





1“ 'Ihe experunental act1v1ty in the quarkonla (contalnlng one heavyg:"v
quark Q and one hght ant1quark q) phys1cs is- stimulated by: 1ntense theo- o
Cretical anGStlgatIOIIS around the HLQBS mteractlons and’ thexr tran51t1ons ;
,We define. the ground state of HLQBS as. 70, Qf (v)for the pseudoscalarlh 1
.Or“;wl.._ 175 or . vector. O =1 ‘mesons,’ where the - ﬁavour heavy quark S
Eﬁeld Qf (v) with the’ constltuent quark mass- mQ and four- velocxty v is re- ex
lated to the conventlonal field: operator Qf by Qf = exp(—zvaa:)Qf(v) PR

{The” hght quark q stands for a standard coloumn vector in the ﬁavour e
;'SU(3) Tt is well known as’ much progress has been made in"this area (e.g:
flsgur Wise- Grlnsteln heavy quark syrlnmetry 1n quantum chromodynamlcsﬁ

(QCD) ),:..) by'many authors. , Fy g : .
"~ The hea\/y-llght quark bound system (HLQBS) can be well understood
because the remarkble feature is that these quarkonla are small The QCD- e
J or1ented effectlve quark potentlal niodel is. a good real model from whicl'it’ e 5
_canbe extract the vertex functions (VF) of the HLQBS the transition form- i
factors (TFF), the decay w1dth .. The effectlve dynam1cal character1st1cs S
of the HLQBS are ‘the typlcal 1nternal momenta, which are deﬁned mostlyn s
'fby the llght quark and the heavy quark (w1th the four—momentum fQ)
jv1rtuahty vg = (fQ/mQ'— 1) Wthh is much smaller’ than umty and in the"‘ -
‘llmlt mQ - o0 the: v1rtuallty VQ 0 ( the’ heavy quark is® almost on- shell) T
A 2. The modern particle phys1cs is keeplng the key problem ‘with the '
or1g111 ‘of mass. In the Standard Model (SM) tHe generatlon of vector. boson:‘*‘" :
“and ferm1on masses is related to the ex1stence of Higgs boson The decays of
“the: HLQBS in the ﬁavour changlng of the heavy quarks are the good current
test program to search for both the hght charged and’ neutral scalar bosons i
—‘,‘(nggs h) with'the masses which ate of an order of the QCD hadromc scale”
'}(around 1+2 Gev mass 1nterval) There is no. the ‘model 1ndependent both™ -
-upper, and lOWeI‘ bound on the mass of such a scalar partlcle In the paper“‘ S
§[2] the authors’ have establlshed a lower bound for the nggs part1cle mass, .-
my, =18 Mevvfrom the neutron nucleus scatterlng data at the given. nggs-,t o
“boson-nucléon couplmg constant. . In fact the mass Yf any. elementary scalar’ -
“boson (nggs) is. seus1t1ve to: radlatlve correctlous, ‘which are quadratlcally”% i
“divergent in the SM. One of the main problem cons1sts from the differences
;’among the’ couphng constants both of the charged leptons and quarks wlth
;the hght scalar partlcle ThlS is also very dlfﬁcult to. understand W1th1n§~c
“the framework of the SM. From the phenomenologlcal p01nt of v1ew the 0
. theoretlclans have not yet had any correct knowledges about the nggs, :

‘»The poss1ble ex1stence of the llght scalar bosons (nggs) in- the‘ model
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’L w1th several scalar doublets and w1th a sufﬁc1ently superheavy -t- quark o
(m, > mzw), “which are consistent W1th the. present expernnental bouu(l e
“given by rn; > 100.Gev, provides. the unlque p0551b1hty for h- product1on 111 R g

\ ‘the decays both of the HLQBS ‘and of the exotic heavy -light hybud me sons, -

' wh1ch contain’ the massive vector (gluonlc) field ( here m; and mzw._ ‘are.

the masses of t- quark and the gauge bosons Z VV respectlvely)

!,.
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| -_..-(1+ )2(mZZ“Z +2me+"W ),

V”N NH+NL, 1]._;247 Gev

?fphy51cal charged scalars to the up-
: c'ouphng constant g are’ :

myy tan ﬁ

S 0.5(1 £ 'y5) are the elements &of the Cablbbo Kobayasln-

- o matrlx

of h boson ﬁeld {ll}, w1th the pseudoscalar quarkonla looks hke A

geffXqu{h}Xqu (qu l ——Gl‘ |

+,(.1 —f—)Emfff | qu){h}, ~

3. The local 1nteract10n lagranglan for the couphngs of the pseudoscalar' o

g meson to a llght scalar boson h.with mass m;, in “the low momentum limit -
P> 0 (mi< mq) linear ‘with the scalar ﬁeld term can be written in the e
o standard form (keeplng both the heavy and hght ﬂavour numbers Nu. and R
N L respect1vely, smce mh > mq . where mq is the hght constltuent quarl\)\ e ey

The ﬁrst term in ( 1 ) represents the d1rect contact 111teractlo11 of the l :
‘ ;,boson w1th all fermlons [ with masses ™y, “but the second term prov1des the’ E
; effectlve gluon—scalar boson mteractlon, 1nduced by ‘the’ constltuent l1ght~/
and heavy- quark loops G s the gluon ﬁeld strength The mass reduct1on

mass o mass(l -+ h/n) of all ‘massive partlcles 1nvolv1ug ( 1 ) has been‘f? =
g account In the case when one doublet is respon51ble for the up type quark
whlle the. other g1ves r1se ‘to the down- quark masses the coupl ngs ‘of ,the
and down-type quarks v1a the SU(2):f"

ZZ \/_ [m“- @ K,,PLd +T—tanlﬂu. I\,JPRd]Hid“hF

where tan ﬂ 1s the 1atlo of the two vacuum expectatlon values PRL =

askawa (CKM) &

“The expressxon for the effectlve coupllng constant ge 7 f of the 1nteract10n '“;'.":'

where )\qu -and’ Xqu are’ the HLQBS amphtudes 1Tlf and f are the mass
an(l the ﬁel(l of any hght ﬂa\ours : :

4
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: ’/‘ v~ Gﬁ tv ,"i Ga Cuua + Z"l!ff, : :j u d S’ : ”1/‘ . - k," '

b = 11 (2/3)NL is the ﬁrst coefﬁclent of the ,B functlon ,B(as) —‘——b(a,/27r)+
O(az) To choose the truth dlI‘CCthIl in the ‘proposal of the productlon of ™
“the real llght scalar boson (nggs) it is very instructive to use a g-model (as

“the first step of thls test) wluch characterlzed by the followmg lagranguan
dens1ty : S .

R

Le!f = _(a h)2 + pzh /\h +f(za gh)f, : 1 .

where g is the couphng constant of the fernnon (f) - scalar (h) lnteractlon
Based on the ‘one-loop approxunatlon [3] the. asymptotlc behav10ur of the :
effectlve potentlal for large {h} looks hl\e ‘

h

A 2y 1(*1) (’/A) f

:{The negatlve contrlbutlon of the fermlons at gr> (3/ 2)/\ leads to the fact
» the effectlve potent1al (:3) does not limited i in the negative region of the ¢ own ;
values Therefore ~50- constructed eﬂ'ectlve asymptotlc model leads. to- the
po fact the classmal state pomt of the h ﬁeld {hc(} = ;t\/x is unstable (wrong

vacuum) at large values of the scalar boson-fermlons couphng constant
g% 3> A (or it means' that 'm;, < ¥ mj for all fermions f) and it prov1des
the spontaneus generatlon of. the large scalar field- (nggs) So at A < i
g there is'a ‘domain’ of - {h} has} ,{h,,,} > {h}, where V”(ha,) <=
Vey f(y / \/— ) and the one—loop approxunatlon g1ves a real phys1cal results at
4ln(h /\/yz) ~ X, but: A < 1 (true vacuum) » LNt T
In addition to this the possibility of the productlon of the hght scalar
bosons (Higgs) in the decays BT (ba) — h- +D°(cu) and B (bc) = h~ +1](cc)

18 connected w1th the 110nt11v1al vacuum ‘stability. problem The effective

s “constant, ge” of the 1nteractlon bet'ween quarkonla and a scalar boson \

»(nggs) in ( 2- ) is deﬁned as (f — (\/—/3)f)
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;_5“ where geﬂ —‘-—(‘7'/9)771 and mXQ,qXQZq (qu [ O“ | qu) The heavy, i
quarks have been 1ntegrated out ' of the theory This rcsult can be general-
" ized on the more wide class of the theories, e. g Glashow-V\ einberg-Salam - -
& ':;theory, that leads to. the class of the limit oni the masses of the scalar bosons S
: (nggs) and fermxons in this eﬁ'ectlve asy1nptot1c theory ' :

~-whose solutlon as’ the VF F(fl,fg, A P) prov1des the completc 1nforma-“" '
L tion of. the internal structure of the constltuents with four-momenta fy and ="
: fg 1n51de the HLQBS with four rnomentum P“ f1 +- f '—~P“ 4 TAH /\“-—

: ‘_p(p + T,\)2P(p,P | 7'/\) o SfdQ D pap P l T/\
F(P P l T’\) (
2(Ap )[A(2p P) - z0]

E .where ii is the relat1v1st1c reduced ﬂavour mass, p = 0 5[(f1 fg)“+P"(1:i::‘
L .;:, :T/\/*)(O 5 - e)] 1s the 4 vector of relatlve momentum, €= 0 5[1 + (mQ S
R 2)/132] e :
- The: 1nteract10n l\ernel w(R) 1n ( 4 ) can. be 1nterpreted in, ’RD as_an
eﬂ'ectlve potentlal between Q and g w1th the partlcular colour structure; o
[ of all typeof the mteractlons mcludlng the potentxals that confinie two - S
S partlcles 1ns1de the hadron and hav1ng a rising’ structure w1th the d1stance' e

>+wnp(R>R)]+,U

Tk a-O

where /\C are the generators of SU(n;) ﬂavour group w1th Tr{/\“/\b} ’—}»‘"
L26% 8 = (11n, = 2n))/6, constant U > 0, wp(R < R.) = C(R)/R,-
SRl ‘but C(R) can ‘be 1nterpreted asa charge, the QCD characterlstlc scale on.’
e which the nonperturbatlve ﬂuctuat10n dominates R, = = AL exp( —27 / b)
: .;:,0 12fm at A= 200 Mev, b = (1 —‘2nf/nc)/3 and- at nc = ny (rrf and nc,
= :‘are ‘the numbers of ﬁavour and colours respectlvely) S T
~In the nonperturbatlve reglon one can find the followmg general scalar o
;fform representat10n for - wnp(R > R) in the ﬁrst order of the couphng R
g consta.nt (of the. gauge ﬁeld) g% 1n 'RD - L

w,,,,(R > R ) = ng“[a + be’ ln(;tR)],

e e )
2 ;}','where a; ,B and ab: are arbltrary numbers and functlons respectvcly, pis :
o the mass d1mens1onal paramete1 Note that the rlsmg funrtlon wn,,(R > Ré):

the main contnbutmn glves the term ESEL b

4. Slnce the HLQBS contains the relativistic hght‘anthuark thc hadron:.: R 7

s assumed to obey abound state equatlon (W1th the relativistic l\mematlcs) S ‘,55‘ I i”the snlall region around the pomt p = () where we have an 1ntegrable e

‘smgularlty as

- Pe/VP? (4] "The relativistic covariant ‘bound state eq “for: F(* ‘)’IS [5] ey The propagator

_f where ~E :. 0. 577 .is Euler-’\/Iaskerony constant

g uarks 1n51de the hadron -

L culatlon of the tra11s1tlon amphtudes [6] Here E,, is.the: quark rapldlty:_;
o \and v is the unxversal sprlng constant accumulated the ﬂa.vour 1ndepen-

T

o W1th R =00 converts into the smgular obJect w"p(p ) at. p = 0 becauseu("' :

'\’; : 2 : : T S

(4/;2/ 2) ’_:"‘ "at o ,3 > 0

Thcrefore, the fuuctlon (5°)can be consxdered as a formal Fourler dlstrlbu—J;:y. : S
. tion of the generahsed functlon wnp(p ) deﬁned in the all p- space cutt1ng oS

(I |)‘ g 0<a+ﬂ<2

02“'7,» N
(%2 —k2+n2—-w

A(k) ~ 0 5 weak hn1 + 2z7r ln(fcz/,u )6(k)

S of the model f1 ee gluon scalar ﬁeld G w111ch obeys the two ordered quadratlcﬁ ’ ,
L dxﬂ'erentlal eq. D2G = [o], prov1des the leadlng hnear type behaV1our of TEL
. v’_rfthe potentlal 1n the lowest order of the couphng constant‘ /\2 in the. mass :

w(R) (/\2/ 87T)R[7E + ln(#R)l

We shall use. the followmg momentum dlstrlbutxon of the heavy— hght'ﬂlﬁ.;'?

= (B + Bq —\/'P_)cp< '
C \/—/(7r41/2), E = /

1t is: more mstructxve to characterlse thls model by the reduqed constant
U= [as(M Ny, whxch is common-to-all the heavy~hght ﬁa.vour sector and
",fa, is the HLQBS mass M- dependent QCD sprxng constant SR

5. The weak leptomc decays QD) — lu. ‘have provxded a valuable“:"fv"v"' "

s ilmformatlon on the properties of thé- HLQBS in. pa.rtxcular CKM matrix
"T,Aelements | Vcb | fand | Vi l'in the B-meson decays [7].- stng the gen—; e
““eral prlnclples of: the constructlng the pseudoscalar/bound state; amph-"f‘

‘ 'g,tude on the base of the zero-relative energy reduction formahsm in quan- -

[4],’“1t is easy to: ﬁnd the weak decay TFF F (froml
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where A = mQ =g aud by z ‘we denote the fractlon of the anthuark
4 “momentum f3 in the 1111t1al 4- momentum P“ :
Jin'the ; mQ ~ M — ¢o limit z is going to zero, ‘The asymptotlc limit of ( )
at 1o — oo based on’ the VF ( 6 ) provxdes the ]tf'l/z asymptotlc scahng
law (ASL) aud becomes e ; g G e

|5F I—

(1 +6F)

,\/_M

The numerlcal calculatlons both of ( 7 ) and ( 8 ) usmg VF ( 6 ) for D- : :
Ds , B-, B, mesons “and’ the cxotlc he'wy top- quark state T(100) are glven o
'}rln Figs. 1 and 2. The values of v are extracted: from [8]. ,
S 6. The consxdued above model w1t11 the’ o-like fe1n110u hght scalar:»*

f:boson (nggs) mteractxou lagrangmn (1 ) leads to the physxcal state, wher e
“the vacuum will' be.as. uustable if the masses of: the scalal (nggs) partlcles
~“would be- mther small compmed to the fermmn (quark) sector B
Lle, The resultmg mlculatxons for B- «Bs ‘and’ T- mesons m(hcate the-fi
’j?M_"f:ASL (for M5 Gev) at’ sunll Values of z: The TFF FBS and F
* have: large corrections-| 6 F. | (shown in’ Flg ‘)) whlch suggest these TFF:]' 2
break the ASL. Wlthm the quall\ content 111s1de the. Dy -meson the TFF.' o
Fp,is strongly dlpped by the term in- the last brackets in: the r h S: of ( i ):
"smce it must’ contain the mass. dxﬂ'erence e =10, PR SR
: o_ Note that the sholt contubutlons are known 111 the HLQBS for a e

ngen top quark mass w1th a precision, e.g.- for B—meson, ‘of o< "0%)
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fg‘ = IP“ It is clear: thatm :

[A \I(l —-:r)—"mQEq], o )

g 'Q Thereforc, if the. top qua11\ will be found; tlien the' study of HLQBS leads SRR
“to the physwal test on.the non- stand’u d physxcs that glves 'us'a more com-- b ‘
: plete and- prec1se uuderstan(hng on the level ‘0(10%). of tlle loug dlstance ST
“al COIltI‘lbllthllS 1n the transltlons between heavy 'md hght qual ks B - e S
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