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I. Introdncgion

-

Almost every ohild asks his parents as to where he/she -
has come from? In his/her Gwn way the child is worrying about
the origin of 1life. After some more years he starts enquiries
about the mysteries of tl;e universe and when hs has somewhat
matured he bothers about the constituents of matter. These
three are probably the most fuhdamental problems which have
been worrying human beings for centuries. In this talk however
ny aim is modest, I will only concsntrate on the pmgross that
Qe have made in the last two y‘enAra in understanding the third
queat.ion. ,

Since last few years it is widely believed that quarks
and leptons are the constituents of nature and that their
number is equal and atleast four. Whenever I think about the
status of quarks I gn reminded of the following quotation of

. 7,H, Buxley 'It {s the customary fate of new truth to begin
as heresy and end aswsnperstition'. Undoudtedly, quark is no
more heresy thoqgh prodbadbly not superstition as yet:

In the quark model the mesons are made of qq while the
baryons are made out of qqq. A1l the hadronic systems can be
divided into following 3 categories: . ‘

1. 0162 Q being chm.;m or heavy quark
2. Q1 qQ =u, 4, s quark '
3. All other combinations.
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System (1) i.e. XE, cC etc. to atleast zeroth appro- -
ximation can be described by two-body Schrddinger eq. so
' that one .can extract a lot of infomation regarding quark-

antiquark potential from a study of such bound systems.

System (2) i.e. D ( ci ), F( cS ) etc, are not so in-
teresting as mQa ~ mq so that to zeroth approximation it
is equivalent to one-body problem that is almost indepen-

dent of mqe Thus such systems are always relativistic.

System (3) inclﬁ@es all Earyons,Baryoniums, old meso-
ns etc. This whole category is terribly complex and proba-
bly will not shed much light about strong interaction be-
‘tween’ dquarks, Hence I will not talk about these objects
any more, but will mosély concentrate on mesons kelonging

to category (1).

Throughout my talk I will assume that the quark dyna-
mics is described by QCD, a non—Abelian.gauge theory of st
tong interactions in which colored quarks interact via ex-
change of an octet 6f colored, massless, gluons, "In parti-
. cular I will make use of the following ingredients of QCD '
( which are no doubt valid at the hand-waving level but a
rigofbus proof is lacking): (1) GCD is asymptotically fr-
ee (2) quarks are in 3 colors and are confined (3) all
flavor dependence stems from quark mass effécts (4) the

interaction between stationary quarks is given by local,

spin and flavor incependent potential (5) OZI rule.
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I'will follow the following plan: In aec.II Ilwill' ) B
review .the present status of the chammonium model In Sec, SR
I1I, X w.,ill have a quick look at the * oper charm " as re-

_vealed by .D "and F mesons,’ In Sec.IV, T will talk about
the startling discovery of heavy leépton: T and. Dt‘ ‘. Non‘:
't?hét one has 'six leptons it .is natural to expect that there
rrust be six quark flavors toa, Lo ‘and behoié "!. .f:l..ftlh.' qua-
rk bbaauty) has alfeady been found. 'Fermilagand DESY both
‘have seen bb bound states‘T' and 1 will devote quite ‘a
bit of tine in discuusing hidden beauty (sec V). with so.
much support for quark-lepton symnmetry one is almost' sure
that the sixth guark t (taste) must be there. The proper-
ties of the tt bound system are speculated in Sec,VI. In

. iast section I sixmmarize our present undersganding about the
constituents of matter,

II, CTharmonium

Just within four years, the ‘IN.:-spectroscopy has bec-~
4 ome one of the richest in hadron physicsnv. Fig.(1) shows
the known charmonium levels upto 3.8 GeV. Qualitatively f;h—
is 'spAectrum had been predicted just after ]'I\P and \P' were
‘discovered (but much before other levels were found) on t.he
basis of a simple minded charmbnium model. According to th-

is modlel 'S/\'f 9{) s seess are the bound states of charm

cuark-antiquark (cc) system which to atleast zeroth appro-

*irztiosn can be descriked by nonrelativistic dynemi s.The'
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cc potential is assumed to be T

Viny=_2E 4 V R (2.1)
where the first term is the one-gluon ewchenge potential
which is eXpected to dominate at short distance while the
second term is the - quark confining potential wh:.ch doml"la—
tes at long distance. Tak;.ng lattice gauge theory as a gu~
ide\it is usually assumed that V{%=a&R with “a® being fla-
' vor independent®*. This model gives good qualitative fit to
' 2.

‘the data not only for a =~ 0,2 GeV*, x(m‘,)':o.z, m, =1, 6

04 ~05.A1a QED it is

4K
3%

' vector exchange., However nothing is known about the way sp-

GeV but also when K(m‘\’ V=

elear that the potential = mist generate spin -forces by

_in forces are generated by V (r) which can be considered to

arise from multiple gluon exchange's.f

4)

Using 3pJ data one can only shown that Vc(r) cannot

be spin-independent. Further, if V {r) = ar ‘it cannot gene~

rate spin forces by vector exchange alone**, Infact V_(r)

. ’-
ar can simulteneously explain ‘3”;-—\'\6 , \{J’— N, and Bp-

J

* . . .
It must be admitted that this choice of Vc(r) is not on

the same fim footing 2s the one~-gluon exchange p'oten-
tial.Bven V (zr) = arV ogn ¢ is consistent®’ with the
experimentally observed ordering 5(18) { B(iP){ E{28) <
E(1D) ). . '

» * Hhether v (r) generates spin forces by vector exchange or
not can be decided by accurate determmation of 1% p; mass
as in the case of vector exchance M( ) has been shown5)
to be -(2m(1 pl)-SM(l pz)—ﬂ"(l po)) = 3562 + 1o Mev,




- 156 =

splittings only and only if a fraction £ (~ 6,1) of ar
generates spin forces by vector plus color momenﬁ éxcnange
and. (1-£f) by scalar exchanges) ( for color moment A= 4o H
K(W“:ﬂ =-4~'5 and a -and m, as before).:

There is a serious problem for this model if one 1d-

/

entifies x(2.83) and x(3.45) with Y\ _and M

respectively. One £inds that _the;:e is serious disagreement
between theory and experiment { Table 1 ). -

Table 1 s Ml transition rates for charmonium

Process : -Bheory - Experiment
BTy x(2D+¥) [ x| - 1,7%
By 2 x(34)4y) | 9% L 25%
(¢ = x(2-93)4Y) 4% 0 1%
Bl %3447 X 8x10°6 [ (64 4) x107]
BIX(3.45)—> ¥+¥) .

This is really a serious problem because even for "light
mesons where nonrelativistic quark model is not expected
to give good results, theory and experiment agree within

factor of 2 to 3.

Two solutions have been proposed to the M1 trouble 3
. o,
(1) x (2.83) and x(3.45) are not Y\ and Y and that
the actual *\c.and Y\’c are there within 100 and 50 MeV of
) ) . _
Tlg and ¢’ respectively. In this case detection of V|,
and V\L is going to be quite difficult, But then what are
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nd x(3.4302 £5) BB ka3 53 3eStedBl besn Wsteds) that these
" Baryonium gtated® BaryonitmiBtatess 1esnx(2.63) 4s acqz” (q=
ﬁia %{(3.45 ‘\l}a ) &rE S-‘?((j, a5Rtts A cEsgffbmﬁgatégsén the former case
bt two ot TrREEXpECE: tivo ‘0¥ ‘ineschs ‘one. with ;%= 0-and other with I=1,

c " Pt oA 9;\ -
el calmlatgaf&smgdéy,@alm ldtions ':"fédica;Qeizz,sﬁhgg while x (2.45) may

be a barfoningeddipesa Bdrgonium state;n x(2:8) <18 £oo low to be a ca-
E‘for it (239Td5t&SEoF 55<(2) "The inewly: discovered level x(3.6)* is
¢, This :;ﬂ;“"@*\’ﬁa;p?;@gi\dn?l~/ SR L S o7

P ¢ lgv1evel has beend dg}:ngcg{g%f in ¥ ._9 T/‘i’ +Y
nd one w03 JXRaGiERqtondYhas experimentally
g N £ 6 P T -3
N B X(5ed sy xfpEy)= (2-3%12)%0

s ulser v QS X3y 4
. . (2,25 (2. 2)

Q

=hax hagpa s T PRy - 7 gy A 3
her tesd Gp2¢RetSEner: hand” theoretically we expect that

fl

- B OB > )+ ¥) = 05 /-

28 =Y TIPCRIF )T PpAY) = Vo keV’
ng (2.20 < 2oohbihing (2.3) ‘andi(2.3) we predict that

(2.3)

-

S ‘P;,’\nc.,« A e ~ . ‘
(3-63 =+ @Lx(3 6ry—>3 T/wrY) X oy (2.4)
5 e lerws o on §87tod large Jtobe “acceptablessIin fact experimental -

(2.2) ‘ndisgaguie (2.2) indicates thdt :x(3:6)"1se.a ot, 1% or 2* sc-

naLt Totl 7 4E8 65 that-both radiativé transitiops are El transitions.

:u .3 f-){:r Ty

: “lBaforé’ £inishing this discussiop of hidden chamm let

fem U R S I AR 1] r’nigq 28 . < " .
fom U CduopgergedonTehe dlscovefydf W (3.77). Naively one would

. ’ i # :
s rhe Ehot A ARL ) PRSI / =57 A 3
wEht EROE pdveEholight that \yﬂwand%\k . 1(Both being JgP€ = 17" anc

Zace L i rNote-that the data 45..als0.:consistent with a ‘low mass

*o grate at 3,18 GeV.

[l
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kiiifering jn l‘nlahs' justby 80 MeV)' should ba\i'e»'smhaf dec-
. - ay rates, but experiment:ally 41 -is- mrrow wh:ue w 15
" broaa (T ~|»") .28 MeV) and decays almost’ 100% to
: ',.D.°b and o*p" even though it is only 30=-40 MeV abave the
" threshold’ for these decyya. 'rh:l.s is a dramatic confi:ma- '
"tion of the 0ZI rule . ( _Sce F:I.g. 2)._ 'rnus even though we ha-
_ve no rigorous dn&lex:st_:anding of 02X mle there is no-doubt:
" that it 1s a reallty,
III. Chammed Mesons ' ' A
5.‘1. f’roperties of D and D* 3= If chaz‘m. quark is present
then in addii:ioxi to X/y. \p", ....; one should also nave - -
charmed mesons cg (q u,d,s ) possessing nbxiéero charm,By
20w pséudosca‘lax; me_soxis o’ (cd), ° (cu), F¥(c5) ana vector
. mesons. p**, D‘°4and'.r‘*f have beén-detected., »
The masses of o* and n° are known vety accurately 10
in ‘\’"(3' 77) '

MD+ = 18683 tog Moo = V2623409 MY

B )
Theoret.\.cally, using N.R. quark model one findsn)

&= 6,5 MeV

In the standard WS-GIM model, the charged weak curr-
ent is given by
s - S S, -
\ =cosg, (uo\ +2S) + Sne (Us-Zd)
' (3.2
6 being thc. «Cahxbbo c..ngle. This leads to .,election rules
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(‘z)W\.‘,c < 0.25 GeV, all data is consistent with m,&=o.
@ Te& 3.5 x 10712 sec, which is consistent witn the

theoretical pz:ediction af 2.8 x 10~ -3 aeco

(4) Michel parameter 9= 0.66 +. cr.13 ‘which strongly favour.,

'C—”t- coupling to be V-&. - ' .
N |
) Bl ™@e %1 ) = 'l” D7 v)—\%l raes o
out that T - :I.s a paralepton. Most likgly T 4is -a sequ- | ' |

ential. lepton with its own lepton number and hence own nu- ' !

etrino " o
(5)‘ Var‘ioug semi;ptqnic decay rai:es ‘are in good agreement

" with the’ theofetical‘calculationslg) as can ke seen from
Table 2, A ' | . )

. Table 2 Semileptonic Branching Ratios of T

(Brmgiﬁ;sf‘aw) _ Expts (B) ‘Theory (%)
T -3 W, 774 1.3 10
< —3 Y T L1.e ' 0.5
) S
T - S )Jt 24 2 ) 22
- . 10+ 3 : 1o
T - AV, -

Now that one has six leptons, the quark-lepton symmetry
demands that there must ke two more quark flavors.Remarka-
bly enough, in last one year we have firm evidence for fi-

fth quark and we discuss it in the next sectiom
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V. Beauty )
' 5.1. 'Ebcperinental_pigxatggn;- Last year ‘at Femila.l?,_;ede'r-
20)

man group found strong .enhan'cementat‘ 9.5 GeV in the

. mass spectrum of diruons produced in th‘grwo‘GeV proton= -
' nucleué eo‘llisions\: -
, + -

V+(Cu,?£)——9/*ﬂ 4+ X (5.1)
Their ana‘lysis shows that there are either two or three
narrow peaks 1n this region which they named as '_[' ‘r

”

('T ).

) .u_cently rothf and 'Y "have been seen at DESY ir
+ - 21)

e¥e™ collisions According to them
™M -9 hét o) M , =10.016x-02 GeV
X N (5.2)
- = W - s88-6 MeV
M’I” M_“ ’,553¢‘°<"\,v’ ﬁxl s A

vee(.f) =Vv2+-2, vee(-r’) - °"33.t'\°‘3k¢v (5.4)

S, <T) =(2.6%x\ 5) 7., \1('1')7 25 keV (57 €L
_ Y‘t('T Most v,,f\.f.& ke\{ V"‘(T,.)/ve.‘(-r,) ) 3.6'?'.3
& reupalysis of the FMAL data viitf_hthe above WM~/ - MT
value clearly shows Y'as a \3q effect with \“\qure--
Jicted to be 10.38 Gev22), A

Z.2, Analysis of the Dataé-
'{1) The most popular interpretation of these new mesons

"1‘ ~' ana T "is that they are the ground and first two

excited 351 bound states (JP€ = 1™7) of fifth quark-anti-
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quark(bf) system. It is a measure of the fantastic success
of the cC interpretation of. the. \}'-_famuy\t.ha!‘:,the:e is

almost no dissenting note about. this interpreoation.

(2) Since T,Tl, ’-f” are narrow enough to have appreciéb-
le )u“‘,.' branching ratio, they must all lie below the thr-
eshold for decay into a pair of mesoné Q& + ‘qa.'Thus where-
as s§ just fails to have a narrow. 331 state ( ¢ -reson
is just above. kK), cc “has two and. bb has 3 such narrow
331 states i.e, as ma' rises the mnzbeg of narrow 3.31 le-
vels below Zweig threshold seem to i‘noféése'.- '

.(3) ’Ihe story is similar to Nov,74 discovex:y of 3Il¥, \§'
except that unlike "r ,‘{) has never been clearly seen in
" PP interactions, The reason for. this is. that: whereas the

)t -Y production rates are

B % - 1103015 (5.5
c\\j C *
(which are :Ln excellent agreerment with the theonetical pre—

diction23)) the corresponding ‘p/-f production rat ia orl

2% to 5%. This strongly sugcests that
a(r—»/u WO By —9/«« »A) T (s,
so tﬁat '

V(‘I——a T+mo\)<< v<~v—n/~r+w~4) =130 ke

(4) Since 7T, T,‘[ are very marrow my ~ 5 GeV,
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. (5} 'I'he charge eb o'f the beéuty quark can ke determined '
£rom Ve e(T,T’) which .in the- nonrelativistic -approximat i~
on is given by A : - '

Vo TT o 2 eq | o™ |

M’g (8.7)

V(V——) e+e") =

\WQ“’){ being the appropriate bound state wave function at

“he origin. Now from the leptonic¢ decay widths of %,"tc),é‘

‘Sl,\\) Jackson haé derived an empirical foﬁrmla24)
2 . AL I 31
V¥ gtoo (o4
ARE A v |  (s.8)

so that Pee(V)Ie;' should be nearly independent of M. Tre
plot of Vee(v)/e: vs Mv (Fig.3) shows that the data cl=- -
early favours et: 15 and not 4/9.. '

(6) The. hadronicrwidths of "T and "1" can be calculated

from CD a la Jf$, ¢’ cases.According to gcp®>)

: 2 ayn/ 3 a2 b
= T 399 = Lo (7WT-2) A (M) VW ton ™

3w WL (5%5)

2
where ols(v\.r)'zo-»s is the gquark-gluon coupling constant

hich is obtained from QCD by using the formula

(2 = X5 (M) '
= T V22 o (M) in (M) (5. 107

with O(S(M?{;) = 0.19. Using. the expression (5,7} rov Y;_(t;}

in (5,5) we f£ind that .

TT) = 19:6 [ (T) = 2340139 .\<'Q‘V

]
.
et
[
~
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which is somewhat smaller than the experimental value.

. 5.3. Potential Models:- Since according to QCD, the quark-

. onium potential is flavor independent hence the popular .
chammonium potential if correct should also explain the vb
spectrum. &bout 2 years ago the mq dependence »of the Q0

)

spectrum was studied® by using the potential (2,1), The

. predictions were (1) for mé >, 3.5 (6,10,14) GeV there will
be 3 (4,5,6) narrow 331 bound stétes below the Zwelg thr-
eshold (RL+R9F ). Thus for m, = 5 GeV, theory predic-
g_é.. 3 narrow 331 states which seem: to be confirmed by the
experiments. (2) for ﬁ,b= %‘- R it\predi'cts that
vir,T > Q*e"):(o-'io-l,s) KeV which are crudely ir; agr-
eement with the experiment numbers.  (3) for \"‘\aa_ S GeV,this 4
model predicts that W\T, —W\T: 420y which is badly in

¢ - ’ disagreen_)ent.with the experimental mass difference of 558+
10 MeV., Thus it is clear that the conventional charmonium
‘model is not correct), .

Two alternatives have been suggesi:ed in the literatu-

28)

re (i) it has been shown that if K(m‘?‘i,) - 1is chosen

~¥0_ is of the
T
* This prediction is not a special virtue of the potential

to be 0.4~ 0i5 instead of 0.2 them N

(2.1) pecause for a wide class of potentials it has been

* shown27) that Ywa|mg where n  is the number of narrow

351 bound states below Zweig threshold, For m.= 1.6 GeV

we then get the desired resulth
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riagnt order of n*a_gnitﬁde. tiotice. that for this value of K
: : ’
one has-also been able to explain 3pJ ,'.!'/'{l"'\c ard VY -Y\:
splittings% It should be noted that wherems . X(g?) is the
quark-gluon coupling constant at spece-like qz, O(S(qz) is
the corresponding one at tixne-like.;;z and at finite q2 the -
two would in principle pe different. Using data on T (T)
and T, (T) 1t turns out that °(s( M;'-) * 0.20 but data on
scaling violations in deep-inelastic scattering indicates
thatzg) K(mi)( could be as large as 04 ~ 0.5, However,
[
Veg'.ﬂy,f) are now too large unless m_=1.2 which gives rise
to states which are much more relativistic, Similarly, for
’ ~ .
my,=5 GeV,' Pee(T, Y ) also came ?ut to be too large,
il) M ated by the apparent ity Myr-M =M =M 4,
{i1) Motivated by the apparent equality p ~ M

h=s been suggested that (Q potential 1530) -

. 2 : :
V(92) = ¢ \w (920) ) (5.12)

for which the level spacings can ke tigorc‘auslf shown to be
independent of W\a. For ¢=0.75 the chamronium spectra |
and Y'ée(\v, \{):‘["Y') can be fitted approximately. However
for \'S ’<\’y‘1>c'c' is again too large so that the use of
WeR+ approximation for charmonium is highly questionable;
Besides, this model 1s bit crude and has no theoretical ba- -
sis in the context of QCD, In conclusion, there is no qua-
rkonium poténtial which can explain bB and c¢ spectra
simulteneously, My feeling is that we are missing some vi-

& tal ‘point ( may be N.R. apbx. is bad for cc)and that ia-
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why 0o model satisfactorily explains both cc and bb spec—
tra, - o

5.4, Model Independent Results:- The other approach which
has atracted sdme attention in the literature is to derive
results which would be valid for a class of potentials,
Some of these résults are -

(i) Relative Magnitude of 1s a;ld 28 wave functlo_ns at the
origins For cc as well as bb systems we find from the

data . on the . .leptonic widths that \\\J‘ LO)\ > \w}s o)\

Iax:tin 3 has shown that the sufficient conditioh for
\‘\’\s“’\ % Voo C°’\ : (5.13)
:iS . ' ii
— 1y - : .
2 = < o] for all r. (5.14)
A~ 7

Notice that the quarkonium potential (2.1) satisfy fd_ll«;
for not only N /%) =0a% but even when VC(hJ:ah"‘ with
'OSY\ $ g_‘ o 'Needless' to say 'that the logaritimic potential
also satisf:les this condit':ion. From Me.rtin's sufficient
condition. it is clear that the Q@ potential cannot be con-
vex, However nothing can be said about mixed potentials
of the type. V() =~ 331 LI (°<ﬁ$‘7 which are
consistent -with the observed ordering of levels )
One open problem is to derive sufficient conditione

for \vzs(u\)\\y,’(b)\ which is relevant in the context of

a3 s, narrow bound state "T.' My hunch is that (5.14)




should suffice even for this case. This is because even fé'r .‘
32) S .

large n Gupta and Rajaraman havé shown that

M a0\ % VWi 2 (5.15)

provided V(0) -is finite and (5.14) is 'satiéfied.

What are sufficient conditions for \R el <\R (OJI 2

' This 1s relevant question for bb system as 1p and '2p leve- '
1ls of it are expected to be below Zweig thteshold and the
decay rate for p-levels is proportional to \R(,(oS\i/ R,P

.

heing the derivative of the radial part of the K=1 wave

function. Unfortunately it turns out33)'

that sufficient
conditions can only be derived®* for \R’\P(o>\< \R;P(o)\
which 1s probably not relevant for the bb system.

{ii) Bounds on Decay Rates: Recently Rosner et al, 34) have

derived the lower bound’ vte(T/T )k 6 \ H)e KeV by making

use of the :I.nequality**
2 (A \y. >\ ") Do ‘
awxq( Yhg ' e ) / (5.18

which is true for concave potentials. (dzv/d.r2< 0 for all o.

* Sufflcient conditions, have also been derived33) for

\atR, 29 fast| ¢ |4 Ra 29 [a5t |

** Sufficient conditions have also been derived33)

recently N

for __ (M ___ \le‘ g o) TN
o | o wR 0. .
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Strictly @peaking, their detivation is not valid for ' .
Besides, it i3 ndtclear if the quarkonium potential is rea-
lly congave or not, Infact even the class of potentials

N .'_L‘k \ '
V() = =5 + Q9Z.Y\ ' 0<Y\§1 (5.17)

are consistent with the ordering of levels. Using the fact

- that for V(r) = ar‘

the m, dependence of \\\a(o)\" is given
by ‘ ' 3

i \\\’(é)\l— ~ (Wq‘)l'\—é

(5.18)

-variation of \Wto)| ' is smooth

and assuming that the m
: 3s5)

Q
for the above potential, it has been shown that
3

S : : 2 : -
Teel T, T B (207, 12) 8 KeV

This again rules out e\’ = % . Using similar technique it

has also been shown thataé)

5.5 Beattiful Mesons:- Undoubtedly the best way to detect
beauty quark is to look for ® beagtiful 0~ mesons * B°(bd),
o7 (138, G°(bsS), F(bS) and their vector counterparts. Sihce

we have seen in Sec.III that as m, rises

. Q
M (@) =M _(aF) £ W
hence we expect that B®, G*, P* will decay dominantly by

e,m, interaction i,e. \3*( q*l P*) — @04, PI4Y.
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B

W

Infact it nas been shown that the hyperfine splittings for
) .

all of tnem are nearly equal
“WN_ 2N - T -~ v
o Mg a*” 4 ¥ TeT30Mey
The lightest mesons B°, @  are expected around
5.3 GeV and we expect to see them soon in PETRA. The domie
nant decay modes of @’ imnvolve charmed mesons. The QCD

38)

calculations indicate that the nonleptonic decays of

B°". are not substantially enhanced in comparison to

the semileptonic decays which are expected to ke about 2¥

~ The B - ana g2-3° mixing problems have been an-
alysed ant it has been claimed that if ‘N\*')B GeV ‘T\(\_k
being the 6'the quark mass) then this mixing is much lar-
ger than D° - D° and the CP-violating effects in g - B

may be even cqmpgrable; to those in K°~decays !39)

6. Taste

The situation as for today (Dec. 6,78) is that there -

are 6 leptons and 5 quarks.'Whag: next 2 I am very confi-

dent thit there must exist 6°'th quark "taste" (after cha-
rm and beauty what elas % ) as (i) Quark-lepton symmetry
which has guided us so successfully demands it,(ii) If we

want to build SU(2)L®U(1) type of gauge theory then the

‘cancellation of triangle anamalies require that no, of le-

ptons be equal to quark flavors. (iii) Natural suppnéssion
. 2
of AS=) and D€ =) effects to O(q‘,) .can orily be retai-

‘red in that case, (iv) CPsviolation can be naturally




.

I Agonjucture that the lowest °s

‘that
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incorporaced in SU(Z)LQ U(l) gauge theory only if there

are six.‘quarks. .

These arguments are so powerful that I am ready to

bet for its existence®, Its expected charge is 2/3.

Remembering that YN, = 1 GeV, W_, ~ 3 GeV, W\T= 95GeV

P
; State of the tE system
will be around 28-30 GeV so that®¥

W, = Mg zeb,,
’ . \

X
=

~ % GeV 8.y
Using the analysis of ‘the last section it '1s_" then clear

1 -
ow the Zweig threshold & q, +%k9, (q=u,d).

Using Jackson's phehomenol‘ogical formula \w Lo)\lo(
Vo94-15 ) . :
and \"e (w,¢') the leptonic and hadronic widths
e A

v
of § and 'i’ can be estimated. I find that40)

Te(5,3) G612 Wev; PG, sned) =003

-+

v ' L '
where O(S(Nﬁ): 0.13 has keen used, From here it turns out

\¥, Lo\ ™
~ 6

ST e T (6.5)

* let us hope that "taste® will e discovered by the time
we again meet two years from now, I hope that the organ-
. izers will reveal the same taste as they have shown in
selecting this pink.city to celebrate beauty. :

,b'*‘In this context it is encouraging to note that dimuon dn-

‘"ta at Femmilab in pp collisions does not find any peak
upto 18 GeV." " - L.

that 6 narrow Js levels are expected in tT spectrum rel-

KeV
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~\vex 6 )
to be compared with the values 8 and 1 for Coulémb and

(wote that 1Y ‘oi ~3.24.7 and Ac?_’
linear potentials respectively. Thus the spectra of tt wi-
11 be quite similar to the positronium spectra, It is rea=-
lly remarkable that the bound states of the lowest (massi-
ve) and heaviest constituents of mature i:.e. ete™ ana tt

have similar spectra. This means that as W\Q rises strong
interaction between quarks ténd to become weak. The calcu-
lation of mass splittings, decay rate etc. for tt system

is therefore quite straight-forward. In particular a la po-
sitronium one would expect that =M - 3

17

7. Conclusions

There is no doubt that qualitatively the nonrelativi-
stic quarkonium models explain the cC and b spectra very
well. However, at a quantitative level the situation is

not so good and infact there 1s no model which satisfacto-

" rily explains both @ and b5 families. With lot of data

expected in coming two years from PETRA and PEP let us ho-
pe that the theory will be in a better shape by the time
we meet next time. Anyway there is no doubt that by any
standard, the success -of the quarkonium ﬁod_el is phenome-
nal. Infact our understanding of c¢ and bb families is
;nucn better than that of lighter mesons.

The picture that emerges regarding constituents of

nature is: we_have 6.leptons and 5 quarks and-it-is al_mqsé :
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certain that a sixth quark will be found soon. Is that the
final number or the mumber of quarks and léptons will .go
on increasing ? Asymptotic freedom tells us that there ca-

nnot ke more than 16 quarks41{. & better bound is obtained

42) which indicates thét number of leptons

from astrophysics
cannot be greater than fourteen. The point is that any new
neutrino (withY“w<lo KeV, T(V) few sec) wou}d‘have increa-
sed the enérgy density during the early stages of the expa-
‘ nsion of the universe. As a result the rate of expansion is
speeded up which affects the He4 abunaance in~thé universe.;
The observed upper bound of 29% oh the cosmic helium abund- 
- ance impiies that number:of neutrino types is :; 7.

At a deeper level I wénder if quarks are indeed small-
est constitutent of hadrons or not. It is quite possible
that quark will turn out to be "“just yeﬁ andther safi §f
Draupadi®®,- v
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Fiqure Captiox

ig. 1. Chamoﬁium spectrum _
Branching ratios of Y -decays: a =7+, ‘b=
7+ Z%, c=7~324, d;‘ls_q_-ax, e = 23.4 + O.8%,
£=3.3+1.0% g {25 nd 1.0% g ~ 0.5%,
3 £ 1.7%, X1= 0.28 + 0.12% Bata are takén from
ref,(7), Feldman et al.ref.(l) and APhys.Lett‘.»'lS_B,
1 (1978). - ‘ '

Fig. 2 Feynman dié’grém ,
' : o '
(2) for OZI - allowed decay ¥ (3.77) —ODB

(p) for 02I - violating decay - \}”—9 AT/tp + 27

-, 2 M
Fig.3. ¢ V —e'e )/eq versus M5
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DISCUSSIORS

S.P. Misra

A. Khare

S.R. Choudhury

A, Khare

(1) Wnen you take K = .4 to .45 and e.g.
get correct splitting for ¢ and qc,
still etc. puszle of electromagnetic <
transitions remains.

(11) For B %I,"'I compared to B %g-lr.r:r"

‘the ratios are probably different just

because branching ratios are different.
Can that be so?

Yes! You are quite right. The puzzle of
M1 transition rates still remains,

Yest As I mentioned in my talk probably
it is because"

By~ ph") » HY - pR)

1. You said that the linear rather -than
logarithmic is more natural from the QCD
point of view, Could you please elaborate
on this, -

2. You quoted the mass 5 GeV for the b-quark.

. But this in a contirmmed theory is just a

parameter and is therefore model dependent.
What is the stability of this fisure 5 GeV?

1. What I had said was that V(r) -='-"- var
is more natural than (leg(r—) from QCD point
of view, From QD we expeot®that at short
distance the potential should go as -1/r.

At iong distance ofcourse the only require-
ment is 0f confinement and V (r) = arl e1¢r
1s as natural as Vy(r) = ar (except that
lattice gange theory seems to suggest ar).
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2, Certainly, By, is a parameter in
potential models, Number of calculations
have been done in the literature and they
, seem to indicate that my 1lies between 3,5
and 5 GeV, :

R, Ramachandran : 1) If X (2,83) is baryonium, we should
: expect it to be even more narrow than
in view of its double forbiddemness, a la
- 0ZI rule, Is there an experimental indica-
“tion of this, - .

2) Is thers a theoretical motivation for
linear potential?

A. Ehare : 1. Experimentally, I think, X (2.83)
appears to be broader than J/p .

2, There ia no theoretical motivation fer
pure linear potential. However, from QCD
thereisdefinite motivation gor ‘
V(r) = - 3£ +ar.




