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ü Which reaction ? 
Inelastic scattering of isoscalar particles at 35–100
MeV/nucleon

Measurement of Ea’ and θLab
+ missing mass analysis E*(110Cd)
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U. Garg and G. Colò, Part. And Nucl. Phys. 101 (2018)

ISGMR measurement in stable nuclei

a

110Cd

θLab

a’

ü Which reaction ? 
Inelastic scattering of isoscalar particles at 35–100
MeV/nucleon

Measurement of Ea’ and θLab
+ missing mass analysis E*(110Cd)

ü How to identify the ISGMR, i.e. L = 0 strength ? 
Angular distribution at small angles in the center-of-mass
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ü Which reaction ? 
Inelastic scattering of isoscalar particles at 35–100
MeV/nucleon in inverse kinematics

Measurement of Ea’ and θLab

+ missing mass analysis E*(68Ni)

68Ni
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ü How to identify the ISGMR, i.e. L = 0 strength ? 
Angular distribution at small angles in the center-of-mass         

low detection threshold  

68Ni*
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ISGMR measurement in unstable nuclei,  what is the difficulty ?
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ISGMR measurement in unstable nuclei,  what is the difficulty ?
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The active target MAYA at GANIL
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ISGMR results in unstable nuclei with MAYA

56Ni 68Ni
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56Ni 68Ni

GR with MAYA

Recent (published) works: ISGMR

ISGMR in unstable nuclei
56Ni: active target MAYA filled with deuterium gas
bombarding energy of 50A MeV

C. Monrozeau et al. @ GANILPRL 100 (2008) 042501

[3]. No such experiment has been performed for unstable
nuclei up to now, due to the difficult conditions in reverse
kinematics. Indeed, the GMR cross section peaks at 0! in
the center of mass frame, which gives rise to very low
recoil velocities for the light probe. To measure the exci-
tation energy range between 0 to 30 MeV in reverse
kinematics, it is necessary to detect the recoiling particle
(d or !) with energies ranging from 100 keV to 2 MeV at
angles from 0 to 40! in the laboratory frame. A standard
setup with a recoiling particle telescope would necessitate
a very thin target ("100 "g=cm2) to minimize straggling
and thus require an intensity of over 107 pps, which is
prohibitive for current radioactive beam facilities.

With respect to the above experimental constraints, an
active target such as Maya [16] is the key to measuring the
GMR and GQR in unstable nuclei. In an active target, the
detector gas also acts as target. Such a setup has, in
principle, an angular coverage close to 4#, a low energy
threshold and a large effective target thickness. In this
Letter we report on the first measurement of the GMR
and the GQR with a radioactive beam using this new
experimental technique.

In the domain of secondary beams, the active target
archetype is the detector IKAR [17] which was used at
the GSI facility. The Maya target, developed at GANIL for
the lower-energy domain [16], can be characterized as a
28# 26# 20 cm3 time and charge projection chamber.
The electrons from the ionization of the gas by particles
drift down the electric field to amplifying wires set parallel
to the beam. For a two-body reaction, scattered and recoil-
ing particles are in a plane that can be determined by the
drift time to the wires. The amplified signal is induced on
the anode, a matrix of 35# 34 pads connected to Gassiplex
[18] chips. A hexagonal structure was chosen for these
pads in order to have the best conditions for the recon-
struction of the projected recoil trajectory, independent of
the recoil direction.

The secondary 56Ni beam at 50A MeV ($0:5% energy
spread) was produced at the GANIL facility by fragmen-
tation of 58Ni at 75A MeV on a 70:5 mg=cm2 C target
located in the SISSI [19] device and purified by passing
through a 135 mg=cm2 Al degrader placed between the
two dipoles of the Alpha fragment separator before being
sent to the SPEG area. The Maya target was placed on the
focal plane of the SPEG spectrometer [20], which was used
to purify the beam, so only 56Ni27% was transmitted. Two
plates were added above and below the beam trajectory in
the Maya target to prevent the highly ionizing beam parti-
cles from inducing charges. However, due to the angular
spread of the beam, some noninteracting 56Ni ions were
detected. This limited the beam intensity that could be used
to 5# 104 pps, while 106 pps of 56Ni were available.

The Maya active target was filled with deuterium gas, at
a pressure of 1050 mbar, forming a pure deuterium target
of 1:6 mg=cm2 (equivalent to a target of 6:3 mg=cm2 of
CD2). It should be noted that !-particle scattering, which
would be the preferred probe for the GMR, could not be

undertaken because the detector, like any gaseous detector,
sparked when filled with pure He. As pointed out above,
reverse kinematics generate recoil particles in a large
energy domain. High energy light particles such as deuter-
ons with E & 2 MeV were not stopped in the Maya gas
volume. For such escaping particles, we added ancillary
500 "m Si detectors outside the active volume covering
from 10 to 60 degrees around the beam direction for events
occurring at the center of the detector. For normalization
purposes the beam was counted in a polycrystalline dia-
mond detector of 1 cm2 surface and 100 "m thickness,
after traversing the Maya target.

For each event two physical observables are determined
in order to reconstruct the kinematics of the reaction: the
energy and the angle of the recoil. The recoiling angle in
the horizontal plane is reconstructed by a linear least
squares fit of the positions of the pads hit with a weight
proportional to the amount of charge deposited. In order to
obtain a reliable trajectory, at least 10 pads with nonzero
charges were required corresponding to 5 cm long trajec-
tories, which introduced an effective deuteron threshold of
700 keV. The reaction plane is determined from the drift
times of the electrons toward the anode wires. The inter-
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FIG. 1 (color online). Top: Scatter plot of recoiling deuteron
energy versus scattering angle in the laboratory frame for the
56Ni beam. The lines correspond to elastic scattering and the 14–
22 MeV excitation energy of 56Ni. The c.m. angles ares denoted
by squares along these lines, with 1! step, starting from 0! for
the lowest deuteron energy. Bottom left: geometrical efficiency
of the detection setup in the c.m. frame. Bottom right: 56Ni
excitation energy spectrum deduced from the deuteron kinemat-
ics and corrected for geometrical efficiency. The background that
was subtracted is shown by the solid line. The inset shows the
background subtracted inelastic data fitted with Gaussian distri-
butions located at 16.5 and 19.5 MeV for the GQR and the GMR,
respectively, (see text).

PRL 100, 042501 (2008) P H Y S I C A L R E V I E W L E T T E R S week ending
1 FEBRUARY 2008

042501-2

des résonances ne variant pas en fonction de l’angle de di�usion, ces paramètres
sont fixés. Les seuls paramètres libres lors de la procédure d’ajustement sont les
amplitudes des gaussiennes qui doivent, en principe, refléter l’évolution des dis-
tributions angulaires correspondantes. En e�et, les calculs théoriques prédisent
que le mode L=0 domine le spectre aux petits angles de di�usion tandis que
le mode L=2 est sensiblement constant en fonction de l’angle centre de masse.
L’analyse des quatre spectres expérimentaux, présentés sur la figure 4.3, confirme
cette tendance : alors que la hauteur de la gaussienne de basse énergie est com-
parable d’un spectre à l’autre, celle de haute énergie chute nettement entre 3.5
et 6.5 deg, où elle est totalement absente.

Fig. 4.4 – Distributions angulaires expérimentales et théoriques des résonances
géantes monopolaire et quadrupolaire. Les points expérimentaux ont été obtenus
en analysant les spectres en énergie d’excitation du 56Ni par deux gaussiennes,
centrées en 16.5 et 19.5 MeV et par un fond (étoiles).

Afin d’être plus quantitatif, la section e�cace de chaque gaussienne a été
calculée aux di�érents angles de di�usion considérés. La figure 4.4 montre les dis-
tributions angulaires obtenues. Ces distributions possèdent chacune quatre points
correspondant aux quatre spectres analysés. La section e�cace du fond, calculée
entre 11 et 22 MeV, est également représentée. Les barres d’erreurs comportent
l’erreur statistique qui induit une incertitude sur l’amplitude des gaussiennes ob-
tenues par ajustement. L’incertitude induite par le fond n’est pas prise en compte.

83

J. Gibelin RCNP 2011 July 8, 2011 24 / 29

C. Monrozeau et al., Phys. Rev. Lett. 100, 042501 (2008)

2005

ISGMR

56Ni + d → d’ + 56Ni*

50 MeV/nucleon
SPEG + MAYA @GANIL

56Ni

E*(56Ni)ISGMR = 19.3 ± 0.5  MeV
EWSR(56Ni)ISGMR = 136 ± 27 %

ISGMR results in unstable nuclei with MAYA
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56Ni 68Ni

2010

68Ni + d → d’ + 68Ni*
68Ni + a → a’ + 68Ni*

50 MeV/nucleon
LISE + MAYA @GANIL

68Ni
E*(68Ni)ISGMR = 20.9 ± 1.0 MeV (d,d’)
E*(68Ni)ISGMR = 21.1 ± 1.9 MeV (a,a’)
No extracted EWSR

M. Vandebrouck et al., Phys. Rev. Lett. 113, 032504 (2014)
M. Vandebrouck et al., Phys. Rev. C. 92, 024316 (2015)
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56Ni 68Ni

2010

68Ni + d → d’ + 68Ni*
68Ni + a → a’ + 68Ni*

50 MeV/nucleon
LISE + MAYA @GANIL

68Ni

M. Vandebrouck et al., Phys. Rev. Lett. 113, 032504 (2014)
M. Vandebrouck et al., Phys. Rev. C. 92, 024316 (2015)
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56Ni 68Ni

2011

56Ni + a → a’ + 56Ni*
50 MeV/nucleon

LISE + MAYA @GANIL

56Ni

E*(56Ni)ISGMR = 19.1 ± 0.5  MeV
EWSR(56Ni)ISGMR = 240 ± 120 %

S. Bagchi et al., Phys. Lett. B 751, 371 (2015)
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ISGMR results in unstable nuclei with MAYA
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56Ni 68Ni

M. Vandebrouck et al., Phys. Rev. Lett. 113, 032504 (2014)
M. Vandebrouck et al., Phys. Rev. C. 92, 024316 (2015)

C. Monrozeau et al., Phys. Rev. Lett. 100, 042501 (2008)
S. Bagchi et al., Phys. Lett. B 751, 371 (2015)

Active targets are suited for ISGMR measurement 
in unstable nuclei 

Limitations of the MAYA  detection setup 
(energy and angular resolutions for low-energy 

recoiling particles)

Development of several active targets in the world  
(ATTPC in US, CAT active target in Japan…)

ISGMR results in unstable nuclei with MAYA

+

-
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The ACTAR TPC at GANIL

550 mm

30
0 

m
m

üDrift region

üAmplification region

• Micromegas gas amplifier
• Pad plane : 128x128 square pads of 2x2 mm2

(16 384 channels to read !)

Courtesy T. Roger

T. Roger et al., NIMA 895, 126 (2018)
B. Mauss et al. NIMA 940, 498 (2019)
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The ACTAR TPC at GANIL

AGET
64 channels signal 

processing (CSA + shaper), 

analog memory, discriminator

AsAd
4 AGET chips + ADC CoBo

4 AsAd boards digital data 

management

E. C. Pollacco et al., NIMA 887, 81 (2018)

MuTanT
Clock distrib. + trigger 

management

550 mm

3
0
0
 m

m

üDrift region

üAmplification region

• Micromegas gas amplifier

• Pad plane : 128x128 square pads of 2x2 mm2

(16 384 channels to read !)

Courtesy T. Roger

T. Roger et al., NIMA 895, 126 (2018)

B. Mauss et al. NIMA 940, 498 (2019)
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Typical events with MAYA vs ACTAR TPC
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56Ni

68Ni

May 2019

Anchor point experiment
58Ni + a → a’ + 58Ni* 
(inverse kinematics)

50 MeV/nucleon
LISE + ACTAR TPC @GANIL

To be compared with results in 
direct kinematics

(Y. W. Lui et al. PRC 73, 014314 (2006)
B.K. Nayak et al. PLB 637 (2006))

58Ni

10- 0 10 20 30 40

 [MeV]Ni68
*E

10

210

310

410

N
b 

of
 c

ou
nt

s/
25

0 
ke

V

h1_Eexc68NiPhys
Entries  261493
Mean   0.8248
Std Dev     3.999

58Ni

0 20 40 60 80 100
 [deg]Labq

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

 [M
eV

]
al

ph
a

E

h2_T4vsThetaLabPhys
Entries  261493
Mean x   86.38
Mean y  0.3199
Std Dev x    9.01
Std Dev y  0.6156

0

100

200

300h2_T4vsThetaLabPhys
Entries  261493
Mean x   86.38
Mean y  0.3199
Std Dev x    9.01
Std Dev y  0.6156

M. Vandebrouck Page 12RESANET Workshop GMR 11/2020

ISGMR measurement in unstable nuclei with ACTAR TPC

Online results

E*(58Ni) [MeV]
Resolution of the elastic peak : 

~ 1 MeV FWHM (~ 3 MeV with MAYA)

Online results
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Online results
68Ni

68Ni + a → a’ + 68Ni*
50 MeV/nucleon

LISE + ACTAR TPC @GANIL

July 2019 68Ni

58Ni56Ni

ISGMR measurement in unstable nuclei with ACTAR TPC

Online results
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~ 100 keV (600 keV with MAYA)
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ISGMR measurement in unstable nuclei with ACTAR TPC

Ongoing analysis by A. Arokiaraj (KU Leuven)

X

Y

Z

ü Clustering
Use of a machine-learning tool : DBSCAN, a density-based clustering algorithm
E. Schubert et al. ACM Trans. On Database Syst. 42 (2017)

ü Merging of the clusters
Based on distance + angle between 2 clusters

ü Fitting

Courtesy A. Arokiaraj
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Conclusion

ü Active targets are particularly suited for ISGMR measurements in unstable nuclei

ü Other opportunity : experiments using storage rings (see N. Kalantar talk)

In the future…

ü Data analysis 58Ni(a,a’)58Ni* and 68Ni(a,a’)68Ni experiments with ACTAR
ü 70Ni (a,a’)70Ni* with ATTPC at MSU

ü Study of ISGMR isotopic – isotonic chains 
ü Study of soft modes in 36S and 34Si (see O. Sorlin talk)


