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The simple model
0-00-0— ¢

*Single-j level )
« O=2j+1 single-particle orbitals: m=-j, -1, ... |
*Number of nucleons N: 0 = N < Q
*‘Number of many-body states: Q!/((N!(€2-N)!)
‘Many-body states classified by rotational symmetry: (J,M)
Dynamics
*Rotational invariance and two-body interactions
particle-particle pair operator P, ,=(a a),
particle-hole pair operator My =(a a), .

‘Hamiltonian H = ZVLZPzMPLM
L M




Ground state statistics!t!
Dynamics versus symmetry

Take V at random 059 B Observed
(Gaussian distribution centered at 0, width [ ] Statistically expected
1) 0.1 j=19/2, N=6

What is the probability for the
ground state to have spin J?

e J=0is enhanced 0.01

* J=J__, isenhanced

Probability

1E-3

0O 5 10 15 20 25 30 35 40
J (Spin of the ground state)

[1] C. W. Johnson, G. F. Bertsch, and D. J. Dean, Phys. Rev. Lett. 80, 2749 (1998).
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Ground State Spin Statistics
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Statistics is based on 10000 random realizations.
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Robust preponderance of zero and maximum spin g.s.
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Statistics of widths does
not explain the systematics.
Correlations may be important ¢~
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Random Interactions and pairing
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Tackling the TBRE and symmetry puzzle
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n-body Random Ensemble (n-BRE)
ol e S Sy ag) Y T @ T3

Hamiltonian
o L M=—1

Operator Tén) () = 212 Ch! () a:lta'z ..aj,

n-body operator is eigenstate TIE 17 (@)]0)
of the reference 2-body Hamiltonian H[(} )
Random Gaussian ensemble of interactions
Vi(a.8) = 0 v, ) = V(3 a)
<VL(_H) (Gﬁ'? 3) V(?) (fo:a 3I)> — 5L-L-’5a-a-’5;_"3;3’ (1 + 5{13)/2

The ensemble does not depend on the choice of reference Hamiltonian
For n=N the ensemble is GOE in each symmetry class
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Statistics of g.s. spins
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Conserved guantum numbers,
coherent property effective interaction

2BRE (H®); =1,.J°

In the particle-hole representation:
monopole term (particle number); moment of inertia (angular momentum)

- 3(2L + 1) 77 1 } (2)
V=Y 2 by
LU+ DR+ D) {J JLfr

-Predicts equal probability for |00 = P|{(Jax)o] = 1/2
*Particle number independent
*Correlation across different N



Statistical treatment

Minimize energy as a function of density under geometric
constraints

| 1
E({nm}) = 5 : Vi <nmnm’>
mm
Z n, =N, Zmnm =M

1
E(N,M) = Z[Np(N, M) | M~(N,M)]

2N
(27 +1)* =

Y- (QJH?’M Z(2L+1 1) - 20+ DV,



Statistical treatment (1]

*Particle number N monopole (mass) term

o=[QQ-D] 'YL+
L

*Angular momentum J % moment of inertia

1= (2*Q%) 71> (2L + 1)(£2 - 252) v,
L
(Hyyg=VoN(N -1)+V1J(J+ 1)
V1 > 0 Ground state has J,=0

‘71 < 0 Ground state has Jy,=J ., (Mmaximum possible J)

[1] D. Mulhall, A. Volya, and V. Zelevinsky, Phys. Rev. Lett. 85, 4016 (2000);



Exact energy and statistical prediction
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Measuring Correlations

Important property of joint probability in independent events

P[J(N1)o, J(Na)o,...] = | [ P[T(N:)o)
In the 2-BRE we have correlations 1

j=19/2with N =5,6...10 P[Jrae(5)0 - .. Jmas(10)0] = 6.6%
P [']:rna;r(f—s)[]} P [']ma;r.(6)0} P [J:rna.;r(lo)[]} =2.1. 10_4(%3'

Measure correlation with Total Weighted Correlation (TWC)

A dog (PP P[J]...)
CLL TSI = log (P[J,J,J", . ..]) -1

*TWC is zero for uncorrelated events
*TWC in X-1 for X totally correlated events
*Measures Informational content: gives the number of redundant sets of data



Correlations across different particle number

2-BRE 3-BRE 4-BRE
N Al Jmin | Jmaz || Jmin | Jmaz || Jmin | Jmaz
51 16.0 | 10.1 || 36.3 | 2.9 || 7.7 | 0.2
6 (| 52.3 | 10.5 | 66.4| 3.1 || 83.0| 0.0
71124 11.8 | 39.1| 4.8 || 33.0| 0.5
8[| 42.7 121 63.2| 5.0 || 84.3| 1.1
91/ 9.5 | 123 || 31.1 | 6.5 || 33.7 | 2.3
10| 31.2 [ 11.5 || 48.6 | 7.1 || 65.5 | 2.6
C 1|1.883(3.806||1.560(3.266(0.435|0.000

Summary of g.s. statistics for minimum and maximum spin, and
correlations across different mass numbers N for a single j=19/2
valence space with 2,3, and 4-body random interactions.



Coherent effective interaction components

2-BRE  (H®)); =V, .J?

Predicts equal probability for P|[0y] = P[(Jaz)o] = 1/2
*Particle number independent
*Correlation across different N

3-BRE (H®)); = (VN +V).J?

*Enhancement of P[(Jimaz)o] is lower
* P{(Jmae)o] increases with N
*Correlation across different N are lower

VBRE () = (V) NELTIN + Vo) 4 V3

*The P|(Jax)0] is nearly zero.
* P|0y] Increases as it is always a local minimum
*Correlation across different N disappear.



Enhancement of paring

Seniority (average number of unpaired particles)
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Searching for rotational sequences

2-BRE 3-BRE 4-BRE
P |Ei/E:| P |E\/E2| P |Ei/Es
6 |3.7(2) | 0.55 |4.2(2)*| 0.69 |4.4(7)*| 0.69
8 14.2(2)*| 0.59 | 5.5(2) | 0.67 [7.4(11)| 0.75
10]2.1(1)*| 0.72 | 5.2(2) | 0.69 |7.3(10)| 0.62

Probability of finding the three lowest states as a sequence 0,24,
P[0y, 2,, 4, ], labeled as P, expressed in percent, and the ratio of
excitation energies between 2, and 4, states. In all cases the sequence
0,2,4 in the most likely g.s. sequence except for those marked with *.

For exact rotor El/EQ — 0.3
C [00, 21, 4o]

In all cases

~ 0.4




Rotational properties in systems with
random interactions

Select realizations where J,=0 and J,=2

Quadrupole moment J=2 state

Q=(J,J[MylJ,J) e J=2
Transition strength [B(EQ)
J,=0
B(E) = Y |(3,m, IM,, [3,m,)|
M;:,x

Prediction for rotor
(Alaga intensity rules)

A=Q%/B(E2) = 4/49



Distribution of Alaga ratio
(@)7—

B(E2;0 — 2)

N=6, j=15/2

9.2% cases J,=0 and J,=2

N=4, j=15/2
In ~6.7% cases J,=0 and J,=2
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*Even-Even system (J T)=(0,0) is enhanced, grows with n, J+T even
*Odd-0Odd (0,0) does not appear as g.s. J+T odd enhanced
*J..x and T, appear in 2-BRE and less expected for higher n.

max



Is order of states a statistical evidence for

3-body forces?

Experiment

3.5871

2.1543

1.74015

(.71835

p-shell 1°B
J|T|1-body|2-body |3-body|4-body|1-body|2-body |3-body |4-body
degenerate € = 0 non degenerate € = 1
1{0] 11.9 |19.1(4)|25.6(5)|30.3(6)| 25 |19.3(4)|25.4(5)|30.8(6)
30| 11.9 [36.6(6)[30.5(6)(29.9(6)| 25 |35.8(6)|30.5(6)29.6(5)
0[1| 8.3 [21.3(5)[24.5(5)|23.2(5)| 25 [20.5(5)|24.6(5)|23.0(5)
2|11| 16.7 | 9.7(3) | 5.9(2) | 4.8(2) 25 [11.4(3)| 6.3(3) | 4.6(2)
00| 24 |23(2)]2.8(2)|3.0(2) 2.2(2) | 2.8(2) | 3.2(2)
5(0 1.2 |2.4(2)|1.5(1) | 0.8(1) 2.4(2) | 1.4(1) | 0.7(1)
013 1.2 |4.8(2) |4.5(2) | 3.3(2) 4.5(2) | 4.5(2) | 3.2(2)




Many-body forces and structure of °B
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Conclusions

* n-Body ensemble and preponderance of symmetry
* Conserved quantities in effective interactions
 Coherent components: pairing, rotations, vibrations

Acknowledgements:
Thanks: V. Abramkina, D. Mulahll, and V. Zelevinsky.
Funding support: Department of Energy, National Science Foundation.

Further reading:

Alexander Volya, Emergence of symmetry from random n-body interactions,
http://lanl.arxiv.org/abs/0712.3754



