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Exotic nucleiPhysics motivation

Study Gamow-Teller (GT) 
transitions in unstable nuclei

Study the collectivity in spin-isospin channel

p =>
στ

n
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See the talk of M. Sasano on 
13th September @L2, 16:50~

M. Sasano et al., PRL 107 (2011) 202501.  
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(p,n) reaction in inverse kinematics

proton probe
RI target

heavy reaction 
residues

(p,n) 
reaction

Low-energy 
recoil neutrons

SAMURAI

Thick liquid 
hydrogen target

WINDS

High luminosity 

The best tool to study the GTGR in unstable nuclei…

Typically ~1-1.5 cm
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K. Yako et al., RIKEN APR 45  (2012) 137. 

T. Kobayashi et al., NIM B 317 (2013) 294. 



The problem…

Luminosity

R = L . σ

Secondary beam intensity

Contamination (inverse of purity)

Intensity
Background

… bad resultHigh intensityStatistics
DATA

Short  
experiments
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The background limits the counting rate



Goals of our detector development

Online

Good signal-to-noise ratio in both online and offline

Offline
• To fully remove the background  
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• To reduce the trigger rate by removing the large 
background due to gamma rays 

To be able to handle high intensity beam 
To decrease the size of data to be stored

Lower systematical and statistical errors



Solution

We need a detector device which provides 
online particle identification!

• detector material sensitive to differences between particles  

• system which can handle the particle discrimination real time
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Detector material
New EJ-299-34 plastic scintillator with special secondary solvent.

Pulse Shape Discrimination (PSD) capability

Gamma

Neutron

270

13

N. Zaitseva et al., NIM A 668 (2012) 88. 
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30 cm

2.5 cm 5 cm
PMT H7195 (2” diam)

PMT H7195

Device

• Largest existing EJ-299-34 plastic volume is our detector. 

• Hamamatsu H7195 photomultipliers coupled to both ends directly (no light guide) 

• Optical cement 

• Wrapping: two layer of aluminised mylar + black tape 

• Position sensitive device (time differences)
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Sensitive signal processing is necessary 

Anlog DAQ Digital DAQ (DDAQ)

Jungle of modules and cables. One single board can do the 
job of several analog modules.

+ programming 

+ programming 

+ programming 

+ programming 

+ programming 

+ programming 

+ programming

Reconfigurable 
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Benefits of DDAQ

• Digitising of the wave form as early as possible 
• Data reduction 

• Multi-parametric analysis: energy, timing and pulse shape on same board 

• Reduction in size, cabling, power consumption 

• High reproducibility of the setup (configuration of electronics) 

} preserve full information

all correlated in the same data flow 

low cost per channel, high mobility, fast setup 
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Signal

HVHigh Voltage 
Power Supply

Detector

CAEN  v1730

optical cable, 
CONET2 network

Fully digital acquisition chain

Flexibility: different digital algorithms can be designed and loaded into the same hardware

14 bit, 500 MS/s 
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PSD capability based on charge integration method
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Anode Signal

Short gate

Long gate

Q Short

Q Long

PSD = Q Long
—————— 
Q Long - Q Short 



Taken with 4 mV threshold

PS
D

Light output (keVee)

Time-of-Flight (ToF) measurement
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Separation
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Managing triggers in “local” and “global” levels FoM



Figure of merit (FoM) to evaluate the PSD

intensities were, respectively, 350 kBq, 130 kBq, 400 kBq, and
380 kBq on 09/17/2013.

Count Rate (CR) measurements were performed under gamma
irradiation. Energy spectra were recorded using 22Na, 60Co and
137Cs sources, and their intensities were 9.75 MBq on 11/07/11,
240 kBq on 03/14/00, and 206 kBq on 03/14/00, respectively.

3. Results and discussion

3.1. Preliminary study with liquid scintillator BC-501A

Table 1 summarizes the main characteristics of the studied
scintillators. Based on the information contained in their publica-
tions, Brooks' [1] and Zaitseva's [6b] scintillators were reproduced
for overall comparison with our own scintillators. Various forms of
Brooks' scintillator were prepared, according to the observations
and issues stated in the past. Finally, our own scintillators were
based on an almost identical strategy, integrating the first fluor-
ophore at the highest possible concentration, but with a specially
designed polymer matrix. Several concentrations in various
matrices were studied. The PSD of a BC-501A liquid scintillator,
with excellent n/γ discrimination [11] efficiency, was also deter-
mined to allow an ultimate reference comparison to be made.

First, neutron/gamma discrimination efficiency in the liquid
scintillator BC-501A was determined. Both delayed and total
charges were obtained and are referred to as QDel and QTot,
respectively. To compare these charges as a function of the
particle's incident energy deposited in the scintillator, energy
spectra are presented in Fig. 2 with 137Cs (206 kBq, 03/14/2000)
and 22Na (9.75 MBq, 11/07/2011) gamma sources. Statistics are
sufficient for energy calibration since the Compton edge position

has been verified to be located at the same position at higher
statistics considering uncertainties.

Compton edges (CE) are fitted with Gaussians and identified for
both gamma energy (Eγ) peaks from 22Na (at 511 keV and
1275 keV) and for the peak from 137Cs (at 662 keV). The Compton
edges are defined in Eq. (1), where ϑ is taken at 1801, when
gamma rays are considered backscattered. CEs are located at
341 keV and 1062 keV for 22Na and at 477 keV for 137Cs, as
summarized in Table 2. Compton edges are taken at 80% of the
decay.

Eγ ! 1"
1

1þEγ ! ð1" cos ðθÞÞ=mec2

! "
ð1Þ

These energies used for further calibration of the comparison of
the charges are obtained in terms of gamma energy; therefore, the
calibration is in keVee, standing for keV electron equivalent. The

Fig. 6. Plastic Samples #1, 2, 4 and 5 respectively (a), (b), (c) and (d) neutron/gamma discrimination spectra when exposed to an AmBe neutron source. Neutrons are located
in the upper lobe of the graph, whereas gamma rays stand below for each of the 4 samples presented (the Y axis is !103).

Fig. 7. Projection of BC-501A discrimination spectrum at 500 keVee710%.

P. Blanc et al. / Nuclear Instruments and Methods in Physics Research A 750 (2014) 1–114

unclear. Sample #2 was thus prepared with no p-terphenyl added
and, surprisingly, did not displayed any PSD.

Neutron gamma discrimination spectra for Samples #1, 2, 4 and
5 are shown in Fig. 6. All 4 samples have dimensions of approxi-
mately + 30 mm! h 10 mm.

To determine a given scintillator efficiency, Figures of Merit
(FOM) are calculated when projecting the bidimensional (2D)
discrimination spectrum at a given energy (keVee), as described
in Eq. (2), where Dγ-n is the distance separating neutron and
gamma peaks at their projected maxima, and both Lγ-FWHM and
Ln-FWHM are the full widths at half-maximum of the gamma and
neutron peaks. This FOM quantifies neutron and gamma peak
separation for PSD assessments.

FOM ¼
Dγ#n

Lγ#FWHMþLn#FWHM
ð2Þ

Standard deviations of FOM, s(FOM), are determined by propagat-
ing uncertainties on each parameter. By considering the error on
neutron and gamma peak Gaussian fits, and thus their maxima
and half-maxima positions, we estimate that the error on each
term, s, is 71.1 for liquids and 2.1 for plastics because the peaks
are closer and the uncertainties on each peak are position larger.
Therefore, as described in Eq. (3), the standard deviation on FOM is
calculated as follows:

sðFOMÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s

ðLγ# FWHMþ Ln#FWHMÞ

" #2

! 2þ4!
Dγ#n

ðLγ# FWHMþ Ln#FWHMÞ

" #2
" #vuut

ð3Þ

The average s(FOM) value is 0.04 for all plastics studied and 0.05
for the BC-501A liquid scintillator. An example of such projection
is shown in Fig. 7, where a section of the BC-501A 2D spectrum
from Fig. 3 is shown at 500 keVee 710%.

Projections at 500 keVee from Samples #1, 2, 4 and 5 are also
presented in Fig. 8.

As shown in Figs. 7 and 8, the BC-501A neutron/gamma
separation is significantly greater than that observed for Samples
#1, 2, 4 and 5 and is used as an indicator for very good efficiency.
Efficiencies were determined through FOM calculations and are
presented in Fig. 9 and Table 3 for energies from 200 to 500 keVee.

Sample #5 is clearly the best preparation among Brooks'
compositions where the polymer matrix has been modified. This
sample displays an FOM of 0.93 at 300 keVee.

3.3. FOM determination of various lab-made plastic scintillators

We then examined the potential to use other primary fluor-
ophores. We finally found an appropriate primary fluorophore
highly suitable for scintillation and pulse shape discrimination at a
very low cost per mol. Thus, various scintillators were prepared
containing from 1 to 29 wt% of this primary fluorophore in the
matrix. Scintillators doped with concentrations lower than 10 wt%
did not display good n/γ discrimination (data not shown), and the
first realistic results were obtained at 17 wt%. This plastic scintil-
lator preparation is presented in two different volumes, Sample #6
(+ 48 mm! h 50 mm) and Sample #7 (+ 75 mm! h 75 mm), in
Fig. 10.

Another sample, Sample #8, has been prepared using a higher
concentration of the first fluorophore (28 wt%) and a unique
dimension of + 32 mm!h 27 mm. Sample #8 is presented in
Fig. 11.

Fig. 10. Neutron/gamma discrimination spectra from Samples #6 and 7 when exposed to an AmBe neutron source from the composition defined in our laboratory at 17 wt%
of first fluorophore (the Y axis is !103).

Fig. 11. Neutron/gamma discrimination spectrum from Samples #8 when exposed
to an AmBe neutron source from the composition defined in our laboratory at
28 wt% of first fluorophore (the Y axis is !103).

Table 3
Figures of Merit from Brooks' derivative samples compared to BC-501A from 200 to
500 keVee 710%, sE70.05 for BC-501A and sE70.04 for all plastics.

Energy
(keVee710 %)

Liquid
BC501-A

Sample
#1

Sample
#2

Sample
#4

Sample
#5

200 2.11 0.00 0.00 0.00 0.75
300 2.31 0.00 0.00 0.00 0.93
400 2.52 0.14 0.00 0.16 1.04
500 2.53 0.20 0.00 0.42 1.07

P. Blanc et al. / Nuclear Instruments and Methods in Physics Research A 750 (2014) 1–116

Improved FoM with digital system but the large scintillator volume blurs the light collection

P. Blanc et al., NIM A 750, 1 (2014). 
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D. Cester et al.,  
NIM A 735, 202 (2014).
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A new method results  
better separation

PSDm = 
2

——————— 
PSD L  +  PSD R 

PS
D

m

Using the PSD data from 
both ends of the detector 

Mean PSD:

Mean PSD
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Light output (keVee)



Improved  FoM

We improved further the separation using digital system

Separation at 400 keVee

gammas           neutrons
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Study of the performance

neutrons

The separation can be checked by ToF

gammas
~9% ~94%
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By setting the PSD threshold at 0.15,  
94% of the neutrons will be detected 

and only 9% of gammas.



First test experiment
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Neutrons coming from the (p,n) reaction were identified

Parasitic measurement during SHARAQ10 experiment at RIBF.

Triggering only on triple 
coincidence events.

F3

S2
L R

Thin plastic detector at the 
focal plan of SHARAQ

Two new plastic neutron  
counters with PSD

Thin plastic 
as a start counterW1

triton beam
L

R

W2

Target
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Light output (keVee)

Different cuts in ToF spectra.

p(t,n)3He inverse kinematics @ 310MeV/u. Only couple of hours.

Preliminary

Preliminary



Testing a new version of DPP-PSD firmware and the COMPAS program with CAEN.

Summary and outlook
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Good signal-to-noise ratio in both online and offline in (p,n), (d,n) reaction

Successful online separation by using a new method.

A large volume low-energy neutron detector with online particle identification.

Further improvement of FoM, study of effect of wrapping and time parameters.



Thank you for 

your attention!
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Backup
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PSD capability based on charge integration method
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Fully digital acquisition chain 

Early A/D conversion. 
Preserve information! 

FADC FPGA 
Detector 
Output Energy (QDC or PHA) 

Time (CFD interpol.) 
Pulse Shape Discrim 

DPP Algorithms 

Coincidences List 
Mode 

“one plug” acquisition 

FADC Charge integration

Timing  
filter

CFD Z-crossing interpolator

Time counter

PSD

Data builder: 

Energy 
Time stamp 

Fine time stamp

Trigger validation

Coincidence 
Logic unit 

(AND, OR,  
MAJORITY, 
GLOBAL)

Two different programable trigger levels.  
Managing triggers in “local” (couple) or “global” levels in selected relations.

Data file Root file
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Change of FoM

The efficiency of the PSD drastically changing along the bar…

source @ 25 cm

source @ 15 cm

source @ 5 cm

FoM VS. energy
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HV optimisation

PSD optimisation
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Name Price/pcs

EJ-299-34 
plastic scintillator ¥ 272.000

Hamamatsu PMT 
(H7195) ¥ 110.000

1 detector bar = 2 PMT + Plastic 

Price for one detector bar: 492 000 ¥

Example for the experimental setup.  

The frame of samurai17 can be modified and used for this system also.

RightLeft
~20 bars ~20 bars

Right side is shifted with 2.5 deg. compared to Left side

Target

~1 m

~5 deg
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CAEN

FoM VS. cont rate

@ 2 kcounts/s

@ 10 kcounts/s

@ 37 kcounts/s

5” dia., 2” thick liquid scintillator (BC501-A) + Hamamatsu R1250 PMT. @ -1430V.  

CAEN

Triggering

Possibility to propagate a trigger to the TRG-OUT connector and provide it to an external 
board, while the TRG-IN connector is used to trigger the board from an external trigger source. 

It is possible to set the coincidence of two channels and acquire them according to a PSD value. 
Coincidence and PSD settings can be adjusted via software.

PSD “NEUTRON” or for all ch available 
2 Ch coincidence of PSD “NEUTRON” also
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CAEN
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CAEN
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H7195
H1949-51

R7725

Typical Gain Characteristics for 51mm (2”) diam. types 

3.1*107

G
ai

n

Supply Voltage (V) 

HV=2550 V
max: 8*107

R331-05
107
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1. DDAQ

Signal

HV

High Voltage 
Power Supply

Detector

CAEN v1730D 
+ 
DPP-PSD Firmware 
+ 
Configuration file

Standalone DAQ

RIBF DAQ 

A3818  
optical  
link 

CONET2 
networkOPT.  

cable

List mode for  
Energy, PSD, Time

PC with Ubuntu 16.04 

Installed: 
A3818Drv-1.6.0 

CAENVMELib-2.50 
CAENComm-1.2   
CAENDigitizer_2.7.2.   
glibC 
Java 8 JRE 
CAENUpgrader-1.5.2

DPP-PSD_ControlSoftware-1.3.3.



Motivation
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DDAQ 

CAEN  Electronic Instrumentation 
 

UM2580 – DPP-PSD User Manual rev. 7 11 

x at the trigger fire, the signal is delayed by a programmable number of samples (corresponding to the “pre-
trigger” value in ns).to be able to integrate the pulse before the trigger (“Gate Offset”). The gates for charge 
integration are then generated and are received by the charge accumulator before the signal. While the 
gates are active the baseline remains frozen to the last averaged value and its value is used as charge 
integration reference. Fig. 2.3 summarizes all the DPP-PSD parameters; 

x for the whole duration of a programmable “trigger hold-off” value, other trigger signals are inhibited. It is 
recommended to set a trigger hold-off value compatible with the signal width. The baseline remains frozen 
for the whole trigger hold-off duration. For 751 series the baseline remains frozen for a longer time; 
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Fig. 2.3: Diagram summarizing the DPP-PSD parameters. The trigger fires as soon as the signal crosses the threshold value. Long 
Gate, Short Gate, Gate Offset, Pre-Trigger, Trigger Hold-Off, and Record Length are also shown for one acquisition window 

 

x the trigger enables the event building, that includes the waveforms (i.e. the raw samples) of the input, the 
trigger time stamp, the baseline, and the charge integrated within the gates. After that the system gets ready 
for a new event; 

x the event data is saved into a memory buffer. The Control Software automatically optimize both the number 
of events inside the buffer, and the number of total buffers that the memory is divided in. The user can also 
choose to set these parameters by hand. If the buffer contains only one event, that buffer becomes 
immediately available for the readout and the acquisition continues into another buffer. If more events are 
written in one buffer, only when the buffer is complete those events become available for the readout; 

x the software can then plot the signal waveforms for debugging and parameters adjustment, as well as plot 
energy spectrum of Qlong and timing distribution, the 2-D scatter plot of the PSD parameter (see the definition 
in the Principle of Operation section) vs Qlong energy is also available; 

x finally output files (list and waveform) can be generated in different formats suitable for external 
spectroscopy analysis software tools. Energy, time, and 2D spectra are not managed onboard but they can be 
generated and saved by the DPP-PSD Control Software. 

Further on the above list there are additional features that can be performed by the DPP-PSD firmware, listed below: 

x automatically discard events according to a programmable PSD threshold (see section Online PSD selection); 

x detect pile-up conditions (See Appendix A and B for 751 and 720 families respectively; not yet available for 
725 and 730 series); 

x implement coincidences between channels of the same board ([RD4]) as well as among channels of different 
boards through the LVDS I/O connectors (VME only), external trigger, and external modules. 
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5cm from  

PMT window 
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Path3: Tab HISTOGRAM Æ Section HISTOGRAM PLOT 

Action1: check “2D” as PLOT MODE. 

 

The 2D-plot is the scatter plot of the PSD parameter (Y-axis) vs the pulse Energy Qlong (X-axis). In the following picture 
we can clearly see the two lobes corresponding to the 60Co peaks 

 

� Note: The positive Z-axis (vertical and pointing up) is represented by the chromatic scale on the right. Going to light 
green to deep blue, the more the colour is deep, the more the correspondent histogram value is high. 

 



First results on PSD

To study the efficiency of the PSD

Oscilloscope mode
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from the shaped pulse allowed to determine the decay time 
independent from the pulse amplitude.  

 

 
Fig. 2.  4 channel pulse shape discrimination module MPD-4. 
 

 
Fig. 3.  MPD-4 block diagram. 
 
The detector signal after passing a pre-amplifier and gain 

stage is split into two branches. One is connected into a 
constant faction discriminator (CFD), which triggers on the 
leading edge of the signal and provides the “Start” signal to 
the Time-to-Amplitude converter (TAC). The other branch 
goes into a high order trapezoidal filter. This filter is needed to 
reduce the photon quantization noise, which limits the 
resolution at low photon statistics. The filter also preserves the 
rise and decay time of the signal.  

The fast component of the signal (first 20ns) is integrated 
and then subtracted from the shaped signal. The zero crossing  
point of the resulting signal is used to provide the “Stop”. This 
method results in a pulse height independent timing of the 
“Stop” signals. The TAC output is proportional to the length 
of the trailing edge of the detector signal and thus a measure 
for the particle type. The following simulated timing diagram 
illustrates this principle for both a gamma and neutron pulse.  

 
Fig. 4.  Timing diagram with input pulses (light color) and shaped pulses 

(dark) for a typical neutron (purple) and gamma (blue) event. All timing 
signals are shown in green. The integral of the fast component is indicated by 
the red horizontal line. 

 
The integrated fast component, which is proportional to the 

particle energy, is wired to an output as "Energy" signal. 
Commercial peak-sensing multi-channel ADC’s can be used 
to digitize both the “Energy” and “TAC” signals with high 
precision.  

Further the precise CFD timing signal from the leading 
edge (“Start”) is provided as a “Trigger” for the external 
ADC’s but can also be used for time-of-flight measurements 
or to determine the position in long detectors with dual PMT 
readout. The logic “OR” of all 4 “Trigger” signals is available 
as “Common Trigger”. A programmable leading edge 
discriminator on the TAC signal generates a logic signal “n-
Trigger” to indicate a neutron or gamma event. All logic 
signals are available both in fast NIM and ECL levels. 
In addition to the spectroscopic mode with “Energy” and 
“TAC” signal outputs the MPD-4 can be switched into a fast 
mode without analog signals. All logic signals are then 
generated with a much shorter pulse length of 50ns, which is 
reducing the dead time to 250ns. A further reduction to 
about150ns is possible when optimizing the module for a 
specific detector and PMT. 
 

TABLE I 
MPD-4 MODES AND TIMING 

Signal Spectroscopic Mode Fast Mode 
Amplitude 1us shaped pulses - 

TAC 1us shaped pulses - 
Trigger / Gate 1us long pulses 50ns 

gamma/neutron 1us long pulses 50ns 
Common Trigger 1us long pulses 50ns 

Position TAC 1us long pulses - 
ECL signals 50ns 50ns 
Dead Time 1.15us (+ ADC + DAQ) 250ns (150ns)
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The goal of this project

Expected: large set of experimental data in a wide (N-Z)/A range

8He11Li14Be20C22O
New experiment  
will be proposed Accepted

24O
18C

12Be
8He

FIG. 1: (Color online) Excitation energy spectra. (a)8He(p, n)8Li reaction at 190 MeV/u for

θcm = 5◦ − 8◦. (b)12Be(p, n)12B reaction at 200 MeV/u for reaction for θcm = 4◦ − 6◦. Vertical

axes are both in units of counts/500 keV.

In both reactions, a prominent sharp peak was observed in the excitation energy spectra

and was assigned to the GTGR.

The peak excitation energies of the GTGR are

8.3 ± 0.5 MeV for 8Li, (1)

11.5 ± 0.4 MeV for 12B. (2)

The uncertainties are deduced considering a possible distortion of the resonance line shape.

The IAS excitation energies are precisely known to be 10.8222 MeV in 8Li [16] and 12.750

MeV in 12B [17]; therefore, the EGT − EIAS values can be deduced as

−2.5± 0.5 MeV for 8Li, (3)

−1.2± 0.4 MeV for 12B. (4)

Both results show negative energy differences; namely, the GT states appear below the IAS

states. These empirical data provide information on the spin-isospin correlations in very

neutron-rich nuclei.

Although a data analysis is in progress to extract the absolute B(GT) values, a B(GT)

value of about 70% (60%) of the minimum sum rule value 3(N −Z) (=12) with 50% (20%)
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H. Sakai et al., in preparation 
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it is not known  

for unstable nuclei

Measurement of GTGR and IAS as a function of (N-Z)/A

A good tool exists to investigate the spin isospin interaction 

EGT − EIAS = ΔEls + 2( !κστ − !κτ )
N − Z
A
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Charge exchange reactions

Probes & Energy

• Charge-exchange reactions are isospin-
transfer reactions: 'T=1 (isovector)

• charge-exchange probes (p,n) (n,p) 
(d,2He) (3He,t) (t,3He) (7Li,7Be), HICE
(S+,So) (S-,So)… 

• E~100 AMeV and above
• Distortions/rescattering minimized
• Spin-flip transitions dominate over non-

spin-flip transitions

Energy region  
of our proposed  

experiment

55Co data. The extracted GT strengths from the spectra
associated with 56Cu and 55Ni residuals were then com-
bined in a single strength distribution, as shown in Fig. 3.
Because nearly all the yield at 1<Exð56CuÞ< 6 MeVwas
due to GT transitions, the unsmeared distribution shown in
Fig. 2(e) was used in the determination of the final strength
distribution, corrected for the small contributions (# 5%)
from other multipolarities extracted in the MDA. The
systematic errors (shaded band in Fig. 3) are dominated
by the uncertainties in the background subtraction, the
input parameters of the DWIA calculations, and the smear-
ing procedure. The uncertainty of 15% in !̂GT is not
included in this band.

Also shown in Fig. 3 are shell-model calculations [34]
performed in the full pf shell, using the KB3G [10] and
GXPF1A [12] interactions, which have been smeared with
the experimental resolution. Following Ref. [35], both
strengths have been scaled by a quenching factor ð0:74Þ2,
associated with degrees of freedom that cannot be included
in the shell-model theory. Except for a shift of about
0.5 MeV, the calculations with the GXPF1A interaction
match the shape of the experimental strength distribution
quite well. In contrast, the calculation with the KB3G
interaction predicts that a large fraction of the strength is
concentrated in a single state at 3 MeV. In both calcula-
tions, the GT strength is dominated by contributions from
f7=2 $ f5=2 1p$ 1h excitations. However, due to weaker
spin-orbit and residual proton-neutron potentials in the
case of the KB3G interaction, the average excitation
energy for GT transitions is lower by about 1.5 MeV
compared to the GXPF1A interaction. Since the level
density rapidly increases with increasing excitation
energy, the spreading of the strength is enhanced in the
case of the GXPF1A interaction, resulting in a broadening
of the strength distribution. The effect is enhanced by
the fact that the predicted level densities for 1þ states
with the GXPF1A interaction were about double those
predicted with KB3G for Exð56CuÞ< 7 MeV. The

integrated GT strengths for Exð56CuÞ< 7 MeV predicted
in the theory [!BðGTÞ ¼ 5:53ð5:23Þ for GXPF1A
(KB3G)] are slightly higher than those extracted from the
data [!BðGTÞexp ¼ 3:5' 0:3ðstatÞ ' 1:0ðsystÞ]. However,
given the additional uncertainty in !̂GT, it is not possible to
determine whether these differences are significant.
In summary, we have developed a new method to per-

form ðp; nÞ charge-exchange experiments at intermediate
energies in inverse kinematics, which enables the study of
isovector excitations in unstable isotopes over large
excitation-energy ranges. The method was successfully
applied to the extraction of Gamow-Teller transition
strength from the astrophysically important nucleus 56Ni.
Shell-model calculations with the KB3G interaction,
which is a slightly improved version of the interaction
used for creating the most comprehensive weak-rate library
available, do not reproduce the data. Calculations with the
GXPF1A interactions match the data better. The relatively
weak spin-orbit and residual proton-neutron interactions in
case of the calculation with the KB3G interaction were
identified as the main cause for the discrepancy between
these calculations and the data.
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FIG. 3 (color online). Extracted GT strength distribution in
56Cu and the comparison with shell-model calculations using the
KB3G and GXPF1A interactions. The indicated systematic error
band does not include the uncertainty in the absolute value of the
GT unit cross section. Statistical errors are dominated by the
uncertainties in the MDA fitting and, for some data points, are
smaller than the markers.
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Study of the performance

neutrons

The separation can be investigated by ToF

gammas

By setting the PSD threshold at 0.15,  
90% of the neutrons will be detected and 
only 15% of gammas. 
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