This is the completed set of tables of the paper:

Theoretical resolution of the H^− resonance spectrum up to the n = 4 threshold, I: States of^1P^o,^1D^o and^1F^o symmetries

Mirosław Bylicki^+ and Cleanthes A. Nicolaides^{++} + Instytut Fizyki, Uniwersytet Mikołaja Kopernika, Grudzia̧dzka 5, 87-100 Toruń, Poland, e-mail: mirekb@phys.uni.torun.pl ++ Physics Department, National Technical University, Athens, and Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 48 Vas. Constantinou Ave., 11635 Athens, Greece, e-mail: can@eie.gr (April 27, 2000)

TABLE I. Energies and widths of H− 1 P o Feshbach resonances below the n = 2 threshold.

CI-Close-coupling CCR Algebraic Close-Coupling CESE Venuti and Decleva [42] Lindroth et al [43] Gien [45] This work State −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) (1) 0.126049581 1.3669[6] 0.12604985975 1.37[6] 0.12604518 1.386[6] 0.126049837 1.3618[6] (2) 0.125035391 7.2313[8] 0.125035052 7.4[8] 0.12503492 7.53[8] 0.1250350503 7.28[8] (3) 0.1250012 2.2[9] 0.1250011892 2.6655[9] 0.12500119344 2.64[9] (4) 0.125000039758 9.615[11] 0.1250000408 2[11]

TABLE II. Energies and widths of H− 1 P o Feshbach resonances below the n = 3 threshold.

R-matrix CCR CI-Close-coupling CESE Pathak et al [34] Ho [86] Lindroth [87] Venuti and Decleva [42] This work State −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.)

(1) 0.062713 1.255[3] 0.06271675 1.1915[3] 0.06273 1.199[3] 0.06271651 1.19126[3] 0.06271692 1.19006[3] (2) 0.0585715 9.0[6] 0.0585718 8.99[6] 0.05857 8.8[6] 0.0585697 8.968[6] 0.0585718096 8.9874[6] (3) 0.056145 0.0561167 2.1[6] 0.05612 2.2[6] 0.05611661 2.136[6] 0.056116399 2.2578[6] (4) 0.055903 6.65[5] 0.055907 7.0[5] 0.05590 7.096[5] 0.0559045 7.061[5] 0.05590626 7.0948[5] (5) 0.05566 4[7] 0.05566923 4.611[7] 0.0556630559 3.9548[7] (6) 0.05558 4[6] 0.05557517 4.067[6] 0.0555763612 4.1854[6] (7) 0.055577623 1.188[8] 0.0555763099 2.0030[7] (8) 0.055559828 1.760[8] 0.055559575918 1.5172[8] (9) 0.055556725 2.444[7] 0.05555679529 2.5698[7] (10) 0.055556333474 2.901[9] (11) 0.05555570632 5.88[10] (12) 0.05555562951 1.5280[7] (13) 0.055555583 1.1[8]

TABLE III. Energies and widths of H− 1P o Feshbach resonances below the n = 4 threshold. R-matrix CCR CESE Pathak et al [34] Ho [86] Lindroth [87] This work State −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.)

(1) 0.0371305 1.245[3] 0.03717945 1.0336[3] 0.03718 1.03[3] 0.0371794 1.034328[3] (2) 0.034289 1.80[5] 0.03429405 1.83[5] 0.03430 1.84[5] 0.03429397 1.8328[5] (3) 0.032324 2.25[4] 0.0323525 2.44[4] 0.03235 2.4[4] 0.032350629 2.4152[4] (4) 0.032192 8.0[6] 0.0321985 7.7[6] 0.03220 7.7[6] 0.032198287 7.9216[6] (5) 0.0316025 0.031613 5.95[6] 0.03161 6.6[6] 0.031613080 5.958[6] (6) 0.0315535 4.65[5] 0.031562 3.15[6] 0.03156 2.2[6] 0.03155516 2.716[6] (7) 0.0313515 0.0314975 6.47[5] 0.03150 6.3[5] 0.03149750 7.550[5] (8) 0.031349759 8.718[7] (9) 0.0313115 0.031315 1.2[4] 0.03132298 1.13866[4] (10) 0.0313045 0.03131 1.5[5] 0.031304250 1.1694[5] (11) 0.031282674 2.86[7] (12) 0.0312645831 2.614[7] (13) 0.0312627480 2.5110[6] (14) 0.031260682 9.4[8] (15) 0.0312535114 3.24[8] (16) 0.03125293164 5.788[7] (17) 0.0312511519 1.054[8] (18) 0.03125067253 1.338[7] (19) 0.03125053534 9.50[9] (20) 0.0312503765 3.80[9] (21) 0.0312501542 3.10[8] (22) 0.031250120 3.4[9] (23) 0.0312500159 1.34[9] (24) 0.0312500172 1.8[8]

TABLE IV. Energies and widths of H− 1 Do and 1 F o Feshbach resonances below the n = 3 threshold. R-matrix CCR CESE Pathak et al [34] Odgers et al [35] Bhatia and Ho [57] Ho [56] This work State −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.)

1Do(1) 0.0594095 2.755[4] 0.05943 2.645[4] 0.059431007 2.49901[4] 0.059430923 2.4991[4] (2) 0.0555997787 2.6768[6] (3) 0.055556101835 3.3034[8] 1F o(1) 0.056558 5.5[6] 0.056875 0.0565588 5.02[6] 0.0565587519 5.0068[6] (2) 0.05565771162 5.5402[7] (3) 0.05556643170 5.972[8] (4) 0.055556720982 6.408[9] (5) 0.0555556809 6.8[10]

TABLE V. Energies and widths of H− 1Do and 1 F o Feshbach resonances below the n = 4 threshold. R-matrix Variational Close-Coupling CCR CESE Pathak et al [34] Callaway [49] Ho and Callaway [55] This work State −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.) −E(a.u.) Γ(a.u.)

1Do(1) 0.036498 1.175[3] 0.03635 1.25[3] 0.03652 1.2[3] 0.0365292 1.2286[3] (2) 0.032067 2.16[4] 0.03209299 2.50202[4] (3) 0.031709 7.0[6] 0.03171549133 7.42094[6] (4) 0.0314025 4.55[5] 0.031416853 5.4614[5] (5) 0.0312835667 1.12238[5] (6) 0.03127688546 4.9388[7] (7) 0.0312567786 2.276[6] (8) 0.03125144201 2.6238[8] (9) 0.03125137195 4.6184[7] (10) 0.0312502777 9.378[8] (11) 0.03125007408 2.10[9] 1F o(1) 0.035098 6.55[4] 0.03515 6.5[4] 0.035125 6.5[4] 0.03511423 6.550[4] (2) 0.0334555 1.80[5] 0.033461482 2.042[5] (3) 0.031846 6.5[6] 0.03184856 7.578[6] (4) 0.031661 4.85[5] 0.03170402 7.946[5] (5) 0.03147 5[4] 0.0314357 3.880[4] (6) 0.031418432 2.052[6] (7) 0.031317286 1.4470[5] (8) 0.031297999 5.820[7] (9) 0.0312746 2.06[5] (10) 0.0312637636 1.874[7] (11) 0.031260405 2.424[6] (12) 0.0312539447 4.90[8] (13) 0.0312515877 3.660[7] (14) 0.03125113086 1.376[8] (15) 0.0312503239 4.72[9] (16) 0.0312502433 5.562[8] (17) 0.031250024 2.2[8]

TABLE VI. The orbital basis set used in the present computation of^1P^o,^1D^o and^1F^o resonances. The number of localized radial STO’s, N_{loc}, and the number of complex rotated rarial STO’s, N_{rot}, for each orbital symmetry, l, are given. The STOs are chosen systematically for groups of states so as to have their average r fall in a more or less regular way inside the range defined by < r >_{min} and < r >_{max}.

s p d f g h i k < r >min < r >max Nloc Nrot Nloc Nrot Nloc Nrot Nloc Nrot Nloc Nrot Nloc Nrot Nloc Nloc 1 P o 33 35 33 34 33 33 31 32 29 27 25 1.2 6600 1Do 31 34 31 33 31 32 29 27 25 2.0 4300 1 F o 30 33 30 32 30 31 30 30 28 29 26 28 24 22 1.6 4500

TABLE VII. The basis set expansion for the CESE computation of^1P^o,^1D^o and^1F^o resonances. For a given total symmetry, the number of radial terms within the angular contribution ll^′ is given.

sp pd df fg gh hi sf pg dh fi gk Total 1P^o 998 822 675 576 511 435 4017 1D^o 869 768 689 601 519 3446 1F^o 701 606 534 456 756 621 520 468 395 5057

TABLE VIII.^1P^o shape resonance above the n = 2 H threshold. The real, E, and imaginary, −^1_2 Γ, parts of complex energy, the energy position with respect to the n = 2 H threshold (−0.125a.u.), δE, and with respect to the H^− ground state, ΔE, and the width, Γ, are given. Our results are compared with the experimental [88,89,29] and theoretical ones obtained from the CCR [90,87,85], L^2-Feshbach [41], close-coupling [48], and R-matrix [34,36] methods.

Reference −E(a.u.)^1_2 Γ(10^{−4}a.u.) δE(10^{−5}a.u.) ΔE(eV ) Γ(meV )

present 0.124387 3.55 61.3 10.9697 19.3 [90] 0.124351 2.60 64.9 10.9707 14.1 [87] 0.12437 63. 10.9702 18.5 [85] 0.12436 3.45 64. 10.9705 18.8 [41] 0.12424 76. 10.9737 22.6 [48] 0.124395 3.68 60.5 10.9695 20.0 [34] 0.124328 5.8 67.2 10.9713 32 [36] 0.124242 3.425 75.8 10.9737 18.6

Experiment [88] 10.971 21.2(11) [89] 10.974(3) 20(1) [89] 10.970(3) 30(1) [29] 10.971(3)^a 22(3)

aThe result of Williams [29] is 10.217(3)eV above the 1s H ground level, this result has been shifted to the 1s^2 H^− position by the electron affinity 0.7544eV .

TABLE IX. Results of the present CESE (complex eigenvalue Schrödinger equation) calculations for H^− resonances of^1P^o symmetry below the n = 2 threshold. E: total energy in a.u. (For H^−, 1a.u. = 27.211396 ×^M_{M+1} = 27.19658eV ). Γ: total width. ϵ_m ≡ E_{th} − E_m: the energy distance from threshold. R_ϵ ≡ ϵ_{m−1}/ϵ_m, R_Γ ≡ Γ_{m−1}/Γ_m.

State −E(a.u.) ϵ(10^{−9}a.u.)^Γ_2 (10^{−10}a.u.) R_ϵ R_Γ

1 0.126049837 1049837. 6809.

2 0.1250350503 35050.30 364. 29.952 18.706 3 0.12500119344 1193.44 13.2 29.369 27.576 4 0.1250000408 40.80 0.1 29.251^{a)} The value of the ratio given by the G-D model is [17] 29.334 a) Because of the extreme diffuseness of this state function and of the corresponding small number for Γ, the value for R_Γ did not have the same level of accuracy and therefore it is excluded from the list.

TABLE X. As in Table IX, for^1P^o H^− resonances below the n = 3 threshold. Two series are established, labeled A and B. Note the existence of overlapping resonances: A3 and B4.

A B State −E(a.u.) ϵ(10^{−8}a.u.)^Γ_2 (10^{−8}a.u.) R_ϵ R_Γ R_ϵ R_Γ 1 A1 0.06271692 716136. 59503. 2 B1 0.0585718096 301625.40 449.37 3 B2 0.056116399 56084.3 112.89 5.378 3.981 4 A2 0.05590626 35070. 3547.4 20.420 16.774 5 B3 0.0556630559 10750.03 19.774 5.217 5.709 6 A3 0.0555763612 2080.56 209.27 16.856 16.951 7 B4 0.0555763099 2075.43 10.015 5.180 1.974 8 B5 0.055559575918 402.0362 0.7586 5.162 13.202 9 A4 0.05555679529 123.973 12.849 16.782 16.287 10 B6 0.055556333474 77.7918 0.1451 5.168 5.228 11 B7 0.05555570632 15.076 0.0294 5.160 4.935 12 A5 0.05555562951 7.395 0.7640 16.763 16.818 13 B8 0.055555583 2.7 0.55 5.493^{a)} The values of the ratio given by the G-D model are [17] 16.752 5.164 a) See footnote of Table IX.

TABLE XI. As in Tables IX and X, for 1 P o H− resonances below the n = 4 threshold. Note the appearance of the state D, which does not belong to any of the three series, (A, B and C), which are predicted by the G-D model. This resonance overlaps with the neighboring ones, B4 and A4.

A B C State −E(a.u.) ϵ(10−6 a.u.) Γ2 (10−8 a.u.) Rϵ RΓ Rϵ RΓ Rϵ RΓ

1 A1 0.0371794 5929.4 51716.4 2 B1 0.03429397 3043.97 916.4 3 A2 0.032350629 1100.629 12076. 5.387 4.283 4 B2 0.032198287 948.287 396.08 3.210 2.314 5 C1 0.031613080 363.080 297.9 6 B3 0.03155516 305.16 135.8 3.108 2.917 7 A3 0.03149750 247.50 3275. 4.447 3.687 8 B4 0.031349759 99.759 43.59 3.059 3.115 9 D 0.03132298 72.98 5693.3 10 A4 0.031304250 54.250 584.7 4.562 5.601 11 B5 0.031282674 32.674 14.3 3.053 3.048 12 C2 0.0312645831 14.5831 13.07 24.897 22.79 13 A5 0.0312627480 12.7480 125.55 4.256 4.657 14 B6 0.031260682 10.682 4.7 3.059 3.043 15 B7 0.0312535114 3.5114 1.62 3.042 2.901 16 A6 0.03125293164 2.93164 28.94 4.348 4.338 17 B8 0.0312511519 1.1519 0.527 3.048 3.074 18 A7 0.03125067253 0.67253 6.69 4.359 4.326 19 C3 0.03125053534 0.53534 0.475 27.241 27.516 20 B9 0.0312503765 0.3765 0.190 3.059 2.774 21 A8 0.0312501542 0.1542 1.55 4.361 4.316 22 B10 0.031250120 0.120 0.17 3.138 a) 23 C4 0.0312500159 0.0159 0.067 a) a) 24 A9 0.0312500172 0.0172 0.9 a) a) The values of the ratio given by the G-D model are [17] 4.360 3.047 27.299 a) See footnote of Table IX.

TABLE XII. As in Tables IX – XI, for^1D^o H^− resonances below the n = 3 threshold.

State −E(a.u.) ϵ(10^{−9}a.u.)^Γ_2 (10^{−9}a.u.) R_ϵ R_Γ

1 0.059430923 3875367. 124955.

2 0.0555997787 44223.1 1338.4 87.632 93.361 3 0.055556101835 546.28 16.517 80.953 81.032 The value of the ratio given by the G-D model is [17] 80.552

TABLE XIII. As in Tables IX – XII, for^1D^o H^− resonances below the n = 4 threshold. Note the existence of overlapping resonances: B3 and A6.

A B State −E(a.u.) ϵ(10^{−6}a.u.)^Γ_2 (10^{−6}a.u.) R_ϵ R_Γ R_ϵ R_Γ 1 A1 0.0365292 5279.2 614.3 2 A2 0.03209299 842.99 125.101 6.262 4.910 3 B1 0.03171549133 465.49133 3.71047 4 A3 0.031416853 166.853 27.307 5.052 4.581 5 A4 0.0312835667 33.5667 5.6119 4.971 4.866 6 B2 0.03127688546 26.88546 0.24694 17.314 15.026 7 A5 0.0312567786 6.7786 1.138 4.952 4.931 8 B3 0.03125144201 1.44201 0.013119 18.644 18.823 9 A6 0.03125137195 1.37195 0.23092 4.941 4.928 10 A7 0.0312502777 0.2777 0.04689 4.940 4.925 11 B4 0.03125007408 0.07408 0.00105 19.466^{a)} The values of the ratio given by the G-D model are [17] 4.940 18.777 a) See footnote of Table IX.

TABLE XIV . As in Tables IX – XIII, for^1F^o H^− resonances below the n = 3 threshold.

State −E(a.u.) ϵ(10^{−10}a.u.)^Γ_2 (10^{−10}a.u.) R_ϵ R_Γ

1 0.0565587519 10031963. 25034.

2 0.05565771162 1021560.6 2770.1 9.820 9.037 3 0.05556643170 108761.4 298.6 9.393 9.277 4 0.055556720982 11654.26 32.04 9.332 9.320 5 0.0555556809 1253. 3.4 9.298 9.424 The value of the ratio given by the G-D model is [17] 9.323

TABLE XV. As in Tables IX – XIV, for^1F^o H^− resonances below the n = 4 threshold. Note the existence of overlapping resonances: C1 and B3.

A B C State −E(a.u.) ϵ(10^{−6}a.u.)^Γ_2 (10^{−6}a.u.) R_ϵ R_Γ R_ϵ R_Γ R_ϵ R_Γ 1 A1 0.03511423 3864.23 327.5 2 B1 0.033461482 2211.482 10.21 3 B2 0.03184856 598.56 3.789 3.695 2.695 4 A2 0.03170402 454.02 39.73 8.511 8.243 5 C1 0.0314357 185.7 194.0 6 B3 0.031418432 168.432 1.026 3.554 3.693 7 A3 0.031317286 67.286 7.235 6.748 5.491 8 B4 0.031297999 47.999 0.2910 3.509 3.526 9 C2 0.0312746 24.6 10.3 7.549 18.835 10 B5 0.0312637636 13.7636 0.0937 3.487 3.106 11 A4 0.031260405 10.405 1.212 6.467 5.969 12 B6 0.0312539447 3.9447 0.0245 3.489 3.824 13 A5 0.0312515877 1.5877 0.1830 6.554 6.623 14 B7 0.03125113086 1.13086 0.00688 3.488 3.561 15 B8 0.0312503239 0.3239 0.00236 3.491 2.915 16 A6 0.0312502433 0.2433 0.02781 6.526 6.580 17 B9 0.031250024 0.024 0.011^{a) a)} The values of the ratio given by the G-D model are [17] 6.496 3.485 8.516[8] a) See footnote of Table IX.

TABLE XVI. Wavefunction characteristics for the^1P^o H^− resonances lying below the n = 2 threshold. < r_{out} > is the estimate for the size of each state due to the outer electron, computed as the average of the distance of the outer electron from the center of mass (in a.u.). R_{<r>} is the ratio of consecutive values of < r_{out} >. The notation [x] means 10^{−x}.

State < r_{out} > R_{<r>} sp pd df fg gh hi

1 33.80 0.910 0.090 0.7[4] 0.8[6] 0.5[7] 0.4[8] 2 186.1 5.509 0.885 0.115 0.2[5] 0.2[7] 0.2[8] 0.2[9] 3 1013 5.443 0.881 0.119 0.7[7] 0.8[9] 0.7[10] 0.7[11] 4 5518 5.447 0.880 0.120 0.2[8] 0.3[10] 0.2[11] 0.2[12]

TABLE XVII. As in Table XVI for H^{− 1}P^o resonances below the n = 3 threshold. Two series of states are established, labeled by A and B. Note the enormous size of the outer orbital of the last few states, in accordance with the Gailitis-Damburg model of dipole resonances.

State < r_{out} > R_{<r>} sp pd df fg gh hi 1 A1 20.85 0.446 0.519 0.036 0.4[4] 0.1[5] 0.2[6] 4 A2 72.61 3.48 0.361 0.565 0.074 0.9[4] 0.3[6] 0.2[7] 7 A3 281.7 3.88 0.329 0.582 0.090 0.5[5] 0.2[7] 0.1[8] 9 A4 1169 4.15 0.338 0.573 0.089 0.3[6] 0.1[8] 0.6[10] 12 A5 4781 4.09 0.331 0.576 0.093 0.2[7] 0.6[10] 0.4[11] 2 B1 37.58 0.725 0.262 0.013 0.3[4] 0.1[6] 0.6[8] 3 B2 88.23 2.35 0.701 0.283 0.016 0.9[5] 0.3[7] 0.1[8] 5 B3 204.9 2.32 0.680 0.299 0.021 0.2[5] 0.6[8] 0.2[9] 6 B4 476.2 2.32 0.682 0.298 0.022 0.3[6] 0.7[9] 0.3[10] 8 B5 1074 2.26 0.663 0.311 0.026 0.7[7] 0.2[9] 0.9[11] 10 B6 2446 2.28 0.660 0.313 0.027 0.1[7] 0.4[10] 0.2[11] 11 B7 5562 2.27 0.664 0.311 0.025 0.3[8] 0.8[11] 0.4[12] 13 B8 11499 2.07 0.659 0.317 0.025 0.6[9] 0.2[11] 0.7[13]

TABLE XVIII. As in Table XVI for H^{− 1}P^o resonances below the n = 4 threshold. The D state does not belong to any of the three series predicted by the G-D model. State < r_{out} > R_{<r>} sp pd df fg gh hi 1 A1 35.20 0.289 0.563 0.144 0.5[2] 0.7[5] 0.5[7] 3 A2 71.74 2.038 0.249 0.551 0.190 0.011 0.4[4] 0.6[7] 7 A3 151.4 2.110 0.215 0.542 0.226 0.017 0.2[4] 0.3[7] 10 A4 314.9 2.080 0.205 0.511 0.258 0.027 0.1[3] 0.1[6] 13 A5 666.3 2.116 0.196 0.521 0.257 0.025 0.1[4] 0.1[7] 16 A6 1397 2.097 0.198 0.520 0.257 0.025 0.3[5] 0.2[8] 18 A7 2920 2.090 0.195 0.520 0.260 0.025 0.6[6] 0.5[9] 21 A8 6095 2.087 0.195 0.519 0.261 0.026 0.1[6] 0.1[9] 24 A9 9679 1.588 0.235 0.508 0.240 0.017 0.6[7] 0.5[10] 2 B1 53.54 0.610 0.338 0.050 0.2[2] 0.5[5] 0.1[7] 4 B2 96.41 1.801 0.585 0.352 0.062 0.3[2] 0.4[5] 0.8[8] 6 B3 172.0 1.784 0.568 0.355 0.073 0.4[2] 0.1[4] 0.1[7] 8 B4 308.3 1.792 0.550 0.369 0.077 0.4[2] 0.6[6] 0.9[9] 11 B5 543.8 1.764 0.543 0.372 0.081 0.4[2] 0.2[6] 0.3[9] 14 B6 953.3 1.753 0.539 0.372 0.084 0.5[2] 0.3[6] 0.3[9] 15 B7 1675 1.757 0.529 0.377 0.089 0.6[2] 0.2[7] 0.3[10] 17 B8 2928 1.749 0.529 0.377 0.088 0.6[2] 0.8[8] 0.1[10] 20 B9 5109 1.745 0.528 0.376 0.090 0.6[2] 0.7[8] 0.8[11] 22 B10 8549 1.673 0.516 0.384 0.094 0.6[2] 0.1[8] 0.2[11] 5 C1 77.59 0.271 0.172 0.490 0.067 0.4[3] 0.5[6] 12 C2 319.0 4.111 0.295 0.116 0.495 0.095 0.3[4] 0.3[7] 19 C3 1578 5.948 0.302 0.102 0.493 0.103 0.1[5] 0.1[8] 23 C4 6858 4.346 0.315 0.092 0.493 0.101 0.6[7] 0.6[10] 9 D 55.32 0.304 0.059 0.489 0.146 0.2[2] 0.2[5]

TABLE XIX. As in Table XVI for H^{− 1}D^o resonances below the n = 3 threshold.

State < r_{out} > R_{<r>} pd df fg gh hi 1 22.50 .934 .066 .1[3] .2[5] .2[6] 2 141.4 6.29 .873 .127 .4[4] .1[6] .3[8] 3 1213. 8.58 .858 .142 .5[6] .1[8] .4[10]

TABLE XX. As in Table XVI for H^{− 1}D^o resonances below the n = 4 threshold.

State < r_{out} > R_{<r>} pd df fg gh hi 1 A1 35.19 .748 .242 .010 .1[4] .8[7] 2 A2 76.11 2.163 .690 .293 .017 .5[4] .8[7] 4 A3 169.6 2.229 .646 .328 .025 .1[4] .2[7] 5 A4 378.8 2.233 .625 .345 .030 .3[5] .4[8] 7 A5 844.2 2.229 .612 .354 .033 .5[6] .7[9] 9 A6 1877. 2.223 .602 .360 .037 .1[6] .2[9] 10 A7 4165. 2.219 .604 .360 .036 .2[7] .3[10] 3 B1 71.91 .476 .469 .055 .4[3] .4[6] 6 B2 258.0 3.589 .431 .497 .072 .3[4] .3[7] 8 B3 1064. 4.122 .421 .503 .076 .2[5] .2[8] 11 B4 4239. 3.987 .415 .507 .078 .9[7] .9[10]

TABLE XXI. As in Table XVI for H^{− 1}F^o resonances below the n = 3 threshold.

State < r_{out} > R_{<r>} sf pd pg df dh fg fi gh gk 1 47.78 0.143 0.815 0.015 0.027 0.3[3] 0.5[4] 0.8[7] 0.2[6] 0.4[8] 2 154.6 3.24 0.176 0.756 0.032 0.035 0.1[2] 0.5[5] 0.8[7] 0.1[7] 0.5[9] 3 483.2 3.13 0.183 0.737 0.039 0.039 0.2[2] 0.5[6] 0.9[8] 0.1[8] 0.5[10] 4 1488. 3.08 0.186 0.731 0.041 0.040 0.2[2] 0.6[7] 0.9[9] 0.1[9] 0.5[11] 5 4604. 3.03 0.187 0.728 0.042 0.040 0.3[2] 0.6[8] 0.1[9] 0.2[10] 0.6[12]

TABLE XXII. As in Table XVI for H^{− 1}F^o resonances below the n = 4 threshold.

State < r_{out} > R_{<r>} sf pd pg df dh fg fi gh gk 1 A1 36.14 0.565 0.293 0.085 0.054 0.2[2] 0.4[2] 0.1[4] 0.1[4] 0.9[7] 4 A2 88.18 2.44 0.522 0.222 0.172 0.052 0.026 0.5[2] 0.9[3] 0.2[4] 0.9[6] 7 A3 230.6 2.62 0.479 0.228 0.196 0.047 0.044 0.5[2] 0.3[2] 0.1[5] 0.4[6] 11 A4 591.7 2.57 0.453 0.243 0.199 0.047 0.052 0.3[2] 0.4[2] 0.3[5] 0.7[7] 13 A5 1509. 2.55 0.442 0.241 0.202 0.050 0.056 0.4[2] 0.4[2] 0.2[6] 0.1[7] 16 A6 3828. 2.54 0.447 0.223 0.212 0.050 0.059 0.4[2] 0.5[2] 0.3[7] 0.2[8] 2 B1 55.73 0.203 0.693 0.029 0.072 0.1[2] 0.2[2] 0.1[4] 0.7[5] 0.6[8] 3 B2 108.7 1.95 0.207 0.674 0.034 0.080 0.3[2] 0.3[2] 0.6[4] 0.3[5] 0.3[7] 6 B3 209.6 1.93 0.217 0.640 0.047 0.087 0.5[2] 0.4[2] 0.2[3] 0.1[5] 0.3[7] 8 B4 398.5 1.90 0.219 0.627 0.052 0.091 0.6[2] 0.4[2] 0.3[3] 0.3[6] 0.1[7] 10 B5 751.3 1.89 0.226 0.602 0.065 0.093 0.9[2] 0.5[2] 0.4[3] 0.9[7] 0.2[8] 12 B6 1411. 1.88 0.225 0.601 0.064 0.094 0.9[2] 0.5[2] 0.5[3] 0.3[7] 0.7[9] 14 B7 2642. 1.87 0.227 0.594 0.068 0.095 0.010 0.5[2] 0.5[3] 0.8[8] 0.3[9] 15 B8 4888. 1.85 0.221 0.612 0.058 0.096 0.8[2] 0.5[2] 0.4[3] 0.2[8] 0.4[10] 17 B9 6749. 1.36 0.275 0.621 0.020 0.079 0.4[2] 0.2[2] 0.3[3] 0.3[8] 0.7[10] 5 C1 45.71 0.223 0.067 0.019 0.624 0.2[2] 0.078 0.8[4] 0.8[3] 0.1[6] 9 C2 143.9 3.15 0.301 0.034 0.103 0.445 0.034 0.086 0.3[2] 0.3[3] 0.2[5]

REFERENCES

[1] M. Bylicki and C. A. Nicolaides, Phys. Rev. A, following paper. [2] M. Bylicki and C. A. Nicolaides, J. Phys. B 32, L317 (1999). [3] C. A. Nicolaides, Phys. Rev. A 6, 2078 (1972).

[4] C. A. Nicolaides and D. R. Beck, Int. J. Quantum Chem. 14, 457 (1978). [5] Y. Komninos, G. Aspromallis, and C. A. Nicolaides, Phys. Rev. A 27, 1865 (1983). [6] C. A. Nicolaides and Th. Mercouris,Phys. Rev. A 32, 3247 (1985). [7] M. Chrysos, Y. Komninos, Th. Mercouris, and C. A. Nicolaides, Phys. Rev. A 42, 2634 (1990).

[8] Th. Mercouris and C. A. Nicolaides, J. Phys. B 24, L557 (1991). [9] M. Bylicki and C. A. Nicolaides, Phys. Rev. A 48, 3589 (1993); M. Bylicki, S. I. Themelis and C. A. Nicolaides, J. Phys. B 27, 2741 (1994).

[10] S. I. Themelis and C. A. Nicolaides, J. Phys. B 28, L379 (1995). [11] Th. Mercouris and C. A. Nicolaides, J. Phys. B 30 811 (1997). [12] C. A. Nicolaides, Int. J. Quantum Chem. 71, 209 (1999); ibid, 60, 119 (1996). [13] M. Gailitis and R. Damburg, Proc. Phys. Soc. 82, 192 (1963); M. Gailitis, J. Phys. B 13, L479 (1980).

[14] A. Temkin and J. F. Walker, Phys. Rev. 140, A1520 (1965). [15] J. C. Y. Chen and M. Rotenberg, Phys. Rev. 166, 7 (1968). [16] M. Rotenberg and M. R. Cordes, J. Phys. B 5, 2225 (1972). [17] A. Pathak, P. G. Burke, and K. A. Berrington, J. Phys. B 22, 2759 (1989). [18] Gailitis and Damburg [13] point out that in fact the series of the dipole resonances terminate because of the lifting of the hydrogen degeneracy caused by the relativistic splitting. A related comment is given in our section IV.

[19] N. A. Piangos and C. A. Nicolaides, J. Phys. B 31, L147 (1998). [20] M. Halka, H. C. Bryant, E. P. Mackerrow, W. Miller, A. H. Mohagheghi, C. Y. Tang, S. Cohen, J.B. Donahue, A. Hsu, C. R. Quick, J. Tiee, and K. Rozsa Phys. Rev. A 44 6127 (1991).

[21] H. H. Andersen, P. Balling, P. Kristensen, U. V. Pedersen, S. A. Aseyev, V. V. Petrunin, T. Andersen, Phys. Rev. Lett. 79, 4770 (1997).

[22] A. Stintz, X. M. Zhao, C. E. M. Srauss, W. B. Ingalls, G. A. Kyrala, D. J. Funk, and H. C. Bryant, Phys. Rev. Lett. 75, 2924 (1995).

[23] For easy reference, the relevant energy values are: Infinite mass atomic unit = 27.211396eV . Using the reduced mass for hydrogen, 1a.u. = 27.19658eV . The hydrogen threshold energies are: E_{n=2} = −0.125a.u., i.e. 10.19872eV above H 1s. E_{n=3} = −0.0555556a.u., i.e. 12.08737eV above H 1s. E_{n=4} = −0.03125a.u., i.e. 12.74840eV above H 1s. The total (relativistic) energy of H^− 1s^{2 1}S is −0.5277317a.u.. The nonrelativistic total energy of H^− is −0.5277510a.u. [G. W. Drake, Nucl. Inst. Meth. B31, 7 (1988)].

[24] J. W. McGowan, Phys. Rev. 156, 165 (1967); J. W. McGowan, J. F. Williams, and E.

K. Curley, Phys. Rev. 180, 132 (1969). [25] G. J. Schulz, Rev. Mod. Phys. 45, 378 (1973).

[26] J. S. Risley, A. K. Edwards, and R. Geballe, Phys. Rev. A 9, 1115 (1974). [27] J. F. Williams, in: Progress in Atomic Spectroscopy, eds. W. Hanle and H. Kleinpoppen, Plenum Press, New York (1979), p. 1031.

[28] C. D. Warner, G. C. King, P. Hammond, and J. Slevin J. Phys. B 19 3297 (1986); C.

D. Warner, P. M. Rutter, and G. C. King, J. Phys. B 23, 93 (1990). [29] J. F. Williams, J. Phys. B 21, 2107 (1988).

[30] E. Träbert, P. H. Heckmann, J. Doerfert, and J. Granzow, J. Phys. B 25, L353 (1992). [31] Y. Komninos and C. A. Nicolaides, J. Phys. B 30, L237 (1997). [32] L. Sanche and P. D. Burrow, Phys. Rev. Lett. 29, 1639 (1972). [33] S. J. Buckman and C. W. Clark, Rev. Mod. Phys. 66, 539 (1994). [34] A. Pathak, A. E. Kingston, and K. A. Berrington, J. Phys. B 21, 2939 (1988). [35] B. R. Odgers, M. P. Scott, and P. G. Burke, J. Phys. B 28, 2973 (1995). [36] H. R. Sadeghpour, C. H. Greene, and M. Cavagnero, Phys. Rev. A 45, 1587 (1992); H.

R. Sadeghpour and C. H. Greene, Phys. Rev. Lett. 65, 313 (1990). [37] Y. K. Ho, Phys. Rev. A 23, 2137 (1981). [38] Y. K. Ho, Chin. J. Phys. 29, 327 (1991).

[39] T. F. O’Malley and S. Geltman,Phys. Rev. 137, A1344 (1965). [40] G. J. Seiler, R. S. Oberoi, and J. Callaway, Phys. Rev. A 3, 2006 (1971). [41] M. Cortés and F. Martín, Phys. Rev. A 48, 1227 (1993). [42] M. Venuti and P. Decleva, J. Phys. B 30, 4839 (1997).

[43] E. Lindroth, A. Bürgers, and N. Brandefelt, Phys. Rev. A 57, R685 (1998). [44] T. Purr and H. Friedrich, Phys. Rev. A 57, 4279 (1998). [45] T. T. Gien, J. Phys. B 31, L1001 (1998).

[46] M. Chrysos, Y. Komninos, and C. A. Nicolaides, J. Phys. B 25, 1977 (1992). [47] L. A. Morgan, M. R. C. McDowell, and J. Callaway, J. Phys. B 10, 3297 (1977).

[48] J. Callaway, Phys. Rev. A 26, 199 (1982). [49] J. Callaway, Phys. Rev. A 37, 3692 (1988).

[50] L. Lipsky, R. Anania, and M. J. Connelly, At. Data Nucl. Data 20, 127 (1977). [51] The use of unoptimized bound hydrogenic functions in a single diagonalization without the contribution of the open channels cannot establish correspondence of a root with a resonance state.

[52] G. D. Doolen, J. Nuttal, and R. W. Stagat, Phys. Rev. A 10, 1612 (1974). [53] G. D. Doolen, J. Phys. B 8 525 (1975).

[54] G. D. Doolen, Int. J. Quantum Chem. 14, 523 (1978). [55] Y. K. Ho and J. Callaway, Phys. Rev. A 34, 130 (1986). [56] Y. K. Ho, Phys. Lett. A 189, 374 (1994).

[57] A. K. Bhatia and Y. K. Ho, Phys. Rev. A 50, 4886 (1994). [58] C. A. Nicolaides, N. Makri, and Y. Komninos, J. Phys. B 20, 4963 (1987). [59] Y. Komninos and C. A. Nicolaides, Phys. Rev. A 50, 3782 (1994). [60] C. Haritos, Th. Mercouris, and C. A. Nicolaides, J. Phys. B 31, L783 (1998). [61] Y. Komninos, S. I. Themelis, M. Chrysos, and C. A. Nicolaides, Int. J. Quantum Chem.

S27, 399 (1993).

[62] M. Bylicki, J. Phys. B 30, 189 (1997).

[63] M. Bylicki and C. A. Nicolaides, J. Phys. B 31, L685 (1998). [64] U. Fano, Phys. Rev. 124, 1866 (1961). [65] H. Feshbach, Ann. Phys. (NY) 19, 287 (1962).

[66] C. A. Nicolaides, Y. Komninos, and Th. Mercouris, Int. J. Quantum Chem. S15, 355 (1981).

[67] C. A. Nicolaides and S. I. Themelis, Phys. Rev. A 45, 349 (1992); S. I. Themelis and C. A. Nicolaides, Phys. Rev. A 59, 2500 (1999).

[68] A. F. J. Siegert, Phys. Rev. 56, 750 (1939).

[69] E. C. Kemble, The Fundamental Principles of Quantum Mechanics McGraw-Hill (NY) (1937), section 31f.

[70] Ya. B. Zel’dovich, Sov. Phys. JETP 12, 542 (1961). [71] T. Berggren, Nucl. Phys. A109, 265 (1968).

[72] A. M. Dykhne and A. V. Chaplik, Sov. Phys. JETP 13, 1002 (1961). [73] J. Aguilar and J. M. Combes, Comm. Math. Phys. 22, 269 (1972). [74] E. Balslev and J. M. Combes, Comm. Math. Phys. 22, 280 (1972). [75] B. Simon, Comm. Math. Phys. 27, 1 (1972).

[76] R. A. Bain, J. N. Bardsley, B. R. Junker and C. V. Sukumar, J. Phys. B 7, 2189 (1974). [77] C. A. Nicolaides and D. R. Beck, Phys. Lett. 65A, 11 (1978); C. A. Nicolaides, H. J.

Gotsis, M. Chrysos, and Y. Komninos, Chem. Phys. Lett. 168, 570 (1990). [78] D. R. Herrick and O. Sinanoğlu, Phys. Rev. A 11, 97 (1975). [79] D. R. Herrick, Phys. Rev. A 12, 97 (1975).

[80] S. I. Nikitin and V. N. Ostrovsky, J. Phys. B 9, 3141 (1976). [81] D. R. Herrick, M. E. Kellman and R. D. Poliak, Phys. Rev. A 22, 1517 (1980). [82] C. D. Lin, Adv. At. Mol. Phys. 22, 77 (1986). [83] J. M. Rost and J. S. Briggs, J. Phys. B 24, 4293 (1991).

[84] T. Purr, H. Friedrich, and A. T. Stelbovics, Phys. Rev. A 57, 308 (1998). [85] Y. K. Ho and A. K. Bhatia, Phys. Rev. A 48, 3720 (1993). [86] Y. K. Ho, Phys. Rev. A 45, 148 (1992). [87] E. Lindroth, Phys. Rev. A 52, 2737 (1995).

[88] H. C. Bryant, D. A. Clark, K. B. Butterfield, C. A. Frost, H. Sharifian, H. Tootoonchi, J. B. Donahue, P. A. M. Gram, M. E. Hamm, R. W. Hamm, J. C. Pratt, M. A. Yates, and W. W. Smith, Phys. Rev. A 27, 2889 (1983).

[89] M. Halka, H. C. Bryant, C. Johnstone, B. Marchini, W. Miller, A. H. Mohagheghi, C.Y.

Tang, K. B. Butterfield, D. A. Clark, S. Cohen, J. B. Donahue, P. A. M. Gram, R. W. Hamm, A. Hsu, D. W. MacArthur, E. P. MacKerrow, C. R. Quick, J. Tiee, and K. Rózsa, Phys. Rev. A 46, 6942 (1992).

[90] J. J. Wendolowski and W. P. Reinhardt, Phys. Rev. A 17, 195 (1978). [91] The complete set of Tables of this paper is available from the EPAPS server. This deposit includes the tables with wavefunction characteristics for all the states investigated in this paper.