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FIG. 4. Neutron fission cross section of 24U, This shows the
general feature of a very sharp rise in cross section from sub-

barrier energies, which is characteristic of quantal barrier

tunneling.
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FIG. 6. Neutron fission cross section of 3%Th [data of James
ef al. (1972)].
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FIG. 1. (a) Schematic diagram of potential energy contours of
a fissionable nucleus as a function of the quadrupole and hex-
adecapole deformation parameters. (b) The potential energy
. along the minimum energy trajectory for increasing elonga-
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Fig. 45. The Saclay subthreshold fission ¢ross seetion of *¥'Np, maltiplied by \/E

(A 68y

, is plotted as a function of neutron energy F,,

between 10 ¢V und 100 eV (diagram a), The positions of the resonances as observed in the total cross section, are indicated by bars
in dizgram b, Vor each resonance, the height of the bar is proportional 1o the reduced neuiron width 2gf,° [after A. Michaudon
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FIG. 7. Above: the total neutron cross section of %°Pu (Kolar
and Bockhoff, 1968), showing the large number of fine-structure
resonances. Below: the neutron fission cross section of 2‘;°Pu
{(Migneco and Theobkald, 1968) showing a very few fine-stiruc-
ture resonances of appreciable strength and those clustered
into a few groups that constitute intermediate resonances in the
fission channel.
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TRANSMISSION COEFFICIENT
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! FIG. 152, Near-barrier flgsion excitation functions. A one-bumped barrier gives smoothly rising fission probabilities. Each
" transition state K with Its associaled rotational hand will give a characteristic angular distribution, and the tota! fissjon fragment
o ' B - B angular distribution can in principle be decomposed into a stim of contributiens from each channel K¥, With a two-humped barrier
" arrier there will be much more structure in the excitation function, which will be dominated by the transition states in the second well
1?2 ' and their associated angular distributions.
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FIG. 26, Transmission coefficient calculated for the passage
of a wave through a rectangular barrier (Fig. 25). The inertial
parameter is chosen so that 28/4°=1200 MeV-! {the deforma-
tion parameter 7 is dimensionless},
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Fig. 65. Fission barrier (solid line) resulting from shell corrections to the 1.DM barrier
idashed line). As in Fig. 54, the abscissa J gives only an indication of the magnitude of the
deformation but does not specify the type of deformation. For certain classes of nuclei,
for instance, those having neutron number N in the vicinity of 146, the fission barrier
presents two humips 4 and B, at deformation S, and §,, respectively, where the shell-energy
vorrections are positive. These two humps can be separated by a deep second well, at de-
formation g, , where the shell-energy correction is negative, This kind of barrier shape has
consequences (discussed in Sect. 5) for the understanding of the fission process.
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FIG. 95. Schematic illustration of the damping of a vibrational
resonance into class-II, and ultimately class-I compound
states.
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DOUBLE HUMP BARRIER

WKB APPROXIMATION
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Fig. 75. An illustration of a two-peaked fission barrier parametrized by portions of three
smoothly joined parabolas [Eq. (5.21)). The connecting points g and b define three region.
of the potential energy. The locations Li of the quasi-bound levels are indicated. The
dashed curve represents a comparable single-parabolic barrier. Parameters for these tu,
barriers are listed in Table 1X [after ). D. Cramer and J, R. Nix (CN 70)).
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i 76, A comparison of exact and WKB (quasi-ciassical) penetrabilities for an asymmetric
wrrier. The potential parrier is shown on the left, with the connecting points a4 and &
Ad the positions of the quasi-bound levels indicated. The semilogarithmic plot on the righs
ompares the exact results (sohlid liney and the WK B results (solid points). The energy chift
ndicated here at the 4.76 MeV resonance between the WK B and exact methods is 20 keV.
"he predicted penetrabiiities in the valley just above the 4.76 MeV resonance are
w410 and 3.2 ¢ 10 for the WKRB and exact methods, respectively. Parameters for
bis barrier are listed in Table X [after J. D. Cramer and J. R. Nix (CN 70)].
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Fig. 74. Linear plot of the penetrability, calculated by the exact method, through the two-
peaked barrier of Fig. 75. Note the sharp resonances at the positions of the quasi-bound
levels in the intermediate well. To illustrate the influence of experimental resolution, the
wwlid points represent the results of foiding the calculated penctrability with a Gaussian
furction having a full width at half maximum of 100 keV. The dashed curve gives the
renctrability for the single-parabolic bacrier of Fig. 75 [after J. D, Cramer and J. R. Nix
CONCTOY).



TABLE X1

Summary of Avaifable Fission Data Which Can Provide Information on the
Parameters of Double-Humped Fission Barriers”

Fission data Gives
E &
Spontangous fission T"‘f. [
half-life T2 iy e
-
z or
i
S £
& ha
w
o Fission isomers
(=]
=) ) . Era
a. Spontaneous fission halflife T3, .
=z . sy
=
g b. (x, 2n) reaction threshold £y
z ¢ #{x, 21} at maximum Em
v
z
= Cross section for near-threshald fission processes, {1, /) and (4. pf) £y {or Ly,
E . Koy {or Breog)
- of b
— E E,
Vibraticnal Rssion resonances N
ke heup
10 :
10 -3 .12 _11 0 Intermediate structure By
E, &
ENERGY [ MeV] M and 2
ey B

FIG. 34, Schematic picture of the transmission coefficient through a double-humped barrier with damping (represeated by an
Imaginazy component in the potentlal energy) in the secondary well (broken curve) compared with the case of zero dampiog (full
curve). In the first case the imaginary component 1s 50 ke V. '

* After 5. Biornholm (Bju 65b).
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of neutron num-

5. Bjgrnhoim and J. €, Lynn: The double-humped fission barrier

TABLE X¥XI. Recommended values of barrier parameters from analysis of fissian cross-section data on the actinide miclides.
It is not claimed that these parameters are unique in the sense of being the only sets that will fit the datz. They are designed to
be used with the other nuciear parameters given in this sectlon for the purpose of establishing the systematics of actinide lission

harrier parameters on a common besis,

Neutron
separation
Compound  encrgy S, Ty Ky Tp LI
nueleus MeV) Reactions Footiote (MeV)  (MeV) (MeV) (MeV) Comments
e 5.23 BThin, £} 1 ~6,7 From value of 7, above 2 MeV
Wy 6.79 Blpay wry 2 6.1 1.0 8.5  0.75  See Note 1
BIThin, £} 3.4

TR 5.13 By, £} 5, 602 0.9 5.27 0.57  Analysis of vibrational resonance structure
reparted hy Yuen el al. {1421). Statistical
Hauser- Feshbach analysis gives barriers
~8,3 MeVhigher. Se¢also See. V.

2y 643 Thit, pr) 2 582 1.0 6.22 075  Barrier parameters from pure vibralional
maodel analysis; statistical Hauser- Fesh-
bach calculation with same parameters is
ahout factor 2 too large at high energies,

] 4,79 BThin, F) 7.8 655 08 6.85 056 From statisticnl Hawser—Feshhach calou-
lation. For relation to vibratlonal struee-
ture see Sec. V.

THTh 6.18 Bhn i, pA) z 61 1.0 6.5 075  Pure vibratinnal resonance fit to data
See Fig, 91.

iHpa 5.85 BiThfHe, 1) 9 6.1 0.65 8,1 045  From statistical Hauser— Feshbach caleu-
latian,

Blpa 6,88 2omntle,dr) 10,9 59 08 5.9 052  From statistical lauser—Feshbach calcu-

N lation, :
Wpg 5.57 Hpats, ) 1 6.3 0.5 6.25 045  Bacrier estimates (from Hauser - Feshbach
#paid, pf) 10 statistical analysis} agree with coude
2 ps PHe, 1} a analysis of vibrational resonnnce struc-
. bure; see See, V,

Mpy 6.51 TR $He, df) 10,9 6.2 .8 8.2 0.52 From atatistical Hauser—Feshbach analy-
8i8.

=y 5.96 Bpalile, tf) 9 5.8 0.8 5,2 052  From statistical Hauser— Feshbach analy-
BiS,

Ay 7.28 BipalHe, df) 2 52 104 51 06 See Note 2.

y; 5,79 B idn, f) 12,13 5.8 5.8 References cover regonance region, and
erogs section to 1 keV neutron energy
suggeats that ouclide is fissile.

=y 6.84 2y, pi 14 56 104 55 0.6  See Note2.

2y n, 7)
By 5.31 e, a0 15
Mlin,f) 16 6.15 038 5.9 052 Detalled Hauser—Feshhach caleulation
with K*=}* band at harriers 0.2 MeV
lower than quoted harrier heights gives
better fit than statigtical analysis (dee
Sec. .2 and Fig. 126}, For relation to
intermediate structure see Sec. ¥V. C.4
and Sec, V1. D.
ey 6.54 ey, ph) 2 See Note 2.
Py, ef) 14 See Note 2.
B3, £) 17 563 104 551 0,6 See Note 3.

any 5.13 B in, f) 18 628 038 6.08 052 From statlstical analys(s. Detailed
Hauser— Feshbach calculation with K= 3'
band 0,1 MeV below these barriers and
2~ band 0.1 MeV above glves improved fit
lsee Sec., VII. D2},

2y 6.14 Be(, pf) 2 57 10 57 08 Seq Note 2, Also see Fig. 128 for which
caleulated phatoliasion crosa section hes
lowest "= 1" barrier states 0.7 MeV,
0,1 MeV above U,, U g, respectively.

Blyw, 0., 1% Resonance data suggesi that K™= 1" barri-
er A atate could be ~1.1 MeV above UA.
™y 4,86 B, £ 17 6.46 0.8 §.06 052 Reference cross section for barrier level

density parametera of odd-A nuclides
(see Sec. VIL, C,2), For relation to Inter-
mediate structute sea Sec, VI,

Rev, Mod. Phys., Vol. 52, No. 4, October 1980
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5. Bjdrnholm and J. E. Lynn: The deuble-humped fission barrier

TABLE XXX (Contirued.)
Neutron
separation
Compound  energy S, Ta LA Ty Rug
bucleva MeV) Reactirna Footngte  (MeV)  (MeV)  {Me¥) (MeV) nmnEnts
My 5.82 HG e, pf) 2 375 L4 5.5 [ See Note I,
nNp 7.35 e, tF) 9 54 08 4.7 052 From statistical Hauger—Feshbach analy-
a5,
R 6.2 Bqritge, ey s R 5.2  0.45  Frem atatistical Hauser-Feshhach
Bid.
B the, ) %
Np £.09 S, i) 10 6.0 ¢.8 5.2 032 Frem seatistical Hauser— Fel - arnly-
sbs.
P e, 10 E]
¥Np 569 e, o) . 5.9 ACH 5.7 045  From statistical Hauser—Feshbach amaly—
sia.
26 Biie 1) 9
¥Np 6.59 20 Phie s ) 16,5 I 56 0,58 From stabistical Hewger—Feshbach asaly-
oIS .
R 549 B pr, pf 0 %) it.65 £.a 045  From giatistical and detailed Huser -
Feshbach analvsis,
BhifHe, 1) g
Himin, £} RII Fror relation to intermediate strucre &0
mee. VI
4,25 B e 16,9 AL a8 5A 0.52  From gtatistical Hauser.- Feshbaeh analy.
BLS .
5.8 Bgpite, ) L] 5.9 T3 W2 9,52 From statisiical Hauser—Feshbach saslve
18
¥ gplHe, 464 3 5.5 it 10 08 e 4
B, 1) 22 [ Y 5.7 052 From stoti
sis. Detailed Bouser-Fo
rive good fit with KV =" % -
nf harel states i 1% eV L\
harriers, Far relation to mier—
-neriuh strusture sew Sec. VI,
Hopy 5.52 W puis, pd 2 7Y S BUT L0708 See bioies 2 and 3 and Fig. 125, Relaticu
t intermediate struchire described o
wes. ¥ and VE
o Bpgp 17
Wipy 524 0By, 1 33,24,76 8.1 pS 55 0s? somment under 2.
Wpyg pr) 10
U2y [0 i, pf 2 5.6 1.4 N u.b See Note 2 and Fig
MU, 43 i, d‘l{duqer—J'c:.Hbz(h aanly:
Hpy 5.04 iy, ) R0 03 5.4 .52 From statistical Houser —Fesht
s.5. Fer relution &> intermed
nire see Sec. VI,
Wy 5.02 H2pyit, pr) z 5.4 1.9 EEL Sen Note 2.
Wapy 1.76 Mg, i 30 58 0.8 5.4 0.5 From stalistical Hmuser - Feshbsch auaiy-
f:i5. Dretaited Hauser —Feshibueh calcula-
uggests lowest barrier nlafes {per-
s K*f=4 - -y are =03 Me¥ lower thaw
am 7.25 Hpu e 1) E] Ad G 36 053 0 stefisiioal Hauser. Feshmeh ulalye
Wiam 5.94 JHe of 10 6.5 265 5.4 0.45 . statigtics! Hauser—Fasihooh anaty.
oy fHe, i) ] 7
Higm v B8 Hipe P, df) W0 6.2 [/ 5.7 057 Fiomo siatisticnd Huuzer— Feshbalh atinly-
Mam 554 Hamid, o) 10 6.5 085 5.7 0,43 From statisticad and detalied fan = £3
fisuger~Feshhach analysis.
Hlpyit, pf) 3
Hoamim, N a1,32 See Luta 4.
Mam 6.43 WipyPHe,dft 10,9 5.2 @8 5.6 0,52 From gtatistical Hauser—Feshbach roaly-
W am 5.37 WA (4, 0f) 14 6.4 063 iy n.4#4  From statistical and detailed jona,f}

auser- Feshlach aralysis.

S. Bjdgrnholm and J. E.‘. Lynn: The"deubiehumped fission barrier

XXXI1.

{Crntinuad.)

Neutron
separation
snergy S, Wa LI Tp LI
MoV Reactions Footnote  BfeV)  @leV)  (ALV) Med) Comum ents
W amin, Y A, 23
Ham 6.08 Wamit,pr) O 6.2 0.8 53 057 From statistica) Hoaser—Feshbach analy-
sls.
5.86 Hemit,or) 10 F 5.0 From statistical Hauser— Feshbach anaiy-
sia.
5.1 Wamfie, iy 9 HE D8 4.3 852 From statistical Hauser— Feshbach analy-
sin
rom 6.9 HamHe,df) 9 5.8 1.04 40 0.F From statistical Hauser— Feshlach analy-
sig,
Him 5.6 Wam CHe, Y 8 H.7 0.8 4.1 Froun statistical Hauser—Feshbach analy-
st
WMo 6.8 Ui fHe, 4 2,9 5.8 1.04 4.1 0. From statistical Hauser.-Feshbach analy-
ais
“WSem 5.52 M i a3 [ 0.8 5.0 .27 From statistical Houser—Feshbach analy-
s18.
Cm B3 B, 1) a3 [ 1.5 05 From statistical Hauser- Feshbach anuly..
sis
i, 5.t6 B tn, £) =] 6.2 a8 153 0.2  From stalistical Hauser— Feshbach analy-
gig (and see Note o).
Hem K21 ECmip,p £) 2 57 104 4.6 0.5 From statistical Hauaer— Feshbach analy-
sl
LU 4.7L Wm0 fid A% U 43 1,32 From statistical Hauger— Feshbach analy-
7 sig (and see Note 6%,
om BRI a 2 5.3 L 3.8 A From statistical Hauser- Feshbach analy-
sia.
5.1 #hom P He, dfy 10 %z .= Erom statistical Hauser—~Feshbach analy-
8i8.
Bk 197 MS0kin, 1) 51 6.3 t N From stalictical auser—Feshbach analy-
sls.
e 6.62 WL 35,38 5.6 1.04 EICH From siatistical Hauser— Feshhach analy.
30 37 54 nA

208, £

Yurowmikov ef of 1371

*Rack e al, (1974a)
}Gokhberg ef af, (1930a)
CCotE ef al. {1965)
SJames of of. (1972
{1871}

senith (1958)
ELamphere {1363)

¥ Gavroa ¢! al. 076
Yoack ef of. 1u74c)
Hauir and Veeser (1971)
2y 9R4)

Bpareell {1370)

Fete 10 The ¢ o) dots can

Lias basriers and making some allowance

1 ibe sumic harrier heights
diess harriey

culatio

ighiz

Darvier A4 farvrier §

K Ea—3,
[ ~0.0
g ~—0.03
i ~.u2
2" ~i0

auatisticsl caleulations in the region of 1 MeV are almast a factor of 2 too high:
ral caleulations on Tk nuclel suggesting that barrier B densities might be oversstunated but see Sec. YILD.3).

e Dbl by these paremeiers u
the presence of o
snd fuig reducﬂtl 0.6 M2V,

Y Back ¢t al, (LI7L)
Bgritt and Cramer {1970}
¥ Lamphera (194
Vgowerty ef af. (1f=;4‘
¥ Raosler ot af, 1072
Barenatly e al, (12743
BErown ef o, 11970)
Mstoin et af. (1963}
eitnert of al. (1971}

B Nogterov and Snirenkin
B lonke ef ai. (1967
2si_iyer.-a et af. (1068)

Cu e cibrLon!

The {iz

wodel beilton a £7<

¥ Kappeler anl Pfletschinger (1970
Y Bytler and Sjoblom (1961}
plons (1973)

¥ Butler (1560)

P Auchanipavgh et af, 19713
Heeepror ot af. (1967)
 sowman et al. (1965)
“Haybarz et al. (1871}
Syoratntkay et al. (1970}

S Gihert (1973
%yorotnikev et «l. (1972}

I Moore £t al, (1971

= 07 rotational band oves
not ba fitted Sy u strong damping model

aectien datn are adrquately fitted by specifie cul-
sith rotational Lanids at the fallowing p_-»-ur.,u & {energy ukits in MeV)

this tenda tu be a cotmmeon feawre of the statisti-

Resanunce region

daia give fisgion widins ranging from 4 weV w 160 mev and resonance spacing of 0,41 ¥, thi= iy consistont with position of J¥
23" barrier stal implied zbove (giving r‘,{a': 10 meVy,
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TABLE XXX1. (Continved.) o . .. . N

Note 2. Barrier parameters fit a calculation of {ission probability through the K "=0" rotational band across the barrier. A
damped vibrational model hzs been assumed and the calculation inctudes the elfect of Porter—Thomas fluctuations in the elass-I0
levels, Porter-Thomas fluckiations in the class-[ levels have not been {neluded but neither has experimental resolution and these
two effects tend to be compensalory.

Kate 3. The statistical model calculations of fisaion eross-sections of 20 and *'Pu have Been adjusted simultaneously to give
the barrier densities that have Geen used for statistical caleulations on other even vompound nuelei {see fee, VIILC.2).

Note 4. Analysis of apontanecus flsslon isomerism suggests g~ 5,8 MeV, Resonance data at low neutron energles give Iy
~0.18 meV. This agrees with barrier paramelers given.

Note 5. Parameters are frum statistical model fit. Specilic calculation employs J*=3/2"" barrier siales 0.06 MeV bhelow the
statistical parameters, J'=1/2* 0.05 MeV above, 1/2° 0,08 MeV ahove.

Note &. Parameters are [rom statistical model fit. Specific caleulation employs J"=7/2°,9/2°" barrier states 0.2 Mev below
the statistical parametars, JT=1/2" 0.05 MeV above.

Note 7. Parameters are from statistical model fit. Specific calculation has J'=3/2°, 5/2 barrier states 0.25 MeV below statfs-
tical values, 3/2, 0.18 MeV below. Rescnance data indicate fission widths are of the order of magnitude to be explained by bar-
rier parameters.
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TABLE XXXII. Summary of barrier and ground.-state enecgloa, All energles uro ln MaV. Most of
the mumbers are takea from Tables Y-VII and XXXI, sublracting a amall correction for odd-A nuclei;
see text. The ™Ha barriers are from Weber ¢f af. (1976), snd the Mac, 2'Th, 25Th, ®pu, and
4Py hars,.u values are due to Aabs (1977). The energy &; relative to the spherical shape of the -

5. Bjdrnhalm and J. E, Lynn: The double-humped fission barrier

liguid drop is based on Myers and Swiatecki (1967) with experimestal masses from Wapstra and

Gove (1971). Those relative to the droplet are from Myers (1977) with experimental masses from

Wapstra and Bos (1977),

£y
Ta Eqy Vs Rel.to sphericat:
Isatope (Relative to ground state} liq. drop droplet
:::Ra 8.0:0.5 B.A+0.5 0.5z 0.15
Ac 6.0=0.8 77903 0.23 —0,95
2y 5903 6.6+ 0.3 032 -0.94
by 6,2:0.3 §.5:0d 0.20 -0,95
:::rh 6.5:0.3 0.37 —0.83 _
Th 6.1:0,2 6.5£0.3 0.33 -0.75
Th 6.0:0.1 <5.8 6.1 ¢0.5 0.29 —0.73
ig'[‘h 5802 <45 62+0.2 0.44 —0.54
I 6.3:0.2 6.2 6302 0.57 0,40
Tk 6.1 :0,2 6.5 0.2 0.63 —0.18
Pa 5.9 0.2 5903 0.26 —1.03
Pa 8.1 10,3 5.7 5.2 +0.2 0.09 -1.16
::Pa 6.1+0.3 8.1 0.3 0,26 -0.95
=y 5.2+0.2 5.1£0,3 -0,19 -152
.y 56102 55:0.2 —0.28 -1.58
HSL' 5.9+ 0.2 25203 56202 —0.28 ~1.59
”:L- 5.6:0.2 2.3+02 5.540.2 -0.15 —1.38
oy 6.1+0.2 2.5:0.4 5802 -0.20 -1.43
z”u 5.7+ 0.2 264001 5.7:0.2 ©.05 —1.04
:U 6.0+0.2 1.8£0.3 ©B1+0.2 0.10 -1,60
:::U 57:0.2 5,5:0,2 0.31 —0.63
acy) 5.5 40,2 5.14+0,2 ~0.63 -2.06
Np 5.5:0,2 5.2 0.2 —0.51 ~1.96
Np 5.8:0.2 5.6 0.2 —~0.65 -2.08
Np 5.7:0.2 28-0.3 5.4+0.2 —0.43 ~1.85
::Np 6.1:0.2 2.5+0.3 6.0:0.2 —0.61 —1.98
Np 54+0.2 5.4+0,2 —-0.25 -1,58
ey 53:0.4 —0.18 -1.50
Wpy 5.8:0.7 —0.50 ~1.89
:::Pu 2.6:0.4 5.1=0.4 —0.71 -2.22
wpu 4504 -0.78 ~2.23
P 2,802 —~0.,88 |24l
Pu 556:0.2 2.740.32 5.0+ 0.2 —0.81 -2,29
“nPu 6,2:0,2 2,6 +0.2 5.5=+0,2 ~0,98 -2,50
Pu 5.6+« 0.2 2.4:03 5.1+0.2 —0.71 -2.15
:::Pu 6.1+0.2 19:03 54102 -0.70 -2.17
Pu .5.8:0.2 5.1+0.2 —0.46 ~1.81
Wpu 5.910.2 1.7 503 5.2:0.2 —0.48 -1.84
-mP“ 54102 5.0 0.2 -0.21 —1.43
PPu 5.6+0.2 5.040.2 -0.18 -1.37
vAm 24:02 (~1.0} —2.54
Am 2.6 £0.2 -1.32 —2.83
Bam 62:0.3 2.4+02 -1.15 ~2.76
:::Am 6.5 +0.2 30202 521403 {=1.40) —2.99
o B.0:0.2 22 +0.2 5. :0.3 -1.05 2,67
iham 6.5 0.2 2.0:0.2 54:0.3 —1.14 —2.71
Ham 5.9:0.2 2.3 40.2 5.4:0.3 —-0.76 —-2.33
Ham 6.34+0.2 2.8+0.4 5.4¢0.3 —0.91 ~2.42
Am 5.9+0.2 5.2:0.3 —0.48 —-1.95
Hiam 5.5+¢0.2 (—0.13} -1.49
Hipm 6.3+0.3 2.1 :03 4305 -1.57 —3.25
Hiem 5804 4005 -1.35 ~2.98
Hicm 8.4 +03 1.9:03 -1.4% —-3.08
e 5802 1303 -1.28 -2.87
Hiom £21+0.2 2.1:04 -1,37 -3.03
Hépm 5.740.2 4.210.3 -1.13 —2.69
Hem 8.0 ¢ 0.2 ~1.16 2.7
Hoem 57 0.2 —0.86 -2.35
Hem 5.8:0.2 —0.63 -2.13
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BARRIER HEIGHT
INNCR:

YV (evew) » 5.7 - 0.01067 * (N-147)%
(oup-A) % 6.3 - 0.01067 * (li-147,2

(opp) % 5.5 - 0,01067 * (f-147:2
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FIG. 166. High resolution data on the neutron flasion cross section of BT (Blons et al., 1980) and attempted it with the model of
Boldemann e al. {1380} based on near-degeneracy of A*=% and}” rotational bands. Cross-section compenents for individual spin
and parity combinations J¥ are alse shewn.
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FIG. 129. The fission probability of 2°Pu as measured in the
(t, pf) reaction (Back et al., 1974a}. The full curve assumes
the parameters U ,=5.55 MeV, Ug=5.05 MeV, T'yp;y=0.2 MeV,
and a simple K*=0* rotational band of transition states at the
inner barrier. The short dashed and dot-dashed curves as-
sume a more complex spectrum of transition states, appropri-
ate to axial asymmetry, at the inner barrier. Their parame-
ters are otherwise the same with rmm,=o.2 MeV for the dot-
dashed curve, I“vn‘m=0.1 MeV for the short dashed curve.
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FIG. 127. The fission probability of *Am. Data and caleu-
lation on *®*pulHe, df) reaction. The data are from Back ef al.

(1974c).
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FIG. 126. Neutron fissicn cross section of 22U (- - - - detailed

Hauser-ieshbach calculation with barrier states K*=3* band at
5.96 MeV (barrier A}, 5.71 MeV (B}, K’r%" band at 6.36 MeV
(4), 6.11 MeV (B) plus continuum, —statistical Hauser-Fesh-~
bach calculation,
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Fig. 5. Neutron-induced fission cross section of **U plotted as a function
£, (SHN 38). The general behavior of the fission cross section illustrates the sharp rises
which occur at thresholds for first chance fission {E, ~ 1.5 MeV), second chance fission

{En ~ 6.5 MeV), etc. This cross section is not meant to show structures which actually
appear in more accurate data (see Fig. 78).
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FIG. 136. The calculated neutron fission cross section of > Th

up to 4 MeV, as based on the double-humped barrier param-

eters of Table XXXI, compared with data (circles and full

curve).
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TABLE L1

=
-4 S ——
FISSION PARAMETERS FOR n + 23%py cancuraTions?
Barrier Heipht o Densicy
(MaV) (MeV) Enhancement
=
240py, 4 5.8 0.8 16 ]
5.45 0.6 2 _
m
S
%y 4 5.7 9.60 2.5 % &b &
3 5.05 0.50 7.5 o L a4 'ﬂuﬁ
B i ¢
L
238py, 6.1 0.9 5 %
. .85
B 5.55 8] 2 e
[4p]
_ O
-o
8The Isotopes appearing 1in the table are compound nuclei pepulated in the [SRaiy
mwultichance fission of n + 23%,y. The inner and outer fission barriers are
labeled & and B, tespectively, The density enhancements shown are moltiplied
by Ullb (where U is excitation energy, U > 1) to obtain overall level density
enhancens=nts, g . .

00 05 10 15 20 25 30 35 40 45 50
NEUTRON ENERGY (MeV)

Fig, 4. Calculated Z]Bpu(n,f} crogs sections used to vbtain

initial wvalues for the 239y barrier parameters appearing in Table

II are compared with the data of Budtz~Jprgensen ut 31.28
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Comparison of our fits with fission prubabllities measured
237Np(gHe,d)zj'aPu(E) reacttion. TIn these fits, which were
determine the 238py barrier parameters uf Table TIT,
account was taken of the compound-nucleus spin populations
fn this direct reaction.
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Calculated n + 239?u total Eisslon cross sectlons (solid

curve) compared with the data of Karl et a1.2? The dashed and

dotted curves indicate the calculated behavior of the second-chance

fission and the second- and third-chance fission sum.
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