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Final results are presented from the inclusive measurement of deep-inelastic polarised-muon scattering 
on longitudinally polarised deuterons using a 6LiD target. The data were taken at 160 GeV beam energy 
and the results are shown for the kinematic range 1 (GeV/c)2 < Q 2 < 100 (GeV/c)2 in photon virtuality, 
0.004 < x < 0.7 in the Bjorken scaling variable and W > 4 GeV/c2 in the mass of the hadronic final 
state. The deuteron double-spin asymmetry Ad

1 and the deuteron longitudinal-spin structure function gd
1

are presented in bins of x and Q 2. Towards lowest accessible values of x, gd
1 decreases and becomes 

consistent with zero within uncertainties. The presented final gd
1 values together with the recently 

published final gp
1 values of COMPASS are used to again evaluate the Bjorken sum rule and perform 

the QCD fit to the g1 world data at next-to-leading order of the strong coupling constant. In both cases, 
changes in central values of the resulting numbers are well within statistical uncertainties. The flavour-
singlet axial charge a0, which is identified in the MS renormalisation scheme with the total contribution 
of quark helicities to the nucleon spin, is extracted at next-to-leading order accuracy from only the 
COMPASS deuteron data: a0(Q 2 = 3 (GeV/c)2) = 0.32 ± 0.02stat ± 0.04syst ± 0.05evol. Together with the 
recent results on the proton spin structure function gp

1 , the results on gd
1 constitute the COMPASS legacy 

on the measurements of g1 through inclusive spin-dependent deep inelastic scattering.
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1. Introduction

About a quarter of a century ago, measurements of the spin-
dependent structure function gp

1 by EMC [1] led to the very sur-
prising result that the quark spin contribution to the nucleon spin 
of 1/2 might be very small or even vanishing, albeit with large 
experimental uncertainties. This result initiated enormous experi-
mental and theoretical activities to study the spin structure of the 
nucleon. In subsequent measurements by SMC [2], an upgraded ap-
paratus was used to confirm with better precision that only about 
one third of the spin of the nucleon is made up by quark spins. 
This observation is supported by recent lattice QCD simulations 
[3].

In the last two decades, several new experiments were set up at 
various laboratories to study the longitudinal spin structure of the 
nucleon in even more detail. These experiments included COM-
PASS at CERN using the CERN SPS muon beam line at energies 
160 GeV and 200 GeV, HERMES at DESY using the 27.5 GeV elec-
tron beam of HERA, many experiments at the 6 GeV electron beam 
of Jefferson Laboratory, as well as PHENIX and STAR at the proton-
proton collider RHIC with a centre of mass energy of 270 GeV. 
Except for the latter two, in all other experiments the longitudinal 
spin structure of the nucleon was studied by inclusive measure-
ments of spin-dependent deep-inelastic lepton-nucleon scattering 
(DIS) using longitudinally polarised beams and targets, in partic-
ular by measuring double-spin cross-section asymmetries. More 
details can be found in recent reviews, see e.g. Ref. [4].

The measured value of the parton helicity contribution to the 
proton spin is very sensitive to the minimal experimental acces-
sible value of the Bjorken-x variable. Therefore measurements at 
low x are crucial to understand the spin structure of the nucleon. 
According to theoretical expectations, new contributions to the 
DGLAP QCD evolution, e.g. double logarithmic terms [5,6], may be 
important in this region. Perturbative QCD is considered to be ap-
plicable for values of Q 2 as low as 1 (GeV/c)2. At COMPASS, using 
a 160 GeV muon beam, this corresponds to a minimal value of x
equal to 0.004.

In this Letter, results are presented on the longitudinal double-
spin asymmetry Ad

1 and the longitudinal spin structure function 
gd

1 of the deuteron. They are obtained from data taken in 2006 
with the CERN 160 GeV longitudinally polarised muon beam and 
a longitudinally polarised 6LiD target. These results are described 
and compared to those published earlier [7] for the 2002–2004 
data. The analysis of the combined 2002–2006 data yields the fi-
nal COMPASS results on Ad

1 and gd
1 . Moreover, the combined data 

set analysed in this work extends to high Q 2 values that were for-
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merly only reached by SMC, thereby improving considerably the 
statistical accuracy. Together with the results on the proton spin 
structure function gp

1 [8,9], the results for gd
1 constitute the COM-

PASS legacy on the measurements of g1 through inclusive DIS.
The Letter is organised as follows. Experimental set-up and data 

analysis are described in Sect. 2. The physics context of the analysis 
and details on the calculation of asymmetries are given in Sect. 3. 
In Sect. 4, the results are presented and interpreted. Summary and 
conclusions are given in Sect. 5. The reader is referred to Ref. [10]
for a detailed description of the analysis.

2. Experimental set-up and data analysis

The COMPASS spectrometer used in 2002–2004 and the up-
grades of the polarised target solenoid and the RICH detector per-
formance in 2005 are described in detail in Ref. [12]. In 2006 the 
target material was 6LiD contained in three cells instead of two. 
They were located along the beam one after the other and had a 
diameter of 3 cm. The two outermost cells had a length of 30 cm
and the central cell was 60 cm long. The deuteron polarisation in 
6LiD was PT ≈ 0.52, and the direction of the target polarisation in 
the outer cells was opposite to that of the central one. The po-
larisation direction was inverted on a regular basis by rotating the 
direction of the target solenoid magnetic field. During the data tak-
ing, the direction of the polarisation with respect to the solenoid 
field was inverted by repolarisation in opposite directions keeping 
the solenoid field unchanged. The tertiary M2 beam of the CERN 
SPS delivered a naturally polarised muon beam with a polarisation 
of PB ≈ 0.8. The nominal momentum was 160 GeV/c with a mo-
mentum spread of 5%. Momentum and trajectory of each beam 
particle were measured by sets of scintillator hodoscopes, scin-
tillating fibre and silicon detectors. The particles produced in an 
interaction were detected in a two-stage open forward spectrom-
eter with large momentum and angular acceptance. Each stage 
contained a dipole magnet complemented with various tracking 
detectors (scintillating fibre detectors, micropattern gaseous detec-
tors, multiwire proportional chambers, drift chambers, straw de-
tectors), as well as hadron and electromagnetic calorimeters. In 
the first stage, a RICH detector was available for hadron identifi-
cation. Scattered muons were detected by drift tube planes and 
multiwire proportional chambers located behind iron and con-
crete absorbers. Two types of triggers were used in this analysis. 
The “inclusive” trigger was based on a signal from a combina-
tion of hodoscope signals from the scattered muon. The “semi-
inclusive” triggers required an energy deposition in one of the 
calorimeters with an optional coincidence with the inclusive trig-
ger.

Events with a reconstructed interaction point in one of the 
three target cells are selected requiring at least a reconstructed 
incoming muon and a scattered muon. The measured momentum 
of the incident muon has to be in the range 140 GeV/c < pB <

180 GeV/c, and the extrapolated beam track has to cross all target 
cells to equalise the flux through them. The amount of unpolarised 
material surrounding the polarised material is minimised by a ra-
dial cut on the vertex position of r < 1.4 cm. The scattered muon 
is identified by requiring that it has passed more than 30 radia-
tion lengths and points to the hodoscope that triggered the event. 
In addition, kinematic constraints on the scattering process are ap-
plied. A photon virtuality of Q 2 > 1 (GeV/c)2 is required and the 
relative virtual-photon energy has to be in the range 0.1 < y < 0.9. 
Here, the lower limit removes events that are difficult to recon-
struct, and the upper limit removes events, the kinematics of 
which are dominated by radiative effects. These selection criteria 
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lead to the kinematic range 0.004 < x < 0.7 and to a minimal mass 
of the hadronic final state of W > 4 GeV/c2. The final sample con-
sists of 46 million events.

3. Asymmetry calculation

The longitudinal double-spin asymmetry for one-photon ex-
change in inclusive DIS on the deuteron, μd → μ′X, is defined as 
a function of x and Q 2 as follows: 

Ad
1 = σ T

0 − σ T
2

2σ T
. (1)

Here, σ T
J is the γ ∗-deuteron absorption cross section for total 

spin projection J in the direction of the virtual photon γ ∗ and 
σ T = (σ T

0 + σ T
1 + σ T

2 )/3 the deuteron photoabsorption cross sec-
tion for transverse virtual photons. This asymmetry is derived from 
the asymmetry between the cross sections for parallel and an-
tiparallel oriented longitudinal spins of beam particle and target 
nucleon24:

Ad
LL = σ ↑↓ − σ ↑↑

σ ↑↓ + σ ↑↑ = D(Ad
1 + ηAd

2). (2)

Here, also the contribution from the transverse spin asymmetry Ad
2

is taken into account. The factors 

η = γ (1 − y − γ 2 y2/4 − y2m2/Q 2)

(1 + γ 2 y/2)(1 − y/2) − y2m2/Q 2
(3)

and

D = y((1 + γ 2 y/2)(2 − y) − 2y2m2/Q 2)

y2(1 − 2m2/Q 2)(1 + γ 2) + 2(1 + R)(1 − y − γ 2 y2/4)

(4)

depend only on the kinematics of the process, with γ = 2Mx/√
Q 2. The symbols m and M denote the mass of the muon and 

the nucleon, respectively. The factor R in the depolarisation fac-
tor D represents the ratio of the cross sections for the absorption 
of a longitudinally and a transversely polarised photon by a nu-
cleon. In COMPASS kinematics, the factor η and the asymmetry A2
are both small, and hence the contribution ηA2 is neglected in the 
calculation of A1 and g1.

For the calculation of the asymmetry, the number of events in 
each target cell for both polarisation directions can be expressed 
as 

Ni = aiφiniσ(1 + PB PT f D Ad
1) , i = o1, c1,o2, c2 . (5)

Here, ai is the acceptance, φi the incoming flux, ni the number of 
target nucleons, σ the spin-averaged cross section and f the di-
lution factor. There are four equations describing the two solenoid 
field directions (1, 2) for the combined outer cells (o) and the cen-
tral cell (c). They are combined into one second-order equation 
in A1 for the ratio (No1Nc2)/(No2Nc1), where acceptance and flux 

24 While for a spin-1/2 target the first equality in Eq. (2) is strict, for a spin-1

target there is an extra contribution in the denominator of the asymmetry Ad
LL =

σ↑↓−σ↑↑
σ↑↓+σ↑↑+σ↑0 , which is connected to the structure function b1. This function is 
expected to be small [13], as also confirmed by a measurement [14], and hence 
neglected here.
Table 1
Summary for the systematic uncertainty of A1.

Beam polarisation �PB/PB 5%

Target polarisation �PT/PT 5%

Depolarisation factor �D(R)/D(R) 2–3%

Dilution factor � f / f 2–3%

Total �Amult
1 � 0.08 · Ad

1

False asymmetry Afalse < 0.75 · �Astat
1

Transverse asymmetry η · Ad
2 < 10−4

Rad. corrections ARC 10−5–10−3

Fig. 1. Comparison between the results on Ad
1 obtained from the 2006 data set and 

the previous results from COMPASS.

cancel. The asymmetry is calculated for periods of stable data tak-
ing, which are combined using the weighted mean. In the asym-
metry calculation, each event is used with a weight factor in order 
to minimise the statistical uncertainty: 

w = PB f D. (6)

Systematic uncertainties are calculated taking into account mul-
tiplicative and additive contributions. The multiplicative contri-
bution �Amult

1 comprises the uncertainties on beam and target 
polarisations and the uncertainties on depolarisation and dilution 
factors. The size of each of these contributions is shown in the up-
per part of Table 1. The lower part of the table shows the additive 
contributions from i) possible false asymmetries, ii) the neglect 
of the transverse asymmetry A2 and iii) the uncertainty on spin-
dependent radiative corrections. False asymmetries are investigated 
using two methods. In one method, possible false asymmetries are 
studied by calculating the asymmetry between cells with the same 
polarisation direction, i.e. between both outermost target cells and 
for the two halves of the central cell. Both asymmetries are found 
to be consistent with zero. In the other method, “pulls” [15] are 
used to check for time-dependent effects. Here the asymmetry is 
calculated for each subsample and compared to the final asymme-
try. No significant broadening is observed in these distributions. 
The statistical limitation of this method leads to an uncertainty 
between 38% and 75% of the statistical uncertainty. This represents 
the largest additive contribution.

4. Results

The double-spin asymmetry Ad
1 and the spin-dependent struc-

ture function gd
1 are calculated in bins of x and Q 2. In Fig. 1 the 

results in bins of x obtained from the 2006 data set are compared 
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to the results from the 2002–2004 data [7], which demonstrates 
the good agreement between both data sets (the χ2 probability 
is 63%). The 2006 data increase the statistics of the 2002–2004 
data by approximately 50%. The results from both data sets are 
combined using the weighted mean. In Fig. 2, the combined COM-
PASS results on Ad

1 are compared to the world data on Ad
1 at the 

measured values of Q 2. All data sets agree well with one another. 

Fig. 2. Comparison between the combined COMPASS results on Ad
1 and the world 

data (CLAS [16], HERMES [17], SMC [2], E155 [18] and E143 [19]). All data points 
are shown at their measured Q 2 values.
The data confirm the well-known weak Q 2 dependence of the 
asymmetry. This is also illustrated in Fig. 3, which shows the Q 2

dependence of the COMPASS data for each x bin. No clear depen-
dence on Q 2 is visible in any x bin. The numerical values of the 
combined data for Ad

1(x) and Ad
1(x, Q 2) are given in Tables A.1

and A.2 of the appendix.
The spin-dependent structure function gd

1 is calculated from the 
asymmetry Ad

1 using 

gd
1(x, Q 2) = F d

2 (x, Q 2)

2x(1 + R(x, Q 2))
Ad

1(x, Q 2) . (7)

The parametrisation of the unpolarised structure function F d
2 is 

taken from Ref. [2] and the parametrisation of the ratio R is 
taken from Ref. [20]. The x dependence of the structure function 
is shown in Fig. 4 together with the results from SMC [2] that 
were obtained at a higher beam energy of 190 GeV. In the figure, 
the two COMPASS data points at lowest x are obtained as averages 
from the four lowest x bins used in this analysis. The systematic 
uncertainties are shown by bands at the bottom. The COMPASS 
data do not support large negative values of the structure func-
tion at low x, an indication of which may be seen in the SMC data. 
Instead, gd

1 is compatible with zero for x decreasing towards the 
lower limit of the measured range.

The new results on the spin-dependent structure function gd
1 , 

which are shown in Fig. 5 together with the world data in bins 
of x and Q 2, constitute the final COMPASS results and hence su-
Fig. 3. Results on Ad
1 from the combined COMPASS data in bins of x and Q 2.
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Fig. 4. Comparison between SMC [2] and combined COMPASS results on gd
1 . The 

systematic uncertainty is illustrated by the bands at the bottom. All data points are 
shown at their measured Q 2 values.

Fig. 5. World data on the spin-dependent structure function gd
1 as a function of 

Q 2 for various values of x with the combined COMPASS data as filled circles. The 
lines represent the Q 2 dependence for each value of x as determined from the 
updated NLO QCD fit to the world data. The dashed parts represent the region with 
W 2 < 10 (GeV/c2)2.

persede the ones published in Ref. [7]. They improve the statistical 
precision of the combined world data on gd

1 , in particular at low x
where SMC is the only other experiment that contributes.

The NLO QCD fit on the g1 world data described in detail in 
Ref. [9] is repeated using the updated results for gd

1 . The fit results 
are shown as curves in Fig. 5 for the various x bins. Compared 
to the previous analysis, the changes in central values of resulting 
parameters are of the order of statistical uncertainties. The param-
eters of the QCD fit are available together with the deuteron results 
on HepData [21]. 

The presented final gd
1 values together with the final COMPASS 

results on gp
1 [8,9] are used to re-evaluate the Bjorken sum rule as 

described in the same reference. The results
Table 2
Contributions to �N

1 at Q 2 = 3 (GeV/c)2

with statistical uncertainties from the 
COMPASS data.

x range �N
1

0 ÷ 0.004 −0.0015 ÷ 0.001
0.004 ÷ 0.7 0.045 ± 0.002
0.7 ÷ 1.0 0.001

�NS
1 = 0.192 ± 0.007stat ± 0.015syst and

|gA/gV| = 1.29 ± 0.05stat ± 0.10syst (8)

agree within statistical errors with the previously published 
ones.

The new combined data are also used to update the results 
for the first moment of the spin-dependent structure function of 
the nucleon, �N

1 (Q 2) = ∫ 1
0 gd

1(x, Q 2)/(1 − 1.5ωD)dx. Here ωD =
0.05 ± 0.02 [22] is the correction for the D-state admixture in the 
deuteron. The first moment is calculated by evolving the values 
of gd

1 to the common value Q 2 = 3 (GeV/c)2. From these values 
the contribution to the first moment from the measured x range 
is calculated. The contributions from the unmeasured regions are 
estimated using the parameterisations of parton distributions from 
our NLO QCD analysis [9]. For the region 0 < x < 0.004 the contri-
bution lies between −0.0015 and 0.001. Such a small contribution 
can be expected as gd

1 is consistent with zero for x < 0.02. It is also 
consistent with zero at scales Q 2 < 1 (GeV/c)2 where the mea-
surements extend to even lower values of x [11]. For the region 
0.7 < x < 1 the contribution to the first moment of gd

1 is as small 
and equal to 0.001. The contributions from the different x ranges 
are shown in Table 2. The updated value of the first moment from 
COMPASS data alone is: 

�N
1 (Q 2 = 3 (GeV/c)2) = 0.046±0.002stat ±0.004syst ±0.005evol .

(9)

The systematic uncertainty contains the bin-to-bin correlated 
uncertainties of PB, PT, f , D , ωD and F2. The uncertainties of PB
and PT dominate, while the impact of possible false asymmetries 
largely cancels in the discussed integral. An uncertainty of 100% 
is used for the contribution from the large-x extrapolation, while 
for the low-x extrapolation the uncertainty is taken as half of the 
full range, i.e. 0.00125. Both are included in the evolution uncer-
tainty.

All presently available experimental information supports the 
observation that gd

1 vanishes when x decreases down to the low-
est accessible values. As can be seen in Fig. 6, the first moment 
of gd

1 measured from only the COMPASS deuteron data approaches 
its asymptotic value already in the experimentally accessible region 
for Q 2 = 3 (GeV/c)2. It can hence be used for physics interpreta-
tion without using proton data and without invoking the Bjorken 
sum rule.

The structure function gd
1 as physical observable is factorisation-

scheme independent, whereas its representation as convolution(s) 
of quark, anti-quark, and gluon helicity distributions with respec-
tive Wilson coefficient functions [23,24] involves a possible scheme 
dependence. In the ‘modified minimal subtraction’ (MS) factori-
sation scheme [25], the first moment of the gluon coefficient 
function vanishes, and hence the first moment �d

1 does not de-
pend on the gluon helicity distribution. This allows for the direct 
determination of the flavour-singlet axial charge a0 from the COM-
PASS �d

1 result using only the axial charge a8 as an additional 
input:
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a0(Q 2) = 1

�CMS
S (Q 2)

[
9�N

1 − 1

4
a8�CMS

NS (Q 2)

]
(10)

Here, �CMS
S (Q 2) and �CMS

NS (Q 2) are the singlet and non-singlet 
coefficient functions, which are calculated in perturbative QCD 
in Ref. [26,27]. In the MS factorisation scheme, a0 is identi-

fied with the total quark contribution to the nucleon spin: a0
MS=

�
 = (�u + �ū) + (�d + �d̄) + (�s + �s̄). Here, �
(−)

f is the 
first moment of helicity distribution of flavour- f quarks. Assum-
ing SU(3) flavour symmetry, the value a8 = 0.585 ± 0.025 [28]
is used. With αs = 0.337 ± 0.012 for Q 2 = 3 (GeV/c)2 and the 
corresponding NLO value for �C MS

S (Q 2) = �CMS
NS (Q 2)= 0.893 the 

flavour-singlet axial charge is obtained using �N
1 as obtained in 

Eq. (9):

a0(Q 2 = 3 (GeV/c)2) = 0.32 ± 0.02stat ± 0.04syst ± 0.05evol .

(11)

The largest contribution to the total uncertainty originates from 
the uncertainties in the evolution of gd

1 to a common value of 
Q 2. This is due to the large uncertainty of the polarised gluon 

Fig. 6. Values of ∫ 1
xmin

gd
1/(1 − 1.5ωD)dx as a function of xmin. The open circle at 

x = 0.7 is obtained from the fit. The arrow on the left side shows the value for the 
full range, 0 ≤ x ≤ 1.
distribution obtained in the fits. The extrapolation uncertainty 
is given by the extrapolation uncertainty of �N

1 as explained 
above, and is included in the evolution uncertainty. This inde-
pendent result on a0 is consistent with the value of a0 ob-
tained from the COMPASS NLO QCD fit [9] of the world data. 
Note the remarkably good statistical and systematic accuracy 
of this result obtained from only the COMPASS deuteron data 
when comparing to the corresponding accuracy of the fit result 
[9].

5. Summary and conclusions

We have presented new results on the longitudinal spin struc-
ture function gd

1 from data taken in 2006 and we have combined 
this data with our previous measurements. All data were taken us-
ing the 160 GeV CERN muon beam and a longitudinally polarised 
6LiD target. The results cover the kinematic range 0.004 < x < 0.7, 
1 (GeV/c)2 < Q 2 < 100 (GeV/c)2 and W > 4 GeV/c2. The double-
spin asymmetry is studied in bins of x and Q 2. The combined 
results for gd

1 at low x (x < 0.03) improve considerably the pre-
cision compared to the only existing result in this region, which 
originates from SMC. Now, gd

1 appears consistent with zero at the 
presently lowest accessible values of x. The combined set of data 
was included in our NLO QCD fit to the gp

1 , gd
1 and gn

1 world 
data. In addition, a re-evaluation of the Bjorken sum rule was per-
formed using only COMPASS results. Both for the QCD NLO fit and 
the Bjorken sum rule, the new values stay compatible with the 
published ones within statistical uncertainties. The analysis of the 
COMPASS deuteron data alone leads to a NLO determination of the 
flavour-singlet axial charge a0 = 0.32 ± 0.02stat ± 0.04syst ± 0.05evol

at Q 2 = 3 (GeV/c)2 from the first moment of gd
1 . Together with 

the results on the proton spin structure function gp
1 [8,9], the re-

sults for gd
1 constitute the COMPASS legacy on the measurements 

of g1.
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Appendix A. Appendix

The results for Ad
1 and gd

1 are given in Tables A.1 and A.2. 
Table A.1
Values for Ad

1 and gd
1 as a function of x at the measured values of Q 2 for the combined 2002–2006 data. The first 

uncertainty is statistical, the second one is systematic.

x range 〈x〉 〈Q 2〉((GeV/c)2) Ad
1 gd

1

0.004–0.005 0.0046 1.10 −0.0054±0.0074±0.0048 −0.13 ± 0.17 ± 0.11

0.005–0.006 0.0055 1.22 0.0003±0.0058±0.0043 0.00 ± 0.12 ± 0.09

0.006–0.008 0.0070 1.39 −0.0011±0.0042±0.0023 −0.016 ± 0.071 ± 0.040

0.008–0.010 0.0090 1.62 −0.0087±0.0049±0.0031 −0.121 ± 0.064 ± 0.038

0.010–0.020 0.0141 2.19 −0.0011±0.0032±0.0024 −0.010 ± 0.027 ± 0.019

0.020–0.030 0.0244 3.29 0.0075±0.0048±0.0034 0.043 ± 0.028 ± 0.018

0.030–0.040 0.0346 4.43 0.0095±0.0064±0.0042 0.043 ± 0.028 ± 0.018

0.040–0.060 0.0487 6.06 0.0159±0.0063±0.0044 0.051 ± 0.021 ± 0.014

0.060–0.100 0.0766 9.00 0.0527±0.0070±0.0072 0.111 ± 0.015 ± 0.015

0.100–0.150 0.121 13.5 0.095 ± 0.010 ± 0.011 0.123 ± 0.013 ± 0.014

0.150–0.200 0.171 18.6 0.121 ± 0.015 ± 0.016 0.101 ± 0.013 ± 0.014

0.200–0.250 0.222 23.8 0.160 ± 0.022 ± 0.020 0.0744±0.0096±0.0096

0.250–0.350 0.290 31.1 0.190 ± 0.023 ± 0.022 0.076 ± 0.010 ± 0.009

0.350–0.500 0.405 43.9 0.317 ± 0.037 ± 0.036 0.0576±0.0069±0.0067

0.500–0.700 0.567 60.8 0.494 ± 0.082 ± 0.084 0.0254±0.0042±0.0045
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Table A.2
Values for Ad

1 and gd
1 as a function of x and Q 2 for the combined 2002–2006 data. The first uncertainty is statistical, 

the second one is systematic.

x range 〈x〉 〈Q 2〉((GeV/c)2) Ad
1 gd

1

0.004–0.005 0.0045 1.03 0.005 ± 0.013 ± 0.010 0.12 ± 0.30 ± 0.23
0.004–0.005 0.0046 1.09 −0.001 ± 0.013 ± 0.008 −0.02 ± 0.29 ± 0.19
0.004–0.005 0.0047 1.20 −0.023 ± 0.013 ± 0.008 −0.54 ± 0.30 ± 0.19

0.005–0.006 0.0055 1.07 −0.008 ± 0.010 ± 0.007 −0.15 ± 0.20 ± 0.12
0.005–0.006 0.0055 1.21 0.003 ± 0.010 ± 0.008 0.06 ± 0.21 ± 0.16
0.005–0.006 0.0056 1.39 0.004 ± 0.011 ± 0.006 0.08 ± 0.22 ± 0.14

0.006–0.008 0.0069 1.13 −0.0058±0.0075±0.0042 −0.09 ± 0.11 ± 0.06
0.006–0.008 0.0069 1.39 0.0011±0.0075±0.0043 0.02 ± 0.12 ± 0.07
0.006–0.008 0.0072 1.70 0.0007±0.0075±0.0043 0.01 ± 0.13 ± 0.07

0.008–0.010 0.0089 1.22 −0.0070±0.0084±0.0055 −0.08 ± 0.10 ± 0.07
0.008–0.010 0.0089 1.65 0.0021±0.0083±0.0052 0.03 ± 0.11 ± 0.07
0.008–0.010 0.0091 2.11 −0.0245±0.0083±0.0059 −0.36 ± 0.12 ± 0.09

0.010–0.020 0.0132 1.44 −0.0090±0.0051±0.0034 −0.076 ± 0.043 ± 0.029
0.010–0.020 0.0135 2.23 0.0028±0.0051±0.0033 0.027 ± 0.050 ± 0.032
0.010–0.020 0.0156 3.24 0.0009±0.0051±0.0034 0.009 ± 0.049 ± 0.033

0.020–0.030 0.0239 1.95 0.0198±0.0082±0.0062 0.101 ± 0.042 ± 0.032
0.020–0.030 0.0240 3.53 −0.0083±0.0082±0.0069 −0.051 ± 0.050 ± 0.042
0.020–0.030 0.0253 5.22 0.0075±0.0082±0.0056 0.048 ± 0.053 ± 0.037

0.030–0.040 0.0342 2.51 0.014 ± 0.011 ± 0.008 0.052 ± 0.043 ± 0.029
0.030–0.040 0.0344 4.82 0.007 ± 0.011 ± 0.009 0.033 ± 0.051 ± 0.043
0.030–0.040 0.0352 7.24 0.006 ± 0.011 ± 0.008 0.029 ± 0.054 ± 0.038

0.040–0.060 0.0477 3.38 0.005 ± 0.011 ± 0.009 0.014 ± 0.032 ± 0.025
0.040–0.060 0.0482 6.43 0.012 ± 0.011 ± 0.007 0.040 ± 0.036 ± 0.023
0.040–0.060 0.0502 10.1 0.021 ± 0.011 ± 0.007 0.072 ± 0.037 ± 0.025

0.060–0.100 0.0744 4.93 0.034 ± 0.012 ± 0.009 0.067 ± 0.024 ± 0.019
0.060–0.100 0.0757 9.28 0.052 ± 0.012 ± 0.012 0.111 ± 0.026 ± 0.025
0.060–0.100 0.0796 15.6 0.065 ± 0.012 ± 0.010 0.140 ± 0.026 ± 0.022

0.100–0.150 0.119 6.99 0.058 ± 0.017 ± 0.014 0.072 ± 0.022 ± 0.017
0.100–0.150 0.120 13.8 0.070 ± 0.017 ± 0.014 0.092 ± 0.023 ± 0.019
0.100–0.150 0.124 24.2 0.148 ± 0.017 ± 0.019 0.191 ± 0.023 ± 0.025

0.150–0.200 0.171 9.06 0.099 ± 0.026 ± 0.019 0.082 ± 0.022 ± 0.016
0.150–0.200 0.171 19.2 0.119 ± 0.026 ± 0.021 0.101 ± 0.022 ± 0.018
0.150–0.200 0.174 33.9 0.127 ± 0.026 ± 0.022 0.106 ± 0.022 ± 0.018

0.200–0.250 0.221 11.2 0.150 ± 0.037 ± 0.028 0.087 ± 0.022 ± 0.017
0.200–0.250 0.221 25.2 0.171 ± 0.037 ± 0.029 0.100 ± 0.021 ± 0.017
0.200–0.250 0.224 43.5 0.151 ± 0.037 ± 0.032 0.085 ± 0.021 ± 0.018

0.250–0.350 0.287 14.3 0.187 ± 0.040 ± 0.032 0.071 ± 0.015 ± 0.012
0.250–0.350 0.288 33.4 0.187 ± 0.040 ± 0.032 0.068 ± 0.015 ± 0.012
0.250–0.350 0.295 56.2 0.185 ± 0.040 ± 0.033 0.062 ± 0.014 ± 0.011

0.350–0.500 0.400 20.0 0.396 ± 0.065 ± 0.056 0.070 ± 0.012 ± 0.010
0.350–0.500 0.402 46.4 0.266 ± 0.066 ± 0.051 0.043 ± 0.011 ± 0.008
0.350–0.500 0.411 74.1 0.288 ± 0.063 ± 0.050 0.041 ± 0.009 ± 0.007

0.500–0.700 0.569 62.1 0.501 ± 0.082 ± 0.084 0.0204±0.0033±0.0035
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