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Calculation of Charge Transfer Cross Sections in Atomic Collision

by Impact Parameter Representation

Hiroshi RYUFUKU
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The methods by approximation are described of calculation of
the charge transfer cross sections in atomic collision, including
the methods of Born approxzimation, destorted wave, perturbed stationary
state (PSS) and impact parameter. The rélation among these methods -
is made clear by the description using the impact parameter represen-
tation. The results of numerical calculation are compared with the
experimental ones for the impact of protons and alpha particles on

atomic hydrogen.
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‘—_:né‘l GHLOI [1"+' —0'—1_(112:71“ —1 )]
=0 (1416169, /9 1. {269)

i o6 % Fig. 7 OF EICT L. 2okl TB oo SERME LOZE. Brinkman

—Kramersﬁﬂiicrk,f\ By T/hELITate

rorAiT. H-BKEHERER Z,Z, /REBRDANICLEL-T, ERELO—KRIER
K;h%%ﬁﬁéntm ~fcnmuﬁ@;omka@ﬁwﬁﬁam%nbg Wi E
AL, B-HEAEERRERTERE (1M, OBE) 0F5 L LIBVETH B,
DT EE, &G)’Eg%ﬁﬁﬂk& Lﬁ%éﬁ&'ﬁﬁ%bféﬂﬁﬁélcé}%o By o iT, B—

&@mﬁﬁmﬁﬁ%ﬁmﬁgﬁﬁﬂmmmmMn@%%ffééﬁé.ﬁ%ﬂ%%%ﬁmm%
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BT I3ENKN, EVH5LDTH B,

E0%k. H-BEREABSRRERCRBOTELN LS TECESIES CHE SN
(KTLBEE) .
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3. ZEmpro ik  Distorted Waye Method )

L2ROWEEKTIKALHRT 5.

H¥Y =E¥. (31)
=L,
— -  Z Z Z Z
He — Pe—- —— pr-22_ 2 Ja® (32)
2p; 2m, * T, Tp R
N N Z Z Z.Z
=_1 2 wi_pbz__k’__" a”h (33)
28, 2m, r, T, R
L“il Z
1 2 a a a ¢a
(—zmal?a—ra)¢n= s B s (34)
I = Zn b hog4b
(_Ebpb —T)séu—wnsﬁ,. ) {35)

i3 ﬁ,a. ﬂlb%':ﬂﬂb\'?_’, TARBEJT{M ( two-state approximation) - Ttrial func-
tion LT,

¥ = ¢ (T IF(R)+8"(T,) GIRY (36)
PE <. CRER(BIIARALT, R(34)~(35)5F0, #ohrRicd™ Fxu
B £ F T, AT, ELWT, KOWTHAThE, KAHB 05,
[~ 7P +T (ROIF(R)
op
=0T, {—gi—fﬁ‘*’—Eﬁvfﬁ,ﬁ})M:(ﬂ) G (Rpd®r,. (37)
[—-z—ijﬁ}z—Ef+ V(RO IG (R
8T [~ PR-E 4V, (T, RIS (FIF (R AT, - (38)
ZZig, :
- Zy, Z, z z,7
VR =t Rsz vy + - . (39)
b : — PN - .
- R
IRI Ma+1 l"al i 1+Ma+} ra,
. z, 2,7, zZ, Z.7,
Vf{rb'Rf):~4I:+T: — M, + Iﬁm T (310)
IRf—M?HI"bl M +1 b
VAR = fV, (T B $8(E1as T, (311)
VAR =SV, (T R #2 (T T, (312)
E, =E—o) ., E,=E—o’. (313)

£(37T)~(38) OETL4EE L FBRROBELOEN F(R), G(R) THDL, TOH
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T 8 3
. : ikiR.cosei _ ikiRi '
F(R;) ~e ' +R7e ' 1060,
. ik . R_cos@® B ik B
GR) ~e ' 4R‘e ' gl6.0),

k, = (20, Ej0F . k= (2 BT,
ThHsdET 2. R(38) OWMARBROIICEROT L LHBTES,

-1 l.ka’f
G(R,)~R;e f (6, &).
Z i,

b —

Hy
f(6, &) =— ;ffm;. 7—6) 94, (T,)

[V, (F.. R -V, (R)) 87T, & (R) T, d°R;.

r !
cos & = cos®; cos O +siné; sin6, ces { ®,—&;).

ﬁ(&m)mé@ﬁwﬁ&m;aﬁﬁﬁﬁ%%ianch%ﬁi@bﬁﬁﬁ#étbm.&@

EHIWEMT B M,>] THE» 0.

a2 a,—,,2
|¢0(ra)F d’?; ':'f I¢o_£l'an ds;‘a :._1.__
IR+ T, | Ri ¢
ToM,+1 08
Pt T
L z, Z.Z Z 2,2
VAT, R~ V,(R) =—+ aRb —f -+ alb
b b o T
]Ri+Ma+1ra
_~ Zb Zazb Zb a,— 4, ;8
_ﬂ_r_b.i.«R— _f(__'f'; ) f¢0 (raH d°r,——(F—
zb aa
= _K—uoo
1 foll R

'Z —_— —_—
u§§=f(—rf)l¢:(ra)l2d3ra-
£(321) 2R (318 IWHINTEE, HEARBBROLIKTS.
n ) b* , —
[ (6, 8) =— - ffS (Ry. n—6) $2° (T,)

Z —_— B — —_—
x [_T: —ul )T F(RNAPT, AR -

3.1 Bassel & Gerjuoy OFE#Hi

(314)

(315)

(316}

{317)

(318)

{319)

(3.20)

NEARE: o

(321)

(322}

{323}

£(323) 3 FEELSTEE LT A0T, Bassel > Gerjuoy G & FAEEEY TR

xRABEPET 7. THEDODB,



JAERI-M 6274

M 1(—k;_R;——k:_R:) b* , — Zb a; — L m—h h s
f(ﬂ)=-2—nffe ¢ (T,) [——r-h ~ug J 70T, Ya*T, d*R, .

n [t}
(324}
R(324)iCit, BM-—BMBEABERATORLRIK, BF-BBOEEEF Y ¥ v
Ugy WA T B
Born il 0B/ & LRI, HBEERCIZZBRIRO LD S,

f(ﬁ)=.“-Vf{PdPJm(ﬂvfsinﬂ}B(P). (325}
1 oo -ig(v, - v )Z
B(ﬁ)i—v—f:];o aze [un?}a—snl;a Ugy J - (3.26)
T iz,
st = fe VT M 82T, (327)
ot z —
S O e L . (328)

T, miEd S OMABTHTH B,
Bassel &Gerjuoy BB ENKEHBE

p+H{ls) — Hi{ls)+p

DREABRBI(0) ZFHFEL, /4, R(325) OWERIKEL-T, Blp) AHE L. +15
HH, sint=0 & LT,

1 o0
BBG(p)=Wf AdA], Lap)fyl0) (329)
0

F# L, A=#vl. Fig. 310 1f,6(8) 1" %, Fig- 5~61CpiByg(p) 1" %, Fig. 710f,4(0)

roBohnlMBEET LA, Fig. 5~6% R 3L, BEEK e A%< 3 &]Jackson -
2)
Scliff @drfli & Bassel -Gerjuoy @l DR 28— L,'CﬁiEZ;C&zbi’ﬁ}%E{
CRRKDESHHEAICES LD EBDN ALY COBE, 0l BADESICH .
Z -2%Z_R .
Uit = - [1-(1+Z,Rle ° ). (330)

15,18

LEchiaT, PHRENECATE, RIAELBY, ujs =—Z /R L4555, thid
Z,=Zpy=1,F0iE. B-BHEA7 Y s VOREAEA LD LMBHICA LI 2. 41
bh, X (324) BT, u'=—1/R &BidJackson-Schif f DFEPICK 3.

19 11
&) Bassel-Gerjuoy ©EH% )FCEBZ)@T“GEL MEF RO AT T 58, Zii3Schiff )UDKEEEEHE’E‘a

ALl TH B,
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4. Perturbed Stationary State ( PSS &

HTA BOMREEHNIEOAS ML (v<1) L3213, BEFRBHENOR D ICH TR
MEERVAEUSGERATE2. ThbS, EFOREZFZEOLABEEL T, A B %
B X RETORTFRBHEK TROT HETH S, CHidPerturbed Stationary
State (PSS) & &L® I, Bates, Massey £ L UStewart ik 0FEMICHL l’p:h’cmazul

ARORBHFERARKOEEDTHS.
=7 Z;z"—%?fﬂ—f—:——fflrﬁv. (41)
coit, PERRICET A, P23 T KT 5 LaplacianTh 5. " g, REBETLE L 20

TEX

1-h2 Za Zb — = —_ =
[——Z—Vr—-}——'?':—]x(I',R)=ﬁ¢(R)x(r-R) (42}
a

AEZLE, LEHA BELOHTORBERTH 2. HEM T,

AT RI~$2(T), 22T RI~#(T,) . (R—w), (43)
EBAXSUHRAL, AICHIT S, S BBONNELEd. O S, ARORBERIIK
DEISKBETEL S,

¥ =IF R (T R+ IR ()2 (T R (44)
m n
$2# L, Ro =T
i_l?i_RTi a j_l‘;—ﬁf b

¥~e¢ g kit e ¢ (45)
ET Ao, R(44) OFIOHELELEBEODHIZENETEN

-ivr ivr

e ' BT e ! (4.6)

AT A2AERSIE. L L, slow collision (v<l) 04, ChonFEEEEELTE

PRI

4.1 HHEEBOEES (symmetric resonant process) _

HFAEBOEBEDE:E, ALZANF-REMTERNE 7. HEHEKIIALB ODANE
CELTHHELREABRTRIRELLE b, 2% T &L, RowTHL T A ¥ —
EDETh. TDEE

L+ - ¢ -
Loy gy g i) } (R->o0) _ (47)
2 b | _
LB, (ZoBE, $T,) LTV RALETESE. ) FFRELLT, LEELTL
ZHOLIANRTNTELRTIEL T, 260BRAERIRDOEIICET S,

r-F (BT )+ F(RIF(T.R) (48)

=L CF Y G (PR (-1 ), - (49)

)
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R—owmd &,
F* %{e'—“‘ﬁn:R £ (e.m}
F .%Ji+;mf WJMF
Thiid,
¥~e "‘Rm +%ﬁ-— {7 f ST+ (T + ) Blr 1

W -T, EWBE K@K
"tr:%ff_lf+~f-lz sin 6d6 do ,

F Ao, B ONE@EIR .
7, =%ff 54171 sin6do do

&3 B,

fErhEratnic, £(48) 2R (41) ~LALT,

122 Z, Z -
(-7 -+ -5 ~FRIATR)=0,

OBEEEA, BT ArdTEST B,

N z —
[V§+k2—2u]I;+—51R)~eicm)}]F*(R)=o

k= 22 {E- () N
BELNE .

FE(R) = 20 A,P, (cos8)G,(RIR
BT, R (416 ) ~RALT, ®REXEF 5.

d® e £ler) 3 ]
dR?® © R?

Tk, R=0T=E, R—eT

€

1
Gy ~sin (kR——- £m+73 )

BBAREBACLNTREE. COLE, 1TEALT,

+ _ 1 Ziﬁ_ ) ¢
fE¥(9) R 2(24+1)(e 1)P,tcos @),

bf:bi‘?’—t—’
T -
% = Ti2£+1)sin? (5, ~7,),
-1 -
%jzﬁg2H2L+H{shﬁ?}+SUFQ["§ﬂn2W}_Qﬂ}'

A
et :I: + _
205+ et (R)=eH(e) [ JGH(R) =0

(410)

(411)

(412)

(413)

(414)

({415)

(416)

(417)

(418)

{419)

(420)

{421)

(422)

(423)
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835

4.2 FEHRELTE

HESEEAS—EBOEXRR, RO XGEMNT

w7
.2 {—“' t(R)— et ()| dzZ
Ti_e k _! R + e (R) d s
R2=22+t4+%—ﬁ/k=
sz L, LEBETOARHNET B, LENST,
g

T .+ -
ﬁgzzg{(4+7qsm2tu—@)¢a

=2nf pdesin®C(p).
0 —
T,

1
P=(L+—2—)/k,

C(p}=~i—f°° [T (V234 %) — e (VZ2+p*) ) dZ .
0

T, vk M Thd. PREAEDHOMERK LEZ SN S,

4.3 FHEREFES
T-FPRICERI+F(RIL(T.R)
B L, BFEAEETmM n »::r%:ﬂlsj'z” L1 ERBIRL T,

Zazh.

(7Eii—2n + RI- Al | PR

— foaﬁ% Xb'VR Fb'_ds T,

. Z,Z | b
2 - l a~b b _ b oo
(73 +ki—20 (ot + e (R)— £ )JJF(R)
| — 2 KT T FRE T,
2B 5, CHOMA LD, EMEOHET, ROFEHERL IHBTE S,
k 2T T
c=-Lf [ 1£(6 @) sin 6d6 do -
k, o "o
iz,
£(6,0) =2 f f=" R, =51 2° (T, RV Py £° (T, R")
X g F (R'1d*T @*R”
21, FO, PP RRONBROBRTH 5.
— ZZZ : o
[ 75+kE — 20 ’-§£+e*’"’m)—sa’b(m)} 1&%°(R) = 0.

]

fotil, R==T

(424)

(425)

{426)

(4.27)

(428)

{ 429)

(430)

(431)

(432}

(433)

(434)

(435)
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ik3Pn

.ab
74P (R) ~e* I”““°"‘9+1‘3{—~_'f&’b (6,0) (436)
EF A £ 1,
cos G ~cos® cos@ +sin@ sin® cos (@—0) {437)
?&%O

428/ ERBRIC, FHAMAU THERZROLSREDLT CLENTXE,

oo o - . ¥4 ; ,
o=2nf pdelf LiRlexp(Tlf [#(RV=P®RDIazNAZ 1T (438)
0 —oo = oo
T,
—_ b —_ a a,—» - s—h
L(R):fxfr,R)Efor,R)dr. (439)

R2 =p*+7%. _ (4,40}

4.4 Dalgarno—Yadavost @
Dalgarno &Yadav i3 ( 422 ) iTft - THIRLBBH R AR
p+H{ls) = H(1s)+p
DU TR EFHE L) oi, HRMOTH 7% fof frey WKBIE L % Langer 24EIE L
# (L] WKB 58027 ©kwt. Thbb,

1.2
{ £+ 7) ]‘i‘
2

o s {k'—- (e+3)" 1+

Rz |
(EAOTHREERSEMSBICHNAROE) c T, £(R), € (R) BehehliEY
X, U TEDINIH, HF D 1so 2poiRE DT R L F — Th B, Ch% Heitler - London
F A

,;_ﬂ;zf k2—2p eF(R)— dR. (441)

-9 2B ) Fe M 14R)
gy o 2, “2/Rt2fe . 1+ L'R) Fe R) } (4429
. R 1+e 'l 14R+R¥3)
W 2R OEEIE (Coulson WX -TI1MI ERHE IR, )
9 15 213 7755 1773 86049
- - - - — (443 )

4R®  2R® 4R7 64R® 2R®  16R?0

AmAtETROLE,
Dalgarno - Yadav X - T E SN B %A Fig. 7T KR L1,

— 20 —
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5 WMRERE

ARNFOBEOLBEAB L TESMBE L ZEECTH EREL, T0LXDBTERRE
BAEARY, ThHroBEFBERONEHEAZB 2H78E% (X EHE (Impact parameter
method)] EE 5. THibb, WEEM O LXDBETFEBREEP(p) 752, WEHK
RrkotHrc5z2 o6 b.

o0

o=2zf P(plpdep {51)

[1]

coER, HFA BOMNERICoOLTRERNELS, BTREIC SO TIEF NN
B AR S EVSERETH S

SR T, Bates OBELCICH - Tih~5. BFORBEM O RXREBET 5. (T
$FA,Bohn (BE) cgdEFoOMLBE~Z )

HEQ{?,t)=i-%¢(?,t) . (52)
zcic,

Hez_%?f—f—:—f—:. (63)
nE, 9%

( é—F?"“-f-q;J¢;(?;)=0, (5.4)

[—%—Fj—f—:—w:]¢:(ﬁ)=o, (55)
LERTIRBEK S, S AALTROK I CEDT 5.

(T t) = a, 8’ eflri_ﬁ:i(m‘:‘ﬂ‘;ﬂ“+b,,"t$n"e1lrrn‘-i (o3 Ve (5.6)

ceic, VIREFA KT AHTFB OBYEETH L. R (56) % (52) ~RAL, X(54)
as igd * @b —

(55) OEEEAL, SoKHTIK S e B Er 4P 2HY TT ROV TRATS

L, ROBYHABERABE LN B.

. . a —i(m}:- 23t RTPLPLER a
i (ay,+b, 5.0 e Yty op ue M ya w2, (57)
a b . a b
. Sifet-w® )t . -ile-a®)t
(b +a sl e Om “n)ty_a u e TN g ut (58)
z e, x =dx.dt T,
s o fe T N(T, e Y AT, (59)
st eI (T e AT, (510) -
ab as — Za b, — I g :
W= TN (e (511)
— Z — ., =i VT ,3—
W= - g T e T dtT, - (512)
b
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Z - N
u:;=f¢:'(?;)[—?:'3¢,:(ra-) d®r , (513)
bb bs ,— Za b = s )
u, =, (T[98, (T,)d%r - (5.14)
a

By HER (57)~(58) RKOLSCBEWMA B ENTED,

b a
i(1-s2Va, = {u2 <" uala + {u2—siul }bye e o)t (515)
g @ _ b
i (1=s2)b, = {u® &2 u b +{ul2—sP2u® }a e o o)t (516)
iz,
s=Is=Is21}. (517)
nPEHER
a {—w)=1, byl=e)=0, . (518)
Thd. 20T, EEALOLTWHAELSiL, 8Dt KHLT,
b (t)<a,(t) (519) -
CIRELT, R(615) OETLE_RAEBET B L,
1uaa _SI:b uba )
ap, = exp(—if —EffzggL—fi-tJ (520)
chAER(516) ~RALT, b, KOVTHL ERANE SN 5.,
t ’ .
b (t)=—i f dt. (521)
=L,
ba__ ba _aa
A= nml—::1 ™ exp [—-i(w;—wz)t—-ié], (422)
N aa _ubb_sab uba_+sba uab
o= Com —— om Mgt - (5.23)
ENBEHFHBERROLIIKEIL OGNS, |
el 2
o=2nf |b (=) pdp - (524)
!

TR ENEREG (519 SR TEHCHVER (v>1)0BSCOLBHATE 5.
3T, R521)~(524)THAZoNZHEMEN, WETTERTRAABELES VIR
BIHIDEFRNLDY. TOEDIT, Z=vt B &,

| . ) . . .
k2 — 2
on ito ~ 5 Kt e (525)
DEFED» 6,
1 .
b
(t)l:“'wn =ﬂ(k2f_kf)
1
.m o (kf+ki ) (kik; )
: k;, +k; :
:v(kf—ki) A = v) {526)
2p
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2B B, Lic-T, bl GROLSICEZRI I LENTE 5,

| Si(k-k,)Z
—ib(=) =——f aze ¢
ba ba aa
- —s . Z
m “mm b P a
xR exp (4 [ (e (RV-(RV}dZ),  (527)
c i, R=vVPETZET,
aa ab ba bb ba ab
a . ].Jml'l'l_smrn Upm b _ unn—snm Won
W (R)= s W (RI=——5 (5.28)
(sE@I )

e (R) =¢2(R)=s=0 &¥ 5 &Bassel-Gerjuoy OFH (X 326)) sBEN2. (R
SRNE, 2RBELICEHD S, TAVF - OEBHALELKbDTHE, 1-s2R, BIF
BR(57)~(58) 5 (516)~(516) \OBFERAES 5L, 4 &$ OFHEX
WAEBE LIIHITELIZSDT, Bassel-Gerjuoy ®EQITRHERINT, s=0&B8bh
Thab, :

(E4T )

ERIKBNT, ¥FRART VY 4 vi(ﬁ) AWET 3 & Jackson-Schiff DAL LA S.

Tibb,

 a Z,Z Z.Z, .
ubh —si2 ull, = uph + 7 spn — (R TUmn) San (5.29)
R R o |
LT, AEE I
Z,2 Z,Z a 3T 5o
(222102 ) s = S8 ;b+u::n)¢me a®T (530)
iz, ok ()ohid
Z,Zy o 2,2y Ty a4 .
aa —_ ____'____) 8
R .+umm _f¢m ( R rb ¢m d*r
=92V, (7, R) ¢5 a'T
=V, (R) ’ (631)
EtApn, R1529)18
utd—ghr g~ fe v, 7, R)-Vi (R } 4, eV BT (5.32)
LB, BTV (R)ZEBT B L,
i -ilk,~k )Z " - T . -
ﬂb@ﬁ—%&ﬂe(fJIﬁWGLMﬁe d®r (533)

Lz, £ (236) BTV, 2V, LBE ALK LML S. Born AP 0ES I,
V, V, OLFREROTORRIA LB EHEHTES (HEG ). |
(EMIHE ) ' .

FRIEBNT, SOIHE-KMHEEMER2Z, 2, REEET 5 & Brinkman-Kramers i
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Btz B

5.1 McCarroll ost#
Mc Carrol]l HEEREE CHREGED

(1) p+H(ls) — H(1s)+p
ocm\—cé—rﬁbf:?)fﬁuﬁﬁﬁﬁﬁ (515)~1(516) 2 S# BT,
i(1-s%)a = alc—sh)+bth—sc) , {534)

i(1-s2)b

bl¢c—sh)+alh—sc ), (5.35)

EBWI. £EL,

a=a,,, b=by ' {536}
s=si"§ls=s?zls, i ' (537}
c=uf:15=u:’:1s, (5.38)
hzuf':lszufrls’ £539)

THD, Soitel =) FHL. TCT,
x"(t)y=alt)+b(t), ' (540)
X (t)=aft)-blt), (5.41)
naExEABATEE, BUFER (634 )~(535)BROLSICAET L LEMBTE 5.
i(1-s?) x* = (¢c-sh)x 4+ (h—sc)x" , {542)
i(1-s2)x~ = (¢—sh)x " —(h—sc)x - (5.43)
CHBORIZ, al—m)=1, bl—w)=0 LT, KOLSCEATHLENTE S,
! (c—sh)t(h—cs) dt

xT(t) = expl—if i 3. ( 5.45)
Ltct-»T, blt) ELTHERAEE 5.
, .+t c—sh i t h—cs o
b(t)——1exp[—1;fm o dt )sin [__[O ]_Szdt]. (5.46)
EEROHES IR
h—cs
- <« 1 {547
Thidhob,
. <t h—cs ) '
blt) ==if G—=dt (EOEHR) (548 )

LT, CHitBatesitk-TEBoNnteR (521)~(523) K—&F5( L1, ;a_t-ﬂ,%%
WEHOBE o' =0’ §=0&0 32 KER). R(546) 2H/HT 201, FH(519)
AHNWTLWROLOT, BHEOHE (v<1)IWbHFHTAIENTE 5o
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MEREROLSIKIT S,

a = 2nf pdelble)l®
]

_ e .2 ¢° h—cs dZ
fvzn{ pde sin {n T~ ( 5.49)
2L,
s(—ZY=s(Z), Ims(Z)=20, . {550
c{—Z)=c(Z), Imc(Z)=0, (551)
hi—-z)=h%2Z), , | (552)
. ~ c¢—sh dZ _ > h—c¢s dZ _
.Im__’;0 12 5 Im :rw = v 0, { 5.53)
AR,

I () °% Fig. 5~6 & X U Fig. 8~9 it, Wi # o % Fig. 7R L. BKEL LBDIS
FEokEATHEFig 100& LA, i

52 McCarroli—McEliroyos®
Mc Carroll & McElroy 3% (521 )~(524) BT, EAREHBH
(I) He’*+H(1s) —He'(1s)+H" -
oW TE ﬁ%ﬁﬁt?)ﬁbﬁéﬂﬁﬁ%a(ﬁf5%))%ﬂ@ﬂﬂﬁ%A&%ﬂ%ﬁﬁ
LiEAplERAEHE L, BKEME/ i BDISENICL- TR ERLLBE LY
(Fig. 11) . ZOKBROLHICHBL T B,
1) EEfiE s AR OANLBER Q) B, B ¥ —RHICHE ~T, 8 ERE LK
ERQ LA DAR L.
2}BKﬁMm;6MEEQM&UBDBEMK;5%EEQ“”“&QA%mﬁféé,&1
A E— L BB ALY —RETE, Q™ RQ N Xoks(, BxAvF-pTH
INECIEBDS, QU TAAMF - mm%4MOMVT,QA;DﬁKxémn
3)ﬁ%ﬁ%®%AIMdhﬂm]®%E£E LS, QU™ e, BT
¥R T, RLEEOCHASERLT, R- LEKMK?&ﬁEQ“Kmﬁ?5ﬁ¥Hﬁw
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Fig.8 Graph of Ngb%p against p in units of a,,

for energies 25,100 and 1000 keV, N is a
normalizing factor depending only on the energy
and is so chosen that the maximum of each curve
is unity. For 25,100 and 1000 keV, Ng takes
the values 1.518, 3.153x10! and 6.010x103,
respectively. (McCarroll)

— | L |

T T 7 T T T T

LkeV -

H ] l

1 2 3 4 5 6 7
P {(units of a,)

Fig. 9 Graph of b%p against p in units of ay for
an energy of 1 keV. (McCarroll)

I ! ] |

104 L L ! '
] 1000

J
500
proton energy (keV)

Fig.1l0 Electron capture cross-sections in units

of cm? for reaction (2), comparing Q7€ and
Quetnn yirh QA in the range of proton energies

50 to 1000 keV. (McCarroll)
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Fig.ll Cross-sections for He2t4H(1e)-Het (1s)+H

! {

50 100 200 4&0 800 1600

a-particle encipy (keV') ) N
+,
Qne, Qnetnn garlier approximations in which no
account is taken of distortion or non-orthogonality
with ne and netnn interactions; QA, Q% refined
approximation allowing for non-orthogonality, the
former ignoring, the latter including, distortion.
Schiff (1953) does not give a direct graph of
qQne+nn and consequently our reproduction of his
numerical results may not be very accurate.
(McCarroll and McElroy)

m-“

cross-section {om?)
s

'6*

m“t | | | ]
i 50 00 .0 . . 46 -~ 800

impact energy (keV)

Fig.l2 Cross-sections for reactions HetH+H(1s)~
Het(2)++. A, orthogonal approximation with
distortion; B, orthogonal approximation
without distortion; C, (nednn) interaction
approximation; D, ne interaction approximation.
{(McElroy)
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j:tQD(total)/QD(]) oA ¥F—ikEHE Fig. 7T0oH LA L.
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} 30)
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Nu|b(°0)i‘p
[~ ]
5y
i

0 : 4 6
plae) .
Fig.13 Graph of NEbzp against p in units of a, and
bZ is the probability of capture occurring for
reaction (22), Ng is a normalizing factor
depending only on the energy and so chosen that
the maximum of each curve is unity. For A, B,
and C corresponding to 25, 50 and 100 keV, Ng
takes the values 0.72, 0.77 and 1.52, respectively,
{McElroy)
107 1 I T l
He™ + H(1s) > Be + H'
S o
10 !hl
&
* o *
] PY ® *
1 .
Experiment:
® Fite et al, '62
Calculation:
1s McCarroll-McElroy'62
2s,2px, 2pz, total McElroy'63
10~
I\\
-2 I 1 | !
1970 102 103 10% 103 106

He++—partic1e energy (eV)

o+ + +
Fig. 14 Cross section for He +1(1ls) » He (nlx, nly)+H



crosa-gection (cms?)

Q2)/e(1)

0 i [ ) I
25 50 100 200 400 80O

impact energy (keV)

Fig.15 Graph of the ratio Q(2)/Q(1l) against
energy where Q(2) is the cross-section for
BrH(1s)2H(2)+HT and Q(1) 1s the correspond-
ing cross-section for capture into the
ground state. A, orthogonal approximation
with distortion; B, orthogonal approximation
without distortion; C, ne interactions
approximation. (McElroy)

] i | ] .
25 50 100 200 400 800
impact energy (keV)

Fig.l6 Cross—-sections in cm? for reaction
Hr+H(1s) > H(2s)+#HT., A,B,C,D, refer to the
different approximations as in Fig,12. (McElroy)
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{ Bayfield'69 (+25%)
§ Ryding et al.'66 normalized by Gaily

Fig. 18 Charge transfer cross section for P+H(1ls)-+H(2s)+P

Calculation:

——McElroy’63

— 32 —

]
2
8
_“c.'s
%
:
167 L [ ' | ' [
50 00 . 200 400 " 608
impact energy (keV) -
Fig.17 Cross~sections for HY-H(1s)-H (2p) T,
in em®. A,B,C,D are as in Fig. 12 and
Fig., 16 (McElroy) .
10713 T T T
P + H(ls) -~ H(Zs) + P
10"16_ -
107174 I -1
107181 4
10718 L ' '
102 103 10% 105 106
Energy (eV)
Experiment:
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10715
SNSRI T T T TTTTE
- H +H(1s) H{2P)+H =
10"16_ |
10—17_ .
10719 oy i g prgtnne o rrati o1 b LIl
102 103 104 105 108

Energy (eV)

4 Stebbings et al.'65 corrected by Young et al.
Gaily et al.' quated in Cheshire et al.'s
paper'70

—a-Brinkman-Kramers approx.

—¢-Cheshire et al.'70

Fig. 19 Charge transfer cross section for
HT4H(1s) ~+ H(zp)+H
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