





uli. Introduct1on

'Exper1menters g1ve hopes 1n search1ng for the HLBS (Qq),;: :
g{where symbols Q and q denote a: heavy quark and a 11ght ant1—/
quark respect1ve1y We know the heavy quarkon1um can, ‘be- pro—h
ffduced “in? the relat1v1st1c heavy 1on collls1on, 80’ ‘the heavy—~‘fi‘
éﬂllght quarkonlum w111 appear 1n the assoc1ated processes Slnce o

Lgln relat1v1st1c heavy 1on colllslons, h1gh temperature is’ pro—"y

'gn~duced by the transformatlon of great deal‘of energles, ‘we’ think~
‘fthe 1nvest1gat1on of (Qq) at a f1n1te temperature w111 help us

to know more about the propertles ‘of the HLBS But 1n thls pa—‘
4;~,per we'! 11 give a br1ef rev1ew of;the (Qq)—bound state at zero

*~j(temperature."“

XJroth temperature are the good current and planned program to f b
‘fsearch for both the 11ght charged and neutral ngss bosons h

with masses wthh are of an order of the quantum chromodynam1csd

o

1 0 Gev. The ex1stence of th1s

U (acp)- typlcal 'scale L~ 0.5

h”iltype of 1lght h—bosons 1n the models w1th several nggs doublets

Bbuzs -muli Hhﬁm‘”"’ :
|| cacwsux mccaepomaust |
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“*ratxo for B ——> nggs + someth1ng of about 20 -30

A:vas compared w1th b——>u,
‘[|f\ubl /) vcb|

X

:are the masses of t- quark and ‘the gauge bosons, Z and W, respec—
t1ve1y), when the Standard M1n1ma1 Hodel (SHM) 11m1t mH > 7 Gev
¢ my is the nass of Higss in the .SMM) is not- yet! relevant. pro-:-
_v1des the un1que p0551b111ty of h-productlon in~ (Qq)— decays
The follow1ng polnts provxde the main f1eld of our 1nterest 1n

: th1s subject: _ e -

T the flrst

and m
q.

’ mQ— ﬁq ?.E
(mh ‘Q-heavy . and q—lxght
quarks, respect1ve1y in the constltuent quark model) ‘the decays,
el g B~ (bu)——> h + n° (cu) and B” (bc)——> h + n(cc) dom1nate.

“in the three generatlon SHH the nggs “Gan on1y be: lxght enough !

" to.appear . 1n B meson decays 1f mt> 80 Gev, g1ving the branch1ng

1n the case of. the mass relatxon mh<
are the masses of the h—boson,

“the’ present .
'data e11m1nate the nggs masses below 3 T Gev w1th the exceptlon
”of a window between 0 3. Gev and 2 0 Gev, it the nggs 1s llghter
‘ than the B- meson,\it 1s produced rea11y in the B- meson decays,_”
k f—the second - we suppose the dom1nant is productxon of " n(cc)—‘f

'meson 1n the decays of B due to. the 1ead1ng trans1t10n b—>c

ovos o
R LU DY IS N U R i

0,17 ( seé ‘the ARGUS and CLEO data in

i

‘*-the th1rd the quark process under1y1ng the decay of the B me—~“‘

Cson 1nto a Higgs and charmed hadron1c matter 1s b-—>h+c
>1H1ggs f1e1d may be con51dered as the pseudo Goldstone boson ‘as-
r‘_soc1ated w1th scale 1nvar1ance of the c1a551cal lagrangxan,ilg~f:7
E -the 1ast one, har
;less hadron States in the; decays of B~ meson f,,T\; sk

/,u\.

The SHM assumes that 1f the e1ectroweak symmetry break1ng va—
: cuum is an, absolute m1n1mum of the effect1ve potentlal for the'
{'h boson f1e1d w1th ‘mass. m :

ywhere the present status of the data is ‘{i'

The 11ght"

there are no experlmental observables of charm-.‘v““

‘one can finds’the~followinQ‘massrrelatjon o
RE a11 ferm1ons and B Z.N ‘g

r11y llght _ ’i;

1QCD‘

~where the axlal current J
. F :T <0'|

-the covarlant approach where the two—quark vertex functlon~

2 s 2;'l DRt 4.
m t/l —;t mh;)‘< t~(‘4;2vmf. a B

Zmg), t= (4 n;"r)r?

/

whow 247 Gev,

In the presence of, the superheavy .
.the latter‘

Here the‘SHM‘scaleYr =
u ‘and “2 .are constants
e.g.

fermlons, 1f the top- quark masses mt——> 100 Gev,

‘express1on would allow for the nggs partlcle to be an arb1tra-

As is well known,

( l and v denote the lepton and antlneutrlno, respectlvely) The

,heavy llght quark system can be consldered ‘as’, a 51mplest one of _
one 11ght quark 1n a s;atlc f1e1d\of a heavy quark source.uv
”~Th1s is the hydrogen atom—llke (w1th the radlus of the kernelﬁz,
1/ m
‘the heavy: quark (QQ)- bound state (cc,‘bb)
,fto study theoretxcaly both the perturbatlve and nonperturbatlve

q << R Kol 1/ L) analog as 1s the p051tron1um—11ke system for

’*heavy—llght QCDvlrrespectlve of conslderatlon of some details: of

‘the QCD analysxs
: process (Qq)——> lv can be represented 1n the standard form

—1/2

VI P> G (8 P )

cos 9 u1 Tu(?f 75?;ve; Fy;

f:.{ :.;53 o

P l P> =2 FP Pu

initial bound state w1th'mass Mo

and P

Our alm 1s to calculate the weak decay constant F based onf‘

'(v f ) F 1s parametrlzed 1nfthe momentum space as follows [ 2 ]

L .

'where £ + f =P, 4’1) ‘f“'and f are momenta of the heavy,‘
1 1 u ; w3 .
quark and llght anthuark AL 7=:Pt / V P rand T

respectlvely,'

':The 1nvar1ant matrlx element def1n1ng the. decay\

= q 1 15 Q deflnes the decay constant
1s the 4—momentum of: the?

the fundamental role in investlgatlng the .;_‘
: pseudoscalar HLBS belongs to the 1epton1c weak decay (Qq)——> lu

NS

It 1s very convenlent
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‘ & t10n of the h—boson w1th all llght ferm1ons, but the: second term fg

S

‘, gluons and photons,

;

. under the condltlon (f f )

.
ls’aiscalar parameter;
£2 "Ag','fz mé and_P? = Mz
and outgo1ng four momenta 1’TA X (f T fz)“ R
[ 2 ] mean that the v f. (‘1 )is always of f- energy shell (1 e.

T, “ P the V. f.. ( 1 ) would turn ';,

1nto a constant) ,‘, S ERRERED

" tive mass shells

‘n

The 1ncom1ng
of spurlons

:\

g 2.‘ A H1ggs Quarkonlum Interplaydﬂ:“ . , :
.The local 1nteract10n lagrang1an for the coupllngs of the

pseudoscalar mesons to a’ llght nggs—boson h in the low momentum,
11m1t ph = O (mh < mQ Oy M) 11near w1th the H1ggs f1eld term can\':

be wr1tten 1n the standard form ( keeplng both thefheavy ‘and’

11ght flavour numbers,,NH and N respectlvely, s1nce mh > mq‘)

“u»k The f1rst term 1n ( 2 ) represents the d1rect:contact 1nterac— Y

and the th1rd one prov1de the effect1ve gluon H1ggs and gamma— -
H1ggs 1nteract10n,respectlvely{
vand heavy quark loops

t1on mass—— ) nvolv1ng ey

-3

Gy and: F “P are the f1e1d strengths for‘
respectlvely 3

mass (1+ h/r) “of all ma551ve partlcles
the (- 2 - and ( 3 )..

The express1pn for the vertex o»

{h1ggs}, w1th the{pseudoscalar unequal masr'

All the four— momenta are on the respec— ;

1nduced by the const1tuent llght— f'
Here we take 1nto‘account the'mass reduc-_:

j“' LR Ty
g ol K

W

fon ”“geff. A;Qaiihiggs}l&gq

i

\‘

. quarkonia is defined through thejcouplings of Higgs to'the'gluons

s
o
-

Jers.. ‘ e T e
Trooo A {hlggS} Aqa T St

o

: = _a;:' g a:i'uva'~» R E R,
=<l G € - gy oo M

, ffqu> (hlggs}.
CA 71&) f:u, d s "; ‘ B ( 4 )
are the (Qq)— and (qq) bound system )

=

where A'— and-’A .
Qq - qq
respectlvely.

,amplltudes, - and f are the mass and f1eld of 2

f c
~In the case of the- three l1ght flavours the
ghva: is related to the trace of the ener— -

any llght flavours
product operator G2

[74%

. gy momentum tensor @ by means of [ 3 J.-

> uhere'b-jli— (2/3) N,
REAN B - functlon L

e

'i in the QCD w1thout superheavy quarks. Therefore. the nggs gluon

coupllngs ( 4 ) can be’rewr1tten 1n the following useful formula

SR {hlggs} A

Jerr. © 5 " .
e (1 §7Nf)i‘z‘j[ Gt

wh1ch 1s va11d for an arb1trary number of 11ght and heavy fla— -

voursf

,To obta1n the express1on for the effectlve constant g \'n“t;'f

I = .,,

Al

( 2 / 9 ) m é’— 0 90 Gev.twhere the effect1ve mass

eff

L and g =
ﬁ is, def1ned through the gluon contr1but10n L
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A 4 - ‘ . .
L= e T e e IR - T
.m A’ = A = = Lo T L
S5 Qq ’qquv.< Qq | Gul qq'>/»:, : . :
: . L ) " S : ,-‘¢

i

‘ﬁere'the heayy quarks have’been~inteérated>out‘ofgthe,theory. L

3.. Bound. State S AT D e

The v f. ( 1 ) obeys the unlocal bound state eq. ['4 ]

N

a T T ST v?’,;,f‘;s_t.~

¢ P+ tA ) F(p.PltA) 5 8-Iydnp w(p P’ p|ra) S
: '1 8 ) "., ),: B
F(p"PItA) j_,e, o (p'P) i ‘ .
'P)[ (P + tA) (1 +.= ——)]
2( 1 p’ ) (K(ZP - P)—,10] S : V P2 ®
. R vJ: 5. )

(d hp d P /[(2 n) ““( ) 1s the 1nter—'

‘.actlon kernel) ; . k S S ; A .
. in the case of an’ arb1trary tota1 momentum P { E P }, where STE
\'1s the re1at1v1st1c reduced flavour mass, that 1n the asymptotlc
: 11m1t mQ——> © 1s def1ned only by the mass of a l;ght antlguark -
;and p ;s the! 4 vector of re1at1ve momentum f“— > P“+ p, f“— (1-
—‘e)P“— p and the mass coeff1c1ent c

'leads to 1 as mQ >> m

‘as m >> mq,_wh1ch means for the (Qq) bound system,tthe typical 1n—hji

Q

rternal momenta are determ1ned mostly by the llght quark w1th momen—;g

"tum fg The v 1. P 1s the nonlocal functlon that depends on the

: spectral parameter M taklng the values of the total energy of the

‘s4c1ear,‘thls fact 1s true due to

“two quark bound system It_
d1rect con51derat10n ‘of the quark ant1quark 1nteractlon problem
'uln the framework of the loca1 quantum f1e1k\‘heory A way 1ead1ng
“to a: local approx1mat10n for the dynam1cal functlon F‘IS to :
restr1ct the structure of 1nteract1ng part1c1es' (p / ne ) < 1{

~In the one loop approxlmatlon the QCD character1st1c scale 1‘e.v
the scale on’ wh1ch the nonperturbatlve fluctuatlon dominates,~f
‘Rcf;.AT; exp(-2 n/b), b= :(11- ~2n//n ) /3 ;s R (0.1240.24) £
at n_ i= nf and R~ (0. 07 .0 13) fm at n;
ﬁ‘s1ng of. the nonperturbatlve QCD7d1men51ona1 parameter A from 200
Hev up to 100kHev. L :

respect1ve1

0. 5[1+(m ' m 2y/ w? ]. which -
q' Note that (p + f )— oyt

o

n / 2 and at- decrea—}_“

icolours and flavours). In the nonperturbatlve reg1on at largeb. P
_jd1stances one can f1nd the followlng general representatlon for

:’-f :b : B [ln("' :RZ) + \p(a+B+D) i \p( : a;B .)vi]]'_" ' -;_’_(’}',.7 )

uobtalned from the soiutlon of eq ( 5 ) 1n Dt
'11nteract10n kernel 8
' predlcted by the calculatxon of the tran51t1on amp11tudes [ 4 ]
ftand many spectroscoplc data. Here
yffv is the un1versa1 spr1ng constantfaccumulatlng the full flavour:;d
'1ndependent QCD—orlented three-d1men51ona1 structure of the two—
f:body Bethe~Sa1peter p1cture. ThlS model 1s characterlzed by the
k‘reduced constant 5;4“[ a ( M )] 1v common to all the heavy—*
’llght flavour sector;? S

D

the 1nteractlon kernel W ( R >R ) 1n R in the scalar form [5]

\ . - .
P S R - el e : R .

wnp(‘R > Ré) e R ,Lla f_b R: In(oR:/ 1)1 i 67) .

where a, B and a b are arb1trary numbers and functlons respec-
1

t1ve1y,‘1 1s (a mass parameter The Fourler transformatlon of (6)

U aeBeD o /2 - @D )0
" _.—2—_ HD/?. { [kz] ~la+B+D I‘( F(—5— ), Yoy
ENEE T

(k ) ﬂ P
: (1 k) N 1‘~¥-,W F(-a/z) .,

F( a+g+D )\ e

E_E)

<

’11m v [ r(- a/z)]——>o as’ (a/z)——> non

,‘fvand W(.. ) are the gamma— and psi- functlons respectlvely)
‘ fﬁallows one to get the follow1ng momentum dlstrlbutlon of the hea—7y

rexpl~ i sinh%tin(yéiu o

R J%t’”z‘

3 space w1th the
2, B = 0

7 ) ‘in the 1ead1ng order at a-

pr is the quark rap1d1ty ‘and’

qsyls the QCD spr1ng constant




+

.. 'where

. contrlbutlon ,' ;3 : s : Q,
R A V2 RUAM (10 [ : - R
o TR DT T BB MP - 4EZ 4 i00-
I e S 0 BE Sl SR ,
' Here A= mQ -,mq and bY "X" e denote the fractlon ‘of the’ ant1~'f'

‘Qi—‘a b1nd1ng energY.« ;L'V%T

"vd— a second term q /(2 m ) in the express1on of the energy of a;

N

' P "‘. - - v N ..

4. Weak Decay Constant ."5i’ e FAEE

Us1ng the general pr1nc1p1es of constructlng the pseudoscalar
bound ‘state amplltude on the base of, the zero- relat1ve energy

reductxon formallsm in quantum f1eld theory ( or the equal -time

~spurlon s technlque) [ 2 ], 1t is easy to f1nd for the weak decay

constant o ';*‘ T

VF‘(O)' + F“) FE = 10 )»f, :

Coy T " ap P2 ey

FO =ayam- - ——— a2 o 10
. 0 l/ 1 o = / n 2‘ ‘,4Fq,'—“vM~—,'19,,'; :

L

Mo

quark momentum f2 1n the total momentum P fu = x P“.!It 1s( -

clear that 1n the mQ o~ M——> w 11m1t X 1s golng to zero
. ~eff

’ The effectlve mass: of a’ heavy quark ‘ma ;,‘1s deflned through B
' the energy momentum constra1nt ('Eoeff)z "?g'+ M( M o 2 £ ) ,
The heavy quark energy EQ dlffers from 1ts phy51cal value of the
mass nQ by some f1n1te small amount e ( : wmQ + e) that can be

1nterpreted asf; o

e an average energy of the 11ght quark < Eq >,‘-';» l5jg i Vﬁ’
/
free quark w1th the small momentum q (e : . 2l
: Therefore.lthe heavy quark v1rtua11ty vQ— ( f / mQ~— 1) 2e/m
“is® much smaller than un1ty In,the 11m1t mQ——> © the v1rtua11ty
vQ——> 0 and thus,‘the heavy quark 1s almost on—shell The exact

relat1v1st1c express1on for. FP in terms of " ‘he bound state ‘wave ‘f"

functlon ( . f ) kw(p) becomes

~ In the. limit m %—>\@'oneAcan,find~from (11)

iproportlonal to:M
© the! V. f.( 8 ) prov1des the M
‘becomes T : ; :
lwhere i

~ ana

“‘heavy top quark state T(

“are’ determlned for;
[ted by M1tra et all

. 1nteract10n factors, calculated in;

where b

luntlln

Q-

F

p>2V2 nH fap et e 1.—.gp/_u>\.‘ a<H 1)

w1th tak1ng 1nto account the normallzatlon constant (.9, )
1/2:
/ The asymptotlc expre851on ( -12:; ) based on
1/2

5

asymptotlc sca11ng law (ASL) andﬂ

" AS

‘ZFP"—_> F ( l + 6F ):

':fti(,i3v)fj__‘f\

eF _‘—4\/2 (‘14)

V/(nVn

fThe numerlcal calculatlons of the var1at10ns ( w1th 1ncrea31ng =
:Fx up to 0. 3) of F ( 11 ) and the asymptotlc one FP (e 13 ) both
owith us1ng the W, f. ( 8 ) for D, D

B, BS— mesons and the exot1c

i

”-100 Gev,

5‘Gev) are glven 1n Table 1\

NThe values of: the un1versa1 constant v 1n - 8 ) and ( 9 ) S ~[5“

Lo

he hadron mass spectra and havevbeen sugges— ;,

1n [ 6 } In go1ng both from D— to B- mesons~
and from DS--to B —mesons the ratlos of perturbatlve gluon ’ L
", 8 1 and whlch should be;l

mu1t1p11ed by F -constants are

_11 (2/3) n
our’ numer1ca1 data presented 1n Table 1%

LT erefore, we shall not take 1t 1nto accoﬁfifli




Table 1 .o e
T RS i Mev T e -
/ : Lo LT T P, :‘eL e AS -
_Meson ' v ,Gev fractionKVX‘_g. 4 ‘FP.Mev | 8F I'%
000 001 002 0 U003 e
D(1.869) °.268  138.7107.9° -77.0 '46.2 . '146.4  45.8 :
‘D (1.971) . .299- 150.5 ‘11380 77.1 40,3 160.4  48.4 . - .
B(5.271) .7 .262 131,2-;116\0\ 100.9 ' '85.7  132.0° 15.8
B,(5.373)  .298 . .142.9 124.5.106.5 ’88 5 0 153.9 - 17.7"
T(100.0) ~-.039 -~ 2.0 ' 1.9.7 1176 1.4 7 2.0 .0.12 "

,,The resultlng calculatlons for the T meson 1nd1cate the M 1/?—

“ASL for H > 5, Gev as’ was shown by.. Slmonov [ 9 ] The asymptotlc '_‘,L. o

1weak decay constants F AS and FDAS

- 6F i (llsted in Table 1) wh1ch .suggest that these decay
;”.constants break the ASL Small values of F ‘at x> 0 1: could be
»}explalned by the quark content 1ns1de the D —meson. In fact we
have used the const1tuent strange (~ 0 419 Gev) and the charmed

content, (~ 1 50 Gev) flavour masses [ 10 11 1. Therefore,,the L
‘1s strongly dlpped by the term in- the last
A poss1ble d1screpancy of EB

have very large correctlons

L'expected value of F
- brackets’ 1n the r. h s. of ( 11 );

'(F )iin recent potentlal models 1s due to” dlfferent values of the N

b (c) flavour mass used
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