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Using a Spline-Garlekin and inverse iteration method, we studied in detail the photodetachment cross
section of the He (1s2s2p *P°) state in the region of thesldetachment threshold. Details of the cross
section from threshold to 44 eV are presented. The effects of core excitation and continuum channel coupling
are studied. A very narrows3s4s S resonance was found at 42.866 00 eV with a width of 0.103 meV. Other
resonance structures are also found and analyzed. We studied2h& 4P resonance state that lies immedi-
ately below the % threshold. The width and position of this state, obtained from this calculation, are 37.669 eV
and 9.850 meV, respectively. This result is in good agreement with other theoretical calculations.
[S1050-2947©@9)01001-X

PACS numbd(s): 32.80.Fb, 32.80.Gc

I. INTRODUCTION recent experiment measurement of Klinkiau et al. [15],
which gives 2.959 255) eV and 0.193) meV for the posi-
The weakly bound He negative ion has attracted consid- tion and width, respectively.

erable interest in recent years. Because of the weak coupling In this paper we report the calculation of the cross section
among electrons, theoretical calculations cannot predict thef the 1s photodetachment from the He(1s2s2p “P°)
resonance behavior correctly if the correlations are not propstate, with photon energy from threshold up to 44 eV. In the
erly included. The $2s2p “P metastable state, with an extra recent publication of Kim, Zhou, and Mans¢#], the pho-
electron bound to thesPs 3S state of He, can be studied via todetachment from the innerslelectron to certain selected

the photodetachment process. From this study the quartéf@nnels was studied using tRematrix method with MCHF
4s, 4P, and *D excited states of He can be investigated. orbitals, where the energy covered the whole range from

The energy of this state was calculated by Bunge and Bung@reshold to 100 eV. In their paper, the large correlations are
[1. They obtained the binding energy to be 77 51considered but fine correlation effects are ignored, so small

resonance structures near threshold did not appear. In our
alculation described below, however, we intend to provide a
ore complete study of the resonance structure and photo-
etachment property in the threshold region of teel&tach-
ment. We also report the result of the2b? *P Feshbach

+0.04 meV. The accuracy of the binding energy was im-
proved by a recent experimental and theoretical study o
Kristensenet al. [2]. The reported theoretical value was d
77.518t0.011 meV, in agreement with their experimental

result of 77.516-0.006 meV. There also have been some,ogonance. Thes2p? P state was predicted by Chufig6]
theoretical[3—7] and experimenta[8-14 studies of the ging the saddle-point variation method. Later the resonance
photodetachment c‘[o%s section and aQ%uIar distribution Qosition and width were investigated by Bylicki and Nico-
the quartet $2s2p "P°® state. The $2p° "P sharp reso- |ajdes[17,18, Chung[19], and Kim, Zhou, and Mansdi¥].
nance has drawn particular attention among all these stud|e§ecem|y' Morishita and Lif20] analyzed the resonance

This resonance was reported by Hazi and R&dn a the-  gstates of the He system using the hyperspherical idiabatic
oretical study of the photodetachment cross section of thgotential curves.

1s2s2p “P° state. Thereafter, theoretidal—6] and experi-
mental[10—17 investigations have been performed that de-
termined the width and position and the maximum cross sec-
tion of the resonance with high accuracy. In our first paper
on the photodetachment study of HE6], we calculated the We use an interaction matrix inverse iteration approach
cross section and angular distribution of the2&2p *P° based on the Galerkin method, using MCHF orbitals for
state with energy from threshold to 4 eV. We employed arbound orbital functions and splines as basis functions for
approach that uses a spline basis and multiconfigurationontinuum orbitals. The configuration space consists of
Hartree-Fock(MCHF) orbitals to calculate the interaction bound configurationgperturber statgsthat incorporate fine
matrix and the wave functions of the system. Tle2? P and weak correlations, closed-channel configurations that in-
sharp resonance was investigated in detail and excellemude the major correlation effects near threshold, and open-
agreement with the experimental data was obtained. We alsthannel configurations that represent the behavior of the
predicted the $3s4s #S Feshbach resonance at 2.959 07 eVphotoelectrons. In our earlier pagé] we described the in-
with a width of 0.19 meV. This result was verified by a teraction matrix and Galerkin approach in detail. Briefly, the

Il. THEORY AND COMPUTATIONAL APPROACH
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final-state wave function after the photodetachment can be v
described as =X, Tiv=2 I—' (5)
Mp M, L J
V(yLS)= >, c(i)p(eiLS)+ > |(ie|mILS). (D) When a resonance appears, its positignand widthI
i=1 i=1 can be determined from the cross section. For a Feshbach

resonance, it is determined by fitting the total photodetach-
The bound stateg(«;LS) and the target statds;) are  ment cross section(E) to the Fano-Cooper formul@3]

defined in terms of the fixed orbitals from MCHF calculation
optimized on an average effect of the wave functions of the
initial state and target states of interest. It is crucial that the o(E)=oo[1+a(E—-E;)]
target state$r;) are represented by multiconfiguration wave
functions with high accuracy; single-configuration targets it
cannot represent the behaviors of the channel states cor-
rectly. Orthogonality is required among all target state wave e=2(E—E)T, @)
functions and all configuration state wave functigmelud-

ing perturber.—perturber, perturper—channel, and cha_nne\,—\,here a linear background,[1+a(E—E,)] is assumed in
channel functions We also require that all channel orbital e resonance regiowr, is the background cross section at
wave functions be orthogonal to all fixed orbital wave func-Er anda is a parameter.

tions. Orthogonality among channel orbital wave functions is
not required. The radial part of the unnormalized channel
wave function|n;l;) is expanded in terms of B-spline basis

set. The channel states can be bound states if the photoen- A. Bound-state orbital set and final-state configurations

ergy is below its threshold energy. The accuracy of the bound orbitals plays a fundamental

Wwith the channel orb!tal wave functions ex.panded "Nrole in the accuracy of the current calculation. Unlike the
terms of theB-spline basis sets and bound orbitals repre-

sented in terms of a set of pregenerated MCHF orbitals, thchannel orbitals that are determined dynamically via the

. hannel coupling, the bound orbitals are fixed throughout the
residual of the system_ can be calcula}ted. We expect th %rocess in determining the final state wave function. Because
under a good approximation the residual of the syste

should be zero ie f thi_s, we need to generate these orbitals wit.h the highest

T possible accuracy. Since we use the same orbital set to gen-
erate the initial state wave function, the final perturber state
wave function, and the target state wave function, we need a
i . ) ) special optimization algorithm to produce the best average
the Galerkin condition requires that the residual be orthogozeqit The orbitals are generated as follows. Orbitals with
nal to the solution space for a set of test functions. In thg,< 5 4re taken from the orbital set of RE6]: other orbitals

current case, the test functions consist of all perturber stalg.s ontimized so that best average results can be obtained for
wave functions and the channel state wave functions with thg,q jnitial state and target states of interest. Specifically, or-

channel orbitals being substituted by the spline basis funcbitals withn=6,7,8 are optimized for thes2p
tions. Applying the Galerkin condition, we get the general- ‘o

,(a+e)?

1—p2+p
1+€

)

Ill. RESULTS AND DISCUSSION

(H=E)¥(yLS)~0; )

3p state and
orbitals withn=9,10 are optimized for initial state. The ini-

ized eigenvalue equation tial state energy obtained here-s2.1780499 a.u. The or-
bitals withn<<10 are used to generate target state configura-
(H-ESC=0. (3 tions and final state bound perturbers. Orbitals with 10

are included in the configuration set of the initial state wave
The inverse iteration method is used to solve the abov@ynction. The energies of target states are shown in Table I.
equation for the continuum orbital wave functions and the The final state Conﬁgurations are formed by Coup"ng the
weight coefficients of the perturbers for each given energyarget states in Table | with appropriate channel orbitals.
value. A detailed description of the spline-Galerkin methodsince the inner-shell excitations are involved for photoen-
and the inverse iteration algorithm for continuum state probergy higher than 38.5 eV, the size of the channel set might be
lem can be found in earlier publicatiop1,22. A multiple  very large. It is very important in the current approach to
open channel solution was also described in detail in Refinclude all possible channels unless the corresponding com-
[6]. ponent of the bound perturbers for any missing channel also
The photodetachment cross sectigna.u) is defined as s removed from the configuration list of the final states since
these components may produce a pseudoresonance if the
o=4m*aEWe|T| Vo), (4 channel components are not included. In our calculation
described below, we includes2s 3S, 1s3s 3S, 1s2p °P°,
where « is the fine-structure constarf, is the photon en- 1s3p 3P°, and 1s3d 3D from the lowest target states and all
ergy, and¥, and ¥ are the initial and final state wave target states above thes threshold and up to 44 eV, which
functions, respectively, represented in terms of the multiconinclude all targets with innerand 2o orbitals. These target
figuration and/or multichannel states undl&d coupling.Tis  states are then coupled with possible channel orbitals to form
the transition operator. For electric dipole transitions, the opthe channel states. All possible channels for the final states
erators in length form and velocity form a¢e a.u) within the energy of interest are shown in Table II.
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TABLE I. Energies of interested target states and their relative values in eV to the initial state. The energy
of the initial state is—2.1780499 a.u. (1 a.&.27.2076134 eV is used to convert a.u. toeV.

Target Energya.u) Relative(a.u) Relative (eV)

He(15233S) —2.1752028 0.0028471 0.077 46
He(132p3P°) —2.1331574 0.0448925 1.22142
He(lsSs3S) —2.0686833 0.109 366 6 2.97560
He(1s3p3P°) —2.0580583 0.1199916 3.264 69
He(1s3d°D) —2.0556362 0.1224137 3.33058
He(2s2p3P°) —0.7604586 1.4175913 38.569 28
He(2p2°P) —0.7104918 1.4675581 39.928 75
He(2s3s°S) —0.6024865 1.5755634 42.867 32
He(2s3p3P°) —0.5845800 1.5934699 43.35451
He(2p3p°3D) ~0.5836690 1.5943809 43.37930
He(2p353P°) —0.5789898 1.5990601 43.506 61
He(2p3p°3P) ~0.5677287 1.6103212 43.81300
He(2p3d°3F°) —0.5659278 1.6121221 43.86199
He(2s3d3D) —-0.5601984 1.6178515 44.01788
He(2p3p39) —0.5588410 1.6192089 44.054 81
He(2p3d3P°) —-0.5488131 1.6292368 44.32764
He(2s4s°S) —0.5482170 1.6298329 44.34386

B. Photodetachment of the 2 and 2p electrons and the velocity form agree with each other, with a difference of
2s2p® *P resonance 0.03% at the peak of the resonance. The resonance is domi-
The photodetachment cross section is studied in the erated by the coupling between the2pkp “P channel and

ergy region of the 82p? *P resonance. Thes2p? “P reso-  the 2s2p?*P perturber state. We fit the total cross section to
nance is found below thes2p 3P° threshold as a Feshbach the Fano-Cooper formula in the energy region between 37.60
resonance. To calculate this resonance state, we include tY and 37.75 eV. The position and width of the2p? “P
target states €2p 3P°,  1s3p °P° 1s3d °D, and resonance are determined to be 37.669 eV and 9.850 meV,
2s2p 3P° to construct the channel wave functions. All theserespectively. Both cross sections for the length form and the
target wave functions are multiconfiguration wave functionsvelocity form fit to the same result. The results obtained here
For the “P final state, the coupled channel states areare smaller than but quite close to the most recent results of
1s2pkp P, 1s3pkp“P, 1s3dkd“*P, and Z2pkp“?P.  Chung[19]. Chung used a saddle-point complex-rotation
In Fig. 1 we show the cross section to the firt#l state in  method and calculated the position and width to be 37.670 16
the region of the resonance. The results in length form and iV and 9.867 meV, respectively. The values reported by

TABLE II. Channel wave functions for the final states. The target energies relative to the initial state are
also included. The energy of the initial state-i2.1780499 a.u. (1 a#.27.2076134 eV is used to
convert a.u. to eV.

Target EnergyeV) 4p 4s ‘D
He(1s2s°S) 0.077 46 ks, kd,
He(1s2p3P°) 1.22142 kp; kp; kp; kf,
He(1s3s3S) 2.97560 ks, kd,
He(1s3p3P°) 3.26469 kp, kp, kp, kf,
He(1s3d°D) 3.33058 kd, kd, ks, ,kds,kg;
He(2s2p3P°) 38.56928 kps kps kps kfs
He(2p23P) 39.92875 ks;,kd, kd,
He(2s3s°S) 42.86732 ksg kds
He(2s3p3P°) 43.35451 kpy Kp,y kpg,kf,
He(2p3p°3D) 43.37930 kd, kd, ks,,kdg kg,
He(2p3s3P°) 43.506 61 kps kps kps,kfs
He(2p3p3P) 43.81300 ks, ,kd, kd,
He(2p3d3F°) 43.86199 kf, kfy kpg.kfs,khy
He(2s3d°D) 44.01788 kds kdg ksg,kdg,kgs
He(2p3p39) 44.054 81 ks, kdg
He(2p3d3P°) 44.32764 Kpe Kpe kp; kf;
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700

TABLE Ill. Position and width of the 82p2*P resonance com-

Nrou o — pared with those from other theoretical calculations.
600 4
Reference PositiofeV) Width (meV)
500 4
z [19] 37.67016 9.867
g eor 1 [7] 37.683 9.22
L ) [17,1§ 37.672 103
g this work 37.669 9.850

200 b

100 | B

other. Channels from these target states may have a strong
correlation effect that can be found from their photodetach-
%75 ppes P 3775 ment cross sections.

Photon Energy ( eV ) The photodetachment cross section for tAB final

FIG. 1. Partial cross section of the Hgls2s2p “P°) photode- state 3|S OShO\Z\m in Fig. 2. The Cross. section for t.he
tachment to the finalP state showing thes2p? *P resonance. We 2s2p(°P)kp "P channel has a smooth increase from its
can see that the cross section for the length form and velocity fornfnreshold and reaches a maximum of 3.4 Mb at 39.05 eV.
agree very well, with a difference of 0.03% at the peak of the I here is a sharp peak at 40.02 eV and a very small rise after
resonance. the peak at 40.3 eV. These are the contributions of the

2p?(3P)ks *P and 2?(3P)kd *P channels. Though the

. absolute values of the cross section at these peaks are not
Kim, Zhou, and Mansofi7] are 37.683 eV and 9.22 meV for |5rge  the partial cross section of each channel shows that

the position and width, respectively. Bylicki and Nicolaides there is a strong channel-channel interaction between these
[17,18 investigated this resonance using a complextwo channels in the energy region of the second and third
coordinate rotation method; the results they obtained argeaks. We should mention that for these two channels, the
37.672 eV and 10.3 meV, respectively. A detail comparisorprocess is not simply thesldetachment plus core excitation.

of the width and position of this resonance is given in Tablelt involves the excitation of the two electrons in therbitals

lll. We need to mention here that thes2p? *P resonance into the p orbital and the detachment of one of theelec-

has an unsymmetric shape that is not obvious from Fig. 1trons. To explain this, we should keep in mind that our initial
We can see later from Table IV that this resonance has a vestate is expanded in terms of multiconfiguration wave func-

large negativey value. tions. So the $2s2p *P° state contains excited configura-
tions such as @3 *P° as components.
C. Photodetachment of the & electron The large resonance at 43.353 eV is caused mainly by the

) o ) 2s3p? “P perturber state. This resonance appears at the en-
A detailed calculation in the threshold region of the 1 ergy region where the<Bp 3P° state is located. There are

electron detachment is performed. The photon energy covetgsg some small peaks at an energy above 43.5 eV. These
the region from 38.5 eV to 44 eV. The target states above thgeaks are the contributions of thes@,2p3s)kp “P chan-

1s detachment threshold are $2p,2s3p,2p3s) °P°,  nels. In Fig. 3 we show the partial cross sections of the
2p® °P, 2s3s S, and 23p °P,°D. Except for the lowest 2s3p(3P°)kp “P and the D3s(3P°)kp *P channels. We
2s2p 3P° target state, photodetachment via other targetan see that a strong interaction exists at around 43.75 eV
states represents the detachment plus target excitationshen both channels are open.

Among the 3P° target states, the energy positions of the In Fig. 4 we show the cross section to the fiftdl state.
2s3p 3P° and 2p3s 3P° states are very close with each The most interesting part in this figure is the narrow reso-

TABLE IV. Resonance positionH;) and width ") and other parametersr§, a, p, andq) from the Fano-Cooper formul&qgs. (6)
and (7)] for the resonance states identified in this paper. The energy rdagygof the resonances are also listed. The parameters are

determined by fitting the Fano-Cooper formula to the cross section for both the length form and the velocity form in the defined energy
ranaes.

2s52p?tP 253p24pP 25354548 2p3s(3P°)3p*D
Parameter Length Velocity Length  Velocity Length Velocity Length Velocity
Range (eV) 37.60-37.75 43.2-435 42.865-42.867 43.25-43.65

oy (Mb) 0.3 0.3 0.410 0.416 0.494 0.450 0.2 0.2

a 0.0186 00186 -—0.176 —0.162 —0.547 —0.593 0.1 0.1

p —0.260 -0.260 -0.824 -0810 -0.818 —0.827 —0.0011 —0.0012
q? —174.64 —174.64 —-1452 -—1441 -12.29 —8.08 —12880.7 —11907.1

E, (eV) 37.669 37.669 43353 43353  42.86600 42.86600 43.486 43.486
I’ (meV) 9.850 9.850 12.607 12.589 0.103 0.102 23.009 23.016

#*When p—0, g—, but ¢’ =gp is a limited value. So ¢’ is used in the fitting process.
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FIG. 2. Partial 5 detachment cross section of the FIG. 4. Contribution of the partial ddetachment cross section
He™ (1s2s2p “P°) photodetachment to the fin&P states. The first  from the final *S state. From this figure we can see the narrow
peak of the cross section is contributed by tre2@(3P°)kp *P  2s3s4s S resonance.
channel. The peaks at 40 eV and 40.3 eV are caused by the

2(3 4 2(3 4
ig 3()55):\? ir?disgtdesaihés;i)lé%Pprezg?wg?wilg 1-'rhh: plzg?(z gf?:rktrﬁts tant rule in the cross section; this indicates indirectly that

: : . BNl 4 more correlation among bound perturbers and bound chan-
resonance show the interaction between te8 °P°)kp “P and : . . .
the 203s(3P%)kp *P channels. nels needs to be included. Since the bound orbitals are opti-

mized based on the low energy states, a resonance such as

nance at 42.86600 eV. with a width of 0.103 meV Thisthe 1s3s4s *S state can be predicted with high accuracy.
resonance ié located 1 3 meV below thé energy .of th&iowever, the 83sds 4S state lies at a position much higher
253s S target state and 's identified as the3gds 4S reso-  (han that of the §3s4s *S state. The fixed orbitals used here
nance state. It is interesting to compare this resonance witre not good eno_ugh to predict accurately.such narrow reso-
the 1s3s4s S resonance predicted in our earlier papé} nances at such high energy. We also verified the behavior of
and verified experimentally by Klinkiler et al. [15]. The the channel orbital wave functions at the resonance region;
1s3s4s 4S resonance was located 17 meV below theV® found that both the open channel orbitdie kp orbital
1s3s 3S state of He. with a width of 0.19 meV. Both reso- for 2s2pkp #S) wave function and the closed channel or-
nances have a ver),/ small width and.thus ha;/e very smag_i‘tal (the ns orbital for the Z3sns*S) wave function have
interaction with the continuum channels. The cross section§'€ Correct behawolrl. T,hs, Wahve funcft;on dqf tthOI’bIta|
from the length form and velocity form in the region of the cOnverges very well within the cutoff radius of 500 a.u.
2s3s4s *S resonance do not agree with each other. Thel hough th_e values of the cross sections fqr the Iength form
cross section at the peak of the resonance is 50.3 Mb for th%nd velocity form do not agree in the region of this reso-
length form, but only 20.5 Mb for the velocity form. This nance, the values of the position ar_ld width agree very well.
discrepancy is caused by the incompleteness of the bound Thﬁ pho'godFe_tacnge;]nt ]?ross sectlorlls for thls ﬁ‘rlialstlatef h
perturber configuration set. By studying the weight coeffi-&'€ SNOWN In Fig. 5. The first two peaks are the result of the
cients of the bound perturber states and closed channel states,
we found that the 83sks“S closed channel plays an impor- ™

Length form
07 T T T T T T T Velocity form ---—---

06 | 2s3pkp —— 4
ity — i

05+ J

Cross Section ( Mb )

041 . .

03 | i ]

Cross Section ( Mb )

01k
02

01 4 0.01

L L 1 L 1 L L L L L
385 39 39.5 40 40.5 Ll 41.5 42 425 43 435 44

Photon Energy ( eV )

43.45 43‘.5 B ;43:55 43.6 43.65 4:;.7 43775 43.8 43.85 . . .
Photon Ener FIG. 5. Partial 5 detachment cross section to the fifil state.
gy (eV)

The first two peaks in the figure are caused by the interaction of the
FIG. 3. Partial cross sections from the@(3P°)kp P and the  2s2p(3P°)kp *D channel and the 2p(3P°)kf *D channel. The
2p3s(3P°)kp P channels. The strong interaction between thesethird peak is from the p%(3P)kd “D channel. The peak at 43.486
two channels is shown at energy near 43.75 eV. eV is a resonance caused by the32(3P°)3p “D perturber state.
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FIG. 6. Partial cross sections from thesZbkp ‘D, FIG. 7. Average eigenphase shift for the2pkp D channel
2s3skd“D, 2s3pkp “D, and 23skp*D channels. Only the re- and the 23skd'D channel at the resonance region of the
sult from the length form is plotted in the figure. The difference 2p3s(3P°)3p “D perturber state. We can see from the figure that
between the velocity form and the length form at the peak of eaclthe average eigenphase shift has a change af 43.486 eV.
partial cross section is 5% for thes2pkp “D channel and the
2s3skd“D channel and 9% for thesBpkp “D channel and the 2s2pkp “D channel and theBskd*D channel and 9% for
2p3skp?D channel. The first peak at 43.135 eV is from the the 2s3pkp *D channel and the @3skp“D channel. The
2s3s(®S)kd *D channel. The large resonance at 43.486 eV is2p2(3P)kd “D channel has little contribution to the cross
caused by the @3s(°P°)3p “D perturber state. The cross sections section and will not be considered here. First, we look at the
for both the Z2pkp D channel and thesBskd ‘D channel have peak in Fig. 6 at 43.135 eV. This peak is caused by the cross
a maximum value of about 20 Mb at the resonance position. Th&eaction of the 23s(3S)kd “D channel and has little effect
peak at4 43.81 eV shows the chilnnel interaction between thg, the cross section of thes2pkp “D channel, indicating
2s3pkp "D channel and the @3skp'D channel when the cross  yay the interaction between these two channels is negligible.
section from the P3skpD channel reaches its maximum. Because of this, the large resonance at 43.486 eV cannot be

the result of a channel interaction from these two channels.
252p(3P°)(kp,kf) “D channels. The cross section for the Next we see that the cross section of te8@kp D channel
252p(3P°)kp “D channel has a rapid increase in the thresh-has only a small rise at the position of the large peak. When
old to a maximum of about 200 Mb, followed by a deep the channel couples with thep3skp D channel, however,
decrease. Since thes2p(3P°)kf D channel is also open, it causes a significant rise for the cross sections of both chan-
the coupling of these two channels causes the cross sectioels at about 43.81 eV. Unlike thes2pkp“*D and
from the final “D state to increase after the first peak and2p3skp“D channels, whose target energies are very close
reach the second maximum at 39.6 eV as shown in Fig. 80 each otherand thus a strong channel interaction is ex-
The third peak in Fig. 5 is from thefZ(3P)kd “D channel.  pected, the 22pkp *D channel and the Bpkp “D chan-
Compared to Fig. 2, we can see that the?@*P)kd “D nel should have a much smaller channel interaction because
channel makes a much larger contribution than thehe energies of the target states differ considerably. It is in-
2p%(3P)kd *P channel does to the cross section. Again,deed the case as we can see from Fig. 6 since the first rise for
similar to the 2?(%P)(kskd) *P channels, the the cross section of thes3pkp “D channel is very small,
2p?(®P)kd *D channel represents photodetachment plusvhereas the second rise is much larger. So we conclude that
core excitation from multiconfiguration initial states. Figure the peak at 43.486 eV from the cross section of the
5 also shows a peak of about 40 Mb at 43.486 eV. Thi2s2pkp D channel and the Bskd“D channel is a reso-
peak is contributed from the cross section of thenance due to the interaction of these channels with the
2s52p(3P°)kp “D channel and theBs(3S)kd “D channel.  2p3s(3P°)3p “D perturber and other perturber configura-
According to the value of the weight coefficients for the tions from the 23s 3P° target state. This conclusion is also
perturber states, this maximum is mainly caused by thesupported by the average eigenphase shift shown in Fig. 7,
2p3s(3P°)3p *D perturber state. Since there are severawhich shows a change of at an energy around 43.486 eV,
channels open at this energy region, this peak may also badicating a resonance in this region.
considered as the result of the interaction of these open chan- The total Is detachment cross section is shown in Fig. 8.
nels. To clarify this, we plot in Fig. 6 the partial cross sec-There is a large, steep rise from the threshold to a maximum
tions of the open channels in this region: the2@kp “D of about 200 Mb at 39.002 eV followed by a deep decrease.
channel with a threshold at 38.56928 eV, the38kd*D This is the photodetachment cross section via the
channel with a threshold at 42.867 32 eV, the8gkp*D  2s2p(3P°)kp(*P,*D) channels. This result is similar to the
channel with a threshold at 43.35451 eV, and theresult of Kim, Zhou, and Mansof¥], who also find a rapid
2p3skp“D channel with a threshold at 43.506 61 eV. Only rise at the threshold but with a much slower decrease after
the result from the length form is plotted in the figure. Thethe maximum. The maximum value in their calculation is
difference between the velocity form and the length formabout 30 Mb, much smaller than our result of 200 Mb. From
at the peak of each partial cross section is 5% for theéFig. 5 we can see that this peak is dominated by the partial
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FIG. 8. Total cross section from thes detachment channels. state. The results of Kim, Zhou, and Manson are also shown in the
The large peak at 39 eV is mainly from theZbkp “D detachment figure.
channel. Below 43 eV we can see the384s *S resonance. De-
tailed structures are also shown at an energy around 43.5 eV, ifde (2s2p 3P°) target state. This difference can be inter-
cluding the 23p? “P and the »3s(3P°)3p “D resonances. preted as the result of channel coupling between the open
_ _ channels and thes2p(3P°)np *P closed channel. In the
cross section for detachment to the firf@ll state. energy region above 40 eV, the result of Kim, Zhou, and

Finally, we summarize in Table IV the resonance state§anson does not give the detailed resonance structures
found in this investigation. There are four resonance states i8hqwn in our calculation. This is expected since the small

the energy region covered in this paper: tre2@? “P state
at 37.669 eV with a width of 9.850 meV, thes2p? *P state
at 43.353 eV with a width of 12.60 meV, thes2s4s *S
state at 42.866 00 eV with a width of 0.103 meV, and the
2p3s(3P°)3p “D state at 43.486 eV with a width of 23.01 ~ We studied in detail the photodetachment cross sections
meV. of the 1s2s2p “P° state of the He negative ion in the re-
gion of the I detachment threshold. Detachment of both the
D. Total cross sections inner 1s electron and the outers2p electrons is investi-
gated. The calculation for thes2p? *P Feshbach resonance
IS in good agreement with other theoretical results. We ex-

from the He (1s2s2p *P°) initial state. Data with energies : . .
below 4 eV are taken from Rdi6]. The theoretical results of ploited the photodetachment of the nnes dlectron in the
threshold region and observed detailed resonance structures.

Kim, Zhou, and Manson are also shown in the figure. We

. Ip particular we identified a very narrows3s4s *S Fesh-
can see that the two theoretical results agree reasonably Wel!)ach resonance. This resonance is quite similar to the
particularly in the area of thesPp? *P and 22p? *P reso- ' q

. . 1s3s4s “S resonance we found in an earlier calculation.
nances. Both calculations show an asymmetric shape for the

2s2p? “P resonance. The asymmetric shape is more obvious
in the result of Kim, Zhou, and Manson since their cross
section keeps decreasing after the peak of tegp2 “P Thanks are due to Dr. Hsaio-Ling Zhou for sending us the
resonance until the energy reaches the threshold energy ntimerical data of their calculation. This research was sup-
the He(22p 3P°) target state. In our calculation, however, ported by the Division of Chemical Sciences, Office of Basic
the cross section reaches the minimum value and begins ®nergy Sciences, Office of Energy Research, U.S. Depart-
increase before the energy reaches that of thenent of Energy.

correlation effects are ignored in their calculation.

IV. CONCLUSION

In Fig. 9 we show the total photodetachment cross sectio
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