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The fits to the recent precision electroweak LEP1 data and measure-
ment of My are presented. We analyze the impact different measurements
have on the Higgs boson mass bounds extracted from such fits.
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The LEP data and the measurement of My confirm the electroweak
symmetry breaking by the Higgs mechanism with few per mile accuracy.
For some time they are used by several theoretical groups [1-3] and by the
experimental groups [4] to constrain the less precisely known parameters of
the Standard Model: the top quark mass m, the strong coupling constant
as(Mz) and the Higgs boson mass My. The loop corrections to the elec-
troweak observables are O(m?) in the top quark mass and only O(log M})
in the Higgs boson mass. Nevertheless, the increasing precision of the data
and in particular the discovery of the top quark [5, 6] improve the prospects
for constraining the Higgs boson mass in a way which may be relevant for
planning the future experiments for direct Higgs search.
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In this short note we present the results of such analysis using the lat-
est available (Brussels’95) electroweak data. We analyze those fits from the
point of view of their constraints on M;. We follow the usual strategy:
in terms of the best measured observables Gg, agy and Mz we calcu-
late My, all partial widths of Z° and all asymmetries at the Z° pole and
determine my, a,(Mz) and M, by a fit to the data. The calculation is
performed in the on-shell renormalization scheme, with all “oblique” and
process dependent one-loop corrections as well as the leading higher order
effects included. The experimental input (i.e. experimental values for the
electroweak observables, their errors and correlation matrices) used in the
fits is summarized in Ref. [4]. The bulk of the LEP results show satisfactory
agreement with the earlier reports (one should note, however, the new value

A%% = 0.0997 £ 0.0031). For My we use 80.33 + 0.17 GeV which is the
average value of the UA2 measurement and the new measurement reported
by the CDF [8] (the DO collaboration has not published the results of their
new analysis yet). When the top quark mass is included in the fit we use the
value m; = 181+ 12 GeV. For Aa%‘"]s{’ we use the value ! [9] 0.0280 +0.0007
and include it into the x?2 fit.

The most significant changes in the LEP data are Ry = 0.2219+0.0017,
and R, = 0.1540 + 0.0074. Since the identification of b quarks is much
better than of the ¢ quarks experimental collaborations also quote the value
Ry = 0.2206 £+ 0.0016 which is obtained when the value of R, is fixed to its
SM prediction R, = 0.172.

The new SLD result read [13, 7]: A}z = Ae = 0.1551 + 0.0040 (which
corresponds to sin® Gleff = 0.23049 + 0.00050). The SLD collaboration also
reported for the first time [7] the results 4% , = A, = 0.841 + 0.053 and
A7 p = Ac = 0.606 £ 0.090.

The new SLD data for A7 ; and the LEP value still remain more than
20 apart: although the central values are now much closer to each other,
the SLD error has significantly decreased.

The newly reported results for Ry, R., A% Rr» A% g have drastic effects on
SM fits whose quality has significantly decreased. This indicates either large
fluctuations in the present data or new physics (or both). Here we adopt the
first point of view and assume that the SM is the correct low energy effective
theory at the electroweak scale. In this framework we critically re-examine
the bounds on the Higgs boson mass in several different versions of the fit.

We begin with the results of a fit to all the LEP, SLAC and Fermilab

! The result reported in the Ref. [10] has been recently updated [12, 7] and is
now close to the results reported in [9]. The result of Ref. [11] is about lo
lower than that of [9]; it is, however, based on more theoretical assumptions

).
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data described(.) z;,bove (i.e. toollblw, (1) — M%, /M2, Tz, oy, Ac, Ar, sin? 6P
(QFB>, Rls‘AF’Ba Ry, R, AF’B) AF’CB, AER, A%R, ACLR, m; and Aal'ba]&r)‘
They are given in the first line of Table I and 1o and 20 bounds in the
(m¢, M}y) plane are shown in Fig. 1. Significant upper bounds on the Higgs
boson mass are obtained but the quality of the fit is poor.

TABLE I
Results of the fit to all the data {7, 8, 13]. All masses in GeV.

my Amg Mh AMh a,(Mz) Aa,(Mz) xz d.o.f.

171.0 111 93 1% 0.122 0.005 25.0 14

170.5 10.9 82 Ha 0.122 0.005 21.1 12

1000

200
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8 5 88388
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Fig. 1. Contours of Ax? = 1 and Ax? = 4 for the x? fit to all LEP, SLD and
Fermilab data.

We now examine the impact of the observables which give the dominant
contribution to x? on the Higgs boson mass bounds. In the second line of
Table I there are also given the results of a fit without the two new SLAC
measurements of A% g and A§ 5. The bounds on M}, are slightly stronger
and the fit is a bit better.

In the first row of Table II we show the results of a fit without R,
R. and without all the LR asymmetries measured by the SLD (A}, and
Ab p, ASR). The x? value is now excellent. The 1o and 20 contours in the
(m¢, My) plane are shown in Fig. 2a. The bounds on M), are very weak
and critically depend on the value of m; measured in Fermilab. Without
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my in the fit the included data only correlate M} with m, (as shown also
in Fig. 2a) with, however, no 20 upper bound on Mj,.
TABLE II

Results of the fit without SLD asymmetries.

my Rb My Amc Mh AM;,, a,(Mz) Aa,(Mz) xz d.o.f.

+ - 1801 11.9 335 1323 0.125 0.005 3.2 9
- 4+ 1522 M%7 52 5 023 0.005 9.4 9
+  + 1724 112 189 H2 o0.124 0.005  11.6 10
8y T T 8T
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Fig. 2. Contours of Ax? = 1 and Ax? = 4 for the x? fits without the asymmetries
measured at SLD (A%g, ALg, ASg): a) — without Ry, R., b) — with Ry =
0.2206 + 0.0016 (R, = 0.172 fixed) included. In both figures results of the fits
without/with the Fermilab value for m, included are marked as 1,20_;/1,20,; In
the right bottom corner of Fig. 2a the line of constant A%, = 0.1551 as measured
at SLAC is also shown.

Another observable which depends on m; but not on M} is R,. The
measured value, to be consistent with the SM, requires very low value of
my. Thus, inclusion of m, and/or R} gives the fitted value of m; lower than
the Fermilab value and, in consequence, stronger bounds on M. This is
also shown in Table IT and in Fig. 2b. Here we give the results of fits with
Ry = 0.2206 £ 0.0016 which is the experimental number obtained under the
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assumption of R, = 0.172 (with the new values of R, and R, we get very
similar bounds but the quality of the fit is poorer).

As the next step we include in the fits the SLD value of A p. Its effect
on the fits can be understood from Fig. 2a. We show there the contour of
constant A p = 0.1551. It is almost parallel to the open contours which
show the m; — M}, correlation without m;, R; and A§ 5 in the fit but for
the same m; the correlated M} is much lower. It is clear therefore that
to a very good approximation the inclusion of A should not alter the
fitted value of m; but strengthen the bound on M}. This is indeed seen in
Table III and in Fig. 3 (small changes in m; compared to Table II are due
to the fact that the two discussed above contours in Fig. 2 are not exactly
parallel).

TABLE III

Results of the fit as in Table 2 but with A§ ; included.

my Rb me Amt Mh AMh a,(Mz) AO.',(Mz) x2 d.o.f.

+  — 1767 120 125 I 0.122 0.005 89 10
- + 1556 11.1 33 % 0.122 0.005  14.8 10
+ + 1696 107 79 1% 0.122 0.005 17.1 11
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Fig. 3. Asin Fig. 2 but with the SLD result for A$ , included.
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The third line in Table III can be compared with the second line in
Table I to see the effect of using new values of Ry and R, instead of the
value of Ry = 0.2206 + 0.0016 obtained with R, fixed to its SM value. We
conclude that the limits on M}, are stable with respect to the treatment of
Rb and Rc in the fit.

To a very good approximation, the upper bounds result from a combi-
nation of my — M}, correlation given by a fit to all but Ry electroweak data
and the upper bound on m; obtained from Rj and the direct measurement
of my. The SLD A§ p, result has important impact on m; — M, correlation in
the direction of lowering the values of M}, for given m; (as seen in Fig. 3a).

We also note that inclusion of the SLD result in the fits gives lower value
of as(Mz). This follows from the fact that the m; — M}, values required by
the value of A 5, tend to increase I', i.e. a lower value of a,(Mz) is now
needed.

Finally one can add a few remarks related to the new values of R, and
R.. Analysing previous electroweak data [4] and following earlier references
(14, 2], we have discussed [3] the possibility of new physics in R; and studied
the upper bounds on M} in a toy model which reproduces all the results
of the SM and has an ad hoc correction to the Z — bb width, so that
Ry ~ 0.22. Then the fitted value of a,(Mz) = 0.108 and the observable R,
becomes irrelevant (its contribution to x? ~ 0) from the point of view of
the limits on Mp. In this toy model the limits on M} were similar to the
SM limits without R, in the fit (somewhat weaker due to the smaller value
of as(Mz)). With the new data the discussion remains valid provided we
use the value of R, extracted under the assumption of R, fixed to the SM
value and disregard the new R, measurement. If, however, we include both
measurements, B; and R, and consider a toy model with new physics in
both variables, so that R. =~ 0.1540 and Ry ~ 0.222 then the fitted value
of as(Mz) = 0.178 + 0.005. This is easy to understand: with T'z0_, ;4. =
1744.8 + 3.0 the sum T'yo_,3, + T'z0_,z, is now much smaller than in the
SM and we get ' zo_, 3,4 — I yo_,3, — ' z0_z. large. Of course, also in this
toy model the observables R, and R. become irrelevant for the bounds on
M}, and we get them similar to the SM fit without Ry in the fit. However,
the large value of the fitted as(Mz) casts doubts on the measurement of
R, unless new physics also alters the light quark sector. (We thank H.E.
Haber and C. Wagner for the discussion on this point.)

Our results, in part which overlaps, are in very good agreement with
recent fits presented in [15].

P.Ch. would like to thank Max Planck Institute in Munich for hospi-
tality.
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