Outline: Nuclear surface vibration

Lecturer: Hans-Jirgen Wollersheim
e-mail: h.j.wollersheim@gsi.de
web-page: https://web-docs.gsi.de/~wolle/ and click on
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Nuclear surface vibration
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2+ Systematics
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4*[2* energy ratio: mirrors 2* systematics
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Evolution of nuclear structure
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Collective vibration

In general, R(6.¢,t)=R, -{HZ iﬂf;#(t)'}fa; (5’:?‘5)}
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Collective vibration
@ In general, R(8.¢,t)= {HZ Zafd&(t) }{,ﬁ )}

1 2
V = EZCA -‘aﬂﬂ‘ harmonic vibration
Ap

A=2: quadrupole vibration A=3: octupole vibration
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Collective vibration

1 o2 1 2
classical Hamiltonian b= Q'ZBA [l +§'ZC,1 e
Au Au
2
constants: B, = 3 M-AR
4.7 A
2/3 2
CﬂzaS'A (A1-1)-(21+2)- 1—6'(2'e : L
4-1 ag-r-A (2-1+1)-(1+2)

Binding energy of a nucleus:

77 (N —2Z)?

FYE + o + shell corr.

B(A,Z)=a,A-a,A*"® —a,

ay=15.560 MeV a5 =17.230MeV a.=0.6970 MeV a,=23.385 MeV  a, =12.000 MeV

@
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Collective vibration

1 o2 1 2
classical Hamiltonian b= E'ZBA' | +§'z G+ |aal
Au Au

2 2
+Cl-‘aﬂﬂ‘

. 7[0(4#

1 1

—=> (quantization [n%, 05/1'#'] = —i-h- 6 Oy

1
energy eigenvalue E= z h-wy- (mu + 5) 2hw,
Au
1h(1)2
wave function w,=N_-H (x)-e™*" 0

Hermite polynomials
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Second quantization

2

Hamilton operator H = Ezi +C, "%, ‘2

2 <~B,

N 1
H=2fl'w,1' IBAMBAH-I_E
Au
Ty
Ay = 2By, (B + (5)*Ban)

hB
T[“)lu = )le)l ) ((_)M:B)-l'-—y - B/’ly)

T

e

rule for boson operators: B, - By, =B Briw =0, 0,
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Second quantization

Hamilton operator H = Z Ay - (ﬁfuﬁﬂu + 1)

rule for boson operators: B, - By, =B Briw =0, 04

creation & annihilation operators
increase or decrease the number of phonons in a wave function

ground state |0 > (vacuum)
1-phonon state B 10>=[1> or (1] = (0B,
2-phonon state ~ B, B, 10>=]2> or (2|~(0|BapBarus

Remember for the following calculations: |g; ,|0) = 0
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Second quantization

: 1
Hamilton operator H = Z Ay - (ﬁfuﬁﬂu + E)
Ap

rule for boson operators: B, - By, =B By =0,, -0

)78

1-phonon energy:

1
<l|H|l>=h o- <O|,6‘,B+ﬂﬂ+|0>+—<0|,8,3+|0>]
N - ~
1
<1H[1>=h-- <O|,B,B+(1+ﬂ+,8)|0>+§<0|(1+,B+,B)|0>j

<AH[1>=h o <0|ﬁﬂ+|0>+%<0|1|0>]
e 1
<1|H[1>=h - <O|(1+,B+,B)|O>+§)

<l|H|1>=h - 1+%j
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Second quantization

: 1
Hamilton operator H = Z Ay - (ﬁfuﬁﬂu + f)
A

rule for boson operators: B, - By =B Briw =0, 0,

2-phonon energy:

<2|H|2>~h-w-| <0|BLL LBL [ |O>+ <0|pps O>)

£ L)

I—H
<2|H|2>~h-0-|<0|BBA (L+ 5 B)B 10> += <O|,B<l+,B B\ |0>)

<2|H|2>~h-w-| <O|BBL B~ + BBL B BL |0>+§<0|ﬂﬁ++ﬂﬁ+ﬂﬂ+ |0>j
etc.

1
(2|H|2)~2-h - w - (2 + E) normalization of wave function !!!
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Second quantization

Hamilton operator H= Z hewy - (ﬂ{uﬁw + %)
Ap
rule for boson operators: B, - B — B - Brw =0, 0,

2-phonon state: Yy =N Z(I 1 ,mm, [ IM )'ﬂltml 'ﬂI:mz 10>

mm,

normalization (approximation):

1=N*<0|Bpp B 0>
—~
1=N2<0| gL+ B B)B" 0>

1=N* <0|pp +pp Bp 10>
I_H
1=N?<0|{1+ B B)+(1+ B BN+ B B) 0> =N? -2
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Second quantization

Hamilton operator H = Z Ay - (ﬁfuﬁﬂu + 1)

rule for boson operators: B, - By =B Briw =0, 0,

2-phonon state: Wy, =N (1,1 ,mm,[IM)-5' -5 10>

m;m,

normalization:

1=N? > (10 ,mm, [IM)-(Ll ,mmy [ IM )} <O B . B B B, 10>
)

mym,mims

L=N* 3 (1 mm, [ IM)-(11 ,mm; [ 1M} <0] 8 |81 S ¥ BB B, 10>
1=NZ S0 mm, [IM)-(1,,mmg [ IM):[8,, 8, S + G S |

mym,mymy

1=N2Y (10 ,mm, [IM)-{(0 0 ,mm, [IM)+6,, (I, ,m,m, | IM))]
(I

m;m,

1= N2 S (1,0 mm, [IM)-( 1 mm, [IM)i+ (=)' 8, | =N2{1+(-)'s,, |

m;m,
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Collective vibration

3him 0,2,3,4,6*

E, =hw - (2 + 5/2) 2hm 0r2:4+ 4
- .
Fo=ho-(1+5,) DO o
o= ho -5/, 0 %' 0* W 0 0*
Quadrupole Octupole Hexadecapole
Vibration Vibration Vibration
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Example of vibrational excitations

3- state?

multiple A = 2 phonon

n=2,A=2,J%= 0+, 2+, 4+

n=1, A = 2, 2+ phonon

2+

(E-E ground state)

12076

states, ideally degenerate
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Second quantization

1
Hamilton operator H = Z h-wy - <ﬁ/{fﬂﬁw + E)
Au
rule for boson operators: B, - By =B Briw =0, 0,

2-phonon state: e =N D (1.l ,mm, [ IM)-5, - A", 10>

mm,

reduced transition probability:  B(El ;i — f) Z‘ fIM(l,m) ‘

) 3.2 . -
M(I’m):_.-pp.rl Ylm(6’¢)drg47z_Rg, R(I) 3'Ollm
_ , 2 2
3-Z-e-R h
B(E2;2—0)= o1 . 0
( —> ) i 4.7 | I\;ﬂ< { 2-82-0)2 [ﬂZm ﬂzm]}ﬂzm >
_ )2
B(E22 »0)=|24£ &R R L1
. 47 | 2B,m, | E,
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Reduced transition probabilities

2-phononstate  B(E2;n,=2—>n,=1)=2-B(E2;n, =1—n, =0)

3-phonon state ~ B(E2;n, =3—n,=2)=3-B(E2;n,=1->n, =0)

BE2 1, > 1,)= - |1.+1‘<IfHM(E2)H|i>‘2

3-Z-R? h
Qvib: %
4'72- 2'Bz°a)2
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1-phonon state

2-phonon state

3-phonon state

B(ezit 1) 1M E |

3.Z-R? A
Qvib: e
4.7 2B, w,

Reduced transition probabilities
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