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Abstract 
We illustrate the possibility of observing signals from Flavor 
Changing Neutral Currents, originating from the scalar sector 
of a Two Higgs Doublet Model. In particular, we focus on 
the tree level process p+p- -+ fc + 3, via scalar exchange in 
the s-channel, as a distinctive process for p+p-colliders. 

INTRODUCTION 
A high energy lepton collider will be a good environment to look for new 
physics beyond the Standard Model (SM), taking advantage of the large 
enough energy, which will become available at low background rates. This 
is the reason why many people look at LEP 11, NLC and p+p-colliders with 
the specific aim of testing some crucial points of the proposed extensions of 
the. SM. Supersymmetric Theories are among the favorite candidates, as we 
heard in one of the plenary talks at this meeting[l]. 

We want to present here a different analysis, focusing on minimal extensions 
of the SM, which might produce extremely distinctive signals at the next 
generation of lepton colliders. Our attitude being much phenomenological, we 
will look for those extensions of the SM, whose consequences turn out to be 
particularly challenging both from the theoretical and the experimental point 
of view. In this contest, our aim will be to point out where a p+p'collider 
would be able to get a better performance with respect to an e+e-collider. 

Among many others, the possibility of extending the scalar sector of the 
SM has very often been considered in the literature, being this sector of the 
Model still poorly known at the moment. The natural extension of adding one 
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more scalar SU(2) doublet, resulting in the so called Two Higgs Doublet Mod- 
els (2HDM's); has the considerable drawback of introducing Flavor-Changing 
Neutral Currents (FCNC) at the tree level in the scalar sector. Being FCNC 
forbidden in the SM contest, this would be an extremely promising field to 
look for unambiguous Signals from new physics. However, severe constraints 
are imposed by the low energy physics of the K- and B-mesons, such that 
FCNC have practically to be avoided in this sector of the theory. This is 
naturally accomplished by the SM itself, as we said, and has to be imposed 
ad hoc in any 2HDM, by introducing a discrete symmetry[2], which limits the 
possible Yukawa couplings between fermions and scalars. 

A part from the experimental constraints coming from K- and B-physics, 
there is no a prior i  theoretical reason not to have FCNC. Therefore, the as- 
sumption of this ad hoc discrete symmetry may be dropped in favor of a more 
natural one, which takes any Flavor Changing (FC) coupling to a scalar field 
to be proportional to the mass of the coupled quarks. The basic idea is that 
a natural hierarcy is provided by the observed fermion masses and this may 
be transfered' to the couplings between fermions and scalar fields, even when 
they are not the ones directly involved in the mass generation mechanism[3]. 
In this way, FCNC are naturally suppressed in the light sector of the theory, 
while dramatic effects may be seen in processes which involve the heavy quark 
fields of the third generation. 

We will illustrate these ideas at work in the following sections, first present- 
ing the theoretical model we propose and then focusing on some FC signals, 
namely (kc+%)-production, which, if possible at an e+e--collider, will be even 
more enhanced and characteristic at a p+p--collider. 

2 GENERAL FRAMEWORK 
2.1 The Model 
Let us recall that the 2HDM's with no FCNC at the tree level are normally 
distinguished, in the literature, as Model I and Model 11, depending on the 
way the fermion fields couple to the two scalar SU(2) doublets. Madel I refers 
to the case in which both the Up-type and the Down-type components of a 
fermion doublet couple to the same scalar field, while in Model I1 the Up-type 
components couple to one scalar doublet and the Down-type components to 
the other. In both cases, the particular pattern of fermion-scalar couplings is 
obtained imponing that ad hoc discrete symmetry we were talking about in 
the Introduction. 

We want to consider here the case in which all the natural couplings intro- 
duced by a 2HDM are kept[3] and see if, under any assumption on the new FC 
couplings, the model stays compatible with the experiments. We wil l  refer to 



the present model as Model 111. The Yukawa Lagrangian of Model 111, 
to the quark fiels, can be written as [4, 51: 

where 4; for i = 1 , 2  are the two scalar doublets of a ZHDM, 6; = ia24 
7;” and (:” are the non diagonal coupling matrices. Being the two scalar 
doublet completely independent , by a suitable rotation of the quark fields, we 
can chose the two scalar doublets in such a way that only the qZD couplings 

. .  

generate the fermion masses, i.e. such that: 

The physical mass spectrum consists of two charged 4* and three neutral spin 
0 bosons, two scalars (HO, ho) and a pseudoscalar (Ao): 

Ho = fi[(Re 4; - v )  cos CY + Re 4; sinal 
ho = f i [ - (Re 4; - v )  sin CY + Re 4; cos CY] 

Ao = f i ( - I m & )  
(3) 

where CY is a mixing phase (for CY = 0, Ho corresponds exactly to the SM Higgs 
field, and cj*, ho and Ao generate the new FC couplings). 

In principle the &‘D FC couplings are arbitrary, and we may have dif- 
ferent attitudes in choosing their form. Some major proposals exist in the 
literature[3], which suggests to take them proportional to the mass of the 
quarks involved in the coupling, i.e. roughly as follows 

where for the sake of simplicity we take the A i j  to be real (for more details 
see[7]). Or, in view of the outstanding role played by the top quark within the 
SM framework, we might even adopt a more phenomenological point of view 
and assume that the effect of the FCNC on the first generation of quarks is 
negligible, focusing only on the t- and b-couplings and constraining them from 
experiments. 

In b.oth cases, the most interesting signals of these non-standard couplings 
will come from the physics of the top quark, both production and decays. 
Therefore, we would like to single out the right processes and the right envi- 
ronment in which we could already have the possibility of testing the proposed 
model. Of particular interest will be those quantities which either receive only 
tiny contributions in the SM framework or show some kind of disagreement 
between theory and experiments. 

imited 

(1) 
, while 



2.2 
In this contest we will focus on the production of top-charm pairs at lepton 
colliders, i.e. e+,-, pfp- + t Z  + d, whose branching ratio turns out to be 
extremely suppressed not only in the SM ( B T ( ~  -+ cZ) - 10'13), but also in 
the 2HDM without FCNC - 10-')[7]. The hal  state for this process 
has a unique kinematic, with a very massive jet against an almost massless 
one. This quite peculiar signature may allow to work even with relatively low 
statistics, as can be the case for a lepton collider. The much better statistics 
one could get at an hadron collider, would come at a cost of a much higher 
background (mostly, tree level background for a one-loop process). We think 
the two effects somehow compensate, but the kind of analysis requested for 
the hadronic case would be much more complicated. Hence, it is worthwhile 
to consider a cleaner environment as an e+e' or a p+p- machine. 

With this respect, the case of a p+p-with respect to an e+e-collider singles 
out, both because it will offer the possibility of exploring much higher energy 
regimes and because for the first time the possibility of an s-channel production 
will be available. In fact, for an e+e'collider, the tree level s-channel top-charm 
production is strongly suppressed and the top-charm production process arises 
as a one-loop correction to the Ztc-vertex. On the other hand, a pfp-collider 
(m,, N 200m,) may be able to produce scalar bosons in the s-channel in 
sufficient quantity to study their properties directly, i.e. to study directly the 
effect of a tree-level FC Higgs-t c vertex. The possibility of direct scalar boson 
production in the s-channel constitutes, indeed, one of the challenging and 
interesting kinds of physics available in the future of these machines (for more 
details see [l, 6, 8, 91). 

The crucial point about a pfp-collider is also that, if it is run on the Higgs 
resonance, f i  = mx, Higgs bosons may be produced at an appreciable rate 

At ,/i = mx, the cross section for producing 3.c, ax, normalized to a0 = 

The process: p+p- 3 fc+ et 

[11, 8, 61. 

o(p+p- + 7 4 e+e-), is given by 

where B: is the branching ratio of 3.c -+ p+p- and a, is the electromagnetic 
coupling. 

If the Higgs is very narrow, the exact tuning to the resonance implied in 
equation ( 5 )  may not in general be possible. Let us suppose then that the 
energy of the beam has a finite spread described by 6 

mk(1- 6) < s < mk(l+ 6) 

where we assume that s is uniform about this range. The effective rate of 



Higgs production will thus be given by 

Let us now consider that a Higgs 3-1 of mass mx is under study at a 
p+p-collider. For illustrative purposes we take 3-1 = h' in the model dis- 
cussed in sec. 2.1.  In our model (see (1) and (4)), the coupling of h' to ff 
can be written as 

while the coupling to 22 and WW is given by 

Finally the flavor changing Higgs - tZ  coupling is given by 

where X L  and X R  are in general complex numbers and of order unity if (4) 
applies. 

The decay rates to these modes given the above couplings can be readily 
calculated at tree level by using the results that exist in the literature [ l o ] ,  
while the decay rate to fc is given by [6] 

and, r(3-1 + t z )  = r(3-1 + d3 at the tree level that we are considering for 
now. The decay rate to p+p- which we require in equation (5) is 

This are the basic ingredients we need in order to proceed to study the phe- 
nomenology of top-charm production at a p+p--collider as will be elaborate 
in the next section. 



3 PHENOMENOLOGICAL 
THE RESULTS 

SCENARIO: 

In our analysis, we 1et.M- vary between 100 GeV and 800 GeV and consider 
two possible values for the mixing phase a: a = 0 (Case 1) and a = 7r/4 
(Case 2), i.e. a equal or different from zero. The only difference between Case 
1 and Case 2, as we can read in (9), is that the scalar neutral boson ho does 
or does not couple to the gauge bosons, this implying a difference at the level 
of I?-, i.e. of BF. 

We summarize our results in Fig. 1, where the following sets of parameters 
for Case 1 and Case 2 are used 

We plot A(%) with 6 = 0, and lo-' in the two cases as well as 

fi t ,  = fi('H) (BE + BZ) (13) 
Note that in Case 1 if rnx is below the tt  threshold is about .01 - 1 and 
in fact tc makes up a large branching ratio. Above the tt' threshold &, drops. 
For Case 2 the branching ratio is smaller due to the WW and 22 threshold 
at about the same mass as the tc  threshold and so $c is around For 
a specific example if rn- = 300GeV, then a0 z lpb. For a luminosity of 
1034cm-as-1, a year of 107s (1/3 efficiency) and for 6 = lo-', Case 1 will 
produce about 5 x 103(tE+&) events and Case 2 will produce about 150 events. 
Given the distinctive nature of the final state and the lack of a Standard Model 
background, sficient luminosity should allow the observation of such events. 

If such events are observed, we will also have the possibility to extract the 
values of X L  w d  XR, provided we determine the helicity of the produced top 
quark, expressed in termes of X L  and XR as 

The helicity of the t quark cannot be deterkined directly, but has to be ob- 
tained from the decay distributions of the top[l2], the number of events re- 
quired to observe it with a significance of 3 a  being 

36 107 N*=- x -  
EfH: H: 

Thus at least IO' events are required to begin to measure the helicity of the 
top and hence the relative strengths of XL and XR. In the above numerical 



examples it is clear that for some combinations of parameters, particularly if 
the luminosity is 1034cm-2s-1, sufficient events to measure the helicity may 
be present. 
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Figure 1: The value of k(7-l) is shown as a function of rnx for scenario 1 (dash- 
dot) and for scenario 2 (dots). The value of &, is shown in case 1 for 6 = 0 
(upper solid curve); 6 = (middle solid curve) and 6 = lo-' (lower solid 
curve). The value of & is shown in case 2 for 6 = 0 (upper dashed curve) 
and 6 = lo-' (lower dashed curve). 


