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Ko3J10B r.A. 
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C H3MeHeHHCM apoMaTOB B Tll)KCJIOM ceKTOpc. 8bl4HCJJeHbl nepCXO,AHble cpopM
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Kozlov G.A. E2-92-573 
A Light Scalar-HLQBS Interplay and a HLQBS, Weak Decay Test 

The interplay between a light scalar boson (Higgs) and a heavy-light quark 
bound system (HLQBS) in the flavour-changing of the heavy quarks is 
presented. The estimations of the transition formfactors in the weak lcptonic 
decays of the pseudoscalar HLQBS arc proposed. 

The investigation has been performed at the L1boratory of Theoretical 
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,· 1. The e;perini.ental a_ctivity~ in the qua'.rkonia ( containing one' h~a;y 
, . quark _Q and one light antiquar,k _ ij) physics is stiµmlated • by inte_nse · theo- . 

Y· -'i.~retical investigations_ aro~nd t!1e :ULQ~S intei;:actions and their transitions: 
_ ,- '_Ye· define; the gro~Jld J,tate ofH~9B~ 3:s ijO.Qf c v )for the psf1:1doscalJ1r 

-, Or == i-y5 9r vector Or. = it mesons, where'the £-flavour heavy quark . 
:field.Q1(v)·'with the constituent·quarkmass mq a.nd four~velocity·v._i~_;e-_ : 
lated t6 th,c converitional field operatodJ'by {JI -~ exp(-zniovx )Q' (v ). ,'' 
ffhe··1ight qu~rk q stands for a standard coloumri vector"in the· flavour 
SU(3). It is w~ll known.a'~ mubh progress ha~ been made in" this·a~ea (e.g .. 

, . Isgur-Wise-Griristei~- h<:av'y-qu~rk syipmetry ~n quantum ch,romqdynainics · "',, 
·(QCD)[l], ... ) by~riiany authors. _ · _ ,, '"· , , •-.-·•_·· · .. •·• ' -
- __ ·, The heavy~light quark boU:n_d ~ystem (HLQBS) can be \V~ll uridei:stood, 

, -: because the remarkble feature is that these quarkonia aie.smalL .. The QCD~ 
9rien~ed effective' quark"potential model is.a good re~L~odelJi~~-whi~h it 
canbe extr~ct the vertex functiom; (VF) of the HLQBS, the 'transitio!}form: '/ ' 
fac'tors (TFF),'the decay width,. ; . 'l;'he eff~ctive dynamical ch_aiacteristics 
of:the HU~BS ·are_ the typical-internal momenta, which.~re defined m~stly_ -
,by theJ~ght:qu'ark;' ~n1 the heavy quark (with the fo~~-m;mentum'Jlj) . 
virtuality ziq = (!3/rnl-- lfwhich'is much s'uialler than unity and in the ' ·, 

·. limit mq' ~ oo the virtuality VQ·'....t'o(the heavy .quark is almost on-shell) .. \ 
2 .. The ip6dern.particl~physjcs is keeping the ~ey,'problem \vith the 

origin of mass.·In the Standard Model(SM) .tl::ie ge11eration·of vector boson -
• ai~d f~rmiori mas~es is rel~ted_to _the existince ~f Higg; boson; :The decays of ' 

', the HLQBS in: the flavour changing of the heavy q~arks are the,good current) 
test pro gr~ 'to search for, both the light charged and neutral scalar bos~ris .::_ 
(Higgs,.h).~ith,the~asses ~hich.areofan,~rdei: 9fth~ qCD-hadr~nic scale···· . 

. ( arourid 1 + 2 Gev _mass interval)> There is no. the' model independent both 
upper, and lower bound on the mass of such a scalar pai;ticle. In the paper . 
[2] th~ authors 'h~v~ established ~ lower bound for the Higgs-particlf? mass, 
m,. = 18 Mev.from -the' neutron-nucleus scattering data at the given Higgs- . 
boson-nucleoi1' coupliiig consfant.)n fact., the mass bf any elementary scala~ 
boson. (Higg~) is sensitive to Eadiativ~ corrections; which are quadratically 

' ,'divergent in the SM. One ofthe 'main p~oblem cbnsists from the differences' 
'··· among the coupiing constant~ both of the charged leptoiis and quarks with·. 

·. the.light scalar.particle. tfhis_is also_very,difficuH to understand wHhin .• 
: the framework of the SM. From-the phenomenological point of view the. 
theoieticiaris ha~e 'not yet had any vcorrecf,kno~ledg~s about°the Higgs 

, .. \ . .. ~. ~--- ' . ' 

states. 
· The possible existenc~ of the light scala~ b~s~ns (Higgs) in the m~del 

Ob ie_a:;nt't1ti~11_ 1mCi£rJY: . . 
W\-!f;ft!d:K. ll_C:CJ!t.JOBl6Btl J ~ ·· 



- . . . . - -- - . ·. . . ' ,- . .. . - . - -
'. with several scalar doublets and ·with a sufficiently superheavy _t-quark 

.. ( 71¼- > mz,w ), -which are_ consistent with the JJresent experiniental lJound 
- . give11 by rnt > 100. Gev, provides the ~1n'ique possibility for h~prmfuction iii . 

the decays both of the HLQBS and of the exotic -i1eavy~light hybrid nwso~1s, 
which ~ontain th~- massive vectbr (gl_ii'onic) field (·here m 1 a11d -mz,1~·. are 
the masses oft-quark and the gaiige bosons Z,W, respecti;ely). · - ~ 

· · 3. The local interaction lagr,angianfor'th.e· couplings.~£ the_pseudoscalar. 
meson to a light scalar boson h with mass_mh in the .. low moi:i1en!mn liri1it 

. ih .:...+ 0 (mi. < mq) linear :~vith the scalar field term can be written in. the' .. 
standard forri{-(keeping poth th~ heavy and light fl.!1,v~ur. numbers, Nu an~l _ . 
Nt,,respectively, since mh > niq , wher~. m; is the light constituent quark), . ·_ 

~ ., ' . ' . . ' ,- . . ' ' , - ~- ' '. ' 

· · -·• .. · /('.- · ·:.c · N• - h 
L;nt ~ ..::..(1 + -) L mill+ .:__:__:,:_(o:sGa vciwa)-: -

· : ' 1/ I • ,• - 'i - 121r · , - µ, '. Tl 

. . .•. (-. - ,i)2c· 2z" µ,'z···· : -'. ~ ·w· +;w··· _;)· - 1+-;, ~z . ,,+2mw .. · ,,,_ 
· N ~- NH +l'h; r,'::,: 24f Gev . (1) 

. The first t~m?i~ ( l) repr;s~nt~ tl:ie di~ect' co~tacifinte~actio~1 ~f.'the h~ . 
boson with all fermions l with-massesm1 , but the second term provides the' 

. ___ ·_effectiv~· gluon~scalar-boson_ interaction,· induced .by the· constituent light-/ 
and heavy~ quar½ loops; G~,; is the glii~n: field strength. Tlie mass -re_ductioii .•... 
mass·~mass(l~+ h/r,) of.all massive particles.involving ( 1-)-has he.en_' 

-~-~ccount. In t!1e ~ase· ,vhen one doublet i~ r~sponsible:f~r the up'•'type quark, 
while the _other.-gives ;ise to the down-quark. inas;es the cou1~lings •of. the 

'.'phy~ical charged scalars _to .the up- and do,~n~type quarks .via the suc2r· 
w11pling'constant· g are" . - · - · . ·' - · · ·- · · 

.· .. _ ·•_-_EI:: ~- [~.,;.- ... L/3. _fi;l{;ijLdi ~ rnd1-_t,~~$ri~ Ifo_Pnd3] H~ J h:~·-,_: • . 
. ;- i v 2 mw tan . . _mw _ . _ . . _ . _ .. 

whe~~ tanj{ is:~heratio ofth~ two v~~uum expect~tio'~val~es, Pn:L. ~ 
0.5(1 ±75). are the.elements of the Cabibbo~Kobayashi~ Ma:ska~a.(CKM) 
matrix: . . . . ' ; - ' - ' -. .-. . . - .:. .· . ~- . . - - ,· - ' . 

. . The eJ{pression. for~ the _effective coupling constant geJJ of the interaction · 
of h--:hosori field; {h}, with _the pseudoscalar quarkonia looks lik~ ' -· ' .. --- .- - ' ., ' . 

. - . . .. , . 1 '2N· ,', 
geJJf:Q1Hh}Xr.j2ii = --_(Qiq I 270: + 

. -. ''. +(1-:.-: 2;)Ern1fflQ2q){h},.' f: u;d,s;,. (2), 
. '· J •' 
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' 
wl~re XQ,ii and Xq;ii are· the HLQBS amplitudes,rhj and fare th~ mass 
and the field of,any light flavours, · · · · 

·0µ . . bas G~ Gµva • ~ : f.:f. · f . d -,,=~- µvT +L..,1n1 , : u, ,s, 
' , . 81r ' : . 1·· .. 

. b = ll~(2/3)NL is the first coefficient ofth~ /3~ftincti~n; /3( as) = ,'-b(o:8 /2i)+ · ,· 
:o(~;). To choose theti:uthdirection in the.proposal of the!p~oductiori of 
the real light scalai bo~on (Higgs) it .is ~ery instructive to use a a-model( as -

,the first st,ep of this test) which _ch.arac~erized by the follmvinglagi-ari~an .· 
density ··.. . - · , · . :_ · . . ' . ·- · ' · 

· - 1• .. ·1 ·-1 · --~ · 
- L!11 = -'(Dvh)2+ -µ 2h2 - .,:..>.h4 +f(io- gh)f; 

.. ·_2 .•. · ··. · 2 ·•· ·.•_ .4 ;•_ -~ •·' . . 
/ where•g is the coupling constant of the feimion (f) ~·scala~(h)inter~~tion .. _ 
_ Basel on the one-loop ipproximation' [3] the asymptoFc. behaviom of the · 
e:ffectiv~ potentialforlarge-{h} looks like. . 

r• 

' - - .. ' \ . . ' ·.' ·_·· .\ 

V//J = ~-~;·2 
!1

2 + }>-h 4 -~ -~:1r2 In(~ )~~h 4 + 
. , 9;.2 .:.... 4g1 ,-~ 1 · (. >.h2)·· .. ( 2/· \)·-,__,_ .·· rn -
+ . 641r2 } n: 1f,_ ' . g ,.._ ... - V 2. 

,, ... , -\ ' 

' {3)' 

The negative contribution of-th~ fermions_ at 'g 2 > (3/2)>.-leads to·the fact· 
'' the effective potential, ( 3 ) does iiot limited in the negative r;gi6n of the c,'wn; 
.values. Therefore,.so-const~·uctecl effective asymptotic niodel leads to the / 
fact the classical state point ~f theh~field, {!ict} = p\l'>. is un~t~bfo:(wrong 
vacuu~) at large values· of the scalar bos~n~fe~mions coupling constant 
g2 >> A (or it means thatmh ~ I::m1 for all fermiorisf) arid itprovides: 

·.'. the,spontaneus'generation·of the large scal~rfield (Higgs). S~, at>.-~ . 
g2

. there· is a.clmnain.of{h}:-+ {has}·,{h~;}> {h})'where V.'j8j(h0 ~).< 
•- Ve11(µjy').) and the one-loop approximationgives a real phy~ical' re~ults at 
. g4 ln(li~s>./p2 ) ~ ,>-, but X ~ l (true vac~~ni).' 

1 
- • • • • 

In addition 'to .this the possioility of the pro'duction-of the light scalar 
b~soris (Higgs) in the decays B-:-(bii)-+ h-:'+D0 (cii) andB;{bc) .-+ h:..+r,(ci) 
is-connected ,with the nontrivial vac~nuristaljility. problen~: · The effective 

' constant geff of th~ inten1dion bet"ween quarkonia and ~ scalar boson -, 
· (Rigg~) in'( 2}is define~l ~s U _:,, ( V2/3)f). . . ' . . 

. -, 
- ' - . ' - - ,2 .· ... 
!J~JJXQ1:i{h}XQ2ii = -:g(Qiq_l 0: I Q2q){h},. 

\3 -

~ 

,· 



, where Ye/f = :(?/9)1h and rhXQ1qXQ~ij ~ (Q1if I 0~ 1· Q2iJ): The l~eavy ~ 
quarks have beenintegratedout of thetheory .. This res_ult can be general
ized on the inore wide class of the theories, e.g. Glashow-Weinberg~Salam . 

. theory, that lead; t~. the class o{ the limit mi the masses of th~ scalar ~osims . 
. (Higgs) and fermions in this effecti~e asymptotic theory. . . ' . , 

,J. Since'the HLQBS contains tl1e relativistic light-antiqua~k _ti1~ hadr~n 
is assu~ed to' obey abo~nd sfate equation (~ith the rel~tivistic kii1ematics), 
. whose. §Olution as the. VF. r(-11 '!2' ~ ,\ · 1 P) provides~the complete informa
ticiri ~£the i~ter~al structi{re of thecoi1stituents with four-~om~1~ta kand - ·. 
j 2 inside the HLQBS with f~ur~~omenfom P 1' ,ff + jf = pi± r ,\I',,\µ == 
pµ /ffe,. [4]. The rehi.tivistic wvariailt bom{d state eq:: for T(. .. ) is [5):: .. 
(P + r,\)2r(p; P Ir>-.)-::= 8 fdDr/w(p,p'; JJ I TA)· . . . 

. - .. ' _: _. . ; - ' - ' ' :- : . - :,· . . ,_- .. ' - " ,. ., : ' , ·-- , ·, , . 

·. r(p;PI,:-,\) ..... ·. 1 ·[(pP) ··.·.•2'-1( .·r)·] · 
2(,\p')[,\(2p' '- P) - i9] (p P) ,Mz._(P -f,, r ,\) : JL·. .~+ ffe . , . ( 4) 

. whereµ is the relativistic reduced flavo~r mass, pµ = 0;5[(/1 -:-!2)µ+Pµ(l± 
r !V'N)(0.5 _: t:)] is the 4- vector ofrelative momentum; t: ·= 0.5[1+_(mi/.:__ 

-~2)/P2]· ... ·,· · ·•· .. ·· .·· , ··· · 
ffiq :• . . I . :. '. • ' .• • • • • • •, •. • • ' • \ • 

. The interaction kernel w(R) ir.i ( .4) can be interpreted ih R? as an 
; effective potential between Q and iJ 'with the p'iirticular colour structure 
of all_ type_ of_ the intera~tions inclu<lingtJie .. · p~t~ntials t~~t . ~onfinetwo 

. particles inside the hadron and having a rising structure .with the distanc~ R;• .. _:; . · ... -··.... . ·• ... , ... _, .. •·· 

w(Rj c= t i111 } /J-• i~~(Jl < R,) t• ,n~,(1h i)J+U, 
•<J a-0- ... : _ ... _, _ . ,. . , . .· 
• , J '/ ., - • -. 

where ,\1 ~ii the generntors of SU(n1)flavour g;rmip with Tr{,\a)..b} 7 
2lia6; /3 = (ll'n,;.;.; 2~j)/13,. constant U >'. o>w·p(R < Re),= C(R)/R,, 

· bu(C( Rf can '.he i~terpreted as a charge, the QCD .characteristic scale on·. ~ 
. which the noriperturbative fluctuation do~inates Re = A-1-~xpC-2i jb) ;;,:,. 

' .. ' . - . . / - ' ' .: - . \ 

0.1_2fm at A= 200 Mev, b ==: (11- 2n1/ne)/3 an_d l:),t ne = n1 (n;J.<J,lld ne . 
are the numbers of,fla~our and_colours, respectively). ' .·, . . 

. Inth~ nonj>erturbative region one ca~ find thefollowing general scalar . 
form r:epresent~tion for' Wnp(R ><RJ in the first order_ofthe coupling . 

•. constant (of the gauge field) g1 in:RP: . - . ' 

·. . . -w~~(R; Re)~ 'g2R~[a + bR13 ln(µR)], > (5) 

~ wh~~~ o:;·p anda, b ;re a~bl~i-ary riumbeis:~n<lfunctioris, r~speCtvely, ; is . 
th~ mass diniensio:i1al parameter.' N~te tnatthe rising funct'icin Wnp(R > RD 

: ,,::..__. ;; · .. -- , .. ~ '--.:. ' ·.' -,_·_.:~-•,"\ .' ; ~ ,• ·--' ·, ._,,· 

]
, 

. ~ 
;•,. 

:J 
l 
i· 

- ' 

<I .. I, 
. :.... ( . 

with R ~ ·oo conv~rt~ irit~ the singular oqject 'Wnp(p2
) at p2 == 0 ; bec~t1se ; 

tlie main contribution gives the term . - . 

. -.: (41L2/p2)
0 +~+D· -atn,/3 >-0., 

. . . - . ' j - '.• .,. . . -· - •· 

Therefore, the ftmction ( 5 -) can be considered as a formal Fourier dis_tribu-: ,. · 
tion of the generalised function 'Wnp(p2 ), defined in the all p-space cutting ' . 
the' snmll .region. a~otind the point· p 2 ~ · 0, -, wh~re we have. an. integrable. 
singularity as _ . -

- (lzJ'l2)1-~1+D, o < a-+ f3 ·< 2. -
I - ' - ' •~ J . . 

The,propagator •.. 

b.(k) ~ 0.5 ,~eak lin1·[a[J22·._· k2. 1
2· ',_, + 2ii2ln(~2 / µ~)li_.(k)]· ..... · 

-. .· • _ ... 2_,o "' -· +"' -io. · .- ·. · · ' , 

· of the model free'.' gluon':scal~r field G, which obeys the ~wo~orde~ed ~uadratic 
. diffe~~ntial eq'.- D2G ~ 0 [5], provides the)eitding linear~type, behaviour of 

, the, pot~nt'ial in the lowest order of_ the coupling constant ,\ 2 i~ :the mass - -. ~ 

units· _1. 
"-

. w(R) -::=(,\2 /81r)R[1E + ln(µR)],-' 

where 1'E • ~ o.,577 ... is Eliler~Mask~ro~y ~onstant. 
-We shall use the :following momentum· distribution of the heavy- light 

quarks.in~idethe'h~dron•:. , , ,· . - . ,•· . , ... 
'- • - ' • - . j ~ - '. ' • . • : ' ' ,. •. • - ' ~ - ' • 

f(p) ~·,(EQ +Eq ~ v0n)cP exp(...:Cµ, 2 sinh2 ~~/(2zi2)], ___ : (6) 

. . . . C ~ VP2/(ilv½)<~-E:· = Jm~+P·-.2. i-~J.: Q-_ q 
p . • , ... '. J . , : 3.... , ··' ' ' 

obtainea fr~ni' the sol~tion of eq. ' C 4 )'i~. 'R.3-.space witli the i~1teracti6n 
·. kerriel(5') in the)eadirig.order at o: = 2,/J = 0, predicted by the cal7> 

~culation, of th~ tra1;sition amplitudes [6]. 7 Here e; is.,the 'qiiarkrnpidity 
and iv is the ~niversal spring constant, accumclated th~ flavour i~depen-

. derit QCD-oriented strudure of the' two--qua~k Beth~-S~lpeter picture: Btit -
. it is. more instructive to characterise this inodel by· the reduc;ed co~stant 
ii =_[oiM)J-1v, which.is con;mon-to-all theheavy-lightfl.atour sectorarid 
o:3 is the HLQBS mass M~dependenTQCD spri~g constant.... -· ·· 

.·5. The weak leptonic decays (Qij) .~- lv1 have provided~· .valua_ble 
inform~tion 6~ tl;e properties of the HLQBS;- in partic~l'ar CKM:-matrix 
ele!Ilents I v:b, I ~rid, I v .. b fin the B-mes6n decays [7]; Using the gen

'era1 principles of the· c~ristrudirig the pseudoscalar, liound~~tate ampli~: · · 
tude.o~ the base of the. zero~relativeenergy·reduction formalism in quan

. t;in · field theory [4]; iL is easy: tci find -the weak~ decay TFF 'Fp (frorii .. , ·, ,, ' - _- ',. .... .; ·' . ,· ' ' -

-~: ,~ ' ,, 

5 
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2

+,. [~-M(1-xt-2mQ•;1·- ·(7) . 
,' V £.II .s . Q q · - lO . - · · q ' • -

. ' • ' .. ' q •· . . . • ' • • 

where·~ = TnQ ..:. 11k a~lCl by x .we denote the fraction of the. ~ntiquark 
4~momentUI~l ft i.nthe initial 4-I~l()lll~ntum pµ.: H == xPµ. It is clear that:..:. 
in the TTIQ ~:M --+,00 limit Xis goii1g fo zero; Th.e asymptotic limif of ( 7 )-: 
at 112Q ~ _oo bas~d ml'the VF (. 6 ) provides the· M-:'112 asymi)totic scaling 
faw (ASL) aiid be~omes ' . . -. -, _;' 

I. 

: .. ·, 1'· · 3. , . • , I-. 

Ft5 
,:_: 

2
1r;;\1 + 6F), j <SF I= 4v2: ~M · · 

· · · · · · vlvf · · : · · ·. , v 7r ~- · 

(8) 

•. \. 

.. , The numerical calculatioiis both ~f(}) and ( sJusi11gNF ( 6 ) for D-, _· -
D.~, B~, B.: mesons rind the exotic heavy top-quark,stafo T(iOO) aregiven· 

·.'in Figs.rrind ·2. The values ofv are ext,racted ftom [8]. . -· 
6. •- The coi1sider~d abrive niodel with the: a-like ferm1on;light, scalar 

. ., 'boso; (H_iggs) interactip1i lagrangia; ( () leads to the i)hysical ~tate: ,;,here . _ 

.. , the vact{um ~ill_b~. ~s unstable. if the masse; rif the s~alar (Higgs) particles 
· ·would be rathers:inall com1;ared t~ the fermion ( quark} sect.or. ~-- ·,. > 
. ' •. The resulting Cf!.lculatious fo; B-, B.-. and. T- meso~is inclicate the 

M-t·.:i\,S_L (fo{ M >' 5 Gev) at s1~iall,value~ of x; TheTFF f'B 5 and FE; 
·. have large· corredions-1 6F j (showni~ Fig.2),,~hich suggest these TF:F. 

break the ASL .. Witi1in the.q~rn~·k coi~ten~ inside the· D.~mes@. the TFF •' 
Fv. is stroug;lydipped_by the terniii1 the)a~t brackets in the r.h.s. of ( 7) 
since it 1nust· contaiii the mas~. difference me ..... 1'ii... . . .•· ... · .... : ... 
. ' •. Note that thlisliort contributions are Kno~vn in the HLQBS for a' 

give1i trip ~u'ark rimsswitli: a precisi(!n,·e.g·. for B-1~eson;·:~fO( < 20%) . 
Ther~fore; if the to1i quark will be found, then ti1e study _of HLQBS leads 
to. the pl;ysicaf test 011 the non-s!a11dard pl1ysics, .that gives us-~ moi:e com-· 
plete and precise undersfa11eling. on th~ level 0( 10% ). of the long;dista~1ce 

-cmit~ibutions iri th~ transitions between heavy and light qu~rks. · ' · '" · 
", ;, ,,> -\,' ,'l ,•• ,. ,-, , _ ,'-,, -: • ' • 1. ·, 1 ,, , 
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