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∆K=|Kf -Ki| ≤ l

Ki

l

Symmerty axis

Transition of orderKf

T1/2

N Z

• K-Isomers: characterized by big orientation variations of the nuclear spin 
with respect to the nucleus symmetry axis

• K-hindered transition (ΔK>l): is useful to define the degree of K-forbiddenness ν 
and the hindrance factor F

degree of K-forbiddenness:

hindrance factor:
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Tandel et al., Phys. Rev. C, 73 044306
(2006)
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• γ-tunneling: tunneling of the nucleus through a barrier of γ degree of freedom, along 
a line of constant β deformation

• g-factor measurements: information on the level’s qp-configurations
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• 12+ isomer: the most intense transition is an E2 at 1879keV, with ν=10

Tandel et al., Phys. Rev. C, 73 044306 (2006)
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TimeDifferentialPerturbedAngularDistribution 
technique

• Interaction with an external magnetic field B: Larmor precession
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Intensity Distribution

~!L = �gµN

~
~B

1

• Orientation: in the fusion-evaporation reaction the projectile 
transfers large angular momentum to the target, perpendicularly 
to the beam direction
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Reaction

162Dy(16O,4n)174W @84MeV
81.1% of the total cross section

800 ns 

2 ns 

• Target
Pb layer, for stopping tungsten
Heated to 400K
Temperature control

beam
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• Pulsed beam: 2ns pulse for a good 
identification of the prompt peak and 800ns 
cycling time to observe the complete decay 
without overlap form different beam pulses

• Choice: CASCADE [1] code

[1] Puhlohfer, Nucl. Phys. A, 280 267 (1977)



         

      

GAMIPE

• Magnetic field: B=(14.65±0.05)kG, set at this value for observing 2-3 complete 
oscillations in the range of 3T1/2

HPGe1 

HPGe3 

HPGe
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• Detectors: 4 HPGe placed at ±45°, ±135° respect to the beam axis, since 
W(t,θ,B) is symmetric for a rotation of 180° the intensities of HPGe 1-3 and 2-4 
can be summed for doubling the statistics
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GAMIPE 
Upgrade
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old

new magnet

• New digital acquisition system: we have 
installed TNT2 cards based on Moving 
Time Deconvolution Window

12th International Conference on Nucleus Nucleus 2015 (21-26/06/2015)

HPGe

μ-metal guards



Untitled 3[1] - Sunday June 14 2015 - 18:49:10

tot - spettri con gate temp 20 ns da 204 a 764
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• Delayed transitions in coincidence with 
1879keV

• g-factor

Results 
12+

• Mean life of 12+: confirmed literature value 
τ12+=186(12)ns (Tandel et al., Phys. Rev. C, 73 044306 
(2006))

�2
red = 0.92

1

Energy [keV]

Co
un

ts

The systematic contributions are still 
under analysis, so probably the error is 
little underestimated
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Results 
8-

162DyTOT_aligned.spcx[14] - Wednesday June 10 2015 - 18:15:34

tot - spettri con gate temp 20 ns da 204 a 764
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Untitled[1] - Tuesday June 16 2015 - 17:18:54
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• For the 8- level the analysis is very complicated due to 
the large background contributions (still ongoing)

Delayed transitions in 
coincidence with 243keV 
and 247keV

Example of 20ns delayed 
spectrum (60-80ns after the 
prompt peak)
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• The level’s qp-configuration are given by combination of single orbitals near the Fermi 
surfaces

A~180 mass region 

• For 174W: β2=0.271, β4=-0.007, γ=0° (Tandel et al., Phys. Rev. C, 73 044306 (2006))
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• gyromagnetic factor for a well define K state [1]

rotational part
obtained from the known gyromagnetic factor of 
the 2+ levels in the isotopes of Tungsten [3] 
(confirmed by measurement in 176W [4])

intrinsic part (i is number of considered orbitals)
obtained from the experimental g-factors in the 
near nuclei with a single nucleon in the valence 
orbital

K>1/2:

K=1/2: b magnetic decoupling parameter [2]

[1] Bohr A. & Mottelson B.R., “Nuclear Structure, Volume II: Nuclear Deformations”, World Scientific, Singapore, (1998)  

[3] Firestone R.B. & Shirley V.S., “Table of Isotopes”, John Wiley, New York, (1996), Appendix E, Nuclear Moments  
[4] Ionescu-Bujor et al., Phys. Lett. B, 541 219 (2002)  

[2] Stuchbery et al., Nuclear Phys. A, 669 27 (2000)  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proton orbitals neutron orbitals gcalc(12+)

7/2+[404], 9/2-[514] 1/2-[521], 7/2+[633] 0.678(13)

5/2+[402], 7/2+[404] 5/2-[512], 7/2-[514] 0.533(11)

5/2+[402], 7/2+[404] 5/2+[642], 7/2+[633] 0.403(11)

5/2-[512], 7/2-[514], 5/2+[642], 7/2+[633] -0.161(9)

• Level configuration: spin 12+ and similar energy (3516keV) [1], [2]

• Experimental value measured in this work: g12+=0.304(7)

• The level’s configuration might not be a pure 4qp-configuration
[1] Tandel et al., Phys. Rev. C, 73 044306 (2006)
[2] Crowell et al., Phys. Rev. C, 53 1173 (1996)
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R. Avigo2, N. Blasi2, G. Bocchi2, S. Bottoni2, A. Bracco2, F. Camera2, S. Ceruti2,
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A lively topic of the nuclear physic investigation concerns the study of high-K isomeric
states. These states are useful to understand the nuclear structure and can provide crucial
information for testing the theoretical models. Furthermore, the knowledge of the properties of
these long-living states may be useful for practical applications in medicine and energy storage
methods.

The K quantum number is defined as the projection of the total angular momentum on the
symmetry axis of symmetrically deformed nuclei, and the decay among states characterized by
di↵erent values of K is governed by selection rules. Even if K isomers have been observed in
many nuclei, mostly in the A ⇠ 180 region of the nuclide chart corresponding to well deformed
nuclei (like Hf, W and Os isotopes), their decay mechanism is not yet well understood. One
hypothesis is the mechanism of K-mixing, in which the mixing of configurations with di↵erent
K gives the reduced hindrance factor of these states [1]. Another mechanism is the �-tunneling,
in which non-axial fluctuations of the nuclear shape are responsible for the tunneling of the
nucleus between configurations with di↵erent values of the triaxiality parameter �. This latter
mechanism has proved to well describe the behaviour of K isomers in the A ⇠ 180 region [2].

In this contribution we report on a recent study of the isomeric states of 174W through
the measurement of their giromagnetic factors. This nucleus is of particular interest since
the 12+ isomer shows a decay branch going directly to the ground state band, thus implying
a change of 12 units of K. The �-tunneling mechanism fail to account for the properties of
this particular state [3]. In order to analyse this state in term of K-mixing, the knowledge
of its multi-quasiparticle configuration is necessary. The nuclear observable connected to the
configuration of multi-quasiparticle of the level is the magnetic dipole moment, which can be
determined through giromagnetic factor measurements.

The experiment was performed at Legnaro National Laboratory, exploiting the well known
TDPAD technique, using the existence GAMIPE apparatus which will be described in detail.
The isomeric states were populated using the reaction 162Dy(16O,4n)174W at beam energy of
84MeV.

The measured value of g-factor has been compared with theoretical estimates for achieved
the multi-quasiparticles configuration of the level 12+. This result will be the starting point for
the explanation of the decay mechanism of this level through the K-mixing model.

[1] P.M. Walker et al., Phys. Rev. C 81, 041304(R) (2010)
[2] K. Narimatsu et al., Nucl. Phys. A 601, 69 (1996)
[3] S.K. Tandel et al., Phys. Rev. C 73, 044306 (2006)

1

Thanks to all colleagues:

• First measure of the g-factor for the level 12+: g12+=0.304(7)
• Confirmed mean life value for 12+ level: τ12+=180(30)ns

• Upgrade to GAMIPE apparatus, a modern set-up for g-factor and Q-value 
measurements at LNL in Legnaro (Pd, Italy)

• The level 12+ might not be a pure 4-qp configuration

• The analysis on the level 8- is still ongoing


