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High-resolution gamma-ray
™ spectroscopy is an optimum tool
to study detailed nuclear structure
properties and investigate how
they emerge from fundamental
interactions.

Nuclear shapes
and coexistence

Measuring discrete y-ray transitions
from 20 keV to 20 MeV with 1% energy
resolution and 30-40% P/T

Nuglear Astrophysics &:ouplir?g- to the continuum



The AGATA project

The project timeline is to
complete the 4r by 2030

3 A DN J 3
N—1//~\\ \J =

§0
180 (60 triple-clusters) 36-fold
segmented crystals 41 detectors on-line in 2019
Amount of germanium: 362 kg . 0
Solid angle coverage: 82 %
Singles rate >50 kHz
Efficiency: 43% (M,=1) , 28% (M ,=30)
Peak/Total: 58% (M, =1), 49% (M ,=30)
Angular Resolution: ~1°
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Combination of:

O segmented detector
O pulse-shape analysis

Q tracking the y rays

Q digital electronics

NuPECC
.'m(( Long Range Plan 2017

Perspectives
@ in Nuclear Physics
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S. Akkoyun, et al, NIMA 669, 26-58 (2012) AGATA@GANIL
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Tracking Arrays /A\J\ (K »ﬂ-._J
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Primarily design to maximize Efficiency and P/T of the
high resolution y-ray detector arrays

1. Maximizing the active solid
angle without loosing
signal/noise ratio

2. Improving the Energy resolution
on all experimental conditions,
even at high emission velocities

3. Maximizing the performance of the
detectors, even in conditions of
heavy duty with radiation damage

= Compton Suppressed

*solid angle taken by
the AC shields

»large opening angle =
poor energy resolution

Tracking array

«Large solid angle

« Position sensitive mode using
PSA

*Large P/T using tracking for y-
ray reconstruction
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Improved Doppler Correction capabilities
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sensitivity and the Doppler correction.
 Possible to measure down to 1 to
10 ps lifetimes with relativistic RIBs.

C. Domingo-Pardo et al, NIMA 694 (2012) 297
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Firstly used with the AGATA — == /2N
AGATA demonstrator Demonstrator at LNL laboratoire commun CEA/DSM

5 tripple-clusters T —
covering 8 ~ 80° -160"

e s e a The continuous-angle DSAM represents an
RIS advancement of the “conventional” DSAM.
135X e beam from ALPI _ _

I EEERIEE It extends the y-ray lineshapes analysis as a
function of y -ray energy to a lineshape analysis
i as a function of both vy-ray energy and polar
0. Amglom? G e angle of the y-ray detection.

+ 30mg/cm® Ta Ch. Stahl etal, PRC 92 (2015) 044324
Ch. Stahl et al, CPC 214 (2017) 174
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2D-data fitted with

LNL-data, 546 MeV run . .
2D fit-function

136Xe
Coulex

Fit-Function 5, 100 S i




23 experiments Exotic nuclei populated by heavy-ions collisions at the

31 weeks of beam on target Coulomb barrier

0.44 Po of data Search for Double Gamma decay in 13’Cs source . AR g
Reaction mechanism : Fission of | * Yt Hg e
Octupole — Quadrupole correlatior 'Qo%\&‘ 208pp
Studies of excited states in 1021035p | X© A
N i

Evolution of collectivity around N=50: &V i ) ot alohal -
lifetime measurements 1041065 @Q = XY Exploration of alpha-cluster : the

Qo g unique case of 212Po (2%8Pb + a)

1 /I < B/ e
Evolution of collectivity around T g ~ Shape transition in the neutron-rich W isotopes

N=50: lifetime measurements *‘Ru

: . e ~ Transition Quadrupole Moments in 166168Dy.
Search for isoscalar pairing g5 e e Q P y

: — 88 SR Soh S . . ) ; ..
In the N=Z nucleus *Ru N =4 ijpsingle particle state in 133Sn and high spin in 1%8Zr

Isospin Symmetry Breaking i

the A=63,71 mirror nuclei Shape evolution in neutron rich fission

fragments in the mass A~100 region :
J J S. Ansari’s poster

i 15 o GFF .
Resonant states In °F 7= Shell evolution around N=50: 81Ga spectroscopy

Evolution of collectivity around N=52: lifetime measurements in 8384Ge

Evolution of collectivity around N=40: lifetime measurements in 37°Ga
Evolution of collectivity around N=40: lifetime measurements in %4Fe

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

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

The lifetime of the 7.786 MeV state in 22Mg as a probe for classical novae models
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Lett. B 633, 219 (20086).
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ADVANCED GAMMA
TRACKING ARRAY

Subshell closure at
N=32?

* Phase transition from predominant
collective structures in ®8Fe to a neutron
subshell closure towards ®2Ca

Staggering of the B(E2) values in the Ti

Isotopes

J

spinsin Ti

» What are the consequences for the
evolution in neighboring nuclei ?

 How Shell Model calculations

\ reproduce these systematics ?

.
( Subshell closure at N=32 for higher\

J

New B(E2) measurement in 2°,

4* 6* states from their lifetime

CNRS/IN2P3

A. Goldkuhle (IKP) et al, in preparation



*Reaction: Multi-nucleon transfer reaction®°Ti(?38U, xx)

Target: °°Ti @ 1,2mg/cm? with ™'Cu backing
Degrader: "'Mg @ 3,1 mg/cm?

T T T T T T 54 -
+ 1 Ti
6; — 4]
200 F
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27 — 0gs
+
100 X =4y 0
\
50 b
400 600 800 1000 1200 1400
Energy F [keV]
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A. Goldkuhle (IKP) et al, in preparation
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Experimental results

| first time
1\ J

~

4 lifetime information in °4Ti: 3 for the first time

3 lifetime information in °2Ti: opposite behavior to previous
measurement

5 preliminary lifetime information in 53Ti determined for the

1

= F

2 4
Spin (A
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 Shell model calculations reproduce the trend in 50.5254Tj
« New result in 2Ti: Opposite behavior to previous experimental
results
J

Interpretation
N

A. Goldkuhle (IKP) et al, in preparation



Lifetime Measurements in 19610850 using MNT
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« Complementary
measurements
« Extend the investigation

population of the states,
experimental limitations due to the “seniority” isomers
information to Coulomb-excitation
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Neutrons

M. Siciliano (LNL) et al, submitted to PRL

The precise measurement for 1%Sn sheds light on the proton
excitation into the gq/, and h,;,, (from CN un-truncated), or g, +
pairing effect (2)

The first 4+->2* transition strength in the neutron-deficient Sn.

*  The recent MCSMC points to gq/, 0CcCupancy that vary with J and A,
[T. Togashi et al PRL 121, 062501 (2018).], without comparison for
the 4* strength




113Ba ll4Ba Il5Ea

112Ces 113Cs  114Cs

£ 109XKe 110Xe Il1Xe
54

1081 1091

M. Sandzelius et al Phys. Rev. Lett 99, 022501 (2007)

g0 52 54 56 58 62 64
—>
dsi2 9712, b12 BE2(2* = 0%) [Wu]
102 E_ P ‘ .
O Maximum of 2* and 4* excitation energies at N=82 - [I ' T . ;
O Maximum of collectivity at mid-shell 106,108 § . + :
3 Collectivity approaching N=50 ? | S”—m’:_é % i oo, ;
- I

> Lifetime measurement in 112Xe B °

1L, | | Ll | (}. ‘ .(}| |
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" a
> 3BNi(%8Ni, 2p2n)112Xe @ 250 MeV, ~4pnA. / \ u J ;
»  Lifetime measurement using NEDA-AGATA-DIAMANT and e ‘ "‘ | /
the OUPS plunger in front of DIAMANT AGATA abratore commun CEADSH B CNRS/IN2P3

» 9 plunger distances from 20 um to 1.5 mm.
» 10 days experiments with ~30h per distances

DeltaTDistance_tot

O Transitions for which a decay

curve was observed on-line
.- (12* 4469 (4447) (137)

3 ] I (595)

b 918> 3852 i ()
060 : (1ot 3549
Dist [mm] 663 2
i ‘ J e _ i

TITTTTTITTTT IIIIIIII| UL LU L

7721

M. L. Jurado, D. Ralet, A. Goasduf, EC et al,
OUPS Plunger, J. Ljungvall et al, NIM A 679 (2012) 61-66. Degrader mode J.F. Smith et al, Phys, Lett. B 523, 13 (2001)
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4469 (4447)  (137)
I (595)

Based on
Delion et al, Phys. F
Caurier et al PRC 8:

it supports more the

proton excitation frc
of the T=0 pairing
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M. L. Jurado (IFIC), et al, under analysis



Enhanced octupole correlation due to the interaction
of AL=3, AJ=3, inverse parity : dz,, and hy,,
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v The Lifetime of the 5 is determined
v" The E3 decay from the 5- seems very weak and
requires a careful analysis

(~0.9 10> wu)
*Assuming 100% E1 decay as soon as, on-line, the E2 and E3 are obviously very weak

Low B(E1). Similar to 3- E1 decay in 114Xe. E1 probe for octupoles ?
Carrefull analysis to be done to discover the E2/E1/E3 branching ratio to get the B(E3)

The 114Xe case (G. De Angelis et al., Physics Letters B 535 (2002) 93-102)

Ey (keV) I (h) E, (keV) I (%) 17 () Ei B(EX) ¢* fm?L B(EA) [Wo]
450 2t 450.1(2) 100 ot E2 2066 2(4)
1069 4T 618.5(2) 100 PAl E2 1452 44(4)
1623 3~ 554.7(2) 36.9(5) 4+ El 11.3(32) x 1073 7.4(21) x 107
1623 3~ 1172.8(3) 61.9(4) 2t El 2.0(5) x 102 1.3(4) x 1077
1623 3~ 1623(1) 1.2(3) 0t E3 5.9(20) x 107 77(27)
| 2000 5~ 211.4(4) 6.9(4) 6" El 1.6(2) x 10— 1.1(2) x 1077
2000 5 376.7(2) 91.3(5) 3 E2 352(44) x 10 107(13)
2000 5” 1549.1(5) 1.8(4) 2t E3 527(132) x 10° 68(17)
E.Clément M. L. Jurado (IFIC), et al, under analysis
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Lifetime in n-rich O and C = AN _
QGE\;‘H laboratoire commun CEA/DSM 30 ’ / CNRS/IN2P3

M. Ciemala, S. Leoni, B. Fornal, et al., souscen o

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
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M. Ciemala (ifj-PAN)et al , to be submitted to PRL
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MUGAST campaign 2019-2020

** See Francois De Oliveira s presentation on Wednesday morning

E.Clément

. v /
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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
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The AGATA array is operated since 2014 at GANIL and will be transferred in summer 2021 to
LNL — Legnaro

AGATA at GANIL is used to performed high resolution y-ray spectroscopy in exotic nuclei
produced in heavy-ions collision at the Coulomb barrier

Unpublished results in 52°4Ti, 10610857 112Xe 200 have been presented with a specific focus
on lifetime measurements

The new lifetime measurements result for states with J>2,* are :

« New values for 2Ti presenting now bell shape compatible with SM

« New B(E2) up to the 6* state in >Ti at the N=32 shell closure

 High precision measurements in 1%8Sn underline the role of proton excitation
above Z=50

« New reduced transition probabilities in 112Xe

« New indication that the 3-body term of the nuclear interaction plays a major role
in the structure of n-rich Oxygen isotopes

First successful SPIRAL1-MUGAST experiment performed in April

E.Clément
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MUGAST campaign 2019-2020

T
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all gammas in AGATA

T T
gammas MUGAST gated
Ex>0.2 && Ex< 1.4

;
VAMOS gated
ICE[1]>2

VAMOS and MUGAST gated

REBCT
Eniries O
Mean 057
Sid Dev 03022
Underfiow a7
Overlion, "
Integral 108
‘Skewness 5484
Kuriosis 008528

N Y

TE

I,
=

867 keV:: 152Eu=7.7(2)%. 870 keV 170 =

7.8%. Geant4 = ~8%

First successful SPIRALL exp (e744) in April : “Resonant state in 1°F”

E.Clément



Double Gamma decay

D. Brugnara, A. Goasduff, JJ Vailente-Dobon et al.

R A Dy L

g‘ CNRS/IN2P3
qgsfﬁ::lrs ke¥ 17\3_‘_ w K%)  Loght @
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

laboratoire commun CEA/DSM
Ti2e

00 3008Y9

58E-4 1661 ————»——— 2835

“Tracking” should be able to reconstruct the
C. Walz et al., Nature volume 526, C ¢ tteri d] | didat
pages 406-409 (2015) ompton scattering ana ieave ontly c.an. Idate
for the double events ... Proof of principle ?

32+
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81Ga — Three valence protons coupled £6. 1! | |

m A

J. Dudouet et al.,

Submitted to

N = 50 neutron-core excitationNs oo

A

CNRS/IN2P3

The quenching of the N=50 gap towards 78Ni-can-be-investigate
looking at the Spectroscopy of excited states involving particle-hole

Phys. Rev. Lett excitations across the N=50 gap S
PFSDG-U interaction E’15°,M"]|“H | T’ & &1 WA Mgy b
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F. Nowacki g ‘ }’ JJ( I "W " E, (keV)
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E.Clément Novembre 2011
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81Ga — Three valence protons coupled to .
N = 50 neutron-core excitations wwammcs !

CNRS/IN2P3

Excitation energy (MeV)
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e G lement Novanrolet et al., Submitted to Phys. Rev. Lett
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Investigation of the Seniority Conservation in the rgg,, shell L / \H J 1 ﬂ
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1005
° ° ° “In
gQIZ Shell: Senlorlty mlght be Valence Mirror Symmetry Partners mcq)
not conserved g

9 96 T2 n1e T4 s o
43R“50‘46Pd50 28 Nl gy =g Niyg 5 i
95Rh
* Shell Model orbitals for valence along N=50 Y R— Y R— © |
are the same as for valence along Z=28 0.035 Los P
. U2 6" v=4 6" i
° Same nuclear structures for Valence Mirror Mo
Symmetry Partners (?) 0.083 1.19 b

* Indeed similar 2* and 4* excitation energy a2
towards '99Sn and 78Ni

* Effective two-body interaction is very different
along g,,, near 1°°Sn and around 78Ni

* Suggested in ?“Ru and °¢Pd 4* have v=2
character and 7?274Ni have v=4 character

* Seniority conservation breaking occurs via the

4+ v=4 —tyt

U 2% U 2+

83Ag

_ - |
n e |
i‘f@,"\-|< o
Tl

mixing of v=2 and v=4 and might be possible v~0 0 w0 0 mGe
1= W | |Pea

for J_9/2 Journal of Physics 2011, P. Van Isacker. {SJ- 8070
p Vv 2p;), e v 1f., =;' Zp:.-'é p vigy, = ney

Z=28 SSNi 57Ni 58Ni | 59Ni | GDNi 61Ni 62Ni | S3Ni | S4N| | 65Ni | 66Ni | 67Ni SBNi | 69Ni | 70Ni 71Ni | 72Ni | 73Ni | 74Ni | 75Ni | 76Ni | 77N* 73Ni

A.F. Lisetskiy et al., Eur. Phys. J. A 25, s01, 95 (2005)
A.F. Lisetskiy et al,. Phys. Rev.C 70, 044314 (2004). N ~— —
P. Van Isacker Int. Jour. of Mod. Phys. E, Vol . 20, 191 (2011)
P. Van Isacker et al., Phys. Rev. Lett. 100, 052501 (2008)
B
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Investigation of the Seniority Conservation in the rgg,, shell

R.Perez-Vidal, A.Gadea, C.Domingo-Pardo (IFIC) et al, in preparation
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[1] A.F. Lisetskiy et al. PRC 2004

[2] A. Gargano Private communication
[3]H. Mach et al. PRC 2017

[4]R.M. Pérez-Vidal et al. This work

[SINNDC
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68Ni 7ONi 72Ni 74Ni 76Ni 78Ni

[6] T. Marchi et al PRL 2014

[7] K. Kolos et al PRL 2016

[8] C.J. Chiara et al PRC 2015

[9] A.l. Morales et al. PRL 2018
[10] M. Sawicka et al PRC 2003
[11] A.l. Morales et al. PRC 2016

Seniority is well preserved in the N=50
Isotones along the (ngg,,)" excitations
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Evidence of octupole-phonon at high spin in 2°7Pb : Study of the octupole phonon in the 2%Ph region.

QO Case of the 297Pb : 1 neutron hole in 298P

Distribution ) .
 cled O The first excited states of 2°’Pb are part of the vpt,, X 3-
multiplet with slightly reduced B(E3) with respect to 2°Pb due to

20 the p,,, blocking effect
015 M\{‘NM Q The v(i,3,)* state band structure : strong coupling effect of the
5 i,3and f;, : enhanced B(E3) with respect to 208Pb
o 1.0 w i

0.5Mﬁﬂh 502_

40F

D‘P()O 176 180 150 550 515 520 - 30_ --------------------------------------------------------------------------
Mass number, A % g
- 20F
Octupolar vibration 10F

B(E3) = 33 (2) w.u. i

100 200 300 400 500 600
Distance [um]

3 2.61 Mev 10/2- 2:48 Mev
E3 E3
ot _Y isomeric state
208Pb Pb v (i13/2)71

D. Ralet, E. Clément et al, submitted to PLB
D. Ralet et al., Phys.Scr. 92, 054004 (2017)

E.Clément Novembre 2011
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50T I I I I I
Ti summed spectrum 2t 5 Ogs =5 Ti
6000 L _
us
5000 L _
67 — 4]
S
4000 R 4
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S
2000 L
1000 AWJ
0 I I I I
600 800 1000 1200 1400 1600

Energy FE [keV]

E.Clément Novembre 2011
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I.s [counts]
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= /Al N\
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m af —2f Yrast-Band
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10 + 2.34 { 1259 &\
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5 —F B
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E.Clément Novembre 2011
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ADVANCED GAMMA
TRACKING ARRAY

Ly, [counts]

54T
(a) Differential decay 2+ ot 8+ (a) 47 — 9F
5 [ 1 1 7 .
34 curve method (DDCM) ] - £-97 T Yrast-Band 8?
F’-
dr o [
21 64 I .
N O saf Tt 1
ST T B4
',1_ 2523 keV
0.5+ L
d(b (b
3004 (B) Flight comp. 1604 - )
250 - 140+
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2001 100 b]
. 439 keV
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— 150 - 80 y 41
T 60+
1004 ¢ : . ) , ; 1002 keV
50 (c) Feeding Degrader comp. (c) Y ot
404 correction 50- )
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30 1495 keV
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| } } ! 10 } | } } Y Uf;
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distance [um]

E.Clément
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A. Goldkuhle (IKP) et al, in preparation
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TTTTTTT G ARRAY

Nl
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ST

IF - U-2)7 Present Previous [1] Present Previous [1]

2} > 03 1.4(7) 1.53(27) 80152 TEEE

4% - 2f 5.9(9) - 139122 -

67 - 4f > 380 - <132 -

87 - 67 <14 - >5.7 -
s2Ti [1] D.-C. Dincaet al., Phys. Rev. C 71, 041302 (2005).
IF - {U-2)7 Present Previous [2] Present Previous [2]

2} > 0} 10.1(4) 5.19(20) 6318 12473

4% - 2% 2.3(1) 4.76(58) 11118 5317

65 — 47 45(1) 36.07(577) 10013 125%34

[2] K.-H. Speidel et al. Phys. Lett. B 633, 219 (2006).

B . .
E.Clément A. Goldkuhle (IKP) et al, in preparation



Mass

Collective octupole motion in such
nuclei is strongly influenced by
quadrupole softness

B(E3;gs->3-)

2
1 _ B
B(E3 1) =k Z2A [’ EG) = Ey— —.
( M =« E(3_)$ [e“b”] E(z?_)
e vhy,, occupancy [M. P. Metlay Phys. Rev. C 52, 1801 (1995)]

Mass

E.Clément
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54

1081

1035b  1045b

113Ba

114Ba

1091

Ll2Cs 113Ce  114C

E(3-) [MeV]

Mass

G. de Angelis et al., Phys. Lett. B 535 (2002) 93
J.F. Smith et al., Phys. Lett. B 523 (2001) 13.

B(E3;gs->3-)

0,30

0,25
0,20
0,15

0,10

54 56 58 €0
== "Calculated"
——
110 115 120 125 130 135
Mass

E.Clément

L14xe : B(E3:3" = 0%) = 77(27) W.u




Non —yrast states in 2°0

Sear (Asy2s S172:030) iy

(0.2,0.7,0.0)

(1.0,0.0) +

3557

2399

(0.8,0.3,0.2) =

o
=

(1.8,00) *=+
Exp

n(dsp)® (S12)*

n(ds5)® (S12)*

n(ds,)*

\\ J | ﬂ
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Neutron transfer reaction by C. R. Hoffman et al .PRC 85, 054318 (2012)
has shown that :

o Yrast 2+ and 4* states are dominated by the natural n(dg,)* configuration

o The 2*,and 3* states are dominated by the n(ds,)3(s,,)*configuration

140

120

Vv
—
o
S

Counts / 25 ke

F=Y
[=]

(o]
[=]

[o2]
[=]

N
[=]

- (D)

3.57 MeV 4*

4.07 MeV 2¢ 7

1.67 MeV 2*

0.00 MeV 0*

4.46 MeV 0*

0 1

2 3 4
Excitation energy (MeV)

» Theoretical S factors from SM calculations are in good agreement with the measured ones

E.Clément Novembre 2011

4.99 MeV

5.23 MeV 3*

564 MeV
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Non —yrast states in 2°O

* — Abinitio Lt . .
3 f =27 fs \ G. Hagen et al., PRL 108, ;’he 2 1_I!fetlme IS not sensitive to the
n(d5/2)3 (31/2)1 242501 (2012) 32 POsItion
+ + 1 1
. =180 fs c L =320fs 7\ The 2+, and 3* states lifetimes are
sensitive to the dg;, contribution
¢ d5), lowered by 2 MeV Ty = 200 fs
e 1=240 fs
2408 * Placed phenomenological in SM
calculations
 the 3-body interaction create
repulsion in the ab-initio model
") +=10.4(4) ps 1=12 ps Ty = 10.5 ps
HEP NN 1i 7p «  Areduced splitting of the s,,,d3, 5/,
738 1873 d5/, lowered by 2 MeV \Innn = 24 0PS ) increases the lifetime
K =11 ps / * Asan increased repulsion between
e ) n(de,)* =t the orbits reduces the lifetime
52 SM :M. Rejmund, Private
USDB EXp communication USDB, A. Brown

et al PRC, 74(3), 034315 (2006). The lifetime of the 2%, state is a sensitive probe
for the s,,,d;), 5, decomposition in neutron-rich O

E.Clément Novembre 2011



O O O 0O O O

Counts / 1 keV

Proposed experiment

Populating the relevant neutron states by the selective 1°0(d,p)?°O reaction

190 beam from SPIRAL1 at 6.6 MeV/ and at 7. 10 pps

DSAM dedicated target CD2 (0.3mg/cm?) + Au (20mg/cm?)

200 to be identified in VAMOS and y-ray in AGATA placed at backward angles
The entry point is constrained by the proton spectroscopy in MUGAST
Lifetime measurement of the 2*, and 3" state, feeding free, by DSAM

Simulated 0 2; decay with backing of 20 mg/cm? of Au

E.Clément Novembre 2011

Reduced y?
o N Wk OO N 0 WO

o

—_

J il
7| o —

BN
= /ANLL
j‘ (11 2 CNRS/IN2P3

laboratoire commun CEA/DSM

We do not probe directly the 3-body term (because
it is impossible)

We do not directly measure the relative position of
the sy, — a5

But we measure an accurate and relevant quantity
(T4/,) which is sensitive to their relative spacing

independently if it is the consequence of the 3-
body term or a phenomenological approach
Within an ab-initio framework it can be related to
the 3-body contribution

Within the SM approach, it can be related to the
position of the single particle orbit

20 mg.cm”? Au degrader

JI— T N S S R—— L
500 1000 1500 2000 2500
Lifetime [fs]



Shell evolution around 1%Sn M et
184
----- : '62 ;

Due to the optimum Q-value condition with
_ ' stable beams mostly p-stripping and n-pick-
S xg o up occur in MNT processes = populates n-

_ el rich nuclei.

0
c i3 ,

I /(-7 ... LS SR o = : :

B . | e - With p-rich beam
= 1o “ 1 and target possible
o i A— L b\t S S e . to populate p-rich

20 ‘, o N ejectiles with

gs/. 4 - el | o =fewto~1mb
" ‘ in +2p pick-up

8 SR reactions
2 i "‘°‘Fa projectila

@ WPCY target
" R.Brodaet al.,
PRC 49, R575

—

neutrons
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Large arrays for y-ray spectroscopy in Europe "— AN \J . -
by European COIIaboratlonS laboratoire commun CEA/DSM §. (1% CNRS/IN2P3

MINIBALL triple-clusters
with 6 and 12 fold segmentation

N ESt,SA:tBO Euroga e
etec. a Inner ball ~200 element device e \ \"
Daresbury - 1987 38,50 Detec. s __ (i ing sy
Euroball 100. Detec.
_ 90°-2000 EXOGAM at GANIL
Strong collaboration > Composite detector to increase the vith 4-fold segmented clovers
with industry photopeak efficiency 20-40 Detec.
» ‘ N1 2000-
Cluster detector £ e ST .
7 crystals per detector / EoT) "‘
encapsulated detectors / Z b S : ; -
'I||. ‘ ‘ S = g o
= | Segmentation of detectors A
Courtesy of Ortec 15%-150%, i i VAYE =
Improve granularity (reduce Doppler broadening) || /|
E.Clément "+ Digital electronic



The GANIL Campaign [2015-2021] = AN
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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)

Y. H. Kim et al., Eur.Phys.J. A53, 162 (2017) EATIMA-PARIS detectors
E.Clément coupled to AGATA



Shell evolution below %8Ni

=y \U 1
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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

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 f7/2 orbital

Lifetimes of the 4* states in 62:64Fe
and the 11/2-in 61:63Co and *°Mn

80Zn | 81Zn  22Zn  83Zn I I | I I

. mn . N
el \

B8Cn  &¥Cu  TOCu | Tlcn

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

AT HEML 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
i ! g "l"

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

Bao BECo  ETCo B8Co  B%Co  TOCo  TlCo M T2Co

BT & B3Cr  G4Cr  BSCr EECrﬁ:: BeCr | | | | | |
24
-

z ® . “ . " ® . . M. Klintefjord et al., PRC 95,
E.Clément 024312 (2017)




112Ba should corresponds to the best
octupole N=Z=56 for p and n

113Ba ll4Ba Il5Ea

112Ces 113Cs  114Cs

E 1083% 109XKe 110Xe IllXe

1101

1071 1081 1091

105Te  106Te

1035b  1045b

d5/2, 97/2, &11/2
Enhanced octupole due to the interaction of AL=3, AJ=3,
inverse parity : ds;, and hyy,

3 states dominate by ds, x h,;,, orbital configuration

Removing neutron from the hy,,, orbital gradually decreases the 3
excitation energy and enhances the B(E3) value 712

E CI z t FIG. 4. Nuclear spherical single-particle levels. The most im-
.Llemen portant octupole couplings are indicated.
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E (3-)ineo (MeV) / Exp
B(E3: 3- 2 0+)60 W.LL
B(E3: 3- 2 0+), W.LL

1.99/1.65 2.11
25 18.7

Factor 4.5

QO The hy,,-dsj, octupole in 146Gd for protons is 37 W.u.
reproduced by the same GCM HFB calculations

o _ _ L.M. Robledo private communication
0 Quadrupole-octupole coupling is a key contribution

- Reproduces the Ra-Rn octupole transition strength
L.M. Robledo and P.A. Butler, PRC 88 051302 (R) (2013)

0 Q2-Q3 does not change the B(E3)

The large B(E3) might be due to the presence

of an isoscalar the proton-neutron Should increase toward N=Z 112%a - B(E3) =7
(V) dsjp - v () hyy, term

E.Clément



Shell evolution around proton shell
closure

CNRS/IN2P3

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

o Characterizing the islands of inversion, formed near the magic numbers.

o Collectivity development with valence particle

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

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

E.Clément



GANIL Facilities

The cyclotrons will continue to deliver stable, high
intensity beams from 12C to 238U 4-3 months/year

SPIRALL1 has delivered post-accelerated RIB after an
Important upgrade

The start of the full LINAC accelerator commissioning
with RF on July

First experiment using the neutron beam around
summer 2020

The S3 spectrometer assembly has started in the cave.
First Cryo-modules delivered, final cooling expected
for 2021

The DESIR hall construction contract signed

E.Clément
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The GANIL Campaign [2015-2021]

2015-2017 run vAMOS campaign

. v /
laboratoire commun CEA/DSM CNRS/IN2P3

Courtesy J. Dudouet
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VAMOS++ & AGATA (2015)

v'Nucleons transfer | « states above
}t @ v'Fusion-fission _ the 2* are well
v’ Transfer-fission populated »

Counts’keV
"

VAMOS & EXOGAM (2011)

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

Y. H. Kim et al., Eur.Phys.J. A53, 162 (2017)

E.Clément



The GANIL Campaign [2015-2021]

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

0 72000 4000 76000 8000 10000 12000

Time of flight

340/

300
&

280

260 i

240

\0:7 YRR

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, NIMA 927, 81-86 (2019)

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



Tracking Arrays &E A \Jio'];

Improved Doppler Correction capabilities U— ]|

> Lifetime measurements are revisited

v’ Separation of both peaks for a larger solid angle )
even for small Av > Combined with spectrometer —  \elocity
and low recoil energy

v’ Use of thinner degrader for shorter lifetime

. I Simulatgion —
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