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Abstract

Arbuzov B.A. and Shichanin S.A. On Consequences of the Symmetry Breaking in the {-Quark
Electromagnetic Vertex for {-Production in pp Collisions: IHEP Preprint 94-61. - Protviio,

1994. - p. 6, figs. 2, tables 2, refs.: 7.

In the framework of a dynamical breaking model of the electroweak syminetry a possibility
to obtain a large t-quark mass due to chiral symmetry breaking in the electromagnetic vertex
of the t-quark is considered. The self-consistent set of equations is considered for a value of
anomalous magnetic moment. The essential part of the set is connected with the due appearance
of a (loldstone pseudoscalar. Solution of the set provides values of anomalous moment «,
coupling constaut of the pseudoscalar with the t-quark depending on the high-energy cut-off.
The maln consequences of a large x 22 1 are discussed, especially for the ¢-quark production in
Tevatron experiments. The mechanisra results in additional contribution to ¢-production cross-
section, which gives e.g. == 10pb for M; = 170GeV,x = 1, that do not contradict the existing
data. The cross-section for process pp ~— 11+ and p, distribution of v are also calenlated. The
results could be considered as providing the best restrictions for the value x of the anomalous
magnetic moment of t. On the other hand the approach gives definite predictions for the t-quark
quest, which could be compared with the existing and forthcoming data.

AHHOTAMA

Apbysop B.A. » Ulirzanun C.A. O cnescTBusX HAPYINCHUs CUMMETPUM B 3JI€KTPOMAlHHTHON
BEpLInHe {-KBapKA IIIA POXKIEHUS | b p-cToknopennsx: penpwut UPBD 94-61. - [IpoTso,
1994. - 6 c.. 2 puc., 2 rabn., 6ubanorp.: 7.

B paMEax Monels MMIaMIYECKOro HapyUleHUs >1eKTpociaboll cHMMETpHU PACCMOTpeHa
BO3MOKHOCTD [0y TMTH BOMBINYIO MacCy t-KBAPKa sa CHeT HapyIUeHAs KUPATLHOH CUMMETPHU
1 SICKTPOMATHMTHON BEPIIMHE {-KBapKa. PaccMOTPCHA CaMOCOrJIacoBaHHas CHCTEMa ypasue-
il Ha 3tadYenye aHOMaJbHOIMO MarHHTHOro MoMeHTa. CyiiecTBeHHAs YaCTh CHCTEMEL CBA3AHA
¢ Hew36eXKHbIM HOSBIEHHEM TGIACTOYHOBCKOTO NCEBAOCKA/IApa. PelleHHe CHCTeMEl JaeT 3Ha-
qeHMA aHOMAJLHOIO MOMEHTa K, KOHCTAHTBHI B3aiMOIeHCTBHA HCEBIOCKajipa C I-KBapKOM B
3aBHCHMOCTH OT 0oOpPE3aHUA TPH BHICOKHX sHepruaxX. O6CykKMaloTcd TNaBHble CIENCTRUs Gollb-
HIOTO MOMEHTa & o 1, 0COGEHHO MU PKCIEPUMEHTOB Ha TeBaTpoHe MO PUKAEHHIO {-KBapKOB.
MexaslsM IPUBOLHT K OOIOIHATENSHOMY BKNAXy B CCYeHHe DOXIUEHWA ¢ M [aeT, HalpUMED,
o~ 10pb mx M, = 170 GeV, & = 1, uTo He NPOTUBOPEUHT CYWIECTBYIOMIMM JAHHBIM. Buiuu-
CIIGHBL TakiKe CeueHue npouecca pp — i1y ¥ pacupenefieHde 0o p, Lis y. Pesyabratsl naot
HaIydllee OPpaHIYeHne Ha JHAUEIHE K AHOMAJILHOTO MATHUTHOTO MoMenTa t-kBapka. C apy-
Ol CTOPGHEI, HONXOM 1aeT ONpenelIeHHbie TIPEICKa3aHMe INH TIOUCKOB {-KBAPKA, KOTOPAIE MOKHO
CPABHWBATH C CYLIECTBYIOMMMHE M GYAyILIMMU JAHHBIMK.
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In the present paper we consider a possibility for the t-quark to have peculiar
properties and corresponding experimental consequences. The t-quark differs
from other quarks in its very large mass. It might be that the large t-mass is
due to some additional interaction. This conjecture could be realized in the
framework of a model of dynamical breaking of electroweak symmetry [1}, [2].
The approach [1] does not assume the existence of elementary Higgs scalars as a
starting point of the electroweak theory. As a substitute for the standard Higgs
mechanism we study a set of dynamical equations for a three-W vertex and for
mass operators of W and Z. The main point of the approach consists in the
appearance of a new gauge-invariant vertex in the region of "small” momenta,
corresponding to the effective Lagrangian Lss ~ e“"”W:,,W,',’pW’ su- The presence
of the vertex in the region of small momenta is only provided by a form-factor
decreasing sufficiently rapidly for large momentum variables. The region of
action of the new interaction is bounded by some cut-off A. The model defines
a self-consistent set of equations for the new vertex and for W, Z masses. The
study of the set leads to the conclusion that the dynamical breaking of the
symmetry is quite possible [1], and we obtain W and Z masses with the value
of cut-off A of the TeV order of magnitude. There have to exist also scalars,
however, they are not elementary, but they are bound states consisting of W-s
and Z-s. The order of magnitude of their mass has to be ~ TeV as well.

The analogous considerations are applied to the problem of the t-mass origin
[2]. Here we study a possibility to break the chiral symmetry, connected with
the t-quark, via the appearance of an anomalous magnetic moment in the ¢
electromagnetic vertex. Note, that a possible anomalous magnetic mouent of
the t-quark is discussed from different points of view in several papers, e.g. [3].

The additional term looks like
. eK
P;l(paq) =1F(p27q2’k2)2_ﬂo-uv kl/, (1)

where k = ¢ —p is the photon momentum, p, —q are, respectively, the mormenta



of t and £. M is the ¢ wass and F{p*, ¢*,k*) is a form-factor, which could be
chosen. e.g.. i form (1]
A8
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where A is the cutoff mass parameter.

There are provesses, which are seusitive to a value &, in case k is sufficiently
large, e.g. transition b — s + 7. In [4] the corresponding calculations are
shown to give upper bounds for x, which depend on t mass. Say, K < 6
for m = 150GeV, k < 7 for M = 170GeV. As we shall see further, the
most sensitive test for x provides the process of ¢t production. The value &
of the order of unity changes substantially predictions for cross-sections. So,
the problem is, whether values x ~ 1 are natural. The approximation, which
is used in [2], leads to values x ~ 10. However, we see, that this is too large.
Now, let us take into account the well-known important effect.

We know from the very beginning of the chiral symmetry breaking science
[5], that the appearance of Goldstone zero-mass pseudoscalar is inevitable in
the case of a symmetry breaking. Here it means, that there exists £¢ bound
state ®, which interacts with t, { according to

L = 99799, 3)

where ¥ is a spinor, describing 1.

Equations for the t-quark magnetic vertex (1) and its mass are schematically
presented in Fig.1.
Calculations give the following set of equations
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Here Z is the t-quark renormalization constant, according to the following def-
inition of its full propagator (the solid line in Fig.1)

-1
Gip) = Wﬂ—f_—-ﬂ



Fig. 1. Graphical equations for £t+ vertex (a) and for the t-quark mass operator (b). The
solid line represents the t-quark, the dashed line ~ the photon and the doubl: line
resresents ¢4 bound pseudoscalar. Circles correspond to vertices (1) and (3).

Note, that the first term in vertex equation of Fig.1, containing photon exchange
with vertices (1) turns to be zero. Set (4) has, of course, a trivial solution
M =0; k=0, which corresponds to the original symmetry being maintained.
However, there is also nontrivial solution
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(5)

We see, that « depends on a value of the cut-off. E.g. for y = 700, i.e.
A =45TeV, x =1.03, for y = 220, i.e. A =2.5TeV, k = 2. The values of
A correspond to the t-quark mass M = 170GeV. Thus, the cut-off being of
the order of magnitude ~ TeV, « is of the order of unity. In this sense values
% =~ 1 are natural in our approach.

Now let us turn to #¢ production cross-section. We calculate it for proton-
antiproton collisions at two c.m. energies: 1800 GeV and 2000 GeV, using the
current data on structure functions. For electromagnetic vertex we take just
expression (1) and obtain results in the leading order, i.e. the dditional term
in a cross-section, which we deal with, is proportional to 2. The results for
Kk = 1 are presented in Table 1. We see, that e.g. for M = 170GeV and



E = 1800GeV we have Ao = 9.8pb. For another value of x numbers from
Table 1 have to be multiplied by x*.

Table 1. Cross-section Ao pb of process pp =& +t + X,k =1

M GeV | E=1800 GeV | E=2000 GeV
130 344 41.7
140 24.8 30.6
150 18.1 22.7
160 13.3 17.0
170 9.8 12.8
180 7.3 9.7
190 5.5 7.4

We see from the Table, that for £ ~ 1 the additional term in £ cross-section
is even larger than that, calculated in Standard Model (e.g., for M = 170, F =
1800, 05y =~ 5pb). Experiments, looking for the t-quark at Tevatron imply
stringent limitation on k. Indeed, the recent CDF result 6] ¢ = 13.9%84 with
M = 174 41013 means that there is some place for an additional contribution
to the cross-section. Using information from Table 1, and prescribing difference
of the measured cross-section and the standard one to the magnetic term (1),
we obtain estimate || = 1% 0.5. In fact it means, that 0 < |«| < 2. This
limitation is much better, than that of [4]. Bearing in mind, that authors of
[6] do not insist on decisive detection of ¢-production, we have to consider our
result just as the upper bound on x. However, a forthcoming improvement
of t-production cross-section measurements will provide a possibility either to
confirm the existence of magnetic term (1) or to reject this option.

We study also process pp — t+1t+ 7+ X. Its cross-section again for

=1 and Tevatron options is presented in Table 2. For another value of k one
multiplies the numbers by «*.

The cross-sections are not large, so there is no contradiction with the data.
However, the process under discussion gives photons with very high p;. The
calculation shows, that for M = 170 GeV, E = 2000GeV the maximum of p
distribution is located at ~ 30 GeV. The distribution is presented in Fig.2. As
we can see, the distribution is stretched towards high values of p;. E.g. 40% of
events have p; > 100 GeV and 23% have p, > 150 GeV'.



Table 2. Cross-section Ao pb of process jip =+ I+ t+v+ X, x=1

M GeV | Ex=1800 GeV | E=2000 GeV

130 0.20 0.35

140 0.16 0.23

150 0.10 0.15

160 0.06 0.10

170 0.04 0.07

180 0.03 0.05

190 0.02 0.03

Total = 10000 events
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Fig. 2. Photon p, distribution for process p+p — t+t+7+X, E =2000GeV, M = 170GeV.



Results [6] present a hint for an extra contribution to #f production cross-
section. In case this being confirmned, we have to look for some new mechanism,
giving such a contribution. Here we have seen, that anomalous magnetic mo-
ment of ¢ provides such mechanism. However, one could also propose another
interaction of the t-quark, serving to explain data. Our results show, that a
study of process jp — ¢+t+ v+ X can discriminate between different possibil-
ities. To look for such process one could use events tagged by b-particles from
t-decays.

To conclude let us note, that we propose a self-consistent description of the
t-quark properties. Of course, it is approximate and one could not guarantee
k = 1 to be the reality. For the moment the best way to check the approach
is a comparison with experiments on ¢ production. There is also an important
question, concerning the Goldstone pseudoscalar. Its existence is quite essential
for all under discussion, and one have to ask: where is it? Indeed, it has to
exist and to give observable effects. In this sense possible 60 GeV’ 27 cluster [7]
is under suspicion. This possibility is discussed in [2]. Taking into account the
argnments of the present paper, we conclude, that this variant do not contradict
data on 2v-s in Z decays. B.R. of Z — yyeTe™ is estimated to be < 1077,
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