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This paper presents measurements of the leptonic asymmetries in Z° decays measured with the SLD detector at
the SLAC Linear Collider. A data sample of approximately 500,000 Z° boson decays has been used. These mea-
surements lead to a precise determination of the effective weak mixing angle sin® 8. The combined preliminary

result is sin® 5 = 0.23110 + 0.00029.

1. Motivation

Searches for new physics beyond the Standard
Model (SM) generally take two forms. The direct
type of search is to look for new particles (e.g.
supersymmetric particles) or to search for new
interactions (e.g. proton decay). The indirect
type of search involves high precision tests of SM
predictions. The measurement of sin? 6% belongs
to the latter type of search and is probing the
electroweak sector of the SM to 0.1 % precision.

2. The SLC

The Stanford Linear Collider (SLC) [1] pro-
vides the SLD experiment with polarized electron
beams [2] and unpolarized positron beams for col-
lisions at the Z resonance.

2.1. Electron production

The polarized electron source [3] makes use of
a Ti-Sapphire laser in conjunction with a set of
optics that produces circular polarized light. The
helicity state, left- or right-handed, is determined
randomly for each bunch by the voltage applied
on the Pockels cell (an active birefringent crys-
tal), see Figure 1. The laser is then focused on
a strained-lattice GaAs photocathode for photoe-
mission. Depending on the polarization of the
incident light tlhe cathode will get its spin % state

or its spin - 3 state populated (Figure 2). By

putting a strain across the crystal, achieved by

*On behalf of the SLD collaboration

a custom grown layer of GaAs on a GaAsP sub-
strate, the degeneracy between the m = :l:% and
m = :E:% P3;, valence levels is broken. By fine
tuning the wavelength of the incident light (~
860 nm) the effect of the straining can be opti-
mized. Typically, electron polarizations between
70% and 80% were achieved (with 100% possi-
ble in principle). Without this strain the maxi-
mum electron polarization that would be possible

is 50%.

Linear .

Polarized Circular
Ti:Sapphire J Polarized
860 nm Pockels cell |————@»

Figure 1. Conceptual description of creating po-
larized light.
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Figure 2. The energy and spin states of the cath-
ode. The relative Clebsch-Gordon coefficients for
each transition (for left handed incident light) is
indicated on the transition arrows.
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Figure 3. The electron spin transport.
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2.2. Transport

The longitudinally polarized electrons are ac-
celerated to the damping ring, where just prior to
entering, the polarization is rotated transverse to
the plane of the ring. This avoids depolarization
in the ring due to finite bunch energy spread (Fig-
ure 3). Coming out of the damping ring the elec-
trons are accelerated to full energy at the end of
the linac. The energies here are 46.6 GeV for both
the electrons and positrons. The electrons and
the positrons are then injected into their respec-
tive arcs. The electron spin orientation is changed
in the arc by controlled vertical trajectory excur-
sions through the existing lattice, which act as a
spin rotator system, such as to obtain longitudi-

nal polarization at the SLD IP. The resulting spin
transport in the arc is rather complex as indicated
by the spiral next to the electron arc. Typically,
the electron beam spin vector undergoes an effec-
tive 15 rotations in the arc.

2.3. The Polarization Measurement
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Figure 4. The Compton interaction

After the SLD IP the electrons pass through
the Compton IP where circular polarized light is
directed head on into the electron bunch to create
a Compton interaction (Figure 4). The YAG laser
is triggered at approximately every Tth electron
beam crossing which gives a rate at around 17Hz.

The Compton backscattered electrons are mo-
mentum analyzed by the bending magnet and
detected by a transversely segmented Cerenkov
detector. The Cerenkov detector is an airtight
chamber filled with Propane gas. It consists
of nine channels instrumented with phototubes
that measure Cerenkov radiation produced by
the Compton scattered electrons. The transverse
positions of the channels allows for a measure-
ment of the Compton signal as a function of the
backscattered electron energy.

The Compton asymmetry AC°™rter ig defined
as the asymmetry between the J = % spin state
(the electron spin and the photon polarization are
aligned) and the J = % spin state (anti aligned)
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. . . P
Polarization Uncertainty (%= x 10°)

Uncertainty 92 93 9495 96 1997 (preliminary) 1998 (preliminary)
Laser Polarization 20 1.0 0.20 0.20 0.20 0.10
Detector Linearity 1.5 1.0 0.50 0.50 0.50 0.50
Detector Calibration 04 05 0.29 0.30 0.30 0.30
Electronic Noise 04 0.2 020 0.20 0.20 0.20
Interchannel Consistency 09 0.5 - - 0.80 0.80
Total Polarimeter Uncertainty 2.7 1.6 0.64 0.64 1.03 1.01
Compton IP « SLD IP - 1.1 0.7 0.18 0.07 0.08
Total P, Uncertainty 27 19 067 0.67 1.03 1.01

Table 1

A detailed list of the systematic uncertainties for the polarization measurement.
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Figure 5. The Compton asymmetry

Figure 5 shows the Compton asymmetry ex-
pected if the electron beam were 100% polar-
ized (dashed line) and similarly for 77% elec-
tron polarization (solid line). The circular points
shows the approximate positions of the seven ac-
tive Cerenkov channels, the ones within reach of
the Compton kinematics between 17 and 45 GeV.
The polarization of the electron beam is then
found independently by the various channels as
the ratio of the measured asymmetry to the ex-
pected measurement if the beam were 100% po-
larized. The process of calculating the expected
measured asymmetry for 100% polarized beams,
the analyzing power, is described in detail else-

where [4].

The polarization measurements run parasiti-
cally with SLD collisions and one measurement
takes three minutes. This corresponds to 3000
Compton interactions and gives a statistical error
of around 2%. The continuously measured polar-
ization is plotted in Figure 6 and we see that since
1994 the value has been consistently above 70%.

1992 P, = 0224 £ 0.006

1993 P, = 0626 <+ 0.012
1994-95 P, = 0.772 £+ 0.005

1996 P. = 0765 <+ 0.005

1997 P, = 0733 + 0.008 Prel.
1998 P, = 0.731 £ 0.008 Prel
Table 2

Luminosity weighted polarization results.

The polarization uncertainties are purely sys-
tematic and in Table 1 a detailed list is given
for the source of errors. Table 2 shows the lu-
minosity weighted electron polarization averaged
for the various SLD runs. Note that the 1997 and
1998 results are preliminary. Errors at the 1996
level or below are expected for the final 1997 and
1998 results.

2.4. Cross checks on the polarization mea-
surements.
While the Cerenkov detector measures the elec-
tron beam polarization by detecting the Compton
backscattered electrons, two additional detectors
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Figure 6. The measured electron polarization as
a function of the Z boson count.

measure the electron beam polarization by using
the Compton backscattered photons. The Po-
larized Gamma Counter (PGC) and the Quartz
Fiber Calorimeter (QFC) require dedicated one
beam (electron only) runs to reduce background
and provide sub-1% independent cross checks on
the polarization result [5].

3. The SLD
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Figure 7. Quadratic cross-section of the SLD.

The et e~ collisions are measured by the SLD
detector [6]. It is a general purpose detector
which utilizes sub-detectors common for high en-
ergy physics (Figure 7). The trigger relies on a
combination of calorimeter and tracking informa-
tion. Event selection is based on the liquid argon
calorimeter (LAC) and the central drift chamber
tracker (CDC).

The energy resolution for the LAC is

(e 2] _ 0.15 R 0.60

- UE (EM), T = B (HAD)

while for the CDC, the momentum resolution is

Ipr  _ 0.0095 + 0.0026p7
pr
4. Theory

In the SM Lagrangian the term that describes
the Z boson coupling to fermions is given by

Lo Wy (v —apys) ¥y 2%,

where v; and a; denote the strength of the vector
and axial vector couplings respectively. The sub-
script f denotes the particular fermion in ques-
tion. We can rewrite this piece in the Lagrangian
slightly to emphasis the difference between left
handed fermions \IIJI: = (1 — v5)¥; and right
handed fermions U = £(1 + v5)¥;

£ x \il?'yu(vfﬁ-af)\IIfZ“
+\ilf'yu(vf—af)\ll?Z“.

We see that the nonzero vector axial coupling
ay makes the coupling strength different for left-
handed fermions (vy + ay) compared to right-
handed fermions (vy — ay).

The differential polarized cross section for et e~
going to a fermion pair through a Z exchange is
given by
do
dx

where z = cos#, with § being the polar angle
with respect to electron beam direction, while A,
and A; are the initial and final state coupling
parameters

o (1= PeA)(1 +2%) + 2(Ae — Po)Asz, (1)

Qviay 2V e
A = v? + a2’ Ao = vZ+4 a2’
f f e e




A crucial part of this equation is the term de-
pendent on the electron polarization

N(ep) — Neg)

Nfer)+ N(eg)

Here, N(ey) (N(eg)) is the number of left-
handed (right-handed) electrons in the beam. An
illustration of the above formula is shown in Fig-
ure 8 for ete™ — 77, We see that a statistical
advantage is afforded from polarization, in form

of a large difference between the cross sections of
left- and right handed beams.
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Figure 8.  The differential cross-section for
etem = Z > rtr—.

5. The left-right asymmetry Arg

The measurement of ALg is a straightforward
asymmetry between the number of Z bosons pro-
duced by left-handed electron beams and the
number of Z bosons produced by right-handed
electron beams
oclefet > Z) —o(ege™ — 2)
olefer = Z) + o(eget = 2)

2(1 — 4sin® 6:7)

= A = , (2
1+ (1 — 4sin? 0gfr)2 @)

o
ALR

where o‘(eZ(R)e"‘ — Z) is found from equation

(1) (integrated over cos#) with P, = 1 for ey and
P, = —1 for e;. Equation (2) also defines the
effective mixing angle 6, with a functional form
identical to the tree level expression. Equation
(2) incorporates all orders in perturbation the-
ory except for initial state radiation which is by

convention kept out. We see that this is a direct
measurement of the initial state coupling A..
The measured asymmetry A,, is simply a
counting experiment
A = MR 3)
NL + Nr
where Ny and Ngp are the number of Z bosons
produced by left-handed and right-handed beams
respectively. Very small corrections to the mea-
sured quantity must be made for background ef-
fects and other systematic effects. Let these cor-
rections be denoted by §Arp. Then Apg is de-
fined by

5Alr
ArLr

Am
| Pe|

In addition, a set of corrections needs to be
made to the measured quantity Apg in order to
turn it into the Z-pole quantity AY . These are
the initial state corrections, the ¥ — Z interfer-
ence terms and the pure vy exchange terms. The
total effect of these corrections is around 2% rel-
ative, with the interference term being the domi-
nant one. The corrections depend on the energy
at which Ay g was measured and the actual mea-
sured value of Ay g.

ALR - +6ALR)

0.1%. (4)

5.1. Event selection

Arr gets much of its statistical power from the
fact that all final states can be used. However,
because of complications from t-channel ete™ fi-
nal states the event selection is aimed towards
hadronic final states for which wide angle Bhab-
has (WAB) are suppressed. As we will see later,
the loss of leptonic final states in the Ay g analysis
are recovered by the polarized forward-backward
asymmetry in its contribution to sin? ocx.

The event selection requires at least 4 quality
tracks (coming from the SLD IP) with an addi-
tional requirement that removes et e~ final states
where one electron radiates a photon that pair
produces (one track in one hemisphere and three
tracks in the opposite hemisphere). This track
multiplicity requirement removes most of the non-
hadronic physics events. A minimum energy de-
position of 22 GeV is required to remove beam re-
lated background and the remaining two-photon
events. A last requirement, to reduce non-physics



events, is that of energy balance. The normalized
energy vector sum must be less than 0.6.

The above cuts leave the hadronic event selec-
tion efficiency at 91-92%. The background in this
analysis is small O(10~3) and consists mainly of
WAB’s.

5.2. Empirical correction to Apg
The empirical correction to Arpp (0ALr =
0 Am /| Pe|) can be written as

§Am = folAm — Av) — Ac + AL Ap
' (Eem)
U(Ecm)

where fp is the background fraction and Ay is the
left-right asymmetry of this background. Ag is
the luminosity asymmetry and Ap is the asymme-
try in absolute electron polarization between left-
and right-handed beams. Pp is the positron po-
larization and Ag is the energy asymmetry while
A, is the detector efficiency asymmetry. The A,
asymmetry can only be nonzero if the detector
tags particles with a different efficiency than an-
tiparticles and if the detector has a significant po-
lar angle acceptance asymmetry. A, is assumed
to be zero. All other parameters in this expres-
sion are constrained by SLD and SLC data. Table
3 gives the preliminary results for the 1996 data.
The last three rows are identical to zero.

_Ecm AE"‘A8+|P6|PPa

Asymmetry Quantity 1996 (x10~7)
Am 1178 + 44
background fo(Am — Ap) 0.65 £ 0.55
luminosity Ac 0.0+ 0.5
polarization A% Ap 0.10£0.13
energy E.m %I((-I%"’:‘)ZA E —
Detector ¢ A, —
positron polar. | P.|P, —
Corr. to Ap, 0.76 £ 0.75

Table 3
Systematic corrections to the Ay measurement.

5.3. New cross checks as of 1998

Two important measurements have been per-
formed during the 1998 run. Dedicated run time
was provided for both experiments.

The first one is a measurement of the positron
polarization [7]. It was measured after the Linac

and before the Arc. A foil in a magnetic field pro-
vided a polarized electron target for the positrons
and the asymmetry in Bhabha scattering, as a
function of electron positron spin alignment, was
measured [8]. The result verifies zero polarization
for the positrons

Pp = —-0.02%=+0.07%.

The second measurement was a Z-peak scan [9],
providing a calibration of the SLD energy spec-
trometer. It shows that the spectrometer mea-
surements had a small bias and that SLD has
been running slightly below the Z-resonance by
40-50 MeV. This corresponds to a relative shift in
A% of 8AY n /A p = 0.5%. The shift increases
AY ¢ slightly moving the SLD result for sin® 02"
lower by about 0.00009.
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Figur e 9. YEAR of the SLD measurement

5.4. The Z-pole results
Table 4 shows the results from the 6 Ay g mea-

surements done at the SLD. The first number in
each error column is the statistical uncertainty
which is the dominant one, the second number
1s the systematic uncertainty. In Figure 9 the
measurements are plotted together with the SLD
average. The X'? for the SLD measurements is
6.9 for 5 degrees of freedom.

6. The left-right forward-backward asym-
metries

The left-right forward-backward asymmetry is
a double asymmetry which is formed by taking



Run A n 6A9 5 sin? g% & sin” 05
1992 0.100 +0.044 & 0.004 0.2378 +0.0056 + 0.0005
1993 0.1656 40.0071 % 0.0028 0.2292 £0.0009 =+ 0.0004
1994-95 0.1512 +0.0042 - 0.0011 0.23100 +0.00054 & 0.00014
1996 (preliminary) 0.1570 +0.0057 + 0.0011 0.23025 40.00073 & 0.00014
1997 (preliminary) 0.1475 +0.0042 % 0.0016 0.23146 +0.00054 =+ 0.00020
1998 (preliminary) 0.1487 +0.0031 4 0.0017 0.23130 +0.00039 =+ 0.00022
Combined 0.1510 + 0.0025 0.23101 + 0.00031

Table 4

The individual measurements from 6 SLD runs.

the difference in the number of forward (F) and
backward (B) events for left (L) and right (R)
beam polarizations. From equation (1), inte-

grated over forward (and backward) direction, we
find

i (cLr —oLB) — (CRF — ORB)
FB (cLr +oLB) + (orF + oRB)

3
= LIRdAy, 5)

where for example o, F is the cross-section for Z’s
from left-handed beams with a final state parti-
cle f (as opposed to an antiparticle) in the for-
ward direction, and similar for the other quanti-
ties. The geometrical factor 3/4 (full coverage)
depends on detector acceptance and decreases to
e.g. 0.6 for |cosd| < 0.7. The subscript f de-
notes the final state particle, which in this paper
will be the leptonic ones. We see that this is a
direct measurement of the final state parity vio-
lating parameters Ay, and for A, it is the only
existing direct measurement.

The essence of the measurement is contained in
equation (5), but instead we perform a maximum
likelihood fit, event by event, using the likelihood
function L to determine simultaneously A, and
A, with p -pair events (A, and A, with 7-pair
events).

L(Ae,Ap, 2, P.) = c,0.(Ae, Ay, z, Pe)
+eyo4(Ae, Af, 2, Pe)
+ey0oy(Ae, Af, 2, Pe).

Here, 0z, 0, and oz, are the tree-level differential

cross sections for Z exchange, photon exchange
and their interference. The coefficients ¢ are the

relative size of the cross sections and take into ac-
count initial state radiation. For ete~ final states
we include the t-channel contribution in the like-
lihood function. The maximum likelihood fit is
less sensitive to detector acceptance as a function
of polar angle, and has more statistical power.

6.1. Event selection

The event selection is somewhat more involved
for this analysis than for Ay . First, one needs to
separate leptonic final states from hadronic final
states; secondly, one needs to separate between
the various leptonic final states.

A pre-selection requires leptonic-pair events to
have between 2 and 8 charged tracks. This ex-
cludes most hadronic Z decays, which have an av-
erage track multiphcity of around 20. One hemi-
sphere must have a net charge of -1 and the other
a net charge of +1 to ensure unambiguous assign-
ment of the scattering angle.

Due to large electromagnetic showering, large
energy deposition in the LAC (> 45 GeV) is the
only additional requirement to select ete~ final
states.

pt p~ final states are tagged by large invariant
mass of the measured tracks, leaving only ete~
and ptp~, and low energy deposition in the LAC
(< 10 GeV for each track), which removes the
ete™ final states.

The 7 selection is the most complicated. It
requires that the invariant mass must be less than
70 GeV. The energy deposition in the LAC must
be less than 27.5 GeV for each track. At least
one stiff track is mandated (> 3 GeV). Further,
the acollinearity (the angle between the momenta
sums in each hemisphere) must be greater than



160°. To further suppress hadronic final states,
the invariant mass in each hemisphere must be
less than 1.8 GeV. Figure 10 shows the angular
distribution of the selected events. The points are
data and the lines are the best fits. The data is
corrected for lower detector efficiency for | cos 8| >
0.7.
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Figure 10. Polar angle distributions for leptonic
final states.

6.2. Background corrections
The electron and muon final states have very

small backgrounds, the sizes of which have been
determined by MC studies. The tau final states
have significant background and is studied by us-
ing samples of background-rich events selected
from the data itself. These events were used to
estimate the polar-angle distribution of the back-
ground events that eventually populate the tau
sample. Table 5 lists the backgrounds and the

efficiencies for the 1996-1998 data.
The dominant systematic shift on the A, mea-

surement is the V-A effect. As opposed to the
other leptonic final states, the taus are only de-
tected through their decay products, and for ex-
ample, if both taus decay to mv the helicity of

Sample % Bcekg € events

etem  1.2% - 87.3% 9419
e 02%  rFr— 855% 7564

0.7%  eTe
tr 2% ptp~  781% 7088
1.7% 2y

0.8% Hadrons

Table 5
Background and efficiency for |cosé| < 0.8

the decaying taus (which is anti correlated in an
7 decay) will alter the energy of the tagged .
Both pions will generally be high in energy in the
case of a left-handed 7~ and right-handed 7+ or
low in energy otherwise. This effect, which will
bias the reconstructed event mass, is large at the
SLD because the high beam polarization induces
very high and asymmetric tau polarization as a
function of the polar angle. The impact of the V-
A on the fitted parameter A, are listed in Table
6 together with other corrections.

Final State  Bckg. JA.(x10%) §A,(x10%)

ete rtr- 4+4
T ete~ 2+ 2
2y 25 + 25 18 4+ 18
Hadron 13 £ 13
V-A -130 4+ 29
77~ total 254925 -101 + 37
Table 6

Systematic corrections to A, and A, from tau
and electron final states. Corrections to A, can
be neglected.

6.3. Preliminary results

The leptonic asyminetry measurements are
consistent with lepton universality and the indi-
vidual results, together with the combined result
Ae,r,u, are listed below

A, = 0.1504 £ 0.0072
A, = 012040019
A, = 0.1424£0.019

Agpr = 0.1459+0.0063



The corresponding value for the weak mixing an-
gle is

sin? 02 = 0.2317 & 0.0008

7. Combined result

The Apgr measurements use hadronic final
states and the Al;’g °™¢ uses leptonic final states.
Hence, the data sample are complimentary to
each other and a combined result for sin? 8:* can
be made from the measurements of the leptonic
parity violating parameters A; herein. The SLD
preliminary running average is

sin? 62 = 0.23110 + 0.00029.

This result is almost identical to the results from
Arr alone and is 2.2 ¢ different from the global
LEP average (sin? 05 = 0.23187+0.00024) is now
2.2 0. The difference after the 1996 run was al-
most 3 0. Added statistics to the SLD result
combined with smaller changes from LEP have
resulted in better agreement.

It is interesting to note that the LEP leptonic
average (sin” 65" = 0.2315+0.0004), from the tau-
polarization P, and the forward-backward lep-
tonic asymmetries A% g, only differs by 0.8 o from
the SLD- average.

8. Electroweak measurements, the Higgs
mass and/or new physics.

These high precision measurements allow
us to not only test the SM but also to
probe possible new physics. The SM predic-
tions are calculated from a set of diagrams

1st Order Radiation
Vertex Oblique

where in particular the oblique diagram will
make the SM predictions sensitive to the mass
of the Higgs boson (and the top mass). It is
expected that new physics will mostly con-
tribute to the oblique type of diagrams [10].
We will now describe a method by Peskin

and Takeuchi [10] for parameterizing oblique
corrections to neutral currents. In general
the oblique diagrams will have the SM par-
ticles in the loop in addition to new physics,

z z z M 4 z NEW z

—

+

Any such contribution can be described by two
parameters S and T,

S = SSM + Snew T= Tsnp + Thew

The SM predictions uses a preferred value for the
top and the Higgs mass. The dependence of the
SM on these parameters can then be expressed as

1 m? 1 m?
— gref H t
SsM—SSL-%-—lzrlnl: 3 :I—G—ﬂ_ln[ 5 -

lt,re J

2
_ 7 3 my
TSM—T%"W‘“{ 7 ]

2
my

where the tree level parameters s = sinf,, and
¢c=cos .

Deviations between measured parameters (ef-
fective parameters) and the SM predictions can
now be expressed as

. . o 1

sin? 02 = sin? 07¢/ |5M + PR [§S - SZCZT] ,
where we have used the Z-pole effective weak
mixing angle as an example. Similar expressions
exist for other observables such as m,. For exam-
ple, if the new physics is a fermion doublet (N,E)
with the usual left-handed coupling to SU(2) and
masses M,, Mg > mz and (|[My — Mg| <
My, ME) we have

1
S = Ssm+—
6m
1 (My — ME)?
T Tsm + 127s2¢? [ m?,

Hence, S is viewed as a measure of the total size
of the new sector while T is a measure of the total
weak isospin breaking induced by it.

Figure 11 shows a S-T plot with various mea-
surements being compared to the SM prediction
and a minimal supersymmetric model (MSSM).
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The banana shaped region is the SM predictions
for m; = 173.9+ 5.2 GeV and My € [88,1000]
GeV. The dots are the MSSM prediction for var-
ious choices of the 5 MSSM parameters [11]. The
straight lines are the measurements with their
68% confidence limit. The elliptical confidence
regions (68% and 95%) are a fit to the world‘s
electroweak data. We see that the measurements
are in good agreement with the SM predictions
and that a light Higgs mass is preferred. No def-
inite conclusions can be made regarding any ex-
clusions of the SM.

1.0 L L S A AL

| MSSM: Bagger, Matchev, Pierce,
and Zhang, NP B491,3(1997)

E

-1.0
-1.0

' s L
0.6 1.0

Figure 11. S-T plot for various measurements and
predictions.

Figure 12 shows a plot where the SM predicted
effective mixing angle is plotted versus the Higgs
mass. The dashed curved lines indicate the sen-
sitivity to the top mass. The LEP and the SLD
measurements are also indicated on the plot, with
the SLD central value being inside the excluded
region from direct searches. We see again that
both measurements agree well with the SM and
that the SLD favors a lighter Higgs mass than the
LEP.

9. Conclusion

We have presented the SLD measurement of
the weak mixing angle. The leptonic asymme-
tries are consistent with lepton universality and
the combined (preliminary) result is sin® 4" =
0.23110 4 0.00029 , including 1992-1997 data and
parts of the 1998 data sample. We expect the

2
sin“By

Top Masy = 17383 B Gey

0.2330
gt B otuded {35% CL)
0.2325 -
0.2320 .
02315 " /1 -
i
A
o23t0f ‘¢, |
S T i
,-!f oo
0.2305 H 1
i 1
b ] 1
0.2300 . . .
0

200 400

MHiggs (GeV)

Figure 12. The SLD and the LEP predictions for
the Higgs mass assuming that SM 1is correct.

600 800

error to decrease slightly (around 10% relative),
partly due to added data, and partly due to lower
systematic errors, when the final results are avail-
able.
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