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asimmetrie
Ricordando che θ rappresenta l’angolo del fermione rispetto alla direzione 
dell’elettrone incidente, considerando per chiarezza solo i diagrammi Z e 
reali gli accoppiamenti, indicando con L,R l’elicità dell’elettrone iniziale e 
con l,r quella del fermione finale, si ha:

Da queste espressioni, considerando solo la eventuale polarizzazione del 
fascio degli elettroni, come è il caso di SLC, si ricava:

dove

esercizio

� 

Pe = NeL − NeR

NeL + NeR
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Dimostrazione della formula dell’asimmetria polarizzata
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asimmetrie misurate
Le quantità effettivamente misurate, ossia le asimmetrie tra le 
sezioni d’urto forward-backword o left-right, al polo dello Z, 

sono legate alle quantità precedenti dalle relazioni:

(in realtà le asimmetrie sono ottenute 
dai fit completi alle distribuzioni in θ)

esercizio

La sensibilità è molto maggiore per LR

per f : lept →
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distribuzioni in cosθ
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asimmetrie adroniche
La misura delle asimmetrie adroniche implica il tagging, possibile solo 
per c e b.
In ogni modo, la sensibilità a sin2θW, essendo il suo valore prossimo a 
1/4, è molto maggiore per i leptoni a carica intera che per i quark, per 
cui le asimmetrie adroniche sono dominate da Ae piuttosto che da Aq

  

� 

Af = 2
gvf gaf

1+ gvf gaf( )2

gvf
gaf

=1−
2Qf

Tf
3 sin

2ϑ eff
f =

     =1− 4Qf sin
2ϑ eff
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misure sperimentali di LEP
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polarizzazione del τ

Assumendo l’universalità 
leptonica permette di determinare

e quindi
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misure a SLC
SLC aggiunge alle misure di LEP ALR e Alept

FBLR.
La prima misura direttamente      e tramite questo, sin2θeff.

Le seconde misurano tutti gli accoppiamenti leptonici.
Nella misura della prima gli stati finali con elettroni sono
rimossi, per eliminare i contributi del canale t. I rimanenti 
contributi non risonanti e gli effetti di radiazione iniziale 
sono sottratti. I risultati sono:

I risultati per le asimmetrie leptoniche, includendo per gli 
elettroni la misura precedente, sono:
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risultati combinati
cosa si usa:

il set di 9 variabili di LEP a correlazione minima:

Polarizzazione 
del τ a LEP

SLD
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progressi in gV, gA

gV= - 0.040 ± 0.015
gA= - 0.507 ± 0.014

Media νµ-e- PDG 

gV= - 0.03783 ± 0.00041
gA= - 0.50123 ± 0.00026

LEP-SLC 
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gVl vs gAl
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ρ e sin2θ
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identificazione di b e c quark
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Figure 5.1: Impact parameter significance from DELPHI for data and simulation. The contri-
butions of the different quark flavours are shown separately. The normalisation is arbitrary.

logarithm of the hemisphere impact parameter probability. It can be seen that at large values
of D high tag purities can be achieved with impact parameters only.

An alternative lifetime-based tag uses the reconstruction of secondary vertices. OPAL
fits all well-reconstructed high momentum tracks in a jet to a single secondary vertex, then
progressively removes those which do not fit well. The decay length significance L/σL (the
reconstructed distance between the primary and secondary vertices divided by its error) is used
as the b-tagging variable, signed depending on whether the secondary vertex is reconstructed
in front of or behind the primary vertex (see Figure 5.3). This allows the background from
light quark events with L/σL > 0 to be estimated using the number of events with L/σL < 0.

The extremely precise SLD vertex detector and small stable SLC beam spot allow a different
approach to secondary vertex finding, based on representing tracks as Gaussian ‘probability
tubes’ [126]. Spatial overlaps between the probability tubes give regions of high probability
density corresponding to candidate vertices, to which tracks are finally attached. This algorithm
finds at least one secondary vertex in 73% (29%) of the hemispheres in bb (cc) events. Among
the b hemispheres that have at least one secondary vertex, two or more secondary vertices are
found in 30% of them mostly coming from the decay of the secondary charmed hadron.

5.2.2 Combined Lifetime Tag

The pure lifetime tags have an intrinsic limitation because D-mesons have a lifetime comparable
to B-mesons. However this can be overcome if additional information is used. Since B-mesons
are much heavier than D-mesons, the most obvious variable is the invariant mass of the particles
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Figure 5.5: Muon momentum and transverse momentum spectra obtained by L3, together with
expectations from simulation for the contributions from the various sources.

spectrum than c-quarks, additional separation power is given by the lepton momentum. Fig-
ure 5.5 shows the muon p and pt spectrum from L3 compared to the simulation of the different
sources. b → ! can be separated cleanly with a simple cut on pt. However the other sources
overlap strongly and can only be separated from each other on a statistical basis. At SLD the
good resolution of their vertex detector can also be used to separate b → !− and b → c → !+.

The charge of the lepton from a b- or c-decay is correlated to the charge of the decaying
quark. Therefore in the asymmetry measurements the lepton tag can be used simultaneously to
tag the quark flavour and to distinguish between the quark and the antiquark. b- and c-quarks
decay semileptonically into either electrons or muons with approximately equal branching frac-
tions of about 10%. While the lepton always carries the sign of the parent quark charge, the
possibility exists to confuse c → !+ and b → !+. Due to the fermion / anti-fermion flip in the
case of c- but not b-quarks, and because the sign of the two quark asymmetries is the same,
this leads to a large sensitivity of the asymmetry measurements with leptons to the sample
composition. Apart from these three main sources, there are also some other sources with
different charge correlations, mainly b → c → !−, b → τ− → !− and b → (J/ψ, ψ′) → !!. In
addition there are misidentified hadrons and electrons from photon conversion.

As a b flavour tag the lepton tag is not competitive with the lifetime tag. As one can
see from Figure 5.5 only the b → !− decay allows a tag with sufficient purity and efficiency
about 20%. Even from this efficiency roughly half is lost due to the lepton tag efficiency and a
necessary pt cut. However due to the simultaneous b-charge tag the lepton tag provides precise
asymmetry measurements.

5.2.4 D-Meson Tags

Since charmed hadrons are only rarely produced during light quark fragmentation, their pres-
ence tags c-quarks coming either from the primary Z-decay or from decay products of a b-quark.
Charmed hadrons from a primary c-quark have on average a higher momentum than those from

126

tagging leptonico
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Figure 5.13: R0
b and R0

c measurements used in the heavy flavour combination, corrected for
their dependence on parameters evaluated in the multi-parameter fit described in the text.
The dotted lines indicate the size of the systematic error.
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Figure 5.14: A0, b
FB and A0, c

FB measurements used in the heavy flavour combination, corrected for
their dependence on parameters evaluated in the multi-parameter fit described in the text. The
A0, b

FB measurements with D-mesons do not contribute significantly to the average and are not
shown in the plots. The experimental results are derived from the ones shown in Tables C.3
to C.8 combining the different centre of mass energies. The dotted lines indicate the size of the
systematic error.
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dotted lines indicate the size of the systematic error.
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confronto con SM
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To get a conservative estimate of the modelling error in B(b → !−) the fit has been repeated
removing all asymmetry measurements. The result of this fit is

B(b → !−) = 0.1069 ± 0.0022 (5.37)

with

∆B(b → !−)(b → !− modelling) = 0.0013. (5.38)

The other B-decay related observables from this fit are

B(b → c → !+) = 0.0802 ± 0.0019 (5.39)

χ = 0.1259 ± 0.0042.

Figures 5.17 and 5.18 compare (Ab,Ac), (Acc
FB, Abb

FB) and (R0
b, R

0
c) with the SM prediction.

Good agreement is found everywhere. However, unlike the asymmetries in lepton pair produc-
tion, the quark asymmetries favour a Higgs mass of a few hundred GeV. In case of Ab-Ac the
ratio A0, b

FB/A0, c
FB from LEP is also shown in Figure 5.17. This ratio is equal to Ab/Ac and thus,

unlike Acc
FB and Abb

FB themselves, is free from assumptions about the leptonic couplings of the Z.
The data are interpreted further, together with the leptonic observables, in Chapters 7 and 8.
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Figure 5.17: Contours in the Ac-Ab plane and ratios of forward-backward asymmetries from
the SLD and LEP, corresponding to 68 % confidence levels assuming Gaussian systematic
errors. The SM prediction for mt = 178.0 ± 4.3 GeV, mH = 300+700
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0.02758 ± 0.00035 is also shown.
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Asimmetria di carica 
adronica inclusiva ALEPH

DELPHI

L3

OPAL

 0.2322 ± 0.0008 ± 0.0011

 0.2345 ± 0.0030 ± 0.0027
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2
!

eff

lept

Figure 6.2: The input values and derived average of sin2 θlept
eff from Qhad

FB measurements. The
total uncertainties are indicated by the solid lines, and the systematic contribution to the
uncertainties by the dotted lines.
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sum is compared to the sum of the QF + QB ≡ Q+ + Q− distributions for 1994 data.

acceptance and resolution, and cannot be combined directly. It must be emphasised that
because the measurements in this section are interpreted as sin2 θlept

eff measurements entirely
within the context of the SM, they must be used with care when comparing with alternative
models. This is in contrast with results such as Abb

FB and Rb. For example, the value of sin2 θlept
eff

discussed here can only legitimately be used to test a model that does not change the relative
fractions of each flavour.

6.2 Systematic Uncertainties

Due to the lack of high-purity and high-efficiency tags for specific light flavours, by far the
dominant systematic uncertainties in these results arise from the model input required to de-
scribe the light quark properties. All experiments use the JETSET Monte Carlo as a reference
fragmentation and hadronisation model, while the HERWIG model is used for systematic com-
parisons. The parameter set within JETSET is also often varied as part of the assessment of the
fragmentation/hadronisation model uncertainties. However, neither the parameter set used for
the central values nor the method for parameter variation is common to the experiments, with
different experimental measurements being used by the experiments to constrain the model
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confronto dei sin2θeff
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