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Large GammaRay Arrays at LNL

CLARA

EUROBALL
1998 2004
€~ 3% (@ 27 cm) oh = 9% Eon = 3%
~ 6% (@ 22 cm) P/T ~ 50% PIT ~ 50%

P/T ~ 60%
How does the nuclear force depend on varying proton-to-neutron ratios?

How are complex nuclei built from their basic constituents?

What is the effective nucleon-nucleon interaction
Provide nuclear structure input to other fields like nuclear astrophysics

Collectivity and shell model
Isospin symmetries
Isospin mixing in N=Z nuclei

© 06 06 6 0600 ©0 ©

How does shell structure change far away from stability ... ... ...
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Collectivity and shell model
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ISIS Si-array
(Italian Silicon Sphere)
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EUROBALL

new constrains

o Chamber: @32 cm—20 cm
o New mini-coaxial cables @ 0.5 mm

o Self-supported:
Q ~72%—82% (for AE)
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Light Charger particle Si-ball array

Channel selection

Enhanced resolving power of EUROBALL
Correction for Doppler Effect
80% of angular coverage

e(a)~40%*; ¢(p)~60%*

Plunger configuration \

3 out of 4 experimet rely on EUCLIDES K«ﬂ

* reaction-dependent

D. Testov, D. Mengoni, A. Goasduff et al.,
Eur. Phys. J. A (2019) 55 47
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Current array: GALILEO
o 25 HPGe CS detectors
o Angles: 90°/60°, 152°, 129°, 119°
0 at 22.5cm; € ~2.4% at 1332.5 keV

o FWHM at 13325 keV < 2.4 keV

o Trigger-less mode
o Typical operational rate ~20 kHz/det
o Common clock synchronization

o Local data processing

Istituto Nazionale K
di Fisica Nucleare [}
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AE-E telescopes
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AE-E telescopes
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AE-E telescopes

A

INEN dE  m!

o 25 HEX and 10 PENT units
o 5seg. HEX (2 new)

o 1 seg. HEX (being repeared)
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Charge-Sensitive preamplifier

INPUT

FWHM Si eq. keV

Charge preamplifier for Euclides
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o sensitivity 45mV/MeV
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also foy Talk of Andriana
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Source test in GALILEO chamber:
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Digital Data Acquisition

Talks of Alain / Andres
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DAQ, Storage

— HPGe, AC, Ancillary digitized
— Branches are sync by GTS

digitizer

* X 5
— Trigger-less operation : w":
— 110 channel for EUCLIDES (55 domains) */\v *
— Typical rate ~ 20 kHz/det Xk X
— Max rate ~ 50 kHz/det ﬂvﬁﬁ'm

TRACKING ARRAY

Same electronics for SPIDER



High-Voltage Control

Leakage Current [uA]
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Spectroscopy studies using fusion evaporation reactions
induced by stable beam/target nuclei at LNL Legnaro

Octupole in ?*Ra
J.Smith, D.Mengoni
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Octupole in **Ba J.J Valiente Dobon |

Excited states in 1'%1%“Ba
J.Smith, G. Jaworski

-- ®Ni via (*He,n) J.J.Valiente Dobon |

-- %Ga via (d,p) V.Modamio J| 2xBreak-up and transfer

F C. Andreoiu “Ar MED | of light nuclei. G.Zhang
*=-- A. Boso D.Testov *'S MED | | 21 experiments in ~2 years, > 3500 h




Full kinematic reconstruction Credits to P.R. John
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Phys. Rev. C 89, 045804 (2014). J




Counts / 4 kev

1400t

1200

1000}

315

* 1050

7/275/2*

* 1166

x

100

60000

0

1200

1400

1600

11/2"

* 2102

2+

Mirror symmetry
at work: A=31

13/2"

1852

909

54

15/27—

313

13/2

10146

11/2"

2081

1628

11/2°

50000

40000

30000

20000

01016

10000

31P

1110

01136

01219

01338

0 1481

9/2"

3953
1394

(712+) 5676

9/2"

1091

9/27

—
2383

1926

1299

702"

3042

11/2

9/2

3191

2185

7127

ffffff 5/2"

1000

1200

1400

1600
E, kev

172"

2236

1249

tion
nci-

with



..Advanced” RDDS method for the lifetime measurements

RING 90°

HPGe

Neutron
Wall

n
N
A% 2

S8Ni(®8Ni,1a2p) 10 Te )

Differential Decay Curve Method
A.Dewald et al., Prog. Part. & Nucl. Phys. 67 (2012) 786



..Advanced” RDDS method for the lifetime measurements
o RING 90° .
GALILEO  qnG Y 6
Y HPGe
O’\?’ npGe
S & ‘ Neutron 4
X R Wall
& ‘\A
& v shi +
ON (")D 4 shift " 6\0 2
s 1€ N %
‘\‘ \\Q\ 0 10Te
S [1a2p]
L = |
@250 MeV ; , 58Ni(58Ni,1a2p)110TeJ
Target - Stopper
A, 4
D. Testov, D. Mengoni, A. Goasduff et al., Eur. Phys. J. A (2019) 55 47; )

C. Miiller-Gatermann, F. von Spee, A. Goasduff at al., Nucl. Inst.&Meth. A 920 95 (2019); J

Differential Decay Curve Method
A.Dewald et al., Prog. Part. & Nucl. Phys. 67 (2012) 786



dE-E matrix from a forward segment

Energy loss [arbitrary units]
N

Residual energy [arbitrary units]




Selectivity of Euclides
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coincidence RDDS
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coincidence RDDS method at work
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15/2-
coincidence RDDS method at work
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coincidence RDDS method at work
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Breakup of weakly bound nucleus °Li on #Y

RING 90° Completed, incomplete fusion

or breakup channel can be
determined by gamma-particle
particle-particle coincidence.

beam

Guangxin Zang

S.P.Hu et al., Nucl. Inst.&Meth. A 914 64 (2019)



Breakup of weakly bound nucleus ¢Li on #Y
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Breakup of weakly bound nucleus ¢Li on #Y
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EUCLIDES is fully working ,,plug-and-play” device to
AGATA tracking array

EUCLIDES

112 channels, AE-E telescopes,
spectroscopy
lifetime measurements

non-conventional use
16 Lol AGATA + EUCLIDES+ ...

© 0 0 0 ©



EUCLIDES is fully working ,,plug-and-play” device to
AGATA tracking array

EUCLIDES

112 channels, AE-E telescopes, + 01
spectroscopy RFD —1
NEDA — 7

NEDA + PARIS -1

NEDA + SUGAR -1
NEDA + FATIMA =1
NEDA + plunger — 3

PARIS —1

non-conventional use

Q

Qo

o lifetime measurements

Qo

o 16 Lol AGATA + EUCLIDES+ ...

Ancillary detectors

o+t

Figure: credits to J.J. Valiente-Dobdn

m EUCLIDES W NEDA . TRACE/GRIT/MUGAST
m plunger W PARIS 1 SPIDER
m RFD m FATIMA m SUGAR



EUCLIDES is fully working ,,plug-and-play” device to
AGATA tracking array

EUCLIDES

o 112 channels, AE-E telescopes, + 01

o spectroscopy + RFD =1

o lifetime measurements + NEDA - 7

o non-conventional use + NEDA + PARIS -1

0 16 Lol AGATA + EUCLIDES+ ... + NEDA + SUGAR -1
+ NEDA + FATIMA =1
+ NEDA + plunger — 3
+ PARIS =1

o High-spin: 5

o Astrophysics: 1

o N=Z7:6

o Nuclear shapes: 3
o Shell structure: 1



EUCLIDES is fully working ,,plug-and-play” device to
AGATA tracking array

EUCLIDES

112 channels, AE-E telescopes,
spectroscopy

Qo

Qo

o lifetime measurements

o non-conventional use

o 16 Lol AGATA + EUCLIDES+ ...

AGATA [Geometrical considerations]

Requires a new reaction chamber

Compatibility with plunger

Compatibility with the target switcher
Compatibility with the existing GALILEO chamber
Compatibility with the other Si? SPIDER?
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EUCLIDES is fully working ,,plug-and-play” device to
AGATA tracking array

EUCLIDES

112 channels, AE-E telescopes,
spectroscopy

lifetime measurements
non-conventional use
16 Lol AGATA + EUCLIDES+ ...

AGATA [Geometrical considerations]

Requires a new reaction chamber

Compatibility with plunger

Compatibility with the target switcher
Compatibility with the existing GALILEO chamber
Compatibility with the other Si? SPIDER?

AGATA [Electronic compatibility]

o EUCLIDES: AGATA-like digitizers
o EUCLIDES: Time synchronization done using GTS
o EUCLIDES: Pre-processing using GGPs

© 0 0 0 ©
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Thank you to have contributed fruitfully to the discussions

EUCLIDES

o 112 channels, AE-E telescopes,
o spectroscopy

o lifetime measurements
o non-conventional use
o 16 Lol AGATA + EUCLIDES+ ...

AGATA [Geometrical considerations]

Requires a new reaction chamber

Compatibility with plunger

Compatibility with the target switcher
Compatibility with the existing GALILEO chamber
Compatibility with the other Si? SPIDER?

AGATA [Electronic compatibility]

o EUCLIDES: AGATA-like digitizers
o EUCLIDES: Time synchronization done using GTS
o EUCLIDES: Pre-processing using GGPs
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