O'lJO' 1),. 

rtbon· r·1t io ~-.·till <hl.1 OIIP sii<Hild ndd t.o lhts thP coni I ih•d iot1S dt1r· In ill<· I" tt .. r·\ 

+ ' 
II."Hh-ron r·."'\sr:ml,.s h • ex ·• 1 x , wli!ch ohvlPnsly dPJ>f"Tlfl r111 l.],p ~l"'<"iftr PX)H"I imPI,':,J 

c-ond I I i0ns. 

l.<•l •Js bri P(l y t nltf' st oc:k of l h•· prPsr>nt r>Xf>"T i mf'TII :1! r "'~•111 s nn t )o(' 

'"' quAnlily R<±±/+_l_ Th{'rf." is somf! prP]lmlnnl-y f'\'ltlf'nr::P !rom tlw r-\1 Cl'lf!:1+1'1BI!J 
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data that in high Pt dimuons from pp collisions R(±±/+_l -t 0. An analrsts of this 

data, tAking into account expcrimentfll cond.ttions is given in refs. (7.01 and (821. 
. 20) 

After subtracting the bottom cascades and other b~ckgrounds one finds ,RC±±/+_l~ 

0.25 ± 0.09, which is consistent with the expectations (11.2U and suggests 

substantial B5 -Bs mixing. The least that one can do with the UA1 data is .set a 907. 

C.L. lower limtt on the mixing parameter. This gives x 0.04. In fig. (i7l we show 

contours of constant x in a two-dimension::tl f<ssl - r 5 plot. For f<ssl ( 0.?. :.:~t th•~ 

CERN collidcr one gets a lower bound on B5 -fis mixing pnr:lmPt"r r.~. r•"m··~,- 0. ?~;. . -
From c e ~nnihilation, there are tvo null rt".sul!.:; ;1V:1.ll<1hle from rr.r .<~nd CF.SR for 

the qwmtity RC±±/+-J. We have alrc;~c\y. ciiscu.ss('d t-he bound fn•m CF.SR. Th,.. H;~rk-[I 
93) 

collaboration at PEP have set a U.mit on x. x<0.12 At 907. C.L. We show lhe exclu-

ded area in the f<sSl - rs plot (fig, {17)), As indicated in eq. <4.201, in the 

standard model, one expects Xmax ~ 1/2 f(s~l ~ 0.01 at PEP ener.gies. Thus, the pre-
+ - aql 

sent e e data both at PEP and CESR do not yet have enough statistics to test 

bottom meson mixing in a significan~·- vay. On the other hand, the limits on x can tie 
0 -0 

used to rule out non-standard models, \Jhich predict substantial Bd-Bd mixing. This, 

for example, is the case in SUSY models with relatively light glujno And squark:". 

4.4 Weak mixing effects in forward-b;~ckw;~rd bottom ch~e- t~srmmetry 

Another plar.c to detect the presence of lt-.n1"'7., fflQt~o trnnsH\ons ts th~~ 
. + - -311) 

electroweak forward-backw-ard .charge asymmetry in the process e e ·) hh . At 
+- - +- -

PETRA, the charge asymmetry in e e ---} hh is me;1sttred via the final st<1te f' c --J hh 
± -

--J 1 x. The presC'nce of B-B mixing vill lend to vront:-:"lgh lepton ilnd hf'nce \.'lll 
0 

decrease this asymmetry. At LEP, one could use in addition reconstructed ~s mesons 

and/or information from the vertex detectors to directly measure the asymmetry in 
• - 0 

c e --J B5x. We have discussed at length the c1cctrowenk chArge asymmetry in the 

standard model including OCD radintivc and mass corrections. ThAt tn fact vas a prl:'-

lude to the overriding interest in 

Denoting by A;B the standard vr~lue 
20) 

O!lP h::tS 

+ - - -
the e e -) bb Asymmetry due to B-B mixings. De-

-b 
And by AFB the measured vAlue for bottom qnnrl,s, 

-!)~)-

_, 
"r11 -+ --:ll- ( f' P --J hh -l ] X) 
AFB 

RR<b--Jl xl - RRlh~l xl 
<4./?l 

<I'R> 

" ( 1 - 2:t) 

~ 11 - 2x 5 fCssl l 

-------} C .1 - f Css) l 

Xs --J 0. s 

-h h 
Thns, fnr t-nmplt"le Rs-Bs mixing, the> rr~t to A!-'11 I AFr. t~ ~mr~J\pr· I kHI 1 by I !•" 

fl·,,rt·inn flssl. \·/" ·~x1wct ft~~~l ~ 0.1~; Al l.Fr And SI.C. Tln1s, ;') mPnsTn-t•m<'ll1 
_,, 

,>f -'iT. 

hetter the~n 57. is nec>ded lo seC' possihle pffec:ls of R-R mixine t hrongh 1 hP 
6 

:l.symm,..try ffi('<l.SIJrPments. With 10 hnttom hmlrons f'XJI('CtNI pPr }Tar :!.1 [IT, ll1C' C'll(>l 
-h . 

in thf' ffif'<!Sitremt'n\"s nf An~ vtll bP c1oml nnlPll by systf:'mAI 1 r f'rrnrs. 

ThP mf'Mwrements of the Q!Jark chAree AE;ymmetry At PETRA and !'Fr ;H f' st 1 11 

very much In ::t preliminary staee. Despilr~ ll1IS llw .JADE co11nboratlon nt !lf'~;y hn\-c 
1!(,) 

mf-'::t<;IJrPd the hottom quark asymmetry at 4tr }PV('l. Comhlnin[; nil lllf' PETRA dnta , 

•.:hi.-:-h is rlomin~ted by the JADE contribution, }'lf'lds 

,, 
.<~s;·l'l 

-h h 
AFB I AFB > 0. 74 At 907. c.!.. In fig. <1Rl Wf-' dr·n""'' cnntn•n·s nf cnn~~I:Jnt 

h - h 
R ;Jsrm , tJs t nr; l hP "flU:l.l ion R asrm 1 - Zx:o-flssl 

rcflssl 
1 - 7. ·-'---- , Wi I h t )w ]uJUildAI-y 

I 1-+r:~ l 

I• 
,·nt~<IJ! in11 0 r ft:~:~l ~ 0.:1. Also :d1nwn i~~ the Pxr·lllrl"d rr-~;inll ft•;- J::.,:-;:rr• 0.71: 

vhir:lt rnrrPspnnd:o tn x < 0.1:1. Thi:~ limit is slft:l•tly '"''"r~~, IIL1n tlw <HI'':"'! lty !II'' 

Hr~rk-II djmuon d;"tta x 
f{ ss) 0.15 r~nrl rs 

0.12. At;ain, lhP PXpPcted effect ;"tt FFTR<\, PEP Clnd 1 Fl' f<" 
. , 
IS: Rn~ym) 0.05(l.~-l C 0.071. 

It is c-l€'<11" from the disCIJS~ion ,'lhOV€' thnt- t-h" .<~c-t-11:'11 m<•fl:~IH"PmPnt :.; nf P-F 

miXil';; pffpc-ls would df'pf'nd on dynnmic:d dPtA!l!':, lllu• fo1- r•X11fllJ'lP thr> IPLlt 1\-,. 

sPmilPp!·nnJc hr!lnrhlnt; rAtios <!3RJ 5 I <BR> and tlu• prok1hillly 1\ tnt f(.;;~ll, 111 

RJdllion to thf' intrinsic mPasltre Xs lor r 5 ) which is ill JWln<·iplo>- ,l.•tPrmttwd b~· 

t lw .._.,.,'1\\ i 11\ l't"A<"I ion~. DPSJ•l t r> t '"' 1\<'Jl"lldPtWf' on t h1'S" dyn:11ni' ·1 1 q•nnt i I i ,... t ],,. 
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~Xpf'rimPnt-'\l 

tell whether 

" meAsllr('ments of R<±±/+-) nr R;1sym hy l 1 -~'ffi!-:f']VI'S .'lrf' nnl 
- 0 -0 

::llf ( i r 1 "fit t " 

thf' mixing pertains to f\d-nd or· B5-Ils . ThPn• cC'r·t:1inly is no '.:·1y ! o 
0 

tell the two mixings Apart at LEP <md SLC f'Xpf'rimPnts, vilhotlt t11f:f:1nf: t1_1f' Rs m•·:~ol, 

or df.'manding an extr.'l correlation. There! ore, there ts a nPed to d•'\'i -, l!'st :5 \..'Li•: 
() _() 0 0 

at least tn some re<\sonable limit, are able to distlnf:IJ!sh thf' f\d (-) gd i1om thr· )'.,-!', 

mixlngs. In this comwctton, it has hPPH potnt.Pd 011l tl1nt ffii'I1Sllrem,..nts nf lltP f 11,.,] 
+ + 0 - --0 t t l= + - -

stat~s 1 1 ;\ • I 1 /\ .<~ndl 1 F 10 (p f' 
1 

ppl -l hh IJOII]d ]Jp SIPlll!;ly IJnli<'!ll IU' of 
- ') 

P. 8 -R 8 mIx I n;::s Om• nPPds good dPtPction pfflcif'!!CtP_q fnt 
0 + 

hr>l II fl. nnd f Th1:-: 

Cf'rtninly is going to compromisf! cvPnt rAtPs <l~>spitP lnr-cr· ]>.,I tom h:-.drorJ st ;11 !sl 1r·~.; 

expl"cl.ed at u::r. 

ic..~ ti~~IL !!!.t~iJ.:!g_~f..~ttL!!!_Q< f' + e- ~ _l:LK~-~ 

We would 1 tke to discuss· th~ proposAl presented in re-f. c 7.1 > to mt•:Jsln-P 

B8 -il3 mixing. The propos:tl consists ~f mNlsuring th(' "dr!cny" of :..n exrit r>d bottom 

qunrk prodnced in a hard collision into the following s;tates 

"b"-+ l+K-K-x, l+K-11.
0

x ( 4. 7.3) 

- -++ -+-0 
or its charge conjugate h-+ l K K x, l K (\ x. Tl1e main irlPtl bPhlnd thP fln;-.1 SL'llr•s 

<4.231 is rathf'r slmplf!'. Sine~ mtxlne in thP bottom mP!>on sPrtor 1s Pxp•••·~,-..d 
0 -0 

in thr> B8 -fl 8 sN:tor, one expects short range fin rRpidttyl fl~wonr ct'l n•].'ll.ions 

nmong the fragments of a single bottom quark jet also. Norm;Jlly tn ;1 bottom 't'lllrk 

j~t one vonld have thP fragm~>nts 

0 -0 -0 
b~B8 +{!(-, r.: ' A l + 

- -0 + 0 0 
b-+ B8 + <K , K , /\ ) + ... 

on~ exp~cts final stntes 
0 - 0-0 -0 + -0 0 

B~K , flsf\. , J\~K <lnd flsA Of 

1-'l.?lil 

ronrs", in In oth<7'r vords 

gencr;:l.l the Kt and 
0 -0 

A I A multipltcity in the 
0 -

1nrge lPRdtng, for example, to both thf' B K x 

fr.1gml'nlnlion of bottom q11Mk mAy bt• 
0 + 

nnd B K x finr~l sl a1•s. T!rts tlfli.WVPr 

is not thr> casr> <>Xpt>rimentally. In tJ1,-. jnrgon of frngmPntA.l Jon mo<!<'l lHJ! ld,.r:.;. t llf• 
ft·--c·l 
--~- ·- 'Ill' I 
f(rlcl) 

1171 
M.; ill oi.]Jf't 

knon mtJlttplicity tn 11 jet is governPrl by an SU13J-br·enktne pnrnmr•LfT y 8 

of t-hf' fl. hy Another "Ys' =: H-~~-}. All('+('- dnt;J at PETRA rmd PEP ns \."Pll 

' ' R!>J 
0.1 - 0.20 high energy e-xperim,-.nts are in agrePrn<'nt with "Ys " 0. 3~ <tllrl "Ys 

-~7-

0 ± -0 ± (l -

ni\1s, jt is sPnslhle to stt1rly fl;1vour correlAtions of the type BgK nsk: P.g.'\/1\ 

etc. With the normal correlntions bf'ing (4.7.SJ, correlAtions of tl1e "vrong 

stangeness" type, namely 

-0 + 0 0 
b -~ B3 + <K ,I< ,A ) + ... 

0 - -0 -0 
h ·} Bs + { K, K ,A l +, .. 

0 -0 

(4.2~> 

1-JOlJ]<i hP i11 the first approximntion signs of BR-Bs mixing. Thus, in ]P,'ldirlt, orrl,-.r 

in Ys nr Ys or1r hAs, for t>xnmple, 

-0 -
b --+ HsK X 
---,~ 

b -+ R5 K X 

-0 0 
b ~ fl.~/\ X ---,-,-
b~Bs/\X 

~ 
1-xs 

~L 
1-xs 

14.?4> 

Of conrse, the ut11tty of the sl1ort rm1ee flA\'ollr corrr:~lntions {4.7~)1 ts 
0 -0 

only in conjunction with the nbil1ty to distinguish n r.5 from Bs. This C;Jtl lw 

acllieved through the semllept-ontc decnys. Rt'cnl11ng thnt f:liP trnnsilton h -l t' 

<iominntes b rt~cays, the semileptonlc: dN'AY of n bottom h:~dron VOIJl•t ]PIId lo thP 

folloving st;Jtes: 

0 + •+ 
T\1 -} m ,n .. )l "l ( 4. 7.7) 

0 •o 
I •'') 1-"l Bu ~ <D ,D 

0 + •+ -
P.s ~ <F ,F , ... Jl "1 

0 + + + :± 
NoiJ, since the d<:"c;o~ys <O ,D l -+ K X Are Cabihbo suppr N;scd but the dt>cttys F -+ K X 

0 -0 
:trf' C.'\bibho Allnvf'rl, a good two-particle inclus1v1• fiiM.l st:ttf' to l"llh:tnc" thf> fls{J\s) 

- + - + -
signnl sho11]d Ill' in thl' dl'cnys 8-+] K X ;JrJd B -~ 1 K X. This wonld 1Pnrl to tl1P fin;1l 
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state b-jet 
+-- +-0 

-+ 1 K K X, 1 K A X advocated in eq. <4.231, Oncf' agaln, it L~ imr.-r·nlt\'1' 

- ± ± 
to have the band b jets well separated. Hence, in contrAst to 1 1 X, t h,.. finn! 

states 1±K;K; Are Useful for expcr1rnrntAl situAtion 

reeton. To quantify this proposal, one could define 

well Above thf! I<4sl resonllnce 
21) 

the followine rAtiO 

R<l+K-K- I l_K_K_l 
+ - -

h-+lKKX 

b-+1-K-KX 
C'l,2fll 

Then, quite generally for collisions leading to bb production onP can exprPss thr> 

ratio R as { IJ. 7'] l 

+-- ---
R< 1 K K I 1 K K l"' 

~ o <Bql { BR<~q-+ l+K-XJf<q -to K-Xl + BR<~q ·~ J+Xlf <q ~ 1\-1\-Xl} 

~ o <Bql { BR<Bq-+ 1-K-Xlf<q-+ K-Xl + BRCBq-+ 1-Xlf<q ~ K-K-Xl} 

whf're the sum~ il'i over all species of the bottom hfldrons B11 ;:md f<q -+ ~txl etc. 
+ + - -

represents the probability of a quark giving a K . The df'cfl.ys Rq _ _. 1 K 1\ X <~rf' 

-" completely negligible ({10 l And hf'nre not .lnclmlrfl .tn (/1.291. No\J in lPndlnf_:: 
- • ± 

order in f<ss·l <keeping only the VAlence K hAdrons from the fragment<1t1Pn q 4 r.: }0, 

one has 

+-- ---
R< 1 K 1\ I 1 K K 

0 0 + - -
o(B8 lBR<B8 -+ 1 K Xlff~ -+ K Xl 
-~ -- -
o<BslBR<Bs -+ 1 K Xlf(R -+ K Xl 

BR<B~ -+ 1+K-Xl 

BR<B
8 

-+ 1-K-Xl 
~ 
t -xs 

RR<F -+ K-XI 
--,---_-
RR<F _. K Xl 

ThtJs, in thP limit that 
0 

. - -
eq. Ul.30) holds, th,.. flll!lntlty R(l 1\ II Xl 1~~ 

f(s-+ K-x) :mrl thro !Wmll••rtnnll- ,, . ., .. ' 1 •• a(BsXl, the probability 

meson. Tt rlf'pf'Tlds, hm.;oever, on tlJP I!W\Usi\'1• hnmchi.n{.; r~t in nf ! lw [-" 

(•'1.:101 

ll••!t·p•'!Hio• nt '' f 

·• ln1 l :, •. 

IIH'' :•>11:-;. 

-sq-

± - - + 
namely BRCF -+ K Xl. The quantity BR<F -+ K XliBR(f -+ K XJ in eq. (4.301 is 

expo:>~:ted to be around 1 in the quark-pllrton mod£'1 dNH:rtption of the F:t: decays, and 

hopef•Jlly would be available soon. 

Of course the discuss.ton nbovf' is somP\Jhat iddnl!zed. Tn re11l world, 
0 + + 

Cabibho suppressed transitions in chnrmt>d hadron decays D ,D -+ K X And tiH" 
- + 

suppressed fragmentAtion prece~ses u,d -+ K X 11nd s ·J K X would contrihutf' to the 

- + + 
ft1111l stnle b 4 1 K K X, thus giving non-zero contribution to t.hP ratio R df'flnf'd 

Jn (/1.281. The stg11nl And bllr.kground rnl"'!': havf' hf'Pn esUmnted in rf'f. <?.ll, from 

when• \J!" retrace the essential steps and r~>sults. 

0 

~ +-
Thr> distributions -

1
- (z = 7.E~o,:I.Js) for the procf'SSf's <' f' -+ Y,Z-+ hb ·• 

0 ± ( z . 
c Rd' p.,l' P. 8 , ... JK X 11re c:tlcul~ted In tlu.' qunrk-pnrton morlel, \Jhlch giVf'S . - -
aCe e -+ bh); the inclusive two-parttclf' distrilmtions nre then ohtl'linP.d by using A 

89) 
modified fragmentation model of the Fi.~ld-Feynmnn typr> ThP essentilll fenture of 

the modiftclltion is in the use of an experimentally observed hard bottom hl'lrlron 
62) 

frllgml'ntation function, which \Jf.l tak~ herf' to he thP on~ diJf' to Peterson et Al 

The momf'ntum rli~tributtons of tht' K:t mesons in the processes 

+ - ± 
f' f' 4 BK x (ft. 3\) 

90) 
An· tilf'n bound to he rather soft This 1~ ~hot~n In ftr,. ltql fnr till' 

• ' r fr::~gmentatlon funct1nn 017. =: 7.E~.:f.Js) for q 4 K X, q 11, d, s \•i!il ,, nr·-·lo 1;-
± ~ •. 

flq 4 1< Xl hPing t.hP inclusive prPh:ti•ilitjr>s rd pr .. dtwint; K x in t.loP fr--rf;mPnt:,tinn 

t + - ~4) 

q 4 1\ x , tn\{r>n from tltf' pres,..nt f' P mP.-.~IJrl'm>'n!:s Thr> fl:1vnrw dt-~t r tl.,rt.inn~ 

n sho\Jn tn fig. C18) arf" (ptltf' jnslnw1.\V('. Tllf'y giVP rt C011{Tf'l<· ffiPATtlfl!_; \1> lhr> 
- + 

noti("!n of AllO\o'Pd s--+ K X <lind s11ppr<'~Sf>d s-+ K X tr;m.<:iti(>ns. 

In fig. <20) we show the two-particle tnr-1uslvP d!fff'r·pntiAl cross-.<:ror-t i<>ll 

1 rl<:r + -
·-- -- --- <e e -+ I'KXl for the 
o<bbl dz 

± 0 ± -
finAl st.rttPS BuK X :md R;o;f\ X asr-:umin[; ftssl = O.l!l 

for ./s = 93 \,f>V. ThP htPrllrchy 1n the 
0 + - + 

rrfP.sK Xl :: rr<R
11

K Xl being the JnrgPst 

cross-sf'rtions is VPry strUdng, \:ith 
0 -

ami {J(J\8 K Xl th"' smrtllf'st cross-section. Fnr 

the pflrticular choi~f' of f(s;l, 
o - o + 2F.K 

we note that !T(BsK Xl/oCB3 K Xl :.. 5 for z = J.:-- ~ o.1 

.<~nd this ratlo becomPS ~ 10 for z ~ 0.2. Tn t!rP pn•sf'!l('P of ns-f\.: miXill;;, \111 ch:rn):•· 

is rr>nlly <'Xpected tn tlte cross-serlions 
t 0 t . 

{T(I\ 11K Xl nnd olf\,11\ Xl lHtt ttw crw~s-



-(,0-

0 ± 
section n-tB 5 K Xl will change in acconlancf' 

da +- 0 -
mtxing, one would hAve d~ (e e _. FI 5 K Xl = 

vith Pq. 
drr + -
-- (p f' 
dz 

0 -0 
( lt. ?.f, l. For complP.te f\;;-l:s 

0 + 
-J RsK Xl for !111 Y:Jl•wc: nf·z 

0 ± 
This is an effP.ct h!l.rd to miss for df'tPctors h11.vlng gon1l Rs .<!1Hl K dt>t.Pd 1.nn nld I it tP!: 

To £f't r;Jt-Ps for thP rat-toR in Nj. f'l.?.BJ Olll' has In k11m.• th.-. irwlw:ln· 
+ 0 * + t branching ratios for (D ,D ) ... K X and F ... K X. The form.-.r· nre now WPll "'''!lSllrr•r! 

but the latter an~ not yPt RVRil!l.b1P. ThP hrnnchtng rnllns ll.«r•d in nnr <:ll]C11]."11 inn:: 

are shown tn t!!.blP 111), 

We now discuss thP P'Slllls for thP finAl st.nt.-.s Sf'Tisil i,.,. t-r> t'·•· ''.'l'P 

0 -0 
of R::;-fl::; mixing 1 namPly the rati!S 

+ -
for thP rlllPptons I' P ) bh -) 1 ± , ... '< " +- - tJ.f ±+-

and e e _. bh -t 1 K K X, 1 K K X. To rf!ffiOVf' tlw hncllgT·nllllr! f,-.,,., " , .. ' 

+ - -+ - ± 
e e ... cc -t l X and 

+ - :1: :1: 

the cascAdf' dPCAJ:~ ~ e ·) !JI~;: -) 1 x , J'l'Odl!rln[; tlw fi,,·,] 

st!ltes e f' ... 1 1 X etc. without :my FI-R mixings, we havP put ll rut-off nn t.I1P 

transverse mom,.-.ntum of the ll'pton, P.f.'- 1 mensured with rPSJW!'t to thl' jPt.-nxts. 

Similarly, :;:Jnce the signal/bnr:kgrounrl rAt1o is exp,.-.ct.,.-.cl to improvP 1-:ith tlll' 

inr:rense in the momentum of the K±, PK, WP. have put n lowf'r cut-off on PK· In t·nh]P 
+ -

final states e c ... llX, lKKX: fot· Js 'l:lG•'V, { 12 J we present our results 
± 

for All posl'ltblc chArges 1 

for 

•nd 

the 

K±' 
- . 1 

rcs:::J = 0.15, Pr > 1.5 GPV nwt rK > o.5 GPV. 

ThP. dilcpton ratio R{±:l:/+-) rises from 0.045 to o.11S AS Xs inf:rertsPs from O{no 

- . . 
mixingl to 0.5 (complete Bs-Bs mixing). ThP ratio 1\R(lKKJ 

(T( l ){ ){ ) - <' ( j J: 1\ ) 
--------~~- -- -+ -+ 
o( l K K J + nc J K !\ l 

±; ~ 
dE'.-:Tenses from 0, 41 to 0. 23 in the sAmf"' 1 nterval, The r:"lt es for l 1\ !\ X st :1! <'S :ll"" 

substAntially highPr than thos.-. for t hP l:l:l±X stat.-.s. Tlw dE>r:-rP,"1~'"' tn t J,.• 1 "' io 

l\(lKKl M:: a function of Xs is a specinl case of the n~sulls 
0 + 

where as we hnve arg11ed bt•fore, the cross sections oiP,sK XJ 

shown i.n f1;;. 1?.01, 
0 -

r~nd niP.,.,. I\ X:l t "!ld t n 

f'<tch othf'r wtth increAsing Xs· Tt is olwlons, f0r Pqn:tl nnmbPr 0f hl> P\'Pnt:o:, tft,, 

clJr~nt;f' in t\R<lKKl dllf' t0 B-B mixing is more m~Jrkr>d nl lowf'r (•Jierr:i"s ~!.<111 ;~1. hir,h.-.r 

en,...rgif's, since the K± multiplicity inn jf'l is lnWI'r nt 1nwf'r Js, r-.-.~ult in;: Ht 

sm:1llf'r h;:wl>r;ronnd, \>lr:- show the rAtio liR<lKK> in fig:-;. (7.1) for two r.-.pn•st-!lL1tiVt' 

valnrs Cal ;~!.PETRA, ./s "- 43 G~V .<~ml {bl rtt LF.P/SLC, Js 93 GPV , >,.;h('rP \.'1' Also 

sho\.' the df'pendl'nrf' of 1\R<lKKJ on f(ss) for·t.hf' rllllf:l' 0.1 < f<ssl < 0.1S. Tn fl;;s. 
± :1: ++ --

C?.2l we plot thP rPlfltive r·ate of sAm!" slgn d11Ppton RC l 1 l ;:: <N + N l/ 
++ 

<N + N 
+- -

+ N l as a function of \s for ffss) in t.hP r'1nt:•· 0.1 { f(ssl( 0.1!;, 

-ht-

Not·.-. th'll Wf> hnVP 11s"rl snmi'Wlwl rPiflx.-.rt r+ rut-off ir1 fi,:. '/'fl··l ',, I>~·· 

In fir;s. <23l, we st1ow how to det.Prmtm· ffssl 111 hot tom qtwrk jP,ls, ...-Jwrr· 
+ - ± + -

we hn.ve plotted the brAnchillf: rAtio for lhf' irwlusiVP fin<1] st.1l.Ps Q(P !" ·• l 1\ k X 
.j. :1: ± :1: :;; 'f :1: :1: -

-+ 1-K K X-+ l K K Xl involving 1 and J\ , as A fnnrtion of ffss> for thf' rnnge 
- + -

0. 1 < f ( ss J < 0. 7., As expected, the cross-sPct ion crf" r> -t 11\KX l dt"]Wnrls l inf'Ary 

nn fCss) and a mensurement of tht.s qnantity should A.1rr•ady hP pnssibl.-. ~o·it-lr Uw 

existing data Bt PETRA/PEP enPrf:11's. Tt11s worrld lhPIT provtd.-. fHl illdf'pl'ndf•nt 
- 0 -0 

mf'H:>tlrPmenl of f<ss) for bottom Jets in the sAme exp~"riment whero' r:-fft:'t·ts of fls-ns 

mixinr,s worJlrl he sPan:hed. Thts w0nld fix fCsS) for hoth t\ClKKJ and RC±:t/-+-l 

me:Jsurements. 

' -ThP r.<~les presentPd ln tAhle 112> Are hnscd on 10 bh f'\'t'nts. Tht> 

int-ecr.<~terl hottom meson snmplP at LF.P could be an ordr>r of mnenttud£' lnrr,Pr in n 

typical year. Hel'l.stJrf'ments of R5 -fi8 '~txlngs at A level suggf'Stf'{! by thf' n:cPnt t:A.t 

rlimuon rll'l.tl'l, as wel.l as by tiH•orPtical calculAtions nAmely r 3 ) n.2S fnr x ~ O.?.l ts 

vithin the feasability of l.EP experiments. Not only will it be possible to Sf'e at 

LEP stAtistically signi.ficant ()4ol devi:Jttons for rs ) 0.25, bllt .1lso U1e 

cunromil:tnnt short. r::mgf"' fl:wour corrPlatlons via 1\R(II\Kl measlln'mPnt-s will bP 

tcst.ahlP, We would like to close this SPc:tion with some remnrks about dirl'ct ~nd 

indtJr.r.rl mixlnr. .-.ffects in the top mi"!SQO sE-ctor. 

_4_=---r:.._l} j_rl·(·t.__~_!Q1_t!!!.b__l!:__!?_l!__!!!1 ~!:f. f f'r t: s _!.!!._t.~h:'.l.'~T.::t.!.!J~-

0 
Tl!Pre nrf' two nf'IJtrnl t.np m!"sons Tc which f"MI mix wit. It I h"ir 

jugates via weak intE-ractions and, in principle, one c0uld hnve T11 -T11 

o:J,,r·t:•' <'<1P

o -0 
Clnd Tc;-T,. 

03C 1 llat-ions. Since- the wirlt h rt L::: Vl·ry lnrge ( 1 . e' top lmdrons tkcny w·r·y f nst ) I 

th,re 1s no timf' for mixing. Consf'qUPTltly 1 wenk mlxinr, ('fff'cL; in tllf' OPIItrr~l top 
91) 

mPson:o: I'll"'" Pxpected t0 be ,...xtremPly small . These f'XflPCtAtlons rnn hP giv.-.n a rnn-
/.1.1' AM 

cretP form by Ctl1C'lllatlng r-Ami r- for the two nPutrl\] top mrson ~y!<l••ms. W•• l!:tV<' 

alrenrly dtscmo;serl tl1£' det·nys of thf' top qunrk in SPr·t ton?.. Ton r,ood -'IJ'J'r·oxlmnt.lon 

rJJlP f'XJWCt.s f<Tu) ffTd) = f'fTs)-= r<Tcl-,- r:~ot· WIIPI'I' f': 0 t is t;l\'1'11 ITI l'<j. (7..47l 

f.O[;Pt hf'r 1-.'Jth tnhl1• (fl), Jt iS 1 tkr>Jy thllf: dllf' to l.hP lllrf,Pr phnSP Sp!11"1' rCT1.) ~ 

7rtT11 l. HnwevPr, for thP dl~~cu::;s!n11 of i\M/1' l.hls tliffr•r~>lw•· t:; nnt. rnwi1l. Til" 
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diagrams lediog to t-.r<Tul and 6r<Tul are shown in fig. !?:1\:d And !2/jbJ, rf':<JlP('t-ivPlr. 

Th~y lPI'ld to 

or 0 3 I 2 2 2 

f ITul ~ "' IVtdl + IVtsf IV us I 
r 

<4.:17.\ 

1 ' - ' 2 

'r 0 3 I 2 2 2 2 r <Tel :. fE IVt.dl IV rill + IVtsl !Vet-: I "· 

1 q 

• - ' 
2 

-t . 
where r is the reduced top width g~ven in table <8) and A ~ sinOc ~ 0.23. The mass 

0 0 
difference t\H!Tul and t\H<Tcl are calculated by the box diagrams sho\m in figs. 

0 

C24cl and CZ4dl respectively. These can be expressed in a form analogous to AM!P, 5 l 

in f'q. <11.71. !Wf' havt:" ignorf'd thP externAl quArk mm~s rffects in lH = Z hox rliagr:-1ms 

whU:h would further suppress the rates for 6H/rtn). 

whPre 

NHT~l 
r 

0 
l\M<Tc> 

r 

r, 

r, 

2 2• 
3?:nfru""TumWn 

mt f 
Fu 

2 2 • 
32nfrc IDTc mw B 

Fe 
•t r 

• 2 
IVtb Vbul 

2 
•b -, 
mw 

2 
• 2 mb 

IVtb Vbcl ""'Z 
mw 

6 

' 
2 

mb 
-z 
mw 

2 

• mh 
' --z mw 

( lJ. 34) 

<4.351 

which r;ivl's for mt 

OM 

r 

M 

r 

0 
<Tu> 

0 
CTc> 

40 GeV, fTu 

- -10 
?:x10 

-· 'lx10 
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0.1 GeV, fTc 0.3 GPV 

!4.36> 

Th11s, rltrecl mlxtng effects in the_ top mr-son sr-ctor nf'r-d not. be dtscussJ>d nny 

fqrther. On the other hand there are indirect pffects 1n t-df'cnys Cas opposer! to thf' 

mn::;s mixing (>fff"cts l whi rh m::~y not bf' 

prr-sumAhly b~ marked in thr- decnys of 

- - + 
tlsl -+ b<sl + (qq, 1 ull 

nr-[;ligtblP. ThPsf' 1ml1JCN1 rffPrls !'hn11ld 

• •• T8 And Ts me~wn~. vln lhr dr-cnys 

<4.37) 

sine!' a significant frActJon of thf' ·b<il topology is expt>ct~d to give rlsf" to 
0 -0 

B5 + X<X " y,n, ... l one could observe effects of B5-B 5 mixing in t quArk dr-rAys. 

One could get final states of the following form in the top quArk jet 

- + 
ts + <bsl + 1 \1} 

<bsl 
- + + + -

--+ F 1 VJ ~ 1 1 F X <11.38) 

+ + 
The hAr:-kgrounrl to the proc~;>ss ts -+ 1 1 X is rlue to thf> nnrm:~J t casc:IHif's t -+ 

+ 
1 hVJ 

-+ r:-x -) l+vl. llowever, in thJs ca!'le tf1e secondAry lepton will have very soft f'nl'rgy 

sppc:trum and cAn be removed by an appropriate cut-off. In addit"1on, the dtlr-pt.on 

collinearJty Angle distribution in <4.38) is quite different than for exAmple from 

thf' normnl process 

+ -
e e • tt 

L 
--· 
1 •x 

- + 
b -+ 1 X 

(IJ.3'Jl 

And :.hould hr>lp to distinguish the two sour:ces of l:tl:tX. One can also Usf' final 

stnt£>s in the topon.tum And tt production Above lhr.eshold to see 1ndurt'd mtxtng 

l'ff,..rt.s in trtlt-pton final st::ttf;'s. ThP~H' lAt:tPr would rf'quir<' l'l 1Hrr,<' tl I toponl\lm 
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ri.<~ta s11mplP .<~s discussed in ref, (')7.1. 

S. CP vtol~tion i_n bottom h.<~9ron_~_Q,"W_i"cts_Q_f._l!u:::Q~J:..~Il!f'flts__F!.'. l_.E!:'_ 

Tn the stt~ndnrd three fAmily rnorli"l, CP vlolnt.ton f'fff'c:t.s nrlst· dilf' to ttu• 

Kohnynshi-J1A~kawa phAse, &KH· Thf' only plncf' whPre sucl1 pffl'cls hflw• hN'rt 
0 -0 q3) 

experimentally mNtsured is the K -K system . Present mr>AsHrPmPnts of thP CP-
94) J 95) Q6) 

violrltion pnr.::tmPters 1£ I . and f./£ Are ronsistPnt wtth the st,1nrlflnl mmlrl 

pn•dlctlons, though the situation is tantalizing. 

0 _, 

In principle, CP violation tn decays Anri vir·llJal trnll~>iltoll:; P1 -~~ 

expectf'd 1n thf' charmed, beauty and top hadrons ;~.swell. These effpcts c;m bP 

generally classified as c 1) decay amplitude tiiffprenrPs 1 n pnrt l ;\l r-'lt PS t"IPt~o···•·n 

the pArticle and its charge conjugnle, which are th!' Oltly sonrr:f$ of Cl' violntton 

for charged hadrons, and Iii) the on~ 
0 -0 

that m:~y involve H f-~ H mixing in ~tl1lit ion. 
0 

The generAl rule here is 
-0 

its charge conjugate H 

that partial rate differences between thP dPC:l}' H • f nnd 
- 0 -0 

__. f will involve both the H +-J H mixing ~nd d~:>c.1y 

amplitude differences if the final state:3 f and f ar" CP etgenst:~t~s. If f or f ls 

not a CP eigenstate then CP violating effects in the pnrttnl rnt('s nf nPutr,11 

hadrons will arise only from partial rlecay amplittJtie tiifference.'{. FinAlly, C1iil CP

violation involving neutral hadrons may arise onlY from t:hf> vtrtwll transit ion~~ 
0 -0 

H +--~ H . 

We will first discuss CP-vlolnllllg effN~ls in vlrtunl tr;~nsitions. As \.l'e 

noted in the last h!'!Vf' 
0 -0 

HM 

section, the m:'lss- and wtdth rlifferenres Ht 2 Mlrl f 12 for 

M trnnsltlons 
0 

the probabiUty P<H 

are in gen<'ral 
-0 -0 

-.MltP<H 
0 0 

• 
-0 

proport.ional to a(H ) ::: [PIH -• M J 

complex quantil1f's. l'hysi.cnlly, il mP:Hts thrtt. 

Hl, The 
-0 - rn1 

CP-vlolnt ill£: 
0 

--. Hl] I [PH! 

~ff••cls in ll1is r:ns.-, '111' 

-0 -0 
__. H ) + PCM ~' Hl]. No\.'. 

if th~ mixing probabilities, proportion-'l-l to IIH/r nnd 11r;r .<~rf' sm~ll, t!tPn t.hPif' 1s 

no rf>~list:ir: hrJpe to ohservr CP vtolrttirJns. Tl1is, for f'X-<~mp}P, ls c••rt'linl:· t·h•• 
0 -0 0 -0 0 -0 

case forD -D, Tu-Tn -<~nd Te-Te transttions. l!f'T'f', CP violflttng pfff'f"ts n1·r 

exc:eedinely difficult to mf':Hmre since in the first plAc~, tlw mixing nmpl itud1•s 

are f>XCf'Nlinely smAll. The smnllne:'!S of AM, .expectf'd in Uu• st-'lnrl.1r<l mod••l, is ort 

top of that. This can be quantified by recalling from eqs. 14.13> And C4.l'll thnl 

the CP-vtolating ch.q.rge .;~.symmetry tn the semtlF:'ptonic decays of nt:>utrA] h,1drons ilt 

tlJi" prOCPSS 

. -e ,. - ± :t + -
--. HHX ·• 1 l X, 1 1 X 

91) 
c-:~n bf' expressed as 

.. 
N - N 

"'"'"""""++"~ 
N + N 

2 

r-r 

r+r 

-(,5-

• 
" -1 -.,--
" +1 

f S. I l 

cs. 2) 

whe1·•-' f11S given Ly 11 = 1-z I 1+?. with z = 1/?. Im<r 12 I M12 >. Tlof' countint; r~t""c; 

are then determin~d by the total charge asymmP.try in the dil~pton ftn~l st~tPs, 

++ --
N - N 

N21 
2nxct-xl (5.3) 

where \Jf' recall N21 is the total number of dJleptons from thf' procf'ss !5.1J. We 
M1 J\r 

h.<!.Ve presented estimates and e-xperimental bounds for the QUAntity r- <'lnrl r- relAted 
0 

tQ x in the last section :mrl in view of this we shall not discuss the cHsf'~ H = D 
0 0 

T lJ :1nrl T c any more. Concf'nt r<tt i ng on t hP hot tom sl:'ctor, wr quntf' tt.e 11pp"r hotmrl 
19) 

for 'a' from the calculations in ltterature , 

m;lX -2 

"d ' 10 ( s. 4) 

max -· a ' SxtO 
s 

with Ute actual vAlues depending on the CKH m:~trix dr-mPnt Vbu 11nri the phase <'iKH• as 

can hf' Sf'PO in fig. !?.SJ. Inserting the expression for X tn terms of Xri and Xs from 

eq, c,.i8l In erJ. C5.3l one f:Pls 



++ --
N - N 

.,, 
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IBRldPrtXd 
2act Xct --

<BR> 

whir.h on using the values 

-2 
Xd ' 10 

Xs ' 0.5 

pd " 0.4 

Ps " 0.15 

CBR>ct " CBRis = <BR> 

giv~s 

++ 
N - N -· --- ' 10 

N21 

+ 2a5 Xs 
cr.R>,!:lsXs 

<BR> 
! 5. Sl 

(5.6) 

IS. 71 

Now, since the eff~ctive branching ratio for the + - - + -process e e -~ bh -~ 1 l X wlth 
R -- -3 83) . 

primary leptons b--+ h: is 0<10 l , this would Of'f'ci 0<10 lhh f'\'Pnts to hP fli>ll' t.o 

test CP violating charge asymmr-try in the 

despite the large bb event rates expected 

st:Hldnrd 
0 

at Z . 

modf'l, whi<'h looks hopdss 

Wf' shall now dtscuss othf'r CP viol::.ting effect!' thnt m:~y rmPr;;l:' d11e tn tlw 

differences in dl!cay amplitudes of nPntral hottom hAdrons. The mAin iclf'n hPrP i" t (l 

look into differences in the partial decay rates for the decay!' n 
volving the s::~me final statPs f. An f'Xnmple of t-JJPSP ri('cAys is 

0 .,, 
-0 .. r n!Ht n -J 

0 
·~ D • X -t 

f in-

Ks + Y + X nnrl 
0 -0 

-0 -0 
Rrt -t D + X -t Kg + Y + X whf're X and Y nn• RE"ts of hndrons ('Ommnn to 

both Bd and Fld dE"cayR. One needs a 
+ -

then define a CP asymmetry in e E" 

tng for th€' hottom 
0-0 -

-t B B + X -t 1 Xf I 

hndron,S:IY 

1+XfQ11 

h --> li:X, nnP r.111 

+-
11<1 Xfl - 11{} Xf) 
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2 
?:xu sin2; 2 

M - + ~ 2xu sin2; (5.8) 
110 Xf) + O'<l Xf I 1+y +2ycos2; 

y = 0 

~>r 
where u 

2 
1-y 
----z 
1 •x 

X 
6H 

r and y zr « .1 nnd 4> 1~: Liu• CRrt l"r-S:lno\-"1 ph.'l:~<· 

rt~finerl via the rl"lntion 

0 
<fi£(1\JktliR > 

PXp(-2141) -----=- cs. <J) 
T'J <fi£11\Bci)IR > 

0 -0 
sine~ for Bd - Bd 

2 -2 
x < 10 u s 1 and one has (for mt ' SO GeVl ( 5.101 

0 
6A<Ral ~ 2xsin<Z~ctl < 0.1 

Again the CP asymmetry <5.81 is suppressed since thl" mixing 
0 -0 

sm:~J 1. The corresponding asymmetry for the 88 and B8 decays 

parameter 
0 

MCB8 l is 

0 
x<Brtl is 

9'1) 
tiny 

VPry 

because the Carter - Sanda phase factor sin2;8 in thJs cl'!se is CKH suppre:=:sed :md 

hence negligible. Quite- apart from the sm11llncss of the CP-violating qt1antHy t..A 1n 

the standard model 1t would be exceedingly difficult to dig out the stat(' f :~nd 
0 -n 

conl'truct BrJ ::tnd Bd mesons from thr (khris of a 

Either f is an exclusive modP. 1 like -· for exnmple 

bottom jel at I.F.P/SI.C rnPq;il'::>. 
0 0 0 

Rd -t K8n n which h::~s a hranching 

r;~lio proh::~hly lf'ss than 10 , or f is an inclus:lvl' 
0 -0 

st::~tE" in which CARr orw c:~n 

just forget ahout reconstructing Bd I nrl fr'om 1 t. Wp nn• :~fr:'ltd thnt. thf' prnsrlf'd_s 

of mPr~!'luring M\ at LEP and SLC Are not terrihly bright. 

YPt :111111 her chss of reactions to study CP asrmmPtry 
0 

involves the difference in exclusivE" partial rates, r<B -t f) 

j n hot I nm ciPCilYS 
-0 

"mdr{B -tfl. 
- + 

Exilmple:"l of such PXClns1ve ftn,q] st,qtrs arP hy now nhnnd:l.nt 1 nAmPly Rd l !\ 11 

+ - + - + - + - - + + - + - Qf'l) 
D F 1 n n , D D , ... And 88 -t K n , D F 1 K K 1 F F f'tc. . \lPnnt lng such 

rll ffpn•ncf'::; in lntf'gratf'd partt.11l decay rntes generic<d ly by /'..W, df'finPd :~s 



AW 

-0 0 
reB ... fl - rcn _. fl 
---=o--------,---
r'<B ) fl + rc n -+ n 

-(,(j-

onP ran sh0\l" that 
96

) 

hW 
xns in?:¢' 
------
1+ycos2¢' 

--~ xusin2¢> 

yo-:0 

0 -0 
Aga_in for Bd-Rd syslPm, stnce tlrl ~ 1, on~ eets Cfnr lilt; ' 50 GeVl 

6W 

0 -0 

xsin?.~ 
-2 

Sx10 

( s. 11) 

( ~; . 1 7 ) 

c;..t:ll 

For thP 13 8 - Bs system, stn?.<fls is suppressed as for AA due to ttu:- C!\11 1111glPs and 
0 

henr:e 6WCR9 J is negligible. We reAL17.P tl1nt thP t>SlimAI.es presenlc>d in CS.10l 11Wi 

CS,i?.l are somewhat sm.<'l.ller AS compan•d. to some other f>Sl1mAtf>s of llw Sfllll" rplan

tities found in ltt+">rAtnrf'. ThP renson for this dlsp~>rsior1 is ll11' usp of l11rg"r 

values by some of thiO'm for the qnant it y x = 
AM o -0 
f for th•~ 1\t-f\t cnse. This '111--..nl tt ry, 

' as we have shown in tl1e last section is CKH suppressed and is nalnr.1lly 

in lhe standnrd model. 

of OC \ J 

ApArt from this difficulty in rate, the fet~.slbtlity of /\W ffi('MH!Tf'ffiPJit.<.:: .11 
0 0 

LEI' <'lnd SLC is commensurate 11pon succC'ssful rf'const.nwt inn of t ))p nd ,'1JHI !':~ m••!"nrw 

into the exclusive tvo body decay modes in vhich thP CP .<~symmPtry is ])f'in;: :wtJt~ht 

' for. Hanr of thf;'S(' decay modes Are suppressed by tit!" CI\H rnt-io l\'1, 1 I \')l,-1 lil;;~>, 

for I" X Amp 1 e, 
... - -+ -

Rd ~ n n , K K , B3 ~ ·-·- 2 0-· K n , K K or f'lsc by .c~tn ec 1 t l<c P. 5 --} D! fl!ld _,, 
henf:e arf" not ~Xp!"cted to have hrAnr:hl.nc rAtios in I'Xcess of 10 Thi ~~ is to l"' ,, 
expPcted if one notes that the present bn>.nch1ng r<1l tq upp~>1· l imils 011 Ch"M 

0 ... - 0 - _,, 

suppressed df"CI'l}'S are alreAdy f11Jite strineent, nnm•~ly B ·) -n 11 , p n < ~x10 
... - ... -

The dec:>.ys Bd--} [) F , R8 --} F F , on the ollu:~r h.<'lnd, lhour;h CKM :>.11nwPd, do'ffi'll"l Uw 

reconstruct ion of two chnrmf'd hadrons D± All<l Fi, wbir:l1 would r1•rukr ttlf' 1\H 

Asymm•~t:ry mf'~.<.::HrPmPnts rnther formltL1blP tl.l: l.F.P .1nd SI.C Ptwq;iP:~. 

.~ 
~-----.---

-b'J-

Next, ve hrl~>fly review 

df'c::1ys of r:hnq:;NI bottom hn.drons 

thf' possib1litit•s of obsN-vin:; Cl' \"to>] AI ton in t lw 
± ± - 0 - --•0 

f\ 11 :md 8 07 • The der:nys Bu -t 0 n , D ll .~,.-,·rr· r i r~:t 

df'Srll~~~f.'d In tltls cont·r>xt In rPf. (')'JJ. T111• d~>r:ny P. 11 -+ K Jf!Jr \J-"1:.:: poirtlf'd ott! 111 
101) 

r~f. <lOOl. Recently thr>se dr:cnys have bef'n ret~nlculnt.r-d lo[;dlll'r- t,;ith t.ltl• 

- 0 -
df'c:Rys R0 -+ 11 K nnd the dr.or:ays of th,.. much less frequently produc£>d bnttom ml'son 

± - -- 0 --0 0 -
1\-, nnm<"ly B1.-+ K D, 11 D nnrl11 D . Thesf.' r:alcul::Jtlons tn("ll/ltP tntl:'rff>r••nr,. hPl\..'"''11 

USilAl W± f'XdlAOC~ nnd d('cny dincrams. til<' r<>I![;UIIl di::tgrAms !'lOd lhP 

for PXrtmpl P, on tltP dN·Ay Bti 0 -
• " K 

(IHII'f'Ot. TIll ill[;, 

101) 
OTIP CAn Write t!Jf' df>l'!lY Amp] JtUdPS ."'S 

- 0 - . . 
M<Ru --} n K l VcbVc:sAt -+ VuhVusA?. 

- ... () ... 
11CR 11 --lnKl • • 

VcbVcsA 1 + VuhV1lsA2 

The pi!rtial rate difference is then given 

(±) 
AW 

- 2 2 
r 11 r - r 11 r 

2 
IHI + IMI 

101) 
in tt1e CKH pnramf't-r17.At1on, one &f'ls 

' . 
(±) 

-?>: Lzsf.s ~~~~l~~>~ AW 
I HI + 1111 

which gives rise to the universal CP non-r:ons~r\'ln~ f~dllr, 

W<Jlf••n.c;t,...in pAr<1mPtri.zat1on, we [;et instead 

(±) 
6 • 

+Iii\\_ rJTmCA!_/1.,) 

"' IH! • !MI 

c:,.t'll 

C5.1Sl 

c:,.t(,J 

' S' 1·~2::; 3"" 0 In t:)u• 

( s. 1?) 

Wli<'t'0 1\. z 
6 

1. Thus, in t·JIIs pnr:\mPIT\7.:"11 inu !.hi' tm1vPr~·:>.l C'P viol:"lt lnr, [.--..<'! o J~ 

?:\ IJ. Tllf' 
2 - 2 • 

~mplittKlPs IMI + !MI ~11<1 tlw 1111Pt-f<'r<'Tl<"P IPI-m frnl/1.. 1/1.. 2 1 dP[lPnd on Ill" 
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pnrttculAr dec:~.y mode. F"or the rPnction in fS.14l, one gc-l:s 

Thus 

2 -'2 2 22 
IMI + IHI 2 21Vcbl IVcsl i\ 1 

2 q 2 
2 2A >.. A1 

• • 2\. F")lmli\ 1A2 l (±) 
6W ~ + 

IA1 I 

( 5. 19> 

( ~i . 1 '1 ) 

(t) -2 • 
vhich gives l\W ( 8x10 for the bounds on fl gJvPn in cq. f3.1(;l, nssuminr. Tmli\ 1A7 > 

• I<A 1 > 2 0(1). Since A1 = 0 in the Absence of Pe-nguin dtngrams, a dPfinilivP 
t t 0 

estimate of the rates for the Asymmetry in the dPcays ~u _. K n is rnt.hrr morlr>} 

dependent. To get an order of 
- 0 -

then one gets BRIB0 ..- n K l 2 

m,qgnitude we use the calculations in ref. f 101 >, 

4x10-'.3 :~ thus again onf' would need 0(10
7

) hh evrnts 

to bf" ablf" to observe CP-violAtion in the decays of R~ ffii'SOns. Ohsr>rvnlinn of cr 
- - . 

violation in the other decay mode mentioned eArlif"r namf;"ly f\ 11 ..- 0 0 vould nrPd stmi-

lar statistics; the case for observing the asymmetry Jn B~ ..- K-J/!JI dN"A}"!-l js rvr•n 
9 - 101) 

Wf"ak{'r, requiring 0(10 ) bb events . We shAll not prPsPnt any rn!P:<> for :wymrnr>t.rir·~ 11 
t t 

the Be decnys sine£' the rates of Be prorhwtion nt l.F.P nnd SLC r-nPrr,ir-s 1:<> r>Xpr>ctPd 

to bf" very small, with 
:± -3 -

probably (J(BcX> !!< 10 (Jfhhl A reAsonAble guess, judging 
3) + - -3 

from O"(e e -t JI!JI+X) I (Jtot 10 . Since the expt>cf.ed chctrge <t~yl!lmr>lry 111 thf' 

stand<~.rd morlel 1s very smtll], f'Xclu..:lvf' two horly dPcny.<:: provldl' 1H1 irrl.f'r·pstlrl[:: but 

chctllenging !':!.lternativf.!. It is quite possible thnt t:he CP-violating rliffr-rr~w- .. in 

somf' of thf' pArtial modes may attain as high a VAlue as 107.. Tlw !-ltJrrPs-~ in nh

scrvl ng such diffPrences, howevf'r, hi nGP"l ent 1 rPl}' on ! h" nhlll ty to r·•·•·nn:~l rrrrt 

bottom h<tdrons in the relevant (hut ctlRs Vf'ry much suppre.ssf'rll f'Xclusjw· rn•)df'S. 

In summary, in the standHrrl scenArio of CP vlnl11t ion in b•rt tnm h.1r!r"nns Llw 

generAl features Are quAlitatively very rJenr. The physir;al qu;~.ntltir>s in bottom 
0 -0 

hndron dec:~.ys, which involve virtu1=1l B -B lrAnslllnm:; <~.nd Are sPnsitivP to CP-

vlol'"ltion, nPNJ both large m1xlnes, i.e. ll:lree x = li.Mir, nnd lnq;,... n·l-1! i\"r- phr~sr>s, 

i.e.either lArgp z = 112 Imlr 121H 12 l or large t, in order to yiPlrl 
0 -0 

rates. F"or Bct-Bd transitions, li.Hir « 1 since thf" CKH rntio 1\'trl I 

ffiP."lS111"0hlP 
2 • 

Vht:" r ' \ • 

-11-

0 -0 
For B:;-Bs tran::;ttion , tire phAses z or t are small due to CKH Anrl GIM 

suppressions. Thls ~s a pattern intrinsic to the stt~mhtrd rnodf'l and it le::w~s 

little- room for :my "educated guesswork within the mmJPl. The othf'r dass of 
0 -0 -

CP-vio1r.ttne quAntities, n<~.mcly involving B l f, B-) f decAys whf'rf' f is r-Hhr-r not 
- 0 -0 

reachable by B or it is not A cr riEPrJ.St.At.r>, do not involve B -B virtuAl 

tr:,n.sttlon~. The problems here, AS wf'll AS in partiAl rAte dtfferenct>s in P,~ and B~ 
df'c:~.ys, are more of practical nAture. They require mNtsuremf'nts of rAte dlffr-rencP::; 

-2 
of 0C10 l for sp~:>ciftc bottom hadrons in exclusiv£' decay morles, with effective 

_q 
branching ratios of 0(10 ) or less. Hnny, prob:~.bly nll "e11.sy" modl's involv£' b ... u 

s + - -
deC;'I}"S. With 0(10 l e e ..- hh r-vpnts ::tt DORIS and CF.SR, thf'rf' is not A sinr,lf' 

int:"lusiv•• or f'Xclusivf' decay morle st>en involving t.hr CKH snpprrssed b _. u 

tr.<H1Slt \on. l'feAsun•rnf'nt of the CKM elr-mPnl Vbu will rrchw•• :1t. }P."lst. onf' 

uncert:tintr. Ability to me::~.sure sperlfic decr.y motif's nt A rAt.P hPt.tPt'" t.tr;~:n S~ IR A 

lot morP rlr>m~ndtng goAl. It sr>em~ reAsonable to conclude thAt mr-::tsurlng CP 

viol;,t.tnns :tt LEP and SLC is very pr6bably not going to be a first gf'nf'r<'~t1on 

experiment. The rpJestton is whether it vould At :tll be rossiblP to detert CP 

violation in botton· meson sector at LEP? 

It is certainly conceivable that the standArd model in not the whole 

t rut: h! In thAt cAse one could hAve addi tionA I effect. I Vf' 1 ntf>ract ions, like for .. , 
PXAmplf'> in the SVSY extension of the standard model , wh.tch contrlhnt~ hoUr to Rt• 

0 -0 0 -0 
( M1 2 > ~nrl TmCM12 l, therehy f"nhanr:i ng i\Mir :~nd IM(H 12 I r 12 l both in the Bccll,! -1nd B~.--f\s 

transitions. This would lead, among oth"'r thin~s, to a mf';~:s,rrnblf' r.<1tt' for tire 
++ 

rh~r~~ asymmf"try in the inclusive dilepton stAtP.s, N -N 

Of rourse, the SUSY inter::~.ctions are not the only non-st::tndnrci forcf:"s thAt 

mAy lead to .c:uch enhancements. It WAs pointeii out tn rf'f. l91> that if CP-
t07) 

vinL:!t.ion;.; have a spontaneously broken symmetry oriein , then CP-viol<~.tion 

r-ffrcts tn thP bottom ;Hir\ top me-son!'! will he Vl'ry mm·h Pnh;~:ncrod. l.i!\f' for I hP SFSY 

modf'ls, in the multi-lliggs models nlso thf' dellcnlf' cnncellntion ohtnining In the 
0 -0 

standard model leading to a sm<~.ll value of ·z ~ 112 Tm(J'12 I H12 > In lh<' ns-11:;; s1.•dor· 

\..'i.J] hr llj)SPt, Ag<llll lP::tr!ing to ohsPrVAhJP CP-V!O]."lt!nn f'ffr-rls ill \"irill"ll 1.r111:-<J
t03) 

tions . While on thf' trAck of thf'PrPtlcnl ;-;pr>c:lll:>1 inn:~ l>••\""''d '!•1 '·•::·~·,nl m<,!•·l. 

on~ should also mPnt.lon lf:"ft-rt)';ht· qymrn,.trlc mod<•l:~ ].; . .;, . .jon 11·" ::r1;'11 x ':~·(/'lli' 

104) ± 
['f1l group which contnin midit.lnnnl r::li!(;P hn~orn ~IR, ZR nnd llig,-.o:ro:.;, holh 

--
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c:h.1q;ed and nf'Ulrnl. The 1mpl1cAllons of lhf'!W morkls for m:1ss mtxtn;; .1nd IT-\-J<J];I·

tion in h~avy hP~rlrons h~ve recently bf'Pn stmited in ref. 110S>. Tl•r ",-, . .,.,-j, ''' l lw 
0 -0 (} - (} 

}('ft-rtght symmr>trtc modPls is th:1t ! lrf' fl'l'llll tty 1\'o>ft\MII'l for l•n! ], f1d-f\d _:-u,d P-:~-r·,~ 

srsLrm:> -'lrprox!mnlel}' 

Im<M 1 ,Jr 12 > .<lnd ¢for 

retrlins its vnl1J!'!- in t:he st·;md-1rd mndP], ]JJJt t It~> '!' 11111 it 1 ,. • 

0 -0 
thr> fl 8 -B3 syst r·m e:Pt f'ntmnrf'd. T!Ji~.; r·nJJ)d ;Jt_;flJIJ ]<·HIt 

0 -0 H 
ohsr>rv8hlP r:h::Jrg" .'lsymmr>try N -N from !.liP B8 -Rs t.rnnsit inTI. 1.ili<'1.-.'i'-"'', :1ddit io111l 

CP Violating phases ohlninlne in I !Jf> fOI!t"-gPtlf'r:ll i0n 

t:o Ute .:-nh.1.ncement of Im(M 121f12 l And$ for both lhr> 

'!il'lrk 
0 -0 

p,d-Rd 

7.7.) 
IDO<!••l<: 

0 -0 
<':111 1 l ~.; () 

::111<1 P-s-[';s :;;y:>t !'nl'>. 

I •·1d 

1n ViPW (lf t]l(' IDUlliple "f'tl<li('l'" nf ('p \'!Ill!!! ill); !1<>1)-;>l'l!id<H<f <·ffp,-t_[VI' 

intPJ .. <H:t ions, our experiment· Al ro 11 e::~gl)('S are l.'t' l J Ad vi Sl'd t·o Pnl "~'' 'l 111 1 to" 

possibility of ohservtng CP-vtolnt1ons in hottom physics st•ri<nrsly. l'ldortll!l'llr>1:·, 

t'hf"n' is no posltlv~ indic.<ltton y~t for t.lw PXI:;;tPtWP of tlws•' nrldit inn:d 

tntPr<lcttnns flH)'WhPrf' .1nd lwnce tlw sn1lf'S of t.hf' non-s! ,111dnr d fon·ps .'II-'' not 

presPntly known! Definitive predtctlons are therr-fort• hnrd to mnkP. Tns!P.1<1, "'''! 
have po 1 nted out spec if lc suppre!'ls ion mechanisms for CP vI o lilt inn::;. Til•' Sf' 

m£'Ch;lni sms nre endPmic to ti1P st nndrtnl t.llree-f<lm! ly mort" 1 And :u f' t>Xp~>r·! f'd t.n fn t J 

J n an ext ended theory, thPrehy mal1 J ng t lw CP-v i o lnt i0n plu•n•lmena exp~"'r i mP!Jt ,-, 11 r 
accessiblP at mach1nes with h1gh bottom hnrlron ytPld flfl(\ r,ood tnr,gt11r,s, li11P for 

PXIlmple I.r.P. It mAy be thrll llkf' the IH'lon lu~r~ms OJJI' WOIJ]d IJt•Pd ••xt rnd Pd hntt nn1 

hrldron beam:o to study CP-vio 1 at ion. Thi:o h0WPVf'r j 2 pos:~ j hl ,, <)Ill r t II ]11 ;:·· l:vlt on 
106) 

fix••rt targe-t machine-s . 

~'--~'1mm~ !...I.....!:! . .t:!1._0.:!!.~!!~.U~~,'! 

In thf' fll!'C'Pf'dlne: S!'r!iOIIS WP llllVI' rJiSl'I!SSI'd Sllffif' S!l]il'!ll (P111Tif"' nf Ju•'\1 

11nrk. physics expected at LF.P anrt SI.C f;'nr>rgtr>s. Thonr;h most of t.!w r:tt,.. r-::~l,·tl] -~

tiow:; prf'SPfliPd nhovP HrP ffi;Jdf' for LEP, 11tl' lhPorptjc;'J] fr:Hnr-vorh on vl11•·tr tit•·'-'" 

calculAtions .<~re baserl has a wider rangP nf intf'rPst. In p.1.rl iCIJI ::~t·, 111o:.;;l ·'~''!'"' t ,' 

of chnrm ;md bottom physics d1s-ctJSSP<I :1bovc an• nls0 rPlPvmJ! f<>r ph~·:.·t•·:c: j,pj,,,,. t In• 

!.F:P enPre:tf;'s. For f'Xnmpl(•, !>1'<'1 \O!lS 3-S t·nnt 1!11 ,, syst <'lll'JI !(· st JJ•!y nf J''ll"l' 

tr·:JrJ:.;it i.nn·;- .<tnJ rlP<':l}'S of bottom h.1drons, whlrli Is ;d:~~~ IIi•' m·till IIJJ'llil <>! !]..

physics rPsPnrr-h p1.0[;!·ammf' nt CFSR nnd OORTS. 

-1~-

This rr~port can !)f'· hro.1dly divided into three 10<1ln catP[:ori<'s. In S"Cl ion 

?., 1-:P h<ln' reviPwr>d tlw f:PIJPral fe;lliJrPS 0f thr- pr01hwl.iorJ !1!ld dN·nys of IW<l\')' 

quarb-:, ir1 the frameworl< 0f CX::D ;u,d stnndnrd model. Tlds inrlnr!Pc; mr>Asnrr·mf'rJ!.s nf 

t.hP tot~] h11dron1c cross-sf'ction, fonmrd hrH:kwllrd 1n~rk dwrgP. :tsymmPtry, 

inclusivP. lcptonic And hadronic dN:ny rates of thr> hP!.tom <JJ1r! lop h~Hln>TJ::~ 'lJJd tlwrr 

1 "pton energy spectrA, rates for mult ileptonir st ~\ '-':~ ! n top d·~cnys, mP!l:~tJrf'm••nts 

of IDt t!Jrollgh SPm11eptontc Sf•P.ctrn and effects of the top quar·k pnl<~rlzat.lon on the 

fin-'ll st~tLPs. This ls the m;lln fnre of the phys1rs prnr,rrtmm" im·olvin[; unbound 

heavy ,-p1:.1rks at LEP. Thf! inlf'rest !JPrf' llf'S ln thf' prr•t·J:~f' d•·lf'r-mJJJ,11 1"n pf tlw 

vector .<!nd HXlHl Vf'clor C01Ip1Jnr;s of tllf' heavy qu<"~rks, many of \.:hid, :11"'' (•Jt.IJ•·r 11nt 

13r:cess!bl~ at lower energies or are prf!SI'ntly poorly d .. t,,r·milwd fnr· !·1• !; nf 

st. ;Jl i 'ot ics. ExpPriments nt LEP hopr>full y would COITIJ' 1 ••1 ,, Lip• f l•rm\"111 , ... ,.,' ''~ 

of lh<:' stamlard mod~ I and confirm th'lt I t1P t-q,nrll 1·· 

dottblet, with Pxpectert C<)ttplines. 

i"' I <>n;· :> l.n 111 ~ 1-1 '' h 

Tlw secoml cntf't;ory of eff£'cts involvjJJf: hNwy qunrks .'lrP t.hf' on"s t hnt 

aim nt. m<'n.suring suppressf:'d transitions, involving the CI\M m'\t.r·ix f']PmPnt::: 1\'1111 1, 

IVtsl <lnrl 1\'tdl. Only the elf'ment IVtml is, 1.n prineiplf', mr•nsJrrr~blf' nt CESR .1nrf 

DORIS. The prr>senl rcllah]f' limit on the rntlo R 
r<h-tul,•,,> 

f(b-tclve> 
is R { 0.08. In 

prtrtlcular theorPtical scenarios, one expects IVtm I Vhcl "- O.OS- 0.1. \.Jr> dis-

CllS~Pd t]Jl' JH"Il'>pN:tS' of ffii'HSIH'illf, 

Vf'r<:e ll'pton Pnr>re:y dlstrthutt0ns, 
fi 0 

t!tP ratio 1Vbu I Vbcl r1t l.EP thr0ut;h tlrl' tr;lns

',l<"!l, mf'nsun•d witl1 n'Sjlf'·r:t tn the jr-t- -'lXl'-. 
I l'T 

WHh 0<10 > Z ·• hx P\'Pnls pr>r yP,1r pPr rkt.Pr·t.or it. \.'ould CPrt.flinly bn pn<::sili!P '-" 

rww~IJrP I\'!J11 I Vhcl .<~t the 0.1 lPvr-1. Rf'ynnd lhnl thf' systern;'ltit· Prrnr·s, bo1!l1 f1om 

p+ ffi"flS''IlPmr-r,t;s nnd jr>t nxis rletcrm1nfl!.i0n ns Wl'l] ::~s from thcorf•tir-'11 l!llrPrlnlr•

t.iPs, will rl'lminntf'. Wr> hnvr> only prr>sPntPd thP r,rc)ss fPnltlrPs of till' expPI·imr>nt;'J] 

mr:tllod hPn'. This problem dcser·vps fnrther lhPorPtic:ll study. 

M<',1!::Jirl•mr>rlt s of t.hP m:-.lr 1 x PlPmPIII.S I Vts I flltd I \'t_rJI nr,. lhr• tltwm;t p•;t .-,] 

d•11~:titt nf I'Xpt>rlmf'nls nt 1.1:1', tliont;h !-;tll'lt mPIISIJI"Pffi>'Jtl:-; ''ll-f' hy J](l rn•"tiiS ;;"iTT!~ In lu• 

e1:>y. 111 tlu• standard model one expects fVtsl "- IVpcl "- 0.05 and !V1 r]l "'0.01. 
0 

Th<'rf' is snm,... hopf' of ffi('asurlnp, IVtsl if thP top 1Wtrk I!> ,,,.,,"sihiP In 7 • It 

dPc,1ys, \.'I I l1nttl :tny npjH"P<: l::~hl f' St!pJ>!""SS! nn. tlnf0rltHJ~tl "I y I l1P PIJ<!-Jul i nt ~:1"'1'1 1·1 i 11 
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• • 
th~ rPst frAmf' riPCAys t -+ hl u1 And t -) ::;,1 \l] r!l f fpr· bv 

tn)\ ~ "'· 

"n '"': :~::.: 

(\fl 
for mt "40 GPV. This would n·quire A ]f'pton enerey r<'solulion , .. ·--

. l 

'" :;,,. 
?1n 1 

of hPt !J•r t !J;Hl 

1l. Ot1f' vill have to combim• EJ meA~\lrt'mPnts wilh idPIItiflcallon of t!w h-•·lJnJr·· I" 

• thP process t-+ 1 X. Agnin, thr> frngmPiltRlion uncPrlAI1Jt1es can hP A\'(lidr•d if it 

becomes posr;tble to 
0 

construct the top qUArk jet axis, vhtch gho11ld bP pw~siblP in 

t-hP df'f"A)"S Z ·~ t l if mt is not vpry hlgh, Sfl}" ml :.: 30 (;e\'. T!Jp tw<uwh.i:Jt: r ·11 in _, 
in :~ny spPrif!r: r:h.1nnPl involving t 4 d tr:msH!on ls f'XJWr:l.ed to In• ~ 10 Th.-,t 

)oQl'." prohlblt:tvely sm;-..ll l'lttd VPr·y proh!"!hlr IVtdl v111 nnly tw dPIPrminPd intlirPcl ly 

ltu-ough prectsr> mt>:nsurements of Yud , Vsrl .<tnd ll!lil'.<~rlty. 

In s.-.ct Jon 14), \JP d!srussPrl thP 
0 

vtr-lll!"lt tr:-.n~Jt!ons M 
-0 

' ' M Th•• 1 nt "r-
0 -0 0 -0 

e::.t ho;on• lS mA.inly In thP Bs-R::; ;-~nd Rd-Rd mtxtnes. !inch tr;-~n~it inns r·!"ln nl:-:" j,.,-,r] 

to induct:"d mixing pffects in the de-r:Bys of chnrgNI lop 

.<~re thrr>P ftn"'l ~t:ntPS In vhirh l'ffPrtR of t-hP vlrtu,-,1 

mPSOl\S 
0 -0 

R -R 

. ' Td , T .• ~ t•tc. Th••ro' 

tnul:=:itintJS "'rP 

PXpPctPr! t· n m!"ln I fer;;t ttwmse l VPS: { I l samP R ign d11 ept.on produrt tnn l n I. tt.-. pr·<>cP;.:-: 

+ - - ± ± 
e e 4 hh-+ 1 l X (iil n'!duction in th<' bottom quArks elpctrm·-'PAk chnrr.e ;~symmdry 

+ - - ± 
mronsurNI, for PXRmp 1 P, 1 n t hP procP::l::i p e -+ hh -+ 1 X nnd ( 1 i 1 l Iropt on-Jown C<HTP-

+- - ±l'f 
lations in f' I' ·• bb 4 l I< I< X. In t.prm..c: of t!w mlx1nr, mP.'l.sl!rP ). dPf i!tf'd in tIt" 

R:J) 

text, thP prPf!ent limits from thP finAl stntPS Ill Anri (j:J) :trr> \ < 0.17. 'lltd 

~'5) + -
X< 0.13 from P P nnnihi1nl.lon I'Xprr_lm<'nl::; nl PEl' nnd PF.TR/\, r"!')""f'l \vf'\~. 

+ + 711 l :>o l 

Pr•':::Pnl d.'\1.1 frnm tllf' CF.RN f_"U1ltr!Pr f11r tlw pr .. nt"f'SH Jl]l ·~ l'-1'-x ~:ttf:l:•'!'t \ '0.1"1~ . 

Tlt••r·" rlr.-. no limit-r;; on x from t!tP pror·.-.f!s 11iil r"t Otu- <'<Hll']lt'~intl is t!t:1! \;itlt !!.•· 

lrtr8e bottom st,-,tisl.•:s PXp.-.ctl'd nt l.F.P, it would Ill' pnt:>s!lt\P 1,1 IP:~t 1'-1' mixtucs 111 

all th•_•s•• final states at thr> lPVI'} X> 0.04, SU~P,PSted hy thr; t'i\1 rh\.'1. Tlw r·rntr·--
0 -0 

lrll\on (jjJ) 1::; sensitive only ln the B.c;-Bs mixtnt: ;-..ml ;~ posilivP m••:,~nr••m••nl ,f il 

\iould confirm llt" ~111Hhn! mndPl prN!irl\nn rs >> rei· 

The third catesory of pffects at LEP ar~ rel.!'!tr>d to cr viohtlns in t h·· 

bott:om hMiron f!ector. Tl!f'!~-;e vPrP revtrowrod in ::;ectlon Sand involvf" mP~~llrPmPr~t~ 11f 

either the chnrv,r> Asymmetry a 

.. 
N - N 

NH~N--
t t + -

l l X, I I X, . -
J II t liP pr-tWPSS (' (' ·) hh 

or P}::;p diffen•nces in p;u-tial decny ralt:>:'!. Th•• CJH~ni"Jt·y wltlrh dPlPrmill"S t h·· 1-'11 ···~ 
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++ --
N - N 

for th,... fnrmt:>r is the total chArged ,qsymmetry 
N7.1 

Zax ft-xl. We r~stlml'ltf' 

-" thi8 lo he ( 10 in the stanr:lllrd modPl vhiclt m.'!kes tt unacceRstble at 1.r.r vJth 

ret~ltst-ir: runnin~ tlmf'. ThP d1ffprencPs in t.hC' p~rt1al rates tiW and tMt±l, defined 

in thf"! te:xl, cot1ld be AS large as 107. in some specifir: channels of bottom h::~rlrons. 

llnfrwtmMlr>ly, most of these parttal mot\es hAVP sm.'!ll brAnching rntios' 
_:J _IJ 

0 f I 0 - 1 0 ) . ThP f!bi 1 j ty to reconst ruct bot tom hmlrons 1 n ."'JIPC 1 f 1 c ciPr:::ly modPs 

is gn j ne 
6 

to be of crucial importance here. Renlistic t•sttm::~t:ro::; \olnuld h,'1\'P 

' -0( 10 - 10 l bh events for CP vio1nl1on to bP ffif'l'lF\lr.'lhl~ in pnrlinl ciPcny r'ltes, 

given a good bottom h::~dron reconstnJCtion efficiency. ThPre are a number of non-.. 
N - N 

st::~ndard scenario vhich could enh11nce 
N21 

by an ordl"r of m!lgnitudr>, .1s vPll .<~~ 

Pnlt1lnCf' tlte RF:ymmetry in other CP v1o1Ating pRrtitll rl'llNL This would bring cr 

violat-ion mP.asurements within the re,qch of LEP experiments in long :~nd r:!edlcaled 

run::; over s~>verl"ll ye::~rs. It will not surprise mnny of us if CP viol11tion becomes 

the Ach1ll<'!'l heel of the stAndArd model. LEP exper1m~nts Are ct>rta1n1y w•>ll 

e-rjllippPd to t.'lkP An Aim At ltmt) 

~C~l._l'?~·_L~__Qg~~r:!!~ 

1 \.10\lld 11.k~ tO thAnk my ro]]CgUPS in thf' Working t;rOUJ' (l!l "(X:O, YY ;"Ill<\ 

!lr>:wy QlJrJt-k Phystr::~ 11t LF:P" for many stimulating disc1Jssion::;. r vHrmly thank 

f.R;lrre1ro, R.v.Eljk, G.Tn(;r:-lm:tn, R.R!lrkl :md O.SA.xon for frPrp!Pnt tlisc1tssions nnd 

F'rA.tJ M.Hnnsser for her patient typing of the m:mu.script. 
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Fermion Nr •r Vf 

Ve' v~, v'( 1 1/7 1/2 

2 
e' J.J' 't 1 -1/2 -1 /?:+?,:sin Ow 

2 
u, c, t 3 1/2 1/2-4/3s1n 9w 

2 
d, s, b 3 -1/2 -1/2+213sin 0"' 

Table 1: The coefficients Nr, ~f And Vf tn thP ~tand~rd modPl 

of electro\oleAk interactions. 

Decay modes BR<7.l ~RC7.l BRfi':l 
' (1) ( 11) ( !11) 

-
vu 6.3 6.2 C.l 

+ - + - + - 3. 1 10! e = p Jl = '( 1: 3.1 3.1 

dd = ss 14.4 14.4 14.4 

bb 14.3 14.3 f/1.3 
- -

uu ""' cc 11.2 11.2 11.2 

tt 6.3 6.5 6. 7 

ftot <Zl fGf'Vl 2.69 2.79 ?..'J?: 

0 - 0 
Tahle 2a: Branching rntios fnr thP dN:ny.s Z _.. ff :lnd thf' Z df'<"<lY 

width 
2 

including O<a8 J and mnss correctionR. fil m7. ::- 92 GeV, 

sin 9w = 0.23, (11) mz ~ 93 
2 

sin Ow = 0.217. All entrif's 

1\Hs = 0.2 GPV wttll nr = s. 

2 
GPV, sin 9w"' 0.22S, <iii> m7. 

correspond t.o t.h<' v.1lttP~ tnt 

'1/j \.rY, 

:10 GPV, 
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Decay modes BR<7.J BRC7.> BRC7.J 
' 

(1) (11) (111) 

-vv 6.5 6.4 6.4 
+ - + - + - 3.3 3.2 3.1 •• o= J.J \) "' '( '( 

dd "' ss 14.'3 1'1. 9 14.9 

hh 14.9 14.8 14.8 
- -

lltl '"' u .r. 1.1 • b 11.f. 

tl 2.0 3. 1 3.4 

ftot <Zl CGeVl 2.59 2.68 2.82 

-----

Table Zb: Same as table Za except for mt 40 GeV 

nf>cay modes BRC7.l BRC7.l BR<7.> 

(1) <ii) ( j 1i) 
_ ___:__ ---

-
vv 6.6 6.5 6. 5 

+ -
I I 3.3 3.3 3.2 

drl o: s~ 15. 1 15.1 1 s. 1 

bh 15.0 1S.O 15.0 
- - 11 .B 11.8 11.8 \Jlj = cc 

tt 1.4 1.7 2.0 

ftot <Z> <GeVl z.ss 2.64 2. 77 

TAhlr> ?.c: SAmf' <'IS t:lhle ?.n excf'pt for: mt "" 'Ill r,f'v 
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I F~rmton j "f Stanrl;wd 

ModPl 

u o.so :1: 0.03 o.s 

d -0.49 ± 0.05 -o.s 
c o.ss ± 0.17 0. ~~ 

s - -o.5 

b -0.54 :t 0. t?. -0 s 
t - 0.5 

e -0. 4') ::1; 0. 03 -0.5 

l' -0.51 ± 0.05 -o.s 

' -0.14 ± 0.07 ;':0.5 

Table 3· : Present stntus of the axial vector coupling 

const.<~nts af and the standard model predictions <from ref. (lj'J)) 

Lmh fGeVl C+ c_ -~~-~ ···--- ----~-

4.8 0.855 I. 3fl~ 1 . : ?n I 
I 

4. 9 0.856 1 . 36~) 1 . 17.'1. I 
5.0 0.857 1.360 1 . 17.0 

5,1 0,85') 1.356 1 . t 1 G 

5. 2 0.860 1.357. 1.120 

T1"l!Jlp t\: (X'D corr~ctton fnctor-s for t:IIP nnn-lf'J>l orlic 

d•~C'!"1}' vidth of thP hott.om q11'lrk. 

mb ((,-.y) 

4.8 

4.0 

s.o 

5.1 

5.7. 

lflr: (GeV) 

1.5 

.6 

.7 

1.8 

1.5 

1.(, 

1.7 

1.8 

1.5 

1.6 

1.7 

1.8 

1.5 

1.6 

1.7 

1.8 

1.5 

1.6 

1.7 

1.0 
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Ksr. I.e 

--
0.868 0.427 

0. 817. 0.390 

O.fl74 0.:353 

0.878 0.318 

0.8h7 0. '139 

0. fl71 0,402 

O.fl71J 0 3hh 

0. 077 0 :111 

0.868 0 ..':~;: 

0,8?1 0. 414 

0. 8'14 0.3'1') 

0.877 0.3411 

0.868 0.462 

0.870 0.4.7.6 

0.875 0. :l'Ji 

0.87h 0.356 

0.868 0,473 

0. 871 0 438 

O.R7:J 0 '103 

0. 871> 0. J(,f"l 

I 
Zc f\R<,-. l 

' 
3.075 13.9 

2.h87 1'1. s 
7..:133 1 ~; . 

7..018 15.8 

3.203 1:1.7 

7. 817. JIJ. 1 

? 'ISS 1'1. '1 

I 
1'1:' 

::L ~l:ll 

I 
t :l . ~; 

2 937 14.1 

2.~ns 111. 1 

?:.7.47 15.3 

.1. 4.'14 13.4 

3. 0(, 13.'3 

2.6% 1'1. s 
2.361 15.1 

::1.574 13. 7. 

3.1fH 13.8 

2 813 111.3 

?. .1/?IJ 14.'1 

T'"lhlr· S;"J: ocn f""OfTf'/'lion f;whn- in O<ctgl for t.lw s•·milt'plonjc di•f"ny 

width, Ksl.• ;"Jrtd tl1P f11nr:t.inns !c ;'!Jld Zc dPfirwd in t!Jf' U•xt for· tiu' 

h ·' r tr-nn:.;ll ions. 1\lsn shown nn· t.hP Sf'milf'pt.onir hrnrwhir1r. 1"11! in:-; l•'r 

lhP h-cpl:\lk df'C:l}'S. 



lflb(GeV> mu<GeV> Ksi. 

4.8 0.3 O.R18 

0.4 0.8?.~ 

0.~ 0.9?.7 

0.6 0.031 

•. 9 0.3 0.817 

0.4 0.8211. 

0.5 0.820 

0.6 0.837. 

5.0 0.3 0.817 

0.4 0.824 

0.5 0.8?.9 

0.6 0.832 

5.1 0.3 o. 818 

0.4 0.825 

0.5 0.8?.9 

0.6 0.833 

5. 2 0.3 0.820 

0.4 0.82fi 

o.s O.R30 

0.6 0.833 
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L., 

---
0.793 

0.719 

o. ·rr.t 
0. 738 

0.7q3 

0. 782 

0.764 

o. 74.2 

0.794 

0.784 

0.767 

0. 745 

0. '{96 

0.786 

o. 770 

0.71j'J 

0. 798 

0.788 

0. 773 

0. 7S2 

Zu 

6.331 

fi.lh'l 

~i.%0 

5.731 

6.387 

6. ?.3~> 

6.039 

5.810 

6.41J.2 

6.297 

6.10'3 

5.885 

6.4% 

6.357 

h. t7S 

5.957 

6.550 

6.414 

6.?.3!1 

(.. 0?.1 

T::1hlP Sh: ()CD corrections r~ctor in O<a3 l for t.h<' semll•'ptoni<' 

dec-ays, KsL• <~nd the functions I 11 nnd Zu df"fined In thf' text fn1· 

thf' b ~ u trAnsitions. 

--------
' 

mt <GeVJ c+ c_ K Nl. 

30.0 0.955 1.097 0. '351 

35.0 0.962 1.080 o. 946 

40.0 0.968 1.067 0. 943 

lj5,0 0. 974 1 . o~;!i 0.':140 

so.o 0.978 t.O'IS 0.'138 

T,'lblt> G: Qr.D {'orrr-ct_ton f:v:tor.s for thP non-lPptonlc dr>cny.s 

of lhe top qnnrk, 
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Hodes Width!'!: 
-t 
r, BR(7.J 

t -+ bi?Vp. 0.79 IVbtl 
2 

10.7 
2 

... bp~l\) 0.79 IVbtl 10.7 
2 

4 b"tv, 0.11 IVbtl 10.50 

4> bud 
2 

2.38 IVbtl 32.4 
2 

-~ bus 0.13 IVhtl 1.7 
2 

-+ hcs 2.34 IVbtl 31.9 

-+ bed 
2 

0.12 IVbtl 1.7 
2 2 -2 

-) hbc 2.16 IVbtl IVbcl 7·5x10 
2 -2 

-+ .sev(> 0.07 IVtsl 3x10 
2 -2 

4 !';;pvjJ O.R7 IVtsl 3x10 
2 -2 

4 Sl\J"t 0.96 IVtsl ?.·'Jx10 

-> snJ 
2 -2 

7J·R IYtsl 9·1x10 
2 

_, 
4 SIJS O.H IVtsl 4•8xl0 

2 -2 
-+ sr:s 2.44 IVtsl 9·0x\O 

2 -3 
4 sed 0.13 IVtsl 4•7x10 

2 -2 
4 dx 8.3 IVtdl ' 1x10 

T'1bl~ 7: R~duced Widths, ri, for thP top quark dec:::~ys AS defin(>d 

in text ;~nd the expected branching r~tios, for mt ~ 40 GeV. 

mt <GeVl zb Zs rt 
--

30.0 6.69 8.17 6. 71 

35.0 7.07 8.19 7.09 

40.0 7.3'1 0.7.0 7.36 

45.0 7.51 8.20 7.53 

so.o 7.65 8.7.1 7.67 

T::lbl~ 8: Th~ [llll("tions zb nnd Zs And thP 
-t 

reduced Width f for the top f!W~rk <[pcny.s 
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Df"cay Mnde Branching rl'ltlo C7.l 

t .J Olx 41.4 

~ 1lx 42.8 

~ 7.lx 14.3 

~ 3lx LS -· ., 4.lx 2.8x10 _, 
., Slx 3x10 

<Hllt> 0. 76 

Table 9: Branching ratio for the decAys t ., f11l±xl uslng 

the mr-::~sured semileptonic 

and charm quarks and ~± ., 

branching 

• • 1 vlV-c· 

Decay Modes cc bb tt 

0 
z ., 1lx 3.7 6.2 1.0 

., 2lx 0.46 2.27 .85 

., 3lx - .49 . 30 

., 4.lx - .034 . 09 

., Slx - - .Oil _,, 

., 6lx - - 8x10 

r11tios for thP bottom 

[ 

10.9 

3.58 

. 07 

0.124 

0.011 _,, 
Bx10 

- -·-

0 
Table 10: Branching ratios (7,) for the inr:lusiv,. flprays- 7 ., Tdx 

0 - - -
Cn-:1, ..• ,6) from tlw decays Z ., cc, hh, tl ·) nlx, for m1 '10 CP\'. 
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Hodes BrAnching RAtios <7.> 

0 
D • K X S~i. 0 

0 + 
D ·t K X 9.5 

+ -
D ., K X 30.0 

+ 
D 

+ 
• K X b.S 

F+·~li:-X 1 7.0.0 

F+ ., ftx I 30.0 

Tablr- 11: Inch1stvr> br:mc:hing r.<~ttos for thf' chArmPd 

m<:>sQn rlP<::-1ys D,F ·t K X used .tn the cnlculAtion. 

1:: 
0+- . - J-t.txn+I-X , ..... \ ...,,, 1-l-X l l X 

r------r------ -------
3S 73S 0. 0'15 IJ20 1000 0 

' 0.20 ss 715 0. 075 475 %S 
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Fig 12: The dependence of the qu:mtH~ef! 1-2 p++++ ctlJ ~nd 4 p++++ctt.J on t:hr pro
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