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Light gluinos and precision tests at the CERN e+e collider LEP
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A slight mismatch between the low and high energy a, measurements has fueled speculation in recent
times on the existence of light gluinos —a scenario not yet ruled out by direct experimental searches.
We study the impact of light virtual gluinos (-3 GeV) on some electroweak observables measured at the
CERN e+e collider LEP 1 with unprecedented precision. We conclude that squark masses in the

range 50—60 GeV are disfavored by the present data with the above choice of gluino mass.

PACS number{s): 14.80.Ly, 11.30.Pb

The assertion that the presence of a light colored neu-
tral fermion improves the agreement between the low and
high energy a, measurements has received attention of
late [1—5]. A light gluino is a strong candidate to satisfy
such a requirement. In this Rapid Communication we
examine the impact of such a supersymmetric scenario
from a different perspective; namely, the loop effects of a
light gluino on some electroweak observables precisely
measured at the CERN e+e collider LEP. %e show
that the agreement between those precise measurements
and their standard model (SM) predictions are so good
that not much space is left to accommodate large contri-
butions generated by a light virtual gluino —a result sug-
gesting that the prospect of a light gluino may not be
promising as more statistics accumulate on the Z peak.

The nonobservation of any supersymmetric particle so
far, mainly in the CERN e+e machine LEP and the
Fermilab pp collider Tevatron, leads to a general belief
that superparticles are heavy. Lower bounds on squark
and gluino masses are set from the Tevatron and they are
significantly stringent, being m ~ 141 GeV and m & 126
GeV [6]. But there still seems to exist a possible excep-
tion to the above; that the gluinos are extremely light
(weighing up to a few GeV). Although such a possibility
has been examined by a number of experiments, particu-
larly the CERN pp collider [7], in bottomonium decays
and in fixed target experiments looking for missing ener-
gies [8,9], a region with rrt -3—4 GeV with lifetimes

around 10 ' s or (10 —10 '
) s has escaped detection

[5]. In fact the lower bounds on the squark and gluino
masses at the level of 100 GeV rely on the assumption
that these particles, once produced, will lead to
significant amount of missing transverse energy while de-
caying ultimately to the lightest supersymmetric particie
(LSP), which is either the photino or some other weakly
interacting stable neutralino. The hadronization Monte
Carlo programs for gluino production leading to those
bounds work reliably for m —100 GeV or more and are

g
not intended for light gluinos. A squark produced in ha-
dronic collision, on the other hand, will immediately de-
cay into a quark and a gluino. If that gluino is light, the
LSP it decays into will carry off a very small amount of
transverse energy, thus escaping detection, and no bound
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can be set on the squark mass [2]. However, the nonob-
servation of squark-antisquark pairs in Z decay sets a
lower limit on the squark mass -Mz/2. If, in particu-
lar, m& lies between Mz/2 and Mz and if the gluino is

light enough, the channel Z~qqg+ c.c. opens up and
the resultant contribution to the hadronic width is mani-
fested through an overall change in the strong coupling
constant a, [2], whose central value is larger than the low
energy a, measurements (after naive extrapolation).
Measurement of a, from jet correlation also leads to an
enhancement once the loop effects due to light gluinos are
considered [5]. On the other hand, the low energy deter-
minations of a„ for example, in deep inelastic scattering,
quarkonium [2], or ~ decays, need to be extrapolated
through the renormalization group equations for compar-
ison with the high energy measurements. It turns out
that a, should run slower for better agreement with the
high energy measurements, and that requires an excita-
tion of a neutral light colored fermionic degree of free-
dom. However, one must admit at the same time that
this improvement is not all that mandatory as the low
and high energy determinations of a, are not statistically
inconsistent with each other without a light gluino.

In this paper we explore the consequences of a super-
symmetric scenario with I -3 GeV and m -Mz/2 (or

g
more) contributing through loops to the vertices Zqq.
The effects of heavy squarks and gluinos satisfying the
Tevatron bounds have been investigated in a previous
work [10]. Here we carry out the same investigation in
the light gluino case in view of the recent interest. As in
our earlier work, we take the parameter 8 =I h,d/I &I,

which, being a precisely measured observable at LEP and
being free of the top quark uncertainties, provides a sensi-
ble hunting ground for new physics. Just for the sake of
making this note self-contained, we bring out in what fol-
lows the essence of the formalism of our earlier work
[10]. The quark-squark-gluino Lagrangian is given by
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where for three generations of quarks p=1 —3,i=1—6
(for each quark flavor there are two squark states}, the

color indices a, b =1—3 and a=1-8. The 6X3 matrices
I L and I z are determined by the quark and squark mass

matrices (see below).
Each quark flavor has two chiralities, left and right,

which correspond to two different squark states. Hence,
for three generations of quarks there are six up-type and
six down-type squarks. We note that the quark and
squark mass matrices are not diagonal in the same basis.
The Z mass squared matrix (in a basis in which the d-
quark mass matrix is diagonal) is

Itt, I +i(/f~+cKQ„'K Am, /, 4„
Am3/2@d PR 1++d

where pL and pz are flavor-blind supersymmetry-
breaking parameters for the left- and right-type squarks,
respectively. E is the standard Cabibbo-Kobayashi-
Maskawa matrix. 1Q'„and 1&& are diagonal up- and
down-quark mass matrices respectively. The c term cor-
responds to the quantum mass correction due to Higgs-
ino exchange for a d-type left squark, c is a phenomeno-
logical input in our treatment. The off-diagonal element
is the left-right mixing term which is proportional to the
corresponding quark mass matrix (d type for this case).
U is the matrix which diagonalizes M&. I L and I z in

Eq. (1) are each 6 X 3 matrices and are given by

0I,=U r„=U0 ' 1

m 3/2 is the gravitino mass and 1 is the ( 3 X 3 ) identity
matrix. It should be mentioned that the above mass ma-
trix follows from X= 1 supergravity models.

The other ingredient necessary for this calculation are
the couplings of squarks to the Z boson. For d-type
squarks,

Before we quantitatively analyze the contribution to
the parameter R from the supersymmetric sector of our
concern we stress again the virtue of this parameter: that
it is free of the large uncertainties coming from the ambi-
guity of m, . A sizable 5R can therefore be considered as
a significant hint of new physics. Apart from the masses
there are two important parameters c and A which ap-
pear in the mass matrix. A is responsible for the mixing
of the left and right blocks of the squark mass matrix.
We have checked that changes in A do not alter our re-
sults to any degree of significance. As a consequence we
have set A =0 throughout our calculation. The parame-
ter c induces flavor mixings in the mass matrix through
radiative corrections and is of negative sign. While deal-
ing with squark masses -50 GeV, one has to be careful
that, given m„c is small enough to ensure that none of
the mass eigenvalues is pulled down below Mz/2 violat-
ing the LEP bounds. For the sake of definiteness, we take
the simplifying scenario A =0 and c =0. Although such
assumptions amount to a loss of generality, nevertheless,
within the present texture they do not materially affect
any observable consequence.

In our previous work [10]we calculated 5R by expand-
ing in powers of the ratio of the Z mass ( =91.2 GeV) to
the minimum of the squark and the gluino masses which
respect the Tevatron bounds ( —150 GeV). We had also
cross-checked this calculation by performing an exact
analysis using the standard two-point and three-paint
functions (8 and C functions of Passarino and Ueltman
[11])with the heaviest quarks (b and c} in the external
legs. In this work we have improved upon the precision
of this latter method so that it can be reliably applied to
lighter quarks in the external lines. The expressions of
the amplitudes look exactly as in Eqs. (17) and (18) of
Ref. [10]. In Fig. 1 we present the variation of 5R with
the average squark mass pL =p„=p varying between 50
to 100 GeV for a gluino mass fixed at m =3 GeV. In all

g
regions of the parameter space, 5R is positive. We ob-
serve that, for @=50GeV, 5R is as high as 0.27, and, as

Xz&&=i S; dB„d Z" .
4 cosHp

Herei, j =1-6and

(3)
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vd and ad are the vector and axial-vector couplings of Z
to the d-type quarks, which for arbitrary fermions vf and

af are given by

uf =&p( 2t( —4Qf sin g~ ) (5)

af =~p2tf . (6)

G M
rf =N, " (uf+af)'

24m 2

where N, is the color factor.

(7)

The expression of the partial width of Z into a massless
fermion-antifermion pair (ff ) within the framework of
the SM is given by
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FIG. 1. The supersymmetric correction 5R as a function of
the average squark mass (=p) for gluino mass =3 GeV. The
horizontal line indicates the upper limit of contribution from

any extension beyond the SM at the 90% C.L. of the experimen-
tal measurement of R.
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p is pushed up to 100 GeV, 5R falls smoothly down to
0.05. Effects of varying m by a few GeV do not show up
within the scale of the graph. Next, one should verify
how much leeway is left to accommodate new physics
through 5R in view of the present status of the LEP mea-
surements. At the moment, according to the combined
results [12] of the four LEP experimental groups,
R =20.77+0.05, the SM expectation is 20.69-20.81.
Thus at 90% C.L. of the experimental measurement and
taking care of the SM uncertainties, the extent of new
physics should be constrained by 5R =0.16. We notice
that for @=50 GeV the size of the supersymmetric
correction is large and the net result (SM + supersym-
metry) is inconsistent with the experimental observation
up to 40, which indicates that the region of parameter
space comprising of m =3 GeV and m =50 GeV is dis-t
favored. However, as we increase the squark mass, 5R
gets diminished monotonically as a result of propagator
suppression, and for m beyond 60 GeV the contribution
to 5R falls signi6cantly; such an extension can be accom-
modated comfortably within the present experimental un-
certainties.

One must indeed keep in mind that this is not the only
sector of supersymmetry that contributes to the Zqq ver-
tices. Boulware and Finnell [13] have shown that the
gaugino and Higgs mediated contributions to the Zbb
vertex are detectable at the 1% level of experimental ac-
curacy. The lower bounds on the gaugino masses origi-
nate from their nonobservation at LEP1 and hence are
-Mz/2. The authors of Ref. [13] have examined the
effects of the gauginos and the Higgs bosons on
Rb =I &/I'h~ —a parameter which is free of the QCD
uncertainties, although not free from the top-quark ambi-
guities. They have observed that the contribution is pos-
itive, i.e., adds to the SM value. Recent measurements
[12] show that R& =0.220+0.0027 while the SM predicts
R& =0.218 (0.215}for m, =100 (180}GeV [14]. We have
calculated the shift in Rb induced by the gauge-invariant
subset of our interest consisting of the squarks and
gluinos, and found that, for m =3 GeV and m =50
GeV, 5Rb=0.2X10 3. In Fig. 2 we have plotted 5Rb
against m for the same region of parameter space as in

Fig. 1. As expected, and also as seen from Fig. 2, the
contribution falls with increasing squark masses but
remains positive everywhere, which means that the con-
tribution to Rb induced by the squark-gluino subset is of
the same sign as the one from the gauginos and the Higgs
bosons. The most optimistic value of 5Rb from the sec-
tor we study is still found to be one order of magnitude
down compared to the error in the measurement of Rb.
Further improvement in the b-quark tagging eSciency is
therefore required to use Rb as an effective parameter for
our purpose.

With the gluino masses of our interest, the channel

Z~gg opens up through loop level processes with inter-
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FIG. 2. The supersymmetric correction 5Rb as a function of
the average squark mass ( =p) for gluino mass =3 GeV.

nal squark and quark lines. (Recall that at the tree-level
Z does not couple with the gluinos. ) So if 5u and 5a
denote the loop-induced vector and axial-vector cou-

plings of the Z to the gluinos, the width I (Z~gg) is
proportional to (5u +5a }. The sizes of 5v and 5a in this
case are expected to be of the same order of magnitude as
5v and 5a for the gluino and squark mediated Z ~qq pro-
cesses. But considering the fact that Z has tree-level cou-
plings with the quarks, the leading additional contribu-
tion to the widths for the squarks and gluino mediated
Z~qq processes goes like v5v+a5a, originating from
the interference terms of the tree- and loop-level ampli-

tudes. I (Z~gg) is therefore suppressed compared to
51'(Z~qq ) by O(5v(5a )/u(a )) and we do not take this

into account. In any case, the process Z ~gg contributes
to the hadronic events and eventually increases the ha-
dronic width as do the loop induced 5I (Z ~qq ) process-
es and so we need not worry about the possibilities of
cancellation.

In summary, we have examined the viability of the
light gluino scenario and have put constraints on the pa-
rameter space in the light of the precision tests on the Z
peak. Although one must admit that "better" agreement
of a, measurements at low and high energies in presence
of a light gluino is after all not that pressing a motivation
to confirm its existence, nevertheless, such a window has
not yet been ruled out from direct searches and, there-
fore, needs a closer scrutiny from different perspectives.
Direct search of a light gluino from four-jet events at
LEP may tell something important. But, as we see in this
work, further improvement in the measurement of R, as
more data accumulate on the Z peak, might pose a seri-
ous threat to such a notion.
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