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Abstract. We describe a project (HETDEX) to measure the evolution ok @aergy out to 24 with high precision. The
galaxy power spectrum contains the baryonic oscillaticendgn the CMB, and these features remain in the linear regime
at high redshift. The separation of these peaks in the popeutaim is a standard ruler imprinted on both the angular and
redshift space distribution of galaxies, providing direehstraints on the local Hubble constant H(z) and the andidaneter
distance [3(z), both of which are related to the dark energy equatioriazégparameter w(z).

We propose the use of Lg-emitting galaxies as the tracer of the power spectrum, asdrile theVisible | FU Replicable
Ultra-cheapSpectrograph\{1RUS), capable of undertaking such a survey. VIRUS will be a veigexfield integral field
spectrograph of a new replicated design, consisting of rtttme a hundred individual spectrograph units. The VIRUS
instrument mounted on a new wide field corrector on the Habbgrly Telescope (HET) will allow 1 million Lyx emitting
galaxies to be mapped over k8 < 3.8 in 200 square degrees of sky, a volume 10 times that oflttaa ®igital Sky Survey
(SDSS) in 100 nights of operation. This survey of large se#lecture is sufficient to measure the power spectrum to 2-3%
accuracy and constrain the positions of the baryonic amalgteaks on the matter spectrumdd %. This in turn provides
sufficient accuracy on H(z) andAlz) to challenge the level of dark energy constraint exgefrtem the SNAP satellite at
a fraction of the cost, while providing unique constraintz:a2. The baryonic acoustical peaks method is largely free of
systematic biases and provides an independent test ofsésuhd by other methods.

1. INTRODUCTION - MEASURING DARK ENERGY

Almost nothing is known of the properties of Dark Energy (Of€)yond its existence. Progress in understanding its
physical nature will require precision measurements oettgansion history of the Universe at the level of a few %
or better over the redshift range<0z < 4. Such constraints can come from observations of Type lersogae (SNe)
(e.0. [1], [2]), large scale surveys of weak lensing (e.d), [Surveys of galaxy clusters (e.g. [4]), and observations
of the baryonic acoustical oscillations [5] imprinted irethower spectrum of galaxies (e.g. [6],[7], [8]). In order to
make progress towards the goal of measuring the expanstoryito a few %, very significant surveys involving new
facilities are required, and several of these projects eseribed elsewhere in these proceedings.

The equation of state of DE is expressed as the paramete®)(#10], the ratio of pressure to density. If DE is
described by a cosmological constant, then w(z)=-1, buyrfamims of w(z) have been proposed such as quintessence
[11] which result in dynamically evolving DE that will havenaeasurable affect on the expansion history. Figure 1
shows several parameterizations of w(z) and the affectlibeg on the Hubble constant and angular diameter distance
as a function of redshift. The obvious constraints on w(zhedrom measurement of the local Hubble constant, H(z),
and the angular diameter distancg(B). SN surveys measurea[) using the SNe as standard candles. However, H(z)
is significantly more powerful for constraining w(z) sintésirelated through one integral, as opposed s¢zpwhich
is a double integral (see equations (2) and (3)). The galawep spectrum analysis of the baryonic acoustical peaks
has the advantage that it measures both H(z) at{d)DAnother advantage is that it provides high accuracyisirée
of systematic biases.

Current constraints from the luminosity distance of typeShe are sufficient to constrain the value of the DE
equation of state to about 15%it is assumed to be constant with redshift [2]. Relaxatioth@sf prior removes most of
the constraint, allowing a wide range of possible evolutibine DE equation of state (e.g. [14]). Constraints inviodyi
SNe are now approaching the level where systematic unegesibegin to dominate over random errors [13]. The
current generation of experiments (ESSENCEt(p: / / www. cti 0. noao. edu/ ~wsne/ ), CFHT SNLS [15],
and HST observations [2]) will reach the systematics doteheegime, and improved constraints will require the few
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FIGURE1. Example models of DE evolution. The top panel shows w(z)lerthie middle panel shows H(z) and the bottom panel
shows D\(z) for the various models. Each model has the same line istydach panel. H(z) and fz) are shown relative to their
values forACDM with a cosmological constant. The solid and dash-detihitodels are arbitrary, designed to illustrate sensgisjti
while the dashed and dotted lines are the SUGRA and 2EXP maaetn from [12]. The remaining (dash-dot-dot-dot) curve
represents a model that would not be excluded by an improveaia factor of 10 in the amount of SN data available [13}r 1-
error bars are shown for the expected sensitivity of theesudescribed in this paper. The expected accuracy of VIRUS2%

in three redshift bins, both for H(z) andaZ). This accuracy is sufficient to distinguish all modelsnpared to the cosmological
constant, except for the 2EXP model. Clearly, significas¢dinination exists in such a survey to possible evolutiow(@). Note

the different behaviour of H(z) andA0z).

percent precision offered by SNAP [16]. Constraints olediby combining the power spectrum of kyabsorbers
with CMB and SN measurements, provide 20-25% constraints(a, for various simplistic parameterizations of
w(z), to z=1.4 [17].

2. BARYONIC ACOUSTICAL OSCILLATIONSIN THE GALAXY POWER
SPECTRUM

We focus here on constraints that can be obtained on the D&iequof state using the scale size of the baryonic
oscillations imprinted on the large-scale structure (L85jalaxies. Surveys to provide such constraints have been
described by [6], [7], [12], [18], [8], [19], among othershd& baryonic acoustical peaks seen in the cosmic microwave
background (CMB, e.g. [5]), are imprinted on the matter poggectrum at recombination [20]. The scale size is a
standard ruler that can be calculated based on measureofiémaCMB anisotropy, and the scale is remarkably robust
against systematics [21]

Redshift surveys of LSS can detect the acoustical peak®ipdtver spectrum of galaxies. The scale size of these
peaks will then constrain the local Hubble constant H(z) drelangular diameter distan&g(z) to that redshift.



These quantities provide a particularly appealing contimnasince w(z) is related to the first derivative of H(z),
(equation (2)) but to the second derivative of angular diemdistance (equation (3)). Given sufficient precisiorhef t
measurement at (say) z=3, sensitivity exists to the valugpfboth at that redshift and its evolution at lower redishif
(see Figure 1).

In contrast to most other methods, which are effective-dt.5 and below, constraints from the baryonic oscillations
only become tractable apA, due to the gravitational evolution of LSS that wipes oetitraks on progressively larger
scales. The transition to the linear regime, where the paakgreserved, at z=1 occurs at wave numbe&R Mpc?,
with only two peaks linear, but at2 the transition moves rapidly ta40.35 Mpc ! where five peaks are in the linear
regime (e.g. [7], [8]). Of course at these redshifts the D&liis-dominant to (dark) matter, so direct constraints requi
high precision and, in particular, tight knowledge ab@yt Observations of the baryonic oscillations at high redshif
would provide the most direct and precise measureme@t,pind hence improve the constraints from other methods
applied at lower redshift by e.g. SNAP [12].

A determination of the power spectrum to 2-3% Pé&=0.01 Mpc? bin is sufficient to constrain the separation
Ak of the baryonic peaks ta1%, depending on the redshift of the observation (Figurend,see [7] and [8]). The
most efficient survey balances the need for area (in ordeanke the largest scales adequately) and for number
statistics (to reduce the Poisson error of the measuremetiteosmaller scales). The optimum surface density of
tracers decreases as the square of the bias of those tiaeis,about 1 object per square arcminute at z=3 if the bias
b=3 [7], [8]. Figure 2 shows the error on the power spectrunafd00 square degree survey of galaxies Witk1 and
b=3.5, sampled at n=0.5 and 1.0 objects per square arcmirhedargest scale (low k) results are less affected by the
number of tracers than are the results on small scales.

The measurement of the galaxy power spectrum yields a fitdtedhue ofAk in both the transverse (angular) and
radial (redshift) directions. The fit for the aforementidr290 square degree;-3 survey is shown in Figure 3. These
are independent measurements with different dependemti®éz). The equations governing the relationship between
the measurements and the equation of state of the DE areesifoph closed universe:

Az
= (14 2)Da(2)A0 = c—— 1
I's ( + Z) A(Z) CH(Z) ( )
where g is the comoving scale of the sound horizon as measured fref@B, A0 is the angular separation of the
acoustic peaks in the power spectrum, Amds their separation in redshift space. The local Hubble zomdd(z) and

the angular diameter distance @) are given by:

H(z) = h\/Qm(1—|— 23+ Qxexp[3 / 1Jlriv(zz)dz] @)
Da(2) = %Z % (3)

Each method of determining the scale size evolution of thigddse has its own set of systematic uncertainties, but
the Baryonic oscillation method is relatively free of systgics. The separation of the peaks, set by the sound horizon
at recombination, is known to 1.3% [5]. The precision of theasurement depends on the accuracy to whligh? is
known. The precision should improve to 0.9% with four yedrgdAP data, and will improve further to 0.3% with
the Planck Satellite [22]. This level is about twice as aateias that achieved with the above-mentione®,2200
square degree survey.

Bias, b, [23] is the degree to which a given tracer providearaplified measure of the cross correlation function
of the underlying dark matter fluctuations. Having a tracéhhigh bias benefits the measurement of the power
spectrum, requiring fewer objects by a factor 6f8], [8]. We expect LAESs to have a bias equal to or larger than t
underlying dark matter. The dark matter halo bias is lafgan unity for masses larger than the non-linear mass (above
which, the mass function is exponentially suppressed) [P4¢ relation between dark matter halo bias and galaxy bias
is rather uncertain. However, the galaxy bias will be lathan the dark matter bias if the number of galaxies per halo
mass is greater than the mean number density of galaxiesq@r mass density of the universe [8]. This is certainly
true for LAEs at high redshift. We expect43.5, similar to that of Lyman break galaxies (LBGs e.g. [28¥hile bias
varies with galaxy mass, it would require a very contrivedat#on of bias with wavenumber to shift the positions of
the baryonic acoustical peaks in the power spectrum to apseajable degree. Any monotonic variation of b(k) will
not cause systematic errors in the measurement.

Redshift space distortions [26], [27], cause a net inflow mterdense regions and a net outflow from underdense
regions. This effect will compress the scale size of the stioypeaks in redshift space, due to the gravitational
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FIGURE 2. Simulation of HETDEX errors on the power spectrum. The eimd?(k) as a function of k for a dataset of two 100
square degree fields withz=1 at z=3 is shown. Bias of 3.5 is assumed for the tracer gaXhe resolution in k is 0.01 Mpé.
The solid curve is for a tracer surface density of 0.5 objpetssquare arcminute, and the dashed line is for 1.0 objectsquare
arcminute. The rise at high k is due to Poisson noise, andgheruat low k is due to the survey volume.

attraction of overdensities canceling part of the Hubbfgaasion. This affects the linear regime and must be codecte
since it directly alters the determination of H(z). The efféepends o, and the bias [26], and it is possible to model
its effect sufficiently via the quadrupole moment of the srosrrelation function, that it will have little affect ohe
precision of the determination of H(z), as has been donedbr fbr example [27]. The ‘Finger of God’ effect caused
by random motions within groups is an effect of the smallescan-linear regime and is not relevant here.

There are two possible tracers of LSS at3z Lyman break galaxies (LBGs) have been suggested as ahatur
tracer (e.g. [6], [8], [12]), being selected as U-band doogps in deep broad-band imaging surveys and having a
surface density of about 1 per square arcminute. The catedidauld be targeted by a next generation multi-object
spectrograph on a 6-8 m class telescope with a very wide ffaltba [6]. The aperture is needed to reach sufficient
S/N ratio to use absorption lines to secure the redshifts inur kaposures. The proposed KAOS instrument [28] is
an example.

An alternative tracer is the more numerousdiyemitting (LAE) galaxy population. LAEs have the advantafie o
having strong emission lines, so shorter integrations assiple, and their space density is five times higher than for
LBGs (depending on the detection limits). Narrow band imggiurveys (e.g. [29], [30], [31]) find surface densities of
LAEs to be between 4 and 5 per square arcminute at a line flukdirg@x10~17 erg/cnm?/s. While long exposures are
needed with narrow band filters to detect such objects, tamybe detected spectroscopically in a matter of minutes.
The width of the narrow band filters and confusion with fielthgées that have a dispersion in color between the line
and continuum filters dominate the detection limit, rativemnt photon statistics.

LAEs are ideal tracers if an integral field unit (IFU) spegttaph with very wide field of view can be constructed for
a 6-8 m class telescope. Currently, the largest IFU fieldsevfare about one square arcminute ([32], [33]), whereas
coverage of about 30 square arcminutes would be neededveysaituseful volume in a reasonable amount of time.
In the next section we describe how such an instrument caadbiezed to survey 200 square degrees Witk2 in 100
nights of time with the 9.2 m Hobby-Eberly Telescope. Thissey would have a total volume of about 6 Gpor ten
times the volume of the main part of the SD3% ( p: / / ww. sdss. or g/ ), sufficient to achieve the accuracy on
the power spectrum illustrated in Figures 2 and 3.
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FIGURE 3. Simulation of the fit to the baryonic oscillations in the pewpectrum for the n=1 object per square arcminute case
using errors indicated in Figure 2. The fit has a single végiabthe separatioAk of the peaks, and the error on this quantity is
0.7%. If the range of k is restricted ta0.2 Mpc™1, the non-linear scale size at z=1.5, then the resulting emdhe fit is 1.0%.
This comparison illustrates the power of working at the kigtedshift, including more linear peaks in the fit. For thiegurvey of

200 square degrees witktr=1.9, we can expect error bars Af andAz (see equation (1)) of 1.2% in three bins of redshift over 2
< z < 4, since the surface density is expected to be approximedelgtant with redshift, see text.

3. THE HOBBY-EBERLY TELESCOPE AND VIRUS

In astronomy, instruments have typically been of mondatitbhe-off, design, where the majority of funds are expended
on engineering effort. The next generation of telescopdsnade fields will require a new paradigm in order to limit
the cost and complexity of instruments. The concept of itréalgeplication [34], [35], where of order a hundred
or more modular spectrographs combine to form a whole, allthe engineering cost to be amortized over many
units, driving down the total cost. Industrial replicatiofiers significant cost-advantages (roughly a factor of)two
when compared to a traditional monolithic spectrographti@darly in the cost of the optics and engineering effort
[34]. Here we apply the concept to the 9.2 m Hobby-Eberly S&pe with 132 simple IFU spectrograph modules
arrayed in a fixed pattern, projected on the sky, for wide awgaeys. TheVisible IFU ReplicableUltra-cheap
SpectrographV{1RUS, [35]) module consists of a fiber-coupled IFU feeding a sthgimple spectrograph. The design
and construction of each VIRUS module is well within the statt the art, and industrial replication is used to build
many copies of the module to be integrated into a singleunstnt.

The VIRUS design is described in more detail in [35]. Each aledovers 28x28 square arcseconds on the sky
with a DensePak type [36] fiber IFU. The fibers will be packed imexagonal pattern with a fill factor of 3. Each
fiber has 1 square arcseconds area, and three exposurasdlitbdill in the area would then cover 28x28 square
arcseconds. The light from the 247 fibers is dispersed owewtvelength range 340 - 570 nm at a resolving power
of about 800, covering 1.& z < 3.7 for Ly-a emission. The input/fatio will be about 3 to minimize focal
ratio degradation in the fibers, and the collimator wouldifeevolume phase holographic grating disperser and a
refractive camera with a final speed of abo(t.#. The detector will be a 2kx2k CCD with 13.5 or 15 pixels.

The design and manufacture of VIRUS is well within the stdtéhe art. The challenge comes from replicating the
spectrograph modules 132-fold (VIRUS-132) to cover theiregl 30 square arcminutes per observation. This requires
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FIGURE 4. Sensitivity of VIRUS under various seeing conditions for 200 second exposures. The position on the sky would
be dithered between exposures to fill in the dead space befibees in the IFUs. Each panel shows thi&Satio for a fiducial line

flux of 3x10-17 erg/cn?/s as the solid line. The dashed line shows the ratio of naise fiky photons to read-noise from the CCD
(assumedto be 2.7 electrons). The observations are sky doisinated at all wavelengths. The three panels show thatgiom
around the median up to even 2.5 arcseconds has little effeitte sensitivity. This is because the sky signal, whichidates the
noise, comes from 3 fibers with total area of 3 square arcsiscon

engineering for mass production, which is different frocht@ques applied typically to astronomical instruments. O
an 8-m class telescope like HET under typical conditionss, ithstrument can reach a&-ine flux sensitivity of
2(0.8) x10~1" erg/cn?/s at the blue (red) wavelength limits respectively [35], heven in Figure 3. This figure
shows the effect of seeing on the sensitivity of the obsemmat for seeing as large as 2.5 arcseconds. The relatively
large size of the fibers projected on the sky means that tretisély limit is very insensitive to seeing degradation.
Note that the median seeing for the site is about 1.0 arcsiscamd the HET is delivering about 1.5 arcseconds median
images, currently [37]. HET image quality will improve taek to site-limited with the advent of closed-loop control
of the tracker.

These sensitivity limits can be compared with a theoretiitab the density of LAEs detected in narrow band
imaging surveys at redshifts from 2 to 5 [38]. Model A of [38josvs that VIRUS with the above sensitivity limits
would detect a surface density of LAEs95.5 per square arcminute, psz=1, approximately constant with redshift
over the 1.8« z < 3.7 range of the observation.

The HET has pioneered a design with a fixed spherical prinadysatracker to follow the motions of objects [37].
The design is particularly effective for surveys. The cotrdET prime focus corrector covers only a 4-arcminute
diameter field of view, with poor image quality and considdeavignetting in the outer field. A new corrector is
required to feed VIRUS, and is currently being designed wifield diameter in the range of 15 to 20 arcminutes.
One design produces unvignetted, excellent image qualiy the anticipated science field of view, with additional
field for optical closed-loop tracking control of the coti@cposition relative to the primary mirror. The layout o&th
132 IFUs of VIRUS-132 at the focal surface of HET is shown igu¥e 5, and Figure 6 shows a possible telescope
layout. The fill factor of the IFUs is /7, which provides almost the required. per square arcminute surface density
of LAEs, while still sampling well below the non-linear seadize at z< 4. The central block of fibers covers 3.5
square arcminutes and enables other science projectsendext objects such as galaxies.

Figure 6 shows a possible arrangement of the 132 spectiognadules on the HET tracker. The main beam of
the tracker, which moves back and forth on the top hexagoheofdlescope structure, is shown with the carriage that
moves up and down the beam. The corrector is moved to remgdempaicular to the primary mirror and in focus, by
a hexapod system. The modules of VIRUS would ride on a sepaptdtion stage on the carriage, so would not load
the hexapod system. This arrangement allows short fiberéitanalithin the central obstruction of the corrector, but
does present challenges for weight and cooling of the dat®ch more straight-forward approach would be to array
the modules at the top of the tracker beam, using longer fipel® m). Longer fibers have more absorption in the
UV, but the sensitivities shown in Figure 3 were calculatssbianing 10 m fiber length, and the science would not be
compromised by this approach. Detailed engineering ssugikhelp to choose between these mounting options.

The detector system for VIRUS will be modularized, highlygikel, and specific to the instrument. In order to
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FIGURE 5. Layout of the IFUs for VIRUS-132 on the sky. The diameter af tircle is 16.5 arcminutes, and the effective fill
factor of the IFUs is 17. The central block of 16 IFUs would have contiguous cover@@.5 square arcminutes, and would enable
studies of smaller extended objects. note that the nomayliseale size, below which information is lost in the powerctpum due

to gravitational clustering evolution, is equal to thremds the separation of the IFUs, so aliasing of this windovetion will not

be an issue. The pointing centers of observations will bdaarzed to destroy any coherent aliasing of this patterm thesentire
survey.

achieve this we will simplify and repackage the McDonald @Watory Version 2 CCD controller so that all the
analog electronics are mounted to the detector cryostifgyiag a compact, minimum weight design. Replication
and testing techniques used in consumer electronics matnugawill be utilized to cut costs and production time, and
to yield the necessary reliability for an electronic syst&fthis size. The Version 2 controller achieves 2.7 electron
read noise with typical detectors at 100 kpixel/secondaathtes. The CCDs would be binned by a factor of two in
the spatial dimension, so the readout time would be aboue@6nsls. The readout would be fully parallel, allowing
very low overhead. The data-rate for VIRUS-132 will48.5 GByte per exposure, and the full survey is expected to
generate-10 TByte of raw data.

The design of the survey is being optimized, but we expecbterve two or three high latitude, high declination
fields during the spring. HET has the longest track time® (ours on target per night) &t~63 degrees declination.
Working close to this declination will allow square fieldstie observed without breaks in observing. This approach
will maximize the efficiency of the survey. With the above siéimity and readout times, it should be possible to cover
an area~2 square degrees per night witti/7 fill factor. Each night’s data would detect about 11,000 sAE 100
nights, more than 1 million galaxies would be surveyed oveslame of 6 Gpé. We estimate that it will be possible
to complete the survey in three spring trimesters, utijizime dark time with good transparency. Even the data from
the first trimester of observing will provide interestinmlts on w(z)

The development of VIRUS will first involve the design and staction of a prototype module. This effort is
underway, with the aim of testing the performance in sumn@@52At that point costing of the replication of the full
VIRUS will be possible. Fabrication of the full instrumesntdstimated to require three years, and the survey will take
a further 2.5 years to complete. With funding, results cdidcvailable in 2010.

4. DISCUSSION AND SUMMARY

We have shown how the very large scale HETDEX galaxy redstiftey using LAEs as tracers can provide constraints
on the evolution of the dark energy equation of state parmanwefz) comparable to those from SNAP. The constraints
come from detecting the baryonic acoustic peaks in the galawer spectrum. The key attributes of this survey are
that it would constrain both H(z) andAz) to ~1.2% at three redshifts between k8z < 3.7, by observing the
wavelength range 340-570 nm simultaneously. H(z) is rdlébethe integral of w(z) while [)2) is related to the
integral of H(z), and so they have different behaviour uradearying w(z). As a result, they can distinguish between a



FIGURE 6. One possible layout of VIRUS-132 on the HET. The figure showsralition of where VIRUS might be located
on the HET. The left panel is a solid model of a VIRUS unit spegtaph with reflective collimator and refractive camerbeT
total height is about 0.6 m. The right panel shows the maitkerbeam of the HET, with the VIRUS modules arrayed around
the tracker carriage. In this case the fibers would loop froenfocal surface to each of the spectrographs, and could Slecas

as 2-3 m. The other alternative is to us&0 m fibers and to site VIRUS at the top of the tracker beam. Tdation would be
most straight-forward from the point of view of weight andbting the detectors. The loss of throughput in the blue dubediber
length would not be enough to compromise the experiment.

constant w(z) undekCDM and a varying w(z) at the percent level. This sensitixiitgls or exceeds that predicted for
the SNAP satellite, and the extended redshift coverageeoHEETDEX survey provides an extra lever-arm to search
for evolution at z-1.5 that SNAP and other experiments will not be able to probe.

Comparable constraints would be obtained from a survey aofidty break galaxies (LBGs) at-3, if a similar
volume (10 times that of the SDSS) were probed [7], [8]. LB@sehthe optimum surface density ofl per square
arcminute. Detection of LBGs is restricted to& by the need to use U-band photometry to select samples.&ssibi,r
the depth of such a survey would be restricted\te-1, and 400 square degrees would need to be surveyed. Such a
survey would be possible with the proposed KAOS instrum28l, [with hour exposures to secure redshifts.

Surveys of LSS to constrain w(z) at lower redshift are fdas#i redshifts above~z1l. Below this redshift the
gravitational clustering evolution begins to affect thes®l peak in the oscillation spectrum. Constraints at tviel
redshift require more area and must target luminous reigalaelected in multi-color imaging surveysateémission
or continuum absorption features can be used to measurkifted3he former requires a wide field multi-object
near infrared spectrograph such as FMOS on the Subaru dpkeg¢d t p: / / www. st d. rl . ac. uk/ f nos/).The
significant drawback of a survey at-2.0-1.5 is the reduced sensitivity to evolution of w(z), wre®mpared to the
survey described here at-3.

Photometric surveys using the angular power spectrum toeppast Dy(z), with photometric redshifts to prevent
smearing fail to achieve the level of precision requireddignificant constraints (e.g. [8], [39]), and the loss of the
measurement of H(z) removes a key advantage of the Bary@akspto constrain the scale size evolution of the
Universe in a different way.

In summary, HETDEX with the proposed VIRUS instrument wilbpide constraints on w(z) comparable to those
expected from SNAP and other forthcoming experiments agetitn of the cost, and promises to deliver those
constraints on a shorter timeframe. In addition, the praspiprobing a higher redshift regime than is possible with
SNe, weak lensing or galaxy cluster surveys, opens up thglplity of constraining possible evolution of w(z) in
unique ways. Finally, it is important to attack the problehdark energy from a variety of angles, and the baryonic
peaks provide a complementary and independent test, wijifew systematic biases.
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