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Photodetachment of HE 1s2s2p *P° in the region of the 1s threshold
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The photodetachment cross section of tre2sPp *P° metastable state of Hein the region of the &
threshold has been calculated using our enhaRegtatrix code with the asymptotic part upgraded to handle
a negative-ion system. The results showsaphotodetachment cross section with numerous structures, com-
pletely different from similar situations in atoms or positive ions. This is found to be due to the dominance of
correlation of both initialand final states of the negative ion. Specifically, interchannel coupling and a newly
identified multiconfiguration overlap effect are primarily responsible for the dramatiphbtodetachment
cross-section phenomenology. Comparison with a previous calculation has been made and, while there are
some areas of excellent agreement, overall there are very serious discrepancies, as much as an order of

magnitude.
DOI: 10.1103/PhysRevA.64.012714 PACS nuniber32.80.Gc
[. INTRODUCTION cross section for the sPs2p “P° metastable state of the

negative helium ion at low energig4]. It was found that the
Negative atomic ions provide a great theoretical challeng&PM code exhibited numerical difficulties when applied to
because they are extremely sensitive to electron correlatioihe photodetachment ofs2s2p “P° He™ around the &
effects. Studies of negative ions, therefore, are quite useful tthreshold. Therefore we have modified the-matrix
help us to understand the general character of correlatioasymptotic code using another variable phase method pack-
effects in atomic systems. Over the past few years, the adige[5], one which we believe corrects the difficulties for
vent of appropriate lasers have engendered a number of eiiner-shell photodetachment. To test our methodology, He
perimental studies of negative-ion photodetachment for thds2s2p “P° photodetachment was calculated from the de-
outer shell[1]. But there are almost no experimental inves-tachment threshold,sPs 3S of He to 4 eV, and we find very
tigations into inner-shell photodetachment of negative ionsgood agreement with earlier calculations and experiment for
and none for & shells. On the theoretical side, several highlythe outer shell§4,6—8. We therefore focus on the higher-
sophisticated computational techniques have been developetiergy region whereslelectrons can be detached. The basic
to deal with photoabsorption by atomic systems; included irequations are the same as|[i8,9]. However, we used an
these methods is tHR-matrix methodology. This method has appropriate Gailitis expansiofi0] for the solutions in the
been extensively employed to study the photoionization ofisymptotic region and thereby get stable solutions.
atoms and positive iorf]. But it has not been much applied  An important motivation for looking at inner shells of
to photodetachment of negative ions. This has been due toegative ions emerges from a recent theoretical study of the
the lack of an efficient outer-region asymptotic code. Be-photodetachment of thes2s2p “P° state of Hé from
cause the neutral target electron effectively screens the ionthreshold to 100 eV undertaken using multiconfiguration
charge, there is no long-range Coulomb field. The outer eleddartree-FocKMCHF) wave functions for discrete states and
tron moves in a potential which is strongly affected by po-a continuum configuration-interactiq€l) method for reso-
larization and correlation. The traditionalR-matrix  nances[11,12. Coupling between open channels was not,
asymptotic cod¢2] is not reliable in such circumstances. however, included. Nevertheless, a number of new and un-
Recently theR-matrix’s asymptotic code, modified to use expected features of the cross section in the vicinity of the 1
the variable phase methdPM) in the outer region, was threshold were uncovered. Most recently a detailed investi-
applied to the photodetachment of Gind Li~ [3]. More  gation of the photodetachment of Hevas performed by Xi
recently, the method was applied to the photodetachmergnd Fischef7,13] and by Liu and Staracfg] for energies
below the Hef=5) threshold and in the sl detachment.
Reference[13] also showed new phenomena in the 1
*Permanent address: DAMAP, UMR 8588 du CNRS, Observathreshold region. These investigations encouraged us to
toire de Paris, 92195 Meudon Cedex, France. study the inner-shell photodetachment of Hef 1s2s2p
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4pP° over a broad energy region to understand the phenom@ne can get the second derivative Foffrom Eq. (2.4) and
enology, to test the code convergence and stability of outhen combine Eq(2.1) to find A’ andB’. Finally, the de-
new R-matrix asymptotic codes for negative ions, and to pro-rivative equation of the&< matrix turns out to bé5]
vide guidance for future experiments.
K'=—(J-KN)V(J—NK). (2.9
Il. CALCULATIONAL DETAILS L . .
The K matrix is calculated starting at thB-matrix box
A. Calculational method in outer region boundaryr ., and integrating outwards tq, where the Gaili-
In the R-matrix method 2], configuration space is divided 1iS asymptotic expansiofb] is applicable. When th& ma-
into two regions: the inner region where exchange and shorfliX is obtained at,, A andB atry, follow from Egs.(2.3)
range interactions are important, and the outer region wher@"d(2.6). We then integrate inward to, and getA andB at
only long-range potentials have to be taken into account. Th8Very point fromry, tor,. Finally each wave function;Fis
commonly used technique in the outer region is to solve th@btained from Eq(2.3). We choose a suitable Gailitis expan-
system of linear second-order differential equations directlysion in order to have reasonably smgl, which also saves
by using an asymptotic expansion technig@g In the case CPU time.
of neutral atom targets, the previous asymptotic expansion
technique may not be valid even for very langa the near B. Target states of neutral helium
threshold region; moreover, when some channels are closed, The process of the photodetachment of ts@<2p (“P°)
but strongly coupled with open channels even away fromState of He is
threshold, direct inwards integration gives solutions which
have very poor linear independence at the matching bound-  He~(1s2s2p)(*P°) + hv— He+ e(4S?,*Pe,“D®).
ary. In order to solve this problem, a more powerful algo- (2.9
rithm has been developed using the variable phase method
and this theory has been described in detail elsewf®®8:  Since all final states of the+ He system are quartets, all of
Basically, in the outer region>r , the target states of He must therefore have triplet spin sym-
metry. Hence the number of states is fewer than we needed

d i+ L2 F--(r)—zi Vi (0 F () in our previous work on inner-shell photoionization of Li
dr? r2 po T e T TR [14].
(2.1 Previously, Spline-Galerkin and inverse iteration methods

have been used to investigate the photodetachment cross sec-
wheren is the number of coupled channels, and the direction [7,13]. Multiconfiguration Hartree-FockMCHF) wave
potentialV;; is given by functions were calculated for the statesnl 3L (n<5|

=< 3) for a study of the crgss section with photon energies up

to 4 eV [7], while 1snl °L (n<3)=<2) plus Znl, 2pnl

Vii(r):z«1 agr- Y, (22 (n=3)<2 and %) were used to study the cross section in
the region of the & detachment thresholdl3]. There are
some similarities between that method and Ramatrix cal-
culation, including the need to define target states. In the
present work, we have calculated configuration-interaction
F=JA—NB 2.3 wave functions using the code CIVf35] for all the above
target states. These wave functions are expressed in the form

The F;; are the solutions representing the motion of con-
tinuum electron, and can be written in matrix form

with the derivatives

M
F'—J'A—N'B, 2.4 q)i(sil—i)=j§=:l ajji(a;SLy), (2.10

whereJ andN are appropriately normalized Bessel and Neu-where theM configuration state functiong; are constructed
mann functions, respectively. Equati@h4) is equivalent to  from one-electron orbitals of the form
a supplementary condition

1
JA'—NB’=0 (2.5 Fpn|(r)Yr1'(9,¢>)XmS(U) (2.1
with the K matrix is defined as with the angular momenta coupled accordingvdo form a
total SL;. The coefficientsa;; are the eigenvector compo-
K=BA™* (2.6)  nents of the Hamiltonian matrix whose typical element is
(ilHnl ¢y, whereH\ is theN-electron target Hamiltonian.
and its derivative The corresponding eigenvalu& of any SL;7 symmetry
are the calculated target state energies, and satisfy the in-
K'=(B'—KA")A™L (2.7 equalities
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TABLE |. Radial function parameters.

nl Cini Lini ini nl Cini Lini Lini
1s 1.00000 1 2.00000 5p 0.49308 2 0.43654
2s 0.25791 1 1.57891 —4.88007 3 0.20894
—1.05773 2 0.59942 8.86096 4 0.20938
3s 0.13462 1 1.55417 —4.89010 5 0.19628
—1.29676 2 0.43294 6p 1.41872 2 1.63103
1.84539 3 0.38195 —0.88912 3 1.16132
4s 0.08509 1 1.53713 0.16570 4 0.43044
—1.40629 2 0.35099 0.19528 5 0.18163
2.91733 3 0.33406 —0.24694 6 0.25885
—2.16177 4 0.26667 7p 3.41494 2 0.89299
5s 0.06082 1 1.52610 —4.99717 3 1.13495
—-1.87151 2 0.27410 1.69275 4 0.92477
6.30854 3 0.26433 1.18282 5 0.18564
—6.40915 4 0.26365 —15.87115 6 0.26035
2.39312 5 0.20038 14.76137 7 0.30221
6s 5.36040 1 0.42671 3d 1.00000 3 0.33361
—17.15148 2 0.99631 4d 1.97489 3 0.25531
12.71993 3 1.53344 —2.48945 4 0.25000
—1.40025 4 0.35705 5d 6.69420 3 0.16726
0.92118 5 0.32335 —9.59266 4 0.20715
—0.15111 6 0.23095 3.23947 5 0.20450
7s 10.60036 1 0.44579 6d 1.38052 3 1.73673
—20.37883 2 0.99631 —0.57055 4 1.36247
10.60975 3 1.54031 0.01198 5 0.47861
—5.62664 4 0.31702 —0.00378 6 0.10230
1.18401 5 0.27338 7d 0.53813 3 1.89934
3.65364 6 0.38276 —1.29879 4 1.20571
—0.64343 7 0.23594 0.60972 5 0.55757
2p 1.00000 2 0.54402 0.48954 6 0.21444
3p 0.69904 2 0.50834 —-0.67118 7 0.31942
—1.25395 3 0.31460 4f 1.00000 4 0.25000
4p 0.60200 2 0.46083 5f 2.21464 4 0.20602
—2.59040 3 0.26131 —2.66780 5 0.19965

2.71187 4 0.24364

Ei> Eiexact’ (2_12 N (Zgjnl)ZIjm-%—l 12 (2 14)

In! (2l)! '

where we assume the eigenvalues are ordefedsE,

<. The value ofk has been set equal to—1, so that the coef-

The inequalities(2.12) constitute variational principles ficients Cjn are uniquely determined by the orthonormality
from which to optimize the radial functionB,(r) in Eq.  requirements

(2.11). They apply equally to the ground and excited bound
states as to doubly excited states of two electron [di6s. *
Specifically, each radial function may be optimized on one fo Pai(r)Pp(r)dr=&pp . (219
of the E;, potentially a different eigenvalue for each radial
function. All the target states that involve thes brbital are of the
The target states in these calculations are expressed {Brm 1snl. For these, the 4 electron is almost unshielded
analytic form, from the nucleus by the other electron, so it is a good ap-
K proximation to representslby a purely hydrogenic function.
_ L o, The radial functions for thenl orbitals (h=5) were then
Pn'(”‘; CiniNjmriint exp(=gjmr), (213 optimized on the energy of the correspondirsnl 3L states.
The influence of electron correlation, which is a short-range
whereN is a normalization factor effect, is felt most strongly in the lower-lying states.
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TABLE II. Energies of target states in the CC expansion and their relative value to tha$2s2p “P°
initial state (1 Ry=13.605804 eV is used to convert Ry to eV

Energy? Relative to He 2 Energy” Relative®

Target (a.u) (Ry) (eV) (a.u) (Ry)

He(1s2s 35) —2.175117 0.005632 0.0766 —2.175202 0.005694
He(1s2p °P°) —2.132969 0.08993 1.2235 —2.133157 0.08978
He(1s3s°S) —2.068656 0.21855 2.9736 —2.068683 0.21873
He(1s3p 2P°) —2.058019 0.23983 3.2630 —2.058058 0.23998
He(1s3d °D) —2.055604 0.24466 3.3288 —2.055636 0.24483
He(2s2p 2P°) —0.758251 2.83936 38.6318 —0.760458 2.83518
He(2p2 3P) —0.708737 2.93839 39.9791 —0.710492 2.93512
He(2s3s 3S) —0.600375 3.15511 42.9278 —0.602486 3.15113
He(283p+2p3SSPO) —0.582778 3.19031 43.4067 —0.584580 3.18694
He(2p3p 3D) —0.580561 3.19474 43.4670 —0.583669 3.18878
He(2s3p—2p3s3P°) —0.576099 3.20367 43.5885 —0.578990 3.19812
He(2p3p °P) —0.565061 322574 438888 —0.567729 3.22064
He(2p3d %F) ~0.560656 3.23455 44.0087 —0.565928 3.22424
He(2p3p 39) —0.557148 3.24157 441042 —0.558841 3.23842
He(2s3d °D) —0.556172 3.24352 44,1307 —0.560198 3.23570
He(2s4s 3S) —0.545869 3.26413 44,4110 —0.548217 3.25967
He(2p3d 3F’o) —0.545521 3.26482 44.4205 —0.548813 3.25847

%Present work.
bReferencg13].

6s,6p,6d functions were optimized on thes2s 3S state, to  velocity forms. Our own calculations agree well with the
take this effect into account. This set of functions is still notOpacity Project calculations, and we note that our velocity
completely adequate for the representation of the doubly exform appears to be slightly more accurate. For this two-
cited states, so the functions o$,7p,7d were optimized on  electron system that is understandable, since the radial func-
the eigenvalue corresponding to the2p 3P° state. The tions are determined variationally and the potential-energy
final parameters of all the radial functions are displayed inoperator and the velocity form of the oscillator strength em-
Table I. phasizes essentially the same region of space. On the basis of
In order to compare our results with the recent calculationthe agreement of the discrete oscillator strengths, we are
[13]in the 1s detachment region, we used the same 17 targeherefore confident that our wave functions provide a good

states as[13] in the Rmatrix close-coupling expansion. representation of the target states for Renatrix calcula-
Table Il shows our calculated energies and compares thegy,,

with the MCHF resultd13], which used a somewhat more
extensive set of orbitals than we have. We were concerned to
limit the orbital set to ensure that tHematrix calculation

did not become too large. Nevertheless, the two sets of cal-

culated energies agree well, though it would appear that our The initial 1s2s2p “P° state of He and the final con-

energies for the €3d and 2p3d are slightly too high. tinuum states are calculated using the same basis functions

Oscillator strengths for transitions between these states %ith the additional of continuum basis functions for each

e ncnore o b s oo s 11l anguls mementu*=50, nd angar momena
. ’ POf scattered electroh<4. Because target orbitals up to
for the weak lines, the agreement between length and veloc;7 |—3 are included. aR-matrix radiusa=83a. is cho-
ity forms is very good: mostly within 2%. A comparison of ' . . 0

our calculations and those of previous authors is shown ifen to ensure that the orbital f_unct|ons approach zero a_‘t the
Table IV. The calculations df17] were undertaken with an Poundary. We allowed a maximum of three electrongpin
extensive use of interelectronic coordinates and are widelndd orbitals, and two electrons ihorbitals for theN+1
regarded as being the most accurate available. The calculglectron system. In the present work, we include exactly the
tions [18] undertaken as part of the Opacity Project agreesame 17 states as R¢fL3] in the CC expansion, and also
closely with those of Ref.17], though unlike[17], they also ~ exactly the same open and closed channels as[R&f. Us-
include p—d transitions. The much earlier configuration- ing these states and channels in Rimatrix calculation, the
interaction calculations df19] were less extensive than any electron affinity of the $2s 3S He state is 0.005631 91 Ry,

of the more recent calculations and for some of the transi76.62 meV, which gives a bound-state energy of
tions display a slightly wider variation between length and—2.177 9328 a.u. for thesPs2p “*P° of the He initial

C. (Target He+e) calculation
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TABLE Ill. Oscillator strengthd and transition probabilities(s™ 1) in length and velocity formulations.
Numbers in brackets denote powers of 10.

States

Lower Upper MA) f| f, A A,
1s2s 3S 1s2p 3p° 10807.55 0.5414 0.5404 1.030 1.0287]
1s3p 3p° 3889.97 0.0635 0.0640 9.353 9.4036]
1s4p 3p° 3189.33 0.0250 0.0256 5.48) 5.5946]
1s5p 2p° 2946.57 0.0108 0.0119 2.781 3.0516]
2s2p °p° 321.58 0.2483 0.2501 5.3 5.3789]
2s3p 3P° 286.14 0.0040 0.0038 1.0/ 1.0338]
2p3s 3pP° 284.95 0.0546 0.0550 1.494 1.5049]
2p3d 3p° 279.60 0.0007 0.0007 1.994 2.0937]
1s2p P° 1s3s 3S 7082.59 0.0699 0.0693 2.7158 2.7697]
1s4s 3S 4721.72 0.0108 0.0105 9.6%) 9.4076]
1s5s 3S 4127.50 0.0040 0.0038 4.7 4.4196]
2s3s 3S 297.30 0.0083 0.0082 1.8/ 1.8599]
2p3p 3s 289.14 0.0103 0.0103 2.468 2.4679]
2s4s 3S 287.09 0.0004 0.0004 1.0 9.5557]
2p? 3p 319.92 0.1763 0.1780 1.149D] 1.16Q10]
2p3p °P 290.60 0.0009 0.0009 7.49 6.6977]
1s3d °D 5887.71 0.6119 0.6092 7.061 7.0297]
1s4d °D 4479.04 0.1241 0.1221 247 2.4397]
1s5d 3D 4032.51 0.0492 0.0463 1.2 1.1397]
2p3p °D 293.50 0.0816 0.0833 3.7 3.8699]
2s3d °D 288.96 0.0171 0.0189 8.2 9.08Q8]
1s3s 3S 1s3p °P° 42826.41 0.8954 0.8844 1.0%85% 1.0776]
1s4p 3p° 12527.97 0.0480 0.0502 6.790 7.1135]
1s5p 3p° 9464.98 0.0191 0.0223 4.7 5.5185]
2s2p 3p° 347.70 0.0069 0.0045 1.268 8.2017]
2s3p 3p° 306.64 0.1435 0.1414 3.3W] 3.3479]
2p3s 3p° 305.27 0.1936 0.1955 4,609 4.6669]
2p3d 3p° 299.14 0.0202 0.0203 5.008] 5.0398]
1s3p °P° 1s4s 3S 21166.47 0.1457 0.1448 6.905 6.4646]
1s5s 3S 12864.39 0.0225 0.0224 2.181 2.71Q6]
2s3s 3S 312.58 0.0050 0.0055 1.024 1.1189]
2p3p S 303.58 0.0189 0.0196 4.0 4.2579]
2s4s 3S 301.31 0.0081 0.0075 1.7[A1 1.66749]
2p? %p 337.69 0.0095 0.0097 5.5[8] 5.6468]
2p3p °P 305.19 0.1308 0.1330 9.364 9.5269]
1s3d °D 188554.13 0.1110 0.1131 1.749 1.2734]
1s4d °D 17030.14 0.4783 0.4775 6.9%1 6.5896]
1s5d °D 11984.48 0.1226 0.1235 3.453 3.4396]
2p3p °D 308.39 0.0832 0.0822 3.5 3.4619]
2s3d °D 303.38 0.0435 0.0387 1.807) 1.6849]
1s3d °D 1s4p 3p° 19543.57 0.0220 0.0221 6.9%2 6.4345]
1s5p 3p° 12987.18 0.0039 0.0040 2.5%9 2.6185]
2s2p 3p° 351.20 0.0000 0.0001 1.8851 1.1767]
2s3p 3p° 309.36 0.0055 0.0050 6.3 5.8378]
2p3s 3p° 307.96 0.0146 0.0139 1.7(91 1.6339]
2p3d 3p° 301.73 0.0538 0.0530 6.5/ 6.4689]
1s4f SF° 18705.55 1.0155 1.0152 1.392 1.3877]
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TABLE lll. (Continued.

States

Lower Upper MA) f, f, A A,
1s5f 3F° 12794.29 0.1567 0.1567 4.959 4.5586]
2p3d 3F° 304.78 0.1619 0.1668 8.3(¥ 8.5539]
1s4s 3S 1s4p 3p° 108381.25 1.2224 1.2106 2.353 2.2905]
1s5p P° 28524.26 0.0400 0.0421 1.0%2 1.15Q5]
2s2p °P° 356.45 0.0044 0.0009 7.688 1.6267]
2s3p 3p° 313.43 0.0059 0.0047 1.3 1.0598]
2p3s 3p° 311.99 0.0040 0.0040 9.004 9.1397]
2p3d 3P° 305.59 0.0026 0.0027 6.167 6.3847]
1s4p °P° 1s5s °S 47030.82 0.2224 0.2227 2.081 2.0146]
2s3s 3S 318.20 0.0004 0.0007 7.664 1.3868]
2p3p 3S 308.87 0.0002 0.0003 3.4p71 5.80Q7]
2s4s 3S 306.53 0.0043 0.0055 9.1 1.1649]
2p? %P 344.25 0.0026 0.0027 1.4 1.4948]
2p3p °P 310.54 0.0044 0.0046 3.0M8 3.1948]
1s4d °D 444802.63 0.1993 0.1992 4.029 4.0273]
1s5d 3D 37078.35 0.4316 0.4379 1.756 1.2746]
2p3p °D 313.85 0.0072 0.0064 2.98] 2.6048]
2s3d °D 308.67 0.0013 0.0002 5.6044 9.9076]
1s4d °D 1s5p 3p° 42403.41 0.0512 0.0509 3.165 3.1475]
2s2p 3p° 357.92 0.0003 0.0000 2.1¢4 3.9396]
2s3p 3p° 314.56 0.0003 0.0001 3.5(71 1.5377]
2p3s 3p° 313.11 0.0008 0.0007 9.264 8.2187]
2p3d 3P° 306.67 0.0001 0.0001 8.684 1.3697]
1s5f SF° 40414.00 0.8865 0.8865 2.9%% 2.5896]
2p3d 3F° 309.82 0.0022 0.0031 1.1[H] 1.5258]
1s4f SF° 1s5d °D 40522.61 0.0090 0.0090 5.091 5.1084]
2p3p °D 314.08 0.0001 0.0001 1.2[74 1.3077]
2s3d °D 308.89 0.0049 0.0045 4.8[8] 4.3748]
1s5s 3S 1s5p 3p° 218888.44 1.5645 1.5374 7.286 7.1314]
2s2p 3p° 360.37 0.0060 0.0003 1.081 6.0716]
2s3p 3p° 316.45 0.0024 0.0013 5.3 2.80Q7]
2p3s 3p° 314.99 0.0010 0.0010 2.30 2.3147]
2p3d 3P° 308.47 0.0002 0.0003 5.5(] 6.3466]
1s5p °P° 2s3s 3S 320.83 0.0000 0.0002 7.584 4.2587]
2p3p %S 311.36 0.0000 0.0001 1.3%] 1.4477]
2s4s 3S 308.98 0.0000 0.0008 1.0 1.6168]
2p? %P 347.34 0.0011 0.0011 5.9 6.0197]
2p3p %P 313.05 0.0012 0.0013 8.3 8.8197]
1s5d 3D 878191.31 0.2802 0.2534 1.433 1.3143]
2p3p °D 316.42 0.0027 0.0018 1.08 7.3147]
2s3d °D 311.15 0.0023 0.0001 9.374 2.5146]
1s5d °D 2s2p 3p° 361.11 0.0036 0.0000 3.088 1.6366]
2s3p 3p° 317.02 0.0004 0.0000 4.208 2.3036]
2p3s 3p° 315.55 0.0002 0.0002 2.3(7 2.0877]
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TABLE lll. (Continued.

States

Lower Upper MA) f, f, A A,
2p3d 3P° 309.01 0.0000 0.0000 1.834 8.1075]
2p3d 3F° 312.22 0.0001 0.0008 6.5(8 3.9567]
1s5f 3F° 2p3p °D 316.54 0.0000 0.0000 2.864 4.5966]
2s2p °P° 2s3s °S 2885.17 0.0606 0.0617 1.4 1.4838]
2p3p 3s 2264.96 0.0060 0.0061 2.378 2.3677]
2s4s °S 2144.66 0.0088 0.0083 3.974 3.6197]
2p? °p 9199.57 0.1820 0.1908 1.434 1.5037]
2p3p %P 2357.75 0.0231 0.0242 2.768 2.9077]
2p3p °D 2563.43 0.3581 0.3446 2.1%) 2.0978]
2s3d °D 2254.03 0.1023 0.0860 8.054 6.7737]
2p? 3P 2s3p °P° 3616.27 0.0019 0.0020 9.453 1.0416]
2p3s 3p° 3434.17 0.1275 0.1196 7.209 6.7617]
2p3d 3p° 2790.77 0.0870 0.0811 7.451 6.9397]
2s3s 3S 2s3p 3p° 25885.26 0.4679 0.4077 1.9%2 1.3576]
2p3s 3p° 18763.73 0.2498 0.2736 1.981 1.7276]
2p3d 3P° 8304.05 0.0029 0.0018 9.409 5.8394]
2s3p 3p° 2p3p °S 17772.53 0.0005 0.0015 3.128 9.6874]
2s4s 3S 12341.34 0.0906 0.0882 1.199 1.1597]
2p3p °P 25710.84 0.1427 0.1540 1.489 1.5536]
2p3p 3D 205484.14 0.0348 0.0214 3.799 2.0243]
2s3d °D 17120.73 0.1951 0.1672 2.62 2.2816]
2p3p °D 2p3s 3p° 102085.37 0.0246 0.0074 2.622 7.8493]
2p3d 3P° 12999.78 0.0053 0.0085 3.4%% 5.6015]
2p3d 3F° 22884.35 0.3539 0.2159 3.753 1.9636]
2p3s 3p° 2p3p 3s 24035.96 0.1114 0.1121 3.957 3.8816]
2s4s 3S 15067.92 0.0003 0.0002 2.429 1.7584]
2p3p P 41268.06 0.2108 0.1557 8.752 6.0935]
2s3d °D 22859.02 0.4455 0.3028 3.48) 2.3146]
2p3p %P 2p3d 3pP° 23311.77 0.0850 0.0775 1.043 9.5045]
2p3p 3s 2p3d 3P° 39178.38 1.0408 0.9600 1.967 1.3906]
2s3d 3D 2p3d 3p° 42767.59 0.1052 0.0355 6.990 2.1585]

state. This is about 0.000 14 a(3.8 me\j higher than the sections fall off roughly on the scale of the binding energy,
most accurate resuff20]. Since the initial state is He the continuum cross sections of all channels arising from the
1s2s2p “P° the final continuum states, by dipole selectionouter electrons are quite small here, for energies well above

rules, must be*se, 4Pe, or “De. their thresholds. However, thes1:2p transition, which
leads to the 82p? “P® Feshbach resonance, is significant;
IIl. RESULTS AND DISCUSSION the P® cross section in this region is shown in Fig. 1. As it

was discussed in Reff12], because the22p attractive ex-
To begin with, we examine the energy region just belowchange interaction is quite large, this makes tsg® “p®
the opening of the 4 detachment threshold. Since the@hd  discrete state lie below thesthreshold. This contrasts with-
2p electrons are so weakly bound, and photoabsorption croghe 1s2p? “P® shape resonance, where the exchange in in-
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TABLE IV. Comparison of oscillator strengttfsn length and velocity form, with other calculations.

States This work Ref.19] Ref.[18] Ref.[17]
Lower Upper f| f, f| f, f| f|
1s2s 3S 1s2p 3p° 0.5414 0.5404 0.540 0.549 0.5397 0.5391
1s3p 3p° 0.0635 0.0640 0.0644 0.0668 0.0641 0.0645
1s4p 3p° 0.0250 0.0256 0.0259 0.0271 0.0257 0.0258
1s5p 3p° 0.0108 0.0119 0.0125 0.0132 0.0125 0.0125
1s2p 3P° 1s3s 3S 0.0699 0.0693 0.0696 0.0685 0.0697 0.0695
1s4s 3S 0.0108 0.0105 0.0106 0.0104 0.0106 0.0106
1s5s 3S 0.0040 0.0038 0.0038 0.0037 0.0038 0.0038
1s3d °D 0.6119 0.6092 0.6105 0.6269 0.611
1s4d 3D 0.1241 0.1221 0.1232 0.1275 0.123
1s5d 3D 0.0492 0.0463 0.0472 0.0490 0.047
1s3s 3s 1s3p °P° 0.8954 0.8844 0.8922 0.9110 0.8927 0.8909
1s4p 3p° 0.0480 0.0502 0.0499 0.0491 0.0497 0.0501
1s5p 3p° 0.0191 0.0223 0.0228 0.0226 0.0228 0.023
1s3p 3P° 1s4s 3S 0.1457 0.1448 0.1454 0.1461 0.1456 0.1452
1s5s 3S 0.0225 0.0224 0.0231 0.0226 0.0226 0.0227
1s3d 3D 0.1110 0.1131 0.1130 0.1216 0.111
1s4d 3D 0.4783 0.4775 0.4766 0.4790 0.479
1s5d °D 0.1226 0.1235 0.1245 0.1254 0.124
1s3d °D 1s4p 3p° 0.0220 0.0221 0.0223 0.0227 0.0221
1s5p 3p° 0.0039 0.0040 0.0042 0.0041 0.0041
1s4s 3S 1s4p 3p° 1.2224 1.2106 1.2164 1.2305 1.2173 1.2153
1s5p 3p° 0.0400 0.0421 0.0439 0.0430 0.0438 0.044
1s4p 3p° 1s5s 3S 0.2224 0.2227 0.2202 02247 0.2232 0.223
1s4d °D 0.1993 0.1992 0.2023 0.2119 0.199
1s5d °D 0.4316 0.4379 0.4374 0.4363 0.440
1s4d 3D 1s5p 3p° 0.0512 0.0509 0.0531 0.0546 0.053
1s5s 3S 1s5p 3p° 1.5645 1.5374 1.5359 1.5383 1.5337 1.53
1s5p 3P° 1s5d 3D 0.2802 0.2534 0.2815 0.2884 0.278

teraction is weak due to the fact thas Bnd 2 occupy the two calculations, employing rather different methods,
rather different regions of space, which li@sovethe 1s2p  treat the coupling betweenshlkl’ channels and thes2p?

3P threshold; a shape resonari& Our results for the reso- “P® state to the same extent. An earlier calculat[d:2]
nance position and width are 37.703 eV and 9.736 meVdid not take interchannel interaction among open channels
respectively, in good agreement with Rdfl3] which into account, but considered only the main coupling
reported the position and width as 37.669 eV and 9.85®f 1s2pkp *P and 22p? *P; nevertheless, the position and
meV, respectively. The results in length form and in velocitywidth reported for the 2p? “P resonance was 37.683 eV
form differ less than 1% in our calculation; thus only theand 9.22 meV, respectively, in good agreement with
length form is shown in Fig. 1. Except for the 34-meV the present multichannel calculation. This suggests that the
energy shift in position, the resonance shape and strength aneain interaction is the coupling betwees2pkp “P and
nearly identical to the results of RdfL3]. That means that 2s2p? “P.
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FIG. 1. “P® photodetachment cross section of the242p “P FIG. 3. Partial “P® photodetachment cross section to

state of He showing the 22p? “P® resonance below thesl (2p?3P)ks *P, solid line; (2p23P)kd *P®, dashed line. The

threshold. The solid curve shows our present length restlisye  §ominant cross section of (3 3P)ks *P® is about 30 times larger
shifted by 34 meV, the dotted line shows the calculated results ihan that of (p23P)kd *Pe.
from Ref.[13].

threshold. Referendd 3] found two peaks and identified the
sharp peak at 40.02 eV as due tpfZP)ks and the small

The photodetachment cross section for fiiefinal state  peak at 40.3 eV from (% 3P)kd; our results, on the other
from just above the 4 threshold to 44 eV is shown in Fig. 2. hand, show only one wide peak, coming primarily from
At the 1s threshold, the cross section for outer-shell photo-(2p? 3P)ks at 40.14 eV. In order to investigate this discrep-
detachment (&2pkp, 1s3pkp, and 1s3dkd #P¢ in this  ancy, we calculated the cross section using a very fine energy
case is only about 0.03 Mb. Above the opening of the grid (0.00001 Ry around 40 eV and the results are shown in
(2s2p 3P)kp “P® channel, the cross section increases to 6.87ig. 3. The main contribution is from the p2 3P)ks chan-

Mb, just above the 4 detachment threshold. We emphasizenel, which is I detachment plus excitation. Theg2*P)kd

that this is anonresonantls2s2p *P°—(2s2p3P)kp P®  cross section is about a factor of 30 smaller than kise
cross section; photodetachment cross sections for each opehannel. This is in substantial agreement with simpler
channel are always zero at the channel threshold. This bddCHF results[11,12 which implies that interchannel cou-
havior is similar to the results of Ref13]. But around 40 pling is relatively unimportant here. The implication is then
eV, our results differ dramatically from Refl13]. The that the transitions to the (#3P) channels come about
(2p%3P)ks and (223P)kd channels open at 39.98 eV. through initial-state configuration interaction. Tke final
Again, the cross section increases just above th# )  state can be reached primarily from thepZP)np “P°
configurations mixed into the initial state, but the coefficients
are very small. Thés final state(a “shake-off” statg can

be reached via $k®2p and Zk2p mixings in the initial
state, whose ClI coefficients are larger. The consistency of the
present results with the earlier MCHF cross sections argues
for their correctness. We, therefore, have no explanation for
the discrepancy between our results and those of [R8f,
which is so apparent in Fig. 2.

In order to investigate the resonance and threshold behav-
ior in more detail, the*P® partial cross sections leaving the
target in specific states was studied for photon energies from
38.5 to 44 eV. Figure 4 shows tH#® partial cross sections
] a(2s2p 3P) and o(2p?°3P) in the vicinity of the 2?°3%P
[ U threshold, up to 43 eV. As described abowé2p? 3P) like
2 S Y ST S R all photodetachment cross sections increases from zero at

it 4 “ 42 2 4 threshold. Due to the interchannel coupling with the much
Photon energy (eV) larger cross section of thep2 channel,a(2s2p °P) has a

FIG. 2. *P® photodetachment cross section of the242p “p°  slight bump just at threshold. This interchannel coupling also
state of He from the 1s threshold to 44 eV. Present results: solid results in the induced minimum i@r(2s2p 3P) because
line, length form; dashed line, velocity fortresults in length from ~ o(2p? °P) is so dominant in that energy region. In Fig. 5 the
and in velocity form are superimposedhe dotted line shows the results for the *P® partial cross sectionsr(2s2p 3P),
result of Ref.[13]. a(2p?3P), ando(23sp+ 3P) from 43 to 44 eV are shown.

A. “P® photodetachment cross section above thesthreshold

Cross Section (Mb)
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FIG. 4. Partial*P® photodetachment cross sections leading to
2s2p 3P and 2p? 3P states of neutral He. The vertical dashed line
represents the Hep? 3P threshold.
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FIG. 6. Partial*P® photodetachment cross sections leading to
2p3p 3D, 23sp— °P, and 23p °P states of neutral He. The
vertical dashed lines represent the Hes @3 3P, 2p3p 3D, 23sp
— 3P, and 23p 3P thresholds, respectively.

The vertical dashed lines indicate the thresholdsp3 3P,
2p3p 3D, 23sp— 3P, and 3p 3P, respectively.

A resonance, just below the 28+ 3P threshold, located
at 43.37 eV with a width of 14.4 meV, is seen. This reso-
nance is strongly mixed and is designated as3(#
+2p3s3p) *P° or ((2s3p+3s2p) °P)3p *Pe. This reso-
nance decays almost exclusively to the?2P and 22p 3P
channels, seen in Fig. 5. Decay to the variogalichannels
is very small(less than 2% of the totatue to the fact that
the 1s wave function is so compact compared to tive 2
orbitals. For this resonance, seen also in Fig. 2, the position,
height, and shape are in good agreement with R&f. But
we find none of the structures between thg 3P threshold
at 39.98 eV and this resonance, which are found in R&j.

Above the 23p+ 3P threshold at 43.41 eV, the rise from
the threshold characteristic of photodetachment is seen in
a(23sp+ °P) in Fig. 5. It is evident thatr(2p?3P) and
o(2s2p3P) are also substantial in this region. In other
words, detachmerglus excitation constitutes the major por-
tion of the total*P® cross section in this range. In addition,
the 1snl triplet channels are not shown because they contrib-
ute a maximum of only about 2% to the tot&P® cross
section in this energy region.

Going up further in energy, the situation is shown in Fig.
5 along with Fig. 6. The rise from each new threshold is

FIG. 5. Partial*P® photodetachment cross sections leading toS€en. Furthermore, the effect of interchannel coupling is
2s2p 3P, 2p? 3P, and 23p+ 3P states of neutral He. The verti- clearly evident with the opening of each new channel. Where
cal dashed lines represent the Hesp3 3P, 2p3p 3D, 23sp—

3p, and 23p °P thresholds, respectively.

the new channel opening is not very strong, as in the case of
o(2p3p3D) and o(23sp— 3P) seen in Fig. 6, the inter-
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channel coupling effects of the newly opened channel on the FIG. 8. Partial*S® photodetachment cross sections leading to
cross sections of the other open channels is corresponding®s2p °P and %3s °S states of neutral He. The vertical dashed line
small. But, at the opening of thep3p 3P channel(Fig. 6)  represents the Hes3s S threshold.

which has a large cross-section peak just above its thresholt(j:rOSS section to be 6.72 Mb in the length formulati6cL.0

there are significant structures seen in each of the other oP§iin velocity). This is seen to be in general agreement with
channels shown in Figs. 5 and 6. These are very likely maniz '

festations of a resonance just beldand overlapping the Ref.[13]. Above this narrow resonance, the next peak, due

: . to the nonresonant transition to thes@ 3S)ks state, is lo-
3 4 ’
2p3p °P threshold, possibly asBp4s “P€ resonance. This cated at 43.35 eV, in quite good agreement with RES].

type of behavior has been found previously for outer-shellg,¢ ahove this peak, our calculations show significant differ-
photodetachment both theoretica]y, 7] and experimentally  once from Ref[13], as seen from Fig. 7, just as was seen in
[21]. the #P® case above.

Finally, in connection with the'P® cross sections, it is  The individual channel cross sections are shown in detail
quite evident from Figs. 5 and 6 that photodetachment plugy Figs. 8—10. The detailed Fano profile of the324s reso-
excitation dominates at the highest energies shown. The tot@lance in the 8p 3P cross sectioriFig. 8) is quite evident.
“P® photodetachment cross section at 44 eV is seen, fronh addition, the peak at 43.35 eV, in thes® 3S cross
Fig. 2, to be slightly above 0.8 Mb; within thtP® manifold,  section(Fig. 9) is seen to lie about 0.42 eV above ths33
photodetachment cross section with the other electrons re!S threshold; this peak results from thes2is2p “P°
maining unchanged, €p 3P), is seen in Fig. 5 to be about — (2s3s>S)ks *S° transition. Since it is @—s transition,
0.15 Mb, or less than 20% of the total. Thus, at 44 e¥, 1 this cannot be a delayed maximum due to an angular mo-
photodetachment plus excitation is more than 80% of thénentum barrier. Further, the eigenphase sum shows only

total 1s photodetachment cross section in the® manifold. ~ Smooth behavior in the region of this peak; thus it is not due
to a resonance. In any case, it is much wi@®r more than

an order of magnitudethan the typical negative-ion reso-
nance. To uncover the origin of this peak, MCHF calcula-
The cross section to the find§® state is shown in Fig. 7; tions of the photodetachmeft1,12 of this channel were
the first peak of the cross section is the result of teBsPp  performed. These give results similar to what is shown in
4p°—(2s2p3P)kp “S® channel. As in the*P® case dis- Fig. 9, and permit a detailed study of the contributions to the
cussed in the preceding section, this is not a resonance bdipole matrix element. Since the agreement between
threshold behavior. Only one inner-sh&8® channel is open R-matrix and single-channel MCHF results is rather good,
here and there is only the one peak near threshold. The réaterchannel effects are not the cause of this peak. Also this
sults of Ref[13], also shown in Fig. 7, exhibit a double-peak is the largest cross section by far at the maximum and small
structure in the threshold region, a behavior that differs froncross sections do not significantly alter large ones. Since the
the present results and that we do not understand. Our cahitial 1s2s2p “P° state of He is strongly mixed with
culation shows a very narrows3s4s “S resonance at 1s2s3p “P° (coefficients 0.86 and 0.45, respectivebnd
42.919 eV, width 0.12 meV about 9 meV below the88 3S  the final 23s 3S state of He is strongly mixed withfBp
threshold. Using a very fine energy grid, we find the peak®S (coefficients 0.81 and 0.59, respectivelihe dipole ma-

B. #S® photodetachment cross section above thesithreshold
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FIG. 9. Partial*S® photodetachment cross sections leading to 43.0 43.2 43.4 43.6 43.8 44.0

2s2p 3P and 3s 3S states of neutral He. The vertical dashed
lines represent the He 8B+ 3P, 2p3p °D, 23sp— 3P, and Photon Energy (eV)

3 .
2p3p °P thresholds, respectively. FIG. 10. Partial*S® photodetachment cross sections leading to

23sp+ 3P, 2p3p °D, and 23p— 3P states of neutral He. The
vertical dashed lines represent the Hesg3 °P, 2p3p °D,
trix element is quite complicated. Various cancellations thu3sp— 3P, and 203p P thresholds, respectively.
suppress the cross section very near threshold, but increasing
it a little above threshold leads to the situation seen. C. “D® photodetachment cross section aboveslthreshold

In a general sense then, this behavior is caused by a com- Figure 11 shows the photodetachment cross section to the
plicated multiconfiguration overlap effect, much as a Coopetinal D¢ state. The first peak results from the2pkp D¢
minimum results from a single-configuration overlap EﬁeCt.ChanneL which increases rap|d|y from threshold to a maxi-
These multiconfiguration effects must occur in atoms asnum of about 22 Mb. Our results differ dramatically from
well, but there they are likely to be small and difficult to pick those of Ref[13], also shown in Fig. 11: they report three
out. But in negative ions, where correlation effects dominate
the dynamics, multiconfiguration effects of the type seen A— ' . - - ' - ; .
here are most likely quite common. I

At the higher energies, seen in Figs. 9 and 10, the cros:
sections exhibit a variety of complicated behaviors. These
behaviors are nonresonant and occur due to interchanne_
coupling effects, multiconfiguration effect@s described s
above, and the fact that photodetachment cross sections ris(s
from zero at threshold, giving the appearance of resonance:s
The largest of the higher-energy cross sections is tsp23
+ 3P channel which has a rather peculiar shape, induce
primarily by the multiconfiguration overlap effect along with . 1
interchannel coupling with thes3s 3S and 22p 3P chan- we . !
nels. In addition, the @3p 3D channel shows particularly e ]
interesting structure, induced mostly by interchannel cou- ' : ! : ' : ! : ' :
pling with the stronger channels, including induced Cooper % © X N * 44
minima at 43.50 and 43.67 eV. At the highest energies, pho- Photon Energy (eV)
todetachment plus excitation represents about half of the to- G, 11. D€ photodetachment cross section of tre242p *P°
tal *S°® cross section as opposed to tHe® even case where  state of He from the Is threshold to 44 eV. Present results: solid
two-electron processes accounted for 80% of the total. Fitine, length form; dashed line, velocity forfresults in length from
nally, we reiterate that between 43.5 and 44 eV the preserind in velocity form are superimposedhe dotted line shows the
results differ even qualitatively from Ref13]. result of Ref.[13].
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nels, respectively. In order to investigate this in detail, in Fig. 5 6(23s°S) [\
12 the partial cross sections for each channel are shown i | , , [ , [ ,
Here it is seen that the partial cross section for tk2pk f 39 40 41 42 43

4D® channel is about two orders magnitude smaller than
2s2pkp “D® channel. From a mathematical point of view,
this is because there exists a one-electron transition from the FIG. 13. Partial*D® photodetachment cross sections leading to
initial state s2s2p “P° to the 22pkp “D* final state, but  2s2p 3P, 2p? 3P, and 3s 3S states of neutral He. The vertical
the 2s2pkf “D® final state can only be reached via correla-dashed lines represent the Hp?23P and 23s 3S thresholds,
tion. Therefore the contribution ofs2pkf D® is small. As  respectively.

for 2pkd “D® the cross section is even smaller, three orders

. 4 . .
of magnitude smaller than that ofs2s2p “D® for similar Going further up in energy the present results are seen to

reason. In addition, further above threshold, we see from Fig,, completely different from those of Réf.3]. At the next
11 rather dramatic differences, by more than an order Mag rashold 28p+ 3P, a significant rise from threshold is

: e i _ N . .
nitude, of the backgroun@D® detachment cross section be seen in the newly opened channel, along with interchannel

Lwein our(;esults andtRe[ﬂS]. Th'? IS Sdu.rpr's'qg smcs the effects in each of the other open channels, shown in Fig. 14.
ackground cross sections were found in quite good agree- Again, as in the*S® case, several of the higher-energy

g 4 4 .
ment for transition to P and. S final states. F“Whe”ff"’fea cross sections exhibit complex behavior as a function of en-
th.e present r_esults are in quite good agreement in this r_eg|o&gy_ And. as in the*s® case. these behaviors are due to a
with the earlier MCHF result$11,12. We cannot explain .combination of interchannel coupling, multiconfiguration

:Els%secrepancy. tl_3etv.vefen 45’ and 44 gV;omlels%[uctu:je IBverlap effects, and the rises from the zero cross section at
€ Cross section 1S found, as seen in Fig. 1.1. 10 undery, opening of each new channel. Similar to iR case, at

X R ) . .
stand the details heréD cross sections leading to t_he var- he highest energies, the contribution of detachment plus ex-
ous state of He are shown in Figs. 13-15. From Fig. 13 th&jtation is seen to be about 80% of the tot&@® cross sec-

opening of the 83s 3S channel is clearly seen. The cross i

section for this two-electron detachment plus excitation
channel reaches a huge maximum of about 12 Mb. This is a
nonresonant transition, ses2p “P°—(2s3s3S)kd “D¢,
starting from zero at threshold because it is a photodetach- The total photodetachment cross section fe2€2p “P°,
ment, and having its maximum several tenths of an eV abovéhe sum of*S°, 4P°, and “D® cross sections, is shown in
threshold owing to the-wave angular momentum barrier. In Fig. 16 from the % threshold to 44 eV; for comparison the
addition, significant effects of interchannel coupling areresults of Ref[13] are also shown. The differences noted in
seen, particularly with thes2p 3P cross section, within the the partial cross sections are, of course, reflected here as
4D® manifold. The total*D® photodetachment is then about well. It is noteworthy that the first maximum in the cross
20 Mb, at this maximum, as seen in Fig. 11. We reiteratesection, with a peak value of about 30 Mb, is in excellent
however, that this peak just above 43 eV is not a resonancegreement with the MCHF resUlt1,12. This agreement is
Note that this feature was also seen by R&8] at just about expected since the MCHF calculation omitted interchannel
the same energy, but with a markedly reduced cross sectionpupling, which, as seen in the preceding discussion, should
as shown in Fig. 11. not be important here. This gives us some confidence in the

Photon Energy (eV)

D. Total photodetachment cross section aboveslthreshold
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Total Cross Section (Mb)

20— 77T
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g 16 - TT— _

0 45N i

o 12 P B 10°

[0 s t i Fi

2 0.8 | i

& 5 | ] /

vD ’ G(zpz 3P) ] 1 i 1 i 1 i 1 i 1 .

< 0.0 L = I : = 39 40 41 12 43 44

T 432 433 434 435 436 437 438 439 440 Photon Energy(eV)

20 ——
16 : FIG. 16. Total photodetachment cross section of “He
121 (1s2s2p “P°) from the Is threshold to 44 eV. The solid and

- dashed lines are the resent results in length and velocity formula-

08 |-

tions (they are superimpposgdand the dotted curved is from Ref.
[13].

04 - 523 sp+°P)
0.0 L | L I
432 433 434 435 486 437 438 439 440 results of the present calculation. But we still have no clue as

Photon Energy (eV) to the disagreement between the present results and Ref.
[13], a disagreement which is so evident in Fig. 16.

FIG. 14. Partial*D® photodetachment cross sections leading to Th | ion includ o ise ILfinal
252p 3P, 2p? 3P, 2s3s 3S, and 23p+ P states of neutral He. e total cross section includes transition to t ina

The vertical dashed lines represent the He28 3P, 2p3p 2D, states of !—|e, as W_eII as the _doub_ly excit(_ad states, but for
23sp— 3P, and 23p 3P thresholds, respectively. reasons discussed in connection with i€ final channels,
the sum of the transitions leaving He in therl final states
is negligible, less than 2% of the total. In addition, starting at
43 eV, just above the opening of the first detachment plus

?Z - I S i excitation channel, where the He is left in the32 3S state,
’ | two-electron detachment plus excitation processes dominate
12 7] the total cross section. By the highest energy considered, 44
08 - ] eV, single-electron detachment of the [kading to the 82p
04 - 52p3p D) - 3p state of He is only about 20% of the total.
— s 1 ' | ) | s 1 N | s | ' 1 )
g 0.?1-3.2 43.3 434 435 436 437 43.8 439 440 IV. CONCLUDING REMARKS
S 20— . . . . . .
'§ 6L ' ' ' ' ' ' ' h Using the R-matrix methology which was modified to
® s deal with asymptotic boundary conditions appropriate to
a ] photoabsorption by negative ions, the photodetachment of
O 08 ] the 1s2s2p “P° state of HE has been investigated in the
2 o4l i N ] energy region around thesldetachment threshold. The
ool v Py T 2 er— structure of the & photodetachment cross section differs dra-
£ 432 433 434 435 436 437 438 439 440 matically from the 5 photoionization cross sections of neu-
O T T ] tral atoms or positive ions; this occurs despite the fact that
16 - y the 1s wave function in HE is almost exactly the same as in
12 | . He*, owing to the location of the bulk of thes2and 2p
08 | J charge density at quite large valuesrofit is therefore the
04 [ oopspp) N final continuum state that causes theldramatic difference in
S P H T R TR TR the two cases; for He the final state is a puré=2 Cou-
.43_2 433 434 435 436 437 438 439 440 lomb wave function, while for He, the final-state wave
function is quite complicated and “sees” a neutral atom as-

Photon Energy (eV) ymptotically

FIG. 15. Partial*D® photodetachment cross sections leading to ~ The asymptotic form of the final-stateontinuum wave
2p3p 3D, 23sp— 3P, and P3p 3P states of neutral He. The function plays a crucial role at detachment thresholds. For
vertical dashed lines represent the Hs@3 3P, 2p3p 3D, 23sp  photoionization of atoms and positive ions, where the photo-
—3p and 23p 3P thresholds, respectively. electron leaves a positively charged photoion behind, the
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TABLE V. Positions(photon energyand widths for resonances found in H&s2s2p photodetachment
in the region of the & threshold.

Present work Other calculations
States E, (eV) v (mev) E, (eV) v (mey)
2s2p? 4pe 37.703 9.736 37.669 9.8502

37.683° 9.22b

2s3p®+2p3s3p “P¢ 43.370 14.40 43.353 12.6072
2s3p4s “pPe 43.888 8.50
2s3s4s 4S° 42.919 0.12 42.868 0.1032
8Referencd 13].
bReferencd12].

threshold cross section is finite. In the case of photodetachzation typically amount to~10% of the total photoabsorp-
ment, where the photoelectron interacts with a residual newtion. For 1s photodetachment from the Hels2s2p “P°
tral atom, there is no solution at zero photoelectron energynitial state this two-electron process was foundianinate
other than the trivial; therefore the threshold photodetachthe total photoabsorption cross section wherever they are en-
ment cross-section vanishes. This rise of each partial crosrgetically possible.
section from zero at each detachment threshold contributes The comparison with a previous theoretical requig]
to the complexity of the inner-shell photodetachment crosshowed major discrepancies, even though the calculation of
section. Ref. [13] in principle included the same correlation effects
Resonances are also found but far fewer than in photoiorthat are included in the present calculations. While there are
ization of neutral atoms and positive ions; negative ions daertainly regions of good agreement, significant differences
not support Rydberg series. In fact no resonances at all wetia many structures were demonstrated. Furthermore, in the
found below most of the thresholds. A huge2p? “P®reso-  broad structureless 41-43 eV region in tfi2® cross sec-
nance appears just below the firg detachment threshold, a tion, the calculations differ by an order of magnitude. In the
(2s3p?+2p3s3p) “Pe, a 2s3s4s *S?, and possibly a absence of dynamical effects, tH&°, “P¢, and *D® cross
2p3p4s “P¢ were also pinpointed. No otherslexcitation  sections will be in a ratio of:3:5. Thepresent results were
resonances emerged in the present study up to a photon eseen to be roughly in that proportion. The results of IRE3]
ergy of 44 eV. These resonance positions and widths arare not; the*D® cross section is an order of magnitude too
shown in Table V. small in this region. This suggestbut certainly does not
Throughout the energy range considered, correlation iprove that the present results are more accurate than those of
form of interchannel coupling was found to be of crucial Ref. [13]. Experimental investigation of the photodetach-
importance, particularly in the vicinity of detachment thresh-ment of the metastables2s2p “P°® state of He is urgently
olds. This is a generalization of the phenomenon in photoneeded to sort out the situation.
ionization of atoms and positive ions where interchannel
coupling affects outer-shell thresholfi22]. In addition, a
phenomenon was found, the multiconfiguration overlap ef-
fect, which is a multiconfiguration analog of the type of = We are grateful to Jinhua Xi and Charlotte Froese Fischer
single-configuration overlap effect that produces a Coopefor providing us with the numerical data from their calcula-
minimum. The combined action of all of these phenomenaion, and Nigel Badnell for allowing us to use his perturba-
produces the complexity seen in the cross section of thitive asymptotic code and to compare with our codes. The use
highly correlated system. of computing facilities at the Center for Theoretical Studies
The strength of the correlation is also evident in the two-of Physical System, Clark-Atlanta University, is gratefully
electron detachment plus excitation process. In atoms, theseknowledged. This work was supported by NSF, NASA,
two-electron processes associated with inner-shell photoiorand IDRIS(Francse.
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