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9. Quantum chromodynamics 25

The central value is determined as the weighted average of the individual measurements.
For the error an overall, a-priori unknown, correlation coefficient is introduced and
determined by requiring that the total x? of the combination equals the number of
degrees of freedom. The world average quoted in Ref. 172 is

as(MZ) = 0.1184 + 0.0007 ,

with an astonishing precision of 0.6%. It is worth noting that a cross check performed in
Ref. 172, consisting in excluding each of the single measurements from the combination,
resulted in variations of the central value well below the quoted uncertainty, and in a

maximal increase of the combined error up to 0.0012. Most notably, excluding the most
precise determination from lattice QCD gives only a marginally different average value.

Nevertheless, there remains an apparent and long-standing systematic difference between
the results from structure functions and other determinations of similar accuracy. This

is evidenced in Fig. 9.2 (left), where the various inputs to this combination, evolved to

the Z mass scale, are shown. Fig. 9.2 (right) provides strongest evidence for the correct
prediction by QCD of the scale dependence of the strong coupling.
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Figure 9.2: Left: Summary of measurements of as(M%), used as input for the
world average value; Right: Summary of measurements of «; as a function of the
respective energy scale ). Both plots are taken from Ref. 172.
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24 10. Electroweak model and constraints on new physics

Quantity Value Standard Model Pull Dev.
my [GeV] 170.9 + 1.8+ 0.6 171.1+ 1.9 0.1 0.8
My [GeV] 80.428 + 0.039 80.375+0.015 1.4 1.7
80.376 + 0.033 0.0 0.5
My [GeV] 91.1876+0.0021  91.187440.0021 0.1 0.1
Iz [GeV] 2.4952 + 0.0023 2.4968 £0.0010 0.7 0.5
I'(had) [GeV] 1.7444 + 0.0020 1.7434 + 0.0010 - -
[(inv) [MeV] 499.0+1.5 501.50  0.08 - -
T(e+6-) [MeV]  83.984+0.086 83.988 + 0.016 . -
Thad [nb] 41.541 + 0.037 41.466 £0.009 2.0 2.0
Re 20.804 + 0.050 20.758 £0.011 0.9 1.0
R, 20.785 + 0.033 20.758 £0.011 0.8 0.9
R, 20.764 + 0.045 20.803+£0.011  -0.9 0.8
Ry 0.21629 +0.00066  0.21584 +0.00006 0.7 0.7
Re 0.1721+0.0030  0.17228+0.00004 -0.1 0.1
Al 0.0145+0.0025  0.01627+0.00023  -0.7 0.6
AL 0.0169 +0.0013 0.5 0.7
A 0.0188 = 0.0017 1.5 1.6
Al 0.0992 + 0.0016 0.1033+£0.0007  -2.5 -2.0
PSR 0.0707 4 0.0035 0.0738 +0.0006  -0.9 0.7
ADS) 0.0976 + 0.0114 0.1034 £0.0007  -0.5 0.4
(409 0.2324+0.0012  0.23149+0.00013 0.8 0.6
0.2238 + 0.0050 1.5 -1.6
Ae 0.15138 £0.00216  0.1473+£0.0011 1.9 2.4
0.1544 £ 0.0060 1.2 1.4
0.1498 + 0.0049 0.5 0.7
A, 0.142 +0.015 0.4 0.3
Ar 0.136 + 0.015 0.8 0.7
0.1439 + 0.0043 0.8 0.5
A 0.923 + 0.020 0.9348+£0.0001  -0.6 0.6
Ac 0.670 4 0.027 0.6679 £0.0005 0.1 0.1
A 0.895 =+ 0.091 0.9357+0.0001  -0.4 0.4
% 0.3010£0.0015  0.30386+0.00018 -1.9 1.8
gk 0.0308+£0.0011  0.03001+0.00003 0.7 0.7
gve ~0.040+0.015  —0.0397+0.0003 0.0 0.0
gy ~0.507+0.014  —0.5064+0.0001 0.0 0.0
Apy (~1.31£0.17)-1077 (—1.54+0.02)-10~7 1.3 1.2
Qw (Cs) ~72.62 % 0.46 ~73.16£0.03 1.2 1.2
Qw (T1) ~116.4+ 3.6 ~116.76£0.04 0.1 0.1
ek (3557952) -10°  (3.19£0.08)-1073 0.8 0.7
1 a 9 —9
logu—2-2)  4511.07(74)-107° _ 4509.08(10)- 10 2.7 2.7
s 20093 + 0452 % 5i¥s0-176 04 0.4
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0.233 July2010! | : I :
[Jm=173.3% 1.1 GeV

m,=114...1000 GeV -

sino

02311 % ac mo -

| 68% CL-
836 838 84 842
T, [MeV]

Figure 1: LEP-I+SLD measurements [1] of sin? Gl‘g’t and I'ge and the SM prediction. The point with
the arrow labelled A« shows the prediction when only the photon vacuum polarisation is included in
the clectroweak radiative corrections. The associated arrow shows the variation in this prediction if
a(m?) is changed by one standard deviation. This variation gives an additional uncertainty to the
SM prediction shown in the figure.
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Figure 10: Experimental constraints on the S, T parameters with respect to the SM reference represented by
My ree = 120 GeV, my rer = 173 GeV and the corresponding best fit values for the remaining SM parameters.
Shown are the 68%, 95% and 99% CL allowed regions with the U parameter fixed to zero (blue ellipses on
top and bottom panels) or let free to vary in the fit (orange ellipses on bottom panel). The top plot also
shows for U = 0 the individual constraints from the asymmetry measurements (yellow), the Z partial and
total widths (green), and the W mass and width (orange). The narrow dark grey bands illustrate the SM
prediction for varying My and my values (see figures for the ranges used).
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SM Higgs production
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TeVALHC Higgs wurk'mglgmnp
L L 1
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g

m, [GeV]

Figure 4. SM Higgs production cross-sections for /s = 14 TeV at the LHC (taken from
ref. [26]).
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Figure 5. (a) In the left panel, the branching ratios of the SM Higgs boson are shown as
a function of the Higgs mass. Two-boson [fermion-antifermion] final states are exhibited by
solid [dashed] lines. (b) In the right panel, the total width of the Standard Model Higgs boson
(denoted by hgp) is shown as a function of its mass. For comparison, the widths of the two
CP-even scalars, h® and HC of the MSSM are exhibited for two different choices of MSSM
parameters (tan 2 = 3 and 30 in the maximal mixing scenario; the onset of the H? — h%A® and
H® — tf thresholds in the tan 8 = 3 curve are clearly evident). Taken from ref. [10].

5.3. LHC prospects for SM Higgs discovery

An examination of Fig. 5 indicates that for my < 135 GeV, the decay h — bb is dominant,
whereas for mp, > 135 GeV, the decay h — WW ) is dominant (where one of the W bosons must
be virtual if my < 2my ). These two Higgs mass regimes require different scarch strategies. For
the lower mass Higgs scenario, gluon-gluon fusion to the Higgs boson followed by h — bb cannot
be detected as this signal is overwhelmed by %CD two-jet backgrounds. Instead, the Tevatron
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Figure 7. (a) The left panel depicts the signal significance as a function of the SM Higgs
boson mass for 30 fb~! at /s = 14 TeV, for the different Higgs boson production and decay
channels. (b) The right panel depicts the integrated luminosity required for a 5¢ discovery of
the inclusive Higgs boson production, pp — h + X, with the Higgs boson decay modes h — 7,
h— ZZ — 70 ¢t and h - WYW ™ — Ty, £~ 1. Taken from ref. [28].
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Figure 8. The multiple of the cross-section of a SM Higgs boson that can be excluded using
1 fb~! of data at /s = 7 TeV. At each mass, every channel giving reporting on it is used. The
green and yellow bands indicate the range in which the limit is expected to lie, depending on

the data. Taken from ref. [29]
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2.2 Fitresults
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Figure 4: Indirect determination of the Higgs boson mass: Ax? as a function of My for the standard fit
(top) and the complete fit (bottom). The solid (dashed) lines give the results when including (ignoring)
theoretical errors. Note that we have modified the presentation of the theoretical uncertainties here with
respect to our earlier results [1]. Before, the minimum x?2,, of the fit including theoretical errors was used
for both curves to obtain the offset-corrected Ayx?, We now individually subtract each case so that both Ax?2
curves touch zero. In spite of the different appearance, the theoretical errors used in the fit are unchanged
and the numerical results, which always include theoretical uncertainties, are unaffected.
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