Icosahedral states in heavy nuclel

Andreas Heusler

Small particles with icosahedral symmetry are abundant
In biology and astrophysics

Molecules with icosahedral symmetry may rotate with spin
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Several low spins are disallowed by 2-, S-fold
symmetry Q;‘H\?Q; < ﬁ ;4,;\1,
%“ S N LS

* 40Ca is the lightest nucleus with icosahedral symmetry P

* Six states in 208Pb are recognized as icosahedral rotors

The Coulomb force distorts symmetry in heavy nuclei

* Isobaric analog resonances (IAR) were discovered as a surprise
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Isobaric analog resonances

1963 - discovered
1966 - first study with 208Pb(p,p') for IAR in|209Bi
1966 - 1972 angular distributions and excitation functions
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Q3D detector finished in 2001
2007 excitation functlons @ 3 keV resolution
2003 - 2019 angular distributions @ 3 keV resolutlon
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transformation matrix from
configurations to amplitudes of states

spin and parity: 0- ... 14- and 1+ ... 12+ I no 0+ !
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recognition of non-1p-1h states
as icosahedral states in 2019

l"'!.l‘_ e ) 4’Jl'h[.. e
tvev] f7 h11 - S“ [MeV] } A
R () :
. s Py
o P~ g 8369
9 5 1S WD) svmseanmmnn: | st AR
- G 1 : ==
5721 [
45] = ——
: 2 U: =5
- - o il = o~
IS O
et 5419 P~
i @ Y =
j1e -~ B
- — -
h9 hit : O 1.5 e
- e ——— . i e a‘i
L )
e > 1.0
- 19 4928 —
0.5¢-'99 13 .
g 1274 in9s0
-

6 + in 1966

:

SDI exper. M3Y SDI exper. M3Y

........................................ _05

111 113

o

o
n
T T T T T T T T



1968 angular distributions 208(p,p') "
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A

states in 208Pb with icosahedral symmetry
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collective states in 208PDb
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18343

y-cascade from 16262 30-
L. to 4895 10+ t=05ps

- — R

observed by deep inelastic scattering on 208Pb
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IE principal y-cascade from 16262 30-
to 4895 10+

71 states with spacing Ex << 9 keV
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o 3 weak coupling of collective states

Coraay to 1p-1h configurations

logarithmic distribution of residual interaction Q

among 1p-1h configurations;

The excitation energy EI° of the tetrahedral and icosa-

hedral rotation bandsfis caleulated by aaswmaing rigid ro-
tors,

E* =FnI"(I" +1), (1)
I:':{ ﬂt+l:|_I:{I:+l:|
gt Em _ En ~

b= B LRl 1), (2]
D +1)—ir+1
Ky, (m,n) = m +E”_EI — é:’"{ m :I

The excitation energy EWEM g caleulated by adding
the energies,
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median: < 30 keV >

Spin and parity I” is calculated by adding the spins
and multiplying the pantms

fM: st girs (
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iy,
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the order number M is d&du{ﬂd by comparison to calew
tions with SDIL

" TTM].-

The configuration i obtained by combining the wave
functions

i <1 LI (1), I,

]LJIJ{E @tmms V150 (5)

11



principal y-cascade from 16262 30- to 4895 10+
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neutron = -
intruder principal y-cascade

particle stretched

(jisz) {16+ 14- M2} —— —— @& 77 abc >
{13/2 1572 B3 ) pe s

intrud
m@er {15/2 13/2 1 } 15ass 27+ 7’6 abc
(i13/2) squeezed se= @_ M~ ap
203 s el
&0 Nns 34 &
— 1367 26+ 67
= 1 13530 isomer

I 5‘]“{‘ oee  T3- 64 2BCDS
sprnand parity i 10 “‘*I

CState number (+ cc}herem) ) . A 5o 21+ 58 @2- 61

abec

1099 G 18+ iIsomer
S92
10531 (20°) z i 1SS
T 10O3IFY 2O =t i 1O 1O3I_ST
s oL Ex Ex-

- 40136 b

= Ex(wcwm)

jﬂ"ﬁ 1
mml.mmwmmlw weee 9394 +1

I =227 9103 -6, -1

B =
e =222 9061 -3
<4 T
— l " ES
_F;‘_T et
ra = o !
- d_i?ﬂ 1 SBiy

- - I F R

I - 6744

1 By i
1428

& B a7ras
t 2634 il 8

13



18+ member In the

bottleneck I
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the 18+ member In the lcosahedral rotational band

Ex - Ex(WCM)

tetrahedral

configuration
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conclusion

matrix element of the residual interaction 2000 3835 O+ tentative
among SDI an configurations (n,n'y)
| s —mzor = —sa0 | ( Ep—EWOM y= _oz.10-° |1964 4424 ( 64) (p, p)
_______ |
— T T 7 I K T T o1 T g 1974 5444:10+:  (p, p)
1o.0k .-=== -~ i.l: =
o g | eo 297 1900 6101(12+ (e, €)
t:t--g-g - o (p’p')
B = 1 E € i
= 3 e B ;
7.5 N o i ] i’n 5- - 1998 7735 15+ (pol. d,p)
B e g ! mign . tentative
= i N \ < > 1 2022
- i N ] M2 = il 8813 18+ deep
EH =i - - r ~ 1S e 1 inelastic
=3 _Q* f§> %G’ —! ' h d /
B O i ..;;_.G 0l jcosaneara
- e J tetrahedral
S &2 il
2.5 [ = _I 1951 4324 (e, e
| (p, P)
[ = : 1899 2615 y-transition
oo NN . . . .5 . |, s
O 100 200 300 400 g.S.
F(F + 7)) 17






	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18

