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ABSTRACT. We evaluate the contributions of exotic fermions, which transform as N-dimensional
vector-like multiplets under the SM group SU(2) x U(1), to the oblique parameters defined to
constrain new physics from high-precision measurements. It is found that present data implies
a lower bound on the mass of these fermions for arbitrary N. For instance, m > 360 GeV for
N = 10.

RESUMEN. Evaluamos las contribuciones de los fermiones exéticos que se transforman en un
multiplete vectorial N-dimensional bajo el grupo del modelo estindar (ME) SU(2) x U(1) a los
pardmetros oblicuos definidos para constrenir nueva fisica de las medidas de alta precisién. Se
halla que los datos actuales implican una cota inferior a la masa de estos fermiones para N
arbitrario. Por ejemplo, m > 360 GeV for N = 10.

PACS: 12.60.-i; 12.15.Lk

The measurements of the gauge boson properties (W, Z), have reached a level of precision
that allows to test the standard model (SM) (1] at the level of radiative corrections at
LEP [2]. Moreover, LEP results have also been used to impose contrains on the presence
of new physics.

Within the SM group SU(2)xU(1), the left-handed components of the known fermions
transform as doublets, whereas the right-handed components transform as singlets, which
has been tested with success [3]. However, in extensions of the SM of the grand unified
type [4], the existence of new fermions with different transformation properties is pre-
dicted in general. The cases of fermions that transform as singlets, mirror or vector-like
doublets are the ones most commonly studied in the literature [5]; vector-like and chiral
triplets have also been considered [6].

In this paper we study the implications of exotic fermions that transform as vector-
like multiplets of N-dimension, under the SM group. We are interested in evaluating the
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contribution of these fermions to the oblique parameters, which defined to constrain the
contribution of new physics to observables measured with high-precision at LEP.

The left- and right-handed components of the N-dimensional multiplets, of hyper-
charge Y, are written as follows:

FLr= (fJ7fJ—1,--- s = fﬁJ)L!Ra (1)

thus, the dimension of the multiplets is N = 2J + 1, with J being its spin.
The Lagrangian for this type of representation has the following form:

ﬁZFLW”D“FL+FRY“D“FR, (2)
where the covariant derivatives are defined as
DuFip = (8, —ig'Y Bu— igr'W}) FLk. (3)

Equations (2) and (3) can be rewritten in terms of the physical gauge bosons
(W*,Z,A). Then, the Lagrangian that describes the interactions of the fermions f;
becomes

Lin, = —%f‘“ TE W= fo—g Y] Bf*—gfoTS Ws e, (4)

where B = ew A — sw Z, W3 = swA+cwZ. The matrix elements of the operator T+ are
zero everywhere except for the elements below from the principal diagonal, with values

T(‘:H o= V/3(@J = s+ 1), where s = 1,2,... ,2J. The operator T is diagonal, with

elements T3(55) = J — 5. sw(cw) denote the sine (cosine) of the weak mixing angle.
The resulting interactions between the fermions and gauge bosons are

Cl oy Fis?* fr—sn1 Wy, (5)
Clsy f1-s7" f1-52p, (6)
C?J,s) fJ——s ¥ fr—s A,u, (7

with the corresponding coefficients given by

e
Cllsy = ——\/m\/s(2J—s+1), (8)

€
P, = — [is —(J- s)c%v] , (9)
C('YJ’S) =—e(Y+J-3). (10)

Because of gauge invariance, the fermion masses are degenerate (M; = M;). The
mass terms for these fermions does not require a Higgs mechanism.

In order to derive bounds on the mass of these exotic fermions, one can evaluate
their radiative contribution to observables measured with high-precision. For the case
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presented here, it is assumed that the vector-like fermions do not mix with standard
fermions, thus, their (universal) contribution to radiative corrections can be evaluated
from the self-energies of the vector bosons, which define the oblique parameters [7,8]. In
particular, we shall use the set of V;-parameters introduced by Novikov et al. [9].!

According to Ref. 9, the contributions of new physics to the physical quantities
mw /mz,ga and gy /ga, can be expressed in terms of the parameters V;,,, V4, Vg, which
in turn are written as functions of the self-energies of the vector bosons (IIyy+, with
V,V' = «, Z, W), namely,

16
aVa = =" shycly (Tzz(m}) — pz(m3) ~ Tw(0)) (1)
16 c3
aV, = Tﬂ—sﬁy l;;l (sz(m%) = Hw(m‘%)) :
w
2s
+ Tw (miy) — M (0) — Iy (m) — %sz(ﬂ)] ; (12)
_ 16m , o 9 i 2 2 28w
aVr = —(cw — sw) = e TR Mzz(m7z) — I, (m7z) — Iy (0) — —[ks2
3 C2W - Sw cw
- swcwn,,z(mg)] , (13)

where @ = a(mz), and Z{,, = I1(0) /mi..
The results for the contribution of exotic fermions to the V-parameters in the present
model are

_16N. N g4 o u NE =] 2
Vi = 9 m (YL’SW =+ Cwy 12 (1 + 2u — 12u Fu) y (14)
V= == (1-2s%) [+ 20)F, — (1+2u/c, ) BY], (15)
Vg = 0. (16)

where u = m?/m%, F, = F{m,m?), Y = F(m%,,m?), with m, mw, mz denoting
the fermion, W and Z masses, respectively. The function F' is defined in Ref. 10. In
the large-mass limit (u — oo) all the V-parameters vanish, which shows the decoupling
nature of the fermions in this model.

The data for the physical quantities (mw /mz, gv,gv/g4) used in the x? fit, are taken
from Ref. 11. In our analysis, the value of the SM Higgs mass is kept as constant, whereas
the top and the fermion masses are varied first. Figure 1 shows the results of the fit for
mp =300 GeV,Y =0and N = 2,3,4,... ,10. The labels in front of the lines correspond
to N (number of fermions in each multiplet).

'One could choose any of the parameterizations that have appeared in the literature, like the
S,T,U parameters of Peskin and Takeuchi [7], or the ¢; parameters of Altarelli-Barbieri [8].
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FIGURE 1. Result for the fit of . vs. m;, for the model with vector-like fermions. The number
in front of each curve corresponds to the dimension N of the multiplet.

The result of the fit shows that the values of the top mass are in agreement with
recent experimental measurements [12]. For all the previous cases it is found a lower
bound on m, which increases for larger values of N. For instance, we obtain m > 70 GeV
for N = 3, whereas for N = 10 the bound is m > 360 GeV.

In conclusion, we have evaluated the radiative corrections from exotic fermions of
arbitrary dimension (N), using the oblique parameters that are defined to test the pres-
ence of new physics from high-precision measurements. The interest of our result, is the
possibility to obtain a lower bound on the mass of the exotic fermions for arbitrary N.
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