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The absolute generalized oscillator strengiB©S$ for 5s, &', 5p [5/2]3,, 5p [3/2];,, and 5 [1/2],
transitions of krypton have been determined in a la¢geegion at a high electron-impact energy of 2500 eV.
The positions of the minima and maxima of these GOSs have been determined. The present results show that
the angular resolution and pressure effect have great influence on the position and the amplitude of the
minimum for the GOS of §+5s’ transitions. When these effects are considered, the measured minimum
position for the GOS of §+5s’ transitions is in excellent agreement with the calculation of Chen and
MsezandJ. Phys. B33, 5397(2000].
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[. INTRODUCTION transitions. For the middle and high electron-impact energy
studies, only a few researchers reported the GOSs for several
Krypton has been applied extensively in many fields, suctexcitations of krypton. Wongt al. [11] reported a minimum
as the plasma diagnostics for the thermonuclear reactognd a maximum in the relative GOS fos$ 5s’ excitations
plasma processing of flat-panel displays technology, pumpwith 25-keV incident electrons, their energy resolution is 1
ing mechanisms in KrF gas-laser system. In addition, thereV that is not good enough to resolve &nd 5’ transitions,
are tremendous challenges for theoretical models because afid the GOS profile was much different from theoretical
the complications of many-electron heavy atom and non-LSwork (see Sec. ). Delage and Carett¢12] measured the
coupled nature in krypton. Furthermore, a comparison of thepparent generalized oscillator strengths for transitions lower
shape as well as the absolute magnitude of the measured atiéin 13.5 eV with impact energies from 15 to 400 eV. Takay-
calculated generalized oscillator strengit@®0OSg profiles  anagiet al.[13] also reported the GOSs fos®nd &’ tran-
can help both in the evaluation of computational proceduresitions with high energy resolution of 25—-40 meV and inci-
and in determining correct spectral assignméhmisand the  dent energies of 300 and 500 eV. But thkif region was
deviation of the magnitudes and positions of the minima odimited to 0.018-1.04 a.u., the positions of the minimum and
maxima predicted by theoretical calculations from experi-maximum for the GOSs of $and 5’ transitions could not
mental results will serve as a test of the Born approximatiorbe covered. As for the dipole-forbidden transitions @®4
as well as the accuracy of the wave funct{@j. Therefore, —4p®(3/2)5p, the only available GOSs measurement was
the differential cross sectiof®CSg and GOSs for electron made by Suzukj14] with incident electron energies of 100,
impact are needed greatly in the industrial application as welB00, and 500 eV, but they only observed the first maximum
as in the fundamental atomic collision processes. because of the limite&? region.
The GOS was introduced to describe the electron collision With regard to theoretical researches, many calculations
processes by Bethe and Inok[8i4], which is defined a§n  were performed for the GOSs of the%—4p°5s,5s’ tran-

atomic unitg sitions[2,15—2(Q. Briefly, Kim et al. [2] measured and cal-
culated the first minimum of GOS for thep— 4p°5s tran-
f(E K):E@sz_(f 1) sition. Utilizing the analytic atomic independent particle
' 2 p, dQ° model, Ganas and Gre¢h5] calculated the generalized os-

cillator strengths for the single-particle excitation of the rare
Here f(E,K) anddo/d() stand for GOS and DCS, respec- gases and their work shows a very complex nodal structure
tively. E and K are the excitation energy and momentumof GOSs at largd<? region. Dependence of GOSs extrema
transfer, respectively, whilp, and p, are the incident and on momentum transfer and effective nuclear charge for
scattered electron momenta, respectively. atomic transition were systematically studied by Mill&6]
There are many DCS measurements for krypton with inin the first Born approximation within a one-electron ap-
cident electron energy lower than 100 E5~8]|, which have  proximation employing scaled hydrogenlike orbitals. Padma
been summarized by Khakaet al. [9]. Guoet al. [10] re-  [17] computed the GOSs ofssand %' using the relativistic
cently measured and calculated the absolute DCSs for selocal-density-potential method. Recently, the GOSs for the
eral transitions at 12—20-eV incident electron energy and obtransitions of 4°(5s+5s’) were calculated by Shét al.
tained the differential cross sections ratios of the fop?3  [18] to investigate the relativistic, correlation, and relaxation
effects. Furthermore, the positions of the characteristic mini-
mum and maximum in the GOS for the same transitions
*Electronic address: lfzhu@ustc.edu.cn were reported by Chen and Msezdd8] using the random-
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TABLE I. The positions of minima and maxima for GOSs ab $5/2]3,, 5p [3/2],,, and 5 [1/2],
transitions of krypton.

The first maximak? (a.u)  The first minimakK? (a.u) The second maximk? (a.u)

Present work Ref.14] Present work Present work
5p [5/2]5, 0.19 0.23 1.61 3.39
5p [3/2]1, 0.17 0.21 1.55 3.37
5p [1/2], 0.20 0.22 1.74 3.54

phase approximation with exchange effect and the Hartred-1/2], are well separated at an energy resolution of 65 meV.
Fock approximation. To investigate many-electron correladin order to minimize the system errors caused by the insta-
tion effects, Amusiaet al. [20] calculated GOSs for the bility of the intensity of the incident electron beam, the di-
monopole, dipole, and quadrupole, discrete and continuousole forbidden transitions ofgf— 4p°(P,)5p at the angle
excitation spectrum of the rare gases. of 3° were measured before and after the measurements of
All the previous experimental studies were somewhat lim-the electron-energy-loss spectra at individual angle, and the
ited, so it is necessary to continue experimental study at higintensity of individual transition was normalized by the area
energy, high-energy resolution and covering a lakfere-  of the forbidden transitions of gf— 4p>(P,,)5p. Besides
gion. In this work, we reported generalized oscillatorthe instability of the incident electron beam, two types of
strengths of § and %' with an energy resolution of 65 meV double scattering processes could also cause errors in the
at an incident electron energy of 2500 eV #f region of DCS measurements, which have been described in details in
0.07-4.0 a.u. It was found that the pressure effect and instruRef.[22]. Because the cross section of double scattering pro-
mental angular resolution have great influence on the meaess depends on the square of pressure, while the cross sec-
sured amplitude and positions of the extrema, which will betion of the single scattering process depends on pressure, the
described in detail in Sec. Ill. We also determined the GOSselation between the measured intensity ratios and pressure is
for the nondipole transitions of[b[5/2]3,, 5p [3/2];,and  as follows:
5p [1/2], excitations and found that there were two maxima

and one minimum in their GOSs, these were listed in Table | 1p(6) 1p(60)
(see Sec. Il To the best of our knowledge, it is the first time (0 \Tor(®) +c(O)P. 2
the characteristic extrema for these resolved forbidden tran- ref ref P=0

sitions of krypton were studied. ) - ) )
Here c(#) is a coefficient which depends on the scattering

angle and the cross section of the measured excitdtj¢n)
andl,.(0) represent the intensity of individual excitation to

The angular-resolved electron-energy-loss spectrometdte measured and the inelastic excitation pP@s,)5p, re-
used in this experiment has been described in detail in Ref§Pectively. (p(6)/1e1(6))p-o is a ratio extrapolated to zero
[21-23. Briefly, it consists of an electron gun, a hemispheri-9as pressure. There are some differences between the present
cal electrostatic monochromator made of aluminum, z&nd our previous method®2]. In our previous work, the
rotable energy analyzer of the same type, an interactiohret(#) represents the scattering intensity of elastic excita-
chamber, a number of cylindrical electrostatic lenses, and a
one-dimension position sensitive detector for detecting the 0%
scattered electrons. All of these components are enclosed i I sa2f
four separate vacuum chambers made of stainless steel. Tt ' ss[1r, 2
impact energy of the spectrometer can be varied from 1 to &_. 3000
keV. For the present experiment, the impact energy was set &
2500 eV and the energy resolution was 65 ni@\ width at
half maximum (FWHM)]. The background pressure in the
vacuum chamber was>310 ° Pa. The true zero angle was
calibrated by the symmetry of the angular distribution of the E r
4p®—4p°(5s+5s’) inelastic scattering signal around the splz,
geometry nominal zero. The angular resolution is about 1.2° 1000 spl2,,
FWHM at present. i P12

In order to determine the GOSs 0§,55s’, and 5, the
electron-energy-loss spectra have been measured from 1.C 0
to 8.5° with an interval of 0.5°, which correspond to differ-
ent momentum transfer. A typical electron-energy-loss spec-
trum is shown in Fig. 1. In the energy-loss region of 9.5— FIG. 1. A typical electron-energy-loss spectrum of krypton
12.5 eV, the transitions of 5[5/2]5,, 5p [3/2];,, and 5  taken at the pressure 0b210 3 Pa.

Il. EXPERIMENTAL METHOD
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5 sults, then the apparent GOSs of the $5/2]3,, 5p
[3/2];,, and 5 [1/2], dipole-forbidden transitions are re-
ported.

After the electron-energy-loss spectrum was obtained,
each peak area for thep5[5/2]3,, 5p [3/2],,, and H
[1/2], dipole-forbidden transitions at every angle was deter-
mined by the least-squares-fitting program. During the fitting
procedure, we assumed that all of them have the same peak
profile and their energy positions taken from the spectro-
scopic data given by Moore6] were locked. After correct-
ing the instability of beam current, the effects of double scat-
tering, the angular factois( 8), and the angular resolution at
small angle, the relative DCSs and relative GOSs for the 5
0 R S S T TR 5s’, 5p [5/2]3,, 5p [3/2],,, and & [1/2], excitations
00000 00015 00030 00045 00060 00075  0.0090 were determined. According to the Lassettre limit theorem,

Pressure (Pa) the GOS converges to the optical oscillator stren@®9
asK2—0. The relative GOS of § excitation was extrapo-
lated using the following formul@27]:

Intensity Ration

FIG. 2. Intensity ratiod ,(6)/1,¢:(6) as a function of pressure
for 5s transition.

m

fot >, fi

n=1

tion. In the present measurement, the inelastic excitation of "

4p®(P,)5p was used instead of the elastic excitation be-
cause of the saturation of the intensity for the elastic scatter-
ing even at large angles when the one-dimension positio
sensitive detector is used. In this experiment, we measure
the electron-energy-loss spectra at different low pressures f
every measured angle. The values [0f(6)/1,¢1(6)]p-0
were obtained by using the least-squares fit to the data poin
1,(0)/1,6:(0) after the correction of instability of the beam
current. Some results for double-scattering correction of 5 . : .
transition are shown in Fig. 2, the lines are the Ieast-squar@rmmed with referen'ce tpSStransmon. .
fits of the data points. It is obvious that the pressure effect is The overall errors in th'_s W(_)rk came from the statistics of
very strong for this transition, it is also the same case for thgountsﬁs, ar)gular detefm”?a“"” and angular facagr, an-
55’ transition. At the angle of 5.0°, the ratio bi( 6)/1e((6) gular r_esolutlon determlnatlon for small anghe, pressure
at the pressure of 8103 Pa is about eight times as large as C0'Téctiond,, and the normalizing procedui, as well as
the extrapolated value @fl ,(6)/1,6(6)]p-o. SO, the pres- th_e error resulting 1_‘rom the deconvolutlpn_procoedtige In
sure effect should be corrected very carefully. this work, the maximum of each error &=2.5% for the

In the present experiment, a gas cell was used and th¥eakest transitiong,=4%, 5=6%, 5,=2%, 5,=10%,
reaction region is not a “point” but a “line.” At large scat- ©d~ 3%. The total maximum errors are 13%. o
tering angles, the scattering length seen by the analyzer is '€ absolute GOSs and DCSs & &nd %' transitions

proportional to 1/sing). However, at small scattering angles, are Iis_ted in Table Il and iIIustrate_d in Fig. 3 along vyith the
the scattering length is not proportional to 1/ginfor the ~ €XPerimental ones of Takayanagfi al. [13] at an incident

fixed length of the gas cefl22]. In addition, the different electron energy of 500 eV. It can be seen that the GOSs for

experimental condition, such as the different incident energ)Pofjh of 55 and % trr]gnhsitionsti)n this wc;]rk Sho‘li" 6]‘: _I”J"llim“m _
or electronic optics, will affect the angular factafg). So, and a maximum which are absent in the work of Takayanagi

the angular facto(6) must be remeasured before a new &t al. because of their limited momentum transfer. The rea-
experiment. Briefly, it was obtained by dividing the DCS son that pfese?‘t results are higher than that_ of Takayanag
values of £5_ 21 transition for helium from Kim and In- €t al. in the region ofK?<0.7 a.u. may be attributed to the

okuti [24] by the measured counts for this transition at dif- normalizing procedures and the pressure effect. The present

ferent angles with the results normalized at 7°. In addition,GOS was normglized to O0S oéSrangition(O.ZlA), which
5 consistent with other resul{28], while the extrapolated

the angular resolution has a great influence on the measur OS for 5 transition of Takayanagét al. is much lower
ment of DCSs at small angles. Using the method described i :
g g 0.143+0.015). For the trends of the GOSs of &nd 5’

Ref.[25], the angular resolution of 1.2° was determined an e )
the influence of angular resolution was corrected for Gos&ansitions, the results of Takayanagial. drop more slowly
measurements of small angles less than 2°. than the present results K increase, which may b.e caused
by the pressure effect. So, the trends of GOSs will lead to a

low OOSs for 5 and 5’ transitions when using the extrapo-
lated formula(3).

In this section, the GOSs ofs55s’ are reported first and For comparison, the GOSs for the sum of tredhd 5’
compared with the available experimental and theoretical reexcitation are shown in Fig. 4 along with previous experi-

f(Eo.K)=

1+X

()

(1+x)°

erex=K?%a? a=(21)Y?+[2(1-E)]*? andE and| are

e excitation energy and the ionization threshold, respec-
Ively. Here,f, is the OOS and, are the fitted constants. By
{Ljis procedure, the relative GOS of ®xcitation was nor-
malized to the OOS of 0.214 determined by Dipo& €)
method[28]. Then, the GOSs for other transitions were de-

Ill. RESULTS AND DISCUSSION
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TABLE Il. The GOSs and DCSs fors; 5s', 5p [5/2]3,, 5p [3/2]; 5 and 5 [1/2], transitions of krypton. Square brackets denote the
power of ten.

GOS DCS (a3sr %)
K? (a.u) 5s 5s’ 5p [5/2]3, 5p[3/2],, 5p[1/2], 5s 5s’ 5p [5/2]3, 5p[3/2],, 5p[1/2],
0.07 6.02—-3] 2.74-3] 9.13-3] 407-1] 1871—-1] 6.0§d—-1]
0.14 9.71-3] 3.7§-3] 1.41-2] 329-1] 1.2-1] 4.70-1]
0.24 8.10—-2] 7.6§—-2] 849-3] 3.30-3] 1.30-2] 1.85 1.65 1.6p-1] 6.5§-2] 2.59-1]
0.36 3.69—2] 3.47-2] 7.26d-3] 263-3] 1.13-2] 549-1] 4.8§-1] 9.4§-2] 3.41-2] 145-1]
0.52 1.683—2] 157-2] 4.84-3] 171-3] 7.84-3] 1.701-1] 15-1] 4.47-2] 15§-2] 7.06-2]
0.70 7.01-3] 656-3] 3.11-3] 1.09-3] 6.33-3] 543-2] 479-2] 21y-2] 7.35-3] 4.29-2]
0.91 2.30-3] 2.37-3] 1.74-3] 584-4] 3.80-3] 1.37-2] 1.30-2] 9.00-3] 3.04-3] 1.95-2]
1.15 8.38—4] 8.14—-4] 574-4] 219-4] 2.09-3] 3.94—-3] 3.63—-3] 2.37—-3] 899-4] 8.33-3]
141 9.95—-4] 9.73-4] 264—-4] 6.24-5] 1.81-3] 3.84—-3] 357-3] 88§—-4] 2.094-4] 5.99-3]
1.70 1.37-3] 1.30-3] 2.14-4] 1.00-4] 1.34-3] 439-3] 3.89—-3] 594-4] 274—-4] 3.74-3]
2.02 2.10-3] 1.99-3] 4.13-4] 220-4] 1.67-3] 5.61—-3] 5.00—-3] 9.6§—-4] 5.197-4] 3.84-3]
2.37 2.26—3] 2.29-3] 6.34-4] 241-4] 1.74-3] 5.14-3] 477-3] 1.27-3] 4.79-4] 3.3§-3]
2.75 2.24-3] 2.49-3] 823-4] 324-4] 213-3] 447-3] 44§-3] 149-3] 559-4] 3.61-3]
3.15 2.73-3] 2.37-3] 9.24-4] 379-4] 24-3] 46§-3] 3.83-3] 1.39-3] 560—-4] 3.63-3]
3.59 2.33-3] 2.0§-3] 9.87-4] 389-4] 249-3] 351-3] 297-3] 1.3]-3] 50§-4] 3.24-3]
4.04 1.79-3] 1.63-3] 8.44-4] 3.10-4] 237-3] 239-3] 209-3] 9.89-4] 360-4] 2.73-3]

mental and theoretical workgd1,13,19. The experimental It is well known that the angular resolution has a great
result of Wonget al. is digitized from Ref[11] and the the- influence on the measured DCSs near zero degree, but the
oretical one of Chen and Msezane is digitized from Refinfluence of large scattering angles was very sriifil,29.

[19]. The result of Wonget al. is normalized to the present This consideration is reasonable for the transitions whose
data atk?=0.36 a.u. Fork?<0.7 a.u. region, the present DCSs are monotonically decreasing as the scattering angle
results are slightly higher than the experimental ones ofncreases. But for the transitions whose DCSs have extrema
Takayanagiet al. and the reasons are discussed above. Foat nonzero angles such as,5and 5’ excitations of krypton,

the region ofK?>0.7 a.u., the result of Wonet al.is much  the instrumental angular resolution would have a large influ-
higher than the present one, the difference cannot be exnce on the measured DCSs near the extrema positions. In
plained by the influence of the angular resolution. In Fig. 2,order to demonstrate the influence of the angular resolution
it has been shown that the pressure effect is very strong fasn the measured GOSs o &and 5’ transitions, the theo-
4p®5s transition, which would affect the extrapolated inten- retical result of Chen and Msezafi£9] is convoluted with

sity if the experiments were done in high gas pressures. Than angular response functioh(u) as a Gauss function,
difference between the present result and that of Wetrey. ~ A(u) = 1/\/(27) exd —u?(2¢°)], where a=A6/\/8In2 and

may also be attributed to pressure effect as pointed out b ¢ is the present instrumental angular resolution 1.2°
Wong et al. themselve$11]. (FWHM). The dashed line in Fig. 4 is the convoluted result

I 4p°('s }>4p"5s[312], 10" b
10° %a. 4p%('s )->4p’5s[1/2], 3
E & 10* 3
o ™ E,=2500 eV 55 Present work 3
& ® E,=2500 eV 55 Present work [
%) » A E,=500 eV 5s Takayanagi et af [13] w 10°k
o] 2 * E,=500eV 5s Takayanagi et af [13) @] E
O 107 O] B Present work
] [ =+ = E,=25 keV Wong [11]
& 10 3 A E,=500 eV Takayanagi et al (13]
o E ——Chen et af [19]
a . . s ' ' = = Convoluted results
' 10°
]
10° | »
]
1 1 1 1 10-5 " PR ararere | 2 " P | n n PR N N Y
0 1 2 3 4 0.1 1 10
2
K2 (a.u.) K? (a.u.)

FIG. 3. Absolute GOSs of$and 5%’ excitations. FIG. 4. Absolute GOSs of &+5s’ excitations.
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TABLE Ill. The positions of the minimum and maximum for GOSs q°4-4p®(5s+5s’) transitions of

krypton.
Experimental Theoretical
Ref.[19]

K? (a.u) Present Refl2] Ref.[11] Ref.[2] Ref.[16] Ref.[19] Convoluted results

Minimum 1.24 0.90 1.04 1.21 0.69 1.053 1.25

Maximum 2.97 2.50 1.35 2.40 2.50
of Chen and Msezane and normalized to the present data at X2 m X n
K2=0.36 a.u. It could be clearly seen that the angular reso- f(Eo,K)=——5 > ¢, — (4
lution has great influence on the profiles of the GOSs espe- (1+x%)“n=0 | (1+x9)

cially for K? region near the extrema positions. The present

results are in good agreement with the convoluted one excepiere, ¢, are the coefficients ang is the same as that in

at the largeiK? region in which the present ones are slightly formula (3). Similar to the profile of the GOS forpH-4p’

higher. It has been shown that not only the position but als@xcitation of Ar[31], 2p, excitation of Ne[32], the GOSs

the amplitude of the minimum was influenced by the angulafor 5p [5/2]5,, 5p [3/2],, and 5 [1/2], excitations of

resolution. krypton also have two maxima and one minimum in the
The positions of minimum and maximum of GOS for present<? region. The positions of these extrema are listed

4p®—4p°(5s+5s’) transitions of krypton are listed in in Table | together with those of Suzuki measured at the

Table IIlI. It is obvious that the positions of the minimum and incident energy of 500 eY14].

maximum for present results are larger than the experimental The inset graphs in Figs. 5—7 show the present results and

ones of Wonget al.[11] and the theoretical ones of Chen andthe ones of Suzuki at the smad? in detail. It can be seen

Msezane[19]. From above, it has been shown that the ex-that all of the profiles of the apparent GOSs @f F5/2]5 ,,

trema positions will be changed to highiéf if the angular  5p [3/2];,, and 5 [1/2], transitions depend on the impact

resolution is considered. Furthermore, the GOS of Wongnergy. The amplitudes of the present GOSs for these transi-

etal. is larger than ours at the largé* which would also  tions are inconsistent with those of Suz{ikdl], but there are

cause the shift of the minimum position to smalléf. So,  same behaviors with the impact energy increase; that is, the

there may be some problems for the experimental result cdpparent GOSs for (5 [5/2]5, and 5p [3/2], , excitations

Wong et al. and perhaps the difference for the positions ofdecrease as the impact energy increases, but fiof132],

the minimum and maximum between our results and Wongransition it is reverse. For the transitions diand 3'S in

et al. can be attributed to the pressure effect. As for the inHe [33] and 20, in Ne[32], it has the same behavior as the

consistency of the maximum position between ours and that 0S of 5 [1/2], transition. Because all the states d&an

of Chen and Msezane, the reason is not clear. More accurajge 2p; in Ne [32], and 5 [1/2], in Kr [10,34 have the

experimental and theoretical researches are expected. 1S, component in the LS coupling notation, the behavior of
In Table Il and Figs. 5-7, the GOSs and DCSs for thethese GOSs as impact energy increases may be explained by

dipole-forbidden transitions of{5[5/2]3,, 5p [3/2];,, and  the 1S, to 1S, transition charactef14]. As the pressure ef-

5p [1/2], are shown. The lines in Figs. 5-7 are the presentect has little influence on the measured apparent GOSs for

fitting results using the polynomials with the following form the 5y [5/2]5,, 5p [3/2],,, and 5 [1/2], transitions at
[30]: ' ’

0.0125 0.006 oo
0015
L o .
o & 0.005 |-©
0.0100 oot0 oA
oA
8 0004 [ &
0005 | O™ w¥r
0.0075 [
] ¢ 0.003
0 0.000 1 L L 1 L 00 01 0.2 03 04 05 08
0.0050 00 0.1 02 03 04 05 06 K (o)
K (au) 0.002 -
8 E,=2500 oV Present work ’ E,=2500 6V Present work
0 E,=100 eV Suzuki [14] E,=100 eV Suzuki [14]

0.0025 ﬁ A E;=300eV Suzid[14) E,=300 oV Suzuki [14]

: * E,=500 eV Suzuki [14] 0.001 E, =500 eV Suzuki [14]

] u ] [] -
0.0000 n L 1 0.000 L R N s . A B R
0.0 0.9 18 27 3.6 45 0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0 4.5
K (a.u.) K (a.u.)

FIG. 5. Apparent GOSs ofb[5/2]; , excitation.

FIG. 6. Apparent GOSs ofb[ 3/2], , excitation.
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005 |

0.015 |- oon I

0 0.010

influence on the measurements of DCSs and GOSs dor 5
and 5’ transitions of krypton. So the pressure effect should
be carefully considered especially for atoms and molecules,
which have large cross sections. In addition, the instrumental
angular resolution has great influence on the position and
amplitude of extrema of DCSs and GOSs. After considering
the pressure effect and the instrumental angular resolution,

00 01 02 03 04 05

K (@)

GO

E,=2500 eV Present work

E =100 8V Suzuki [14]
E,=300 eV Suzuki [14]

E,=500 eV Suzuki [14]

0.005

*pboaw

0.000

the present results for the GOSs of the sum sfahd &’
transitions are in good agreement with the convoluted theo-
retical ones of Chen and Msezai®|. But for the largeK?
region, both the GOSs and the maximum position are larger
than the convoluted ones, which indicates that more accurate
theoretical calculations and experimental measurements are
needed.

K2 (a.u.)

FIG. 7. Apparent GOSs ofb[ 1/2], excitation.

0.0 0.5 1.0 1.5 20 25 3.0 35 4.0 4.5

The extrema positions and the apparent generalized oscil-
lator strengths for p [5/2]3,, 5p [3/2];,, and S [1/2],
transitions are listed in Tables | and II, respectively. The
amplitudes of the present GOSs for these transitions are in-

smallK2, the present results for these dipole-forbidden tranconsistent with those of Suzukl4], but there are same be-
sitions have the same behavior as that of Sugij in spite haviors with thg impact energy increase. Unfortunay(_aly, there
of the large difference between ours and Takayamagil. — are no theoretical results for these forbidden transitions, and

[13] for the extrapolated OOS ofsitransition measured us- further experimental measurements and theoretical calcula-

ing the same apparatus.

IV. CONCLUSION

tions are recommended.
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