arXiv:hep-ex/0612054v1 22 Dec 2006

Measurements of the continuum R_{uds} and R values in e^+e^− annihilation in the energy region between 3.650 and 3.872 GeV

M. Ablikim^1, J. Z. Bai^1, Y. Ban^{11}, J. G. Bian^1 , X. Cai^1 , H. F. Chen^{15}, H. S. Chen^1, H. X. Chen^1, J. C. Chen^1, Jin Chen^1, Y. B. Chen^1, S. P. Chi^2, Y. P. Chu^1, X. Z. Cui^1, Y. S. Dai^{17} , Z. Y. Deng^1, L. Y. Dong^{1a}, Q. F. Dong^{14}, S. X. Du^1, Z. Z. Du^1, J. Fang^1, S. S. Fang^2, C. D. Fu^1, C. S. Gao^1 , Y. N. Gao^{14} , S. D. Gu^1, Y. T. Gu^4, Y. N. Guo^1, Y. Q. Guo^1, K. L. He^1, M. He^{12}, Y. K. Heng^1, H. M. Hu^1, T. Hu^1, X. P. Huang^1, X. T. Huang^{12}, X. B. Ji^1, X. S. Jiang^1 , J. B. Jiao^{12} , D. P. Jin^1, S. Jin^1, Yi Jin^1, Y. F. Lai^1, G. Li^2, H. B. Li^1, H. H. Li^1, J. Li^1, R. Y. Li^1, S. M. Li^1, W. D. Li^1, W. G. Li^1, X. L. Li^8, X. Q. Li^{10}, Y. L. Li^4, Y. F. Liang^{13} , H. B. Liao^6 , C. X. Liu^1, F. Liu^6, Fang Liu^{15}, H. H. Liu^1, H. M. Liu^1, J. Liu^{11}, J. B. Liu^1, J. P. Liu^{16}, R. G. Liu^1, Z. A. Liu^1, F. Lu^1, G. R. Lu^5, H. J. Lu^{15}, J. G. Lu^1, C. L. Luo^9, F. C. Ma^8 , H. L. Ma^1, L. L. Ma^1 , Q. M. Ma^1, X. B. Ma^5, Z. P. Mao^1 , X. H. Mo^1 , J. Nie^1, H. P. Peng^{15} , N. D. Qi^1, H. Qin^9, J. F. Qiu^1, Z. Y. Ren^1, G. Rong^1, L. Y. Shan^1, L. Shang^1, D. L. Shen^1, X. Y. Shen^1, H. Y. Sheng^1, F. Shi^1, X. Shi^{11b}, H. S. Sun^1, J. F. Sun^1, S. S. Sun^1, Y. Z. Sun^1, Z. J. Sun^1, Z. Q. Tan^4, X. Tang^1, Y. R. Tian^{14} , G. L. Tong^1 , D. Y. Wang^1, L. Wang^1, L. S. Wang^1, M. Wang^1, P. Wang^1, P. L. Wang^1, W. F. Wang^{1c}, Y. F. Wang^1, Z. Wang^1, Z. Y. Wang^1, Zhe Wang^1, Zheng Wang^2, C. L. Wei^1, D. H. Wei^1, N. Wu^1, X. M. Xia^1, X. X. Xie^1, B. Xin^{8d}, G. F. Xu^1, Y. Xu^{10}, M. L. Yan^{15}, F. Yang^{10}, H. X. Yang^1, J. Yang^{15}, Y. X. Yang^3, M. H. Ye^2, Y. X. Ye^{15}, Z. Y. Yi^1, G. W. Yu^1, C. Z. Yuan^1, J. M. Yuan^1, Y. Yuan^1, S. L. Zang^1, Y. Zeng^7, Yu Zeng^1, B. X. Zhang^1, B. Y. Zhang^1, C. C. Zhang^1, D. H. Zhang^1, H. Y. Zhang^1, J. W. Zhang^1, J. Y. Zhang^1, Q. J. Zhang^1, X. M. Zhang^1, X. Y. Zhang^{12}, Yiyun Zhang^{13}, Z. P. Zhang^{15}, Z. Q. Zhang^5, D. X. Zhao^1, J. W. Zhao^1, M. G. Zhao^1, P. P. Zhao^1, W. R. Zhao^1, H. Q. Zheng^{11}, J. P. Zheng^1, Z. P. Zheng^1, L. Zhou^1, N. F. Zhou^1, K. J. Zhu^1, Q. M. Zhu^1, Y. C. Zhu^1, Y. S. Zhu^1, Yingchun Zhu^{1e}, Z. A. Zhu^1, B. A. Zhuang^1, X. A. Zhuang^1, B. S. Zou^1 (BES Collaboration) 1 Institute of High Energy Physics, Beijing 100049, People’s Republic of China 2 China Center for Advanced Science and Technology(CCAST), Beijing 100080, People’s Republic of China 3 Guangxi Normal University, Guilin 541004, People’s Republic of China 4 Guangxi University, Nanning 530004, People’s Republic of China 5 Henan Normal University, Xinxiang 453002, People’s Republic of China 6 Huazhong Normal University, Wuhan 430079, People’s Republic of China 7 Hunan University, Changsha 410082, People’s Republic of China 8 Liaoning University, Shenyang 110036, People’s Republic of China 9 Nanjing Normal University, Nanjing 210097, People’s Republic of China 10 Nankai University, Tianjin 300071, People’s Republic of China 11 Peking University, Beijing 100871, People’s Republic of China 12 Shandong University, Jinan 250100, People’s Republic of China 13 Sichuan University, Chengdu 610064, People’s Republic of China 14 Tsinghua University, Beijing 100084, People’s Republic of China 15 University of Science and Technology of China, Hefei 230026, People’s Republic of China 16 Wuhan University, Wuhan 430072, People’s Republic of China 17 Zhejiang University, Hangzhou 310028, People’s Republic of China a Current address: Iowa State University, Ames, IA 50011-3160, USA b Current address: Cornell University, Ithaca, NY 14853, USA c Current address: Laboratoire de l’Accélératear Linéaire, Orsay, F-91898, France d Current address: Purdue University, West Lafayette, IN 47907, USA e Current address: DESY, D-22607, Hamburg, Germany

We report measurents of the continuum R_{uds} near the center-of-mass energy of 3.70 GeV, the R_{uds(c)+ψ(3770)} (s) and the R_{had}(s) values in e^+e^− annihilation at 68 energy points in the energy region between 3.650 and 3.872 GeV with the BES-II detector at the BEPC Collodier. We obtain the R_{uds} for the continuum light hadron (containing u, d and s quarks) production near the DD̄ threshold to be R_{uds} = 2.141 ± 0.025 ± 0.085.

PACS numbers: 13.85.Lg, 12.15-y, 12.38.Qk

Precision measurement of the cross section σ^0_{had}(s) for single photon exchange process in e^+e^− annihilation at the c.m. (center-of-mass) energy √ s, which does not include the initial state radiative and vacuum polarization effects, are important for testing the vailidity of the perturbative QCD (pQCD) calculation on the cross section and in calculation of the photon vacuum polarization. This cross section is defined as the lowest order cross section for inclusive hadron production in the paper. It is often represented by a R(s) ratio

R(s) = σ^0_{had}(s) σ^0_{μ+μ−} (s)

, (1)

where σ^0_{μ+μ−} (s) = 4πα^2(0)/3s is the lowest order QED cross section for muon pair production. The σ^0_{had}(s) still includes the final state photon radiation and all QCD corrections. It can be extracted from the observed cross section σ^{obs}_{had}(s) for inclusive hadron production accounting for the initial state radiative corrections and the vacuum polarization corrections (see below).

In the lower energy region, precise measurements of the R_{uds}(s), which is defined as the R(s) ratio for the continuum light hadron (containing u, d and s quarks) production in e^+e^− annihilation in this paper, can be used to test the validity of the pQCD calculation [1, 2] in this energy region. Moreover the R_{had}(s) values including the contributions from both the continuum hadrons and all 1^{−−} resonances at all energies are needed to calculate the effects of vacuum polarization on the parameters of the Standard Model, such as the quantities α(M^2_Z ), the QED running coupling constant evaluated at the mass of Z^0, and a_μ = (g − 2)/2, the anomalous magnetic moment of the muon [3, 4, 5]. A large part of uncertainty in the calculation arises from the uncertainties in the measured inclusive hadronic cross sections in the open charm threshold region, in which many resonances overlap. To get credible measurements of the R_{uds}(s) for tests of the pQCD calculation and various lowest order cross sections, i.e. the measurement of R_{had}(s), in this energy region, the overlapping effects have to be clarified clearly. Near the DD̄ threshold region, say above the ψ(2S) resonance and below the DD̄ threshold, no direct measurement of the R_{uds} is currently available. The measurements of the R(s) [6] in this region and in the region between 2.0 and 3.55 GeV [6], which were obtained from analyzing the data taken with the BES-II detector in the period from 1998 to 1999, can not be used directly to test the validity, since those give the R_{had}(s) rather than the R_{uds}.

In this Letter, we report direct measurements of R_{uds} near the DD̄ threshold region, measurements of R_{uds(c)+ψ(3770)}(s) above the DD̄ threshold and the R_{had}(s) values at 68 energy points in the region from 3.650 to 3.872 GeV. We here define the R_{uds(c)+ψ(3770)}(s) to be the R(s) ratio accounting for the contributions from both the continuum hadron production and the decays for ψ(3770) → hadrons. Combining the measurements of the R_{uds(c)+ψ(3770)}(s) and the cross section for DD̄ production [7] would give us some information about non- DD̄ decays of ψ(3770) [8, 9, 10] and improve our knowledge about the nature of ψ(3770). The data samples used in the analysis were taken with the BES-II detector [11] at the BEPC Collider in December 2003.

Z [cm]

No. of Events

FIG. 1: The distribution of the event vertex in z.

The σ^{obs}_{had} is determined by

σ^{obs}_{had}(s) =

N^{obs}_{had} L ϵ_{had} ϵ^{trig}_{had}

, (2)

where N^{obs}_{had} is the number of the observed hadronic events, L is the integrated luminosity, ϵ_{had} is the efficiency for the detection of inclusive hadronic events and ϵ^{trig}_{had} is the trigger efficiency for collecting hadronic events in online data acquisition system.

The hadronic events are required to have more than 2 good charged tracks satisfying selection criteria as described in Ref. [9]. To separate some beam-gas associated background events and cosmic rays background events from hadronic events we calculated the event vertex in the beam line direction. Fig. 1 shows the distribution of the event vertex of the accepted events. Using a Gaussian function to describe the hadronic events plus a second order polynomial for the background to fit the distribution, we obtain the number, N^{zfit}_{had}, of the candidates for the hadronic events. This number of candidates for hadronic events contains contaminations from some background sources such as e^+e^− → τ^+τ^−, e^+e^− → (γ)e^+e^−, e^+e^− → (γ)μ^+μ^−, and two-photon processes. The number of background events, N_b, due to these processes can be estimated by means of a Monte Carlo simulation [9]. Subtracting N_b from N^{zfit}_{had} yields the number of the observed hadronic events, N^{obs}_{had}. The systematic uncertainty in measuring the produced hadronic events due to the hadronic event selection criteria is estimated to be ∼ 2.5% [9].

The integrated luminosities of the data sets are determined using large-angle Bhabha scattering events as described in Ref. [9]. The systematic uncertainty in the measured luminosities is estimated to be ∼ 1.9% [9].

The detection efficiency for hadronic events is determined via a special Monte Carlo generator [12] in which the radiative corrections to α^2 order are taken into account. These generated events are simulated with the GEANT3-based Monte Carlo simulation. The systematic uncertainty in the efficiencies due to the generator is estimated to be ∼ 2.0% for reconstruction of the inclusive hadronic events from continuum hadrons, ψ(3770)

Ecm [GeV]

(1 + δ) ϵ^{had}

(a)

(b)

FIG. 2: (a) The efficiency versus the nominal c.m. energy; (b) The ISR factor versus the nominal c.m. energy (see text).

Ecm [GeV]

R_{uds(c)+ψ(3770)}(s) or R_{had}(s)

FIG. 3: The R_{uds(c)+ψ(3770)}(s) or R_{had}(s) versus the c.m. energy (see text).

and ψ(2S) decays, and to be ∼ 0.7% for reconstruction of the continuum hadronic events [9]. Fig. 2(a) shows the Monte Carlo efficiencies for the detection of hadronic events produced at the different nominal c.m. energies, where the error is statistical.

The trigger efficiencies are measured to be ϵ_{trig} = (100.0^{+0.0}_{−0.5})% for both the e^+e^− → (γ)e^+e^− and e^+e^− → hadrons events [9].

To get the σ^0_{had}(s) the σ^{obs}_{had}(s) has to be corrected for the initial state radiative and vacuum polarization corrections. There is no correction for final state radiation needed, since the σ^0_{had}(s) includes the final state photon radiation. The correction factor, (1 + δ(s)), is given by

(1 + δ(s)) = σ^{exp}(s) σ^0(s)

, (3)

where σ^{exp}(s) is the expected cross section and σ^0(s) the lowest order cross section for inclusive hadronic event production. The σ^{exp}(s) can be written as

σ^{exp}(s) =

∫_{1−}^{4m2}π_s 0 dx · σ^0(s(1 − x)) |1 − Π(s(1 − x))|^2 F (x, s), (4) where σ^0(s(1−x)) is the total lowest order cross section in the energy range from 0.28 GeV to √ s, F (x, s) is a sampling function [13] and^1_{|1−Π(s(1−x))|2} is the correction factor for the effects of vacuum polarization including both the leptonic and hadronic terms in QED [9, 13]. Assuming that there are no other new structure and effects except the ψ(3770) and continuum hadrons in the energy region from 3.729 to 3.872 GeV, we calculate the radiative correction factors. In the calculation of the cross sections, the ψ(3770) and ψ(2S) resonance parameters measured by the BES Collaboration [10] are used. Inserting the resonance parameters of other 1^{−−} states [14] and the R_{uds} = 2.218 ± 0.091 measured by the BES Collaboration [9] near 3.65 GeV in Eqs. (6)–(25) of Ref. [9] as the initial input, we obtain the radiative correction factors at the 68 energy points as shown in Fig. 2(b). The uncertainty in (1 + δ(s)) is less than 1.5% [9].

The sum of the lowest order cross sections for continuum hadron and ψ(3770) production is given by

σ^0_{uds(c)+ψ(3770)}(s) = σ^{obs}_{had}(s) (1 + δ(s)) − ∑ i σ^0_{Res,i}(s), (5)

in which ∑ i σ^0_{Res,i}(s) is the contribution from the 1^{−−} resonances [9] near the c.m. energy of 3.70 GeV except ψ(3770). Eq. (5) indicates

σ^0_{uds(c)+ψ(3770)}(s) = (R_{uds(c)} + R_{ψ(3770)}) · σ^0_μ+_μ− (s), (6)

where R_{ψ(3770)}(s) is the R(s) value due to the decays for ψ(3770) → hadrons. Dividing the σ^0_{uds(c)+ψ(3770)}(s) by σ^0_{μ+ μ−} (s) yields R_{uds(c)+ψ(3770)}(s) values as summarized in table I, where R_{uds(c)+ψ(3770)}(s) means R_{uds}(s) or R_{uds(c)}(s) + R_{ψ(3770)}(s); below the DD̄ threshold R_{uds(c)+ψ(3770)}(s) equals R_{uds}(s); above the threshold R_{uds(c)+ψ(3770)}(s) = R_{uds(c)}(s) + R_{ψ(3770)}(s) is the R(s) value including both the continuum hadron production and the decays of ψ(3770) → hadrons. As mentioned above, calculating the effects of the vacuum polarization on α(M^2_Z ) and a^{SM}_μ needs the R_{had}(s) values, which can be obtained by dividing

σ^0_{had}(s) = σ^{obs}_{had}(s) (1 + δ(s)) (7) by σ^0_{μ+ μ−} (s). Table I also lists the R_{had}(s) values. The first errors in the measured R_{uds(c)+ψ(3770)}(s) and R_{had}(s) values listed in the table are statistical including the point-to-point systematic uncertainty arising from the statistical uncertainty in the measured luminosity and the uncertainty in the Monte Carlo efficiency, and the second ones are common systematic, arising from the uncertainties in luminosity (∼ 1.9%), in selection of hadronic event (∼ 2.5%), in Monte Carlo Modeling (∼ 2.0%), in radiative correction (∼ 1.5%) for measurements of R(s) values off the ψ(3770) resonance and in ψ(3770) parameters (∼ 2.7 %) for those in the ψ(3770) resonance region between 3.74 to 3.82 GeV. Adding these uncertainties in quadrature yields the total systematic uncertainties to be ∼ 4.0% and ∼ 4.9% for these outside the ψ(3770) resonance and within ψ(3770) resonance regions, respectively.

Weighting the first 8 R_{uds(c)+ψ(3770)}(s) values below the DD̄ threshold with the statistical error yields

R_{uds} = 2.141 ± 0.025 ± 0.085,

which can directly be compared to R^{pQCD}_{uds} = 2.15 ± 0.03 calculated by pQCD [4, 15].

Figure 3 displays the R_{uds(c)+ψ(3770)}(s) and/or R_{had}(s) values from this measurements, together with those measured by the MARK-I Collaboration [16], by the BES Collaboration from analysis of different data samples [6] and the continuum R^{pQCD}_{uds} calculated by pQCD [4, 15], which is shown by two straight lines indicating ±1σ error interval. There is one thing which we would like to point out. In the measurements of the R(s) values, the measurements reported in Ref. [9] are the quantity R_{uds(c)+ψ(3770)}(s) which equals R_{uds} below the DD̄ threshold and equals R_{uds(c)}(s) + R_{ψ(3770)}(s) above the DD̄ threshold; while the measurements reported from this work are the quantities R_{uds}, R_{uds(c)+ψ(3770)}(s) and R_{had}(s), the other measurements are only the quantity R_{had}(s).

In summary, we measured the R_{uds(c)+ψ(3770)}(s) and R_{had}(s) values in the energy region from 3.650 to 3.872 GeV with the systematic uncertainty of ∼ 4.0% for the continuum R_{uds} and the R_{had}(s) outside the ψ(3770) resonance regions, and with the uncertainty of ∼ 4.9% for the R_{uds(c)+ψ(3770)}(s) and the R_{had}(s) in the ψ(3770) resonance region. These are improved measurements with respect to the earlier measurements [6, 16] in both the accuracy and the number of energy points. These improved measurements of the R_{had}(s) are expected to provide an improvement in the precision of the calculated values of α(M^2_Z ) [17] and a^{SM}_μ [5, 17, 18]. We obtained the continuum R_{uds} near the DD̄ threshold region to be R_{uds} = 2.141 ± 0.025 ± 0.085, which is in excellent agreement with R^{pQCD}_{uds} = 2.15 ± 0.03 [4, 15] predicted by pQCD in this energy region. This measured R_{uds} can directly be used to evaluate the strong coupling constant α_s(s) at the energy scale of ∼ 3 GeV. In this analysis, we clarified the overlapping effects of different processes to the R_{had}(s). This is important for test of the validity of the pQCD calculation near the DD̄ threshold region and for correctly using the data in calculation of α(M^2_Z ) and a^{SM}_μ = (g − 2)/2 with the help of the pQCD prediction.

The BES collaboration thanks the staff of BEPC for their hard efforts. This work is supported in part by the National Natural Science Foundation of China under contracts Nos. 19991480,10225524,10225525, the Chinese Academy of Sciences under contract No. KJ 95T-03, the 100 Talents Program of CAS under Contract Nos. U-11, U-24, U-25, and the Knowledge Innovation Project of CAS under Contract Nos. U-602, U-34(IHEP); by the National Natural Science Foundation of China under Contract No.10175060(USTC),and No.10225522(Tsinghua University).

[1] J.H. Kühn and M. Steinhauser, Phys. Lett. B 437 425 (1998).

[2] A.D. Martin, J. Outhwaite and M.G. Ryskin, J. Phys. G 26 600 (2000).

[3] N. Cabibbo, R. Gatto, Phys. Rev. 124 (1961) 1577; H.

Burkhardt, F. Jegerlehner, G. Penso, C. Verzegnassi, Z. Phys. C 43 497 (1989); G. Altarelli, CERN-TH-7319/94.

[4] A.D. Martin and D. Zeppenfeld, Phys. Lett. B 345, 558 (1995).

[5] M. Davier, S. Eidelman, et al., Eur. Phys. J. C 31 503 (2003).

[6] J.Z. Bai et al. (BES Collaboration), Phys. Rev. Lett. 84 594 (2000); J.Z. Bai et al. (BES Collaboration), Phys. Rev. Lett. 88 101802 (2002).

[7] M. Ablikim et al. (BES Collaboration), Phys. Lett. B 603 130 (2004); M. Ablikim et al. (BES Collaboration), Nucl. Phys. B 727 395 (2005).

[8] G. Rong, D.H. Zhang, and J.C. Chen, hep-ex/0506051;

J.Z. Bai et al. (BES Collaboration), Phys. Lett. B 605 63 (2005); N.E. Adam et al. (CLEO Collaboration), Phys. Rev. Lett. 96 082004 (2006); T.E. Coan et al. (CLEO Collaboration), Phys. Rev. Lett. 96 182002 (2006).

[9] M. Ablikim et al. (BES Collaboration), Phys. Lett. B 641 145 (2006).

[10] M. Ablikim et al. (BES Collaboration), Phys. Rev. Lett.

97 121801 (2006).

[11] J.Z. Bai et al. (BES Collaboration), Nucl. Instrum. Methods A 458, 627 (2001).

[12] D.H. Zhang, G. Rong and C.J. Chen, Phy. Rev. D 74, 054012 (2006).

[13] E. A. Kuraev and V. S. Fadin, Yad Fiz. 41, 733 (1985). [14] W-M Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006).

[15] R.V. Harlander and M Steinhauser, Comput. Phys. Commun. 153, 244 (2003).

[16] J.L. Siegrist, et al. (MARK-I Collaboration), Phys. Rev.

D 26 969 (1982).

[17] B. Pietrzyk, in Proceedings of the 30th International Conference on High Energy Physics, Vol. 1 p710-713, Osaka, Japan, 2000, edited by C.S. Lim and Taku Yamanaka, World Scientific, Singapore, River Edge, NJ, 2001.

[18] M. Davier, S. Eidelman, et al., Eur. Phys. J. C 27 497 (2003).

TABLE I: Summary of the R_{uds(c)+ψ(3770)}(s) and R_{had}(s) values measured at 68 energy points.

c.m. energy R_{uds(c)+ψ(3770)}(s) R_{had}(s) c.m. energy R_{uds(c)+ψ(3770)}(s) R_{had}(s) 3.6500 2.157 ± 0.035 ± 0.086 2.186 ± 0.035 ± 0.087 3.7726 3.777 ± 0.145 ± 0.185 3.781 ± 0.145 ± 0.185 3.6600 2.131 ± 0.105 ± 0.085 2.185 ± 0.105 ± 0.087 3.7730 3.563 ± 0.120 ± 0.175 3.567 ± 0.120 ± 0.175 3.6920 2.034 ± 0.092 ± 0.081 2.803 ± 0.092 ± 0.112 3.7742 3.373 ± 0.113 ± 0.165 3.377 ± 0.113 ± 0.165 3.7000 2.079 ± 0.079 ± 0.083 2.240 ± 0.079 ± 0.089 3.7754 3.641 ± 0.125 ± 0.178 3.645 ± 0.125 ± 0.178 3.7080 2.197 ± 0.083 ± 0.088 2.270 ± 0.083 ± 0.091 3.7766 3.498 ± 0.119 ± 0.171 3.502 ± 0.119 ± 0.171 3.7160 2.177 ± 0.086 ± 0.087 2.224 ± 0.086 ± 0.089 3.7778 3.570 ± 0.121 ± 0.175 3.574 ± 0.121 ± 0.175 3.7240 2.125 ± 0.086 ± 0.085 2.164 ± 0.086 ± 0.086 3.7790 3.360 ± 0.117 ± 0.165 3.363 ± 0.117 ± 0.165 3.7320 2.156 ± 0.086 ± 0.086 2.170 ± 0.086 ± 0.087 3.7798 3.477 ± 0.136 ± 0.170 3.480 ± 0.136 ± 0.170 3.7400 2.190 ± 0.099 ± 0.088 2.200 ± 0.099 ± 0.088 3.7802 3.427 ± 0.125 ± 0.168 3.430 ± 0.125 ± 0.168 3.7480 2.371 ± 0.106 ± 0.116 2.380 ± 0.106 ± 0.116 3.7804 3.382 ± 0.137 ± 0.166 3.385 ± 0.137 ± 0.166 3.7500 2.517 ± 0.085 ± 0.123 2.525 ± 0.085 ± 0.123 3.7808 3.336 ± 0.129 ± 0.163 3.340 ± 0.129 ± 0.163 3.7512 2.637 ± 0.090 ± 0.129 2.644 ± 0.090 ± 0.129 3.7810 3.464 ± 0.138 ± 0.170 3.468 ± 0.138 ± 0.170 3.7524 2.615 ± 0.095 ± 0.128 2.622 ± 0.095 ± 0.128 3.7812 3.396 ± 0.130 ± 0.166 3.399 ± 0.130 ± 0.166 3.7536 2.652 ± 0.093 ± 0.130 2.659 ± 0.093 ± 0.130 3.7814 3.514 ± 0.124 ± 0.172 3.518 ± 0.124 ± 0.172 3.7548 2.733 ± 0.093 ± 0.134 2.739 ± 0.093 ± 0.134 3.7816 2.944 ± 0.137 ± 0.144 2.947 ± 0.137 ± 0.144 3.7560 2.585 ± 0.090 ± 0.127 2.591 ± 0.090 ± 0.127 3.7818 3.140 ± 0.125 ± 0.154 3.143 ± 0.125 ± 0.154 3.7572 2.942 ± 0.107 ± 0.144 2.948 ± 0.107 ± 0.144 3.7822 3.253 ± 0.124 ± 0.159 3.257 ± 0.124 ± 0.159 3.7584 3.025 ± 0.108 ± 0.148 3.031 ± 0.108 ± 0.148 3.7826 3.326 ± 0.115 ± 0.163 3.329 ± 0.115 ± 0.163 3.7596 3.076 ± 0.102 ± 0.151 3.082 ± 0.102 ± 0.151 3.7838 3.154 ± 0.114 ± 0.155 3.157 ± 0.114 ± 0.155 3.7608 3.138 ± 0.089 ± 0.154 3.143 ± 0.089 ± 0.154 3.7850 2.879 ± 0.107 ± 0.141 2.882 ± 0.107 ± 0.141 3.7620 2.992 ± 0.110 ± 0.147 2.998 ± 0.110 ± 0.147 3.7862 2.902 ± 0.105 ± 0.142 2.905 ± 0.105 ± 0.142 3.7622 3.207 ± 0.114 ± 0.157 3.213 ± 0.114 ± 0.157 3.7874 2.957 ± 0.111 ± 0.145 2.960 ± 0.111 ± 0.145 3.7634 3.345 ± 0.122 ± 0.164 3.350 ± 0.122 ± 0.164 3.7886 2.571 ± 0.097 ± 0.126 2.574 ± 0.097 ± 0.126 3.7646 3.585 ± 0.126 ± 0.176 3.590 ± 0.126 ± 0.176 3.7898 2.576 ± 0.099 ± 0.126 2.579 ± 0.099 ± 0.126 3.7658 3.381 ± 0.119 ± 0.166 3.386 ± 0.119 ± 0.166 3.7900 2.849 ± 0.106 ± 0.140 2.852 ± 0.106 ± 0.140 3.7670 3.760 ± 0.130 ± 0.184 3.764 ± 0.130 ± 0.184 3.7950 2.751 ± 0.101 ± 0.135 2.754 ± 0.101 ± 0.135 3.7682 3.451 ± 0.124 ± 0.169 3.455 ± 0.124 ± 0.169 3.8000 2.212 ± 0.091 ± 0.108 2.215 ± 0.091 ± 0.108 3.7694 3.611 ± 0.125 ± 0.177 3.615 ± 0.125 ± 0.177 3.8100 2.171 ± 0.092 ± 0.087 2.173 ± 0.092 ± 0.087 3.7706 3.580 ± 0.123 ± 0.175 3.584 ± 0.123 ± 0.175 3.8200 2.367 ± 0.109 ± 0.095 2.369 ± 0.109 ± 0.095 3.7714 3.538 ± 0.139 ± 0.173 3.543 ± 0.139 ± 0.173 3.8300 2.354 ± 0.101 ± 0.094 2.355 ± 0.101 ± 0.094 3.7716 3.634 ± 0.146 ± 0.178 3.638 ± 0.146 ± 0.178 3.8400 2.296 ± 0.104 ± 0.092 2.297 ± 0.104 ± 0.092 3.7718 3.939 ± 0.133 ± 0.193 3.943 ± 0.133 ± 0.193 3.8500 2.372 ± 0.115 ± 0.095 2.373 ± 0.115 ± 0.095 3.7720 3.636 ± 0.134 ± 0.178 3.640 ± 0.134 ± 0.178 3.8600 2.371 ± 0.105 ± 0.095 2.372 ± 0.105 ± 0.095 3.7722 3.652 ± 0.143 ± 0.179 3.656 ± 0.143 ± 0.179 3.8720 2.308 ± 0.117 ± 0.092 2.309 ± 0.117 ± 0.092