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THREE-JET DECAYS OF HIGGS-BOSON
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The 3-jet decay of the neutral Higgs-boson has been discussed on the basis of H® —» qgg Subprocess. The general expression for the

differential decay width has been obtained in the lowest QCD order, which was analysed for the case, when one of the jets (Quark) is a
leading one. It has been shown that contribution of an additional Gluon component into the 2-jet decay amounts to several percent.

1. At present the non-abelian gauging theory with
spontaneous broken vacuum symmetry, put forward by
Glashow, Weinberg and Salam (1), is considered to be the
Standard Model of electroweak interaction. The model
describes brilliantly the data in particle physics up to the
experimentally obtained energies ~ 200 GeV cms. Such
predictions of the model as availability of weak neutral
currents, presence of heavy vector bosons Wk, Z° etc. have
been confirmed (2). However, the model can not be
considered perfectly reliable until such important component
as Higgs sector has been experimentally discovered and
studied. As known, it is required to have, at least, one massive
neutral scalar boson, i.e. Higgs particle, in the Standard
Model. The mass of the particle is not fixed in the model,
being its free parameter. A number of consideration allows for
establishing quite broad limits for this mass: 7 GeV<S my< 1
TeV (3). The existence of such a particle (or particles) has
net,yet been confirmed by experiments. To find it, is the main
direction of studies in the big laboratories of the world.
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Accordingly, the theoretical analysis of various reactions with
Higgs bosons, specifically all possible decays of the particle
outline the topical problem of today.

2. The paper reports on the 3-jet hadronic decay of neutral
Higgs boson that develops as a result of the fundamental sub-
process:
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where g7 is a pair of quark-antiquark and ¢ is gluon (4
momentum of particles is indicated in brackets). This is the
fragmentation of final particles into hadrons that leads to the
formation of jets.

In the lower order of QCD, process (1) can be described
by the following diagrams:

The matrix element which fits the above mentioned diagrams
has the following form
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Here ¢(p), U(pz), u(-p;) are the wave functions of
particles H’ g &, respectively; e’ = eZ}/ > Were eZ is 4-
vector of gluon polarization, A° are Gell-Mann’s matrices

(a= ;-8 ), m is the quark mass, and g, is QCD constant of
the quark-gluon bond. The coupling constant of Higgs boson
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to the fermion mass:

and fermion is proportional

g, ={( \/EG )1/ 2, where G is the Fermi constant.

The summing over polarization of final particles yields
the following expression for the square of the matrix element

M|’ =64gl g’ F 3)
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The differential width of decay for the boson in rest can be
expressed with the help of square of matrix element by the
well-known method:
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where mjy accounts for the mass of Higgs boson. o
~ Let us analyze this expression for a condition wher} one of _ ﬁGas 5
Jets, say, a quark one, is leading. As well known, this takes I's——=N My qu ®
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place if other two particles move together in the opposite

direction. Assuming that k and P, vectors are collinear and

integrating with respect to all parameters, except for the
energy of the leading quark, we obtain:
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Here «a, = 74-‘—, energies of antiquark and gluon are
T

expressed through the quark energy:
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Let us assume that mass of the Higg boson is very big, i.e.
mg>>m  (this supposition will be discussed further below).
Then, neglecting where possible the quark mass, we obtain the
following for the total width of decay into this channel:

®

And, at last, summing over the quarks colors with factor
N.=3 and by their flavors we will obtain finally for the
width of jet decay

For an observer the decay discussed above will look as 2-jets.
Therefore, it is interesting to compare the obtained formula
with the width of an ordinary 2-jets decay on the basis of

H' > qq reaction:
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The summation in (9) and (10) includes all quarks with
m
masses m, < -—25— Since Higgs boson has not been found at

energies < 200 GeV, this condition is obviously true for u, d,
5, ¢ b (mg<<my) quarks. However, it is disputable for t-
quark with estimated mass of m,~170GeV If my<2m, then t-
quark is not included in the sum and, therefore,

I 2ag ) , .
—— ® —3 ~0,05. Provided the mass of Higgs boson lies
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in the range of few m., this relation increases twice. Higher
values of my>6m, are beyond of / TeV, and there is no sense
to consider them. By this means the contribution of invisible
gluon component into 2-jets decay amounts to several percent.
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HiQQS-BOZONUN UC SIRNAQLI PARCALANMASI

Isde neytral Hiqqs-bozonun Ho — gFg altprosesi esasinda g sirnagh pagcalanmasina baxihr. KXD nezeriyyesinin osas
yaxmlagmasmda pargalanmanin differensial eni iigin {imumi diistur hesablanr, alinan ifade yiiksek enerjili kvark hali tiglin aragdirthr.
Gostarilir ki, gliionun iki sirnaql pargalanmaya verdiyi elave bir nego faizdir.

B. 3. Mycradaes

TPEXCTPYMHDBIN PACITAJX XHUI'TC-BO30HA

0 _
B pa6oTe pacMaTpHBacTCs TPEXCTPYHHBIH pacniall HEHTPaNBHOrO Xurrc-6o30Ha Ha 6ase noanpouecca H  — gFg . B Huswem mopsjke

KX nomyueHo obuiee BbIpaxeHue LU AubpepeHuHanbHOA IHPHHL PACIaja, KOTOpad NpoaHanH3UPOBAHA B CNyHac, KOTa OHA U3 cTpy#t
(kBapkoBas) sensercs nuaupyiouie#. flokasaHo, 4To BKIAN JAOTIONIHMTEALHON TIOOHHOH KOMIIOHEHTHI B JBYXCTPYWMHBIA pacmian COCTABIACT
HECKOJBKO TPOLICHTOB.
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