arXiv:hep-ph/0212352 v4 25 Oct 2005

Erratum: Exclusive double-charmonium production

from e^+e^− annihilation into two virtual photons

[Phys. Rev. D 67, 054023 (2003)]

Geoffrey T. Bodwin High Energy Physics Division, Argonne National Laboratory,

9700 South Cass Avenue, Argonne, Illinois 60439, USA

Eric Braaten Physics Department, Ohio State University, Columbus, Ohio 43210, USA

Jungil Lee Department of Physics, Korea University, Seoul 136-701, Korea

In Ref. [1], we calculated the cross sections for exclusive double-charmonium production from e^+e^− annihilation into two virtual photons. We made an error in the calculation by omitting a relative minus sign between diagrams that differ by the interchange of identical fermions in the final state. There should be a relative minus sign between the sum of the Feynman diagrams in Figs. 1(a) and 1(b) and the sum of the Feynman diagrams in Figs. 1(c) and 1(d). The error from omitting this sign affects the cross section only if both charmonia have quantum numbers J^{P C} = 1^{−−}. A similar error was made in the calculations in Ref. [2]. In what follows, we use results for the J/ψ + η_c, J/ψ + η_c(2S), and J/ψ + χ_{c0}(1P ) cross sections in which this error in Ref. [2] has been corrected. We show corrections in boldface type, except in display equations.

In the expression for the differential rate dR/dx for J/ψ + J/ψ production, Eqs. (10a)–(10d) should be corrected as follows:

F (0, 0, x) = r^4x^2(1 − x^2)[2 + 3r^4 − r^6 + 4x^2(1 − r^4)]^2, (10a) F (±1, ∓1, x) = (1 + x^2)(1 − x^2)[6 − 7r^2 + 4r^4 − r^6 + 4x^2r^2(1 − r^2)]^2, (10b) F (±1, ±1, x) = r^4x^2(1 − x^2)[3 − 4r^2 + 4r^4 − r^6 + 4x^2r^2(1 − r^2)]^2, (10c) F (±1, 0, x) = F (0, ±1, x) = (r^2/2)[(2 − r^2)^2(3 − 2r^2 + r^4)^2 − x^2(72 − 228r^2 +359r^4 − 292r^6 + 130r^8 − 32r^{10} + 3r^{12}) + 4x^4(9 − 60r^2 + 122r^4 −112r^6 + 58r^8 − 14r^{10} + r^{12}) + 16x^6r^2(1 − r^2)(6 − 11r^2 + 11r^4 −2r^6) + 64x^8r^4(1 − r^2)^2]. (10d)

Eq. (11) and the sentence containing that equation should be deleted.

In the expression for the differential rate dR/dx for J/ψ + ψ_1 production, Eq. (30a) should be corrected as follows:

J(0, 0, x) = 2 r^4 x^2 (1 − x^2) [ 84 + 124r^2 − 158r^4 + 101r^6 − 22r^8 + 4x^2(1 − r^2)

×(34 − 37r^2 + 34r^4 − 2r^6) − 32x^4(1 − r^2)^2(2 − r^2)

]_2 , (30a)

Eqs. (31a)–(31d) should be corrected as follows:

j_{+−}(x) = (1/4)(1 − x^2)(1 − x)^2 [ − 3(2 − r^2)(52 + 16r^2 − 38r^4 + 11r^6 + 2r^8)

−24xr^4(2 − r^2)^2(1 − r^2) + 4x^2r^2(1 − r^2)(40 − 85r^2 + 22r^4 − 6r^6)

+96x^3r^4(1 − r^2)^2 − 32x^4r^2(1 − r^2)^2(2 − 3r^2)

]_2 , (31a)

j_{+0}(x) = (r^2/8)(1 − x)^2 [ 64x^5r^2(1 − r^2)^2 + 128x^4r^2(1 − r^2)^2 − 8x^3r^2(1 − r^2)

×(22 + 5r^2 + 2r^4) − 4x^2r^2(1 − r^2)(46 − 13r^2 + 8r^4) − 2x(156 − 56r^2

+4r^4 + 38r^6 − 13r^8) − (2 − r^2)(156 − 28r^2 − 24r^4 + 19r^6)

]_2

, (31b)

j_{0+}(x) = (r^2/8)(1 + x)^2 [ 64x^5r^2(1 − r^2)^2 − 128x^4r^2(1 − r^2)^2 − 8x^3r^2(1 − r^2)

×(1 + 26r^2 + 2r^4) + 4x^2r^2(1 − r^2)(52 − 31r^2 + 8r^4) − 2x(156 + 28r^2

−164r^4 + 143r^6 − 34r^8) + (2 − r^2)(156 − 40r^2 + 18r^4 + r^6)

]_2

, (31c)

j_{++}(x) = (r^4/4)(1 − x^2) [ 32x^5r^2(1 − r^2)^2 − 4x^3r^2(1 − r^2)(57 − 30r^2 + 2r^4) − 24x^2r^2

×(1 − r^2) − x(156 − 196r^2 + 284r^4 − 137r^6 + 22r^8) + 6r^2(2 − r^2)^2

]_2 . (31d)

The error in the calculations produced errors in the numerical predictions for some of the cross sections given in Table II of Ref. [1]. That table is reproduced here, with the corrected values shown in boldface type. The corrections decrease the “S-wave + S-wave” cross sections by about 24%. The corrections to the “S-wave + D-wave” cross sections are almost negligible.

TABLE II: Cross sections in fb for e^+e^− annihilation at Ebeam = 5.3 GeV into double-charmonium states H1 +H2 with C = −1. The errors are only those from variations in the pole mass mc = 1.4 ± 0.2 GeV. There are additional large errors associated with perturbative and relativistic corrections, as discussed in the text. H2 \ H1 J/ψ ψ(2S) hc(1P ) ψ1 (1D) J/ψ 6.65 ± 3.02 5.52 ± 2.50 (6.1 ± 0.9)×10^{−3} 0.80 ± 0.32 ψ(2S) 1.15 ± 0.52 (2.5 ± 0.4)×10^{−3} 0.33 ± 0.13 hc(1P ) (0.19 ± 0.02)×10^{−3}

The error in the calculations produced errors in Fig. 2 of Ref. [1]. The corrected Fig. 2 is shown below. The normalizations are such that the areas under the curves are equal to the integrated cross sections 6.65 fb and 3.78 fb. At x = 0, the differential cross section for J/ψ +J/ψ (normalized as in Fig. 2) is smaller than that for J/ψ +η_c by about a factor 0.66. However, the differential cross section for J/ψ + J/ψ is strongly peaked near the beam direction at x = 0.994, where it is larger than that for J/ψ + η_c by about a factor 9.3.

FIG. 2: Differential cross sections dσ/d|x| for e^+e^− annihilation into J/ψ + J/ψ and J/ψ + ηc at Ebeam = 5.3 GeV. The areas under the curves are the integrated cross sections 6.65 fb and 3.78 fb. There are large errors associated with perturbative and relativistic corrections, as described in the text.

In Section III, there are several additional corrections that must be made in the text.

• For m_c = 1.4 GeV, the photon-fragmentation diagrams contribute 114.5% of the J/ψ + J/ψ cross section. The nonfragmentation diagrams contribute 0.9%, while the interference term contributes −15.4%.

• In spite of the suppression factor of α^2/α^2_s, the predicted cross section for J/ψ + J/ψ is larger than that for J/ψ + η_c by about a factor of 1.8.

• The error associated with variations of m_c in the cross section for J/ψ + J/ψ in Table II is about 41% for m_c = 1.4 GeV. After we take into account the relativistic correction in Eq. (36), this error decreases to about 9%. • The predictions for the relative cross sections for the production of a J/ψ with an accompanying η_c, χ_{c0}(1P ), or η_c(2S) are 1.00, 0.63, and 0.42, respectively. The observed proportion of events is compatible with the NRQCD predictions.

• The following sentence should be deleted: “If significant fractions of the J/ψ + η_c and J/ψ + η_c(2S) signals are actually J/ψ + J/ψ and J/ψ + ψ(2S) events, then the data would be more compatible with the NRQCD predictions.”

[1] G. T. Bodwin, J. Lee and E. Braaten, Phys. Rev. D 67, 054023 (2003) [arXiv:hep-ph/0212352]. [2] E. Braaten and J. Lee, Phys. Rev. D 67, 054007 (2003) [arXiv:hep-ph/0211085].