Jadrova izomeria

2-FJF-115 Fyzika
atobmoveho jadra




|lzomeér - definicia

DIhoZijuca metastabilna vzbudena hladina atomového
jadra...

Prakticky zavisi od uhla pohladu — Co je dany experiment
schopny merat.

Ina definicia slovicka ,dlhozijuca hladina®

Dlhozijuca hladina = dostatoCne dlho zijuca na to aby sa
vytvorila prislusna atomova struktura.

J.Cerny, J. Hardy Annu. Rev. Nucl. Sci. 27 (1977) 333

Vacsinou radovo viac ako nanosekundy.
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L-metamphetamin D-metamphetamin
bez psycho-aktivnych ucinkov  psycho-aktivna molekula
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Trochu historie

1917 — F. Soddy (idea)

,2nuclei having the same charge and the same mass but
still not identical“— ,isotopy of the second kind

(Nature 99 (1917) 414)

1921 O. Hahn (objav)

z prirodneho rozpadového retazca 238U bol popri
rozpadu zo zakladného stavu %**Pa (T,, = 6.7 h) zisteny
aj rozpad s polcasom T,, =1.15m

(mimochodom excitaCna energia dodnes nie je znamall!l)

1935 Objav umelo vytvorenych izomérov v izotopoch
india (Szilard a Chalmers) a bromu (Kurchatov a Fermi)
Stale neexistovala teoria tvorby izomeérnych stavov

1936 — tedria izoméru C.F. v Weizsacker
(Naturwissenschaften 24 (1936) 813)

1949 — len 75 znamych izomeérov (E. Segre a A.C. Helmholz Rev.
Mod. Phys. 21 (1941) 271

Teraz uz cca 2600 izomeérov a 2800 jadier
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Oblasti jadrovej izomerie
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Typy izomerov
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Figure 1 Excitation energy as a function of various nuclear variables. The
secondary energy minima are responsible for the different kinds of isomers:
a, shape isomers; b, spin traps; ¢, K-traps. In each case, the relevant nuclear
shapes are illustrated; where appropriate, angular momentum vectors are shown
as arrows. For both the spin trap and the K-trap, the angular momentum comes
from a small number of orbiting nucleons (two are illustrated in red in each case).

P. Walker, G. Dracoulis Nature 399 (1999) 35 -40
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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 ¢yorma = Shorter T,

« e.g. %*9Am T,,=141y, but 24"Am T, ,=14 ms!

Fission isomers NDS78, 1 (1996)
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Cf98
14 ms 242MAm Bk 97
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Spontaneous fission
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Energy
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Spin

Spinova pasca

Mala zmena
spinu vedie iba
energeticky
vyssie stavy

E—E<0
E—E>0

Prechod na energeticky
vyhodny stav si vyzaduje
velku zmenu spinu
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B ]

Simple
Harmonic
Oscillator

Ako vznikne spinova pasca?

Spherical shell model

s

154
Woods-Saxon

with spin-orbit
coupling

Woods-Saxon
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islands of long lived isomers

38<N«b0
64<N<82
100<Nk126
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Pre formovanie spin. pasce
je kluCova pritomnost orbitaloy
s vysokym spinom
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Ako vznikne spinovu pascu

3

Spin-orbit splitting brings down ,2;‘5/2
high-j states close to low-j states — 32
large change in spin => isomers S 1h92
21712
. ; _ 1h11/2
These isomers are evidence for — 2d3/2
the shell structure of nuclei. - i”;%
2ds/2

1g9/2

L
M2 ~ 1fs/2
\ 4 - > 2p3/2
9/2° hy,
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lzomery v deformovanom jadre

Nilssonov model opisujuci jednocasticovy pohyb v deformovanom
potenciali. Zavadzaju sa nove tzv. asymptoticke kvantove Cisla.

j - moment hybnosti Castice (orbitalny moment hybnosti plus spin)
Q - projekcia momentu hybnosti do osi symetrie (j,)
>, A — projekcie orbitalneho a spinoveho momentu hybnosti

n, — kvantové ¢islo oscilatora O (Q  Nn,A]
12 9/2 [404]
Rotational axis 3/2 99/2 7/2 [413]
5/2 5/2 [422]
72 32 [431]
9/2 1/2 [440]
} S;];!;[.ry axis /\ Q O
Spherical Prolate
By <0 =0 >0
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e (MeV)
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12/10



K izomery

* |zomery kde
dochadza k velkej
zmene kvantoveho
gisla K. Co to to K
vlastne je?

 K—je priemet
momentu hybnosti J
do osi symetrie.
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K izomery

Pre jednocCasticovy pripad je priemet momentu

hybnosti (spinu) j do osi symetrie Q

Pri viacerych Casticiach je priemet celkoveho momentu hybnosti
suctom vsetkych Q,

K=0Q+Q,

T =TT,

O[Nn, A+

ground state b
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K pasca

Mala zmena
% . K vedie iba
energeticky

vyssie stavy

=
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L] E,—E <0
E,—E >0

Prechod na energeticky
vyhodny stav si vyzaduje
velku zmenu K

Spin projection
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K-hindrance in 178Hf

Hyp. Interact. 135 (2001) 83
yp
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