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ABSTRACT

2. 254

Excitation functions for the synthesis of 251No, 25 No, 253No,

2o MO ana P8ey with ;;;

2551\10, 256No, and 257No in the bombardments of
12

the use of the Jackson formula as modifiedvto include fission and angular

T A T T R

fbrmﬁla of Fujimoto and Yamaguchi- and the following new empirical formula:

log I_/T, = - 0.276Z + £(N), where £(N) is 5.46 + 0.140N for N £ 153 and 19.23 + o

C and 13C are presented. A good fit to these functions has been obtained-byffif§¥ 

momentum effects. Experimental I /Tp values are compared with the semi-empirical” |

. 0.050N for N 2 153. A brief discussion of I‘n/l"f systematics of trans-berkelium f3i”  )

nuclides and the effect of the 152 neutron subshell is given.
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. the experimental functions.2

: critically or the valus of the ratio I /P , where r and T

' ﬁ'with A andiA and a knowledge of its systematic behavior therefore is of great

Ny 1mportanc, in the syn he31s of the heaviest nuclides. Vandenbosch and Huizenga

. da, and a:iniuced reactions 3 mhey find such valurs for Pu isotones to be
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o 'iNTRODUéTION

Heavy ion reactions, characterized by the formation of a compound nucleus'

followed by neutron emission, constitute an efficient method for the production g

of neutron deficient nuclides., In many cases the identification of the

products is based on the analysis of their excitation functions. In regions

" where fission can be ignored the use of Jackson's neutron emission formule,

as modified to include angular momentum effects, has been Successful in fitting'-eﬁj?

.t -

In the heavy element region fission competeS'strongLy with neutrOn
emission in the d»cay of the- compound nucleus and the cross sections depend ‘

are the partial

f

widths for neutronvem1551on and fission, respectively. This ratio varies both‘

have made en extennive survey of experimental r /P values obtained in Y, D, p,

fairly well ”cprc ucad by the formula of Fuaimoto and Yamaguchi.h

Up to now nuclldes of californium have becn the heaviest ones for- which

- an extensive set of productlon cross section data in heavy-ion induced reactions if

d/ :
has been obtained analyzed, 2 Again the formu]as by Jackson and Fujimoto and

Yamaguchi ware successfully applied

_Recently, nuclidss of element 102, nobelium, with mass numbers from

251 to 257, have been nroduced-in cm(C, xn)No reactions.6 We shall in the
: present.paper &7J?‘ *b- e<C1tation functions obtained in thau work. -In

o thase roactions, nuclides With‘nmuaron numbers~in excess of the N = 152

autrnn sutshz1l are producsd and it will be of soeC1al 1nte1est to observ; the

_cffﬁct of thet h,ll 01 ths value of ths ratio I /Pf,
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IT EXPERIMENTAL

" We. shall only give a brief account of the'exper;mentel'arrangement

since a more detailed desecription has been reported elseWherefS The
essentially monoisdtopic taigets of athm 2‘6Cm ‘and ZHSCm were made by
molecular deposition to a thickness bf between Q.Z to 0.5 mg/cmz on &bout

5 mg/sz berylliun metal, Beams of 10.h MeV/nucleon lZC and 130 ions from

the Ber\eley Hilac were degraded to the desired energles by the use of Be
. foils. The energy spectrum of the ions leaving the target was occas1onally’vi'\

* measured by the use of a diffused-junction Si detector. The most probable

-~ energy is believed to be accurate ﬁq +2 MeV. The beam currents were typieeiiy
'2x1012 particles/sec in an area of 0.2 em®. Atoms recoiling from the tar&et“ef?
.are stopped in a stream of helium at 600 torr and carrled by this gas throughhn
1i.an orifice about 0.2 mm in dlameper into an evacuated space. The gas jet -
; impinges a few millimeters away on the periphery of a wheel and a larée”fracf{5 

(~80%) of the heavy atoms attach themselves to its surface. At regu1ar 1ntervals
. the wheel is digitally rotated about 50 to expose the collected atoms to Au-Sl f;

surface barrier alpna particle detectors. In this series of experiments four ;

Iv,detectors, equally spacad along the circumference of the wheel, were used'

~ simultaneously in order to obtain half-life information as wexl as alpha

particle energies. Spontaneous fissions were also recorded in fhese experimeﬁﬁeiig-eiﬁ
The total counting efficiency, defined as the ratio.of the counts efe;i u¥}i§i

'obeerved to the alpha disinteg;ations undergone by the puclei transmdted | ‘ c: ;-v .

from.tﬁe target, wae fogn@ experimentallyzte be about 10 percent. -Half li?es;'

and yield of spontaneous fission acsivities were also measured in-éééarate

experiments in which the receile were caught on & rotating drum in vacuum

and the fission fraunanta were reccerded by mica detectors placad along the

periphary of the drum.



vhereas for the other ones several hundred events vere used in the half- llfe BT
measurements. 1In the estimation of the cross sections we assumed the a

" branching to be 100% for all isotopes except for

" branching of (9.5i0.8)x10°h to the Y-msec, 8.43-MeV Fr. The isotope Raif

('J eis produced from lead impurities in the targets, and in our experimental arrahge

. . . s 252 256 . .
instances interfered with the radiations from No and No (see Table I)...

. 8.4 MeV could be computed from the observed number of alphas from ZlhRa and © -

No isotopes' could be obtained, The extent of such correctlons in cross sectlonti

. measurements is illustrated in Fig. 1 for the systems (

t3: .0 UCRL-18011 .

RRE 5. EXPERIMENTAL RESUiTs

Alpha energy spectra obtained in these experlments have been glven.'

previdusly.6 A summary of the decay characterlstlcs of the Nd isotopes is. -

-:'given in Table I. Only about 80 events were recorded in the‘decay of 51No

222y,

In the analysis of the a spectra, a difficulty was encountered by thefj

discovery that the 2.6-szec, T.1lh-MeV ZlhRa decayed by electron capture with a’
21k o2

ment this results in an apparent 2.6-sec, 8.4-MeV ¢ activity that in some

However, the number of alphas from Zthr present in the observed peak at B

its EC branching. Thus, corrscied half lives and cross sections for these tw

and(zuscm + l30).. Here the measured ratio (yield of 8.4 MeV alphas/yield of |

. T.14 MeV alphas) is plotted versus ion energy. For comparison the same Dlot .

nat 12

for the system (Pb )has also been 1ncluded We see that for the latter

;;

v:system the ratio is indep derv of ion energy suggesting that the 8 h MeV

‘

21k

2lpnas are coming from a daughter of the 2.6-sec, 7.14—MeV Ra., TFor the

other systems the 8.4 MeV alphas are mostly those from Zthr whereas at lowsr

. enargy the ratio is substantially'higher than that for Pb. The half-lives of  °
252

256 ' - . - . : s
No and 2 No were measurzd at the lowest energies where the correction

2
due to luFr was small,



" '.'might.be as high as 50%.

"ftvpoints, into two components of similar half- llves (3 min and 1 min).
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The cross sectidns for the production of the various No 1sotopes are ..15;;535”0-?

plotted versus ion energy 1nFigs. 2 5 To compare the cross sections for the TA??’vPV-A
,'productlon of the 2. 5 sec SF emitter with those of the 2.5-sec, 8.h-MeV o

E ‘ emitter, the former have been multlplied by two. The curves regresent calculated-‘

. values .as descrlbed later under Dlscu331on. Typical errors are indlcated by

error- bars and are based on counting statistics only. In additnon to these
/ .
errors we have uncert7;nties and inhomogenelties in. the target thicknesses

and a varlation and systematic errors in theé. collectlon eff1c1ency whlch together

2h6 2u6

No errors are given for the systems Cm(lzc, hn) 255No and ’Cm-

* '(120 5n) 25hNo (see Fig. 6) because of the near coincidence of-the elpha .

energles of these two No isotopes. Conseqﬁently their yield measurementsf“

" had to be based on the separation of & decay curve, cons1sting of only four

. Ve notice (see Fig. 3) that at the highest ion energies the cross.seCtions;

252

" for the 2.5 sec SF activity, assigned to No, are relatively higher than -

‘those for the 8.4 MeV alphas from the same isotope. This may be explained by

| the presence of SF activity from 2l"ﬁ.l‘?‘m produced in-a 2l

246

cn(*2c, a 6n) reaction.
The half life of “*°Fm is 1.5 sec with & SF branching of 8% and the half-life

medsurements at the highest energies were not accurate enough to yield a-

szparation of the 2.5 sec and 1.5 sec components. The assignment of the 2.5

252

- s2c SF activity to Mo is first of all based on the fact that its maximum

production cross-section is at 73 MeV for the 'systewx( lmClm + , >azxd 82 MeV

(%hh

2
for the system em + L3¢ (s2e Figs. 3 and &4).

IV DISCUSSION
YWle shall follow clos2ly the procedure used -in Ref, B.in which & éood'

fit to the experimental cross sections was obteined with the following formulas



‘Here, T and T
the cross section for the £ - th partial wave; £

”Aﬁﬁhe reactions are assumed to change from the compound nucleus type to the,:'

neutrons from a compound nucleus of angular momentum £ and excitation energy:’

~give us calculated values for o
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f_havefbéen defined earlief;Ei is the bombafding energy; di is-
- is a cut-off value at Whiéhff

grazing type; and P_ z(E) is the probability for the emission of exactly'i:" B
, oba] . | .

o

~E. Formulas for 0y Loys Py g 8nd I /T, shall be given later in the discussion. . -
. , . : . B ;

Ccn’ !
" Formula (1) is based on the assumption that Pn/Ff,is independent of

E,, (orEand £), and thus; thut the shape of the function is determined by
a

to reproduce the shape of the experimental cross section curves by adjusting ;‘”

a few parameters in the formula for P
)

CN
o, values into Eq (1), we obtain average experimental Pn7Pf values which will =~ ',

- Dbe fitted to calculated ones.,

A. The Shepe of the Excitation Function

The values for the quantities,-cz, ECN’ and Px,ﬁ in the sum term,

0CﬁPx’
of Eq (1) are calculated in the following way: | '

1) 0, = o (23+1)T£, where X is the reduced de Broglie.ane length and
Tz is the transmission coefficient for the £ - th partial wave tﬁrough the .
foilowing poténtial, Vz(r), Beiween the interacting nuclei:
| 2.7, 6% | u ro(Ai/3+A%/3)-r.

2
172 1 °2(241)
..._I.‘.__.__, .+ el S S + Vo exp a

..

\'s (I‘) =
l. 2;;1‘2

" 0gP . The analysis is therefore performed in two steps. First, we attempt -

, (see following Section). This will .. =t

. Px.'fo inserting these values and_experimentalufii
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where Z and A, are thelr atomlc numbers and mass numbers, resppctlvely, Y is

i
Planck's constant divided by 25 is the reduced mass of the system; V , ro,;nﬁ?ﬂ?'f

rand 4 are optlcal-model'parameters for which we shall use the emplrlcal'valuesfgaﬂ‘ 5"

=70 MeV, 1.24 fm, ‘and 0, h8 fm, respectlvely,g,

We make the approximation that Vz(r) at the peak is parabollc in shape
10

T, = {'.1+exp[2;:r(B-Ec);/ﬁw]}: -l .,

'Here, B is the barrier height of Vz(r), E, is the kinetic enerquof.bdthﬂ'

and T, is then given by:

o particles in the center of mass system, and
w = [~82V/ arz‘] 1/2

;>where Bzv/Br is evaluated at the pea& of Vz(r), i e., where BV/Br_O.

2) The value of £_ is chosan such that the ratlo'” "

‘on
=
;O I Z

£
(where the sums represent the cross sections for compound nucleus formation

gand_~_
- total interaction, respectively), is equal to the experiﬁéntal:valﬁe of 0.8 as ;o

2385 + 120 Mev 20,11 We shall assume the value of -

12

'obtalned for the system

. this ratlo to be independent of E .

. E
3) Px’l(E) = I(Ak,zx 3) - 1(a i, 2x- 1) L o _ TN A
. ’ ’ ..A . Co i “‘-‘
- where I(Z,n) is Pearson's incomplete gamma-function, .

_ ! |

= (B 'igl I;i - Eg)/T, end A, = (E{§1Bi- E§+l - ERj/T R | .
Here, E is definedfabove; Bi is the binding energy of the i-fh ﬁeﬁtrdn$: 

T is the ngclear témperature; ER is the rotational energy au thﬂ‘equilibriug

~configuration and shall be estimatad from the formula B = (ﬁ /23)£(£+l),

vhere § is the effective moment of inertia; and Ei+l islﬁhe fission barrish of7ﬁ  

- ..- o f
the product nucleus (Ex+l < Bx+l)'
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The follow1ng assumptlons are the basws fo“ the estlmatlon of P z

(l) the nuclear temperature for Deutron em1351on ‘is equal to that for fJSSlon

and is 1ndependent of E and 2 (2) the rotatlonal energy at the equlllbrlum f;_ o

'conflguratlon is equal to that at the saddle p01nt (3) the effectlve moment

of ‘inertia is 1ndependent of E and 2, (&) rotat:onal energy is not avallable :f ;,:f

" for neutron emission and flsslon, = (5)  angular momentum carrled off by neutrons
';_1s negllglble, (6) the angular mowentum alstrlbutlon does not chauge durlnglﬁ;ﬂw
v the cascade and is equal to that of the compound nucleus, and (7) gamma, em1SS1en

. tak s place -only. -when the excitation energy of a nucleus of less than (B +ER).

The caleculation of o,.P , in 2 MeV 1ntervals of E, ,was performed on a .

C x
CDC 6600 computer. Values for B and Ef wvere taken from Refs. 13 and 14,

‘ .. respectively, and in the estimation of E we used the masses from Ref. 13. .Thetjqﬁ= o

:' . quantities T and h2/23 were the only adjustable parameters.

Best fit was obtained with T = 1.2£0.1 MeV and 1°/2& = h.584.5 keV. These

' values are identical to those obtained in Ref, for u(c, xn) systems although tne ;T

errors in % /23 in the present 1Pve°+ﬂgat10ﬂs ere larger since only 3, h and Sn Lol

reactions wvere involved. We notice that a fit 1n these cases can actually be

‘obtained withvhg/zs = 0, i,e. with no rotational energy terms. In Ref 5, where ?
. reactions involving the emission of between 3 and 8n neutrons were analyzed, 1t,»7" '

‘was not possible to obtain a fit with ﬁ2/23 = 0. Hence, for comparison we shall S

- in the following adopt the values T = 1.2 MeV and h2/23 = 4.5 keV,
The results are shown in Fiz. 2-7 whare tha curves, representing calculated
- values are seen to follow tie expsrime :ntal point qulte well. The curves are norhall

to the experimental points at the peak and ars also shifted a certain eamount A E

C).
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along the experimenta%/inefgy scale so as to givéfthe'beéﬁ fit. The values
~for AE for the véribus systems are given in'Téblé‘II. The average value of
AE is 0.2 MeV with a st. dev. of 1.5 MeV wvhich is inside the experimental

uncertainty of 2 MeV.

The effects of the energy spread of the beam on the width of the excitatioh ; )

functions were not taken into account. Such a correction might make the FWHM' fﬁ' §

of the peaks as much as 2 MeV smaller.

B. rn/rf Systematics

1. Experimental-Fn/Pf Values

We define a mean value of f‘n/Pf as:
777 = &/(2-8)

Here G is a mean value of ?n/(Fh+Pf) defined.aéfi;
(% L /x |
G =%;1 [rn/(rn+rf)] j$ )

that according to Eq (1) is given by:

G- [0/ (o) ] Wx - (3)

. Values for-Fn7Ff, estimated at the peak of o and 0oy Fy? BTe listed

in ‘Table II together with the quantity,Aav which represents the mass number f
of the intermediate fissioning nucleus half way along the evaporation chain.

‘The errors for Pn7Pf are about 50, 25 and 20% when ?;7?; is estimated from a 3n,

n and 5n reaction, respectively. They include experimental errors in % and

urncertainties in ¢ Px due to uncertainties of 0.02 fernis in ro and 4, 0.1 MeV~

on
in T and 4.5 keV in 4%/2.

2. Semi-Empirical Formula for Pn7Pf

W= have assumed above that ?n/Pf is independent of both E and £. A& -

formula for :Y’n/f'f that does not contain E or , was developed by Fujimoto and




=

:,?conStant temperature level density formula15 (as is the formule for ?x Z) and eﬁ

%o the experimental ones by adjusting the constants, c, A and T, end using

* experimental ones in Table II.

+
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15

Yamaguchi.h Using thls formula and 1nclud1ng odd-even terms, the geometrlc

_mean value for Iy /P 1n a cascade of x neutrons from an even Z nucleus can be

5

written as:

T < o a3 e:;p;(ﬁA/x)‘,zexp,{[él' @ - B_',.L)]'/im}' o

~ where A, Ei, Bi,.and-T have been defined earlier; e aﬁd.A are constants;-ahdf9”ﬁ'

av
o,n _=n_..  (n_ and n__ are the numbers of -
C ee eo - ee eo oo EEACNE N
B = .l,’nee > n, o even-even and even-odd nuclides - . L
: in the cascade, respective
-1, n_<n , ; respectively)

ee €o |

This formula which is a good approximetien‘férvE—B 2_3 MeV15

)

the assuﬁption that pairing energies only depend on the even or Odd'charactefs%:ﬁi”i’“

~of Z and N.

Values for‘PHZPf_calculated eccording to this forﬁula were nov fitted -

- the values for B and Ef from Refs, 3 and 14 'respectively. Best fit was

obtained with ¢=0.63, A-1.k, and T=0.6 MeV which reproduced the experimental

| ei:fvalues with & st. dev. of 22%. Calculated T /T, values are compared to the v:if o

When only 4n and 5n cross sections are considered the ekperimentEI .

; ;:values are reproduced with a st. dev, of 10%.' This is a factor of_twe Betfefff:3:;*”7
:; than the estimated experimental errors. The reason for this is_thet;the

'f;-caléulated valyes are normelized to the experimentai'oﬁes and hence, syetemetfc;fiﬁef

experimental errors are eliminated.

A closer examination of the experimental and_dalculated‘Pn7rf'values .

.in Table II reveals that for 3n reactipnsrthe fomer are systematicelly and on . .

the average 30% lower than the latter. This_discrepancy'cah be removed by usingeie

is based on the_:ﬁ'"v”'L
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. a value of 1,1 MeV instead of 1.2 MeV for tﬁe sﬁelear)teﬁpefature,ih the
4est;mation of OCNPx' "This Qill.increase!the ekperimental T—7f" values fer-
-~ the 3n reactions by 30% whereas tho e for the kn and 5n reactlons are practlcally |
‘unchanged The values of the other parameters, T ,'d{ VO, and H /23 have '. |
,llttle influence:on the relative values of ~i7“_ 'Wetmay therefore conclude f‘A
’vthat iy /P- within experlmental errors is 1ndependentvof bombarding energ&.
_Thls is 1n agreement W1th the conclus1on drawn in Ref.:5 on the basis of a.slmllar
analysis of reactlons 1nvolv1ng the emission of between 3 and 8 neutrono.:
‘The values for e, A, and T obtained in Ref. 5, where f;7f; for Cf =

isotopes were analyzed, were 0;33;.1.5, and 0.59 MeV, respectively. The‘large
- difference between the ¢ values from thase two sets of experiments is svgnlflcant .
;Thls disparity is regarded as outside experlmental errors, - Rather we thlnkl;t;' .
is in large part due to_uncertainties in the values of Ef used, We find a veiue';]"
of 0.5 for ¢ if we assume that the Ef values for the Cf isotopes are systematicaiiy-'
‘0.2 MeV too high and those for No isotopes 0.2 MeV toQ low. By extending thsse
- calculaticns to lighter actinides the discrepancies became eﬁen larger, For
jlnstance, to obtain a fit to experimental T /" values for uranium 1so»op°s the

Ef values from Ref, 14 have to be decreased by about 0.8 MeV. This suggests

eithef some systematic and primarily Z-dependent deviations-iﬁ these.values or
‘.a break-down of Eq (k). \

3. Empirical Formula for ' /I
. n f

The systematic varietion of I‘n/I'f with N is illustrated in Fig. 8 for - &
trans-berkelium. nuclei of even Z, Here, the points represen{ experimental
F;7?; valnes and the solid and broken lines, that connect individual Fn/I‘f

valuas for nuclides of the same element, represent respectively, Eq (3) with



- x—l ¢=0. 5, T-O 59 MeV‘and A, 5 and the follow1ng emplrlcal equation

T T L
Py

" Z trans—thorlum nUCllﬁeS} (A similar good fit for 0dd Z nuclides is obtalned

by adding 0.12 to the right side of Eq (5)). Hence, such a formula is more o

"5f; the N=152 subshell has been p01nted out by several authors.
' to note that the data from the No isotopes presented here suggest a similar bﬁf'%
".. less steep relatibnship above that shell. Such a;trend»is also reproduced by }

" Eq (%) in conjunction with EY and B values from Refs. 13 and 14.

5 h6 + 0. lhON for N'< 153 (55j;::
19 23 + 0, 050N, for N > 153 o

log r /r' -_o‘.276 .z_ + {

We see that the emplrlcal equatlon gives & better overall fit. In fact, wé*l'i'_g:f

flnd that Eq (5) reproduces well all thc experlmental r /F values for even

realistic to use in cross section calculations in the vicinity of nuclei for

which I /P values are known.‘

This very nearly linear relatlonshlp between log r /P and N, or A, below
15

It is 1nterest1ng

g

Using Eq(4) in ConJunctlon*uuh Cameron 's values for B and his st ell and - palring

. corrections 6 for the estimation of Ef it was predlcted in Ref. 17 that log,g.%f-

'j‘Pn/Pf in the region of the 152 shell'is almost symmetric with respect-to“N£153;

i.e. that log rn/Pf decreases almost as fast with N above N=153 as it increases. '

with N below that neutron number, The fit to experimental data was good below‘uiv

'N=153; This suggests therefore that above N=153 Cameron's values do not’

- feproduce the systematic trend as well as do those from Ref, 13 and lh;

The three experimenfal points given for element 104 represent Pn7Pf f‘-v.ﬂ ' 

values estimated from the éxperiméntai Cross sectionls'for the production df_ ? ~:

2h2

-8 0.3 sec¢ SF emitter in the reaction between Pu and ?zNe assuming a 3n,""

kn and 5n reaction, respectively. Comparison with the extrapolated I‘n/I‘f

‘values using both Eq (3) and Eq (4) suggests the 3n and 5n reactions to be the

- most likely candidates. In ths latter case this emitter is 25910k which also



""" such as Eq (5). In using the Fujimoto-Yamaguchi formula, (Eq (4)), one has t0 .
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- should be ‘produced in a Pu( Ne, 3n) reaction.. Since this was shown .
e‘experimentally;not to be the casel6 one may conclude that this activity is mOre:w

. likely due to 26libh rather than 260th as 1mp11ed in Ref. 16 " However, the: iw.;i -

Pn/Pf systematicsaievof,course too uncertain to make this isotope.assignment -

definite.

V. CONCLUSION

The shapes of the experlmental ex01tatlon functions are successfully

'reproduced by the calculated curves and such curves can therefore be used 1n‘

. mass as51gnments. To predlct values of the absolute cross sect:ons 1t appears

—.-at the present tlme,more real:stlc to use an empirical formula for T /F

"rely on rather questlonable values for the flSSlon ‘barrier and the neu+ron
- blndlng energy, Here an uncertainty of only 0.2 MeV in the Quantltyi(Ef'Bn)"elt‘.‘:v

' 'will 4introduce an error of about 40f in the value of I /Tee This error cOrrespohds.ﬂ7

- to an uncertainty of & factor of three in the predicted value for a in cross .

section in a region where I‘n/I‘f is about 0.1, One might theréfore suggest a

reverse procedure namely to use Eq (4) in conjunction with experimental Pn/I‘f

values to obtain "experimental"'values‘for (Ef-Bn).
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Table IT. Results of the analysis of experimental excitation functions for Cm(C, xn) No recactions.
Here, o represents the maximum cross section and E, _ the corresponding ion energy in the laboratory . -
_ system 28 recad off the curves in Figs. 2-7; AR ﬂivesltﬂe amownt we have shifted the calculated curves in
the Figs. along the experimental energy scale to obtain a fit; (UCVP ) _is the calculated maximum cross
" section for a (C,xn) reaction when Tission competition is ignored;le mrepresents the mass number of the
intermediate fissioning nucleus half way along the evaporation chain. In the last three columrns of the
Teble experimental T /T

- Tfrom Eq t

A

»

et o

»q
(MeV)

AE 0x,m (UCNPx)m .

(V) (uo) - (mb)

av

r_Jr
n

(exp)

I

) n, 1 - .::.-

Ff 5

bl 12 )

Cm + . C ‘ L

2hl

246 2

o8 13

Cmr T

Cm +

cm+ T

248, 1z,

R

Cm +

w

73.3

830
69.8

72.8
82.0

S 7200
1 83.0

‘v. 26 13  87;5 "

69.5

69.2
7.2
-  '77¢8 -

{_7035‘1i-
8

0.12
0.30

*
0.25

0.16"

. 1.0
ooz

2 0.07

8.5 2

0.6z
056 -

0.6

l‘o

0.58"

'.i;i.jf;W

30
150 -

90

~0.090 330

08

77'
250

,._258_,
257.5
- 257

zshes
254

256-

“rags.5

265

:.259.

258.5

258

2595
B9

0.05k

0.0
0.046
0.061

0.072

0.065

' 0.051

0.0565

0.071

.05
'Q.O85

0.081

o.o8
0.093

"i5_0,039
0.051

0.033
10.063
0.052
0.053

" 0.083
- 0.053

_0.683
0.071

| 0+€71

0.073
10.076
0.069

0,087

0,081

o3 T T
10.037

values are compared with values calculated from Eq (4) and with those obtained -~

N O

0.060 -
0.054

0,058 .-

0.0tz L
li0;068wf;J

0.085

0.080
.0.076:
0.090 . o
C0.0850 L

* The combined cross secvions for trhe 2.5 seC C.lMeV o emitter and the 2.5 sec SF emitter.

' TTOQT-THON
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FIGURE CAPTIONS . - ° UCRL-18011 -~
Fig. 1. Ratio between the yield of 8.4 MeV o to that wf 7.1k MeV RO
@ in units of 10 -3 measured as a functlon of ion energy for the systems -

Ao A8 + 12, (0); sna 2

e (@) om + 3¢, (O)." The -
ordinate scale on the left hand is for the.first three systems and that on:

Y, ()

the right is for 2”80m + 130. o | o ': 4 o
. el
Fig. 2. Experlmental cross sectlons plotted versus ion energy for ~Cm
2 ' '
c, xu) 56- No reactlons,~ The open squares,,solld squares,_and clrcles

- correspond to x=h (o emitter), x=l (SF emitter), and x=5, respectively.

The ylelds of the SF emltter have been. multlplled by two° The curves:"f

 ~represent the functlon o P normalized at the peak to the eyPerlmental p01nts,"gffffhf

CN x

- The energy scales for the curves are dlsplaced AE MeV relative to that of the:yle
-points. vValues for A E are given in Table II.

Fig. 3. Experimental c.oss sections plotted versus ion enérgy for

2lhy 256 -

cm(l3c, xn) *No reactions. The triangles, squares, open circles, ande]fﬂ

closed circles corresponding to x=3, x=4, x=5 (o emitter), and x=5 (SF emitter),i t
respectively. The yields of the SF emitter have been multiplied by two. The‘T;Q

0

_curves represent the function GCNPr normalized as explained in the caption forrr_fia"

Fig. 2.

Fig. b, Experimental cross sections plotfed versus ion energy for
2!}6Cm(lzc, xn)258-xNo. The squares and circles correspond to x=hlandea5, )

"‘respectively.‘ The curves represent the function obNPx nprmglized'as expldihed'y.? :

in caption for Fig. 2.

&)
' i

Fig. 5. EyPerlmental cross sectlons plotted versus ion energy for_
2u60m(13c,'xn)2)8 No. The triangles, squares, and c1rcles correspond to.' ‘ .-”‘;_:L

x=3, x=4, and x=5, respdctively. The curves represent the functlon GCNPX: L

normalized as explained in the caption for Fig. 2.
Fig, 6. Experimental cross sections plotted versus ion energy for -

{n)26O‘XN0, The triangles,ﬁsquares, and circles eorrespond to



dbfﬂvnormalnzed as’ explained 1n the captlon for Flg. 2.‘:fﬂﬂ'%”J

'fln the caption for Flg. 2.2

':h;;‘cascade. The data are from the present work, from Ref.-S,‘and from Ref. 17?f

: ;tfprespeCtively. For element 104 we have indicated three possible values'for-

R & 7 based on the assumptlons that the SF emltter observei'ln the reactlon }

Coage UCRL-18011" .

e .

x=3, x_h ‘and x_s, respectlvely,v The curves represent the functlon oCNPx‘E‘

F1g9f7; Experlmental cross sectlons plotted versus ion energy for ,fﬁﬂ”t

'ZhBCm(;BC, xn)26l xNo. The squares and circles. correspond to x=b and X~5,
“:ﬂ.respectively The curves represent the functlon UCNP normallzed as ehplalned
‘Fig. 8. Experlmental r /P values for even Z trans berkel1um nuclldes

E plotted versus the neutron number of the 1ntermed1ate nucleus in the neutron ,

.. The circles, triangles, and Squares represent data for:Cf} Fm, and No,

'{i*between 2ha Pu and 22 e is produced in a 3n (SOlld +r1angle), hn (SOlld square);ﬁigh'f
"-and 5n (pentagon) reactlon, respectlvely., A o ‘ o
The s0lid lines connect 1nd1Vidual r /P values calculated from Eq (h)
“”;’as explained in the test and the broken lines reprcsent the emplrical relatlon-”ﬂ

“shiprof Eq (5).
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






