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High-resolution gamma-ray and coeXI_
spectroscopy is an optimum tool K- Y= ®
to study nuclear structure |
properties and investigate how
they emerge from fundamental
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AGATA

ADVANCED GAMMA
TRACKING ARRAY

180 (60 triple-clusters) 36-fold
segmented crystals

Amount of germanium: 362 kg

Solid angle coverage: 82 %

Singles rate >50 kHz

Efficiency: 43% (Mg=1) , 28%
Peak/Total: 58% (M,=1), 49% (M;=30)
Angular Resolution: ~1°

Combination of:
O segmented detector

U pulse shape analysis

Q tracking the y-ray

O digital electronics
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The AGATA concept

ADVANCED GAMM
TRACKING ARRA

electrically
segmented
HPGe

detector

Identification of the
individual interaction points

gamma first

interaction point
within few mm

Energy and direction
of y-rays

courtesy of C. Michelagnoli
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A% AGATA Physics Campaigns

AGATA
| Demonstration Construction phase and
phase at LNL and Physics Campaigns
Physics Campaign GS| GANIL
Coupled to the magnetic  Fast radioactive Coupled to VAMOS,

NEDA/N-Wall,
VAMOS g.f.m., MUGAST

spectrometer PRISMA beams coupled to

ONYNOT1 I

ITYNOIZVYN [¥01VH08Y1
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‘ LNL 2010-2011 GSI 2012 2014 ZGANIL 2015- 2019 >
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(GANIL beams/ Multi-nucleon transfer g
)
High intensity | T | Fusion-fission 3
stable beams \
up to #°U Fusion-evaporation E
>
Radioactive
SPIRALT | -
- beams \ Coulomb excitation
1 1k Transfer reactions

Istituto Nazionale
di Fisica Nucleare



-Y:  AGATA Physics Campaign in GANIL

AAAAAAAAAAAAA
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The Campaign has been organized in a bottom-up
approach following calls for Lol, discussed in
dedicated annual collaboration workshops.

Four main setups (campaigns) === e
have been identified: JSaZeylbles

 VAMOS (vacuum)

- NEDA-N-Wall + DIAMANT
1+ MUGAST (SPIRAL1 beams)
-1+ VAMOS (gas-filled)

Istituto Nazionale

di Fisica Nucleare

Silvia,Lenzi - INPC 2016



s Experimental setup
TRACKING ARRAY e rge t \?_’ ‘ﬁgra der

= —’§ : 0L l MWPPAC - ToF
i = Drift chambers — x,y,8,¢
/ lonisation chambers-
Pl = ~. SE. Eres
: : Plunger for lifetime

measurements

F i “5 E P ot
Lifetime is related to the ratio of ; B EJYLJ}\ELYM
the yields between the two peaks [ Bbef~10°/°l %ft~8'5%;

di Fisica Nuc leare Silvia,Lenzi - INPC 2016
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AGATA

ADVANCED GAMMA
TRACKING ARRAY

» %

Performed experiment

10 experiments for a total
of 313 UT (2015-2016)

Single particle
and collectivity
approaching

uuuuuuuuu

=

=)< and correlations
around 2%8Pp

'E‘?.
\

ExcitJed states

n fission fragments

Single-particle and
correlations towards 78Ni

< Quadrupole collectivity near ®8Ni

" nuclear astrophysics interest

.

-
-
-

SilviaLenzi - INPC 2016
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-v:  Shell evolution around N=40

AGATA
e | It Is the interplay of the monopole terms of the interaction
with multipole terms, like pairing and quadrupole, which
determines the different phenomena we observe -0—‘
V&9/2
Attractive Repulsive .
Y L = F
< 9 vis),
VP12
VP3/2
—_ neutrons
w7/
protons "

*" SilviaLenzi - INPC 2016
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AGATA

ADVANCED GAMMA
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Ca (z=20) —w—
Ti (2=22) —e—
Cr (Z=24) —m—
Fe (Z=26)

Ni (Z=28) —&—

Motivation: understanding the
development and the trend of
deformation in the third island of

inversion.
> ,,\ -

Scarce information on transition probabilities
and lifetimes of J>2 states in Cr and Fe

Several nuclei of interest in the region:
Ti, Co (shape coexistence),
Mn no information on lifetimes so far

F Comparlson with LSSM calculations in the fpgd model space

Istituto Naz
di Fis| NI

SilviaLenzi - INPC 2016
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AGATA

ADVANCED GAMMA
TRACKING ARRAY

Lifetimes in Mn, Fe, Co and Ni

62 64 66 68
Mass

61 63 65 67
Mass

58 60 62 64
Mass

57 59 61 63
Mass

Several new lifetimes in the four
isotopic chains

J. Ljungvall et al.

250 300 3
E [MeV]

50 400 450

Mass number

Publication in preparation

Courtesy of Joa Ljungvall

Gamma spectra
ifferent distances

128 300
Energy [keV]

SilviaLenzi - INPC 2016
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oy Below and above Z=28

AGATA

ADVANCED GAMMA
TRACKING ARRAY

Lifetimes in 56Ti and 55V Lifetime in Ga and Zn

Shape evolution: subshell
closures and development
of deformation

® 3/2" coll.
i 1/2" coll.

Ch. Fransen et al.

> lifetime of the 5/2- state in 73Ga
decaying to a “degenerate” g.s

» mapping collectivity changes &
towards N=50 ;

itndedkas Courtesy of Christoph Fransen and Igor Celikovic SilviaLengi - INPC 2016
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Y Towards '°°Sn: B(E2)’s in 1961085

AGATA

ADVANCED GAMMA
TRACKING ARRAY

J.J.Valiente-Dobon et al.

>

=
>
=2
2
5
&

L

GOAL: Measuring the lifetime of
the 2* states with less than 5%
error to constrain the models.

, F‘irst lifetime-measurement with
{ plunger deyige in this region

Istituto Nazionale
di Fisica Nucleare

The behaviour of the B(E2:0*>2%)
depart from the parabolic behaviour
expected from SM calculations in
the truncated gds space.

LSSM gds

M. Bader etal., PRC 88, 051301(R) (2013)

Silvialenzi - INPC 2016
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HGFITH

ADVANCE!
TRACKIN

~14%
~25%

~55%

llllll

Online plunger spectra

Q. aie 8 MeV

045b

3 MeV

: 7.3 ns
-2
—>

FHosgn

Istituto Nazionale
Nucleare

di Fisica

6*
4+

2+

O+

MMMMWM

‘ Cod
Qa0 110 ' 1180

Courtesy M. Siciliano and J.J. Valiente-Dobon

i
1120

ey
1200

T
1220

Experimental method:
proton-rich populated
in multinucleon transfer
reactions to selectively
populate states

below the isomers.

T
1240

" SilviaLenzi - INPC 2016



* X %

‘Y Seniority in N=50: 2Mo and 94Ru’

AGATA

N
~~
ADVANCED GAMMA v
TRACKING ARRAY DD
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Goal: measuring the transition
probabilities for N=50 isotones and
C.Domingo-Pardo et al. compare with the Z=28 isotopes

>
n
E N
»
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4§70 + + o B X
2+>0 4722 =
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Atomic Mass A Atomic Mass A _U )
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& W
+ + & =
2 90 & == i[
& 8 Q gy
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Mass number Atomic Mass A Atomic Mass A 8 N =
=4
FN_ v2py,, v 1fs) Y 2py, . v 18y,
......... M ainnal | » N Lt}
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AGATA

ADVANCED GAMMA
TRACKING ARRAY

Mo @ 7.8 MeV/A

o (e vaes Lifetimes have been obtained for

e — the 2*=>0* and 4*->2* transitions in
Z-identification in VAMOS 92MO and 94Ru

Online spectra for 22Mo

Energy Loss

773.09 keV
' o 1509.5 keV + —- Do

Opm

E
|
|
i
|
1
i
!
11
3
!
|
|

3

1509.5 keV

mass-identification
in VAMOS

G.S. Stable

Analysis in progress!

o) P S ST D = . - P s e B IR |
86 88 90 92 94 96 98 100 102 104

di Fisca Nucleare Courtesy Of R. Perez Silvialenzi - INPC 2016
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v Neutron structure above 78Ni

AGATA

ADVANCED GAMMA

TRACKING ARRAY

D. Verney et al. Motivation: Understanding

- eemeaeesnall | the single-particle evolution
the case of the light

=51 odd isotones above N = 50 towards "8Ni

Effective s.p. energies

5000
4500
4000

Duflo Zuker Sieja et al.

s
filling ' g E‘ NI
(towards  1g,,, ]

IOOSn)

(J - )
emptying 1 = B 20 =3 : F
(towards 5/2 5/2 5/2
i 36 38 4C 28 3032 34 36 38 4C 28303234363840

o 78Ni)

LS \
D. K. Sharp et al., J. Duflo and A.P. Zuker, K. Sieja'et al.,
PRC 87, 014312 (2013)  PRC 59, R2347 (1999) PR 79, 064310 (2009

di Fisica Nucleare ||V|a Lenzi - PC 2016
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AGATA

ADVANCED GAMMA
TRAC =y

Nature of the 7/2* states

s=084 | 0+ ® V97, | n=51

& i

The 7/2+ state stemming from vg,

i =0.49
| 32— Cj O |is predicted to become yrast along

e A the N=51 line towards "°Ni
i > distinguish between 7/2* from

~ 3/2+ m—
NN

L 0*®g,, and core-coupled 2" ® ds,

~0,016 il

2* even-even
core

Is the d.12 strength

5 going down in energy
= towards 7°Ni ?

1/2+

5/2+

Ge Z=32 Zn Z=30

Istituto Nazionale

dl Fiskca Naclors Courtesy of F. Didierjean and A. Gottardo
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Y Lifetime measurements in N=51

* 4 %
AGATA . Z Ay . : s
meaenn | IS relatively easy to distinguish the 2 configurations by lifetime measurements :

» *

[2*® dg),] 7/2, short lived

0°® g,417/2,  long lived 2 orders of magnitude difference

Fusion-fission reaction 238U
+9Be

Magnetic spectrometer placed
at large angle to select the
lowest mass region.

UNIQUE opportunity at GANIL!

. Lifetime in 8Ge and other nuclei
in the region can be obtained. | ’ #_Theta*180/3.14

Analysis mprogress' Courtesy of A. Gottardo and F. Farget

SilviaLenzi - INPC 2016



¥+ Test of Z=28, N=50 gaps in %°Zn and %2Ge

AGATA

G. Duchene et al o0
The quenching of the N=50 gap towards §§
"8Ni can be investigated looking at the é’;ﬁ
excitation energy of high-spin states involving =2
particle-hole excitations across the N=50 gap §§

LSSM calculations predict
an increase of excitation \ ;
energy towards 78Ni 0

Goal: measuring the excitation g et

-6+ (SM)

energy of high spin states: s+ 5w
5,6,7;in 80Zn and 82Ge

Istituto Nazionale

di Fisica Nucleare SilviaLenzi - INPC 2016

= delta_n
=il 7+ (1p-1h)
w6+ (1p-1h)




***

Spectroscopy in the vicinity of 78N

AGATA

ADVANCED GAMMA
TRACKING ARRAY

ggiﬂj(%;z) 2 >0 ission Frd§mentf produced by fusion-

sion 238U+°Be ip inverse kinemati?
(6*) = = X
ully identified in VA (4*,)

2, ——1= ¥

1200 1400 1600 1800 2000

See talk by
J. Dudouet

for further info

stituto Nazionae courtesy of J. Dudouet et al, Preliminary
di Fisica Nucleare SilviaLenzi - INPC 2016



T Spectroscopy of

AGATA  fission fragments

TRACKING ARRAY

A. Navin, M. Rejmund et al.

Nuclear Astrophysics

Goal: high-spin and isospin spectroscopy.

Structure of nuclei around 32Sn

p (1/24)+22Na (3+)

Fragment Identification
(Z,M), VAMOS

v detection o

in AGATA e{\\\ :
23817 ° \Y/“ 9
é [ )
AR "Be \b

Target FC
F

Istituto Nazionale
di Fisica Nucleare

C. Michelagnoli | the determination of the
et al. rate of destruction of 22Na

7786 keV (7/2+)
Q=7581 keV 205;“*
+)+22 +

is crucial for nova models

VSRR | *Na(p)?Mg

£ dominat d by esonance
at 205 threshold

Measurement: lifetime of the 7.786 MeV state
in 2Mg, exploiting the position sensitivity of
AGATA to push the Doppler Shift Attenuation
Method to the I|m|t of its applicability

DSAM t [fs]

)10 102 103 10* 10°




***

nz'.ﬁ;n TO b e p e rfo rm e d = SAI;ha

FATIMA lusters

ransition quad.
moments in Dy

:;QShape transition

T=azE

in W and Os

; shape coexistence in
S NS fission fragments

llectivity in n-rich S isotopes

RN

\B-Bodv forces

Istituto Nazionale

di Fisica Nucleare 1/ SilviaLenzi - INPC 2016
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AGATA

ADVANCED GAMMA
TRACKING ARRAY

Coupling

to the
continuum

Isospin
symmetry
breaking

Y NEDA/N-Wall campaign 2c

Shape
coexistence

Octupole
correlations

NEDA+N-Wall

o

isica Nucleare

Silvia,Lenzi - INPC 2016



1yt Lol for VAMOS in gas-filled mode

C. Schmitt et al.,
NIM A 621 (2010) 558

Great opportunities for
spectroscopy from 1%08n
to SHE regions!

di Fisica Nucleare

SilviaLenzi - INPC 2016



Yt Lol for MUGAST + VAMOS

ADVANCED GAMMA

RRRRRRRRRRRRR

Si array for reaction and structure studies with
radioactive beams from SPIRAL1

The Lol propose to study:

Nuclear Astrophysics: spectroscopic
factors of relevant resonances for
nucleosynthesis studies in radiative
capture reactions: (6LI,d), (3He,d), (d,p)

Shell evolution:
spectroscopic factors, s.p. energies (d,p), (t,p), /

Fi p-n pairing, clusterization / E
:‘s'“::t':a”:ﬁl:::'z - SilviaLenzi - INPC 2016
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Isospln symmetry

*Three-body forces
e .. i ‘
The AGATA Physics Campaign in

GANIL offers unique opportunities
to study a large variety of nuclear
structure properties all along the

nuclear chart

) § » r'-
£ - 1 o
. d =

Nuclear shapes
and coexistencs

' Super heavy elements




Thanks to the AGATA Collaboration,
the Management Board leaded by A. Gadea
and specially to the GANIL team leaded by

the project manager Emmanuel Clément

.........
--------

._fOr youg at "ntlon 2




