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Abstract 

A comprehensive set of fine structure energy levels, oscillator strengths (f), line strengths (S), and radiative 
decay rates (A) for bound-bound transitions in Fe XV is presented. The allowed electric dipole (E1) transitions were 
obtained from the relativistic Breit-Pauli R-matrix method which is based on the close coupling approximation. A total 
of 507 fine structure energy levels with n ≤ 10, l ≤ 9, and 0 ≤ J ≤ 10 are found. They agree within 1% with the available 
observed energies. These energy levels yield a total of 27,812 E1, same-spin multiplets and intercombination 
transitions. The A values are in good agreement with those compiled by NIST and other existing values for most 
transitions. Forbidden transitions are obtained from a set of 20 configurations with orbitals ranging from 1s to 5f using 
the relativistic code SUPERSTRUCTURE (SS) in the Breit-Pauli approximation. From a set of 123 fine structure 
levels, a total of 6962 S and A values are presented for forbidden electric quadrupole (E2), electric octupole (E3), mag-
netic dipole (M1), and magnetic quadrupole (M2) transitions. The energies from SS calculations agree with observed 
energies to within 1-3%. A values for E2, M1 transitions agree very well with the available values for most transitions 
while those for M2 transitions show variable agreement. The large set of transition parameters presented should be 
applicable for both diagnostics and spectral modeling in the X-ray, ultraviolet, and optical regions of astrophysical 
plasmas. 
 
 
 
 
1. Introduction 
 

Lines of the magnesium-like iron ion, Fe XV, with ground configuration 1s22s22p63s2, are 
commonly seen in astrophysical spectra. For example, emission lines in an extreme ultraviolet 
wavelength range of about 200–400 Å arising from n = 3–3 transitions in Fe XV are widely 
detected in solar spectra (e.g., Ref. [1]). Soft X-ray emission lines of 50–80 Å due to n = 3–4 
transitions in Fe XV are seen in solar flares and the corona of Capella [2], and X-ray lines of 15–17 
Å due to M-shell transitions (mainly 2p–3d) are seen in various objects, such as IRAS 13349-2438 
[3]. 

Accurate atomic transition parameters are needed to extract conditions such as 
temperature, density, plasma outflow velocities, etc., of the astronomical objects. Earlier 
calculations of transition rates for Fe XV were carried out by Shorer et al. [4], Cowan and Widing 
[5], Cheng and Johnson [6], Anderson and Anderson [7], and Kastner et al. [8], which are included 
in an evaluated compilation carried out by Shirai et al. [9]. Calculations by Anderson and 
Anderson included both allowed and forbidden transitions. Transitions have been reported more 
recently by Deb et al. [10], Aggar-wal et al. [11], Deb and Msezane [12], and Berrington et al. [13]. 
Results from all of these works correspond to various approximations based on atomic structure 
calculations. The present work reports the first large-scale ab initio results for Fe XV from the 
relativistic Breit–Pauli R-matrix (BPRM) method aimed at improving astrophysical modeling. 
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2. Theory 
 

The BPRM method is based on close coupling approximation where the atomic system is 
described as an N-electron target (core) interacting with a (N + 1)th electron. The wavefunction 
expansion, ΨE, of the (N + 1) electron system with total orbital angular momentum L, spin 
multiplicity (2S + 1), and total angular momentum symmetry Jπ, is written as 

 

 
 
where χi is the target ion wavefunction in a specific state SiLiπi or level Jiπi, and θi is the 
wavefunction of the interacting (N + 1)th electron in a channel labeled as SiLi(Ji)π i ki

2 li(SLπ or Jπ)     
where k

2
i  is the incident kinetic energy. Φjs are correlation wavefunctions of the (N + 1) electron 

system that (a) compensate for the orthogonality conditions between the continuum and the bound 
orbitals and (b) represent additional short-range correlation. 

The relativistic Hamiltonian for the (N + 1) electron system in the Breit–Pauli 
approximation is given by (e.g., Ref. [15]) 

 

 
 
where HN+1 is the nonrelativistic Hamiltonian, 

 

 
 

 is the mass correction,  is the Darwin, and is the spin–orbit interaction term, 
respectively. The two-body interaction terms are with notation c for contraction, d for Darwin, o 
for orbit, s for spin, and a prime indicates ‘other.’ All terms improve the energies except the 
spin–orbit interaction term which splits the energies into fine structure components. The BPRM 
Hamiltonian used in the Iron Project [16] includes the first three one-body corrections. However, 
the atomic structure calculations for the forbidden transitions include the contribution of the full 
Breit interaction term consisting of the fine structure terms, that is spin-other-orbit (os’ ) and 
spin-other-spin (ss’) terms, and ignores the last three two-body interaction terms. 

In the BPRM method, the set of SLπ are recoupled to obtain (e + ion) states with total Jπ, 
following the diagonalization of the (N + 1)-electron Hamiltonian, 

 

 
 
Substitution of the wavefunction expansion results in a set of coupled equations that are solved 
using the R-matrix approach. At negative total energies (E < 0), the solutions of the close coupling 
equations occur at discrete eigenvalues of the (e + ion) Hamiltonian that correspond to pure bound 
states ΨB. 



The oscillator strength (ƒ) for an electric dipole (E1) transition is proportional to the 
generalized line strength as 

 

 
 
where Ψi and Ψf are the initial and final bound wavefunctions, respectively. The line strengths are 
energy independent quantities. This gives the oscillator strength, ƒij, and radiative decay rate or 
Einstein’s A-coefficient (in atomic units, a.u.) as 
 

  
 
Eji is the energy difference between the initial and final states, α is the fine structure constant, and 
gi, gj are the statistical weight factors of the initial and final states, respectively. 

The radiative decay rates for forbidden transitions are obtained from configuration 
interaction atomic structure calculations using the latest version of the program 
SUPERSTRUCTURE (SS) [17–19]. The transition rates for photo-excitations or de-excitations 
via various types of forbidden transitions can be obtained from the general line strength, 
 

  
 
where X represents the electric (E) or magnetic (M) type and k represents various multipoles, such 
as dipole (1), quadrupole (2), and octupole (3) [19]. The radiative decay rates for various higher 
orders of radiation are obtained from line strength S Χλ(ij) as follows.  

Electric quadrupole (E2) and magnetic dipole (M1) 
 

 
 
and for electric octopole (E3) and magnetic quadrupole (M2) 
 
 

 
 
 
The lifetime of a level can be obtained from the A values as, 
 

 
 
where the sum is the total radiative transition probability for the level k, and Aji (s-1) =Aji (a.u.)/ τ0, 



τ0 = 2.4191 x 10-17 s is the atomic unit of time. 
 
3. Calculations 
 
3.1. BPRM calculations for E1 transitions 
 

The BPRM calculation is initiated with the target (core) wave-function which is obtained 
from an atomic structure calculation. Target Fe XVI wavefunctions were obtained from 
optimization of the 16 configurations, 2p63s(1), 2p63p(2), 2p63d(3), 2p64s(4), 2p64p(5), 2p64d(6), 
2p64f(7), 2p53s2(8), 2p53s3p(9), 2p53s3d(10), 2p53s4s(11), 2p53s4p(12), 2p53s4d(13), 
2p53s4f(14), 2p53p2(15), and 2p53p3d(16) using the code SUPERSTRUCTURE [17]. All config-
urations are treated as spectroscopic. The values of Thomas–Fermi–Amaldi scaling parameters, 
λnl, for individual orbitals are 1.38(1s), 1.15(2s), 1.08(2p), 1.05(3s), 1.01(3p), 1.0(3d), 1.0(4s), 
1.0(4p), 1.0(4d), and 1.0(4f). The close coupling wavefunction expansion for Fe XV is formed 
from the first 12 levels of Fe XVI as given in Table A. The second bound-channel term of the 
wave-function of Fe XV, Eq. (1), includes all possible (N + 1) configurations with filled 1s and 2s 
orbitals, and minimum and maximum occupancies, given within parentheses, in orbitals 2p(5–6), 
3s(0– 2), 3p(0–3), 3d(0–2), 4s(0–2), 4p(0–2), 4d(0–1), and 4f(0–1). 

Computations were carried out using the BPRM package of codes [20,21]. The general 
steps have been described in earlier papers [19]. Calculations included bound levels of Fe XV with 
 

 
 
 
 
 
 
 
 

 
Table A 
Levels and energies (Et) of the target Fe XVI in the wavefunction expansion of Fe XV. The present (SS) energies are 
compared with the observed energies in the NIST compilation [14]. 
 
 

 
 
0 ≤ J ≤ 10 of even and odd parities, n ≤ 10, l ≤ 9, 0 ≤ L ≤ 12, and (2S + 1) = 1,3. The fine structure 



bound levels are obtained by scanning through the poles in the (e + ion) Hamiltonian with a fine 
mesh of effective quantum number ν, at Δν = 0.001 or smaller in code STGB. 

The energies were then identified through a theoretical spectroscopy procedure as 
described in Ref. [22]. The bound–bound transitions from the BPRM code have been processed for 
energies and transition wavelengths using code PBPRAD. For levels that have been measured, the 
oscillator strengths and A values, Eq. (6), were obtained from BPRM line strengths and the 
measured transition energies in order to improve the accuracy. This is a common practice of 
accuracy improvement, especially by the National Institute of Standards and Technology (NIST), 
since measured energies in general are more accurate than the calculated ones. 
 
3.2. Atomic structure calculations for the forbidden transitions 
 

Forbidden transitions of type E2, E3, M1, and M2 for Fe XV are obtained from an 
optimized set of 20 configurations with orbitals going up to 5g. All configurations are 
spectroscopic. The radiative decay rates were calculated from configuration interaction atomic 
structure calculations using the later version of SS that includes multipole transitions in the 
Breit–Pauli approximation [19]. The Thomas–Fermi–Amaldi λnl parameters for the orbitals are 
1.38(1s), 1.25(2s), 1.15(2p), 1.15(3s), 1.(3p), 1.0(3d), 1.0(4s), 1.0(4p), 1.0(4d), 1.0(4f), 1.0(5s), 
1.0(5p), 1.0(5d), 1.0(5f), and 1.0(5g). The transitions have been processed by replacing the cal-
culated energies by the available observed energies using the code PRCSS. 
 
4. Results and discussion 
 

A comprehensive set of oscillator strengths, line strengths, and radiative decay rates for 
allowed and forbidden transitions in Fe XV are presented. They are discussed in separate sections 
below. 
 
4.1. Energies and allowed E1 transitions in the BPRM approximation 

 
The allowed E1 transitions of Fe XV correspond to a large number, 507 in total, of fine 

structure energy levels with n ≤ 10, 0 ≤ l ≤ 9, and 0 ≤ J ≤ 10 of even and odd parities. 
The BPRM method finds energy eigenvalues without any identification. These energies 

have been identified spectroscopically through a procedure [22] that analyzes the quantum defects 
of levels, matches possible components of the relevant LS terms, and considers channel percentage 
contributions to the integrated wave functions in the outer region. Hund’s rule is also used for 
levels arising from the same configuration such that the level with higher orbital angular 
momentum L and/or higher spin multiplicity will lie lower than those with lower L and lower spin. 
Spectroscopic identification is a major task compared to atomic structure calculations where the 
levels are identified automatically. Based on the identification criteria, a level may have one or 
more possible designations due to mixing of states and similar quantum defects. These could 
introduce some uncertainties in the identification. Hence levels have been specified with all 
possible identifications. The identified designation provides information on the configuration, LS 
term, and J value of the core and nl values of the outer or valence electron.  

The complete set of 507 energy levels of Fe XV is available electronically. They are 
presented in two formats for various practical purposes: (i) in LSJ component format where fine 
structure levels are grouped as components of a LS term and (ii) in a Jπ set where levels of the 



symmetry are listed in ascending order of energy positions. A partial set of energies in format (i), 
useful for spectroscopic diagnostics, is given in Table 1. It provides the check for completeness of 
the set of energy levels that belong to the LS term, and detects any missing level. Table B presents 
a partial set of energy levels in format (ii). The format is useful for modeling code applications. 

The BPRM energies agree with those in the NIST table within 1% for all levels as shown in 
Table C. However, a large difference, 15%, is found for the NIST identified level, 3s6f(1Fo). It 
appears that the level might have been misidentified by NIST. The BPRM energies show similar 
agreement with other calculated energies. Berrington et al. [13] compare their calculated energies, 
in the Breit–Pauli and Dirac–Fock approximations, with those in the compiled table by NIST [14] 
as well as other existing calculated energies, such as by Deb et al. [10], Aggarwal et al. [11], and 
Deb and Msezane [12]. They obtained very good agreement with NIST, as in the case of the 
present work, and with other calculations. However, coming from atomic structure calculations, 
their energies are relative to the zero ground state, that is, the ground state is not specified whereas 
present energies are absolute. 

The complete set of fine structure E1 transitions among the 507 levels consists of 27,812 
E1 transitions. A sample set of transitions 



 
Table B 
Partial set of fine structure energy levels of Fe XV in Jπ order. ie is the energy index and IJ is the energy index of the 
level in its symmetry. There are 507 levels, n ≤ 10, l ≤ 9. 
 

 
 
Table C 
Comparison of calculated BPRM energies, E, for Fe XV with observed values (NIST). IJ is 
the calculated level index for its position in its Jπ symmetry. 
 

 
 



is presented in Table D. The complete file containing ƒ, S, and A values for E1 transitions is 
available electronically. In Table D, the top line specifies the nuclear charge (Z = 26) and number 
of electrons in the ion (Nelc = 12). This line is followed by sets of oscillator strengths belonging to 
various pairs of symmetries Jiπi–Jkπk. The transition symmetries are expressed in the form of the 
statistical weight factors, g = 2J+1, and parity π (=0 for even and = 1 for odd parity). Ni, Nƒ are 
number of energies for the transitions symmetries and NN is the number of transitions. 
Identification of the transition level indices Ii and Ik can be found from the energy Table 2. The 
third column in Table D is the approximate transition wavelength (λ) in Å obtained using E (Å) = 
911.2671/(Eik(Ry). The fourth and fifth columns provide the energies Ei and Ek in Rydbergs of the 
transition levels. The sixth column is ƒ, the oscillator strength in the length formulation. The sign 
of ƒ indicates the upper and lower levels in transitions such that a negative value means that i is the 
lower level, while a positive value means k is the lower level. Column seven is the line strength S, 
and the last column is the transition probability or the radiative decay rate Aki (s-1). Calculated 
energies have been replaced by the observed energies wherever available for improved accuracy. 
Since the agreement of the calculated energies are within 1-3% with the observed values, accuracy 
improvement could be attained to about 10% depending on the values of the energy levels. 

A set of transitions employing only the observed set of levels has been processed with 
complete spectroscopic notation and grouped as fine structure components of LS multiplets for 
direct comparison with experiment and other, such as, for diagnostic applications. The transitions 
are given in Table 2. 

The present BPRM A values for Fe XV are compared with the existing values, all obtained 
from atomic structure calculations, in Table 



Table D 
Sample set of ƒ-, S and A-values for allowed E1 transitions in Fe XV. See text for explanation. 

 
 
E. The A values for E1 transitions using SS are also compared in Table E. The atomic structure 
calculations for the present forbidden transitions using SS also generated E1 transitions. This set is 
much smaller than the BPRM set. The NIST [14] table includes results from a number of authors 
and from the compiled table by Shirari et al. [9].Recent calculations for the A values were carried 
out by Deb et al. [10] using CIV3 [23], Aggarwal et al. [11] and Deb and Msezane [12] using 
GRASP [24], and Berrington et al.[13]using AUTOSTRUCTURE, which is an adaptation of SS, 
as well as using Dirac–Fock GRASP code [24,25]. Comparison of the present BPRM A values 
with SS, as well as the existing values show very good agreement for most of the E1 transitions. 
However, significant differences are found for a few 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table E 
Comparison of present A values in units of s-1 for E1 transitions with those in the NIST compilation from Refs. [4](1), 
[5](2), [6](3), [7](4), [9](5), [8](6), and with Deb et al. [10](7), Berrington et al. [13](8) (a—Breit-Pauli atomic 
structure, b—Dirac atomic structure), Aggarwal et al. [11] and Deb et al. [10,12](9). The alphabetic letter is the NIST 
accuracy rating. 
 



Table F 
Comparison of the present (SS) A values for forbidden transitions with those in the 
NIST table. The alphabetic letter is the NIST accuracy (Ac) rating. 
 

 
transitions, such as 3s2(1S0) - 3s5p(1Po

1      ),for which the BPRM A value is much lower than that from 
NIST as well as SS. 
 
4.2. Energies and forbidden E2, E3, M1, M2 transitions from SUPERSTRUCTURE 
 

Forbidden transitions of type E2, E3, M1, andM2are presented for 123 levels of 20 
configurations with orbitals going up to 5f. Of these, 101 levels lie below the ionization threshold. 
These are obtained from the code SS which lists the levels in energy order regardless of their 
symmetry. Table 3 lists these levels processed with spectroscopic identification. The calculated 
energies agree with the measured values in the NIST compilation within less than 1% to a 
maximum of 3%. They also show very good agreement with the 87-level calculations by Deb et al. 
[10], Aggarwal et al. [11], and Deb and Msezane [12], and 47-level calculations by Berrington et 
al. [13], all of which presented allowed transitions for a limited number of transitions. Small 
differences are expected since the set of configurations and relevant parameters are different for 
each calculation. The present calculations included higher levels than the earlier calculations. 

The forbidden transitions with the observed levels have been reprocessed with calculated 
line strengths and observed energies to obtain the A values. The energies in Table 3 correspond to 
energies used to process the A values of the forbidden transitions. Hence they are combinations of 
observed (whenever available) and calculated energies, and calculated energies (when no observed 
values are available). 

S and A values for a total of 6962 forbidden transitions of type E2, E3, M1, and M2 have 
been found for Fe XV. Table 4 presents a partial set of these transitions. The parity remains 
unchanged for the E2and M1 transitions and hence are presented together. On the other hand, 
parity changes for E3 and M2 transitions which are presented together. The complete set of 
transitions processed from SS output with standard spectroscopic notation is available 
electronically. 

Comparison of the present A values are made with those available in the NIST compilation, 
computed by Anderson and Anderson [7], in Table F. Good agreement is found between SS and 
NIST for E2, M1 transitions. Variable agreement is noted between SS and NIST for M2 
transitions. 
 



5. Conclusions 
 

Photo-excitations and de-excitations of FeXV are studied in detail and an extensive set of 
transition parameters for oscillator strengths, line strengths, and radiative decay rates is presented 
for both allowed and forbidden transitions. The allowed transitions are treated with a large-scale 
relativistic Breit–Pauli R-matrix method and the forbidden transitions are treated with relativistic 
atomic structure calcula-tionsusingthecodeSUPERSTRUCTURE.Verygoodagreement,within 
1%,isfound for the BPRM calculated energies with the measured values while those from SS vary 
from less than 1–3%. 

The BPRM E1 transition rates are in very good agreement with available results for most 
transitions. The advantage of the present BPRM method is its capability of including much more 
configuration interactions than that of the atomic structure calculations. However, the atomic 
structure calculations in the Breit–Pauli approximation can include two-body interaction terms and 
the Dirac–Fock method can make better optimization of the energies. For highly charged Fe XV, 
the 47-level calculations by Berrington et al. [13], the 87-level calculations by Aggarwal et al. [11] 
and Deb and Msezane [12], and the present calculations provide similar results for most of the 
transitions. Some differences in the results are expected from differences in the methodologies. 
The present forbidden transitions compare very well with those in the NIST compilation for most 
transitions. However, M2 transitions have variable agreement with others. The present results are 
expected to be accurate and complete enough for most astrophysical and laboratory applications. 
In addition to the present supplemental data files, all data are available electronically at the 
NORAD website: www.astronomy.ohio-state.edu/~na-har/nahar_radiativeatomicdata/index.html 
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Explanation of Tables 
 
Table 1.    Partial set of 507 energy levels of Fe XV, grouped as fine structure components 

of LS terms. 
The levels are designated as Ct(StLtpt)JtnlJ(SL)π 
The top line of each set provides the expected number of fine structure levels (Nlv) for 
the possible (2S + 1)Lπ terms with the given configurations. In the set, the spin 
multiplicity (2S + 1) and parity p are fixed, but L varies. Within parenthesis next to 
each L, all possible J values associated with the given LS term are specified. This line 
is followed by a set of the energy levels of the same configurations. Nlv(c) at the end 
specifies the total number of calculated J levels found for the set. If Nlv = Nlv(c), the 
calculated energy set for the given terms is complete 

 
The levels are designated as Ct(StLtπt)JtnlJ(SL)π 
Ct               target configuration 
StLtπt           SLπ symmetry of the target 
Jt               total angular momentum of the target state 
nl              configuration of the valence electron 
J               total angular momentum of the level 
E (Ry)         level energy in Rydberg 
m              effective quantum number 
SLπ            symmetry of the level 

 
Table 2.   E1 transition probabilities for observed levels of Fe XV, grouped as fine structure 

components of LS multiplets. 
The calculated transition energies have been replaced by the observed energies. 

 
Ci–Ck          configurations of transition levels 
Ti-Tk          LS term designation of the level 
gi             statistical weight factor (2J + 1) of the level 
I              position of the level in its SLπ symmetry 
Eik (Å)        transition energy (in Angstroms) 
ƒ, S, A (s−1)    oscillator strength, line strength, radiative decay rate 
 

Table 3.  Fine structure energy levels of Fe XV for which forbidden (E2, E3, M1, M2)   
transitions are presented.  
The indices (cf) correspond to configurations 2p63s2(1), 2p63s3p(2), 2p63p2(3),   
2p63s3d(4), 2p63p3d(5), 2p63s4s(6), 2p63s4p(7), 2p63s4d(8), 2p64s4f(9), 2p63s5s(10),  
2p63s5p(11), 2p63s5d(12), 2p63p4s(13), 2p63p4p(14), 2p63p4d(15), 2p63p4f(16),  
2p53s23p(17), 2p53s23d(18), 2p63d2(19), 2p63s5f(20) 
ie               level index 
SLp(cf)        LS term of the level and configuration number cf 
2J             J is total angular momentum 
E (Ry)         relative energy in Rydberg of the level 
 

 



Table 4.  Partial set of radiative decay rates for forbidden E2, M1, E3, M2 transitions in Fe     
XV. 
The indices (cf) correspond to configurations 2p63s2(1), 2p63s3p(2), 2p63p2(3), 
2p63s3d(4), 2p63p3d(5), 2p63s4s(6), 2p63s4p(7), 2p63s4d(8), 2p64s4f(9), 2p63s5s(10), 
2p63s5p(11), 2p63s5d(12), 2p63p4s(13), 2p63p4p(14), 2p63p4d(15), 2p63p4f(16), 
2p53s23p(17), 2p53s23d(18), 2p63d2(19), 2p63s5f(20) 
 
Ntr     total number of transitions 
i–j      energy indices of the levels as given in Table 3 
Ni      LS term designation of the level 
Ci      configuration number of the transition level 
gi      statistical weight factor (2J + 1) of the level 
𝜆𝜆      transition energy. Note that for extremely low energy, k = 10,000 Å 
Ei, Ef  energies of the levels 
AE2   radiative decay rate for E2 transition 
AE3   radiative decay rate for E3 transition 
AM1  radiative decay rate for M1 transition 
AM2  radiative decay rate for M2 transition 



Table 1 
Partial set of 507 energy levels of Fe XV, grouped as fine structure components of LS terms. See page 583 for 
Explanation of Tables. 
 

 



Table 1. (continued) 
 

 
(continued on next page) 



Table 1. (continued) 
 

 



Table 1. (continued) 
 

 



Table 2 
E1 transition probabilities for observed levels of Fe XV, grouped as fine structure components of LS multiplets. See 
page 583 for Explanation of Tables. 
 

 



Table 2. (continued) 
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Table 2. (continued) 
 

 



Table 2. (continued) 
 

 
 

(continued on next page) 



Table 2. (continued) 
 

 



Table 2. (continued) 
 

 
 

(continued on next page) 



Table 2. (continued) 
 

 



Table 2. (continued) 
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Table 2. (continued) 
 

 



Table 2. (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3 
Fine structure energy levels of Fe XV for which forbidden (E2, E3, M1, M2) transitions are presented See page 583 for 
Explanation of Tables. 
 

.  



 
Table 3. (continued) 
 

 



Table 4 
Partial set of radiative decay rates for forbidden E2, M1, E3, M2 transitions in Fe XV. See page 583 for Explanation of 
Tables. 
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Table 4. (continued) 
 

 



Table 4. (continued) 
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Table 4. (continued) 
 
 

 
 



Table 4. (continued) 

 
 

(continued on next page) 



Table 4. (continued) 
 

 



Table 4. (continued) 
 

 


