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AGATA

(Advanced GAmma Tracking Array)

1870's

1960's
100

1980's 1890's 2000's

Encapsulation

Mormal delormed
ratational structuras

; 180 hexagonal crystals: 3 shapes
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TS Efficiency (My=1[30]): 35% [23%)]

. Peak/Total (My=1[30]): 55% [46%]
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Spin h
6660 high-resolution digital electronics channels

High throughput DAQ / Capability to record sampled pulses
Pulse Shape Analysis = position sensitive operation mode

v-ray tracking algorithms - maximum efficiency and P/T



Tracking Arrays

Primarily design to maximize Efficiency and P/T of the high resolution
v-ray detector arrays

1. Maximizing the active solid - Comlpton Suppressed
angle without loosing O~ 40% f—’_;"‘ -s:tﬁlédAaggSI:iet?dk:n by

signal/noise ratio — e
] _ . .
2. Improving the Energy resolution €ph~ 10% arge opening angle

on all experimental conditions, N poor energy resolution
even at high emission velocities Tracking array

3. Maximizing the performance of the Q ~80% -Large; solid ar)gle
detectors, even in conditions of *Position sensitive mode

. C e = using PSA
heavy duty with radiation damage — -Large P/T using tracking

for y-ray reconstruction

Correction of neutron damage
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49 (2013) 61
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The AGATA Phase 1
2009-(2015) 2020

- Phase 1 of AGATA (4/31)> 60 crystals _

 MoU ongoing, ~85 % achieved, -

Extended until 2020 ~— o RS
* Available Triple and Double clusters \t
* The first “real” tracking sub-array S
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@ Solid Angle (%)
W Efficiency M = 1
|| O Efficiency M = 10 |

AGATA 1x

* To be used at RIB and ngh
Intensity Stable beam facilities
« Coupled to spectrometers,
trackers, neutron and LCP
arrays, efc...

45 detectors will be achived by
0.5 2019
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Efficiency and P/T Monte Carlo simulations for the
180 Capsules set-up with Tracking

'A. Korichietal, NIMm ' ' - ——
40 A 872 (2017) 80 - B inear Scaling from

- / known efficiencies
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: / These expectations require
P For 1 MeV e the PSA improvements regarding
g o 5 & multiple interactions in one segment.
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Efficiency depends as well on the 15
v-ray multiplicity

Recent Upgraded Simulations by
M.Labiche (STFC)
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In-Flight Geometrical Line-Shape
Lifetime Measurement Techniques

Slow-down effect Gem'ﬂflm e D.Ralet et al.
TETTRRATN LML ALCT OO PRC 95 (2017)
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 64'<0, <66 1 NIMA 694 (2012) 297 0% oI5 20 2%
i) - —t,,=1ps ' * New “DSAM-like” technique based
5 150 F ¢, =10ps on the position sensitivity and the
T e Doppler correction.
& t,z = 100 ps » Possible to measure down to 1 to
10 ps lifetimes with relativistic RIBs.
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AGATA demonstrator .
5 tripple-clusters The continuous-angle DSAM represents

covering 9 - 80" -160° an advancement of the “conventional”
DS550 — .CD" detector

DSAM. It extends the y-ray lineshapes
analysis as a function of y -ray energy to a
S LELCI R  [ineshape analysis as a function of both
at 500MeV / 546 Melf

y-ray energy and polar angle of the y-ray

32 rings, 32 segments

detection.
Ch. Stahl et al, Also the Geo:netrlflzallall_lr}e-slhap?fln;_etlme
PRC 92 (2015) measurement available for long lifetimes

044324

0.4mgfcm? MaiC
+ 30mgfcm? Ta

Firstly used with the
AGATA —Demonstrator at
LNL with a 136Xe beam
impinging on a "C + Ta
target.

2D-data fitted with |
2D fit-function :

136X @ g,
Coulex

e
-
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Preliminary spec
Fit-Function

Ch. Stahl et al, CPC 214 (2017) 174




Linear Polarization measurements with AGATA

do 1,2 (E'\2 |E' E
= 0 (—) —+ — + sin*(0)(1 + P cos(2¢)

dQ 2 \E E E
. - O. Klein and Y. Nishina — Z. Phys. 52 (1929) 853
Stretched
Y 1 :
:\Eﬁ p°s'tt'.ve & B. Alikhani et al.
negative . NIMA 675
A NN asymmetry = (2012) 144
TN AN e T b o o os :
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EPJ A 51 (2015) 49 5 o
; c
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¢ angle between 0
po|arization plane Experimental Caleulated Analyzing
and Scatterlng plane asyimelry polarization power
N, A, P P -
3 —0.136 £ 0.014 —0,262 0.520 £ 0.053
1 0.142 4+ 0.014 0.273 0.483 4 0,052
Simulation value 5 ~0.157 £ 0.014 ~(),286 0.547 £ 0.049
— i —-0.070 £+ 0.014 —(1,20% 0.338 £ 0.067
Tx ]:E))‘E"PEdyZ 5_5823kgev 7 —~(.079 £+ 0.014 —0.157 0.506 % 0.089
o 8 —0.102+0.014 ~0.227 0.450 4 0.062

Average 0.484 £ 0.024



AGATA Early Implementations

With the AGATA early sub-arrays the scientific activity has been done
at the three hosting Laboratories

* INFN — LNL, Italy: hosted the first implementation of AGATA, the AGATA
Demonstrator, in 2010 and 2011. The experimental activity was done with
AGATA coupled to PRISMA, HELENA, DANTE and TRACE

« GSI, Germany : hosted AGATA from 2012 to 2014 coupled with FRS and the
PRESPEC detectors (tracker, LYCCA etc...)

« GANIL / SPIRALA1, France : are hosting AGATA presently. Experimental activity
coupled to VAMOS++, PARIS, NEDA+DIAMANT, MUGAST, VAMOS-GFM, etc...
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AGATA Early Pha&’éﬁ iﬁstalled at GSlI i'n~2¢01:!b_

coupled to FRS & PRESPEC ,‘l )
N. Pietralla et al., Eﬁ:ﬁ\‘dh of Conferences 66, 02083 (2014)




GSI-PRESPEC Campaign: 7 runs T
N. Pietralla et al., EPJ Web of Conferences 66, 02083 e
GSI - FRS secondary Beams 2012-2014 il
AGATA and HECTOR S i L 184
PRESPEC Coulomb excitation L
LYCCA of the 12+band- g 162 ;

Transition rates and
mirror energy

terminating yrast
trap in 52Fe

differences in isobaric

19

Evolution of collectivity
in the 208Pb region

Proton hole states
in 132Sn and N=82
shell structure

Shape evolution in
the region of the

| | neutron-rich Mo

Relativistic
M1-Coulomb
excitation of 8Br

Pygmy dipole resonance
in 6264Fe and the
properties of neutron skin

multiplets
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«/s. Podolyak et al.,

Phys. Rev. Lett. 117, 222302
*D. Ralet et al.

Phys. Rev. C 95, 034320

*N. Lalovi¢ et al.,

J.Phys. G45, 035105




GSI-PRESPEC AGATA Campaign e

GSI - FRS secondary Beams
AGATA and HECTOR

2012-2014

PRESPEC
LYCCA

Transition rates and
mirror energy

Coulomb excitation
of the 12+band-
terminating yrast

trap in 52Fe

differences in isobaric
multiplets

M.Bentley, F. Recchia

S.Milne, A.Boso
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In the A=46 T=1 Triplet

See M.Bentley
Contribution on
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Experiment

Production of the 12+ isomeric beam vy

beam pecondary fragmentation of 600 MeV.A 58Ni on a °Be 4g/cm?
primary target of GSI-FRS. Three seconds Spill
Dipole S1 Secondary Target 400mg/cm2 Au (forward
| Mmagnet position). AGATA-PRESPEC setup
P S TORpy

GSI'FRS SCI21

Lycca_Wall__dE:Lycca_Wall__E {cut_1}

Degrader

MW41
MUSIC
MW42
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LYCCA
Identification of
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reaction products
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Determination of isomeric ratio:
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>2Fe 9512+ Relativistic Coulex
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K.L.Yurkewicz PRC 70, 034301
g.s. -
°21 c=106(5) mb
B(E2)=900(40) e fm ; T12=7.1(4) ps

«22" 5=11(3) mb;
B(E2)=42(20) e“fm"; T112=0.42(11) ps

Comparison to FRESCO
calculations with T. Furumoto O.P.

counts per 2 keV

counts per 8 keV

Tayfun Huyuk PhD thesis
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WIth":324 to 45 capsules coupled { /AMOS at GANIL

i E.Clément et al., Nucl rnstrum Methods

Phys. Res. A855, 1 (2017) _



Experimental Setu Y
for AGATA + VAMOS++ S Tk

Multi Nucleon Transfer, Deep Inelastic I _4&

and Reaction Induced Fission -,
GANIL Beam
AGATA
MNT or
Fission
Product

Quag
ry
Target or Upoje, ~ VAMOSH

Plunger RDDS iﬂ
device
~M
WPPAQ, O
VAMOS++ Provides:

Trajectory and velocity determination Wien ﬁ:te,
Mass identification

*Nucleus trajectory reconstruction

*Velocity measurement

*Total energy measurement
Z identification

* Energy measurement (E-E method)

Trigger MWPPAC & MWFP & GAMMA



GANIL AGATA-VAMOS++ Campaign: o s
GANIL Intense Stable Beams 2014-2017: e
AGATA coupled to VAMOS 14 experiments o |
Exploration of alpha-cluster : the ) 184
unique case of 212Po (298Pb + q) Wi 162
Y , Octupole correlation
lifetime measurements. in 82 507
106,108 it in “Y’Pb
1085 n A
— : Shape transition in the n-rich W
Senlor!ty : a Quadrupole Moments in 166.168Dy
conservation in
N=50: 92Mo, %Ru , 15> Single particle state in '33Sn and
50 H high spin in 108Zr
) p Shape evolution in neutron rich fission
S Yy | fragments in the mass A~100 region
§ 7 Shell evolution around N=50: 8'Ga spectroscopy
Q28 - Evolution of collectivity around N=52: lifetimes in 838‘Ge
20 Evolution of collectivity around N=40: lifetimes in 737°Ga and %4Fe

Evolution of the shell structure in the region of neutron-rich Ti isotopes

The lifetime of the 2Mg 7.786 MeV state: probe for classical novae models

Lifetime measurements of excited states in neutron-rich C and O isotopes




GANIL-VAMOS Campaign: Ongoing

GANIL Intense Stable Beams
AGATA coupled to VAMOS
MNT reactions

2014-2018

Study of quadrupole

correlations in

106,1083 via lifetime

Collectivity along the

N=50 neutron-magic measurements. |
= u - | . s
J.J.Valiente-Dobon 126
%Mo, %Ru M.Siciliano
C. Domingo-Pardo, b———— e
A.Gadea,

N o

R.Perez-Vidal
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Due to the optimum Q-value condition
with stable beams mostly p-stripping
and n-pick-up occur in MNT processes
_.-= ~>populates n-rich nuclei.

With p-rich beam

" | and target possible

to populate p-rich
ejectiles with
c =fewto~1mb
in +2p pick-up
reactions

R.Broda et al.,
PRC 49, R575



Experimental Setup: Limiting feeding
W|th the TKEL Condltlon
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Investigation of the Seniority
Conservation in the ng,,, shell

do» Shell: seniority might be
not conserved

* Shell Model orbitals for valence along N=50 are

the same as for valence along Z=28

* Same nuclear structures for Valence Mirror
Symmetry Partners (?)

* Indeed similar 2+ and 4+ excitation energy
towards 199Sn and 78N

* Effective two-body interaction is very different
along gq, near '%98n and around 78Ni

* Suggested in ®*Ru and °6Pd 4+ have v=2
character and 7274Ni have v=4 character

* Seniority conservation breaking occurs via the

mixing of v=2 and v=4) and might be possible for

i=9/2

=28

A
( 1005
99|n
Valence Mirror Symmetry Partners cd
91Ag
9 96 T2n1s  TAnre [sepq |
43R“50‘46Pd50 28 Nl gy =g Niyg < kil
5| |@Rn
u=2 ]+ u=2 _ gt E | |sgy

0.035 108
va2 6* =4 6* b
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U.iss 1 f k y o
s 90

U%Q —— 4+ U=4 ——— 4+ (& i
ev|™

A
8sSr
0.13 1.82 Rb
B
U2 ? 2t Us ? 2* e | 7B
adse

1.5 1.5

y [

v v f
v=0) o* v=0) 0* =
s 81Ga
Journal of Physics 2011, P. Van Isacker. ~ szn
v 2psy, vify, v2p,, vig,, = "y
S6Ni | 57Ni || SoNi | SNi | SONj | 6'Ni || 62Ni | &N | 64N | SN | S6Ni | S7Ni || 68N | oNj | ONj | 7INi | 2Nj | Ni | 7aNj | 5Ni | Ni | 7Ni | N
N— 7

A.F. Lisetskiy et al., Eur. Phys. J. A 25, s01, 95 (2005)

A.F. Lisetskiy et al,. Phys. Rev.C 70, 044314 (2004).

~—

P. Van Isacker Int. Jour. of Mod. Phys. E, Vol . 20, 191 (2011)
P. Van Isacker et al., Phys. Rev. Lett. 100, 052501 (2008)



Seniority Conservation in the ng,,, shell

R.Perez-Vidal, A.Gadea, C.Domingo-Pardo et al, in preparation
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Seniority well preserved in
the N=50 isotones along

the (mgg,)" excitations



Lifetime Measurements in 106.108Gn.

5000
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1000 |- a_urmg
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Mass Number A
Direct population of the states, avoiding the

experimental limitations due to the “seniority” isomers
Complementary information to Coulomb-excitation
measurements

Extend the investigation above the 2 * excited state
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Neutrons

See M. Siciliano contribution on
Thursday afternoon — Sala Vivaldi
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Evolution of collectivity around N=52: lifetimes in the vicinity of "8Ni

86Br : 1

84Br: 3
82As : 4

84As : 3

80Ga: 1

N=49 odd-odd

Nur@iber of proton Z

|N=51 even-oddl

IN=51 odd-odd|

36

34

2n

28

See contributions of
A. Gottardo &
C. Delafosse

o
1 2
: 3
P 2
: 3

Tuesday afternoon
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855 e
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E R R R TR R R B
Number of neutron N ]
700 vp-sU(3) —se—
vE()OO‘ V8 —oo—
|N=52 even-evenl o7 ,
500 .
- o
Sudden increase of " 400
collectivity in 84Ge : hint of :
pseudospin symmetry 2300+ ¥

C. Delafosse et al PRL 121, 192502 (2018) 200
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C. Delafosse et al. Acta. Phys. Pol. B 50 633-640 (2019




Shell evolution in the vicinity of Z=28 and N=40

Interplay of the monopole terms of the interaction with

multipole terms, like pairing and quadrupole. Collecting See contribution of
spectroscopic data like transition probability constraining the A. Goldkuhle
theoretical description of the Island of inversion from N=28 to Tuesday afternoon
N=40, i.e. influence of the vg9/2 and vd5/2 orbits, of the proton

excitations across Z=28 and evolution of collectivity with the

proton f,,, orbital ocupation

Lifetimes of the 4* states in 6264Fe Lifetimes in ®4Ti and in
and the 11/2-in 61:63Co and %°*Mn neighboring isotopes
700 Py DS II This work | |
600 #® Ljungvall —#— SM LNPS

B Rother v DIS
500 ¥ Crawford i 4+
"E 400 | I ‘ 2+
% 300 | . E "
f 200 & * e % 2t 5 0t (Fe) 201 ’ I
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ol G o /W‘ el
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M. Klintefjord et al., PRC 95, _ .
024312 (2017) A. Goldkuhle et al. Letter in preparation




GANIL-VAMOS++ Campaign:

Transfer and fusion induced
fission reactions in inverse
kinematics with 238U beams

9Kr - Low-Z boundary
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M ==
2014-2017 -]
184
A 162 ,-

AGATA

82

deformation at N = 60 g Eppes X ¥(1 — B cosB)
81Ga — Three valence
a
protons coupled to :
N = 50 neutron-core geuiss==nv o I &
excitations |7
o - — = 01
U) I ’l,’ C
c -
S
e I P - Position of the 1%
o 28 . P 82 interaction point VAMOS
2 0 _ T Mass distribution j Z distribution
-3 - ::(05_ |‘ \| | | A\I[\I ~0.6% 300~ ﬁ ‘r\ { r % ~ 1.5%
B i
a 50 _;t,(,; ,NHII ||‘ ‘ 5200F : ‘\ h / | JJ \ :
28 et 'llIU M‘H‘Ul\‘l‘ll"I E150i N f‘\ / H ‘\, '\f ] f\ A
2 20 300 E- o | ||H|}J UHH | Ilﬂ : IIH'\ J\‘ ” V “J ¥ \j H‘i\‘w
— il M”' “E AV VA
100 | A ;‘\ﬁu' \-.NLJ L H" ‘I‘Jﬂ'\.""". = S0 f;f\\ ;i \JiV A
2 a neUtrOnS ”;D‘\NH:ZW\J"K'«”'&L‘ R [ ' ] ”\lf\ohﬂ Osz_w“/_:z\/'\ﬂlﬂtb Se e ar ey




96Kr - boundary of the island of deformation at N = 60

J. Dudouet, A Lemasson, G. Maquart, G. Duchéne et al,
J. Dudouet et al., Phys. Rev. Lett 1318, 1625014(2017)
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96Kr - boundary

of the island of deformation at N = 60

J. Dudouet, A Lemasson, G. Maquart, G. Duchéne et al,
J. Dudouet et al., Phys. Rev. Lett 1318, 1625014(2017)
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BMF Calculations:

*Gogny D1S+5DCH: J.-P. Delaroche PRC 81

*Gogny D1M+IBM2: M. Albers NPA 899, 1,
K. Nomura PRC 94

*Gogny D1S+SCCM: T. R. Rodriguez, PRC 90

*PC-PK1+5DCH: J. Xiang, PRC 93
MCSM: T. Togashi PRL 117

(Reproduce the Zr transition along N=60:
due to ngg,-vgy,, coupling)



81Ga — Three valence protons coupled to
N = 50 neutron-core excitations

J. Dudouet et al.,

Submitted to
Phys. Rev. Lett

PFSDG-U interaction
F. Nowacki

PRL117, 272501 A
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The quenching of the N=50 gap towards 78Ni can be

investigated looking at the Spectroscopy of excited states
involving particle-hole excitations across the N 50 gap
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81Ga — Three valence protons coupled to

N = 50 neutron-core excitations
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Evidence of octupole-phonon at high spin in 2°7Pb :
Study of the octupole phonon in the 2%8Pb region.

Distribution en masse
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*Case of the 2%7Pb : 1 neutron hole in 2%¢Pb
*The first excited states of 2°’Pb are part of the
vpt 12 X 3 multiplet with slightly reduced B(E3)
with respect to 28Pb due to the p,, blocking effect
*The v(i,3/,)" state band structure : strong coupling
effect of the i3, and f;, , : enhanced B(E3) with
respect to 2%8Pb
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D. Ralet et al., Phys.Scr. 92, 054004 (2017)
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The NEDA setup in the "2Xe run: the 2n selectivity
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&4 Outlook
* The GANIL campaign is proceeding now with SPIRAL1 beams
in the AGATA+ MUGAST+VAMOS++ Setup.

* The campaign at GANIL will
continue until 2021.

* In 2022 AGATA will start a new
campaign at LNL with stable
beams and will continue with
SPES beams when available
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Investigation of the Seniority
Conservation in the ngy,, shell

P32, Tsi2: P1j2, @nd gy, model space
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