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PREFACE

This bibliography includes the relevant references published

until th芭end of 1977. This is mainly the results of our

personal efforts. We are not to claim that this is nearly

the complete list･ It is likely that many f七rth甲references

must be added in future to this bibliography. Nevertheless,

we hope that this is of some value for fusion research,

astrophysics, as well as atomic collision resea･rch itself･

No selection has been tnade, So that it is the future task to

evaluate the reliability of ttle numerical data reported in

each reference.

Brief remarks are put to eadl reference. These remarks

include the target ion species and the processe8 treated and

iTldicate so苫Ie features
of the article. ヱowever, these do not

necessarily cover the whole feature of the work.

瓜e first part is for the experimental references and the昌eCOnd

for the theoretical on色S. Each part contains the index at

the end.

R. Takayanagl
●
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crossed-bean

Na+: toniz.to Na3+

T-1000eV

crossed-beam



比e

tie+ (t): 61E1, 62El, 67E5, 68E2, 69E9, 72E6

(E): 66E2, 67E1, 68E7, 73E2, 74E2, 74E3

Ne

Ne+ (工); 63El, 64El,

(A): 66E3, 67E4
f

Ne2+ (I): 67E5, 70E3,

(A)皇 66E3, 67E4

Ⅳe3+ (工); 67E5, 70E3,

(R): 66E3, 67E4

N

N

4+
e

5+
e

く工): 67E5,

(R): 66E3,

(工): 6花5

(A): 66E3,

70E3,

67E4

66El, 67E5, 70E3, 72E4

72E4

72E4

67E4, 77写4
ノ●

Ne6+ (a)･･ 66E3, 67E4, 71苫3, 71E4, 71E8, 77E4

●

Ne7+ (a): 66E3, 67E4, 7･LE5, 71E6, 73E4, 77E4

Ne8+ (a)･. 72E2

Ar

Ar+ (工): 64E1, 66E1, 67E5, 70E3, 71EIO, 72E4

(E): 72E5, 72E7

Ar2+ (工): 64El, 67E5, 70E3, 71EIO, 72別

Ar3+ (t): 67E5, 70E3, 71E10, 72E4

Ark+ (I): 67E5, TOES, 71E10, 76E3

Ar5+ (I): 67E5, 70E3, 71E10, 75E3, 76E3

Ar6+ (I): 67E5, 71EIO, 76E3

Ar7+ (工): 76E3

(R); 72EI

Ar8+Ilo+J12+ (エ); 75空3, 76E3

Ar9+Ill+ (工): 76Fj

Kr

Kr+ (I): 63E3, 64El, 65E1, 66El, 67E5

(E)I. 72E7

Kr2+ (工).･ 64El, 67E5

(E)= 74E4

Kr3+,
4+･5+,6+,7+

(工): 67E5

Ⅹe

xe+ (工): 63E3, 66F.i, 67E5

Ⅹe2+ (工): 6娼1, 67E5

Ⅹe3+･叶,5+･6+,7+,8+･9+ (エ); 67E5

v410+(工)･. 67E5, 75E3▲L-

Ⅹe15+,
20+I 24+

(工); 75E3

-･18-



B

B3+ (A): 76El

+

C

c2+

c3+

C

(工): 69EIO,

(工): 69EIO,

(工): 69EIO,

(E): 77E6,

くR): 71E4

c帥(工)‥ 69EIO

(R); 68El,

71E2, 77E3

77E3

77E1

77E7

68E4, 72E2, 76El

N

N+ (工); 63E2, 69E5, 72E4,
･72E6

N2+ (i): 69E1, 71E?., 72E4

N3+ (z): 75E3

(R); 71E3

N4+ (i): 77El

(E); 73El

(A): 70E2, 71E4, 71E5, 77E5

N5+ (i): 75E3

(R); 72E2

o+

o2+

o3+

o4+

(工):

(工);

(工);

0

69EIO, 71E1, 72E6, 77E3

69E10, 71E1, 77E3

69EIO

(工); 69EIO

(R); 71E3, 71E4

o5+ (工): 69EIO

(R): 71E4, 71E5, 77E5

o帥(工); 69EIO

(R); 67E2, 72E2

F

F7+ (氏): 72E2

-14-



Li

* *

Li+ (工): 66臥67E6, 67即-, 68E6, 69E6i 69E79, 69E9

Na

Na+ (工),i66E5, 68E5, 77苫8*

R
r

K+ (t).･ 66E5, 68五5

Rb

Rb† (i): 75E9

Cs

cs+ (I): 67E3> 71E9, 75E9, 75E10

c$2+･3+･4+･5+･6+,7+･8+･9+ (i) : 71E9

晦+

tlg

(工): 68E3, 75宅5

(E); 75E8, 75E12, 75E13

鞄2+ (工); 69E6, 69E8

Ca

c㌔ く工); 75E5, 75五9

(E); 71E7, 73E8, 75E7, 75E13

(R); 74E5

Sr

sr+ (工): 75E5, 75E9

(E): 75E6, 75E12, 75E13

(氏): 78El

Ba

Ba+ (工)･.68E6, 69E3, 71E9, 72E3, 73E7, 75E5

(i); 69E2, 69E4, 73E3, 73E6, 74El, 75Ei3

(A): 70E1, 74E5

馳2+･3+,4+,5+･6+･7+･8+･9†(工)… 71E9

丁.15-

i



tlg

粘+ ‡芸;::字数;2:lli,?写≡…4
Hg2+

‡芸;;字詰王･
68E8

Hg3+,4+,5+,6+,7+,8+･9+(I)
: 68E8

SI

si帥(R): 71E3

Fe

Fe7+･8+･9+ (R): 75E2

TI

Tl+ く工): 76E2

(工); ionization

(E) ; excitation

(R) ; rate coefficient
* : double ioni2;ation

-16-
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ABBREV=AT I ONS

HETHODS OF APPROXI凹AT工ON

BEA bfinary encounter approx･

BO Born-Oppe血eimer

CB Coulonb-Born

CB
,

coulo7nb-Be the

CBO Coulonb-Bom-Oppenhe土mer

CC el° se- coupling

p打 distorted wave

ER exact resonance

工P impact parameter

PROCES SES

Exc excitation

Ion ionization

I
~二_二二二■:~■

■~I

0 TH五RS

DCS differential cross section

a.u. atonic unit

incident energy

ioni2:ation energy

incident electron wave

n血er in a.u.

Rydberg unit of energy

(=13.6 eV)

incident energy in unit of

エ(for迎or inunit of

excitation energy(for麹)

configuration tnixing

Rartree Fock wave function

40 TI M･E･ tlebb and D･A･ Men2;e1, ABtrOPhys･ J･里, 408

(19与0)
Physical processes in gaseous nebulae. X.

【tr皿Sitions between 3p,1D,1s; cB With exchange3

41 TI S. Hlyanoto, Men. Coil. Sci. Kyoto工叩erial tJniv.

A2A, 467 (1941)
on the excitation of 0 Ill-ion in 2p2-configuration

by the electronま叩aCt.

【tr皿Sitions between
3p,1D,1s;

BO]

48 TI L･E･ Aller, Publ. Astr･ Soc･ Pacific坐, 317 (1948)

The collisional excitation of the 入3727 radiation

of O 工工.

50 TI L･H･ Aller, Astrophys･ J･ぷ主, 6-9 (1950)
Target areas for the collisional eコ⊂Citation i;i
nebular lines.

【upper li7nit to cross sections】

-18-

0 Z工I,塾生

0工tI,塗

0工ェ,塾

Ⅳ工Ⅰ, 0 Ⅰ工,工エI

Ex亡



51 TI E･R･ tlil1･Anstral･ J･ Sci･鮎S･吐･ 437 (1951)

collisiotlal processes involving highly ionized

atoms

i2p3/2･2pl/2aTId lop (X=1.5-6); DW】

53 TI B･R･ Bransden, A･ Dalga紬O and N･M･ King, Proc･

Phys. Soc･哩, 1097 (1953)

Tbe application of variational皿e亡bods亡o scattering

by ions,工=: The distorted-wave approxiTnationand

the ls-2s excitation of helium ions by electron

i叩aCt｡

【1s■ 2s at 43.7, 48.7, 65.3eV; I)W]

53 T2 M･J･ S由toTl, Proc･ Roy･ Soc･哩主邑, 400 (1953)

Electron excitation of forbidden lines occurring

in gaseous nebulae.

【N==, 0工=,==t, Ne工=工, SニI: transitions

between states of 2pn or 3pn configuration}

calculated in ER with correction at X = i;

fine-structure transitions for O工エI;

crosB SeCtionf! are also estitnated for Fエt-=V,

Ne工=トV, Na工V,Ⅴ, MgV]

54 TI J･ T･ Jefferies,Anstra1･ J･ Phys･ I, 22 (1954)
so7ne electron collision cross sections of Ca+.

【4s
2sl/2.4p 2pl/2,3/2

at O･3軌叫

55 TI H･J･ Seaton, Proc･ Roy･ Soc･哩'37 (1955)
Further calculations on electron excitation of

forbidden lines : transitions with electric

quadmpole notBentS.

【亡ransi亡ionsbetween 2nd and 3rd states of the

ground confisuration at X = i; DW calculation

for 0 ==,Ill, S ==;t interpolated for other

ions]

55 T2 H.∫. Seaton, The Airglow and the Aurorae, ed. by

Armstrong and Dalgarno, p.289 (1955)
The calculation of cross-sections for excitation of

forbidden atomic lines by electron impact.

【review of calculations and estimation of

co11ision strengths by inter- or extrapla-

tion for transitions among the levels arising

fron the sane electron configuration 2pn (n=

2 - 4) or 3p3; x = i; for further details

see 55 T3 and 58 Tl]
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55 T3 M.I. Sea亡on,Ann･ a-Astrophys･迎, 188: (1955)
The kiTletic temperature of the interstellar gas

reglOnS Of neutral hydrogen･
■

【cエエ:2p
2pl/2.2p3/2

at X =1; DW;

si == 3p
2pl/2.2p3/2

and Fe ==: a
6D9/2+

fa6D7/2･a 6D5/2;
eStinated1

57 TI H･J･ Seaton and D･E･ Osterbrock, Astrophys･ J･迎,
66 (1957)
鮎Iative [0工t] intensities in gaseous nebulae.

【tr-sitions between2pl/2,3/2,2D3/2,5/2,4s3/2･
●

i7nPrOVed ER (exact resonance) 7nethod】

58 TI H･J. Seaton, Rev.独)d･ Phys.盟, 979 (1958)
Theてmal inelastic collision processes.

【reviev of calculations and reco皿ended values

glVen for the 'collision strengths for transi-
●

tions between States Of 2p7L(n=2
-

4) or 3p3

configuration ]

59 TI S･B･ Schwart2: and I王･ Zirin, Astrophys･ J･迎, 384

(1959)
Collisional ionization cross-section for Fe XtV in

the solar corona and the coronal electron

【Ⅹ=1-14and rate for 0.3-2.6Ⅹ

single electron (H-like) treatment]

;岩琶r宗re

60 TI A･ Burgess, Astrophys･ J･五弦, 503 (1960)
A note of the calctnation of coronaュ

ioni2:ation

cross一昏eCtions.

【nuclear charge Z ≡ 2, cD; Ⅹ= 1 - 6; CB]

60 T2 tI･ van Regenorter, Hon･ Not･ Roy･ Astr･ Soc･迎,
213 (1960)
Electron impact excitation of positive ions :

applicatまon亡o Ca+ 4s-4p and 3d-4p.

【CB i,=工, CB- ェ,=工at 0 and 0.1 Ry above

threshold ]

60 T3 王王･van Regemor亡er, A-･ a-Astrophys･里, 817 (1960)
H昌thodes de calcul de忌 sections dtexcitation par

chocs
/electronlqueS.●

【Ca工工data taken from 60 T2;玉垣工エ3s + 3p :

cB工,工エ, CB†ェ,工t at 0 and 0.i Ry above threshold]

61 T1 A. Burgess,地n. Soc. Roy. Sci. Lie(ge且, 299･ (1961)
New results on coronal cross-SectioTLS.

【Z = 2, co; Ⅹ= 1-6 forboth辿and塾生(1sす2p);
CB】
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Exc

0 t工,塑泣
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Ca工工,塾
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61 T2 識1㌢likand耳● Trefftz,
Z'Naモurforschg'迎,

583

工onisatiotlSquerSChnitt Yon 0 V gegen註ber Elektronen-

stoss unter teilweiser Ber'dcksichtigung des

Aus tans;Chs.

【9, 12, 20 Ry; DW with exchange partially taken

a亡COunt 】

0 V,エon

61 T3 L･A･ VainshteinL.I Opt･ i Spektroskopiya j主, 301 (1961); C V, Ⅴエ,塾生
Opt･ & Spectry･旦, 163 (1961)
The excitation of atoms and ions by electron inpact工.

Calculation ignoring exchanges.
●

[C V(2s-3p), C VI(2s-3p); I =1-7.76; Born & DW]

61 T4 tI･ van Regenorter, Cotnpt･ Rend･ Acad･ Sci･ 3Bi,
2514 (1961:"
section a-excitation par chocs言1ectronlqueS

du
●

′
●

nagneslun ionis/e I

【3s→3p at final energy o,f 0, 0.1, 0.326 Ry;

CBI, Zt, CB. I, =I]

61 T5 丑･ van召丘getnorter, Co叩t･ Rend･ Acad･ Sci･ BBA,
2667 (1961)
Ltexcitati.a par°.c de la transition 4s-3d de Cat.

[4s-3d at final energy of 0.1062, 0.2062 Ry;

cB I, =I (4s-4p 'coupling
taken account), CB'=,Z=]

62 TI O･ Rely, Cotq)t･ Rend･ Acad･ Sci･塾, 3167 (1962)
Calcul de quelques section∈; de choc dams Fe X=Ⅴ.

【2po-ウ2D,2s at x= i; CB]

62 T2 0･ Bely, Co叩t小Rend･ Acad･ Sci･ L5i, 3075 (1962)
calcul de sections dlexcitation par血ocs

/electro-

niques dabs O V=.

･

【22s-22p; o.878-20 Ry; CB and CBt]

62 T3 H･ Blaha, Bu11･ Astr. =nst･ C2;edl･ j呈, 81 (1962)
Excitation of Fe X工V by electron collisions.

【2pl/2-2p3/2; 那 with exchange】

62 T4 C｡H. Varsavsky,工oniz. Phenomena in Gases part 1,

ed. by tI.地ecker, p.69 (1962)
Excitation cross sections for highly ioni2:ed atoms.

[O Vt; CB]

63 TI 0. Bely, J. Tully et苫. van Rege7nOrter,Ann. de●Phys.

&, 303 (1963)
L▼excitation des atones par chocs

/electroniques.

Application a llexcitation des transitions de

.′■
′■ ●

resonance dans le series isoelectroniques du

lithiun et du sodium.

[2s-2p or 3s-3p; X =.i-6; CB I,=t and CB' I,t=]
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l･壬g工エ,塾監

Ca =エ, Rc_

Fe X工V,塑整
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63 T2 A. Burgess and M.R･R･払1dge, Proc･ Roy･ SocB A2iZl,
372 (1963)
The ioni2:ation of hydrogenic positive ions by

electron itnpact.

【log X i 0-1.2; CB, CBO, CB-exchange]

r

63 T3 1!.K. Gailitis, Tr.工nst. Fi2:. Akad. Nauk Latv.SSR

13 (1963) ; Atomic Collisions, Butterworths, p.81

1(T966)
A Coulonb-Born approxiTnation for ら-s transitions.

[CB]

63 T4 H.a. Gailitis, Tr.エnst. Fi之.血ad. Nauk Latv.SSR

13 (1963) ; Ato血c Collisions, Butter打Orths, p.87

7T966)
The use of the Bethe approxitnation in calculating

the excita亡ion cross-section of ions by electrons.

【AE/Z2 a 1/16 -00; Ⅹ=ト3; Bethe
approx.】

63 T5 M.R･ Gaili亡is, Opt･ i Spektroskopiya壬生, 465 (1963);
Opt. a Spectry･坐, 2与9 (1963)
Calculation of the excitation of ions by electron

using Coulo血ic wave functions.

【1s-2s,3s; Ⅹ i i-3; CB cotnpared■withBorn, DW,

Bethe approx. ]

63 T6 J.L･ Kulander and C･B･玉7mnue1, Phys･ Fluids旦,
1656 (1963)
エoni之ation of Fe XェV by

electron impact.

【Ⅹ≡ i-14 (工芸390 eV); Bethe
approx.】

63 T7 E･ Trefft之, Proc･ Roy･ Soc･ A3Zi, 379 (1963)

The cross section for ionization of 05+ by

electron血中aCt.

【OV (a correction to the previous DW calculation

and extension; 0 V王,CBO; Ⅹ ≡

i-4]

63 T8 C.H. Varsavsky, Planet. Space Sci･旦, 1001 (1963)

-Atomic parameters for five titnes ioni2:ed oxygen.

【2s-2p,3p,4p; Ⅹ= 1-6
andATlat

X; 1･5, 2, 4

=P]

64 TI P.G. Burke, D.D. HcVicar and K. Smith, Atomic

Collision Processes, p.339 (1964)
The scattering of electrons by net.

[1s-2s,2p; 40.8-217.6 eV; CC]

64 T2 P.G. Burke, D.D. HcVicar and K. Smith, Proc. Phy9.

監;I
eSit三9i.三19Jf4去e･

b, electrons.

【1s-2s,2p; 44.2-217.6 eV; 1s-2s-2p CC with e血ange]

+
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.Exc

Exc
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Fe X工Ⅴ,虫生

OV, V工,也
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Ee工Ⅰ,塑堅

He II,里堅



b-4

T3諾･7…;rk(.ei;6冨;D●
}1cVicarand K●･Smith'Proc'Phys●

scattering of electrons by ioni2:ed heliun･

[1s-2s(DCS) at 4.0, 3.24, 6･O Ry and ls-3p at

3.65, 3.75, 3.85, 4.0, 5.0 Ry; CC]

64 T4

…;ol三esCsz……;ke;てdb;･芸こ,::e?eigi:r;.芸oi竿;9㌫1ision
on the calculation of electron excitation cross

sections for fol･bidden lines occurring in gaseous

nebulae.

[cB, ER, DW]

64 T5 R. McCarroll, Proc･ Phys･ Soc･ Bi, 409 (1964)

'Electron scattering b y the heli皿pOSitive ion

in the'1s, 2s, or 2p statLe.

[1s-2s,2p at k= 2.0, 2.2, 2.4, 2.6 a.u.;

1s-2s-2p CC with exchange､】

65 TI P.G. Burkeand A･J･ Taylor, Proc･ Roy･ Soc･哩,
105 (1965)
The imiヱation of芯.and He+ by electron iTnPaCt･

【室生frotn ls or 2s; Ⅹ ≡ 1-4; 1s-2s-2p CC for

iTIitial state and Coulonb functions for out-

goind electrons, also Born and BO]

65 T2 L. Goldberg> A･K･ I)upree and J･W･ A11en}Ann･ d'

Astrophys･旦8_, 589 (1965)
■ ■

col音量…三;;.?:efa:1i.T;o≡oi吉4a:t冨i:nll岩手芸苧去;芸三s
●

approx. 】

65 T3 T.K. Krueger and S.I. C写y2:ak,独n. Roy･ Astr･ Soc･

旦, 145 (1965)
Atonic wave functions

, collision cross-Sections ,

and transition probabilities of Fe ions.

【3s-3p, 3p-3d; Ⅹ= 1, 1.5, 2, 4; CB工,T1]

65 T4 D. Petrini, Cotnpt. Rend. Acad. Sci･迎, groupe 4,

4929 (1965)
Physique theorique atonique

- Excitation par chocs
/electroniqlleS des transitions与sゥ4p} 4s

-ナ3d事3dぅ
4p du CaエI et 6sサ6p, 6s-う5d, 5dr〉6p du Ba ==･

[at three values of X (between i - 12); CB I, t=

CBl王,工工】

65 T5 H･R.甘･ Rudge and S･B･ Schwartヱ事Proc･ Phys･･ Soc･

塾, 773 (1965)
The imization of苫e+ by electron叩aCt･

●

【Ⅹ≡ i-5; CBE (method of 63T2)]
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66 TI O･ Rely,Ann･ d'Astrophys.盟, 131 (19T66)
Calcul des sections de chod~dans leg ions de la

′
● ●

serle isoelectronlque dt) lithium. I. Transitions

dipolail-eS du type 2s -+ np.

[2s-np (tl=2-7);X=1-7; CB=,II]

66 T2 0･ Rely,pProc･ Phys･ Soc･ BL, 1010 (1966)
Anevaluation of the exchange contribution in the

scattering of elec亡rons by posltlve ions.

【3p -1D; Ⅹ ≡ 1; Ochkur-nudge approxitnation and

its modifications, co叩ared with ER】

66 T3 0. Rely, J=LA Report No.89 (1966)
Electron collisions with positive ions.

【coⅡ申arisonof various approxitnations (CC,ェP,
CB工,工エ, CB- 工,工工, Coulotnb-exchange, etc.I

66 T4 0. Bely乎J工IA Report No.66 (1966); Nuovo Cinento

旦, 66 (1967)
On the exdla皿ge Contribution

in the scattering of

electrons by atoms and positive ions.

【Ochkur-nudge approxi7na tion】

66 T5 0･ Rely, Proc･ Phys･ Soc･●｣墜, 587 (1966)
Excitation of lithium-like iorLS by electron itnpacts.

【2s-np (n=2- 7);Ⅹ=1-10; CB

a1so 2s-2p,7p for tI-like ion (Z=鵡);CB]

66 T6 0･ Bely and D･ ･Petrini, Physics Letters j追, 442

(1966)
The excitation cross section Q(4s*3d) in Ca工工.

【R-matrix below and above the 4p threshold; C8]

66 T7 F. Rely, 0. Rely and Vo Ky Lan, Atm. a-Astrophys.

里, 343 (1966)
The excitation of the ground configuration of Fe X工工工

●

by electron 1呼aCt.

[transitions between
3po,i,2･1D2･1so

at o･o1･ 5･

10 Ry; CB]

66 T8 P.G. Burke, I.E. Tait and B.A. Lewis, Proc. Phys. Sot.

里, 209 (1966)
Exci亡ation of N V by electron i7ZIPaC亡.

【transitions between 2s, 2p, 3s, 3p, 3d; threshold

to 435 eV; CB]
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Be Lt, N V,

rJe Ⅶ工t.塾

N=t, 0工工=, S ttI

CI IV, Ar V

Exc

review (lecture

note)
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Na-, Al-, Si-,

R-like ions

Exc

N工工, 0工ェ工, F工V

Na Vエ, P工エ,Ⅹ

S 工Ⅰ工, Cl工V

Ar V,Ⅹtェt, R XェV

Ca VI王,ⅩⅤ, Ⅴ Ⅹ

Cr Xエ, h X工工

Fe Xt=I, Ni xv

Exe
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■
■
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_
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■
.

_■■~

Beエエ, N V, Ne V工工工

Ex亡

Ca工工,塾

Fe Xt=Z, &

N V,坐



66 T9 S3;;･(lC,?;6?;k
and

On 血e excited

【transitions
5f, 6岳, 6f,

66 TIO 工･C･ Percival,

Cross sections

bydrogen atoms

T･K･ Krueger, Ast7?OPhyso J･ iii,

levels of Fe VIt=.

ち;汚,?3d23…,Ⅹ3=d･14三･4号p昌B号d,
4f, 5s･

Nuclear Fusion i, 182 (1966)
for collisions of electrons with

and hydrogen-like ions.

【1s-n; empirical】

66 Tll H･R･tI･ Rudge and S･B･ Schwart之I Proc･ Phys･ Soc･

墾, 563 (1966)
The ioni?ation of hydrogen and of hydrogenic

positiv色ions by electron impact.

【fromls, Ⅹ=1.125-5; fron2s, Ⅹ'=1.25-6;

Born工王, Born-eつくChange, or.angle
dependent

Coulo血potential method]

66 T12 H.A.I. nudge and S.a. SdⅣart2:, Proc. Phys. Soc.

壁, 579 く1966)
The ionization of cotnplex ions by electron l甲良Ct :

●

工,一 工onization cross section for Fe XV and Fe
Jl.Ⅳ工.

【Ⅹ= i.25 - 5.0; Born工t and Born-exchange】

66 T13 tI.E. Saraph, 班.I. Seaton and I. She皿ing, Proc.

Phys･ Soc･旦, 27 (1966)
Electron collisions with ions in

[transitions between
3p,1D,1s;

2p2 configurations ･

ER, DW]

66 T14 D.P･ Sural and N･C･ Sil, Proc･ Phys･ Soc･ BZ, 201

(1966) .

Ex亡itation of llelium-like ions by electron

inp;;1t;_ 21s; Ⅹ= 1; CB]

67 T1 工.L. Beigman and L･A･ Vainshtein, JETP USSR里, 185

(1967); Sov･ Phys･ JETP 3i, 119 (1967)

Effe亡tive 亡rOSS Sections for the exchange ex亡itation

of atotns and ions by electron impact.

[Litt, CV: 1s2
1s-

1s2s3s; c=tt: 2s2
1s-

2s2p3p; x = i - 47; a first-order theory with

the use of the orthogonalized wave function】

67 T2 t.L. Beignan, L.A. Vainshtein, A.V. Vinogradov, 5th

工CP玉AC, Abstracts of Papers, 438 (1967)
Double excitation of atoms by electron ilnPaCt.

[2s2
- 2p2; x = i - 25; tP, lst, 2nd perturbation

theory and CC compared]
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Fe V工t=,坐

tl-like ions

Exc

tie t工 and R-like

ion with Z芸;128

･工on

Fe XV, m'室生

N =t, 0 tT.i,

Ne V, Mg V工t,

S XI, Zn XXV

Exc

Li工工,塾生

Li t=, C ttZ,V

Exc

0 V,壁



67 T3 0. Rely, Nuovo Cinento盟, 66 (1967)

Exchange contribution in the scattering of

electrons by atomsand positive ions･

も7 T4 0. Rely, Nuovo Citnento盟, 87 (1967)
Potent忘als occurring in the excit:ation of highly

●

ioni2:ed ions by electron lEPaCtS.

[3po -

3p2･ 3
p
2

-

1D2;
5 Ry; CB]

67 T5 0. Rely and F･ Rely, Solar Phys･旦, 285 (1967)

The excitation of Fe XV工I by electron iTnPaCtS.

[2s22p6. 2s22p53s, 2s22p53p, 2s22p53d, 2s2p63s,

2s2p63p, 232p63d; Ⅹ ≡ i; CB]

67 T6 S.∫. C2:y乙ak and T.K. Krueger, Proc.

623 (1967)
Electron collisioTIS With ions of the

tion.

[transitions between
4s,2D,2p

"t

Phys･ Soc･盟,

3p3 configura-

0.005 Ry above

P threshold; i叩rOVed DW; tip functiont･
･▲-ed]

67 T7 S.I. C2:y2:ak, T.R. Krueger, tl.E. Saraph and I. Sheming,

Proc･ Phys･ Soc･里, 1146 (1967)
Excitation of forbidden lines: Calculations for the

2p3事2p4I 3p2皿d 3p4 isoelectronic sequences･

【trがitions between
3p,1D,1s

or between
4s,J2-A,

2p;
o or o･oo5 Ry above

ls
or

ER, DW; RF functions
used]

2p
threshold} resp･

67 T8 tI.L. Ryle and R. Omidvar, 5th tCPEAC, Abstracts of
Papers, 444 (1967)
Excitation and ionization of tie+(1s) by electron

itnpact.

【1s-2s for E≦1000 eV,･迦from ls for E ≦800 eV

binary encounter approxination]

67 T9 W･ Lotz, Z･ Physik逝, 205 (1967)
Anetnpirical fomula for the electron-iTnpaCt

ionization cross-section.

【an empirical formula with 3 adjustable parameters

proposed for cross
section】

67 TIO W･ Lot2;, Astrophys･ J･ Supp1･並, 207 (1967)
Electron-i7nPaCt ioni2:ation cross-section and
ionization rate coefficients for atozns and ions.

【inter- or extrapolation of experimental data;

up to 103 or 104 ev]
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C-, Si-like ions

Exe

~_ _.._See 66T4

Fe X工工I,坐

Fe XV工エ,塾

S工工, CI II王,

Ar=V,K V,V

Fe X==,塾

ca VI

工Ⅹ,

0 It, F tt,==t

Ne エ==,エV, Na IV,V

l晦V,VI, P工I

S 工工工, Cl工Ⅰ,ⅠV

Arエ工工,Ⅴ,Ⅹェ,Ⅹ工I

K工Ⅴ,V工, Ca V,Ⅴ工工
′

V V工工工,Ⅹ, Cr tX,電工

独Ⅹ,Ⅹ工=, Fe X工,

Ⅹ工工エ●Ni X=工=}ⅩV
1

AI V工,塾

tle工ェ,些堅,也

EeIZ, Lilt, NIIL

Ne工工} Na I工事KエⅠ'･

工on

tie =工, Li I工,ttェ

Be工工,=エ工, Bェ工,‡II

C I=,Ill, N工Z,III

0 tt,tit, F tt,tII

Ne =工,I工工, Na I工,●

t工t, K工t,也



b7 Tll S･ Ormonde, W･ mi亡akerand L･ Lipsky, Phys･ Rev･

Letters A, 1161 (196-/) ･

Close-coupling calculations of electron-1TrPaCt
●

exci亡ation of the 2s state and autoioni2;ation

below the A = 3 level in tie+.

【42-52 eV; CC】

67 T12 I)･ Petrini, CoTnPt･ Rend･ Acad･ Sci･ Paris 264B, 411

(1967)
Sections de choc de Fe Etv.

[2p;
･2sJ,,2p,,,2D,.,2D,I.; X - 0; CB I'

LS and intemediate
coupling]

67 T13 S. Sato, KI Robayashi and R･ Takebe, Pub1･ Astron.

soc. Japan迎, 290 (1967)

Co11isional ionization cross-sections for Fe ions and

the tetq?erature of the solar c,orona.

[DW withexchange calculation for FeXェV, Ⅹ ≡ 1-

16; approxitnate estitnation for
other ions]

67 T14 W･ van Rensbergen, Bu11･ Astr･工nst･ Netherlands迎,
6 (1967)

Co11isional excitat.ion of auto-ionizing levels in the

tem systetn of Si工Ⅹ at coronal te屯申eratureS.

【ratio of autoioni2:ation ()f doubly-excited levels

to
collisional

ioni2;ation; log T = 5.7 - 8;

Bethe]

68 T1 0. Bely, J･ Phys･ B(Proc･ Phys･ Soc･)主, 23 (1968)
The structure of the ioni2:ation curves of the soditn

like ions.

【excitation of an inz.,.er (n=2) electron followed

by autoioni2:ation; log x = 0 - i.8; CB]

68T2 0. Rely and H･ Blaha, SolarPhysics旦, 563 (1968)
Emission of Fe XV in coronal conditions.

【ls}p,1Dat X- 1,2,3;
1p.$lD

at X- 1,2; CB

also lsoJpo,i,2 at X ≡ 1; Coulo血-exchaLnge +

nonexcbange亡OntTibution】

68 T3

監1……sa空:こ!::it三こ慧三r:p{芸…;i急e3三三n三l;三8三qc.nfigu_
● ●

ration: Transitions between levels of the p ten.

Part i.

[2pl/2-2p3/2 0r
3po-3p2;

X = i; CB･ DW]
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tle工工,坐

Fe X工Ⅴ,.'EE

●Fe IX-ⅩⅤ工,也
see also 68T7

Si工Ⅹ,二on

Mg工工, A1工It

P V, Ca X, Fe XVI

ton

Fe XV,室生
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68 T4 P.G. Burke and I).L. Moores, I. Phys. (Proc. Phys｡

Soc･) Ei, 575 (1968)

scattering of electrons by Hg+ and Ca+ ions･

亡Mgエ工: 3紳3p,3d, E£2 Ry

Caエ工: 4sヰ4p,4d, E< 1 Ry; CC with and without
L三≡コ

exchange 】
r

68 T5 R.I.W.己enry and A.W. Williams, Pub1, Astron. Soc.

P,TICific里, 669 (1968)
Collision strengths and photoioni2:a亡ion cross

sections for nitrogen, oxygen, and neon.

【Ne Ill,V: tranisitions between 3p,1D,1s

Ne工V: transitions between
4s.2I).2p

至芸:…I…,P:2…resp.; CC】at threshold energy for

68 T6 B.L. Moiseivitsch and S.I. Smith, Rev. Hod. Phys.

坐, 238 (1968)
Electron i叩aCt eXCitation of atoms.

【tI-like ion (Heエt, Z=句): 1s-2s,2p

Li-like ion (Be工=, C ZV, N V, 0 V工,鞄Ⅹ):
2s-2p,3p; Na-like ion (鞄工工, SiエV, Fe XV工); .

3s-3p,3d; CB, CC, uTlitarized CB]

68 T7 S. Sato, K. Takahashi and fI. Takebe, Pub1. Astron.

Soc･ Japan迎, 149 (1968)
Co11isional ioni2:ation cross-Sections for Fe ions

and the tetnperature of the solar corona.工エ.

【re-estimation of cross sect:ion and rate coeff.

亡f.67 :r13】

69 TI O･ Rely and S･B･ Schwart2:, Astron･ Astrophys･主, 281

(1969)
工onization of'high1y charged positive ions.

【xcB言三;;5r:皇in;;…es=e…三三;lei:dt
sf:rle怠三-ru4leX

IO6K;

discussed ]

69 T2

監1Biil慧:;三……;;na;ie:t;0{::…iよe4….三…9…三),qc.nfi帥_
●

rations: Transitions between levels of the p term.

Part tI.

【fine-structure transitions; Ⅹ邑1; CB with

exdlan ge 】
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IIg工工, Ca I工

Eke

Ⅳe 工工工,工Ⅴ, V

Exc

review

tI-
,
Li-

,Na-like

ions,塾

Fe =X-ⅩⅤ=,主監

Fe X工V,也

C工工, N =工,=工工

0 Zt-tV, F tt-V

Ne ==-VZ, Na =工=-

V工, Mg =V-V工, AI

V,VI, Si It,Vt,

tX,X, P II,Ztt

S工エー工Ⅴ,Ⅹ,Ⅹ工エ

Cl tt-V, Ar =I-･

V工,Ⅹ-ⅩIV, K ttエー

Ⅴ工工, Ca工Ⅴ-Ⅴ工,

ⅩⅠエーⅩⅤ,Sc V-Vt工

Ti VI,X,XIV,XV

Fe X-Ⅹ工V, Ni X工エー

ⅩⅤ, Zn文王Ⅴ,ⅩⅤ



69 T3
1!･ Blaha- Astrophys･ J･ liz, 473 (1969)

Effec亡ive Gaunt factors geff for excitation of

positive ions by electron collisioriS ill a Simplified

Coulo血-Born approxitnation.

[collision strengths for 2s-2p of Be tt, C tV,

N V, 0 V工; 3s-3p cif Si =Ⅴ, Fe m; 4s-4p of

Ca =I, Fe V==I; 3p-3d of Fe XVI.; 3d-4p of Ca ==;

X= 1; CB t,=t, simplified CB i,=t

also, effective Gatmt factor given for tnany
●

s-p or p-a type single-electron excitations

for soTne Z/k values between 2 and 16]

69 T4 P･G･ Burke and A･J･ Taylor, J･ Phy'j･ B(Aton･ Hol･

認…s去まc!;af4i.三l三塁9まe･by elec.tron im,act.

【1s-2s,2p; 3-4 Ry; CC】

夢9T5 D.G. Econonides and M.･R.C.HcI)Dwell, I. Phys. B(Atom.
Hoュ. Phys･)旦, 1323 (1969)
Bom cross sections for the ionization of tie and Li+

by electron itnpact.

【83 eV- 9keV; Born (without Coulo血distortion) ]

69 T6 甘. EiBSner, I. Nussbau7ne･r, tI.E. Saraph and H.I.

Seaton, J･ Phys･ B(Atotn･ Ho1･ Phys･)旦, 341 (1969)
Resonances in cross sections for excitation of

forbidden lines in 02+.

[variational principle used to calculate a 7natrix

rLear reSOnanCeS for transitions between 3p,1D,1s]

69 T7 R.I.W. tlenry, P.G. Burke and A.-L.Sinfailam, Phys.

Rev･辺, 218 (1969)
Scattering of electrons

[trTanSitions between

transitions between

ち

3

4-s',2;;2;i;;; ;;;oyニ-;昌ev;
;,軍;…こrN:･I;:aJ呈Ir･;.1C

CC with exchange; EF functions used for target1

69 T8 W. Lot2:, Z･ Physik旦迫, 466 (1969)
●

Electron-1qaCt ioni2:ation cross-Sections and ioni-

2:ation rate coefficients for atotns and ions from

8CanditJn tO 2:inc.

【etnpirical formula given】

69 T9 K.C. 2/Lathur, A･N･ Tripathi and S･K･ Joshi事Phys･

Rev.避皇, 242 (1969)
Electron-i7nPaCt ionization cross section of ions.

【up to 550 eV; classical itnpulse
approxination】

-29-

Li-,Be-,a-,C-,N-,

0-,F-
,野a- ,Hg-,Al一,

Si-,P-,S-, C1-like

ions,革Ⅹc

tie I工,塾

LiI工,也

0工工t,塾生

0 tI,=‡エ, N工工

Exc

Ca Iェ, Sc工工,工工工

Ti It-tV, V t=-tV

Cr Iエー工V, h工Z･-工V

Fe t=-=V, Co tt-IV

Ni工エーtV, Cuェエー工V

Zn工Ⅰ一工Ⅴ, Ga工エー工Ⅴ

…on

Li工工, Na工工, K工工

Cs工工, Eb 工工, Mg

Z工, Nell, Ⅳ=工



69 TIO P. de A.P.出arting and 14.I. Seatonls, I. Phys. B

(Ato血･ h1･ Phys･)旦, 333 (1969)

Quanttn defect theory V工=工. Res_onanc卓S in the

collision strengths for 0+ 2p3 2D3/2-2D5/2･

[R 7natrix from 69T15 extrapolated to obtain

risonances
below 2pthrehold]

69 Tll P. de A.P. Martins,丑.E. Saraph and M
.J.

Seaton,

J･ Phys･ a(Atom･ Mol･ Phys･)旦, 427 (1969)
Electron impact transitions betveen fine structure

levels ill ions with configurations ls22s22p3･

【transitions between
4s3/2,2D3/2,2D5/2･2pl/2･

′ヽ

p3/2; A matrix from 69 T15 extrapolated to

oftain cross section at lower energies]

69 T12 D,L.玉bores and l王. Nussba一皿er, 6th =CPEAC,

Abstracts of Papers, 17 (1969)
The ioni2;ation of positive ions by electron impact.

【Li工工:threshold t'o 3000 eV; Hg =エ;three;hold

to 150 eV; CB without exchange]

69 T13 I)･ Petrini, Astron･ Astrophys･ふ139 (1969)
The excitation cross-sections in Fe XtV.

【transitions between
2po,2D,2DT

,2p,2s;
cc

coqared With CB; C.I in the target wave

functio.･1 taken
account]

69 T14 D･E･ SazBPSOn, Astrophys･ J･迎, 575 (1969)
Co呼arison of some recently proposed excitation

and ioni2:ation rates.

【co7nParison of some e叩irical fortnulae]

69 T15 lⅠ.E. Saraph, M.I. Seaton and I. Sheming, Phil.

Trans･ Roy･ Soc･ 39i, 77 (1969)
Excitation of forbidden lines in gaseous ne'bulae. Ⅰ.

Form111ation and calculations for 2T)q ions.

【tr皿Sitions between3p,1D,1s or between
4s,2D,2p

or between fine-structure levels; ER, DW;

tlartree-rock functions used for ions]

69 T16 B･K･ Thomas and J･D･ Garcia, Phys･ Rev･辺, 94

(1969)
工onization of positive ions.

【classical BEA modified to take且CCOun亡of the

Coulonb attraction by the ion; below 1000 eV】
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0工工,坐
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Exc
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lou

Fe X工Ⅴ,壁
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0 工エーエ

Ne 工エー
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Si V工,

Ⅳ 工工

V, F

V工,
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,工工王
工エーⅤ

Ⅳa 工工エーV

AI V,Ⅵ:

Exc

tle工工, Li工=, NII･

Nell, Ⅳa t工, KII

工on



70 Tl

§i8B詔7S;a
D'

Excitation of

i叩a亡t岳.工工ェ.

2p ⇒･ nd.

【Ⅹ芦1,1.5,

Petrini, Astron･ & Astrophys･旦,

lithium-like ions
･by electron

Transitions 2p + ns, 2p十np and

2; CB】

70 T2

宝ニy?u言喜……s過ご●2誓買el;7.?;a
J●A● Tully'Phil'Trans'

Electron impact eXCitation of positive ion.

[F･-like ions: transitions between ls, 2s･ 2p1/2,
2p3/2; 0･75

-

4 Ry in the ground-state

charmel; tie-like ion: lls-23p,23s and transi-

tions between 23p,21p,23s,21s; o - 4 Ry;

CB I,tZ, CBO i,=t]

70 T3 M･JI Comeely, K･ Smith and L･ Lipsky, J･ Phys･ a

(A亡om･ Mol･ Phys･)旦, 49-3 (1970)
Cont:inuun processes involving atomic systetns wit:h

configurations ls2...3p?.
[p ==, c1 =I: transitions between

3p,1D,1s;

for other ions: transitions between
4s,2D,2p;

CC】

70 T4 S.I. C2:y三並, T.K. Kruger, P. de A.P. 1Lartins,混.i.

Saraph andモLJ. Seaton, lton. Not. Roy. Astr. Soc.

と捜, 361 (1970)

cc::lf三sg三o{atsi三三;a;,th,:
for transitions in ions with

【transitions between
4s3/2,2D3/2,5/2,2pl/2,3/2,

●

CC; tlartree-rock wave ftmctまons used for ions]

70T5 J. Davis孤d S. Morin, C畠n. J･ Phys･ i&, 275 (1970)
Excitation of singly ionized bari皿ions by electron

inpa盲t孟2sl/2-

62pl/2,3/2; 3
-

100 eV; B岬S87

seniclassical nethod]

70 T6 J. Davis and S. Morin, I. Quantat. Spect:rose. Radiat.

Transfer迎, 357 (1970)
【ns-np, np-nd (A = 5

-

7), 7d-7f; collision

strengths, also
inelastic Stark widths f'or several

tJV lines, rate at 15000, 20000, 30000K;

Burgess- semiclas昏ical theory]

-3l-

Be t工, N V

Ne V工工=,塾

Ee 工I, tI-lire

ion with Z =む

and tie-like ion

with Z = co

Exc

P t=, S =t

Cl工工,工工工, Ar工V

Exc

S r=, C1 =tt, Ar

tV, R V, Ca Vエ

VエⅩ, Cr X, h X工

Fe X=王

E:ごC

Ball,&

N V,塾



70 T7 J. Davis and S. Morin, I. Chen･ Phys･里, 4410

(1970)
Electron excitation cross sections for some N V

nultiplets.

[excitation of nultiplets: 13161 (5p-6s) ,
^4335

(6s17p),入5273 (6p-7s),入4751 (6p-7d); 4-loo eV;

=P]

70 T8 J. Davis and S･ Horin, Astrophys･ J･迎, 1125

(1970)
De-excitation of singly ioni2:ed bariunions by

electrons.

[52D5/2-62p3/2･ 52D3/2-62pl/2,3/2; 0･5-30 eV;

tP]

70 T9 M. Golshani, Phys. Rev･ Al, 2340 (1970)
Excitation of highly ionized atoms by electron

inpact.

【3s-3p, 3p-3d; 20-120 a.u.; modified CB]

70 TIO Y-K. Kin and H.工nokuti, Phys･ Rev･ Ai, 1132 (1970)
Total cross sections for inelastic scattering of

charged particles by atoms and tnolecules.工V.
Positive lithiu皿ion.

【asyⅢptotic form of cross section (for fast

collision) estま皿ated as a difference between

total inelastic and excitation cross
sections】

70 T11 T.R. Krueger and S.I. C2:yZak, Proc. Roy. Soc° A318

531 (1970)
Excitation of forbidden lines in gaseous nebulae.

t=. calculations for 3pq ions･

【transitions between states Within the ground

configuration 3s23pq(q -- 1 to 5); at three

different energies; DW]

70 T12 J.L. Kulander, I. Quant. Spectry. Radiat. Transfer

迎, 299 (1970)
A coznparison of electron ll呼aCt ioni2:ation rates for

■

N and 0 ions.

【kThT芸n-as三G-ar三…三o
(誤1吉;

;ヱよ…慧1.三1;:11!;
s……;1C;;

,

● ● ●

●

Allen (Astronomical Quant･itie$ 2nd ed.) ,

tlouse (Ap｡J･ Suppl･旦, 307) co7nPared･]
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N V,塾

BaI工,塾

Fe m, Co XV工t

Ni XV=t工, Cu X=Ⅹ

Ex亡

Lilt,也

P =t,ttI, S =t-

工Ⅴ, Cl工エーⅤ, Ar

=t-Vt, K ttt-Vtt

Ca 工Ⅴ-Ⅴ工工エ

Ⅴ Ⅴ,Ⅴ工工トⅩェ

Cr V工工エーⅩ工工

h 工X-Ⅹ==工

Fe A-ⅩtV, Co X工

Ni文王エーⅩ=Ⅴ,壁

N II-VI工, 0工工･.,

Ⅴ工工Ⅰ,也



70 T13 K･Chぬthur, A･lI･ Tripathi and S･K･ Joshi, J･地ss

Spec亡ronetry and工on Phys･旦, 483 (1970)
Electron impact ioni2:ation of singly and doubly

血arged ions.

【Thotnas-Garcia (69T16) method; threshold to

lkeV】

.70
T14 I)･L･ Moores and tl･ Nussbauner'J･ Phys･ B (Atom･

Mol. Phys･)旦, 161 (1970)

The ionization of Li+ and鞄+ by electron impact.

【Li工I: 85 eV-25 key;加g工エ: 22 eV- 2 key;

CB without exchange]

70 T15 tI･ Nussbauzner and I)･E･ Osterbrock} Astrophys･ J･

迎, 811 (1970)
On the forbidden iron emission lines in Seyfert

galaxies ･

[Fe VII= transitions between
3F,1D,3p,1G

; DW

Fe X･X=X:
2pl/2

-
2p3/2;.

estimated using fii]

ナo T16 D.E. Osterbrock, I. Phys. B (Atom.胡bl. Phys.)

旦, 149 (1970)
Exci亡ation of semi-forbidden 2s2

3p
lines observed

in quasars and nebulae.

[2s2
1s-2s2p3p,1p;

cc]

70 T17 D･ Petrini, Astron･ Astrophys･ i, 392 (1970)
The electron excitation rate of the green coronaュ line

5303 A.

[2pJO. A?･sJT･2DJ-2pJT
･.2DTJT

; CC･ CB]

70 T18 D.E. Roberts, I. Phys. B (Atom･ Mo1･ Phys･)旦, 676

(1970)
Electron ex亡itatlon and eⅡ丘ssion of the resonance

lines of Si工ェ.

[a11 allowed resonance transitions between 3s3p2

2D,2s, 3s24s
2s,

3s23d
2D;

X= 1 - 4; 8eni-

classical perturbation 】

70 T19 E.E. seraph, I. Phys. B (Aton･ bl･ Phys｡)旦, 952

(1970)
Excitation of Ca+ by electron impact: polarization

of ユine radiation and transitions between fine-

structure levels.

【some tr-sitions between 4s2s, 3d2D3/2,5/2･ 4p
′l

pl/2,3/2; A-na亡rix calculated
by Burke皿d

Moores (68T∂ used]
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Ar tI, Kr tt, Xe

Zt, Bali, Sr tt

Sn工Ⅰ, Ag工工, Zn

tエ, Cd工工, Hg工t

Ar ttt, Kr =t=

Xe II=, Hg王IZ

工on

Li工t, Mg =工

二on

Fe Vtt, X, XtX

Exc

B tt, C工工工, N 工V

0 V, Ne V=t,塾生

Fe X-LV, E2ES.

Si tt,塾堅

Ca工‡'塑竺



71 TI 0. Rely, S.B. Schwart2: and I.L. Va1, I. Phys. B

(Atom･ Mo1･ Phys･) i, 1482 (1971)
Autoioni2:ation structure ill the ioni2:ation of Ba+

by electron 17nPaCt.
●

【10-ユloeV･, direct plus autoionizat:ion; based

on nudge-SdⅣartz formlation (66T12) 】
r

71 T2 M･ Blaha, Solar Physics jヱ, 99 (1971)
Theoretical intensities of Fe XtV in the solar

EtJV spectnn.

【excitation of 45 states; analytic approxima一

亡ion of collision strengtbs; CB】

71 T3 J. I)avis and S. 1!orin, I.I Quant. Spectry. Radial.

Transfer生, 463 (1971)
Threshold behavior of free-free Gaunt factor for

atoms and ions.

71 T4 J. Davis and S.凹brin, I. Quant. Spectry. Radiat.

Transfer旦, 495 (1971)
Relevant atomic parameters for doubly-ioni2:ed

aluminun.

●

【excitation of first 4 7nul亡iplets; 5-30 eV;

工P (fomulation by Burgess 64T6)a

71 T5 D･R･ FlロWer, J･ Phys･ B (Atom･ Hol･ Phys･)A, 697

(1971)
Collision strengths for electron excitation of

highly ioni2:ed, complex at:oms.

【N V, S工Ⅹ工=: transitions between ls22s,2p,3s,

3pf.3d; Fe X工エ=: tr-畠itions between 3s23p2,

3s3p3,3s23p3d; Fe X=V: transitions between

3s23pナ3s3F2ナ3's23d; Fe XV: transitions between

3s2事3s3p事3p2事3s3d; Fe XV工工: transitions between

2p6,2p53s,3p13d; at a few incident enel･gies, DW]

71 T6 D･R･ Flower and C･ Jordan, Astron･ Astrophys･三吐,
473 (1971)
On the identification of the 入417 line in the solar

extre買ruist;冨三三sleb?eSt:;eC三r;:21
s
･ 3s3,

3p.,i,2･
3s3,

Ip
at 3.i Ry (relative to the ground state);

excitation 3s2
1sぅ3s3p 3p事1p事3p2 1D事3p事Ip■

3s3d
3D,1D

at 6.9 Ry; DW]
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Ba工工,二on

Fe X工Ⅴ,塾

Al工工t,塾
1

N V, SiXtt

Fe X=工Z-ⅩⅤ,ⅩⅤ工工

Exc

re XV,塾



71 T7

諒l冒oldp-n
and

D'R'Smpson'A:trophys'J'iLO,
181

Electron-i7nPaCt Cross-Sections and rates fo1･ n丸⇒n'丸-

transitionB in hydrogenic ions and hydrogen.

【丑e=工; 2R;+3A',Ⅹ ≡ i -

7; He工エand tl-like

ion with Z=co.･ 1s十3且T, Ⅹ=1- 4;

Re =工, Li工工工, B V, tl-like ion with Z =co :

L Is + 2且7, Ⅹ ≡ 1; senieTnPirical cross section

derived; CB]

71 T8 A･ Jacoもs, J･ quant, Spectrosc･ Radia亡･ Transfer旦,
143 (1971)
CouloTnb-Bornexcitation cross-sections of hydrogen-

1ike ions by electron impact at threshold.
●

[H11ike ion (Z=加): 1s +

nむ(n<= 7), 2s,2p十

n且(n= 3- 7), 3s,3p,3d→･n且(n=4- 7) at'x-i;

CBO and CB + Bely's exchange approxinatiorl]

71 T9 Yong-Ki Kin and M･ =nokuti, Phys･ Rev･ Al, 665 (1971)
でotal cross sections for inelastic scattering of

charged particles by atoms and molecules. V.

Evaluation亡o the next orderもeyond the Betbe

asyⅢptO亡e ●

【Li I工and H-like ions: asymptotic form of

ionization cross section; Born (丑ethe +
correction)】

71 TIO K.C. Hathur, A.N. Tripathiand S.a. Joshi, Astrophys.

J･迎, 425 (1971)
Cross-sections and reaction rates for electron-

i7npaCt ionization of lithitnlike and sodiumlike

positive ions.

[Cross section for threshold to 1000 eV;

rate for kT = i -

9000 eV; classical BEA〕e

71 Tll S. Ortnond, K. Smith, B.W. Torres and M.I. Conneely

7th tCPEAC, Abstracts of Papers
p.735 (1971)

Electron impact excitation cross sections in

atnospheric atoms and ions.

【transitions between 3p,1D,1s;
preliELinary

result; final result
+

73T9]

71 T12 G. Peach, I. Phys. B(Atom. Molec. Phys･)A, 1670

(1971)
エoni2:ation of atoms and positive ions by electron

and proton i7nPaCt.

【loglO(E/t) - 0 - 2･O; Born]

71 T13 t.C. Percivaland I). Richards, I. Phys. B(Atom.
Molec･ Phys･)A, 932･ (1971)
Exci亡a亡ion of bigbly excited bydrogenie ions and

ato7nS by charged particles =t=.

[transitions between highly excited states; Sudden

approxination for close collisions and first-order

perturbation method for distant
collisions; tP]
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エー1ike ions

Exc

tI-like ions

Exc

Li tt,エー1ike ions

Ion

Belt, B=tt, C LV

N V, 0 V工, F Vt工

Ne VI工工, A1工tI

P V, Ca X, Fe XVZ

二on

N工工,旦聖

Li工エ, Wall, Mg t工,

Ⅰ工=, K t=

工on

E-like ions

Exc



71 Tl与 A･R･P･ Ran, Phys･･ Rev_i.坐,ー207 (1=9.711)
-

Two electrpns in an Coulo7nb potential. Double-

continutn Wave ftjnet-iわns and threshold law -for

electron-atom ioni2:ation.ゝ

【亡hreshold law]

71 T15 D･tI･ rSaTuPSOn and L･B･ Golden, Astrophys･ J･辺,
169 (1971)
SeTnie7nPlrlCal cross-sections and rates for excita-

● ■

tion and for ioni2:ation of hydrogenic ions by

electron i7nPaCt.

[n=1 + 2, 3; 2 + 3; and ioni2:ation;CB I.,tt,

CBO, CC coⅡ申ared; Ⅹ … 1 - 10; semiempirical
formlae

given】
■

l●

_

●`

■■

■

71 T16 D･N･ Tiipathi皿d D･K･ Rai, J･ Chem. Phys･里, 1268

(1971)
Cross section for do1血1e ionization by electron
itnpact= Li+I Na+I K+･

【dotlble ioni2:ation; 80 eV-10 key; Gryzinski-

seniclassical]

71 T17 D.N. Tripathi and D.K. Rat, I. Quant. Spectrosc.

Radiat･ Transfer旦, 1665 (1971)
Cross sections for ioni2:ation of iotlS by electroTL

itnpact.

【various classical and e叩irical methods;

tlP tO 104 ev]

72 TI O･ Rely and P･ Faucher, Astron･ 良 Astrophys･二堕,
487 (1972)
A universal function for ioni2:atiotl

Of atoms, ions

aLnd nolectJles by 8truCtureless charged particles of

arbitrary mass and charge.

【se血etnpirical formula derived, based on

cla5Sical i7q?ulse approximation and experi-

nental results]

72 T2 H. Blaha, Astron. 良 Astrophys･並, 437 (1972)
Excitation

of晦トby electron collisions.

[transitions between
ns(n=3,4,5,6) , np(n=3,4,

5), nd(n=3,4,5); up to 1.6 Ry; tlnitari2:ed CB]

72 T3 R.tl. Datla, tI.-I. Kunze and D. Pe亡rini, Phys. Rev.

唾, 38 (1972)
Co11isional-rate coefficients for sodiunlike Ar

VZ== ions.

【3且+ n且I (且≒3,p,a, n三三3,4,5,且'=s,p,a,f);
10 -

300 eV; CB]
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A-=1皇ke ions

王on

tle工=, n-like ion

with Z =00

塾,也

LitI, Na工=, A ZI

double 工on

Ile t=, N工工, Ne工工

Na t工, K=t

ュon

工on

Mg ZI,塾生

Ar V工=工,塾生



72 T4

芸諾'.監;tsq?;芸dぷ.ぷ;;;y･JJ
phys. A (Atom･

On the validity of the di,Storied wave method in

eコectron-atom collision theory.

[2s2
1s

-

2s2plp,3p, 2p2
3p,1D,1s;

2.0 & 2.5 Ry.

DW compared with CC]

72 T5 A･ Jacobs, ∫. Quantit･ Spec亡rOSC･ Radiative Transfer

&,i 243 (1972)
Analytical expressions for色ⅩCitation and ionization

cross-sections and rate coefficients of hydrogen-

1ike ions by electron and proton impact:.

[analyt:ical fomulae based on Born-Bethe

approxiTnation ]

7'乏'T6
'A.虫.G. Jacks･on, I. Phys. B(Atom.馳1. Phys.)旦, L83

(1972)
Excitation of a C工t lin･e observed in quasars.

【(2s22p+2p3)3p - 2s2p2与p; o.35 - 0.75 Ry;

9C]

-/2 T7 S. Kastner, T.S. Snith, C. Wade and 班. Blaha, I.

Phys｡ B (Atom. Hol･ Phys･)旦, 1351 (1972)
Electron excitation cross sections for Si Xtt.

【2s-np; 2p-nd; 3s-np; 4s13d; CB; and

2s-ns,np, nd; Born (n=2, 3, 4, or 7);

Ⅹ=1-10】

72 T8 R. Hew, Astron･ 良 Astrophys･迎, 215 (1972)
Interpolation formulae for the electron i呼aCt

excitation of ions in the甘-,苫e-, Li- and Ne-

SequenCeS ｡

【four parane亡er､etnpiric.a.1. formulae for many

transitions from the ground star.e]

1
72 T9 D.L. Moores, I. Phys. B (Atotn.地1. Phys.)旦, 286

(1972)
Electron impact ioni2:at:ion of positive ions with

configuration ls22$22pq ･

【CB without exchange; Ⅹ ≡ 1.5 - 100]

72 T10 K. Onidvar, E.i. Kyle and I.C. Sullivan, Phys. Rev.

A5A, 1174 (1972)
工oni之ation of nultielectron atoms by fast charged

parti辞二105ev; B｡rn]

72 Tll A.D. Parks皿d D.tl. Sa叩SOn, Astrophys. I.班, 571

(1972)
Coulonb-Born-Oppenheiner cross-sections for excita-

tion of hydrogenic ions of infinite Z by electron
inpact.

【1s,2s,2p - 3s,3p,3d; Ⅹ= 1, 1.5; CBO]
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C_工tt,塾

tI-like ion.s

塑泣,呈望

C工工,壁

Si X=工,坐

Ⅱ-, He-, Li-, ye-

s;equence昏, EEL

C工t, N工=,工工工,

0Ⅰェ, Ⅰ工工, Ⅳe 工I

Na =工,工工t,

Hg工工t,呈旦旦

Li IZ,也

tI-like ion with

Z三三00,塾



72 T12 D. Petrini, Astron.

Ele亡trOn eXCitation

lithitJZnTlike ions.

【2s-4見,5え,6見(見=
Beエ工,

.‥,Mg
Ne V工=工; 2s 十

p CB】

a Astrophys･望, 410 (1972)
for the 2s +

nf traTISitiohS in

O～3) at X=1forl/Zヒ0～0.5;
Ⅹ; 2s⇒･4f,5f,6f at X=1, 2, 3;

4s,4p,4d,4f,5s,5p,5d,5f at X三1 ～ 4;

72 T13 E･ Stingl, J･ Phys･ B (Atom･ Mol. Phys･)旦, 1160

(1972)
The ioni2:a亡ion of boron and 亡he isoelectronic ions

亡arbon I工, nit:rogen工Ⅰ工, and oxygen工V by electron

i叩aet.

【incident energy below 22, 40, 70 Ry, r甲P.

nodified CB and CB-exchange]

73 T1 芯･S･ Brandi and G･F･ Roster, Phys･ Rev･哩, 1303

(1973)
Parametriヱation of the cross section for low-energy

electron-ato7n Scattering.

【ft;::2pi3f/23,.t:,てa;i:u;芸言te,;,
in the configura-

73 T2 D.A. Flower Btnd J.臥Launay, Astron. 良 Astrophys.

盟, 321 (1973)
Electron collisional excitation ｡f ㌔2

[2$2
1s

- 2s2p
3p,1p,

2p2
3p,1D,1s;

1.5, 2.0,

and 2｡5 Ry.; DW and CC]

73 T3 D.R. FINer and a. Pineau

Astrophys･生, 181 (1973)
Excitation of the Fe X=t=

COrOna ●

【transitions between

3s3p3ナ3523p3d states

des Forets, Astron. 良

spect:runin the 801ar

3s23p2(3po,1,2･1D･ls) ･

; I)W]

73 T4 H.D. Eershkovit2: and M.I. Seaton, I. PhysF. B (Atom.
Hol･ Phys･)旦, 1176 (1973)
The calcu].ation of re8OnanCeS in electron-ion

scattering using the distorted wave approximation.

【2s2
1s

- 2s2p
3p;

a tnatrix detemined by vari-

ational nethod using approximate radial fuTLC-

tまons; up to 2 Ry.】

73 T5 A･R･G･ Jackson, I. Phys. B (Aton･ Ho1･ Phys･)旦, 2325

く1973)
Excitatio=L Of setni-forbidden 2s22p2

3p-282F3 5so

and 2s22p
芝po-2s2p2 4p

ユines observed in quasars'

【0.4-1 Ry; CC]
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Be_IZ, C IV,

0 VI} Ⅳe V工Ⅰエー

晦Ⅹ, and Li-like

ioh-s for 1/Z I

0～0･5,塾

CI工, N==I, 0･IV

工on

Ar工t,坐

C工エt,塾生

Fe X工工t,塾

se色 also 74T6

C工工工,0 V,塾

N工X,I=工, 0工Z工

Exc



73 T6 S･P･ Khare and･tJ･ Tarain} Pねc･工Tldian Na亡･ Sci･

Acald,･ 3%?, 414 (1973) ･

Total idnization cross sections of He+ ions due to

electron l叩aCt.
■

【68 eV-10 key;
sedeⅧpirica1]

73 T7 H･R･C･74cDowel1, L.A. Morgan and V･P. Myerscough,
8th工CPEAC,曲strac亡s of Papers, 294 (1973)
Distorted wave polari2:ed orbital calculations of

excitation of one electron system by electron

iⅧpact.

【1s-2s; 3-20 Ry; polarized orbital I)W]

73 T8 M･R･C･ HcDowell, L･A. Morgan and P. Myerscough,

EJiepJt:s.エ…笠:oi;･e}xloJi;a:…三三･三fi;
1a:三5甘三軍7…).ls. ns

●

transitions.

【1s + ns (n=;2,3,4,5); differential and integral

cross sections; up to 20 Ry; polari2:ed

orbital Ⅳ】

73 T9 S. Ormonde, K. Smith, B.W.

Phys･ Rev. A&, 262 (1973)
Configuration-interaction

of ele亡trOnSもy atoms and

OXygen ･

【N =工:
3p+3D;

NェV:

betveen 2s2

1
s
, 2s3p

Torres and A.A. Davies,

Q

effects in the scattering

ions of nitrogen and

2s2
1s-2s2p i,3p

and

l
p
, 2s3p

3p;
o t=:

4s-

2s2p4
4p;

o Ill:
3p-2s2p3 3s,1p;

cc]

73 TIO B.N. Roy and D.K. Rai, I. Phys. B(Atom. Hoュ. Phys.)
旦, 816 (1973)

Application of classiとal collision theory to

electron lnPaCt double ionization of atotns.
■

[double ioni2:ation; 0.3-2 key;
classical]

ち

73 Tll A･ Salop, Phys. Rev･ AE, 3032 (1973)
Multi-ioni2:ation of krypton and its ions by high-

energy electron 17npaCt.
=

【asytnptotic form of the Bethe-Bom matrix

elements; numerical results given at 20地V]

73 T12 J.A. Tully, D. Petrini and 0. Bely, Astron. &

Astrophys. 3i, 15 (1973)
Anonalous electron i7nPaCt eXCitation of Ca+A

【4s-ns,np,nd,Tlf (a ≡ 5 -

10); CB】

73 T13 R･J. Tweed, I. Phys. B(Atozn･ Mo1･ Phys･)A, 270(1973)
Double ionization by

electl･On )'皿paCt:工工. Calcula-

tions of cross sections tor且-I He and Li+.

[up to 2.5 keV; Bom; section i(general theory)
at p.259】
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TIC t工,室生

法e 工Ⅰ, Exc

tle工工,塾生

N =I,tV, 0エt,工t工

Exc

Li t=, double ton

Kr工Ⅰ-Ⅹm工,

室生(including
autoioni2:at ion)

Ca 工工｡ Exc
●′

Li II, double Ion



73 T14 I.A. Tully, Canad･ I. Phys･並, 2047 (1973)
Collisional excitation of ground sta･te hydrogeIIic

ions.

【1s+ns,np,nd (n=2～6,00).;Ⅹ…1, 2, 3,

4; si呼1e formla for iTlterPOlation; CB]

74 TI K･E･･ Banyard and G･K･ Taylor, Phys･鮎v･勾旦,
1019 (1974)
Generalized oscillator strengths for the (1s22s2)
1s

+ (1s22s2p)1p transition in sozne Be-like ions.

【for 7nOnentum Change a = 0 -

3.5 a.u.; Bom]

74 T2 A. Burgess and V.B. Sheorey, I. Phys. B (Atom. Hoュ.

Phys.) 1, 2403 (1974)
J

Electron iTnPaCt eXCitation of the resonance lines

of alkali-like positive ions.

【TlS十np (n= 3, 4, 5, 6 for the fourions,

resp.; x= i- 300; CB., CB, CDW]

74 T3 Ⅰ).tl. Crandall, G.E. Dutn, A. Gallagher, D.G.苫umer,

C.V. Kunas2:, D. her and P.0. Taylor, Astrophys. I.

i2i, 789 (1974)
Rate coefficieTltS for electron excitation of

first resonance transition in tl, Li., Na, Ca,

and Ba+ calculated from eコ申erinental data●

【監Iall;三Bic2sa,;r:pi:皇iBi三三If
:

e霊e……n:n6{:12pl′2
, 3/2■

data +

cal亡ulation of excitation and de-

excitation rates; T = 103 ～
105K]

74 T4 J. Davis, ∫. Quantit. Spectrosc. Radiat. Transfer

二娃,549 (1974･)
Effective Gaunt factors for electronまtnpact excita-

tlon of皿ult:iply-charged nitrogen and o芸ygen ions.

【for a few transitions in each ion; g-factor

given for X己1 - 6; also averaged g-factor

as a ftnction of △E/kT; =P]

74 T5 W. Eis8ner and H.I. Seaton, I. Phys. B (Atom. hl.

Phys･) 1, 2533 (1974)
Electron itnpact excitation of metastable levels in 02+.

[transitions between
3p, 1

D
,

1s;
below 0.5吋;

CC】

74 T6 D.R. Flower and tl. NussbatJner, Astron. & Astrophys.

旦, 353 (1974)
On the extreme ultraviolet emission 5PeCtrum Of

Fe Xttt.

【tr皿Sitions between 3s23p2, 3s3p3, 3s23p3d;

alBO COrreCtion to 73T3]
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HelZ=, Be =V

0 V工工I

tl-i)I.ke ions with

Z = cp

Exc

B工ェ, CエII, N工V

0 V

Exc

Mg工t, Ca t工

Sr王工, Ba工工

Ex亡

Ca ==, Ba t=

Exc

0工エーⅤ工, N工エーV

E=･.c

0ェエ工,坐
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74 T7

設冨;
Renry, J● Phys. B(Atom･."ol･ Physo)1･ L439

Excitation of N V by electron i皿paC亡.

t2s + 3s,3p,3d; 6Ry; various versions of CC]

74 T8 M･ Jones, Mon･ Not･ Roy･ Astr･ Soc･堕, 211 (1974)
Collision strengths for the electron iTnPaCt eXCita-

tion of certain highly-ionia;ed heliu7n-like ions.

【transitions beⅣeen lls,21s,23s,21p,23p. ;
コ

bot3h LS and intermediate coupling; DW and CB-】

74 T9 M.R.C. McI)Dwell, Ⅴ.P. Myerscoughand U. Narain, J｡

p#e…;r≡n篭芸こtM:三･EPh=:･まel-:.諾5c三笠三三まgeffect
●

まn the distorted wave polarized orbital approxitnation.

【1s十2s; 0.75 ～ 1 Ry; DWPO]

> T4 T10 E･ Oran and I. Davis, J･ Appl･ Phys･堂, 2480 (1974)
Electron i7nPaCt Cross-Sections and rates for one-

and two-electron al血n1正I ions.

【AI X工エ;1s,2s +np (n王2～5); 3sす3p,4p,5p;

4s+4p,5p; 5s+5p; 2p+3s,4s,5s; 3p+

4s事5s; 4p+5s; Al t工エ:1s+2～5p; 2s+3p'4p,

5p; 35十4p,5p; 4s+5p;Ⅹ=1～8;工P]

74 Tll A･K･ Pradhan, J･ Phys･ B (Aton･ Mo1･ Phys･)I, L503

(1974)
Electron i叩aCt eXCitation of Ne2+.

【tr孤Sitions between
3p,1D,1s;

collision

5trengths for 0
-

0.8 Ry; rate constant for

5000 - 20000 K; CC]

74 T12 A. Salop,?hys. Rev. A&, 2496 (1974)
Multi-ioni2:ation of neon, argon, and xenon and

their ions by high-energy-electron i7nPaCt.

【ioTlization including multiple ionization and

autoioni2:atiorL; Bom-Bethe asyTnPtOtic fomula

calculated ; numerical restLlt shown at 20地Ⅴ】

74 T13 D.E. Sa叩SOn and A.D. Parks, Astrophys. I. suppl.

壁, 323 (1974)
Electron-itnpact excitation cross-sections for

coznplex ions.工I. Application to the isoelectronic

series of helitJn and other light ele7nentS.

[general formulae for many transitions]

74 T14 E.E. Saraph and M.I. Seaton, I. Phys. B (Atotn. Mol.

Phys.) I, L36 (1974)
On the convergence of close-co

electron impact excitation of #
ling e3q?anSions for

[2s22p2
3p

-

1D･ls;
below 0:8 Ry; CC; 2s22p2-2p4

configuration interaction
ltT.Cluded]

ニEfI-

N V, Exc

Si X工工Ⅰ, Ca X工Ⅹ

Fe XXV

Exc

He =t,塗

AI X工工, Ⅹ工工工

Exc

Ne ==I'塾

Nan+事Arn+一泡n+

(all a)
二on

IP

highly-ioni2:ed

atoms (ntJnber of

electrons:1
- 4)

Exc

_.._
/_

■
｢

Nェ工,塾



74 T15 J･A･ Tully, J･ Phys･ B (Atom･ Mol･ Phys･)ヱ, 386

(1974)
Co11isional exci亡a亡ion of苫e-like positive ions by

electTOnS.

【excitation ofnls, nlp (n= 2 -

6); Ⅹ=1 -

3;

甲】

74 T16 J.A. Tully and D. Petrini, I. Phys. B (Atom. 斑ol.

Phys･) I, L231 (1974)
A comparison of the Bom a71d Coulonb-Bom approxi7na-

tions for electro71 itnpact excitation of positive
■

10nS.

【2s -2p,
3p; Ⅹup to 8; Born, CB】

ヽ

へノ

74 T17 J.A. Tully and J‥M.･.P. Serrao, Astronon. & Astrophys.

.31,
187 (1974)

Electron lⅢpaCt eXCi亡ation of netastable helium-like
●

●

10nS ●

[21s -

nls,nip; 23s
-n3s,n3p;

x= i, 2,, 4, 8,

co; CB]

74 T18 D･W･ Walker, J･ Phys･ B ('Aton･ Mo1･ Phys･)ヱ, 97

(i974)
五1ectron l皿paCt eXCitation of hydrogenic ions.

●

[1s - 2s,2p; X= 1.07, 1.33, 5.33; CB with

relativistic wave functions ]

75 TI A.W. Allen, 班. Blaha, W.W. Jones, A. Sanchez and

H･R. Grien, Phys･ RevI AA, 477 (1975)
Stark-broadening measurement and calculations for

singly ioni之ed alⅦ血ntm
line.

[broadening of ^4663; 5000-40000K; DW]

75 T2 D. Banks, J･ Phys･ B (Atom. Mol･ Phys･)旦, 588 (1975)
Exchange effects in ioni2iation of hydTOgenic ions by

electron impact.

【scaled cross Section vs X (=1 - 10); BEA based

on htt scattering fomula]

75 T3 A.R. Bhatia, I.W. Coo一er and A. Te血in, 9th tCPEAC

Abstracts of Papers 398 (1975)
Conparison of distsorted wave and close-coupling

results for helium-like positive ions.

【11s-21s; 5.9弧d 13.4 Ry;恥CC]

75 T4 S. Chandra and tl. Nariain, I. Phy∈. B (A亡o皿. Mol.

Phys.) A, 770 (1975)
Electron 17npaCt ionization cross sections of some

●

tne血ers of the helium isoelectronic series.

【Benienpirica1; threshold to 30 keV】

-4 -2-

Li工工, Be工工工

0 VIエ, He-ユake

ion ･)ith Z. ≡ cD

Ex亡
~~■_二__:_

Be二t, N V, Ne VII‡

Li-like ion with

Z == co

Exc

Li tt, Be ttt

0 V=t, He-like ion

with Z =Q)

Exc

tleエ工, h XXV

Sn L, tl-like ion

with ヱ= 100

Ex亡

Ar工エ,塑⊆旦

I-like ions with

Z/n=0～℡
工on

Li ==,坐

Lilt, B=V, 0 VII

Ne工Ⅹ,斑g X工

工on



75 T5 D･R･ Flower and tI･ Nussbaumer'Astron･ & Ast:rophys･

生, 265 (1975)
.

Relative intensities of solar emission lines of ions

in the sodium isoelectronic sequence.

(transitions between 3s2sl/2･ 3p2pl/2.3/2･3d
′■

D3/2,5/2 ; at 3 values of X]

75 T6 机A･ tlayes, J･ Phys･ B (Aton･胡bl･ Phys･)旦, L8

(1975)
Calculated collision strengths for electron impact

excitation of N V.

【2s - 2p,3s,3p,3d; at 6 Ry; 5 state CC】

75 T7- T. tshihara and I.C.Y. Chen, 9th tCPEAC, Abstracts

of Papers, 79 (1975)
Eikonal approximation for. scattering of charged

particles by ions.

【1s-2s; 50 -

500 eV; Coulo血-Glauber; numerical

error corrected in 75T8]

75 T8 T. =shihara and I.C.Y. Chen, I. Phys. B (Atom. Mol.

Phys.) i, L417 (1975)

Eikonal appro荒土mation for scattering of charged

particles by ions.

【1s-2s; 50 - 500 eV; also i)CS a亡100,
200,

300 eV; Coulo血-Glauber】

-/5 T9 T. Ra亡o, C.E.N. Report CEA-R-4660 (Centre a-Eludes

Nucl占aires de Saclay) (1975)
Calcul du coefficient dlexcitation par collision

avec des electrons.

【co叩arison of Hewe(72T8)
-s

e7nPirical fomula

with experimental data and other calculations]

75 Tl_0 M.ぬ1inovsky, Astron. 良 Astrophys･ ii, 101 (1975)
New calculation8 0f atomic data conceming E.U.V.

1ines of 0 V.

【2s2 1s - 2s2p
lp,3p,

2s3p
lp;

2s2p
3p

-2p2

3p;

2s2p

3
p
J

- 2s2p
3pJ,;

uP tO 13 Ry; DW]

75 Tll H･E･ Mason, Hon･ Not･ Roy･ Astr･ Soc･ iZR, 651 (1975)
The excitation of several iron and calcium lines in

the visible spectrum of the solar corona.

[Fe I.･ 3s23p5
2

Fe Xt: 3s
2
3p4

Fe X=V: 3s23p

ca xIエ: 2s22p5

:1′23;諾52
3s3 p6)3s23p43d states;

3s23p33d事3p6 states;

- 3s3p2, 3s23d states;

- 2s22p4 3sタ2s22p43d事2s2p6states;

-43-

Sま 工Ⅴ, S V工

･Ca
X, Fe XVZ

Exc

N V; B2iS.

tie =工,坐

苫e t工,塾生

C V工, N tV,Vエ工

0 V, Ne Vt工,Ⅹ

Hg Vt工=,Ⅹtエ

Si V工ェー工Ⅹ, S エⅩ-

Ⅹ=, Ca 芝il-･苫V

Fe Xttt-XXt=

Ⅳi XIX,ⅩⅩ工,ⅩⅩ工工

ⅩェⅤ,壁

0 V,坐

Fe I,XI,X=V

Ca X‡工,Ⅹ工工工,ⅩV

Exe



ca x=Ⅰ=: 2s22p4
-

2s2p5, 2p6 states;

ca xv: 2s22p2 - 2s2p3, 2p4 states; DW; at X ≡ 1】

75 T12 H.a.C. HcDowell, L.A.加organ and V.P. Hyerscough, I.

Phys･屯(Ato7n･ Mol･ Phys･)旦, 1053 (1975)

Elec亡rbn i7nPaCt eXCi亡ation of H and Re+･エ工工･ 1s +
np

transitまons.

[1s - 2p,3p,4p; up to 250 eV; DWPO]
ヽ

75 T13 H･ Narmiand A･ Tsuji, Prog･ Theor･ Phys4･里, 671

(1975)
Inelastic Coulonb scattering in the Glauber approxina-

lion.

【11;:…≡;2芸皇_40;z32oRyeV圭o;l芸三1芸…≡:三三;諾szf≡rwE?';
事

Glauber
approxination】

75 T14 A.D. Parks and D.H. Satnpson, I. Phys. B (Atom. Hoュ.

Phys･)旦, 774 (1975)
エnner-Shell excitation of lithium-like ions by

elec亡ron impact.

【general fomulae for oscillator strengths for

ls22B + 1s2s2事1s2s2pI Is2p2; cBO･; configura-

tまon 7nixing ignored】

75 T15 L.P. Presnyakov and A.班. tlrnov, I. Phys. B (Atom.
hl, Phys･)旦, 1280 (1975)
AsyⅡ申tOtic approadl tO the theory of色ⅩCitation of

mltiply-charged ions by electron i7nPaCt.

【2s-3s and 2p-3s; Coulo7d) Green f皿Ction;

1/Z eつ中之nSion formulae; resonances near

theshold ]

75 T16 W･D･ Robb, J･ Phys･ B (Atom･ Moll Phys･)旦, L46 (1975)

e?:oc;eta;iOl.1芝1三;g#1culations

for electron iqact

【3p-1D,
3p-1s;

up to i.2 Ry; CC; A-matri･x

approach ]

75 T17 H･J･ SeatoTL, Adv･ Aton･ Ho1･ Phys･旦, 83 (1975)
Electron impact excitation of positive ions.

【reviev of works on

_E3Si,虫聖,
Re co血 , and I-ine

; illustrative examples include

払･, Ee-, Li-like ion.s and Ca+, FeXエV,
eec.】

75 T18 A.D. Stauffe3= and L.A. Horgan, I. Phys. B (Atotn.

Hol･ Phys･)旦, 2172 (1975)
A generali2:ation of the Coulo血-projected Born

app roxltnation.

【1s-2B; DCS at 100 eV; integral cross section

at 1 - 100 eV; coulo由一projected Born]
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75 T19 D･WI Walker'J･ Phys･ B (Aton･ Mo1･ Phys･) A, 760

(1975)
Electron i呼aCt eXeitation of bydrogenic ions.工工.

[1s-2s･2pl/2,3/2; I - 1･07, 5･33; also DCS for

ls-2s; X= 1.33 for Sn L and Z -- loo;

relativistic CB, CBO]

76 TI L.G.I. Boesten, tl.G.M. tleidenan, T.F.班. Bonsen and

D･ Banks, J･ Phys･ B (Aton･ Mol. Phys･)旦, L1

(1976)
Threshold effects

匪T2

in the ionization of tie+ by
●

electron l叩aCt.

[energy and angular tnonentun distribution of

two ejected electrons; near threshold;

classi亡al】

B.R. Bransden and C.I. Noble, ∫. Phys. B (Atom.
Hol･ Phys･)旦, 1507 (1976)
Electron i7nPaCt eXCitat.ion of ,atomic

hydrogen and

hydrogenic ions.

[1s-2s,2p; 25Z2 - 250Z2 ev; =p for7nulation of

2nd order po亡ential nethod]

76 T3 S. Chane.ra, ⅠLP. Mital and tJ. Narain, Physica B a C

里, 384 (1976)
Zonizatま(･n crossI Sections and rate coefficients for

atons, ions and molecules.

76 T4 W･ Dankwor亡, E･ Trefft2:, As亡ron･ & Astrophys･生,
365 (1976)
Oscillator strengths and collision strengths in Si X.

【冨6T諾a:三…t…:,;≡…三etf琵慧…da;n王.g?
,

21三2i.6and 3 Ⅹ 106K; CB; Tnulti-config･ tip wave

ftJnCtions
used]

76 T5 J. Davis, P.C. Kepple and H. Blaha, I. Quant. Spectrosc.

Radiat. Transfer並, 1043 (1976)
Electron impact eXCitation coef氏cients for

labora亡ory and astrophysical plas7naS.

[1 -

6 transitions for each ion; effective

Gaunt factor vs energy and/or rate vs Te;

DW]

76 T6 J. Davis and K･G･恥itney, J･ Appl･ Phys･ iL, 1426

(1976)
Line emission in AI X工as an optical diagnostic in

laser-beate且 plasnas.

【natlytransitions; Ⅹ = 1 - 4; DW]

-4 5-

Hn XXV, Sn L

tI-like ion with

Z = 100

Exc

tie t工,虫聖

正一1ike ion,塾

C =工, 0工工, R工t

N工工工, 0工工t

二on

Six,塑造

Ne V=,V工工,晦Vtエ工,
Ⅹ, Ca工Ⅹ, SiエⅩ

Fe工Ⅹ,Ⅹ=,ⅩtV,ⅩⅤ,
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ⅩⅩ工工=
,XXV,

Ni XXV,些!旦
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76 T7 Y･且ahn'Phys･ Rev･哩, 1326 (1976)

工nner-Shell excitations and ioni之ations of atomic

ions by high-energy electro血iIゆact.

【eコこCitations at 10 key and ioni2;ation (including

色utoioni2:ation) a亡1, 5, 10 keV; Bom,Bethel

76 T8 R･J･W･甘enry and J･J･ Matese, Phys･ Rev･ Ail, 1368

(1976)
Excitation of He+ by electron i7nPaCt･

~~~~~
_I__二二二___

【1s-2s,2p; 40-120 eV; 1s-2s-2p-3s-3p CC]

76 T9 T･ Rato, Astrophys･ J･
suppl･里'397 (1976)

.

Radiation from a hot, thin plas7na from 1 to 250 A.

[esti7nated from 6ptical f-value using

enpirical fomula for g-factor slユggeSted by

Mewe】

76 T10 C･ Micra and N･C･ Sil, Phys･ Rev･ A:.1i,1009 (1976)
Excitation of hydrogenlike ions by electron i7nPaCt.

【1s-2s; Ⅹ=1, 2, 4, 10; CB, CBO.I

76 Tll S･ thka2:aki, J･ Phys･ Soc･ Japan生, 2084 (1976)
Elec亡ron-17nPaCt eXCitation cross-sections for

■

heliuD-l'ike ions: C V, N V=, 0 V工工and Ne工Ⅹ.

t11s- 21p,31p; 23s-23p,33p; 23p-33s; UP毛.

20 key(excitation from ground state) ¢r to

2 keV;. CB】

76 T12 A･D･ Parks and D･R･ Sa℡申SOn, Astrophys･ J･迎,
312 (1976)
Electron itnpact excitation cross sections for

complex ions.工工工. fligh1y charged ions with three

valence electrons.

【collision strengt:hs approxi7na亡ely expressed in

亡erms of scaled collision strengths forエーor

丑e-like ions
withZヨCO]

76 T13 A.a. Pradhan, J･ Phys. B (Atom･地)1･ Physi･)旦, 433

(1976)

£王;言e-.手o慧三i言喜rcb?:::三ast…o;≡s f:;三三:ct;三oin.冨…eT:≡
i ons

【tr弧Sitions between
4!,

Structure transition 2も5/2-2D3/2 ; CC]

2
D
,

2p
and fine-
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Exc
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Exc
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76 T14 A｡ Salop, Phys･ Rev･ Ail, 2095 (1976)
Electron impact ionization of multicharged ions.

[BEA]

76 T15 W.L. van WyTlgaarden and A.I.W. Henry, I. Phys. B

(Atom･凹o1･ Phys･)旦, 1461 (1976)
Excitation of N V by electron inpact･

【(2s or 2p) - (2p,3s,3p, or 3d); 1- 16 Ry;

CC】.

76 T16 W.L. van Wyngaarden and A.I.W. tlenry, Canad. I. Phys.

生, 2019 (1976)
Exci亡ation of Ne V工エZ by electron iTnPaCt.

【2s T 2p,3s,3p; 2p - 3s,3p,3d; a亡14,
18, 30

Ry; 5-State CC and CB]

>76 T17 C･A･ Weather ford, J･ Phys･ B (Atom･ Moi. phys.)旦,
L135 (1976)
A calculation of the ls-2s tr皿SitioTl ill Re+ induced

by electron itnpact.

【1昌一2s;DCS and integrated cross Section;

3.0-3.3 Ry; DW]

77 TI K.L. Baluja and M.R.C. McDowell, I. Phys. B (Atom.
Mol･ Phys･)坐, L673 (1977)
Electron lTnPaCt eXCitation of Fe XXVt and other one-

●

electron ion∈芦.

【1s-np (n=2-6) for Fe XXV工, Ⅹ=1-4;

･1s
- 2s for all the ions; Ⅹ=1- 26.67;

CBO]

77 T2 K.A｡ Berrington, P.G. Burke, P.L. Dufton a:1d A.E.

Kingston, I. Phys. B (Atom. Hoュ. Phys.) j旦, 1465

(1977)
Electron collisional exci亡ation of C 工工工 and 0 V.

【2s2
1s

- 2s2p
3p,1p;

up to 10 Ry; A-Tnatrix

netbod】

77 T3 A.K. Bhatia and A. Tenkin, I. Phys. B (Atom. Mol.

Phys.) A, 2893 (1977)
A distorted-wa.7e methodology for electron-ion

iTnPaCt eXCitation: calculat:ion for亡wo-electron

10nS ●

【11s - 21s,1p,3s,3p;刺

77 T4 J. Callaway, I.N. Gau, R.J･W. tlenry and 】)･N･ 02;a,

10thtCPEAC, Abstracts of Papers 1102 (1977)

Reson孤CeS in the electr,Jn impact excitation of C+3

【2s
- 2p; 2.25 -

2.50 Ry; 2s-2p-3s-3p-3d CC

with exchange, frozen core approximation for

ls; R tnatrix method]
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Exc
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Ex亡
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77 T5 J. Callaway, I.N. Gau, a.I.W･珪enry, D.H. 02:a,

Vo Ky Lanand 班 ･ LeDoumeuf, Phys･ Rev･坐, 2288

く1977)
Excitation of C3+ by electron i7nPaCt.

f2s
- 2p; threshold to 2.6 Ry; 51State CC]

P

77 T6 D･R･ Flower, Astron･ 良 Astrophys･生, 163 (1977)
Excitation of the Fe Xt工spectrum in the solar

Corona.

【監.7hni芸r三三三㌘sdst三;三e
t三o謡号;a謡,皇

3s23p3) and

3d states;

at 6.6 Ry above the ground state; calculated

in LS coupling and then transformed into
intermediate coupling scbeme】

77 T7

芸主監1…loi:;;
,

fTr
t;芸:

･

c…r慧opi:yns妄e毅
=

【transitions between and within 3

451 (1977)

p6 and 3p53d;

at 5.5 Ry relative to the ground state]

77 T8 J･N･ Gab and R･J･W･耳enry, Phys･ Rev･ Al&, 986

く1977)
Excitation

of lithiunlike ions by electron itnpact.

[2s
-

2p,3s,3p,3d; 2p - 3s,3p,3d; I-- 1 - 3;

5-state CC]

77 T9 L.B. Golden and I).tI. Sanpson, I. Phys. B (Atom.

Mol･ Phys･) j丑, 2229 (1977)
=onisation of highly charged ions by electron
inpact.

【E-like ion with Z王≡00at 18,2B,2p state;

asyⅡ申tOtic form of ionization Cross section

at highenergy; also approximate estimation

of crtほS Section for tie-,...
,0-like

ions for

ionization from ls,2s,2p orbitals】

77 T10 Y. Eahn, Phys. Letters噸旦, 310 (1977)
工7nPrOVed Bethe approxitnation for electron-ion
inpact ioni2:ation.

[Ar =V: from 3s,3p; a = 2 - 25 a.u.',

FeェⅩ; from 3p; k= 5 - 30 a.u.;.Bethel

77 Tll Y. 'tl血, Phys. Rev. Letters里, 82
I(197'7)

Do･.ninant Auger prpcess in electron-impact ioni2:a-

tion of h ions.

[direct + Auger ioni2:ation; k = 20 8- a.u.;

Bethe]

77 T12 M.A. Hayes and M.I. Seaton, I. Phys. B (Atom. Hoュ.

Phys.) A, L573 (1977)
Accuracy of the distorted-wave approコくimation for

excitation of hydfogenic ions.

【1s-2s,2p; Ⅹ= 1 - 4; DW and 3-state CC]

-4 8･-

C工Ⅴ,塾

Fe X工工,塾

Fe tX,坐

CエⅤ, Ar XV工

Exc

tt-,丑e-
,Li- ,Be- ,

B-
,
C-

,N- ,0-1ike'
ions

工on

I
_
_

__二:二~

Ar tV, Fe =X

エon

h XV

工on

He ZI, Li Zェ=

C V工,Ne X

Exc



77 T13 帆A. tlayes, W.D. Norcross, I.B. Man and W.D. Robb,

∫. Phys. B (Atom. Mol. Phys.)
Electron impact excitation of 誤モ4三9

(1977)
benchnark study.

t2s-2p; cross section and polari2:ノation of

radiatiorL emitted; 4 - 990 eV; CB and CC]

77 T14 T. Rato,工PPJ-A紘一2 (1977)
工oni2:at:ion and excitation of ions by electron

itnpact - Review of etnpirical formulae -.

[reliability and applicability of various

eTnPirical fomlae discussed]

77 T15 M. LeDourneuf and Vo Ky Lan, I. Phys. B (A亡On.
Mol･ Phys･)盟, L35 (1977)
The variabl号-Phase 7nethod in nultichamel electron-

aton or electron-ion scattering.

【conparison between the.-variable-phase methodTT

and the ordinary approach for so7ne Selected

values of incident energy]

77 T16 N.壬L Magee,Jr., I.B. Mann, A.L. Herts and W.D.

Robb, Los Alanos Sci. Lab. 1A-6691-HS (1977)
Electron itBPaCt eXCitation of carbon and oxygen ions.

【theoretical values collected and compared;

63 transitions for C ions and 30 transitions

for 0 ions; X up to 5, 10, 100, or 10uO;

CC, DW, CB,工P, hydrogenic-ion approxitnation,

2nd-order potential Ⅱletbod】

77 T17 M.R.C. HcDowel1, L.A. Horgan, V.P.均rerscough and

T･ Scott, J･ Phys. Zi (Ato7n･ Mol･ Phys･)坐, 2727

(1977)

Electron impact excitation of one- and two-electron

positive lons｡

[1s-2s ,2p ; o.75Z2 - 20Z2 Ry for R-like ions;

11s-21s,21p; Ⅹ ≡ 1 - 10 for He-like ions;

DWPO]

77 T18 S. Nakazaki and T. Hashino, J･ Phys･ Soc･ Japan ii,
281 (1977)

●

Excit言誤nl冨f_be&1圭㌻監…s孟:;sdb;;言1芸…吉言oncB言npac亡●
configuration nixing I:aken account]

77 T19 A.D. Parks and D.a. Sampson, Phys･ Rev･勾互, 1382

(1977)
Electron-i7nPaCt eXCitation of highly dlarged

bery11iumlike ions with inclusion of configuration
血Ⅹing.

ttransitions between

up to 3.25 Z2 Ry;

2s2
1s,

2p2
1s}

2s2p
lp>3p;

excitation to 2見筑- states; 笈≡l.a and 1.5]

-49-

Be工工,塾生

●

review

塾生'辿

CIV, N=工

Exc

C工エーⅤ工, 0工Ⅴ-

Ⅴ工工工

Exc

He tt, Li二t

Be Ill, B IV

C V,V工, N Vt

0 Vr=,V==Z, F V=Zr

Ne工Ⅹ,Ⅹ, Si X工工ェ

Ca XtX, Fe X3Ⅳ

Ex亡

C工工t, NエV

0 V,封e Vt工

Exc

~
______二~~~二~

Be-like ios with

Z … の

Ex亡
_=_

.



77 T20 払S. Pin_dpzola, Pbys. 1Rev･ Aii, 223声(1977)

Electron-impact excitation of O工t工in the disto:r･t早d,

Wave p roxizn?tion
･

p-1D; 2.5-30eV;1Ⅳ】

77 T21 D.tI. Sampson事A･D･ Parks and R･E･tI･ Clark, Phys･

Rev.勾旦, 1393 (1977)
Effects of configuration and parentage tnixing on

iTmer-Shell excita亡ion of highly charged lithitnL-
●

1ike

Sot;:nbi芸tei三:sct芸::nl;P32Cst●orls22, i. n叩StateS

with ls2R,3且- configurat:ion; Ⅹ ≡ 1, i/5, 2, 2･25]

･O
‡t工,塾

Li-like ion with

Z ニ 00

Exc

77 T22 B.R. T血e, I. Phys. B (AtoTn. Hol･ Phys･)坐, L249 (1977) C工工,壁
Electron-=Ⅶpa･ctz-induced fine-structtlre tra-itions

in singly ioni2:ed carbon･

【2pl/2-2p3/2; 0･000633
- 0･2 Ry; also rate

coefficient at 100 K; 8-state CC]

150-



Adden da

64 T6 A. Burgess, Proc. Sytnposium on Atomic Collision

Processes in Plasnas (Culhatn Labpratory S色pt.14-16,

1964) , A耳RE-R4818 (1964)

Setnii･cl畠ssical theory of electron-atom collisions.

【a combined --exchange-classical-'J-i7nPaCt-

par誠Ieter7. netbod proposed]

66 T15 0･ Rely,Ann. d'Astrophys･里, 683 (1966)
Excitation of lithium-like ions by electron impacts.

工t. Transitions 2s-ns and 2s-nd.

【2s-nS,nd (n三3-7);Ⅹニ1, 3, 5; CB】

75 T20 J. Davis, P.C. Repple and B. Blaha, I. Quantit.
Spectrosc･ Radiat･ Transfer j皇, 1145 (1975)
Distorted wave calculations

for Tnultiply charged

nitrogen and oxygen.

【0ェエ; excitation of

N工エ, 0エ工エ: exc. of 2s2払2p23s
;

N工=エー0 =V: exc'of 2s2p2;

NェⅤ, 0 V; exc. of 2s2p and 2s3p',

ⅣⅤ, 0 V工: exc. of2p, 3p;

also N Ill.･ exc. of 3s; DW]

General reference

ュon

Beエエ, N V

Ne V工工t

Li-like ion with

Z=∞,室生

0工エーV工, N IエーV

Exc

C.F.Barnett and W.i.Wiese (editors) ,
Co坤reheTISive lists

of references on theoretical and experimental excitation

cross section and rate data for electron i7nPaCt eXCitation

of positive ions.

[supplenent 1 to the Atomic Data for Fusion (a bulletin

fro7n the Controlled Fusion Atomic Data Center

of Oak Ridge National Laboratory and the National

Bureau of Standards(hrch 1977) 】
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INDEX

雄一1ike ions (Ru血er of electron N王1)

塾 66TIO, 71T13, 72T5, 72T8, 7与T13, 76T2

He工工 53で1,

69T4,

r 75T8,

77T12,

Lilt= 63T3,

BeエV 63T3,

B V 71T7

G VI 61T3,

二N VエI 75T9,

O V工工王 73T14,

Ne X 75T9,

Hg XI= 75T9,

AI文王エエ フ4TIO

SiX工V 76T9,

Ⅹ ⅩVI 76T9

Ca XX 76T9,

h刃Ⅳ 74T18,

Fe XXV工 76T9,

Sn L 74T18,

I

ZEIOO 74T18 ,

Z= cE' 61Tl,

& 60Tl
,

tle工= 61Tl,

69T16
,

Li tII 67T10

C Vエ フ6Tl与

61Tl, 63T3, 63T5, 64Tl, 64T2, 64T3, 64T5, 67T8, 67Tl1

70T2, 71T7, 71T15, 73T7, 73T8, 73T14, 74T9, 74T18, 75T7,

75T12, 75T13, 75T18, 76T8, 76T9, 76T10, 76T17, 77T1,

77T17

63T5, 71T7, 76T10, 77T12

63T5, 73T14, 77T1

75T9, 76T9, 76T10, 77T1, 77T12, 77T16, 77T17

76T9

76T9} 77Tl, 77T16, 77T17

76T9, 76TIO, 77T1, 77T12, 77T17

76T9

77T1

77T1

75T19

77Tl .

75T19, 76T10

76T19

63T3, 63T5, 70T2> 71T7, 71T8, 7･1T15, 72T11, 73T14, 75T13
■

61Tl, 71T9, 71T14, 72T5, 75T2, 77T9

63T2, 65Tl, 65T5, 66T11, 67T8, 67T9, 67T10, 69T14

71T15, 71T17, 73T6, 76Tl

N VエI 70T12, 76T14

0 V==I 70T12, 76T14

Ne X 74T12, 76T14

Ar XⅥ:工エ フ4T12

Rr XXXV= 73Tll

Xe L=V 74T12

Z=128 66T11

Z=00 71T15

-さ2-



ne-like
ions (N --

,2)

墜 72T8, 74T13

Li tI 66T14, 67T1, 69T5, 74T15, 74T17, 75T3, 77T3, 77T17

Be工工工 74T15, 74T17, 77T3, 77T17

B =V 77T3, 77T17

C V 61T3, 67T1, 76T9, 76Tl1, 77T3, 77T16, 77T17

N VI 76T9, 76Tl1, 77T3, 77T17

0 VIt 74T15, 74T17, 76T9, 76Tl1, 77T3, 77T16, 77T17

F VII= 77T3, 77T17

NeエⅩ 76T9, 76T11, 77T3, 77T17

Hg X工 76T9

AI X工= 74T10

Si X=== 74T8, 76T9, 77T3, 77T17

S XV 76T9

Ar XV工= 76T7

Ca XIX 74T8, 76T9, 77T3, 77T17

Fe X】Ⅳ 74T8, 76T5, 76T9, 77T3, 77T17

Ni XXV工t 76T9

Z =00 70T2, 74T15, 74T17

ton 77T9

Li II 67T9, 67/T10, 69T9, 69T12, 69T16, 7OTIO, 70T14, 7ユT9, 71T12

71T16, 72TIO, 73TIO, 73T13, 75T4

Be tlt 67TIO

B エV 75T与

C V 76T14

N VI 70T12, 76T1与.

O V=I 70T1･2, 75T4, 76T14

Ne工Ⅹ 74T12, 75T4, 76T14

鞄Ⅹェ 75T4

Ar XV工ェ 74T12, 76T7

Kr ∋ⅨⅩV 73Tll

Xe L工I工 74T12

Li-like ions (n I 3)

Exc 72T8, 72T12, 74T13, 75T14

Be It 63Tl, 66T1, 66T5, 69T3, 70T1, 72T12, 74T16, 77T13 / 66T15

0 VI

63T1, 69T3, 72T12, 76T9, 77T4, 77T5, 77T8, 77T15, 77T16

66T1, 66T5, 66T8, 69T3, 70T1, 70T6, 70T7, 71T5, 74T4, 74T6

74T16, 75T6, 76T9, 76T15 / 66T15, 75T20

62T2, 62T4, 63T1, 63T8, 65T2, 69T3, 72T12, -j4T4, 75T15

76T9, 77T16 / 75T20

-53-



Ne VIIt

Mg X

瓜 Ⅹエ

Si X工ェ

S X工V

Ar XV工

66T1, 66T5, 70Tl, 72T12, 74T16, 76T9, 76T16 / 66T15

63Tl, 72T12, 76T5, 76T9

76T6

71T5, 72T7, 76T9

76T9

77T8

Ca XV工工エ フ6T9

Fe 3CXIV 76T9

Ni 3tXVt 76T9

Z=00 74T16, 77T21 / 66T15

=on 77T9

Be It 67TIO, 71TIO

B =II 67T10, 71T10

C tV 71TIO, 76T14

N V 70T12, 71TIO, 76T14

0 VI 63T7, 63T8, 70T12, 71TIO, 76T14

F V=t 71TIO

Ne V工工工 71TIO, 74T12, 76T14

Ar m 74T12

Rr XXX=V 73Tll

Xe LIt 74T12

Be-like ions (N
=

4)

Exc 74T13

B == 68T3, 70T16, 74TI

C ttt 67Tl} 68T3, 70T16} 72T4? 73T2> 73T4, 74Tl> 76T9, 77T2, 77T16

77T18

N工V 68T3, 70T16, 73T9, 74Tl, 74T4, 75T9, 76T9, 77T18 / 75T20

0 V 65T2} 67T2) 68T3} 70T16} 73T4> 74T1> 74T4, 75T9, 75T10

76T9, 77T2, 77T16, 77T18 / 75T20

F V= 68T3

Ne V工工 68T3, 70T16, 75T9, 76T5, 76T9, 77T18

Na V工=工 68T3

Mg tX 68T3, 76T9

AI X 68T3

Si X工 68T3, 76T9

P Xエエ 68T3

S XItL 68T31, 76T9

CI XIV 68T3

Ar XV 68T3. 76*7

-S4-



K XVI 68T3

Ca XV工工68T3, 76T9

Fe XX工工t 76T5

Ni XXV 76T5, 76T9

Z =の 77T19

工on 77T9

B == 67T10

C ==t 67T10, 76T14

N tV 70T12, 76T14

0 V 61T2, 63T7, 70T12, 76T14

Ne Vt= 74T1?_, 76T14

Ar XV 74T12, 76T7

Rr XXX工工工 73Tll

Xe L= 74T12

B-like ions (N =

5)

Exc

C工工 55T3, 68T3, 69T2,6')T15, 72T6, 76T9, 77T16, 77T22

N t工工 58Tl, 68T3, 69T2, 69T15, 73T5, 74T4, 76T9 / 75T20

0 =V 65T2, 68T3, 69T2, 69T15, 74T4, 76T9, 77T16 / 75T20

F V 68T3, 69T2, 69T15

Ne V工 68T3, 69T2, 69T15, 76T5, 76T9

Na V工工 68T3

Mg V==工68T3, 75T9, 76T5, 76T9

Al tX 68T3

Si X 68T3, 69T2, 76T4, 76T9

P X= 68T3

S X=t 68T3, 69T2, 76T9

CI XI工工 68T3

Ar X工V 68T3, 69T2

K XV 68T3

Ca XV工 68T3, 76T9

Fe 3CK工エ フ5T9, 76T9

Ni XX工V 75T9, 76T9

工on 77T9

C Lt 67TIO, 72T9, 72T13, 76T3, 76T14

N工tI 67TIO, 70T12, 72T9, 72T13, 76T3, 76T14

0 tV 70T12, 72T13, 76Tl/I

-55-



Ne V= 74T12, 76T14

Ar X工V 74T12

Rr XXXI工 73Tll

xe L 74T12
r

c-like ions (N a 6)

Exc
■■■l■■-

N工工 50Tl, 53T2, 55Tl, 58T1, 66T2, 66T4, 66T13, 68T3, 69T2, 69T7

69T15, 71T11, 73T5, 73T9, 74T4, 74T14, 75T16, 77T15 / 75T20

0 I== 40Tl, 41T1, 50T1, 53T2, 55Tl, 58Tl, 66T2, 66T4･, 66T13, 68T3

69T2, 69T6, 69T7, 69T15, 73T5, 73T9, 74T4, 74T5, 77T20 I

75T20

53T2, 55Tl, 58Tl, 66T4, 68T3, 69T2, 69T15

53T2, 55T1, 58T1, 66T13, 68T3, 68T5, 69T2, 69T15, 76T9

Na V工 66T4, 68T3, 69T2

Ms V工工 66T13, 68T3, 69T15, 76T9

AI Vエ=I 68T3

Si =Ⅹ 68T3, 69T2, 75T9, 76T5, 76T9

P X 66T4, 68T3

S X工 66T13, 68T3, 75T9, 76T9

CI Xt= 6'8T3

Ar X工工工 66T4, 68T3, 69T2

K XrV 66T4, 68T3

Ca XV 66T4, 68T3, 69T2, 75T9, 75T11, 76T9

Sc m 68T3

Fe XXエ 75T9, 76T5, 76T9

甘i XXエ工t 76T9

Zn XXV 66T13

エon 7 7T9

N == 67T9, 67TIO, 69T9, 69T16, 70T12, 71T17, 72T9, 76T14

0 ttt 67TIO, 70T12, 72T9, 76T3, 76T14

Ne V 74T12, 76T14

SiエⅩ 67Tl与

'

Ar Xttt 74T12, 76T14

Kr XXX= 73T11

Ⅹe XXXX工Ⅹ 74T12

N-like ions (N =

7)

Exc

O =Z 48Tl, 50T1, 53T2, 66T1, 57T1, 58T1, 67T7, 69T2, 69T7, 69TIO

69T11, 69T15, 73T9, 74T4, 76T13 / 75T20

F ttt 53T2, 55T1, 58T1, 67T7, 69T2, 69T11, 69T15

1516-



NeIV 53T2,

Na V 53T2,

Hg V工 67T7,

Si VI工Ⅰ 75T9,

S X 69T2,

Ar Xtt 67T2,

Ca X工V 69T2,

Fe XX 75T9,

ⅣまⅩⅩ工エフ5T9,

55Tl, 58Tl, 67T7.. 68T5, 69T2, 69Tll, 69T15, 76T9

55T1, 58T1, 67.T7, 69T2, 69Tl1, 69T15

69T2, 69T15, 76T9

76T9

75T9, 76119

69T2

75T9, 76T9

76T5

76T9

ェon 77T9

0 tt 67TIO, 70T12, 72T9, 76T3, 76T14

F I== 67T10

Ne tV 74T12, 76T14

Ar X工t 74T12, 76T14

Kr XXX 73Tll

Xe Xm工工 74T12

ひ-like ions (N = 8)

Exc

F tt 53T2,

Ne ttt 53T2,

Na工V 53T2,

I晦V 53T2,

AIV工 67T7,

Si VIt 68T3,

P Vttt 68T3

S IX 68T3,

CI X 68T3

Ar X工 67T7,

K XI工 68T3

Ca X工工工68T3,

Sc X=V 68T3

55T1, 58T1, 67T7,

55Tl, 58T1, 67T7,

55T1, 58T1, 67T7,

55T1, 58T1, 67T7,

68T3, 69T2, 69T15

75T9, 76T9

75T9, 76T9

68T3, 69T2

68T3, 69T2, 69T15

68T3, 68T5, 69T2,69T15, 74Tll, 76T9

68T3, 69T2, 69T15

68T3, 69T2, 69T15, 76T9

69T2, 75T9, 75T11, 76T9

TiユⅣ 68T3, 69T2

V XVZ 68T3

Fe XIX 70T15, 75T9, 76T5, 76T9

Ni XX工 75T9, 76T9
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ェon 77T9

F =t 67T10

Ne It工 67TIO, 74T12, 76T14

Ar XI 74T12, 76T14

Kr嘘エⅩ 73Tlユ

Ⅹe 皿Ⅴエ工 74T12

F-like ions (N = 9)

Ex亡

Ne II 68T3, 69T2, 69T15

Na t工工 68T3, 69T2, 69T15

HgエV 68T3, 69T2, 69T15, 76T9
=

AI V 68T3, 69T2, 69T15

Si Vt 68T3, 69T2, 69T15, 75T9, 76T9

P VI= 68T3

S VI== 68T3, 76T9

C1エⅩ 68T3

Ar X 68T3, 69T2

K X工 68T3

Ca X工工 68T3, 69T2, 75T9, 75T11, 76T9

Sc X工工エ 68T3

Ti X工V 68T3, 69T2

V XV 68T3

Cr X甘= 68T3

Fe XV工工ェ75T9, 76T9

Ni X 76T9

工on

Ne工工 67T9事67T10事69T9■ 69T16タ 71T17事 72T9■ 74T12I 76T14

Na工工工 67TIO, 72T9

Ar X 74で12,76で14

Ⅹr 刀【VZ工I 73Tll

Xe X3CKm 74T12

Ne-like ions (N芝10)

Ex亡

鞄工工ェ 76:r9

Si V 76T9

S VIエ 76T9

Ar工Ⅹ 76T7, 76T9

-58-



Ca XL 76T9 ･

Fe XV工工 67T5, 71T5, 75T9, 76T5, 76T9

Ni XtX 75T9, 76T9

エon

_■■■~~~
Na工エ 67T9, 671'iO, 69T9, 69T16, 71T12, 71T16, 71T17, 72T9

Hg工工工 71T12, 72T9

Ar IX 74T12, 76T7, 76T14

Kr XXV=I 73Tll

Xe XXXXV 74T12

Na-like ions (N = ll)

Exc

___~~~~~~
Mg工ェ

ゝ

Al工工I

SiエⅤ

:S Vエ

Ar V工工I

Ca X

Fe m

60T3, 61T与, 63T1, 68T4, 72T2, 74T2

71T4

63Tl, 69T3, 75T5

75T5, 76T9

72T3

75T5, 76T9

63T1, 65T2, 65T3, 69T3, 70T9, 75T5, 75T9, 76T9

Co XV工工 70T9

Ni m=ェ 70T9, 76T9

Cu X=Ⅹ 70T9

工on

Hgエ工 68T1, 69T9, 69T12, 70T14, 71T12

Al t=t 68T1, 71T10

P V 68Tl, 71T10

Ar Vttt 74T12, 76T14

Ca X 68Tl, 71TIO

Fe XV工 66T12, 67T13, 68Tl, 68T7, 71T10

Kr 】ⅨⅤ工 73Tl.l_

Xe 刃ⅨⅩ工V 74T12

Hg-like ims (N = 12)

Exc

AI Iェ 68T3

Si ttt 68T3

P tV 68T3

S V 68T3

CI Vエ 68T3

Ar Vtt 68T3, 76T7

-5 9i-



K V=1I 68T3

Ca =X 68T3} 76T5, 76T9

Sc X 68T3

Ti XI 68T3

v xf工 68T3

Cr X工ェ工 68T3

h X工V 68T3
.

Fe文官 65T2, 68T2, 68T3, 71T5, 71T6, 75T9, 76T5, 76T9

Co XV工 68T3

Ni m= 68T3, 76T9

工on
..

Ar V=t 74T12, 76T7, 76T14

Fe XV 66T12, 67T13, 68T7

Rr X3N 73T11

Ⅹe 】ⅨⅩⅩtエ工 74T12

A1-like ions (N芸13)

Exc

Si =t 55T3, 68T3, 69T2, 70T18

P =I= 68T3, 69T2, 70Tll

S =V 68T3, 69T2, 70T11

CI V 68T3.., 69T2> 70T11

Ar VI 68T3, 69T2, 70Tll

K VIt 68T3, 69T2, 70T11

Ca V=tt 68T3, 70T11, 76T9

Sc 工Ⅹ 68T3

Ti X 68T3, 69T2

V XI 68T3, 70T11

Cr XI工 68T3, 70Tll

h X=工工68T3, 70Tll

Fe X工V 51T1事62T⊥事62T3事67T12事68T35 69T2事69T13事70T11I 70T17

71T2, 71T5, 75T9, 75T11, 76T5, 76T9

Co XV 68T3

Ni XV工 68T3I 76T9

エon

Ar VI 74T12, 76T14

Fe X=V 51Tl, 59T1, 63T6, 67T13, 68T7, 69T1
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Kr XX工V 73Tll

Xe X3tXX工工 74T12

si-like ions (N =

14)

Ex亡

__
丁~~

P tt 66T4, 67T7,

S ttI 64T4, 66T2,

CI IV 64T4, 66T2,

Ar V 64T4, 66T2,

K V= 67T7, 68T3,

Ca VIt 66T4, 67T7,

Sc V工工エ 68T3

Ti tX 68T3

V X 66T4, 67T7,

Cr Xt 66T4, 67T7,

地1 X工工 66T4, 67T7,

Fe Xtt= 66T4, 66T7,

75T9, 76T9

Co XtV 68T3

68T3, 69T2, 70T3, 70Tl1

66T4, 67T7, 68T3, 69T2, 70Tl1

66T4, 67T7, 68T3, 69T2, 70T11

66T4, 67T7, 68T3, 69T2, 70Tl1

69T2, 70Tl1

68T3, 70T11, 76T9

68T3, 70T11

68T3, 70Tl1

68T3, 70Tl1

67T4, 67T7, 68T3, 69T2, 70Tll, 71T5, 73T3, 74T6

Ni XV 66T4, 67T7, 68T3, 69T2, -)6T9

Cu XV工 68T3

工on･

Ar V 74T12, 76T14

Fe X工工工67T13, 68T7,
.

Kr XX工工工 73T11

Ⅹe 3mI -/4T12

P-like ions (N = 15)

Ex亡

s tI 53T2, 55T1, 58Tl, 64T4, 67T6, 69T2, 70T3, 70T4, 70Tll

Cl tt= 67T6, 69T2, 70T3, 70T4, 70Tll

Ar工V 67T6, 69T2, 70T3, 70T4, 7()Tll

R V 67T6, 69T2, 70T4, 70T11

Ca Vt 67T6, 69T2, 70r1"4, 70Tl1, 76T9

Sc Vtt 69T2

V tX 67T6, 70T4, 70T11

Cr X 70T4, 70Tll

Hn X工 70T4, 70Tll
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Fe Xtt 67T6> 69T2} 70T4> 70T11> 76T9, 77T6

Ni X工V 69T2> 70Tll, 7･6T9

工on

Ar工Y 74T12, 77T10

Fe X== 67T13, 68T7

Kr XX工工 73Tll

Xe XXXX 74T12

S-like ions (N = 16)

Exc

C1 =t 67T7, 68T3, 69T2, 70T3, 70T11

Ar tt= 67T7, 68T3, 69T2, 70T11

K =V 67T7, 68T3, 69T2, 70T11

Ca V 67T7, 68T3, 69T2, 70Tll

Sc V= 68T3, 69T2

Ti V== 68T3

V Vt=t 67T7, 68T3, 70T11

Cr =Ⅹ 67T7, 68T3, 70Tll

h X 67T7, 68T3, 7OTll

Fe X工 67T7事68T3事69T2事70T11} 75T11事76T5, 76T9

Co X=t 68T3

Ni XI工エ67T7∫ 68T3事69T2タフ0Tll, 76T9

Cu X工V 68T3

Zn XV 68T31, 69T2

Ga XV工 68T3

工on

Ar工工工 70T13, 7与T12

Fe X工 67T13, 68T7

Rr XX工 73Tll

Xe XX文王Ⅹ 74T12

C1-like ions (N =

17)

Ex亡

Ar工工 68T3, 69T2, 70Tll, 73Tl, 75TI

K ==t 68T3, 69T2, 70T11

Ca =V 68T3, 69T2, 70T11

Sc V 68T3, 69T2

TiVZ 68T3, 69T2
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V Vtt 68T3

Cr Vtt= 68T3, 70T11

ぬIX 68T3, 70T11

Fe X 68T3, 69T2, 70T11, 70T15, 75Tll, 76T9

Co Xt 68T3, 7把11

Ni X工工 68T3, 69T2, 70Tll, 76T9

Cu X==Z 68T3

Zn XtV 68T3, 69T2

Ga 】Ⅳ 68T3

Ge XV工 68で3
■

′ ●

工on ･一

-

Ar t= ')OT13, 74T12

Fe X 67T13, 68T7

Kr XX 73Tll

Xe XXXV工工工 74T12

Ar-1iki ions (N = 18)

Exc

Fe工Ⅹ 76T5, 76T9, 77T'/

Ni X工 76T9

工on

K tL 67T9, 67TIO, 69T9, 69T16, 71T12, 71T16, 71T17, 76T3

Fe IX 67T13, 68T7, 77TIO

Kr X王Ⅹ 73Tll

Ho XXV 77Tll

Xe X30Ⅳ工工 74T12

K-like ions (N = 19)

Exc

Ca t= 54Tl, 60T2, 60T3, 61T5, 65T与, 66T6, 68T4, 69T3, 70T19, 73T12

74T2, 74T3

Sc Itt 70T11

V V 70Tll

Fe V==t 66T9, 69T3, 76T9

Ni X 76T9

工on

Ca tL 69T8

Sc ttt 69T8

Ti tV 69T8

Kr XV=工I 73Tll
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Ⅹe Xm工 74T12

ca-like ions (N = 20)

Exc Fe V== 70T15

ton Sc tt 69T8

Ti I== 69T8

V工V 69T8

Kr XV=t 73T11

Xe XXXV 74T12

Sc-like ioTIS (N = 21)

エon :ri工工 69T8

V 工工工 69T8

Cr IV 69T8

Kr XVt 73T11

Xe XXX工V 74T12

Ti-like ions (N = 22)

工on V I工 69T8

Cr =tt 69T8

加n IV 69T8

Kr XV 73Tll

Xe XXX工ェ工 74T12

V-like i¢･ns (N = 23)

=on Cr =r 69T8

ぬ 工Zt 69T8

Fe =V 69T8

Kr XtV 73Tll

Xe XX工工 74T12

Cr-like ions (N = 24)

工on 班n 工工 69T8

Fe I== 69T8

Co ZV 69T8

Kr X工== 73Tll

Xe XXX工 74T12

地1-like ions (N = 25)

Exc Fe I工 55T3

Zon Fe It 69T8

Co Itt 69T8

Ni IV 69T8

Kl- Xt工 73T11

Xe XXX 74T12

Fe-like ions (N = 26)

=on Co tt 69T8

Ni t=I 69T8

Cu LV 69T8

Er X工 73Tll

Xe XX工Ⅹ 74T12

Co-like ions (N = 27)

ton Ni tt 69T8
暮

Cu 工工工 69T8

Zn tV 69T8

Kr X 73Tll

Xe XXV工工工 74T12

Ni-like ions (N = 28)

=on Cu =L 69T8

Zn ttZ 69T8

Ga =V 69T8

Rr ZX 73Tll

Xe XXV=工 74T12

Cu-like ions (N = 29)

=on ZTl =Z 69T8, 70T13

Ga t== 69T8

Kr Vt工工 73Tll

Xe XXV工 74T12

Zn-like ions (N I 30)

Zon Ga == 69T8

Kr V工工 73T11

Ⅹe XXV 74T12

Ga-like ions (N =

31)

ton Kr V工 73Tlユ

Ⅹe XX工V 74T12

Ge-like ions (N =

32)

ton Kr V 73Tll

Xe XXエ工て 74T12

As-1ik,e ions (N =

33)

エon Rr =V 73T11

Xe XX=I 74T12
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Se-like ions (N = 34)

Ion Kr t=t 70T3, 73T11

Ⅹe x工 74T12

Br-like ions (N = 35)

Ion Kr == 70T13> 73Tll

xe xx 74T12

Kr_like ions (N = 36)

工on 馳 == 69T9

艶 Ⅹ工Ⅹ 74T12

Rb-like ions (N = 37)

Exc Sr t=. 74T2

=on Sr == 70T13

Ⅹe XV工工エ フ4T12

Sr-like ions (Ⅳ ≡ 38)

Ion Xe XV=エ 74T12

Y-like ions (N = 39)

ton Xe XV工 74T12

Zr-like ions (Ⅳ ≡ 40)

工on Xe XV 74T12

Nb-like iollS (N I 41)

工on Xe XエV 74T12

Ib-like ions (N ≡ 42)

エon Xe X工工Z 74T12

Tc-like ions (N = 43)

エon Xe X工工 74T12

h-like ions (N = 44)

工on Xe X工 74T12

政一1ike ions (N I

45)

工on Xe X 741ユ2

Pd-like ions (N
--

46)

迦 Ag王工 70T13

Ⅹe エⅩ 74T12

Ag-like ions (N = 47)

工on Cd 工工 70T13

Ⅹe V工工エ 74T12

Cd-like ions (N = 48)

工on Xe V工工 74T12

工n-like ions

工on Sn エ工

Ⅹe V工

Sn-like ions

工on Xe V

Sb-like ions

工on Xe 工V

Te-like ions

(N= 49)

70T13

74T12

(N= 50)

74T12

(Ⅳ= 51)

74てr12

(N= 52)

=on Xe =t= 70T13, 74T12

I-like ions (N = 53)

=on Xe t= 70T13,'74T12

Xe-like ions (N I 54)

=on Cs == 69T9

Cs-like ions (N I 55)

Exc Ba =t 65T4, 70T5

70T8, 74T2

74T3

=on Ba工工 70T13, 71TI

Pt-like ions (N = 78)

迦 tlg工== 70T13

Au-like iotlS (N = 79)

室生 苫g工t 70T13
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