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The fission observables

Fission fragment yields

< Pre-neutron mass distributions
< Post-neutron mass-distributions

Fragment kinetic energy

Fragment excitation energy

< Prompt fission neutrons
< Prompt fission y-rays

Fragment angular distribution (anisotropy)
Ternary particles (LCP: o, °2He, 1°Be, ... 34Si)
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The fission observables
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The fission observables
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Afeer 75 years

Fission theory not (yet) able to calculate
realistic fission fragment characteristics
New concepts are being developed (CEA,
LANL; very CPU demanding)

No predictive power, yet...

Phenomenological approaches quite
successful (GEF, ...), require experimental
data
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Aftcer 75 years

Y > Fragment characteristics well

/
S1 - standard | described when built upon the

S3 - standard Il idea of fission modes

\SL - super long y

Where are fission modes formed?

e\ | Does each fission mode has its
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Afeer 75 years
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What could help?

Detailed information about the nuclear

energy landscape around the saddle point
Barrier parameters: height and penetrability
Number of barriers

Transition states (fission channels)

European
Commission




Cf 240 Cf 241 Cf 242 Cf 243 Cf 244 Cf 245 Cf 246 Cf 248 Cf 249 Cf 250 Cf 251
403s 2.35¢ 3680 10.7 g 194 m 436 35.7h 333.5d 351a 1308 a 898 a
@ 6750.6.708.. «6258,6217 |« 5812,5758. J« 6030, 5989 | 5.679, 5.849
c sf sf sf sf 6.012...

@ 7.581,7.535 {c al a7.209,7.174 |e (42,96 ), 0" v(43), & v388,333...9 |y @3.).e- |y177.227..
sf g : |0 " g : lg @ 500, o, 17004 o 2000, o, 1104 o 2900, o, 4500

| B { Bk 246 Bk 247 Bk 248 |Bk 249 | Bk 250

: .

1380 a
a 5531, 5710
5688

v 84,265 .
9

Cm 245 | Cm 246

8500 a 4760 a
«5361 5304 |a 5386, 5343

o, sf, g
:‘:h"” y (45), @
100 \A\L

>a

1.56'10"a
« 4870, 5267 .

16

0.0054 0 7204
2.455:10° aJ 26m |7.03810 110
‘,‘,_;j’l:“:%;,;’.r, Iy (0.07) 3:“.:1
bl L 4 & !
150 109
Hs Hs 263
0.74 ms
|k
Commigssigi 1949




Cf 240 Cf 241 Cf 242
403s 2.35 3.68
a 7.581,7.535 {c a
sf
Cm 240
27d
w5291 G248
st
7
Pu 236 Pu 238
2.858 a 87.74 a
0 $768.5721. 05499, 5456..
Mg28 Si, Mg
7(48,109..), o~ 7(43,100,.), 6~
oy 160 6510, 0, 17
Np 237
2.14410°a
a4.790, 4774
7129,87.., ¢
a 170, o, 0.020
U 234 U 236
0.0054 120 nagd 2.342-1
2.455'10° a 26m |7.038+1 adim
‘»':;‘z’-.':..: %’“& 1 diroon NSEEO' s e
o 008 0,0 N
1.405:10" a
a4.01),305. .
o y(84 )0

9737, 0,38

Cf 243
10.7

Pu 239

2.411-10'a
a5.157, 5,144

st

ri52. ). 6"
m

0 270, 0y 752

Cf 244
19.4m

c
a7.209,7.174

Cm 242

162.94 d
«6.113, 6089 .
Q. 81,534
y{44. ) o
o~20
o =5

Am 241

4322a
a 5486, 5.443
760,26,

9
o 60 » 640
0,315

Pu 240

6563 a
@ 5460, 5.124..

y(45..), 07
2
& 290, o, 0.

293 ngll 4.468-10° 2
of

=T

=R
=
g
Z

Cf 245
4386

Cm 243
291a

a 5785, 5742,

Cf 246

35.7h
u.‘ 6750 6.708.

S
v(42,96..), 0~
g

Cf 248 Cf 249
333.5d 351a
«6258,6217 |a5812,5758..
sf sf
v(43), e v388,333..,
9 o 500, o 17
Bk 246 Bk 247 Bk 248
? 1380 a »a
a5531,5710
5688
y84,265... ;;Z,
g €7
Cm245 | Cm 246 | Cm 247
8500 a 4760 a 156'10"a
a 5361 5304 « 5386, 5343,
X YT « 4870, 5.267..
a 350 v (45). @ y402,278 .., g
2100 0 1.2,0,0.16 4o 60. o, 82
Pu 244
8.00:10" a
ad 589 4 546
it
150
108

Cf 250 Cf 251
13.08 a 898 a
« 6030, 5989 Ja 5679, 5849
sf 6.012..
y(43.). e y177,227...
o 2000, o; 1104 o 2900, o, 4500
Cm 24
3.401
ab50
sf,
152
110
109
Hs Hs 263
0.74 ms

a 10,72, 10.89
10.57




What is a shape isomer?

“Macroscopic-microscopic” or “shell correction” (SCM)
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What is a shape isomer?
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Shape isomer characteristics
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Shape isomer characteristics
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Shape isomer characteristics
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AVERAGE TOTAL KINETIC ENERGY

<E, (n)>(MeV)

Shape isomer characteristics

Something unique and intriguing!

08t T T
o0 236,
|80 B 7 236mu
06f
(a)
160 N 2
(2]
E04r
3
(&)
- i
140 ozl
1201 ! - s : o ssssnandiEE
a . Y . , . 8 T T T T T T
(b) o---0 #2%y
oQq 236m i |
§ 6l o—o u _J 6
: '-
w 3 w | |
> 4+ \ - %4
» ! ‘\! S
3 o
= 2r 5 o . 2 1
0 L 1 1 L R— ole 7 1 1 1 'hb\'n. "‘lo o
20 135 150 165 180 195  2I0 Me
HEAVY 120 130 140 150 160 : TOTAL KINETIC ENERGY E,
LIGHT 16 106 96 86 76
FRAGMENT MASS x (amu)
b European

Commission



Relevant information from SX

Inverted parabolas (Hill-Wheeler)

Tf;; = 2.77 x 107 %ns exp(2n(Ep — Er7)/hwp)

Tl% — 10 "ns exp(2m(Fa — Err)/hwa)
A'i( 1/2) — Bio- L ) = A(27)7 B(Zf)

E; — hwidN(Ty ) = Err ;i = A(iv), B(if)
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Relevant information from SX

Desired information:
EA, EB, th, th, (a,nd E]])

Measurable quantities:

1/2>+1/2°

Er, T TV R(ZLY and T,
0]

hwp ~ hwa + A\
th < hu)B Tf/J;N exp(2m(E 4 /hwq + Ep/hwp)
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Relevant information from SX

Extraction of barrier parameters
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Relevant information from SX

But, we can do better!

-3
L l T T o
L 238y (n,n)238My 4
3 &1 5 ® ) Shape Isomer Level
: o~ 4+ ape Isomer Level
10 ,é_, P

llllll'
IllllI

2
3

-

1

2.514
MeaV

Lol

1

CROSS SECTION DELAYED FISSION/PROMPT FISSION

. I )
o

The broken curve is a statistical calculation base

1.8
MeV

12~ 200 ns

79

Y_1 0.680 MeV

v [ 00usMev

8
23U

temperature level density models (6;=0.5 MeV, 09=0.5
En=2.35 MeV). The full curve treats the class-II state spec-
trum as having an energy gap (24 =1.2 MeV) containing rota-
tional bands based on K™ =0* ground state, a K" =0~ vibration
at 0.5 MeV higher, and a K"=2" vibration at 1 MeV higher.
The isomer energy is 2.56 MeV. The dotted curve shows the
effect of omitting the X" =0~ band.

2.6 MeV

»The double-humped fission barrier”, Bjgrnholm/Lynn, Rev. Mod. Phys. 52 (1980)
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Experimental approach

absorption
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Experimental approach

absorption

___________________ > direct fission

isomeric fission

v vl fhisomeric y-decay

Al AAAAJ /

Yyvy

‘ Deformatlon

Known transitions !!!
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Experimental approach

absorption

f iIsomeric y-decay
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Experimental approach

HPGe detector used
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Experimental approach

238U(n,..,v): only single y-rays
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Experimental approach

> 1st step: choice of reaction

» Population via (d, p), (o, 2n), (n, n’), (n, 2n)
> Population is weak: 10® - 104 (103 at best)
» Enough target material

> 2nd step: shape isomer y back decay

» Tagging on delayed y-rays with high energy resolution
» Coincident yy cascades with high timing resolution

> 3'd step: shape isomer fission studies
» tagging on the populating yy cascades

» measuring fission fragments with 100% efficiency

m European
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Some interesting cases...

235fyU: E;; and y-rays from SI population and back-
decay known > benchmark of the v-Ball arrangement
238fy: E;; and y-rays from back-decay known >
demonstrator run

239fy: unobserved, E;; = 1.7 MeV

233fTh: unkown, T, ,, (iy) < 100 ns (no fission branch)
232fTh: unknown, T, ,, (iy) < 10 ns, isomeric shelf

determined in photo-fission (E;; = ?)

237INp: T,,, (if) = 40 ns, very low fission branch
238'Np: unobserved, 500 ns < T,,, (if) < 10s
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SI summary

> Fission isomer characteristics

Half-life
Partial half-lives: isomeric fission, back-decay to 1St minimum

Branching ratio

Fission barrier parameters:

Barrier height: E,, E;, ... E5(S1), Eg(S2), Eg(SL)...
Transmission (curvature parameter): hw,, hwg
Nuclear structure above super-deformed ground-state

Isomeric fission fragment characteristics
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CONCLUSION

Precise data on fission barriers may advance
fission models

Calculation of realistic FF distributions
Cross-section modelling

Experiments are difficult and require major
development on e.g. target mass, beam
intensity to maximize reaction rates

v-ray detection efficiency (humber and size of
detectors), efficiency of fission trigger ...

Use of a fission chamber boosts the efficiency
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CONCLUSION

If we can make
significant progress
In this area,
it will be with

v-Ball @ LICORNE
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