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The AGATA campaign at GANIL has been extend to the end of 2020

Each GANIL PAC has a “PrePac” workshop with a specific call : AGATA Collaboration Meeting
1t PAC in 2014 : VAMOS (10 experiments approved)
2" PAC in 2015 : VAMOS || NEDA (10 experiments approved)

3" PAC in 2016 : NEDA (6 experiments approved)
4" PAC in 2017: Fully opened by the new GANIL management : 2(1) VAMOS (MUGAST) approved

Pré-PAC in February 2018 :
»12 MUGAST/Coulex with SPIRAL1 beams

» 6 Gas-Filled
»>5 NEDA-DIAMANT 853 UT Eave Eeen alrefady agproved :
>3 VAMOS Std 628 UT have been performed over 22 experiments

5t PAC in Autumn 2018: call for MUGAST-AGATA-VAMOS experiments only
» 5 MUGAST-AGATA-VAMOS experiments proposed
Thanks to Silvia for her work in the scientific ?ii(ILOI%iEIAMANT 28 UT
coordination of the campaign since 2012 3 NEDA (+ DIAMANT, PARIS, FATIMA) 66 UT

4 VAMOS 92 UT
1 MUGAST 39 UT + Re-schedule of a failed 2018 LISE exp.

E.Clément «» 2019 beam time should be ~4 months
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O Data Acquisition NARVAL - DCOD: process full real-time w/o PSA from 6 to 12kHz per core
O Improved PCle readout libraries for both GGP and LINCO2
O Successful integration of NUMEXO2 and its TP in AGATA via the GTS and the DCOD/TM/RCC systems
O Learning curve in the CEPH technology
[ Data analysis and access to the data
* Improved access to the GRID data
* Successful integration of NEDA and DIAMANT in the AGATA data processing
* 2nd Data Analysis Workshops in January 2018
* 3'd focused on the NEDA-DIAMANT-AGATA campaign in early 2019
O Efficiencies
*Lot of efforts on source and in-beam efficiencies studies devoted in 2017
*In 2018, we focused our attention on the high rate-capabilities approaching the
hardware/software limits

Operation

*We ran 22 experiments in ~11 months of beam time (~2 experiments/month)

*35 Detectors take data since 2017 in stable conditions

*There are 1330 electronics channels to manage (Detectors, FEBEE, DAQ, calibrations)
*~60 000 parameters are prepared to reach the final spectrum

* 430 To of data produced including the 2018 run

*In-beam data since 2014, the campaign is approved until 2020 (7 years operation )
*Detectors maintained cold for more than 1200 days without accidental warming up

E.Clément
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Long term Visitors S=VANN

CNRS/IN2P3

Visitors 2014-2015

A.Korichi (CSNSM)- GANIL Support — (18 months)

R.Perez (IFIC) — Spain and GANIL support ( 3 months)

C. Andreoiu (Simon Fraser University) — Canada and GANIL support (6 months)

Visitors 2016
M. Zielinska (SphN) — GANIL/SPhN Support (6 months)
R.Perez (IFIC) — Spain and GANIL support (3 months)

Visitors 2017
M. Zielinska (DphN) — GANIL/DPhN Support (4 months)
G. Simpson (LPSC) — GANIL/LPSC Support (4 months)

Visitors 2018
M. L. Jurado (IFIC) — Spain support (4 months)

E.Clément



The GANIL Campaign [2015-2020]
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Courtesy J. Dudouet

o 2017-2018 : 35 detectors on-line : Efficiencies
E measured in nominal position at 1.408 MeV
Core 3.4(1)% (GEANT4 = 3.6%)
AddBack 4.8(1)% (5.1%)

P TR e Tracked 4.4(1)% (5.5%)

Mass

VAMOS++ & AGATA (2015)

)
L

g 8 g g
2 2 2 2

v'Nucleons transfer

Counts’keV

VAMOS & EXOGAM (2011)

v'Fusion-fission
v’ Transfer-fission

: i E. Clément et al., NIMA 855, 1-12 (2017)
W Y. H. Kim et al., Eur.Phys.J. A53, 162 (2017)
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The GANIL Campaign [2015-2020]
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Lifetime measurements

\ 4

2015-2017: 93% of performed
experiments are lifetime
measurements from fs to us

T=0.05 ps
t=0.15ps
1=0.25ps
no feeding

E. Clément et al., NIMA 855, 1-12 (2017)

E.Clément coupled to AGATA



The GANIL Campaign [2015-2020]

2018 run NEDA campaign

DIAMANT and NEDA in full digital
system making use of the NUMEXQO?2
boards and coupled to AGATA with -

the AGATA GTS system
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PSA — Neural network
E.Clément
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ADVANCED GAMMA
TRACKING ARRAY

x20 increase in (ny?) event rate readout compared to the
NWALL-DIAMANT-EXOGAM system in VME-VXI.

T. Huyuk et al, Eur. Phys. J. A (2016) 52: 55 Page 5

E. Clément et al., NIMA 855, 1-12 (2017)
J. J. Valiente-Dobon et al, to be submitted

54 self produced NEDA detectors at forward angles
and 14 NWALL detectors + plunger

~9% y-efficiency at 1.4 MeV after tracking

>20% efficiency for 1 neutron

>35% efficiency for 1 proton



Physics of N~Z nuclei

nudeonic Cooper pairs

s 7S=07 7S=07
a) b) i
! S=0 S=1
d)

c)‘

Does the Nuclear force identical for proton and neutron ?
: L New phenomena when proton and neutron occupy the same orbits ?
| N=28 100Sn magicity ?

Isospin Symmetry Breaking in the A=63,71 mirror nuclei
Studies of excited states in 102.1035n

Search for isoscalar pairing in the N=Z nucleus 8Ru
Octupole — Quadrupole correlation in 112Xe

E.Clément



The NEDA setup : the 2n selectivity
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Lifetime measurement *2Ni+26Ni at 250 MeV
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The NEDA setup : the isomer selectivity

* X %

= AN

e 0 v /
AGATA IaboratouecommunCEA/DSM CNRS/IN2P3

ADVANCED GAMMA
TRACKING ARRAY

3000

2500

2000

1500

1000

500

oAu coulex
511

0Cr coulex

at least 1o
at least 1p

at least 1n

LifeTime102Cd

T, =49(1) ns ; Litt = 39(3)
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Shell evolution around Z=28 ﬁ‘ —
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Interplay of the monopole terms of the interaction with multipole terms, like pairing and
quadrupole, which determines the different phenomena we observe

oCharacterizing the islands of inversion, formed near the magic numbers.

oThese are new regions of deformation with configurations involving intruder orbitals from the
above main shell.

oWhile a signature of deformation is given by the energy of the first excited states, their
lifetimes allow a better understanding of their properties by comparison with LSSM calculations

.ﬁ.... .. .
T0Zn T1Zn TaZn T3Zn 81Zn 82Zn 83Zn _J?
53y =let} TOCu TiCu TECu TTCu Ta&Cu 0y glcu 2201 4 [:] ir
@: =9
i TaMi TaMi TEML TTHiL TaMi TN -

Tica  T4Co  TSCo  TECo _ B

AT HEML

Bao BECo  ETCo

65F: EBBFe ATFe #8Fe B%Fe  TOFe TIFe  TiFe T3Fe  T4Fe 1 WS
e pt

f2Mn A3Ma B4Mn  ASMn  A6Mna  ETMa  S8Mn  A%Mn  TOMn TlMn

GlCr  faCr  A3Cr  f4Cr  B5Cr &BCr &TCr BEcCr

a7 % # 0 . a7 ® 51 ) LPNS interaction
E.Clément
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Shell evolution around Z=28

Interplay of the monopole terms of the interaction with multipole terms, like pairing and
quadrupole, which determines the different phenomena we observe

Collecting spectroscopic data like transition probability constraining the theoretical description
of the Island of inversion from N=28 to N=40:

»What is the influence of the vg9/2 and vd5/2 orbits ?
»What is the influence of the proton excitations across Z=28 ?

»How collectivity change when decreasing the number of proton
in the £7/2 orbital

Lifetimes of the 4* states in 62:64Fe
and the 11/2-in 81:63Co and °°Mn

TI1Zn

TéCuy  TTCu  T&Co | 7%Cu | 80Cu  8lCu  g2Cu |— Fe

B8Cn  &%Cu  TOCu

AT HEML 2N i T4Mi TSNi TEML TTHL TEML TINi

T3Co  T4Co  TSCo  TECo E I E %
\.. 65Fe GB6Fe ATFe &8Fe  6%F: TEIPI TIFe  TiFe T3Fe  T4Fe

Bao BECo  ETCo B8Co  B%Co  TOCo  TlCo M T2Co

I g "l"
n A3Mn Ad4Mn G5Mn  BEMa  ATMn ESMn/Mn TOMn TlMn | f —
&l & E3Cr  A4Cr ASCr SRCT %ﬁr &aCr
= -~ > | | | | | |
a =« e e wo sl M Klintefiord et al., PRC 95,

E.Clément 024312 (2017)
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Shell evolution around Z=28

Interplay of the monopole terms of the interaction with multipole terms, like pairing and
quadrupole, which determines the different phenomena we observe

Collecting spectroscopic data like transition probability constraining the theoretical description
of the Island of inversion from N=28 to N=40:
»What is the influence of the vg9/2 and vd5/2 orbits ?

»What is the influence of the proton excitations across Z=28 ? Lifetimes in 54Ti and in
»How collectivity change when decreasing the number of proton _e eS_ ]
in the £7/2 orbital neighboring isotopes have
——— been determined
4+

80Zn 81Zn 82Zn 83Zn = ‘ 2+

. mn . N
el \

B8Cy  &%Cu  TOCw  TICu TéCuy  TTCu  T&Co | 7%Cu | 80Cu  8lCu  g2Cu

40- \
i T4Ii TSMi TEML TTHi TaMi TEMi w

! **Q*J MW%MWW

HEML

AT

83Co  6¥Co  TOCo  TiCo MT2Co TICo T4Co TIiCo TECo

BECo  ETCo

Bao

\.. 65Fe GB6Fe ATFe &8Fe  6%F: TEIPI TIFe  TiFe T3Fe  T4Fe

n B3Mn  E4Mn  ASMn  AEMn  6TMn ESMn,Mn TOMa TlMna

ML L Pl bl e L u 0 ulﬁ
*.“*' dﬂm"i'“\ﬂf M'.WJMI ;ﬁtm;ﬂ, B

B 1000

" &l & E3Cr  A4Cr ASCr SRCT %ﬁr &aCr
-_— e
® # 4 e 4 ¥ d . A. Goldkuhle et al. to be submitted

ar

E.Clément



Shell evolution around Z=28
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Interplay of the monopole terms of the interaction with multipole terms, like pairing and
quadrupole, which determines the different phenomena we observe

Dirken et al., PRC 82 (2010) 064309 I. Celikovi¢, Ph.D. Thesis, GANIL 2013
i C. Louchart et al., Phys. Rev. C, 87 054302 (2013)

2000— /
B @ 3/2°S.P. i —e— VAMOS-
= 1500— & 1/2° S.P. 1000 Zn lSOtopeS +$ik.-:g§§g$m
= L - 5/2° S.P. PRISMA-AGATA
: - 3/2 coll. - —.—Prey. Experiments
g 1000~ 112 coll 800 L ey
a3 T 52 coll. 5 * HFB+5DCH,D1S
500 72 coll. é
| *9i2* 0
2 Zn ~ 600}
o— . o /
1 I I I l I 1 l N
? * 3f;\IJ.eutjl‘E)n I\':rltljnl:»er‘1 2o 6 T
] s+ 400
3Ga ground-state: 3/2-, 1/2- doublet? N
-> determine the M1 component of the first 5/2- @ |
Obtained lifetime : | N _
» Fast M1 component in the decay of the 0 R T L S SN
first 5/2- state. 32 36 40 44 48
« Confirms 1/2-, 3/2 g.s. doublet N

E.Clément I. Celikovic, C. Michelagnoli et al.



The quenching of the N=50 gap towards

8Ni can be investigated looking at the
Spectroscopy of excited states involving particle-
hole excitations across the N=50 gap

Gale on B13.8 ke
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= 81Ga spectroscopy

J. Dudouet et al, to be submitted
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= First lifetime of excited states measured in 8Kr
= Lifetime measured with better accuracy in 8Se
= First lifetime measured in the very exotic 8Ge
= Unexpected enhancement of collectivity in 8Ge

Sudden rise of collectivity after the
N=50 shell closure

. in contradiction with shell model
calculation

C. Delafosse et al., submitted to Phys. Rev. Lett.



Shape evolution in fission fragments In
the A~100 region

AGATA-VAMOS and a plunger + FATIMA for lifetime
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measurements using the °Be(*®U,FF) reaction W. Korten, A. Gorgen et al
. “ 1 QOOS dT spectrum
1OOZr AGATA on 6+->4+ (502.5 keV) convolution fit

Fatima on 4+-»2+ (361.1 keV) and 2+->0+ (186.7 keV)
2* T1/2 = 386(33) ps -E
Ty/21¢. = 375(10) ps

10

Counts per 4 channels
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High resolution spectroscopy of *6Kr
E.Clément J. Dudouet et al. Phys. Rev. Lett. 118, 162501 (2017)
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Shell evolution around 199Sn

TRACKING ARRAY

%Mo and ®*Ru have similarities with Ni isotopes, filling the same ==
orbitals than protons in N = 50 isotones.

s 2+ 0+ 4+ 2+
Z=28

Z=28 =

88838883
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6of /\\
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Ni Isotopes

Excitation energy (MeV)
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Valence Mirror Symmetry Partners Lisetskiy et al PRC (2004) :
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E.Clément courtesy of R. Perez Vidal
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Shell evolution around 199Sn

N=50 | =
2203— —m— A.F. Lisetskiy PRC 2004 e
2002_ 5 A Qargano Bonn- _::
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E.Clément courtesy of R. Perez Vidal
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Lifetime in n-rich O and C = AN _
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S. Leoni, B. Fornal, M. Ciemala et al., somce> ooy

Lifetime measurement in the non-yrast excited states of neutron rich C and O isotopes.
Branching ratio and E2/M1 using the PARIS LaBr3 array

The 2*, state corresponds to a neutron (ds/,)3(s,,)* configuration
C. R. Hoffmanu et al .PRC 85, 054318 (2012)

T. Otsuka PRL 105, 032501 (2010)  “52

[ ===+ NN +3N(N'LO) “~_ |
L NN + 3N (4)

c 3000 [ hold_020 N
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= H Pt/TI ( O, ! C, O) 699.2 Neutron Number (N)
L 2500 o* 721.9
— i Interactions
1 lifetime lifetime 1nixin% ratio 111ixh1% 1‘_ﬂﬁ0 Experime
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E.Clément S. Leoni, B. Fornal, M. Ciemala et al.,
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led - : . -
2.57% Study of the two-phonon vibrational states in the 2°8Pb region
50l | Case of the 2°7Pb v(i,5,)* state band structure
42 | 29721+ 6045
=] ||
8 1.0l | are % 5661
. )
;;;j:agif_—li‘L—Lf‘_ngj 100 2485 keV transition
0.5¢ | 23z 0284 H§° se90 4868
21/2 4711 80
0 M‘ : : : ‘ 5925 = |
P60 170 180 190 200 210 220 o W 1o
Mass number, 4 60}
=
Octupolar vibration 40 ] 1
B(E3) = 33 (2) w.u. i i
20t T
% 160 200 300 400 500 600 700 80O
3 2o eV 19/2° 2.48 MeV 1372+ 1633 Distance (um)
—-— | 207pp
E3 y"g- II‘\I‘l“\\ E3
S, ‘
o+ 13/2% isomeric state
208 207 v (i132)
Pb Pb o

D. Ralet in preparation
E.Clément D. Ralet et al., Phys.Scr. 92, 054004 (2017)



MUGAST campaign 2019
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Nucleons transfer spectroscopy using the SPIRAL1 ISOL beams

\

F
£0
0,

RI
Bea

E.Clément

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

Shell evolution:
spectroscopic factors, s.p. energies (d,p), (t,p), ((He,n)
n-p pairing, clusterization

Lifetime measurement after single nucleon transfer
2018 call for proposal
PAC meeting in November

Start of the campaign in April 2019

Campaign manager : M. Assié (IPNO)



Double Gamma decay

D. Brugnara, A. Goasduff, JJ Vailente-Dobon et al.
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Can decay as a cascade of two / The main point is to discriminate the real

gamma (P o0 2 106) witha double gamma event candidates on top of the

dominant M2-E2 and a minor “background” of the Compton scattering.
E3-M1 contribution
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“Tracking” should be able to reconstruct the
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(k SYer 5 Search for Double Gamma decay in 3’Cs source

Reaction mechanism : Fission of Light Hg ¥ t;f;tf* P

Octupole — Quadrupole correlation in 12Xe

Studies of excited states in 192.103Sn 1 i Q " m
' e LB

| Octupole correlation in 207Ph
Evolution of collectivity around N=50:

lifetime measurements 104965 Exploration of alpha-cluster : the

unique case of 212Po (208Pb + ar)

Evolution of collectivity aroun e : :
Nz%g_t I?fegmzomi(;tsurzymaer?ti 9(1Ru - Shape transition in the neutron-rich W isotopes
e Tar sl galiin Transition Quadrupole Moments in 166.168Dy,

: - 88 100 it : : : .
In the N=Z nucleus ®Ru il iy, single particle state in 133Sn and high spin in 18Zr

Isospin Symmetry Breaking in

gfaanet 132 ioni ich fissi
the A=63.71 mirror nuclei : Sn  Shape evolution in neutron rich fission

'1 e 5 | fragments in the mass A~100 region

- :
» 78\;  Shell evolution around N=50: 8'Ga spectroscopy
: & ~ Evolution of collectivity around N=52: lifetime measurements in 88Ge

: Evolution of collectivity around N=40: lifetime measurements in 73°Ga
Evolution of collectivity around N=40: lifetime measurements in %4Fe

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

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

*AGATA is operated since 2014 at GANIL and 22 experiments have been performed
4 Papers published (2015-2016 data)
1 Submitted (2015 data)
5 Papers in preparation (2015, 2016 and 2017 data)
1Technical papers submitted
1Technical papers in preparation
16 Experiments under analysis (2016-2018)
3 PhD defended in 2017 and 7 in preparation using GANIL data

*The number of detectors is increasing and stability of the system is improved year after year
« Successful NEDA-DIAMANT-AGATA campaign in 2018

» Many results are coming all along the nuclear chart for many different physics topics

« Publications are important for GANIL and AGATA

» Many thanks to all AGATA collaborators !

E.Clément



