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The GASP Gamma–Ray Array
GASP
Operational since 1992
40 HPGe (80%) + AC
εph (1.3MeV) ~ 3% (@ 27 cm) I
~ 5.8% (@ 22 cm) II
P/T ~ 60%
BGO multiplicity filter – 80 elements
Mainly high–spin states populated in
fusion–evaporation reactions
coupled to ancillary detectors such as
EUCLIDES, Plunger, n-Ring, RFD,
LuSiA

GASP – first results
GASP 1995
The increase of
the 68Ni 2+ excitation
energy, by more than
600 KeV compared
with 66Ni, indicates
a significant subshell
closure at N=40

The CLARA Gamma–Ray Array

Coupled to
the PRISMA
spectrometer

! 24 Clovers setup
!
!
!
!

Efficiency ~ 3 % @ 1.3 MeV
Peak/Total ~ 45 %
Position θ = 103o–180o
FWHM ~ 10 keV for Eγ= 1.3MeV
@ v/c = 10 %

Clover
detectors
placed, with
respect to the
PRISMA
entrance, at:	


θ = 102.9ο	

θ = 128.6ο	

θ = 141.4ο	

θ = 154.3ο	

θ = 180.0ο
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least 3 ns can provide the explanation of this enhancement.
In setting this fairly conservative half-life limit, we took into
account the strong intensity of the 360 keV transition observed
in both PRISMA-CLARA experiments. This transition decays
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from the 1.1 ns 360 keV state in 47 K and apparently is detected
with almost full efficiency. We concluded that a half-life of at
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A.the
M. Stefanini,
W.view.
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Differential plunger
300 MeV 48Ca + 208Pb

Excited states in the N = 30 neutron-rich isotope 49 K have been studied using multinucleon transfer reactions
with thin
and the PRISMA-CLARA spectrometer combined with thick-target γ -coincidence data from
FIG. 3. 49 Ktargets
level scheme
established in the present study. For the
Gammasphere. The d3/2 proton-hole state is located 92 keV above the s1/2 ground state, and the proton-particle
1011 keV transition, the alternative
placement as feeding the ground
f7/2 state is suggested at 2104 keV. Three other levels are established as involving the coupling to 2+ of two
state is possible. Indicated as tentative, the spin-parity assignments
neutrons above the N = 28 shell. The measured or estimated lifetimes served to reinforce the interpretation of
are strongly supported by several experimental facts as discussed in
the observed level structure, which is found to be in satisfactory agreement with shell-model calculations.

330 MeV 48Ca + 238U
CLARA + PRISMA

the text. The theoretically calculated level energies using the large
10.1103/PhysRevC.82.034319
PACS
number(s): 21.60.Cs, 23.20.Lv, 25.70.Lm, 27.80.+w
space DOI:
shell-model
approach (see text) are shown to the
right.
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as the appearance of the so-called island of inversion near 32 Mg
[1], or the rapid destruction of the N = 40 subshell closure,
well-established in 68 Ni [2], but absent in the neutron-rich Fe
isotopes [3,4].

The presently available information on proton-hole states
in potassium isotopes [15,16] already indicates an interesting
evolution of nuclear structure with isospin. Starting with the
N = 20, 39 K isotope, a dramatic change in the d3/2 and s1/2
proton-hole energies occurs when the f7/2 neutron shell is
filled. The s1/2 state, which is initially well separated from
the d3/2 ground state, lowers its energy rapidly with increasing
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FIG. 3. 49 K level scheme established in the present study. For the
1011 keV transition, the alternative placement as feeding the ground
state is possible. Indicated as tentative, the spin-parity assignments
are strongly supported by several experimental facts as discussed in
the text. The theoretically calculated level energies using the large
space shell-model approach (see text) are shown to the right.
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Sum over all the distances

plunger runs performed for various target-degrader distances.
It is apparent that the now prominently visible 92 keV line
is strongly enhanced compared to the previous experiment
[Fig. 1(b)]. Comparing product velocities and geometry of
both experiments, one concludes that a state lifetime of at
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least 3 ns can provide the explanation of this enhancement.
In setting this fairly conservative half-life limit, we took into
account the strong intensity of the 360 keV transition observed
in both PRISMA-CLARA experiments. This transition decays
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Excited states in the N = 30 neutron-rich isotope 49 K have been studied using multinucleon transfer reactions
with thin
and the PRISMA-CLARA spectrometer combined with thick-target γ -coincidence data from
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level scheme
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1011 keV transition, the alternative
placement as feeding the ground
f7/2 state is suggested at 2104 keV. Three other levels are established as involving the coupling to 2+ of two
state is possible. Indicated as tentative, the spin-parity assignments
neutrons above the N = 28 shell. The measured or estimated lifetimes served to reinforce the interpretation of
are strongly supported by several experimental facts as discussed in
the observed level structure, which is found to be in satisfactory agreement with shell-model calculations.
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FIG. 3. 49 K level scheme
established
in the C
present
study. For
the
1011 keV transition, the alternative placement as feeding the ground
state is possible. Indicated as tentative, the spin-parity assignments
are strongly supported by several experimental facts as discussed in
the text. The theoretically calculated level energies using the large
space shell-model approach (see text) are shown to the right.

plunger runs performed for various target-degrader distances.
It is apparent that the now prominently visible 92 keV line
is strongly enhanced compared to the previous experiment
[Fig. 1(b)]. Comparing product velocities and geometry of
both experiments, one concludes that a state lifetime of at
FIG. 6. Systematics of the lowest 1/2+ , 3/2+ , and 7/2− states in
a series of potassium isotopes including the presently obtained 49 K
results.

GASP and the Recoil Filter Detector

RFD measures recoils in coincidence with
γ–rays detected in Ge–arrays
selection of the recoils of interest by
ToF technique
• determination of the recoil velocity
vector event–by–event
•

W.Męczyński et al. - NIM A580, 1310 (2007)

GASP and the Recoil Filter Detector
Efficient selection of weak
fusion–evaporation channels

28Si(145MeV)

+

170Er(0.5mg/cm2)

Event–by–event
Doppler correction
32S(95MeV)

+

40Ca(0.5mg/cm2)

v/c=2.7%
69As(3p)

GASP and the Recoil Filter Detector

A
R = A+B

τ	


Lifetimes: tens – hundreds fs
P.Bednarczyk et al., LNL Annual Report 2009

The AGATA Gamma–Ray Tracking Array
AGATA D – 2010
European Collaboration
5 triple cluster detector
εph (1.3MeV) ~ 6%
Coupled to the PRISMA
Feb. 28, 2011 – Mar. 14, 2012
14 experiments
86 days over 170 total
GARFIELD GASP

EXOTIC

TRAPS

AGATA
(23%)

8piLP

PISOLO

SLIDING
SEAL
GAMIPE

PRISMA
(12%)

AGATA+PRISMA
(29%)

The CNO cycle and the 14N(p,γ)15O reaction
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nuclear x-sections are precisely known

17O	
  

(p,ϒ)	
  

β+	
  

13N	
  

14N	
  

(p,α)	
  

15N	
  

II

C,N abundances in the solar core can be
obtained by measuring the neutrino fluxes
[W.C.Haxton et al., As.J.687(2008)678]

(p,ϒ)	
   16
O	
  

possible solution for the
“solar composition problem”
[A.M.Serenelli et al., As.J.Lett. 705, L123-L127 (2009)]

14N(p,γ)15O

is the “bottle neck”

The CNO cycle and the 14N(p,γ)15O reaction
Captures to different excited states in 15O
contribute to the x-section.
The one to the gs in 15O is dominated by
the tail of the sub-threshold resonance at
-505 keV (6.79 MeV state in 15O)
- 505 keV

[C.Angulo et al., NP A690 (2001) 755,
M.Marta et al., PR C78 (2008) 022802(R), ….]
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change of ≈20% in Γ=ℏ/τ

1.0 eV
Γγ (6792 keV) = 0.8 eV
0.6 eV

change of ≈30% in Sgs(0)

Lifetime of the 6.79 MeV state in 15O

DSAM (Doppler Shift
Attenuation Method)
(DIRECT!)
lifetime measurement
in inverse kinematics
exploiting the detection
efficiency and energy
resolution of the
AGATA HPGe array
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15O	
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The experiment: reaction and setup
14N

+ 2H @ 32 MeV (Tandem XTU, LNL)

 15O

ϑ ≈ 160 deg à
cos ϑ ≈ -0.94

2	
  

AdvancedGAmmaTrackingArray	
  	
  
Demonstrator	
  

3	
  
reaction
chamber

1	
  
4	
  

(Qgs=5.1 MeV)
15N (Q =8.6 MeV)
gs

ϑ

≈0.3 μm 2H

onto 3.8 mg/cm2 197Au

beam (z) axis

4 asymmetric triple-clusters:
12
36-fold segmented HPGe
Efficiency and Energy resolution
@ 1.3MeV : ≈2%, 2.5 keV
@ 7 MeV : ≈0.5% , 4.8 keV

digital electronics 
decomposition of signal shapes 
pulse Shape Analysis  gammaray tracking

Data analysis

first interaction
point of each
gamma–ray
reconstructed
event–by– event
with a 4mm
indetermination

15O

6.79 MeV
τ?? 15N 7.3 MeV

detected gamma-rays
can be sorted in few
degrees θ “slices”

τ=0.65 fs

source(*)	
  
(*)

15N

8.3 MeV
τ=2 fs

by C. Michelagnoli

Data analysis

lineshape	
  	
  
analysis	
  on	
  the	
  12	
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15O

6.79 MeV
15N 7.3 MeV
τ??
τ=0.65 fs

source(*)	
  
(*)

15N

8.3 MeV
τ=2 fs

by C. Michelagnoli

Data analysis: reaction kinematics
both 15O and 15N excited levels are mainly populated via nucleon (proton
and neutron, respectively) transfer reactions
center of mass x-section angular distribution:
14N

15N
2H

transfer to
8.3MeV
state in 15N

p

fusion-‐evap.	
  

CDCC** calculations of the
nucleon transfer process
by N. Keeley (Warsaw)
**Continuum-Discretized Coupled Channels

ratio between the two different
mechanism and (energy) spectrum of
the evaporated particle

but also the fusion-evaporation
channel is open
14N

2H

full GEANT4 simulation of the
reaction and detection processes

16O

15N

p

Data analysis: test case 15N
GEANT4 simulation
τ = 3 fs
pfevap=30%	
  
pfevap=20%	
  

15N	
  

Data analysis: the 6.79 MeV state in15O
15O	
  

0 fs
1.1fs
4.1fs

The AGATA Gamma–Ray Tracking Array
AGATA D – 2010
European Collaboration
5 triple cluster detector
εph (1.3MeV) ~ 6%
Coupled to the PRISMA
Feb. 28, 2011 – Mar. 14, 2012
14 experiments
86 days over 170 total
GARFIELD GASP

EXOTIC

TRAPS

AGATA
(23%)

8piLP

AGATA concluded the physics
campaign at LNL at the end of
December 2011

PISOLO

SLIDING
SEAL
GAMIPE

PRISMA
(12%)

AGATA+PRISMA
(29%)

The GASP Gamma–Ray Array
GASP
1992 – 2012
40 HPGe (80%) + AC
εph (1.3MeV) ~ 3% (@ 27 cm) I
~ 5.8% (@ 22 cm) II
P/T ~ 60%
BGO multiplicity filter – 80 elements
Mainly high–spin states populated in
fusion–evaporation reactions
coupled to ancillary detectors such as
EUCLIDES, Plunger, n-Ring, RFD,
LuSiA
March 6 – 12 last experiment
April 4 – official shutdown

Perspectives
Assembling GALILEO

The GALILEO project
GALILEO – 2012
new gamma–ray array
European Collaboration
take advantage of the recent technical
developments for AGATA
preamplifiers, digital sampling,
preprocessing, DAQ
→ high counting rates (30–50 kHz/det)
use of existing detectors
EB cluster detectors capsules
GASP detectors
→ high photopeak efficiency
use beam facilities at LNL
Tandem, ALPI, PIAVE – stable
SPES – RIB
→ production of new nuclei

GALILEO – GEANT4 Simulations

GEANT4 by E.Farnea

Mixed configuration
30 GASP detectors @ 22.5cm
5
5
5
5
5
5
o
o
o
o
o
29 51 59 121 129 151o
10 triple cluster (EB clusters) @ 24cm
90o

 symmetrical coverage of the solid
angle (ang. distr., DSAM)
 good granularity
 at 90o detectors have relatively lower
solid angle aperture
 anti–Compton shields
 for GASP detectors already
available
 for the triple clusters new AC
shields
 limited impact on the array
performance when dismounting the
first ring of detectors to allow
insertion of ancillary detectors
εph ~ 8%

P/T ~ 50%

The GALILEO Gamma–Ray Array

Design by C.Fanin
M.Turcato

GALILEO – Location

Experimental Hall II – replacing GASP

GASP – Dismounting

GALILEO – Parts

SCM
Modena

Triple Cluster Detector – R&D
Development of the triple cryostat
end–cap in carbon fiber
dewar
internal cabling
optimizing the thermal conduction (LN2 consumption)
EB cluster detectors
7 encapsulated n–type HPGe detectors
FWHM < 2.4 keV @ 1332.5 keV
εint ~60% @ 1332.5 keV
common cryostat
independent HV/LV/FE

Triple Cluster Detector – First Prototype
front–end electronics
(warm part)

end–cap in
Carbon fiber

capsules

Zeolites container

cold finger

dewar

GALILEO – Electronics R&D
New electronics is being built in close synergy with AGATA
* low–noise, fast, low–power consumption *
o new cold part (AGATA FET)
o use solutions already developed for AGATA
• core type preamplifiers
• GTS
• AGAVA interface with the VME electronics (colab. with Kracow)
o new developments for AGATA and GALILEO
• low power digitizers
• readout and preprocessing on PCI express boards
o anti–Compton shields signal readout
• digital (similar to the Ge detectors)

GALILEO – Preamplifiers
•
•
•
•
•

a fast low–noise charge sensitive preamplifier
based on the core–type AGATA preamplifier
over–threshold fast reset circuitry – to reduce
dead–time due to preamp/ADC saturation
ToT signal – recover energy information up to
180 MeV
a fast analog trigger signal can be produced –
useful for ancillary detectors
used for both tapered and triple cluster
detectors

A.Pullia, G.Pascovici, C.A.Ur
submitted to IEEE Nuclear Science Symposium

!

GALILEO – Digital Sampling

!
A.Pullia,

Digi-opt12: 12-channel 14/16-bit 100/125-MS/s
digitizer with optical output for GALILEO/
AGATA
• single–ended/differential analog input signals
• end termination for both differential– and
common–mode components of the input
signals
• AC or DC coupling to the ADC,
• introduction and remotely-controlled
adjustment of a differential DC offset, useful for
dynamic range maximization
• remotely controlled dynamic-range selection,
• easily tuned anti-aliasing filter
• precise inter-channel time synchronization
• optional interleaved mode for equivalent
sampling-frequency multiplication
Power consumption < 10 W

GALILEO – Readout & Preprocessing

~30 k€
~320 W

~7 k€
~60 W

GALILEO – Electronics & DAQ
Fully synchronous system with global
100 MHz clock and time-stamp distribution
New AGATA core–like preamplifiers
differential output, one 10 MeV range - done

GTS
clk

New Digitizers: 100 Ms/s, 14 bit – prototype ready
Optical fiber read-out of full data
stream to pre-processing electronics

Detector Ge

Detector AC

Preamps

Preamps

Digitizers

Digitizers

…

Buffers of time-stamped local events sent
to PSA if needed neutron damage correction
Global event builder and software trigger
Control and storage, …

New XDAQ

New local processing: determine energy, time and
isolate ~ 600 ns of signal around rise-time
First prototype fully operational 38 channels

PCI Express board

0.2 GB/s/det
Local
processing

Local
processing
2.5 MB/s/det

@ 50 kHz
PSA

PSA
150 kB/s/det
Event
Builder
On line…
Storage …

GALILEO – Electronics & DAQ
Preamp.

Digitisers
Analog

PSA

Preprocess
Synchronous
Buffered

Ev. Build.

Tracking

Local Level

Control,
Storage
Global Level

GALILEO – Ancillary Detectors
Study of weak reaction channels or weakly populated structures
LoI 2009–2012
high efficiency
Light charged
particles detectors

+

high resolving power
Binary reactions
fragment detectors
Lifetime
measurement

Neutron
detectors
Recoil
detectors

High–energy
g–ray detectors

Fast timing
detectors

HECTOR
HECTOR+
PARIS Prototype

GALILEO – RFD
3D Model

RFD Kracow

GALILEO & RFD – Physics Case
“Collective Modes of Excitation”
Milano-Krakow
Configuration 1: GALILEO + Scintillators LaBr3 + RFD:
! Search for Jacobi transition in neutron rich Ba isotopes
! Study of very heavy Th, Rn, Ra nuclei at high spins and T≠ 0
! Rapidly rotating nuclei in A=60 region
Configuration 2: GALILEO + Scintillators LaBr3 + TRACE:
! Inelastic scattering of 17O ions : pygmy dipole states and GQR
Configuration 3: GALILEO + Plunger + PPAC:
! In-beam spectroscopy by transfer reactions with Heavy Ions:
search for particle-phonon couplings (Ni, Fe, …)

Summary
Long–term collaboration in the frame of nuclear structure studies
through the means of gamma–ray spectroscopy
! common experiments
! development of detectors
! theoretical calculations
A new gamma-ray array GALILEO is under development at LNL
R&D for improving detectors and electronics
! higher detector granularity
! improved efficiency at high energies (composite configuration)
! low noise, fast electronics
! digital treatment of the signals
Common physics interest
! use of PARIS prototype
! use of RFD detector

