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ABSTRACT

Various two-particle decay widthe of Higgs boson are

calculated: HD-*TTT{-W s XX 2 Tﬁ("\%’fﬁ)b : @,(‘510@)%,
Y(3100)Y, Y {96k,

. T

1. IITRODUCTION
The standard Glashow-Salam-Weiberg model of electro-wealk ine

teractions includes one neutral Higgs boson H°, (The properti-
es of H®-boson are described,for instance,in the review /1/).

‘The purpose of this work is to calculate wvarious two-partice
le decay widths of H°=-bogon for decayd into hadrons containing
both 1ight u,d,s and heavy c,b-quarks,

The Lagrangian of the H°-boson interaction with cuarks has

the form:
1

Lig=tHZ ¥y | ca-(em)

Gunrs
where: H° is the H°-boson field.\H are the operators of guark
fields, “"1 are gquark current masses, GF is Fermi constant,
C‘}g_l-{.qﬁlgg\fj}seaauﬂe coupling constants of H°-boson are pro-
poertional to current quark masses,it is evident that H®° inte=-
racts mainly with the heavy quarks c,b,t, fig.i.

The main contribution into the interaction of H° with usual
hadrons made of light u and d quarks gives the mechenism shown
in fig.2: H%-boson transforms into a pair of heavy quarks which
annihilate then into gluons /2,3/. The effective Lagrangian has
the form (in the limit mﬁ?ﬂ MH swhere Wg is the heavy
quark mess and My is the H°-boson mass) /3/:

L = Cu\\"\ [l Z_m;\\—ﬁ\ﬁ(‘,‘ = f{"i{ N\n (G?u\l—

u.ds

‘EWZQY\&\“{\ O /M\ (2)

L)

where N‘n is the number of heavy quark flavours,
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Below in this paver we usge the well known at present methads
for finding the asymptotic behaviour of exclusive processes in
QCD ;"4). The mass of H°-boson, MH yis considered large in com-

parison with the masses of particles it decays.

II. THE QUALITATIVE DISCUSSION

There is a number of different contributions inte two=-par=
ticle decay amplitudes.

1. The contributions like those shown in fig.3a for decays
into two meﬁuns or in fig.3b for two baryon decays., These con=-
tributions are due to direct interaction of H° with quarks and
are connected with two-particle wave functions for mesons and
three-particle ones for har.:rons. So,such contributions are of
importance for decays into hadrons containing at least one s,
¢ or b-quark -(Hu—uﬁ Lﬂ'{nﬂ)TEb}uo\B]EK?“},while for decays
into hadrons containing u or d quarks only ( Hnﬁﬂﬁ,??,ﬁhﬂ..-)
these contributions are negligble.*

Because quark turns over its helicity at the vertex at
which it interﬁcts with He-boson,the contribution to amplitude
connected with two leading twist wave functions gqﬁals Zero.
As a result,in comparison with its "natural va.lue“fvcomg&: MH,
%at%n,%h,&u ‘ the amplitudi contains additional suppression
factors -u'mﬂ/MH and/or KL/M“ where W\g is the current
quark mass and EL ig the mean quark transverse momenfum inside
of haﬁrun,Eg-?}.DO-uOO HIN.FDI- the same reason,the contributions

of the diagrams like those in fig.4 which include a product

o — s e e e

* In what follows we consider two meson decays only because

[(w>58)/T(WMm)~ O(t/mi)

at large MH.
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APPENDIX
The leading twist wave functions of pseudoscalar mesons

?=E]K1®T%1\It,hﬁ

elements of bilocal operators

are determined by the matrix

SHENEtR= e e Va2 -
1 Ad

[ BBt 30t e
R

The constants r[(.? determine the wave function values at tHe

origin /4/:

fexA2BMeV, £ =4 = {5 MV, £, =30-100 NeV,
f =285 NV £, ~eoomey, 8

A
The wave functions \?ﬁc(ﬂ and \Q':t(ﬂ are much like to E("ﬁ)

functions in_‘thep‘non-relativistic limit. For the wave functions
A

\Q:@\ and \QE(I}\ we use the simplest model form: \Qh (‘5}‘-‘:

E'B(TJ—U.BE}), Q:(ﬂ&%tﬁ-ﬁ%qﬁ which corresponds to <Y~n>f- 0.20,

{19}5':0_03 (see /4/).
The wave functions of non-leading twist are determined by

the matrix elementa:

t

(TR =5, it §

3 E“v) 0
3\1‘ e
{ o
_S}H‘?;K%L

e ("J}
(A3)

where MF is the meson mass and "ma,_.l are the current

quark messes. We have used in the text the following model

functiona /4/:
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)= ), )90 <3R), )
%5 )= $(3-0.60), (1) =$(3-084) &

The K-meson three-purticle wave Tuuciion \Q“[,ﬂ is deter=

mined by the matrixz element /4/:

SYOIUASA AR ST o
V2l

MM» IR A i

tyaaet, bibubudutesg,  ®

We have used in the text /4/:

-1 0s 1
E'%K':%.ﬂﬂ-"i}.\\--‘l{} G'?-Vl 5 \Qa (‘i\:aboi‘liﬁj‘}, [hﬁ)

o) = Qo) = 219 &ll-[{JS (Hhe3)+ U521 -332%, 4038 |

The wave functions of \*’REJ\QQ and T(%L\ﬁ\ nmesons are

determined in the non-relativistic approximation by the follo-
wing matrix element /4/: (ﬁ'ﬂ

\ iv] )
(ﬁ\& k‘-‘t\(}h\\ (a)>= &MYLE*SP*’ Mo L,gq& = : ‘?(’1),

where M\T is the meson mass an-:‘l'ﬁ is the polarizetion vec-

Fo= ’%‘1:. =385 MV, &, :%m%% HeY, GY))
\Qv (ﬂ = Shlj '

P ¥)=0340 6V k5 T(HYY)20340 GV,
47

As one can expect beforehand (compare (10),(13) and (17)),
all decay widths are of the same order of magnitude

3+ The decays Hn""ﬂ\\", XY

The decay amplitudes are described by the diagra.ms like
those shown at fig.6 and have the form /6/:

1= C..m-,iexﬁvﬁew-..%-.ﬁ 094@) 13, )

where: EE is the photon polarization vector, E"qr is the vec-

tor meson polarization vector,

w 1/3 for c-quark, Ch
for b-quark, \?y[ﬂ -E(‘ﬁ)are the meson wave functions,
=1,

depend on the H°-boson mass, The decay width has the form:

T (WYY =d gt e M fam,,

T( _%Q',) {0 GE\T Y(\'\*!'Y 8-10 Ge\f

H

?%m-dt

It is worth noting that the amplitude (18) does not

(49)

Comparison of the decay widths H-&-\Tv (17) and
H*ﬂv (19) shows that (H-%W @—r\?q’}? i at My 8GeV
and (H_‘\gw‘)/(“ ‘}T'Y)71 at Mu2306Y (we suppose that
the t-quark mass is larger than 30GeV),although the decays

4]

H—*‘Q\T are electromagnetic while H°+\TV are the strong
decays.



4. The decay HD-'#"E'E'.

Becausge the current masses of u-~ and d-quarks are very small,

the main contributions to this decay give the diagrams like

those shown at fig.5 which include the heavy quark loop. In
G,

accordance with the fig.5 diagram, the operator (Gr-h in the

effective Lagrangian (2) can be rewritten as the operator:

"(GLZ-L\M&m 3?&\3:0% P w&‘bd“r;,(ﬁ})

TR

e o
where ‘j;=zl'_u("_%ﬂ£f L is the current operator, 0" and ch
are the gluon momenta in fig.5. The decay amplitude is the
matrix element of the operator (20) between the states <E*'ﬁ'\
and \0) (the contribution of third term in the effective

Lagrangian (2) into the decay amplitude “"‘PWF

is small
;5'-‘1/10 in comparison with the ccn’cr:.buticrn (21}}:
‘if ‘mllf AL

L)

where: k?-q ('ﬂ is the pion wave function of leading twist, N\.,
is the number of heavy quark flavours with &m;,‘?:. MH. Subati-

tuting into (21) /4/: \?-: ('ZI\ ~\5 Q-.-'Hl)'él]q : &1{“—’ A‘E;SMQ‘V’ one has
ezl T‘{u{ tn - (‘\0'16&\7:')

TQ‘\&W\—@ 10 "GV } (L\% ’\0 GV )M\.‘ /Mu

]
The decay width H>TT

(a2)

is presented in table II in its

dependence on the H®~boson mass, MH. Let us point mﬂ: that

—10 —

L . I

the decay width “ﬁ—‘FTT decreases more slowly with My
than the decay widths \'\‘*Iﬁi \\N( Hence for instance,
Y(\%*H)/F (‘r\—‘:-":"\)] { at My =20GeV,

5. The decay

The calculation of this decay is much more difficult beca-
use there are in this case ( M¢=A50MeV ) a mumber of inter-
fering contributions of the same order of magnitude.

The contribution to the amplitude \\"—*5{*‘1{' from the fig.t
diagram has the form:

A )
) AN dy ¢, ()
T“ = mm\c 'Eu g T | (22)

-1

The contribution to the amplitude from the diagrams like

those shown at figs. 3a and 4 and other analogous diagrams
has the form:

- A@, 6\ T &1 z]t\
T:‘\]"""_"Eclgc -&};M—:-g . 171,1‘“ ‘_‘ )
My = Q‘Jﬁ"\ (ﬁ -ﬁ’*\) @10

Tuhig = i\‘?: Qﬁh\‘?z R?rh + ’\"ﬁh\?: (ﬂ\ij: ("ll\ % %\% \Q: (ﬁh\Q: (31) )

r R TE TTRGE
YY %'EJL; —";L&‘L 110\_1’% g Qt 3\ [« ‘.’:K ﬂ

Here: \Q (73 and \@k (10 are two=particle K-meson wave func-
tions of leaﬂing and nonleading twist correspondingly, k?-a.&[ﬂ
is the three-particle K-meson wave function, Mk is the K-
meson masg, Yﬂgt{’SDMi\fis the s-quark current mass., Substitu-
ting into (23),(24) the explicit form of the K-meson wave

—_—11 —



functions /4/,one obtains:
TS“ ~ K-— ﬁ{SiGN!'\MhCn ;
(5)

— §
- -"_.{&ﬂ 1.1 GeV
P TR e

————

@)
o ohse‘.f 3

2 M“'“ T

G

0o = | _

The decay width W EK s presentes 4n table II in its
dependence on the H°-boson mass,bdu As one can expect before-
hand, the ratio Ur\ —‘P—EI)/(\-\-)KK) increases with increasing

of MH and becomes N‘t at large values of Mu.

IV. CONCLUSIONS %

bk
e

Caleulations of various twn-part;ele dacay widths of H°-
hﬂﬂpﬁ ;;ve been presented above. We want to emphasize thﬂt
ayailable at present methods for finding the asymptotic beha-
viour of exclusive processes and known properties of hadron
wave functions /4/ allow one to do concrete calculations and
to obtain numerical predictions for various decay widths,

However,the accuracy of the above described predictions is
not high (tipically within a factor E-B-in-Prathilities].
This is due mainly to poorly known at present proﬁertiaﬂ of a
rnumber of higher twist hadronic wave functiona., For this rea-
snn.ﬁu did not try to obtain as precise predictions as possgib~
le (for instnnde.we have neglected all logarithmic correctiong
and used: simplified models for & number of wave functions).

As far as,it seems,the analogous calculations are lacking at

present in the literature,our main purpose was to present the

characteristic values for various exclusive decay widths and

to give reliable numbers for experimentalists.

Let-us point finally that although all above calculations
have been performed within a “atandaiﬁ model" framework,it is
not difficult to obtedn dhe values of decay widths for any
other model using the above formulas.,

We are grateful to A.R.Zhifnitsky for useful discussions.
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FIGURE CAPTIONS

Direct interaction of H® with heavy quarks

Various contributions into the effective Lagrangian

describing the interaction of H%-boson with light

hadrons

fig.3a The contribution to two meson decays which includes
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of two- and three-particle meson wave functions are of the
same order “’0[}/“ﬁ}|tﬂuﬁtcontributiens contain the additional
suppression "“_E‘.Lfﬂu where E.L is the characteristic value
of the gluon field inside the hadron, By~ Ki.

Pherefore,for mesons which contain the heavy quarks C,D,sses
Me rmg“??il:@l‘one can neglectl ,KJ_'BL and the quark binding
energy in comparison with the heavy quark mass Mg ,and the
almplitude has a form:

NCom‘t%t/Mt (3)
T
(baf::ides,%i’\rOQ L/'Pl‘lq for open flavour mesons D(1870),B(5200),
auid %QNOLW‘:'\ for hc '\VT H&'ﬂ{ rlesons ).

At the scne time,for mesons containing s-quark (and u- or
d-quarks) the contributions irom fig.Je and fig.4 are of the
same order,becouse m*NELN E)_L-

2. The contributions 1ike those shown at fig.5. The loop in
fig.5 includes heavy q vks with masses mn?.: MH while solid
lines on the right denote quarks with masses m;{'ﬂ MH. The mat-
rix element of the operator (Gﬂth\ir from the effective Lag=

rangian (2) is proportional to & product of two leading twist

meson wave functions,and is of the order

o\l e :
<M"1M1\(Gr‘hik0> * TM‘*&L, &'f%mgw]gfn ,_%h-;, e

Hence,the contributions from fig.5 into the decay a_.yg;l.itude

. :
p
~ cnmﬁn& , (5)

where l\[h is the number of heavy quark flavours with MQ?JMH

have the form:



- ._—ﬁ—

I1 is clear that these contributions are the dominant ones
for the decays Ho_"n‘mj??;m The contributions from fig.3a and
fig.5 are of the same order for the decays HB-FEK?“?L*K*} ‘?\??
a.f: not too large MH- As Mu increases,the role of fiz.5 cont-
ributions increases also (compare (5) and (3)) and they become
dominant at large values of MH.

I11I. UALCULATID}J_ OF DECAY WIDTHS

1, The decays Haébk"l*“\ﬁ)h @[510(})% hh h h{

The main contribution give diagrams like those shown at fig.
3a. As was explained above,one can neglect K_L and B_L in
compariscn with mc or mg, The amplitudes for the decays
\-\u-'trﬁhb_ and Hn""‘%*%‘. have the form (the properties of va-

rious wave functmns are descrlhed in the appendix):

e g, S P Sc}a]tdgﬂ Ls.l:s)/@-m(-ﬂ

6 =20 ) 9 ) - )9 %0.

Here: m'., is the heavy quark mass ("mg-, We ), Mh is the meson

mass ( My M&. },% % %B are the values of wave functions
at the origin and \?P‘(ﬂ and 1‘? ['ﬁ) are the wave functions
of leading and nonleading twist correspondingly. For approxi-
mate calculetion of (6) we use (here and below we neglect all

logarithmic corrections) /4/:

{32V TOM, £ =100MN . W 245GV, MexWTGeY,
@)% )=50- om\ 0 (3)= w %b wﬂ

In this case: \Cn \

), @

e O

L(ohoGev!) = ;1 (Ghoea™). @)

0 0 —
The decay widths H””'BT’ and H""?DE’ are equal:

T T'ﬂ /{BTMH, (38)
P(WT)= ¢ («eea\f YE T(sBy)=ch{tetoeer’) I

Using C _G q_ M‘{ G ka Gﬁv-l one has:

o 16l
‘.( 2610NGN 1 Y(Hdr%%}l 2.6 {;Ee -~ (10)
" Lt

0 0
The decay amplitudes H‘*\'[ \'l and H‘"’\l%‘lﬁ also have
the form (&) but the wave functions of \‘L and h% me sons
are much like to(a(") functicons. We use for the approximate cal-

culation/4/:

Tede =365MV £, =K 260 Mev,
R (3)= % (3)=8R).
In this case:

The= |G| (20 GNHVMi’ : Ttlﬁ\ta\‘(@m 6V )My,

\{—‘#H “]\ \C ;

: - %461 et
T(Whehe) = Kﬁ\g {ae186a")- M ;

1)

0.b- ’x() GE'.V
3 : 12)
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According to the Appelquist-Folitzer recipe,the inclusive
decay width for the H°=-boson decays into hadrons containing

quarks of definite flavour is determined by the fig.1 diagram

end is equal (Mu}:"lmﬂ‘.
Yb{ﬁ—»ﬁQ\‘—'SCg’NfiMu/?}m , C:':GF‘E. (13)

The decay width of H°=boson into gluons is equal:

LW 2q)=($) ¢ No M )

The decay widths HG%E.D-:%% 7 .\1{'\1‘ ;\15\1%

brenching retios are given in table I in their dependence on

endéd corresponding

the H°=boson mess, MH.
2, ‘The decays H“—v"\"\’ .,’TT

The main contributions also give diegrams like fig.3a.
Taking the wave functions of \P and fT mesons in the

form of %t‘h functions,one obtains for the decay amplifude:

T g MR,
A‘M‘n =(E l?b(gh 913 5 L?&Q'l\ (EMEM j

M M
where E- and E

U5)

are the polarization vectors, In the
rest system of H°=-boson:

B EE oA L

L

?—-.I'
\..-?"1
-
= =
i L -4
L=
12
(>

e

- —
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