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Excursions of Experimentalists in Theory:
- The main aim is usually data interpretation for understanding Nuclear Structure

- Sometimes ideas appear that need support by further experiments and new theory
. . . 212 4 208

Starting point: a-clusters in heavy ¢,P0,,s = a(,He,)+ 5, Pb,

Idea: Magic clustering as one possible origin of nuclear shape deformations

Example in 32S showing the impact of knowing reduced transition elements

Plans for the future

Conclusions
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Why lifetimes are important for nuclear structure studies?

Lifetimes provide information about absolute probabilities (decays per
second) for transitions between two nuclear states and thus shed light on
their structure. Normally, the modulus of the reduced transition matrix

element
<®f[|O(o,1)||Di>

is determined. The electromagnetic interaction is well understood and this
gives us the possibility to extract pure nuclear structure information.
Electromagnetic transition probabilities are sensitive to the wave functions
of both initial and final states and thus represent an important tool for
testing nuclear models.



DSAM lifetime measurement in °'S for t(2.)

The result from the Bachelor’s work of Milena Stoyanova (Uni-Sofia)
value which is only to about 60%

accounted for even by the most modern Shell-model calculations

confirms the large B(E2,2,>0))

32 16
ldea: ¢S, =2 x 5 Oq
and displacement or vibrations
involving the two 0 clusters
may lead to deformation and
large E2 strengths
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Line shape analysis and lifetime
determination according to the DDCM
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Starting point: First observation of a-clustering In
heavy nuclei (**°Pq)

# Evidence of g clustering in 212Po

I
Goal: Spectroscopy of fission fragments via the 296Pb{ 180 ) reaction ’

Also in the data: the 2P5Fb(180,™+C)*12Po transfer reaction! )

Level scheme widely extended:

E I | ‘ |T 50 v rays added .
: AH—( L 35 new states, some of them extremely mterestmg

|| T ' Decay by a very enhanced E1 {with Al=0) transition,
- observed with Doppler broadenings & shifts
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£ D SR e w1 Coexistence of *n+28Pg"

%) Lifatimes extracied T ) A aM kT 7 1 oluster structures and
from DSAM analysis: "~ coeemares 0 | mpsew | segeperce | SiNGlE-particle excitations
in the range [0.1-0.6] ps in 212pg
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Some related publications for ?12Po=q. + 2%8Pb

Not too bad for a by-product. ..
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Mutual displacement and/or vibrations of “magic”

PHYDILAL KEVIEW U 8Y, UL13U0(K) (2U14)
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FIG. 4. (Color online) Comparison of experimental and theoret-
ical (a) magnetic moments p (in uy unit) and (b) quadrupole
spectroscopic moments Q, (in efm?).
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PHYSICAL REVIEW C 89, 011306(R) (2014)
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FIG. 6. (Color online) Examples of reduced transition probabil-
ities B{E2,2|'—>OT) for isotopic (left) and isotonic (right) chains.

Theoretical (experimental) values are in red (black).

clusters as driving deformations
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support this possibility 042701
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Level energies and E2 transition strengths in 32S

25 42818 Iy 4459

0t 37784
8.9(9) wu. 11.9(1.7) Wu.
1.38 (5)|W.u.

11.8(1.2) wu
Q=-154(2.0) efm?

2: 22306

13.5(2.2) Wu. (New result)

1.8 (1.2) Wu

Y ¥
0; 0.0 The B(E2)’s were deduced after measuring lifetimesIn the

femtosecond time range while Q(27) was determined in
earlier Coulomb excitation experiments
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How these short lifetimes have been measured:
Principle of DSAM
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the order or smaller than rays with different (generally

the slowing down time of
lonsin solids (~1 ps)
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decreasing) Doppler-shifts
0=60° during the deceleration of
excited nuclei
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Generating velocity projection spectra on observation axis

Stopping process:

- electron (continuous)

- nuclear (scattering with
discrete energy losses)
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Example of GFA analysis from NIM A 437 (1999) 274
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ldea for two-level mixing calculation involving Shell-model
states (sh) + clustering induced vibrations/deformations (cl)

lIJ(2-2|_) = _acl(p(z-{) + ash(p(z-Z'-)

2 4281.8 qj(o-zi-) = _bclq)(o-l'_) + bshq)(o-zi-) 4 4499
D; 3778.4
8.9 (9) W.u. 11.9(1.7) Wu.
1.38 (5)|W.u.
11.9 (1.2
e W Q=-154 (2.0) efm?
2] N + + 22306
1 Y(27) = agh@(27) + aqe(23)
13.5(2.2) W.u. ( New result )
11.8(1.2) Wu.
W0 = by, @(0F) + byp(03)
Y Y 1. sh@P Y1 c1 PV
o+ 0.0

y---->| Physical states>, ¢@——>|Unperturbed sates>
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Experimental data on some electromagnetic transition and
static E2 matrix elements in 32S

Q(Z_Il_) =0.7579 (ai <2 |E2] |24, >+a; <2q||E2[|24>+2a,2,<2, | |E2] [2>)
=-15.4(2.0) efm?

|<01_ | [E2] |2-|1_ >|=ajb; <04, | [E2]| |24, >+a,b,<04 | [E2] | 2,>+a;b,<0 | [E2] | 24>
+a,b,<0, | |E2| |2,>= 17.5(6) efm?

<07 [1E2] |27 >|=-a5b; <Og | |E2] | 24y >+a1b,<04 | |E2| | 2> - a,b,<0q| |E2] 24>
+a,b,<0, | | E2| |2.>=6.4(3) efm?

2
<27 11E2]127>|= 2,3, <24, | |E2| |24 >+812,<24 | |E2] | 2> - a5 <2 |E2] |24>
+a,%2<2, | |E2| | 2,>>=15.4(7) efm?

|<271E2] |07 >| = -bya; <24 | |E2] |0y, >+b12,<24 | |E2] |Oy> - bya,<2 ] |E2] 04>
+b,a,<2,, | |E2| |0,>=8.4(4) efm?
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Two level mixing calculation and fitting procedure

- Mixing of the lowest two 0" and 2* level belonging to the Shell-model space and to the
deformed (statically or dynamically) two-cluster space

- Since the level energies are known, a given interaction strength for each spin uniquely
determines the mixing amplitudes

-The intra-structure E2 matrix elements are “theoretical” — taken from the literature or
calculated by us within some simplifications for fixed average distance between the two
magic clusters while the inter-structure are subject of variation. It was found that without
them the entire date set cannot be consistently reproduced

-A computer code was developed which performs the fitting procedure by varying the
Interaction strengths and the unknown E2 matrix elements between the unperturbed
states with the aim to minimize x2



Results

Quantity Experimental
value
Q(2%)= -15.4 (2.0) efm?

|<0J1f| |E2] |2I>| =17.5 (6) efm?
New result: 20.1(1.6) efm?

|<0J1f| |E2] |2;>| = 6.4(3) efm?
|<2J1f| |E2] |2J2f>| = 15.4 (7) efm?

|<2J1r| |E2| |0J2r>| = 8.4 (4) efm?

>  Mixing at 0*: 4%

Deduced value

-14.4 efm?

18.5 efm?

-4.9 efm?

15.8 efm?

8.1 efm?

» Necessityto vary the off-diagonal E2 matrix elements

> Interactions:V(0*) = 740 keV, V(2*)=610 keV

Mixing at 2*: 10%

Theoretical values
from the PRC58
(1998) 699

15.7 efm?

7.8efm?

16.3 efm?

6.7 efm?
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Interpretation within the cluster hypothesis

Approximation with an ellipsoid:

2
Q= - Ze(c?-a?)

¢ = Ry(160)+d

a= [Ro(zs)

<2}[IE2]125> = -15 efm?> Q > Q= - 2Q >d =2 fm

Not so much unreasonable ....(Ry(*2S) = 4.2 fm)
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Systematics of level energies and B(E2,2J1“90J1“) In even-even S

Excitation energy [MeV]

Isotopes
Mass number A . )
24 26 28 30 32 34 36 38 40

- Low-lying quadrupole states in even-even S isotopes

305 329 Magic
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El
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Flgurea. HNilssondiagram far protons or neutrons, ar W< 504§, = 0.
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Plan for future investigations

_I_
E(2 1)
[MeV]

_I_
E(Ol)
[MeV]

_|_
E(41)
[MeV]
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o] 16 32
4 Be4 8 O8 16 S16

T T T

4 8 16
2X 2He2 2X4Be4 2X g 08
3.03 6.92 2.23
20.20 6.05 3.78
(lowest excited state)

11.35 10.36 4.46

unstable stable stable
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Study of 80Zr

> Nucleus of general importance
- Waiting-point (N=Z) in the rp-process of nucleosynthesis
- X-ray burst simulations
> Previous experimental study by C.J.Lister et al., PRL59(1987)1278

- Yrast y’s in 24Mg(°2Ni, 2ny) at 190 MeV

_E (21“) E (41“) — B~0.4

- Interpretation as superdeformation by D.C. Zheng and L.Zamick, PLB

266(1991)5

- Lifetimes, extensions of the level scheme planned
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Conclusions

Interesting (sometimes crucial) nuclear structure information can
be obtained by measuring lifetimes and comparing experimental
and theoretical transition matrix elements

Large scale clustering, especially the one involving magic clusters,
may lead to a new type collective motion (relative
displacement/vibrations) at relatively lower excitation energy

This effect was shown to be a possible origin of the enhanced
quadrupole collectivity in 32S within some correlation with filling

of subshells i.e. single particle properties

Further investigations are in progress



Thank you very much for your attention!

Special thanks to Alain Astier, Marie-Genevieve Porquet, Peter
Schuck, Jan Jolie, Milena Stoyanova and Orlin Yordanowv.
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