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Enerqy

Stiepna bariéra

Aktivacna energia (pri spontannom
stiepeni sa vysktuje tunelovanie)
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Stiepenie jadier

The Chart of the Nuclides

Heavy Elements? .
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Produkuju sa neutronovo bohaté jadra exotické jadra

Problém radioaktivity jadrového odpadu
Moznost vyuzitia Stiepnych zdrojov na vytvorenie radioaktivnych zvazkov.
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Odhad stiepnej bariéry

A. Mamdouh et al. NPA679 (2001), 337

Experimental and calculated fission barriers By, for Po and U
Full symbols — experimental data
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Spontanne Stiepenie (T,,, ;;~10°-10+s)

* 1940 Spontaneous fission
(#38U,G.N. Flerov and K.A. Petrzhak
* Fission from the ground state

« Shell effects are important
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Pravdepodobnost SF transuranov
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29.5. 2019

Stiepenie jadier

. Parcialne poléasy Stiepenia

ve1ss 1 Vykazuju lokalne maxima pre

.| oblasti uzatvorenych vrstiev —
' | sférickych aj deformovanych.

N=152aN =162 su
uzavreté deformované vrstvy
neutronov.

N=184 je oCakavana sféricka

| uzavreta vrstva.

|zotopy Rf vykazuju pritom
odlisny trend ako izotopy No.
Pravdepodobne pre ne
zacCina dominovat' vplv
uzavretej vrstvy N=162.
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TKE v oblasti transuranov
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distribucia fragmentov
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Aky fragment sa vytvori?

ové korekcie pre s g \/yrazne Transurany maju typicky
podobne aj pre p oo d Pre 92 a viac protonov.
TR AL Polovica je cca 50..
Ocakavame preto jeden
fragment z okolia Z =50
(Sn).

Neutronov je cca 130 —

DEFORMATION (B)
S

o NG 170. Polovica je cca 65 —
03 = =l 85.
1)) Oc¢akavame preto jeden
02 - /, B .
iy fragment z okolia N = 82
0.1

Teda jeden fragment by
46 5% 62 70 78 86 94 102 110 mal byt’ Z okolia jadra s 50
NEUTRON NUMBER ) ] ) )
FIG. 1. Neutron-sheil corrections calculated as a function of deformation (8) and neutron number. The contours are prOton ml a 82 neutron ml

plotted at 1 MeV intervals with the black regions (representing the strongest shell corrections) containing all values
lower than -4 MeV and the inner white region (representing the weakest shell corrections) containing all values (1328 n)

greater than +2 MeV. The contours do not include any pairing or liguid-drop terms. The letters refer to particular "
shell regions as described in the text.

29. 5. 2019 Stiepenie jadier 12/23

T



Asymetricke stiepenie
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Figure 1.5: (a) Average masses of the heavy and light fragment groups as a function of
the mass of the fissioning nucleus. (b) Example of the double-humped structure in the
asymmetric spontaneous fission of 2°Fm and #*2Cf [Fly72].
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Stiepna bariera vs. Kvapkovy model
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Fissioning Shape Isomers (T,,, ;~Ns-ms)

* Discovery: 1962 Fissioning shape isomers (V.M. Polikanov et al.)
* Populate states in the second well (typical E*=2-3 MeV)

* Lower and thinner By gyema = Shorter T,

e e.g. °*9Am T,,=141y, but #4°™"Am T,,=14 ms!

Fission isomers NDS78, 1 (1996)

Fm 100
Es 99
Cf98
14 ms 24°MAm Bk 97
fissioning shape| Mm%
.Am 95

Pu 94
> Np93 _| 152
ug2 |
Pa9l _|
Th 90

148

142 144 146

Spontaneous fission
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EC,B~ .
¥ 1966 Delayed fission (V.| Kuznetzov et al.)

> BDF

QEC,B'

BDF

> BDF

\/ Spontaneous fission
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Pravdepodobnost

betaDF

Pravdepodobnost definovana ako pomer stiepeni po beta

premene a samotneho poctu beta premien pgpr =

Qec
T'(E,B)
-E)2xSL(E}—=—" dE
i _NECDF_C{(QEC xSy(E)F 5y
ECDF— Nec = Qrc

J(Qec-E)2xS4(E) dE

1
27p

21(B+E)

= —— {1+expl

NgpF
1

(Qec-E)? — Phase factor for EC decay
S(E) — B-strength function

]}'1 -inverted parabola approximation
h(Df D.L. Hill and J.A.Wheeler

Takze pre pravdepodobnost oneskoreného stiepenia bude
kritické, aby boli obsadzovane stavy po beta premene Co
najblizsie k samotnej vysSke stiepnej bariery.
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Podmlenky pre studlum ﬁDF

S Antallc 20. 03 2007 16:22:56
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Fission Barriers: W.D. Myers, W. Swiatecki Phys. Rev. C60 (1999) 014606
Masses: P. Moller et al. At. Data and Nucl. Data tablse 59 (1995) 185
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Pravdepodobnost betaDF exp.

Proces oneskoreneho stiepenia je znamy pre niekolko jadier,
najma v oblasti neutronovo-deficitnych izotopov v okoli Z = 92

Systematics based on TF model
1 ! ! I ! I
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Pravdepodobnost betaDF exp.

Proces oneskoreneho stiepenia je znamy pre niekolko jadier,
najma v oblasti neutronovo-deficitnych izotopov v okoli Z = 92

Systematics based on TF model
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Parcialne pocasy pre betaDF

Parcialne polCasy nasleduju exponencialny trend (resp. linearny
v log. mierke)

T-F model
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Odhad vysky stiepnej bariery

» Detailné vysledky pre vypocty podla FRLDM (Finite range
liquid-drop model) — P. Moller et al. Heavy-element fission
barriers Phys. Rev. C 79, 064303 (2009)

« Jednoducha parametrizacia pre kvapkovy model (self-
consisten Thomas-Fermi model) — W.D. Myers and W.J.
Swiatecki, Thomas-Fermi fission barriers, Phys. Rev. C 60,
014606 (1999)

Pozor, tento model poskytuje iba makroskopicku barieru. Tu
je potrebné esSte navysit o mikroskopicku korekciu [P. Moller,
J. R. Nix, W. D. Myers, and W. J. Swiatecki, Nuclear Ground-
State Masses and Deformations At. Data Nucl. Data

Tables 59, 185-381 (1995)]
http://t2.l1anl.gov/nis/data/astro/molnix96/massd.html
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Stiepna bariéra podfa T-F modelu
B,+(N,Z) = S(N,Z)F(X) MeV
kde S je umerné povrchovej energii S = A%/3(1 — kI?)

kde | = -2 y ) ak je koeficient povrchovej] symetrie
k=19+(Z—-80)/75
ZZ

A(1—-KkI?)

Parameter stiepitelnosti X je v tejto parametrizacii X =
Funkcia F(X)ma pre X; < X < X,podobu
F(X) = 0.000199749(X — X,)>

a pre 30 < X < X; je aproximovana ako
F(X) = 0.595553 — 0.124136(X — X;)

pricom X; = 34.15 a X, = 45.5428
Celkova bariera je B = BTF — E, ;.

pricom E,,,;. je (zvyCajne) zaporna stabilizacna korekcia
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1984 ,Cluster decay”

Existuje jadrovy typ rozpadu jadra medzi
emitovanim alfa Castice a Stiepenim jadra”

Pri vypocte Q hodnoét sa zistilo ze pre niektore
jadra je povolena emisia 14C

|dentifikované ako prvé pre jadro 223Ra ktore sa
s pravdepodobnostou 10" rozpada na 2°°Pb.
Neskor bolo identifikovanych cca 25 pripadov s
emisiou jadier az po 34Si

Parcialny pol¢as rozpadu je 10+ — 10247 rokov
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1994. Electromagnetlc fission

NUCLEAR
PHYSICS A

Nuclear Physics A 614 (1997) 400-414

Fission barriers from electromagnetic fission of
430 -A MeV radioactive ion beams *

A. Grewe?, S. Andriamonje®, C. Bockstiegel*, T. Brohm?,
H.-G. Clerc?, S. Czajkowski®, E. Hanelt®, A, Heinz®, M. G. Itkis?,
M. de Jong?®, A. Junghans®, M. S. Pravikoff¢, K.-H. Schmidt®,
W. Schwah?, S. Steinhiuser?, K. Siimmerer®?, B. Voss?

2 Institut fiir Kernphysik, Schlofgartenstr. 9, 64289 Darmstadt, Germany
Y Gesellschaft fiir Schwerionenforschung, Plancksir. 1, 64291 Darmstads, Germany
¢ CEN Bordeaux-Gradignan, Gradignan, France
4 JINR, Dubna, Russia

Received 19 August 1996; revised 29 October 1996

Abstract

For isotopically separated secondary beams of neutron-deficient nuclei delivered by the SIS-
FRS facility at the GSI, electromagnetic fission-in-flight induced at 430 - A MeV in a secondary
lead target was observed. Electromagnetic fission cross sections were measured for BRIy,
Wapy WA 622 A angd 2SHTIEIR, By using a simple analysis, fission bartiers were
derived from the electromagnetic fission cross sections. For the U- and Pa-isotopes, these barriers
agree with those measured previously by other methods. The new barriers for Th- and Ac-isotopes
are smaller than predicted theoretically.

PACS: 24.75.44; 24.30.Cz; 25.70.De; 25.85.-w; 25.60.-t; 25.60.Dz; 27.80+w; 27.90+b

Keywords: Nuclear reaction; Radioactive beams; Electromagnetic excitation; Fission 2233234 (14 f),
B2pg(y,f), 2021222 Th( g f), 218222 Ac(,f) and D327 218219 oy, f); Measured oly,; Deduced fission
barriers
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Experimental information on low-energy fission

Actinide nuclei: asymmetric

O - particle induced
x -e.m.—-Induced E*~11 MeV

Pre-actinides and light At-Th:
Symmetric Based on K.-H. S%ﬁmidt et al




Faktor potlacenia s

Bh Bh 260 ? | Bh 261 Bh 262 Bh264 | Bh265 | Bh266 | Bh 267
? 11.8 ms 2ms | $Bms ~440 ms 094s 17s 17s
107
a Y i ot 948,962 |a024 2908 w883
Sg Sg 259 |J Sg 26048 Sg 261 Sg 26! Sg 263 Sg 265 | Sg 266,
| 0.32s 36 0.23s 15 3oms | 09s 89s 4 162 21
106 o of
2 9.593... (E « -,
| 12 @ 9.56,9.52... 6925 [u9.06
Db Db 256 Db257 | Db258 | Db259 | Db 260 | Db 261 Db 2624 Db 263 i
{ 105 16 076s 4 1505 | 195 | u; 4 os1s 15s 1.8 34 27 -
| et ’ P
i 3.9'0 3 E:;‘%" o ?m w947 G 3,8'4 Z' st g
1 577 sf?
t Rf Rf 255 Rf 257 Rf 258 Rf 259, Rf 263
{ 168 a1 | aas 147 3.0 s | 19s 11
| «8.71 aeTm
:" 9021 ? ; @ s, f
s o828
Lr Lr 252 Lr 253 Lr 254 Lr 255 Lr 256 ﬁl Lr 257 Lr 258 Lr 259 Lr 260
| 0.36s 14254 084 18 2535 | 318y il 065s 39s 6.3 3m
84 s [carelllSS: 423’
R e TR | i 8.595,8621 |a
|« 9.018.8.974 i g |a886.880 |8.565 8654 «8.03
No 251 0 No 263 | No254 | No 2554 fl No 256 | No 257/, No 259‘
025 | oms 23 162m | o28s we g 3 imé | 291s 245; Sanyj
o Raes @ 8.004 :.‘," :"5 o «8.448,8402 |c % g
- - 1222, 280, 151 | ¢ st ¥ e |
Md 249 | Md 2504 Md 251 2 Md 2554 < Md 2574 Md 258
s | 218 52 4.27 27 gl ¢ 5520 |isimd| 5150
ar7 w73 -, . & Gres 160
bag | s % 145 231 | 634, 644, 662 | o 7 (CF8 [ g
B K s
m 24 Fm 2494| Fm 250 Fm252 | Fm 25 | Fm254 | Fm 255 Fm 257
36s 26 188 Wm 2539h 3.0 3.24h 20.1h T0ns | 283h 100.5d
P «7.192, 7.150... u7022 6.963.. ©6.520.., sf
| al. a7.039,6.998. ¢ st
| re o 743 st o 7(99 43..). e r(61 58..),e”
by o ¥(96...), 8" % S o ~7! o 26, 63300
s 247 2 Es 252 Es 253 Es 254
4.55 471.7, 20.47d | 393K 2574
«6.631 a6633, 6591, &3 o022
7 ,(42 39.).e .,3'— ks s!.j'h 3)
1600 n,iwo ~65
f 246 Cf 248 Cf 249 Cf 250 Cf 251 Cf 252 Cf253
35.7h 3335d 351a 13.08 a 898 a 2645a
750, 6.708.. :fs.zrvs, 6.217. | a5812 5.758.. u6030 5.989.. gg‘ezvs 5.849 nG 118, 6.076.. roa
B fos Tmeolege B, e JOES -

Napriek plynulej zmene parcialnych polCasov, vykazuju vetviace pomery
nerovnomerny trend pre jednotlivé izotopy.
29. 5. 2019 Stiepenie jadier 27/23



Faktor potlacenia stiepenia

| Aj pri Stiepeni sleduje potlaCenie parcialnych
polCasov rozpadov jadier. Pre neparno-parne
izotopy su parcialne polCasy stiepeni potlacené aj
o niekolko radov.

Tento faktor potlaCenia sa zvyC€ajne odhaduje ako
pomer polCasu pre neparno-parny izotop a
priemeru pol¢asov pre susedné parno-parne
izotopy
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otvorenou otazkou, €i neparno-neparne izotopy
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maju nasobne vysSi faktor potlacenia ako
Fig. 3. Logarithms of SF hindrance factors (HF) for odd-neutron
and odd-proton nuclides. Lower limit values are indicated by neparno parne

arrows. An open bar indicates that the HF was calculated relative

to only one e-e neighbor. A filled or hacked bar indicates that

the HF was calculated relative to two e-e neighbors. [From Ref.
(111] '

D.C. Hoffman and M.R. Lane, Radiochim. Acta 70/71, 135 (1994)
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