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Study of the Order-to-chaos
transition in 174W with the 

AGATA-Demonstrator
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Outline
 Physics motivation
 Experimental setup & goals of the 

experiment
 Preliminary results of the data analysis
 Simulation
 Ankara collaboration

V. Vandone – EGAN meeting – Padova 20112



Physics Motivation
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Experimental analysis
Quasi-Continuum 
γ-γ coincidence spectra
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T. Døssing, S. Leoni et al., Physics  Report 268 (1996)
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Physics case: 174W

TRS Calculations:
Stable prolate rotor up to high frequency 

confirmed by experiments

Fusion-evaporation reaction
50Ti (@217MeV) + 128Te  174W + 4n 

Backed target experiment (natPb)
Warm rotation up to U ∼ 4 MeV

High spin ∼ 60ћ

ћω=0 MeV ћω=0.25 MeV ћω=0.5 MeV

174W

2 high-K isomeric 
states:
K=8 & K=12

Low-K

High-K

S.K. Tandel, Phys. Rev. C73 (2006) 044306
S.K. Tandel, Phys. Rev. C77 (2008) 024313
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HELENA:
27 detectors – 5 clusters of BaF2
(3”×3”, exagonal)
Distance from target = 15cm
Total solid angle: 25% of 4 π
Total efficiency: 16% @ 500keV

AGATA Demonstrator:
Distance from target = 14cm

2 and 3 folds: ε2γ=30%, ε3γ=10% 
(Mγ = 30)

Experiment performed last July at Laboratori Nazionali di Legnaro of INFN

By-products:
 Study of the dependence of the GDR-

width on the angular momentum;
 Study of AGATA response to high 

energy γ−rays:
 Tests on n-γ discrimination methods

developed by Ankara group

 Investigations on the possibility of improving 
HPGe detectors time resolution through 
Pulse Shape Analysis techniques

Populate 174W at the highest possible spins (≥60ћ), in order to make: 

 Statistical analysis of the ridge-valley 
structures in the γ−γ matrices, to estimate 
the number of low-K and high-K bands and their 
correlation;

 Lifetime analysis of the excited 
rotational bands (measure of the quadrupole 

moment of the quasi-continuum structures);

Goals of the experiment

Experimental setup : AGATA + Helena
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Detectors calibration
AGATA calibration

AmBe(Ni) source
Energy calibration up to 9MeV using 
20 gamma lines for the core and 7 
for the segments. 

No gain fluctuation (within 3‰)
Very stable detectors in 7-days 
measurements 

137Cs 
(662keV)

88Y 
(898keV - 1836keV)

60Co 
(1173keV - 1332keV)

Helena calibration

3 scintillators have large gain 
fluctuations (>10%) due to electronic 
instability

Added correction factors in the 
Sort Program

Time alignment of the AGATA detectors

First alignment of 
Time spectra 
using the keyword 
TimestampCorrect

+
Fine alignment 

<5ns

Calibration up to 9MeV using AmBe-Ni source

Already show at AGATA week in 
Lion (Nov 2010)
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Helena BaF2 Multiplicity Filter in AGATA

Focus on high-spin, 
high-excitation 
energy
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Selection of the high-K bands using time
information: delayed gammas from isomeric states
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1000 keV
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Background
208Pb   50Ti

Background
27Al neutrons

Isomeric gammas

965 keV

Gate on γ-isomer
 enhanced
delayed bump

Gate on ENERGY :
delayed γ
prompt γ

AGATA vs Helena time-spectrum

Time information for high-K selection

Gate on  DELAYED time :
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Quasi-Continuum γ-coincidence spectra
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Cranked shell model calculations
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M. Matsuo et al., Nuc. Phys. A649(1999)379c.



natGe (n, n’γ)
Ankara collaboration: n-γ discrimination
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RESULTS
Only TOF gating P/B value is increased 
by a factor of 1.2 while keeping 80% of 
the ε. (due to small distances)

With tracking P/B values are 
increased by a factor of 1.2 to 1.6 
while keeping 95% and 60% of the 
photo peak efficiency (ε).

Eint [keV]

TO
F 

[n
s]

HPGe to target distance = 16 cm
time resolution FWHM < 10ns

TECHNIQUES (see Senyigit’s talk)
Combination of:
•TOF gating (Banana gate)
• rejection of neutrons through Tracking :

•1st interaction E-threshold (En < 
50keV)
•direction of incoming γ
•Figure of merit (γ :0<F<1 while n:F>1)

S. Akkoyun,  PHD Thesis, Ankara University - A. Atac et al. NIM A, 607 (2009)



Ankara collaboration: n-γ discrimination
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RESULTS
Only TOF gating P/B value is increased 
by a factor of 1.2 while keeping 80% of 
the ε. (due to small distances)

With tracking P/B values are 
increased by a factor of 1.2 to 1.6 
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photo peak efficiency (ε).
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Summary
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•Study of order-to-chaos transition in 174W
•Setup:  AGATA Demonstrator + Helena Array
•Fusion-evaporation reaction of 50Ti on 128Te target
•Preliminary results : evidence of ridge-valley structures both for low 
and for high-K bands
•Simulation at the very first stage

Extract the number of low-K and high-K bands and their correlation
Compare the experimental result with theory calculations

Thank you for your 
attention
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