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{FLOWCHART OF ZFITTER/BHM/WOH)
Select minimal set of parameters in the MSM Lagrangian:

ao,Mwo ,M zo}Mm ,m fo (including mio); note that awo,
azo and VEV 77 are not among these.

Define renormalization Z-factors for each bare parameter and each field
(Z-matrices for Z—7 and fermion mixing — for ZFITTER only).

Fix Z-factors on mass shell. Use dimensional regularization (1/e, /i).
I

Lagrangian now depends only on physical fields, couplings and
masses, and on counterterms (Z-factors).

1
Expand Z-factors; Zi= 1-f a / j , where a = a(0) and /i's are functions

of physical input Mw> MZ7 MH, rrif and 1/e and /i.

1
Calculate one-loop electroweak amplitudes with graphs, including

loops and counterterms; 1/e and /i drop out.

1
Improve one-loop results by RG-techniques and by proper resummation
of the higher-order e.w. terms. Define improved Born approximation.

1
Select experimental inputs: a(0), Mzy

I
Get Mw from G^ = (ir/ y/2) {a/s2

w c^ M | ) pc, where pc depends
on mt, MH, a(0), Mw, Mz an l̂ s* = 1 - l / l

Calculate Z° decay observables, with m t and MH free,
in terms of G^, «(0), Mz.

Introduce gluonic corrections into quark loops and QED -f QCI>
final state interactions in terms of a, as(Mz), nib (Mz), mt.

Compare the results with electroweak experimental data,
exhibit Mz, rrit, MH, and as(Mz) dependence.

Figure 8: BHM/VOH ZFITTER flowchart.
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Burkhardt, Pietrzyk 2001
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Bacci et al.
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Fig. 1. i?had including resonances. Measurements are shown with statistical errors. In ad-
dition there are overall systematic errors (up to 20% in case of Mark I). The relative un-
certainty assigned to our parametrization is shown as band and given with numbers at the
bottom.
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Fig. 2. Relative contributions to in magnitude and uncertainty.
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Fig. 4. Comparison of recent estimates of Aa£2i(m|) . Estimates based on dispersion in-
tegration of the experimental data are shown with solid dots and estimates relying on addi-
tional theoretical assumptions shown as open circles.
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Figure 3: Different contributions to Ar as a function of Mu- The one-loop contribution, Ar(a\ is
supplemented by the two-loop and three-loop QCD corrections, ArgQD = Ar(aots) + Ar(aO(»), and
the fermionic electroweak two-loop contributions, Ar(a2) = AANfa2) + A r ^ a 2 l For comparison,
the eifect of the two-loop corrections induced by a resummation of Aa, A r ^ a \ is shown separately.
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Figures

Pseudo-observables U/t
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Figure 11: TheJBHM, LEPTOP, TOPAZO, ZFITTER, WOHJpredictions for Mw, including an
estimate of the theoretical error as a function of mt, for MH = 300 GeV and Q S =0.125.
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Figure 13: TheJBHM, LEPTOP, TOPAZO, ZFITTER, WOH/predictions for Tz, including an
estimate of the theoretical error as a function of mt, tor MH = 300 GeV and ds = 0.125.
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Figure 17: The(BHM, LEPTOP, TOPAZO, ZFITTER, WOfljpredictions for sin26> f̂f, including
an estimate of the theoretical error as a function of mt, for MH = 300 GeV and ds =0.125.
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( R sus y ) max /J,<0
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Figure 1: The maximum attainable value of J^usy versus the chargino mass for both
signs of/*, when no constraint has been applied ("None") and when all the constraints
described in the text have been applied ("All"). The dashed lines indicate the effect
of not enforcing the Higgs-mass constraints, and the dotted lines indicate the possible
further restriction should future LEP 1.5 searches exclude a chargino-neutralino mass
down to about 5 GeV.
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LAUREATES ARTICLES ^EDUCATIONAL

The Nobel Prize in Physics 1999

The Royal Swedish Academy of Sciences has awarded the
1999 Nobel Prize in Physics jointly to

Professor Gerardus 't Hooft
and

Professor Emeritus Martinus J.G. Veltman

for "elucidating the quantum structure of electroweak
interactions in physics."

Martinus Veitman
Professor Emeritus at &e Ursh«r$ity of
Michigan. Ann Aitwf. USA, formerly a j the
University of Utrecht, Utrecht tf» Netfierfarafck

Gerardus 't Hooft
Pwfeswr at the lMve«fty of Wtfeeht
Utrecht, the Netherlands.

A theory to reckon with

The structure of particle physics is described using the Standard
Model. In this model electromagnetic and weak interactions are
unified and together called electroweak interactions. It is
theoretical studies of these interactions that have been rewarded
with the 1999 Nobel Prize in Physics.

Contents:

Introduction »
Oven in the sun »•
Family fellowship »»
Goodbye to infinities •»
Welcome top quark! »
Where is the Higgs particle? ••
Further reading »»

Based on materials from the 1999 Nobel Poster for Physics.
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theory uncertainty
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Figure 4: The contours show the 1 a (47% C.L.), 2 a (91% C.L.) and %a (99.5% C.L.) limits
in the Aa|ad(m22)-mj, plane, for a data similar, but not indentical to that of Table 1[36].
The upper bands show the value from Ao^ad(mz2)-mh from Reference [41] and the lower
band shows preliminary results using the new preliminary BES data from Reference [50]
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Figure 2: %2 distributions as in figure 1. The lines correspond to fits of m ^ , F#, and

Ri, combined incrementally, as in table 2, with the four leptonic asymmetry measurements

(solid), plus QFB (dashes), plus AFB (dot-dashes), plus Ab
FB (dots).
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Figure 1: One-sigma ellipses in the €3 — €2 (left) and in the ei — €3 (right) planes obtained
from: [a. mwf Tj, sin̂ fl»ff from all leptonic asymmetries^ and Ri,; b. the same observables,
plus the hadronic partial widths derived from Tz, ah and Ri;]p. as in b., but with sin2fleff ~also)
Hncludinp the hadronic asymmetry resultsj The solid straight lines represent the SM predictions
for mu — 113 GeV and mt in the range 174.3 ± 5.1 GeV. The dotted curves represent the SM
predictions for mt = 174.3 GeV and mjj in the range 113 to 500 GeV.
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Figure 2: Measured values (cross) of €3 and €2 (left) and of t\ and £3 (right), with their 1 a
region (solid ellipses), corresponding to case a of fig. 1. The area inside the dashed curves rep-
resentsjhe MSSM prediction for mzL between 96 and 300 GeV, mx+ between 105 and 300 GeV,

1000 GeV < fi < 1000 GeV, tan/9 = 10/ mgr. = 1 TeV. and mA = 1 TeV[
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Figure 1: lcr allowed regions in the mt-Mn plane taking into account the anticipated GigaZ precisions for
sin 0eff, Mw, Fz, Ri, Rq and mt (see text). The presently allowed region (full curve labeled 'now') is shown
for comparison. f fl ,,

4 WJ&q\jUM,+ > r w a s ' . Oo


