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BOOSTER BERM LOSS DL& TO BEWl-RESIDURL GW CHRRGE EXCWWIGE 

H. C. HSEU% 

I NTRODUCT I ON 

The vacucun requ i remertt of the Ecmster r-i ng is main1 y i moused 

by the interact ion between the heavy ions and the residual gas 
rmlecules. among the primary inter-act ions, the crc~ss sect iclrls of 

charge exchange (electr-m-1 capture and str-ip) are several orders 
oF ruagrl i t clde h i qher- than those of nuclear scattering and of multiple 

Cctulc~rob scattering. The secondary interact ions such as the seomaar-y 
i can induced desclrpt i or-l, the burlch induced mult ipacto~ing and the 
bean) r-teutr-al i zat ion are mouse r~l.evant to st or-age r-i rigs than to 

the acceleratot5. The dmtl i narlt beam 1 ass pt-ucess i rl t he Bc:cist er-, 

t he)-efor-e, will be the charge exchange between the beam and the 
tTes:i.dual gas molecules. 

The Ecmst er- vacuuru r-eq u i r-ement based on charge exchange was 
analyzed sever-al year-s ago by G. R. Yc?utng (see RHIC-PG-16, December- 
:7, 1363) I in his note, a 1. i rtac after Tandem was assumed ?I 
a rid there W@PE! only a few cross sect ional data existed for’ 
c.zx t;t..ap5:1Iat il:IrI tu Ek4c1st er ranges. S i nce then, rmre abctnciant ciat a 
ar-e available, wh ich make better- est i mat e of the Buost er- vacuum 
rf?ci 1.1 i t-ement pclss i b 1 e. 

In this technical rmt e, the best ernpi r-ical fi:lrmi_~lae for 

c:i,ar-ge excharlge crocus sect iorls ar-e selected. The beam losses cl ue t 0 
c:; ~a)-ge exchanges are calculated for gold (Ru+33 ) and iodine t 1+23). 
f?t the designed vacuum of 3~10”‘-11 Torr- (30% Hz and 10% N2/ZO) T the 
Seam ‘; 05s armi_~nt s t f.8 1 es5 than one per-cent fOS gold. 

Fi. .F’l’=T RON CBPTLJRE 

The capt ut-e cn:~ss sect ior1 can iJ e expressed as 

6 c a p t 04 /’ 
0 

* q .“.. rtl * Z t I+ ri 

I’? E! r= e 
13 

= v/c, q the pl”oJect i le char-ye state, Zt the at0niic 

t7 1-t m be r of the r-esidual gas. The values of & vary between -6 and -12, 

I::I f m > = 2, and- of rl <= 1. The capt ur-e cross sect i csrt is s j. 9% i f i cant 

at Zow er&rgy and drops CJff rapidly dur-ing the acceleration cycle. 

Wmcmg the d i ff er-ent ex aer- i mer,t a I and them-et i c w 0 r ii s 12YI 

pred i et i ng capture t?‘I:ISS sect ions, the sea I i na ~5 I.( 1 e 

:> t’ ,::I 1, ,I, s e d by 64. s. Sch 3. acht rr, et I al (Phys. Rev. F!27, 3372 ( 1383) ) 
gives %he best fitting to the existing data and is used in this 

Yi Cl t e . + cl~yb a i 1 ed corocmr~ i sort 0 f sever-al ~eriigiricai fmmuiae with 

the experimental data is given irs Appendix. 

i::_.~-l(X’RON .L_OSS (FiTFIT: PI 



with Zp the atomic number- of the protect i le (heavy ions). 

Calculat ictmi of the loss cross sect ions based cm plane wave 
Born appr-ox i mat i curl and i nrer she 1. 1 i cm i zat i mrl’ts are available in 

the 1 i tev~atures. Fit EIcmster- ener*gy ranqe ( > 0. 05) , the loss cross 
se&t i orIs decrease s 1 ow i y w i t h i net-eas i ng /3 P (with 1 between -1 and 
-2) and heconle the dmiinarlt beam loss process at h ighet- energy. Fs 
rmdi f ied ernpiric!cal fomlula based cm Bohr--Lindhar-d formulae (H. D. 
Eetz, Rev. Mod. Phys. 44, 465 (1972) 1 is used in our calculation. 

& str = 13*~o.“-13wq.“‘.-,~~ .“.-~*zt*zp+.~ 
P 

(1) 

-t-d0 
The results are within a facto:ir~:~f the existing data. 

Deta i 1 cd cornpar- i son amclng d i f ferent ernpi r-i cal. fc~rrnulae and the 
existing data is also given in Appendix. 

BERM LOSS DUE TO CHRRGE EXCHQNGE 

The beam 1 cuss due to charge exchange can be expr-essed by 

- dN/N = d 1; *rt*dl or N/No = exp(- 
s 

t 
6t * n * dl) 
0 

w I. t h -dN/N the ft-acticarl of the beam loss after- tt-ave3.1ing dl 
dt . the sum of the capture and the strip cross sections 
ri the qas density, = 3. 3*10.“‘.16 * p 

P pvessus-e in Ton- 
dl the distance tr-avel.led, =: 

(3 
* c * dt: 

We k.rmw the charge states of the heavy ions frcm~ Tandem. The 
ccmcmsi t inn of the r-esi dual. gas at cert a i rl p~essur-es car-t be speci f i ed. 
Now we need 

P 
(t) cw E(t) to derive the cr~c~ss sect ions. 

B~S6X.i on the accelet-at ian schemes in the design roarccta1, we 
have the equation fur- the energy gain for the ions as 

dE(tI = V(t) * sin 0 * q /FI * (3’“’ * c /$!5 * dt 

with V(t) the peak RF vsitage 
8 the stabie phase anqle(betweeri 17’ and 22’) 

; 

the atomic mass sf the heavy ions 
the cir-curnfer~ance of the ring. 

The E(t) and (i) can be calculated by integr-at ing dE(t) uver- 
t after- 

P - 
i r[Ject i cw and capt ur-e, then At arId N/i’\ic~ car-1 be derived. 

This inteqration will. be rather complicated and messy, since V, 

6% E and 6 t ay\e f ursct i orls c&f one armther th~:~u~~h the acceder-at ion 
c y c I. e i Instead, we have clpt&d tu calculate them through rortsecll-tive~ 
i. nt erva I. s w i t h srfla 1 1 1 ncs-ernertt in t, for- example with- tit = 1 msec. 

Two cases at-e analyzed, Rcr +.X3 at 0. ‘32 MeV/G ( 3. atest energy 
arm chapqe state avai I.able f’rum ianderil) arid 1+Z3 at 1.t55 ivieV/U. 



l-he peak RF voltages V(t 1 ar-e 

RLl+33 V = 0. 88+0. 6’3*t KV fat’ t t- 20 rns arl~l 14. E! KV for- t > 20 rus 
I+22 v = (1. &4+0. &$+t KV fat- t (= 20 ms and 13. 5 KV for- t 1 20 ms 

6r+ aver-age stable phase angle of ZC) ’ is assumed. 

The fo 1 lowing vacuum ccmd it iuris are sprci fied: 

3* l()“.- 1 1 Tur-r- - 30% H 2 and 10% CCI (desi yned vacuum) 
1 * 1 Cl.“-- 1 C) Tot-r- - 50% l-l 2 and 50% N 2 (due to small leaks) 
3w 1 C)+.- 1 C) T,:,rr- - 30% tiz and 10% H 2 (due to large leaks). 

The calculation for gold over the first 50 rns is given in 
Table I. The “LOSS” and “SUM-L” at-e the i rfst artt and accurtlu 1 at ed 
bear11 lcass ( in per-cent ) . For- a rni xt us-e of gases, t he CPWSS sect ion 
will be the fr~acticmal sunming of the individual caries (i.e. CQPTr 
= Cl.3 * CfiPT-H + 0. 1 +CnPT-N) . 

The captur-e and loss(strip) ctmss sect ions fur N2/CD arId for 
Hz are plotted Or f;;;:~= f a:,; 4Fi gur-es 1 & 2 fur’ RI_\ and I 
r-espect ively. I 3 the 

loss at these t hr-ee vacuuro ccmd it ions f3 
and the accumulated beam 

ar-e plotted against t for- 
the f i r-st 500 njsec. Qt the designed vacucun of 3*c10”-1.1 7’clr~, the 
beam loss for al 1 the heavy ions w i 11 be 1 ess t hart one per-cent. 
‘This agrees with Yoctrtg’s est irnate. 

at 3* i CP- 10 Tt3r-r, I.1 p t 0 50 % of gc11.d wc~uld be lost while iesss 
t hari 10% of iodine would rmt survive. This results are higher- than 
those of- Young s, and as-e understandable, si rice we assumed 30% 
nitt-ogcn which w01_~1d be the WW-st case. 

CONCL..US ION 

The Ecmst er r$irig vaucm r-eqct i ~ernerit is analyzed based cm the 
the charge exchange between beam and the residual gas mc~lecules. 
The cr-ass sect i orts a?‘e est i rmt ed r-at her- con~zr-vat i vel y. The 
calculated beam loss is, t her-efor-e the upper bc~und. Rt the 
desi grted vacuuru of 3*10”-1 1 Tc~t~t~ (30% hydr-open) , the beam loss 
for’ the heaviest ions such as gold wi.lf be neuii?ibly smali. 

The beam loss dur-irtg the mctltiti..~t~n in.jecticm and before r-f 
capt ur-e ar-e not included her-e. It shouid be? small because of the 
+hmrt period ( i lrtlsj. S I ower- r-f capt ctr-e and acce I er-at i cm w i 1 1 1 cad 
tu slight1.y higher* loss v%ates. 

RPPENDIX. CHQRGE EXCHFSNGE CRCtSS SECTIONS 

The e 1 ect ran capt ur’e and 1. ass cn:~ss sect i ens cons i dered here 
shc~uld include both single and ruult iple electron capture and loss. 
Hcawever multiple cross sect ions are usually less than 20% of the 
single cross sect ion (H. Knudsclrl et. al. Whys. Rev. W3, 537 ( 1381 1 
arid L-J. G. Graham et. al. Phys. Rev. RSO,, 722 i 1’384) 1 and ca.rI be 

3 



neglected fur pr-act ical purpc~se. 

The existing thecuretical k.~rk.s and the exaer~iirner&al clata 
cover a wide. range ctf heavy ions, charge states, ener-gy r-anges 
and target gases. We will tr-y to se 1 ect Ejcmie erilpi I’* i cd 1 ur” zero i - 

empirical fc~rmulae, which give best fitting to the existing data. 

CnPTURE CROSS SECTION 

In gener~al, the single electron capture cross sect ions are 
characterized by the ratio V/VCI~ with vo the ikht- velocity (= 
2. E*10."8 cm/s) . In the inter-mediate- and high-energy r-angeIv/vo )) l), 
the cross sections generally scale as v+.-$ with 1 approaching 11 
at high . The cross sect ions also scale with q?rl and Zt?-1 with 
rli > 2 and rl )l. 

Must of the theor-et ical wc~r~k.s center- or-1 that of the Ecohr-, 

Lindhards9 equat icln of 

with aa the Euhr radius (=5. 3*Y.O”‘.-3 cm) . Thr-ee emphirical fc~rniulae 
as well as the "Scaling Rule" discussed below are selected tcl 
calculate the capture ct~oss sections. They at-e compared with the 
expe~~imental data irl Table II. 

Note that fc~ d i atcmic gas, the predicted crc1ss sect ions 
shc~lc_~ld be twice of those g iver~ by 'these equat ions. 

SCALING RULE FDR 

c3 urciver-sal 
(Phys. Rev. Fl27, 
fur- a wide range 
gas targets. 

It uses the 

CQPTURE CROSS SECTION 

seal ing rule pr-opused by (1. S. Schlachter- et.al. 
3373 ( j.333) per-ll.lits predict ion of crc~ss sect icms 
of fast, highly char-ged heavy ions in different 

general i red r-educed ccmr~d i nates 

& =&apt * Z t .'X 1 . 8 / q .'% 0. "j and E' = E / ( Z t .>'. 1 _ 25 * q .'.'C). 7 ) 

then the capture crc~ss sect ions & cart be taiculated ths-1-t & by 

9 = 1 . 13t 1 (:,.“~+w t 1. -exp ( (5. (:)37+EY ."'z. 2 ) 3 C 1 --CIX p ( E. 44* i z_t+.--S*E~"2. E, ) 1 
E9 3.4. 8 

9s CCIY'I be seen in Table II, it fits well to ovet- 9C)% uf the data 
(within a factcar- of two) with the except ion of those for- iight 
k or155 and fr-cm ref. Il. 

l.._OSS(STRIP) CRCXS SECTION 

The rmst recent theor-eical ir&?st iqat icerl of the strip cross 
sect ~.ons at-e repot-ted by G.H. Gillespie (Nucl. i nst VT. Met hods, 176, 
41 1 ( :13RCtl using sun1 ~ult:,s and by :. S. Dmitriev (Nurl. Irlstr'; 



Methods, 164, X9( 1’373) usiny a semiempir-ical fclrrnula. In their works, 

the Eethe inelastic scatteriny cross sect ions for- individual init ial 
and final states were surmed up. The for-mu1ae show a strong 
dependertt arrd can be expressed as 

(3"-" 

(3 st t' E. A ~&ao.'..~ * o(..'..Z * [ 1 -J , p ."'Z 

with o(, the fine stt-uctur-e constant ( = 0. 0673) , and I the collision 
strength. 

These calculations include both the exitatiorl (which does 
not necessarily lead tcl electr-carI loss) and the ianizat ion. They, 
thet-efor-e, usi~a 1 1 y axwet-est i mat e the act ua f 1 cuss cr~c155 sect i co-m, 
smiet imes by rmre than cme or-der- of rmynit ude. The fur-mulae are 
better suited for- low q, low Z iclns with (j ) 6. 1. 

Sever-al other semiernoir~ical formulae obtained by fitting the 
exper-imental data to the nrodel described in H.D. Betz. They have 
the fol lclwing general fmm: 

(3 str- = R * (3 +$ * q +.rll j(. Zt .y, * Zp.‘y 

with Q between -1 to -1.5, m -3 tu -4, rl ( 2 and 5’ 2 to 2. 5. 
We have selected and ruodified that of J. Rlor~sc~ and H. Guuld (Phyc. 
Rev. F12E;, 1134(1982:) 1 fctr- our calculation, which gives the best 
fit to the existing data. 

Cmipar~isc~n among the d i ffer-ent for-rl;u 1 de is given in Table III. 
With the except iuv; of those with "****", the for-mula uf HCH gives 
within a factor of two to the experirnentai data. Mclst of those 
with "****" are again from ref. D. The calculated values frcm sum 
r-ules are also 1 isted under- "X-expt " fr-elm ref. G. 

Ncate again fclr- the diatcmiic: gas, the calculated values should 

be muitiplied by 2 to take into a~~~i~..trtt @he mc~lecular- effect. 



TRBLE I. CWGE EXCHM& CROSS SfCTI@lS FIND BEMI LOSS IN EDESTER 
clu(t33, Ein) = 0.92 W/R) 

beta~=11-(l*/931.5~A-21”.5 
MetatCl201.6=1490tbeta turns/as 
v = 0.89.7tt KV ( t eo as) or = 14.6KV 
df = ~V+sin(20)t33/197=(0.068+0.06*t)tbeta tkV/ms for t ( 20 ms 

or 1.246tbeta HeVhs for t ) 20 ID5 
= 100CtrtE/(ZtAl.2W?“0.7) = 86.5tEW = 7.6GKO) 

kP1 = 1. le-81ill-exp~-2.44e~‘*2.6~3/PA4.B STR = 9e-19W-3tbet.a”-l*Zt*Zo^i: 
CM-H = 2*CWH4W;5/ZtAl.8 = 11.4aP’H STR-H = 2tSTR = 3.k19heta 
CFLP-CII = EWJP’CWQ%5/Zt”l.8 = 0.346GlP’W STR-CO = 2tSTR = 2.2e-18lbeta 

= 0.9rtSTR-H t 0. IGTR-CO &?l &OH, = wP-HIo.9 + mpcDto. 1 STRl (9OH) 
cFlP2 c&l) = uw-HiKl.5 + cwlmo.5 STR2KiOM 
CRP3( 10H) = CRPiW. 1 + CM’-CO+@. 9 STR3 (lOti) 
TOT& = CFlPl t STRl or CPA2 t STR2 or CRP3 + STR3 
LIXS = (-l/N) (dN/dt) = TOTALtltn n = 3.3+1O%*P(Torr) 

= 9.9t10A23tbeta+PtTOTIV lms 1 = beta+Cidt 

X-SR Caoture Cross Section _.. 

= 0.SSTR-i + 0.5GTR-f.X 
= 0.ltSTR-H + 0. S*SlR-CO 

Lg = percent .of bean loss over dt 
= cumlative beam loss frm 0 to t 

stri& CrQss Secj; Pressure in Torr 
3^-11 l”-10 3^-10 

STRl STR2 STR3 LOSS Sun LOSS !Ut4 LQSS !-il%'l 
.._.. . . 

0 0.04 0.9 79. 6.9 
1 0.04 0.04 0.9 0.00 80. 7.0 
2 0.04 0.04 0.9 0.00 80. 7.0 
3 0.04 0.04 0.9 0.01 81. 7.1 
4 0.04 0.04 0.9 0.01 82. 7.2 
5 0.04 0.04 0.9 0.01 84. 7.4 
6 0.04 0.04 0.9 0.01 86. 7.5 
7 0.04 0.04 1.0 0.02 88. 7.7 
8 0.04 0.04 1.0 0.02 90. 7.9 
9 0.04 0.04 1.0 0.02 92. 8.1 

10 0.04 0.04 l.l 0.03 95. 6.3 
11 0.04 0.04 1.1 0.03 96. 8.6 
12 0.04 0.05 1.1 0.03 101 8.9 
13 0.05 0.05 1.2 0.04 105 9.2 
14 0.05 0.05 1.2 0.04 109 9.6 
i5 0.05 0.05 1.3 0.05 114 10. 

9E-17 lE-15 2E-16 7E-16 
BE-17 lE-15 2E-16 7E-16 
BE-17 K-15 2E-16 7E-16 
BE-17 lE-15 2E-16 M-16 
7E-17 lE-15 2E-16 6E-16 
7E-17 lE-15 2E-16 M-16 
6E-17 lE-15 2E-16 6E-16 
G-17 lE-15 2E-16 x-16 
z-17 x-15 lE-16 9-16 
4E-17 9E-16 !E-!6 5-16 
G-17 9E-!6 lE-!6 4E-1E 
z-17 8E-16 lE-!6 4C-16 
3E-17 7E-16 lE-i6 4E-16 
2E-17 7E-16 9E-17 4E-16 
2E-17 6E-16 8E-17 3E-16 

16 0.05 0.05 !.3 0.05 118 10. 2E-17 6E-!6 7E-17 3E-16 
17 0.05 0.05 1.4 0.05 123 10. lE-17 z-16 7E-17 3E-i6 
16 0.05 0.05 1.4 0.06 1-n 11. lE-17 5E-16 65-17 ?E-16 
19 0.05 0.05 1.5 0.06 135 11. YE-1E 4E-16 5E-!7 EE-16 
20 0.05 0.05 1.6 0.07 141 12. 8E-16 4E-16 55-17 2E-16 
21 0.05 0.06 1.7 0.07 147 13. 6E-16 4E-16 4E-!7 2E-16 
22 0.06 0.06 1.7 0.07 154 13. 5E-18 3E-16 SE-17 2E-15 
23 0.06 0.06 1.6 0.07 161 14. 4E-18 3-16 3E-17 2E-16 
24 0.06 0.06 1.9 0.07 167 14. 5-18 3E-!6 3E-17 lE-!6 
25 0.06 0.06 2.0 0.08 174 15. 3E-16 2E-16 3E-17 !E-16 
26 0.06 0.06 2.1 0.08 182 15. 2E-1B 2E-16 25-17 lE-:6 
27 0.06 0.06 2.1 0.08 i89 16. 2E-16 2E-16 2E-!7 K-16 
28 0.06 0.06 2.2 0.08 196 17. z-16 2E-16 2E-17 9E-17 
29 0.06 0.07 2.3 0.08 204 17. lE-16 2E-i6 CE-17 9E-17 
30 0.07 0.07 2.4 0.08 211 16. lE-16 2E-16 2E-17 BE-17 
31 0.07 0.07 2.5 0.09 219 19. 9E-19 lE-!6 2E-17 7E-17 
32 0.07 0.07 2.6 0.09 227 19. 7E-19 lE-16 lE-17 7E-17 
33 0.07 0.07 2.7 0.09 235 20. 6E-19 IE-i6 lE-i7 6E-17 
34 0.07 0.07 2.6 0.09 243 21. St-19 lE-i6 lE-17 6E-!7 
35 0.07 0.07 2.9 0.09 252 22. 9-19 lE-16 1E-17 5E-17 
36 0.07 0.08 3.0 0.09 260 22. 4E-19 lE-16 lE-17 z-17 
37 0.08 0.08 3.1 0.09 269 23. 3E-19 9E-17 9E-16 SE-17 
38 0.08 0.08 3.2 0.10 278 24. I-19 8E-17 9E-18 4E-17 
39 0.08 0.08 3.3 0.10 287 25. 2E-19 BE-17 8E-16 4E-17 
40 0.06 0.08 3.4 0.10 296 26. 2E-19 7E-17 K-18 4E-17 
41 o.Oa 0.08 3.5 0.10 305 26. 2E-iS 7E-17 7E-!6 3E-f7 
42 0.08 0.08 3.6 0.10 314 27. 2E-19 M-17 6E-18 3E-17 
43 0.0% 0.08 3.7 0.10 324 26. lE-19 6E-17 6E-16 X-17- 
44 0.08 0.09 3.8 0.11 333 29. lE-19 5E-17 6E-18 X-17 
45 0.09 0.09 3.9 0.11 343 30. lE-19 5E-17 5E-18 3E-17 
46 0.09 0.09 4.0 0.11 353 31. 9E-20 9-17 SE-18 GEE-17 
47 0.09 0.09 4.2 0.11 363 31. BE-20 4E-!7 4E-16 2E-17 
48 0.09 0.09 4.3 0.11 373 32. X-20 4E-:7 4E-16 2E-!7 
49 0.09 0.09 4.4 0.11 34 33. M-20 4E-17 4E-10 2E-17 

.50 0.09 0.09 4.5 0.12 394 34. SE-20 4E-:7 4E-lb 2E-:7 

lE-15 7E-18 9-17 lE-17 
lE-15 7E-16 5E-17 lE-17 
lE-15 7E-16 5E-17 lE-17 
lE-15 ;;-;U$ z-i; lE-17 
IE-15 
lE-15 7E-16 5E-17 
lE-15 7E-18 5E-17 
9E-16 7E-18 5E-17 
9E-16 
BE-!6 
E-16 
75-16 
7E-:6 
6E-i6 
M-16 
5E-16 
X-16 
4E-! 6 

6E-18 5E-17 
6E-16 5E-17 
6E-18 4E-i7 
6E-16 4E-17 
6E-16 4E-17 
M-16 4E-17 

lE-17 
lE-17 

:EEl:; 
lE-17 
lE-17 
lE-17 
!E-17 
lE-17 

4E-!6 
4E-!6 
3E-16 
SE-16 

M-18 4E-17 
6E-16 4E-17 
6E-16 4E-17 
5E-16 4E-17 
SE-16 4E-17 
SE-16 4E-17 
5E-16 4E-17 
5E-16 45-17 

3E-16 5E-16 X-‘7 
2E-16 5E-18 3E-i7 
%16 5E-18 X-17 
2r-i6 SC-18 X-17 
d-16 5k16 3E-17 
2E-16 4E-16 3E-17 
2E-16 4E-16 3E-17 
lE-16 4E-18 3E-17 
lE-16 4E-18 3E-17 
!-E-16 4EL16 3E-17 
TE-16 4E-18 9-17. 
it-16 4E-f8 3E-17 
IE-16 4E-16 3E-17 
9E-17 4E-16 3E-17 
6E-17 4E-16 3E-17 
BE-17 4E-18 x-17 
7E-17 4E-18 3E-17 
7E-!7 4E-18 3E-17 
GE-l7 4E-18 3E-17 
6E-17 4E-18 2E-:7 
5E-17 3E-16 2E-17 
5E-17 JE-18 2E-17 
5E-17 3E-18 2E-17 
4E-17 3E-18 %-!7 
K-17 3E;18 ZE-!7 
4E-17 35-18 2E-17 
9-17 3E-!6 2E-17 
X-17 3E-18 x-17 

lE-i7 
9E-16 
9E-16 
9E-16 
R-16 
9E-16 
BE-16 
BE-16 
SE-16 
aE-16 
BE-18 

3E-17 
3E-17 
x-17 
3E-17 
3E-17 
3E-17 
3E-17 
3E-17 
3E-17 
3E-!7 
z-17 
2E-17 
2E-17 
25-17 
2E-17 
2E-!7 
2E-17 

5E-l70.~0~03~03~16~16~ 
K-17 0.G Oh5 0:31 Ok? 1:SS 3:16 
4E-17 0.02 0.08 0.30 0.93 1.57 4.70 
4E-17 0.02 0.11 0.30 1.23 1.54 6.18 
K-17 0.02 0.13 0.29 1.52 1.50 7.59 
K-17 0.02 0.16 0.28 1.61 1.46 6.94 
4E-17 0.02 0.16 0.27 2.06 1.41 10.2 
4E-17 0.02 0.21 0.26 2.34 1.36 11.4 
4E-17 0.02 0.23 0.25 2.59 1.21 i2.6 
4E-17 0.02 0.25 0.24 2.62 1.25 13.7 
K-17 0.01 0.27 0.23 3.05 1.19 14.7 
4E-!7 0.01 0.29 0.21 3.26 !.I3 !5.7 
4E-!7 0.01 0.X 0.20 3.46 1.07 15.6 
G-i7 0.01 0.32 0.19 3.65 1.01 17.4 
4E-17 0.01 0.33 0.16 3.62 0.95 18.2 
4E-!7 0.01 0.35 0.17 3.99 0.69 la.9 
4E-17 O.O! 0.36 0. :6 4.14 0.63 i9.6 

ZE-17 4E-17 0.0: 0.37 0.14 4.29 0.76 29.2 
2E-17 3E-17 0.01 0.36 0. i3 4.42 0.73 20-E 
2E-17 3E-!7 0.00 0.39 0. :E 4.54 0.a 21.4 
2E-17 3E-17 0.00 0.40 0. :2 4.66 0.6: ?;.? 
2E-17 Z-17 0.0 0.41 0. !! 4.77 0.59 22.3 
2E-17 9-17 0.00 0.41 0.10 4.67 0.55 22.8 
2E-17 3:-17 0.00 0.42 0.09 4.96 0.5: 23.2 

BE-16 8-!7 3E-17 0.m 0.43 0.09 5.05 0.48 23.5 
7E-16 2E-17 3E-:7 0.00 0.43 0.08 5.13 0.45 23.9 
7E-16 2E-17 3E-17 0.00 0.44 0.08 5.21 0.43 24.: 
7E-18 2E-17 3E-17 0.00 0.44 0.07 5.26 0.40 24.5 
7E-16 2E-17 SE-17 0.00 0.45 0.07 5.35 0.33 24.8 
7E-16 GEE-17 3E-i7 0.00 0.45 0.K 5.42 0.36 25.1 

2E-17 X-17 0.00 0.46 0.06 5.46 0.34 25.3 
ti-17 3E-17 0.00 0.46 0.06 5.54 0.32 255.6 
2E-17 3E-I7 0.00 0.47 0.05 5.59 0.3; 25.6 
2E-17 X-17 0.00 0.47 0.05 5.64 0.29 26.0 
X-17 X-17 0.00 0.46 0.05 5.70 0.26 25.3 
2E-17 X-17 0.00 0.46 0.05 5.74 0.26 26.4 
2E-17 ZE-17 0.00 0.46 0.04 5.79 0.25 26.6 
2E-17 2E-i7 0.00 C.49 0.04 5.63 0.24 26.6 
lE-17 2E-!7 0.00 0.49 0.04 5.86 0.23 27.G 
lE-17 X-17 0.00 0.49 0.04 5.92 0.22 27.2 

7E-1e 
7E-18 
7E-16 
M-18 
M-16 
6E-18 
M-16 
6E-18 

gr:: 
M-18 
M-18 
6E-18 
5E-18 ii-i7 2E-I7 0.00 0.5! 0.03 6.06 0.19 27.7 
5E-16 K-17 2E-17 0.00 0.51 0.,03 6.10 0.16 27.5 
X-16 lE-17 2&-17 0.00 0.51 0.03 6. :3 0. :7 28.0 
SE-16 lE-17 2E-17 0.00 0.52 0.03 6.16 0. ;7 28.1 
z-15 ,E-17 E-17 0; 00 0.52 0.03 6. !9 0. if 28.2 
-5E-16 !E-17 2E-!7 0.W 0.52 0.03 6.52 6. :E 3.4 
SE-16 !E-:7 2E-17 c;.W C.52 0.02 6.25 C. .’ 26.” 

K-17 2E-17 0.00 0.50 0.04 5.96 0.i: 27.3 
IE-17 X-17 0.00 0.50 0.03 5.99 0.X 27.5 
lE-17 2E-17 0.00 0.500.03 6.03 0.:9 27.t 



SR X =l.le-6ltq^0.Sr~l-ex~~-2.~e-5~E’~2.6~~/~E’*4.8*Zt*l.8~ 
ul E’=lWE/ (ZtAl.25+qA0. 7) 

a _X =3. 14*(5.3e-9)A2*Zt”0.33tcA2*(vo/v)^6 
W! X =le-28W2. S*ZtYL 67*beta”-7 
Kihr X =4t3.14it(5.3e-9)*2fZt”O. 33*q”3*(vo/v)*6 

C 5 2 0.067 
C 6 1 0.025 
C 6 10.049 
C 6 20.025 
C 6 2 0.049 
C 6 10 0.049 
C 6 18 0.049 
N 7 20.062 
0 8 2 0.073 
F 9 2 0.073 
Rr 13 7 o.oE% 
fir 14 7 0.084 
*15 70.084 

X-EL X-MH 
-I 

X-VSN 

9. ii-20 
4.2E-17 
8. JE-19 
5.3E-17 
LOE-18 

X-SR 

l.lE-20 *s+ 
l. lE-17 *** 
2.4E-20 *+* 
5.7E-17 
4.3E-19 
1.7E-17 
3. K-17 
8.9E-20 it*+ 
3.1E-20 

;*$I;; 

5: k-18 
6.OE-18 

&IA 
Xexpt ref. E’ - 

4.8E-21 1.5E-18 
1.7E-18 1.2E-15 
3.4~~20 l.ZE-17 
2.2E-18 1.x-15 
4. z-20 2.OE-17 
7. SE-20 5.7E-17 
8. BE-20 8. z-17 
1.5E-20 5.9E-18 
7.3E-21 2. &E-18 
9.2E-21 3.x-18 
1. a-20 7.3E-10 
1,4E-20 6.8E-18 
1.6E-20 LOG17 
1. BE-20 1.2E-17 
2.1~~20 I. 4E-17 
2.3E-20 1.6E-17 
2. G-21 l. lE-18 
2.7E-21 1.3E-18 
3.lE-2! 1.5E-18 
3. M-2i 1. bE-18 
4.OE-21 ic. lE-18 
4.5E-21 2.4-18 
I. 3E-21 5.3E-19 
1.7E-21 7.5E-19 
8. BE-s?2 3. s-19 
1. K-21 4.1E-19 

2.098 8.4E-20 
0.31 6.2E-17 
1.14 1.7E-19 
0.31 1.3E-16 
;. ;; 

1: 14 

;A$;; 

3: 3E-17 
1.7% 25E-19 

fl 285. 
F 88.4 

E pi 
F 13k. 
F 18.2 
F 8.77 
CI 193. 
R 244. 
CI 225. 
E 48.8 
E 46.3 
E 44.1 

1. BE-18 
2.c16 
4.3E-19 

:::I:: 
6: 4E-19 

: z; 
1: 2E-18 
1. K-18 
1.7E-18 

zz-:: . - 

Fir 16 7 0.084 3.35 1.5E-17 E 42.2 7.OE-18 
ff 17 7 0.084 3.35 1.4E-17 E 40.4 6. IE-18 
Rr !a 7 0.084 3.35 1.7E-17 E je.9 9.3E-18 
Rr 13 7 0.111 5.8 8.OE-19 E 84.5 6.2E-19 
Fir 14 7 0.111 5.8 1.5E-18 E 80.3 7.%-19 
k i5 7 0.111 5.8 1.6E-18 E 76.5 l.OE-18 1.9E-19 

2.3E-19 
2. K-19 
3. SE-19 
6. BE-20 
LOE-19 
5.oE-20 
6.8-20 
7. s-20 
9.oE-20 
l.lE-19 
1.6E-18 
l.%-19 
1.x-19 

fir 16 7 0.111 5.8 3.OE-18 E 73.1 1.2E-18 
* 17 7 0.111 5.8 3.3E-!8 E 70.1 1.5E-18 
Fir ia 7 0.111 5.8 4.aE-la E 67.3 :.8E-16 
& ii 7 0.123 7.1 4.6E-19 E 103. 2.5E-19 
Fir 15 7 0.123 7.1 l. lE-18 E 93.6 4.2E-19 
l?r 14 7 0.134 8.5 2.3E-19 E 117. l.K-19 
Fir 15 7 0.134 8.5 4.8E-19 E 112. LBE-19 
br 16 7 0.134 8.5 5.4E-19 E 107. 2.4E-19 1.2E-21 4. s-19 

1.3E-21 5.7E-19 
1.5E-21 6. E-19 
2.5-20 2.x-17 
I. ~-21 1. iiz-ia 

Rr 17 7 0.134 
ff 18 7 0.134 
Fir I6 18 0.084 
at- 17 Ia 0. s4 
Pir 18 18 0.134 
Fe 17 7 0.134 
Fe 20 7 0.134 
Fe 23 7 0.134 
Fe 25 7 0.134 
Fe 26 7 0.134 
Fe 20 18 0.047 
Fe 21 18 0.047 
Fe 23 18 0.085 
Fe 24 18 0.085 
Fe25 180.085 
Fe 25 18 0.134 

8.5 8.OE-19 
a. 5 l.OE-18 
3.4 2.3E-17 
8.5 2.4E-18 
8.5 2.4E-18 
8.5 9.lE-19 
8.5 l. lE-18 
8.5 2.3E-18 
0.5 2.7E-18 
8.5 3.‘tE-18 

1.07 1.5E-16 
1.07 1.4E-16 
3.4 3.9E-17 
ti 

6: 4 

yg;; 

5: 7E- 18 

102. 3.0519 
98.7 3.7E-19 

2.OE-17 
2. BE-18 
3.2E-la 
3. s-19 
5.4E-19 
8. s-19 
l.ZE-18 
1. z-la 
4.1E-16 
4.5E-16 
4.2E-17 

s- zt: 
6: M-18 

2.OE-21 1.2E-18 
1.3E-21 5.7E-19 
1.8E-21 8.5E-19 
2.4E-21 1. a-18 
2. BE-21 1.5E-18 

102. 
91.6 

!?1 
76:3 
3.54 
3.42 
10.2 
9.91 

;: 

9. oi-20 
1.s19 E 

i 
E 
E 

2. a-19 
2.9E-19 

3.05-21 I.&-ia 3. z-19 
1.2E-18 2.2E-15 9.7E-17 
1.3E-18 2.5E-15 1. K-16 
&9E-20 5.4E-17 
5.4E-20 6.OE-17 
5. E-20 6. M-17 
3. BE-21 2.8E-18 
4.2E-21 3.lE-la 
2.oE-2: 9. M-19 
3.3E-21 l.BE-18 
4.9E-21 3.OE-18 
2. W-20 1.3E-17 
3.4E-20 1.6E-17 
4.1E-2Q 2.1E-17 
a.%-20 l.lE-16 
5.2E-21 3.2E-18 
7.6E-21 S. lE-18 
9.5E-21 6. &I-18 
4.6E-21 2. twa 

4.6E-18 
5.3E-18 
5.9E-18 
3. E-19 
4.4E-19 
1.7E-19 
3.6E-19 
6. M-19 
3.2E-18 
4.4E-18 

;$I;; 

7: 2E-19 
1.3E-la 
1.8E-1% 
6. E-19 

Fe26 180.134 8.4 6.OE-la F 23.1 7. ti-18 
!k 21 7 0.134 3.5 4.5E-19 F 88.6 6.4E-19 
Kr 27 7 0.134 a.5 2.2E-18 E 74.3 i.sm3 
Kr & 7 0: i34 8.5 6&-18 E 64.5 %8E-18 
Nb28 10.085 3.4 l.OE-19 F 329. 4.7E-20 
N?331 10.085 3.4 1.2E-19 F 307. 7.OE-ire 
Hb 34 1 0.085 3.4~ 2.1E-19 F 288. l.OE-19 
Nb31 180.085 3.4 6.OE-17 F 8.28 7.8E-17 
Xe 34 7 0.134 B.5 3.7E-16 E 63.2 3.M-18 
Xe 41 7 0.134 8.5 7.7E-18 E 55.4 S.lE-18 
Xe 46 7 0.134 6.5 1.2E-17 E 51.1 6.9E-18 
Xe32 70.134 8.5 4.5E-18 C 65.9 2.5E-18 



TWLE II (conti. 1 

P q zt Beta ---- 

PbSl 10.099 
PbS2 10.099 
Pb!53 10.099 
pb% 10.099 
pb55 10.099 
PbS6 10.099 
Pbs7 10.099 
Pbs8 10.099 
Pb59 10.099 
Pb54 20.099 
Pb37 70.099 

ppbb: ;KZ 
Pb37 701134 
Pb 40 7 0.134 
Pb 52 7 0.134 
Pb 40 7 0.112 
Pbs4 70.099 
Pb 55 7 0.112 
Pb!% 100.099 
Pb54 180.099 
Pb!54 540.099 
1! 14 1 0.054 
u 20 10.054 
u 30 10.054 
u 40 1 0.128 
u 63 1 0.145 
u 10 7 0.0% 
u 20 7 0.054 
i_! 30 7 0.054 
ii 63 7 0.145 

iA? 
Xexpt wf. E’ X-SR - 

4.66 3.!E-19 F 297. l.lE-19 
4.66 3.2E-19 F 293. l. lE-19 
4.66 3.x-19 F 289. 1.2E-19 
4.66 3.8!&19 

f : 
285. 1.3519 

4.66 3.9E-!9 281. 1.4E-19 
4.66 4.M-19 F 278. 1.S19 
4.66 4.8E-19 F 274. 1.6E-19 
4.66 4.4E-19 F 271. 1.7E-19 
4.66 4.6E-19 F 268. 1.9E-19 
4.66 8.S19 F 120. 2.4E-18 l +f 
4.66 3.OE-17 C 32.6 2.lE-17 
4.66 4.OE-17 C 30.9 2.s17 
4.66 9.OE-17 C 25.7 4.x-17 
8.5 6.x-18 C 59.6 3.S18 
8.5 7.OE-18 C 56.4 4.8E-18 
8.5 l.OE-17 C 46.9 9.4E-18 
5.9 1.5-!7 D 39.1 1.4E-17 

4.66 8.8E-17 F 25.0 4.7E-17 
5.9 2.2E-17 D 31.3 2.8E-17 

4.66 4.8E-17 F 16.0 6.8E-17 
4.66 8.3E-17 F 7.70 1.2E-16 
4.66 7.S17 F 1.95 3.S16 *+s 

1.4 6.OE-19 D 220. E.I-19 
1.4 l.OE-18 D 171. 9.2E-19 
1.4 4.OE-18 D 129. 4.4E-18 
7.8 1.2E-18 D 589. 3.S21 s+s 

10 3.6E-19 D 550. 6.lE-21 *ff 
I.4 l.OE-16 D 24.5 2.lE-17 ++f 
1.4 2.OE-17 D 15.1 9.1E-17 f+f 
1.4 !.2E-16 D 1!.3 2.lE-16 

10 1.6E-17 D 48.3 9.6E-16 

X-E%_ 

3.7E-20 
3. aE-20 
3.9E-20 
4.lE-20 
4. a-20 
4.4E-20 
4.6E-20 
4.7E-20 
4.9E-20 
5.1E-20 
3.7E-20 
4.3E-20 
7.2E-20 
6.2E-21 
7.2E-21 
1.2520 
2.1E-20 
7.8E-20 
4.OE-20 
8.7E-iS 
1. K-19 
l.sE-19 
l.OE-19 
2.OE-19 
4.6E-19 
4. BE-21 
5.8E-21 
9.7E-20 
3.9E-19 
a. 7w9 
l.lE-20 

X-HJH X-V% -- 

1.9E-17 7.M-18 
2.OE-17 B. lE-18 
2.lE-17 6. SE-18 
2.2E-17 9.OG18 
2.x-17 9.5E-18 
2.6-17 l.OE-17 
2.5E-17 l. lE-17 
2.6E-17 l.lE-17 
2.7E-17 1.2E-17 
3.SE-17 l.lE-17 
3.2E-17 s.!?E-18 
3. BE-17 7.OE-18 
7.4E-17 1. SE-17 
4.0!+18 9. x-19 
4.8E-18 1.Z18 
9.3E-18 2.6G18 
1.7E-17 3.!s18 
8.1E-17 1.7E-17 
3.7E-!7 9.OE-18 
l. OE-16 1.9E-17 
l.!iE-16 2.x-17 
3.2E-16 3.4E-17 
5. E-17 5.7E-18 
1.2E-16 1.x-17 
3.4E-16 5. M-17 
iz-18 7.9E-19 
2. I-18 1.5E-18 
7.x-17 4. M-18 
4. SE-16 3.S!7 
1.2E-is l. lE-16 
8. SE-18 2. K-18 

c 

Hti more than a factor of two difference betiwen X-exot and X-SR 
X-SR = R.S. Schlachter, et.ai., Phys. Rev. Ai 3372 11983). 
X-W = N. Bohr 6 J. Lindharc!, K. Dan Videmk. $elsk. Mat. Fys. Nedd. 28, 7 (1954). 

or H.D. Betz, Rev. Ikrd. Pflms. 44, 465(19721 
X-HJH = D. Blechschaidt 6 H.J. Halam, Pm. 1977 Heavy Ion Fusion Wkshop, ~136. 
X-VSN = V,S. Nikolaev, et.aI., J. Phys. E8, 158 (1975). 

References for experiwntal data: 
4 = T.R. DiIlin hati 
b = H. Gould, 

et. al., Phys. Rev. R24, 1237 (1981). 
e . a\. Phys. Rev. Lett, 41, 1457 (1978). s 

C = J. Rlomo and ti. bould, Phys. Rev. ll26 1134 (19821. 
D = B. Franzke, IEEE Trans. Nucl. ‘55. N&8, 2116 (1981). 
E = 3. Rlonso, et. al. IEEE Tram. Nucl. Sci. NS-26, 3686 (19791, 
F = W.6. Graham, et. al., 

Sand Phys. Rev. 817, 
ph s Rev. &30, 722 (1984). 
12 L (1978). 



TRBt-E III 

COWFIRISQN OF ELECT?blN LGSS ‘CROSS SECTIONS OF HERVY IONS 
frost EXPERIKHTRL WORKS and EMPIRIC@. FOR- 

Et X = 3. i4*(5. ;3e-91*2fZt^O.67*Zp*l.33~*-3~(V~/V)^2 
!KH X = 9e-19i$-3fbeta^-l*Zt*ZpA2 
JCI X = le-19+q*-3tbeta^-l. 5rZpA2*Zt 
JR1 X = 5e-19*q*-2*beta*-ltZp^l. 33tZt 

P Zp 3 Zt Beta _- @&+s!!- 
3.35 8.6E-18 
3.35 4.3E-18 

X-M X-k -~ 

1. IE-17 5.2E-18 
9.9E-18 4. IE-18 

X-JR 

4.2E-10 
3.4E-18 
2. x-10 
2. BE-18 
2.2E-18 
1. BE-18 
2. K-18 
1.6E-18 
2. IE-18 
1.7E-18 
l.4E-18 
l.lE-18 
9. K-19 
2. K-18 
2.OE-18 
1.2E-18 
7. x-19 
6. z-19 
2.OE-18 
9.4E-19 
5.1E-19 
3. !E-15 

Ref. X-HCH 

E l.lE-17 
E 8.8E-18 

Rr 18 13 7 0.084s 
fk 18 14 7 0.0845 
Gr 18 15 7 0.0845 
Fir 18 13 7 0.111 
Rr 18 14 7 0.111 
Clr 18 15 7 0.111 
Ar 18 13 7 0.123 
Rr 18 15 7 0.123 
#r 18 13 7 0.134 
F\r 18 14 7 0.134 
kr 18 15 7 0.134 
fir 18 16 7 0.134 
Rr 18 17 7 0.134 
fir 16 17 18 0.134 
Fe 26 17 7 0.134 
Fe 26 20 7 0.134 
Fe 26 23 7 0.134 
Fe 26 25 7 0.134 
Kr 36 21 7 0.134 
Kr 36 27 7 0.134 
tir 36 33 7 0.134 

;; 44; $ I 1 0.0852 0.0852 
fib 4! 34 1 o.oas 
kb 4! 31 18 0.0852 
Xe 54 20 1 0.447 

5.8 2.2E-18 
7.1 5.7E-10 
7.1 23E-18 
8.5 5.2E-18 

E-:eB ttt 
6:7E118 
5.4E-18 
7.6E-18 
4.9E-18 
6.9E-18 
5. E-18 

8. M-18 3.4E-18 
8.7E-18 3. N-18 
7.5E-18 2.4E-18 
6.5E-18 1.9E-18 
7.9E-18 2.4E-18 
5. x-18 1. M-18 
7.2E-18 2.lE-18 
6.2E-18 l.K-18 
5.4E-18 l.JE-18 
4.8E-18 1. IE-18 
4. X-18 9. a-19 
l.lE-17 1.7E-18 
6. X-18 1. SE-16 
5.OE-18 9.2E-19 
3.8E-18 6.OE-19 
3. z-18 4.7E-19 
7.OE-18 1.2E-18 
4.2E-i8 5. BE-19 
2.6E-18 3.2E-19 
l.OE-18 4. IE-19 

8.5 3.lE-18 
8.5 1.8E-18 
8.5 4.x-18 
8.5 3-K-18 
t; 

8: 5 

22-f; 

4.lE-18 
8.5 B.OE-19 
8.5 3.2E-19 
8.5 9.4-E-18 
8.5 l.&18 

t: $$_$ 

314 2:2E-19 
3.4 4.OE-20 
3.4 1.2E-18 

E 4.x-18 +f* 
E 3.K-18 
E 3.1E-18 

8.OE-18 +** 
6.S18 
4.OE-18 
2.&-18 wtlt 
2.OE-18 l s+ 
6.6E-18 
3.x-1e 
1.7E-18 *is 
8.1E-19 f-l-it 
6.OE-19 2.3E-19 8.5E-19 3.0s19 

1.x-19 7. IE-19 2.3E-19 
4.1E-18 l.SE-17 2.1E-18 

5.6E-19 5.9E-20 
2.5E-19 1. BE-20 
1.4E-19 7.4E-21 

1.2E-19 
3. M-20 
1.5E-20 
6. BE-18 
8. E-19 
2.9-19 
l. lE-I9 
1.9E-10 
l. lE-18 
6. K-19 
1.3E-18 
1.5E-17 
I.%-18 

1.6E-17 1.7!+18 
3.9E-18 2.2E-19 
1. BE-18 6.5~~20 
9.9E-19 2.7E-20 
6. x-18 8.8E-19 
4.6E-18 4.9E-19 
3.1E-18 2.8E-!9 
S.lE-18 5.9E-19 
2 7’-‘7 2 9E-18 
6:6i-i8 3:7E-19 
2.3E-18 7.5E-20 
9.8E-19 2. IE-20 
6. BE-19 1.3E-19 
6.5E-19 1.8-19 
6.3E-19 1. IE-19 
6.OE-19 l. lE-19 
5.8E-19 l.OE-19 

4.x-19 *** 
l. lE-17 *** 

110 9.OG19 
110 4.OE-19 
:10 1.x-19 
110 2.2E-17 
110 1.2E-17 
110 6.0;,-1E 
110 2.W18 
8.5 i.h-17 
;;5 FzE;“B 

B:5 4:5E-18 
110 1.x-17 
110 9.2E-18 
110 5.6E-18 
110 1.5E-18 

4.66 4.x-19 
4.66 3.5E-19 
4.66 3.4E-19 
4.66 25E-19 
4.66 2.s19 
4.66 2 lE-19 
4.66 1.8E-19 
4.66 1.4E-19 
4.66 1.4E-19 
4.66 2.8E-19 
4.66 P.OE-17 
4.66 1.x-17 
4.66 3.OE-18 
8.5 l.OE-17 
8.5 l.OE-17 

7.3E-19 
2. a-19 
9.8-20 
4.1~~17 
S.lE-18 
1. SE-18 
6.4E-19 
6.2E-16 
3.5E-18 
2.OE-18 
4.2E-10 
9.OE-17 ++* 
1. IE-17 
2.3E-!8 
6.4E-19 
4. E-19 
4.3E-19 
4. IE-19 
3.9E-19 
3.7E-19 
3.5E-19 
3.3E-19 
3.lE-19 

Xe 54 30 1 0.447 
Xe 54 40 i 0.447 
Xe 54 10 ? 0.447 
Xe 54 20 7 0.447 
Xe 54 30 7 0.447 
Xe 54 40 7 0.447 
Xe 54 28 7 0.134 
Xe 54 34 7 0. !34 
Xe 54 41 7 0.134 
Xe 54 32 7 0.134 
Hg 80 10 7 0.447 
Hg 80 20 7 0.447 
ng 80 34 7 0.447 
Hg 80 52 7 0.447 
Pb 82 51 1 0.0996 
Pb 82 52 10.09% 
Pb 82 53 IO.0996 
Pb 82 54 1 0.09% 
Pb 82 55 1 0.0996 
Pb 82 56 1 0.0996 
Pb 82 57 10.0996 
Pb 82 56 1 0.0996 
Pb 82 59 10.0996 
Pb 82 54 2 0.0996 
To 82 37 7 0.0996 
Pb 82 40 ‘I 0.0996 
PD 82 52 7 0.0996 
Pb 82 37 7 0.134 
Pb 82 40 7 0.134 
Pb &? 40 7 0.112 
2: r 54 52 7 7 0.0996 0.134 

Pb 82 %I 7 0.112 
Pb 82 54 10 0.09% 
Pb 6.? ?ih 16 0.0396 
~b ai 54 54 0.0996 

3. BE-19 
l.lE-19 
1.6E-19 
1.5E-19 
1.4E-19 
1.4E-19 

:* zt; 
1: E-19 
1. IE-19 

5. M-19 9. SE-20 
5.4E-19 9.OE-20 
5.2E-19 8.5E-20 
S.lE-19 B. lE-20 
1.2E-15 1.7E-19 
9.OE-18 l.2E-18 
7.7E-18 9.6E-19 
4. M-18 4.4E-19 
6.7E-18 6.7E-19 
5.7E-18 5. x-19 
6.9E-18 7. M-19 
3.4E-18 2.4E-19 
4.2E-18 3.9E-19 
3.6E-18 2. x-19 
6.OE-18 4.9E-19 
1. K-17 7.3E-19 
3.3E-17 l. 5E-la 

3.OE-19 
7.7E-19 ++w+ 
8.4E-18 

l.OE-19 
2.7E-19 
3.OE-18 
2.3E-18 
l.lE-18 
1.9E-18 
1. X-18 

6. M-18. 
3.OE-18 
6.2E-18 
4.9E-18 

5.9 l.EE-17 
8.5 3.OE-18 

4.66 3.2E-18~ 
5.9 6.M-18 

5.9E-18 
2. a-18 
2.7E-18 

.;. .33-i; 

6k-18 *** 
2. K-17 l it* 

2.OE-18 
6. BE-19 
9.9-19 
7.5E-19 
1.4E-!el 
2.4E-lb 
7.slb 

4.66 l.BE-18 
4.66 2.S18 
4.66 39E-18 



TABLE III(conti.1 

p $_ x Zt Beta -- 

u 92 10 1 0.0547 
u 92 14 1 0.0547 
u 92 20 10.0547 
u 92 30 10.0547 
u 92 40 1 0.1206 
u 92 63 10.0547 
u 92 10 7 0.0547 
u 92 20 7 0.0547 
u 92 30 70.0547 
u 92 30 7 0.0547 
il 92 63 7 0.1453 
u 92 40 18 0.0547 
u 92 !% 180.0547 
u 92 10 1 0.447 
u 92 2% 1 0.447 
u 92 Jo 1 0.447 
u 92 40 1 0.447 
u 92 50 1 0.447 
u 92 10 7 0.447 
u 92 20 7 0.447 
G 92 30 7 0.447 
u 92 40 7 0.447 
ti 92 50 7 0.447 

_ x-expt d/FI - 
1.4 3.OE-17 
1.4 1.3E-17 
1.4 7.OE-18 
1.4 1.3E-18 
7.8 l.OE-19 

10 1.6E-19 
1.4 4.OE-16 
1.4 4.OE-17 
1.4 1.2E-17 
1.4 3.OE-17 
10 8.OE-18 

1.4 a.OE-16 
1.4 1.3E-18 
110 3.OE-16 
110 l.SE-18 
110 l.OE-18 
110 6.519 
110 4.S19 
110 4.OE-17 
110 2.517 
110 1.7E-17 
110 l.lE-17 
110 7.OE-18 

Ref. X-HCH 

D 1.4E-16 *++ 
D S.lE-17 ++* 
D 1.7E-17 ++) 
D 5.iz-ia l f+ 
D 9.3E-19 * 
D 5.6E-19 *++ 
D 9.7E-16 
D 1.2E-16 if* 
D 3.M-17 +++ 
D 3.6E-17 
D l.SE-18 
D 3.9E-17 ~t+i 
D 2.OE-17 *++ 
6 1.7E-17 +++ 
6 2.1E-18 
G 6.3E-19 
6 2.7E-19 
G 1.4E-19 
6 1.2516 +++ 
6 1.5E-17 
6 4.4E-10 
G 1.9E-18 ++f 
6 9.5E-19 *** 

X-JR 

6.6E-17 
2.4E-17 
8.3E-18 
2. SE-18 

; tz:: 
4: M-16 
5. BE-17 
1.7E-17 
1.7E-17 
4.3E-19 
1.9E-17 
9. x-18 
2.W18 

?z:: 
4: 4E-20 

:z: 
2: SE-18 

X-M 

3.7E-17 
1.9E-17 

: Sz: 
9: 9Er19 
9.4E-19 

t E3 
2: 9E-17 
2.9E-17 
2. !5E-la 
4.2E-17 
2.7E-17 
4.6E-16 
l.lE-18 
S. lE-19 

? tz:; 
3: 2E-17 
8.OE-16 

7. SE-19 3.6E-18 
3.lE-19 2.OE-18 
1.6E-19 1.3E-18 

X-BL 

6.4E-17 
2.3E-17 
&OE-16 
2.4E-18 
1. aE-19 
2. M-19 
2.4E-16 
3.oE-17 
a. 8E-la 
8. BE-18 
1.3E-19 
7. M-18 
3. M-18 
9. M-19 
1.2E-19 

?!zZ 
7: 7E-2 1 
3.S18 
4.4E-19 
1.3519 
5.520 
2. BE-20 

References for exoeriaental data: 
I? = T.R. Dillin haal et. al., Phys. Rev. Ai 1237 (19611. 
6 = H. fjould, 9 e . al., Phys. Rev. Lett, 41, 1457 (1978). 
C = J. FIlonso and H. 6ould, Phys. Rev. W6, 1134 (1982). 
D = B. Franzke, IEEE Tram. Nucl. Sci. NS-28, 2116 (1981). 
E = J. Alonso, et. al. IEEE Trans. Nucl. Sci. ffi-26, 3686 (1979). 
F = W.6. Graham, et. al., Phys. Rev. MO, 722 (19841. 
G = Calculations by 6.H. Gillespie using “Sum Rules’ 

6-H. Gillespie, et. ai., Proc. Heavy Ion Fusion Workshop, 1977 8 1978. 
and whys. Rev. A17, 1284 (1976). 

* more than a factor of two difference between X-expt and X-W-i 
X-HCil = best fitting based on the following three references. 
X-E = N. Bohr C J. Lindhard, K. Dan Vidensk. Selsk. Mat. Fys. Kedd. 28, 7 (19541. 

or H.D. Betz, Rev. Kod. Phys. 44, 46511972). 
X-J& = J. Flionso & H. 6ould Phys. Rev. II26, 1134fl982). 
X:-JQA = Kodification to X-J& 
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