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AGATA is a last generation gamma spectrometer built to serve the most
demanding needs of present and future Radioctive lon Beam (RIB) facilities.
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MNT reactions



No anticompton — No collimators a
pure ball of Ge.
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ADVANCED GAMMA
TRACKING ARRAY

The innovative use of detectors (pulse
shape analysis, y-ray tracking, digital
DAQ) will result in high efficiency
(~40%), excellent energy resolution
and high counting rates 50 kHz.



5 asymmetric triple-clusters
36-fold segmented crystals
555 digital-channels
Eff. 3-7%@M,= 1
Eff. 2-4% @ M, =30
On-line PSA and y-ray tracking
In beam Commissioning
First Test Site:
Laboratori Nazionali di Legnaro

Main issue is Doppler correction capability —
coupling to beam and recoil tracking devices
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The AGATA Demonstrator Array and the PRISMA spectrometer.

A. Stefanini, et al., Nucl. Phys. A 701, 217 (2002)



Lifetime experiments with
AGATA+PRISMA via MNT
reactions
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64Ni @ 460 MeV (TANDEM+ALPI)

238J target of 1.35 mg.cm2 on 4 mg.cm Nb backing
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Systematic variation of effective single-

interaction T. Otsuka et al. PRL 95, 232502 (2005)

particle energies due to the tensor
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New approach for lifetime: normalization done with the number of ions (PRISMA)

LNPS interaction: shell-model calculations using an enlarged valence space: pf-
shell orbitals for protons and fg;,, P15, P32, 99p @nd ds,, Orbitals for neutrons.

transition B(E2 ]) exp(e*fm?)

B(E2 ) thy (e*fm?)

7/27 — 3/2” 45(36)
7/25 — 3/2” 187(21)
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Analysis by M. Doncel, E. Sahin

K. Sieja et al., Private Communication.



Spectroscopy via Binary Partner



Direct kinematics, binary reaction:
BLF lighter (enough energy for identification)
TLF heavier (physics goal but not enough energy)

Beam
Grazmg

« Region of maximum collectlwty. 170Dy
« Shape transition in Os nuclei >

« Shell model states south-east of 2°¢Pb

« Spectroscopy of Th/U

AGATA PRISMA
Target
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2-proton transfer 198Pt(14C,160)19%60s

RIB@GSI FRS+RISING Isomeric decay

(2+,4+) 760+20keV
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Level scheme built by comparison with
200pt, A weakly deformed oblate
shape is proposed consistent with
E(4+)/E(2+) and E(2+,)/E(2+) evolution
and TRS calculations.
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Beam and target Doppler corrected spectra using binary kinematics:
BLF: B~10% FWHM: 0.5%

TLF: p~3% FWHM: 1.8%
Consider energy loss in the target
Analysis by P.R. John
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AGATA at RIB facilities: GSI/GANIL



Be:am currrel.nt Target
(SEETRAM) /1gJ'cm Be TOF —r X 7
— l\ Bp, \//j 1 E|
86Ky, 480MeV/u , _
0",‘,"9]2:,2 Bp, Bp; BP. mf‘-l;',(-, Lund-York-Cologne
' r/ AGATA  CAlorimeter (LYCCA)
IL“ Ge detector array
7N
30 emial 01 ylom? Full AGATA 1z array @GSI: (5
Higher SIS intensities and fast ramping double Cluster 10 triple
10%(U) to 107° (Xe, Kr) ions/spill Cluster)

New FRS tracking detectors (>10° s-' at S2, 10%5s-" at S4)

AN T _ y-efficiency : 17.5%
New LYCCA-0 particle identification and tracking system

yy-efficiency : 2.5%

‘ Starting configuration (5 double
Cluster 5 triple Cluster)
e e e y-efficiency : 10%

- e target-array distance (cm) YV eﬁ:ICIGnCy 1 %
Conveners M. Bentley, W Korten and D. Rudolph ¢, pomingiEeardwret al., NIM (in prep).
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May 2010: Presentation of 35 Lols
Discussion in 6 working groups

protons
>
n
-
3
NS

Evolution of collectivity near 298Pb
Shell structure near 78Ni, 190Sn, 1328n
Development of nuclear collectivity
Shell evolution in light nuclei
Nuclear structure at the N=Z line

M1, E1, E2, E3 strength



Total: 144 shifts (46 days) + (up to) 90 shifts parasitic commissioning beam time

S426 Relativistic M1-Coulex of 8Br 86Kr, 700/800 A.MeV, 24 shifts
Pietralla, Rainovski et al. Coulex (Pb/Au)

S430 The Pygmy Dipole Resonance in %4Fe
and the properties of neutron skin 86Kr, 700 A.MeV, 21 shifts
Wieland, Kmiecik et al. Coulex (Pb/Au)

S427 Breaking of isospin symmetry in the mass 70 region:
Study of the T,=-1 nucleus "°Kr "8Kr, 770 A.MeV, 15 shifts
Sahin, Wadsworth, Weisshaar et al. Knock-out (Be)

S433 Coulomb excitation of the band-terminating
12* yrast trap in >?Fe %8Ni, 500 A. MeV, 15 shifts
Gadea, Ur et al. Coulex (Pb/Au)

S434 |sospin Symmetry Breaking Transition Rates and
Mirror Energy Differences in Isobaric Multiplets %8Ni, 420 A.MeV, 15 shifts
Bentley, Recchia et al. Knock-out (Be) & Coulex (Pb/Au)

S429 Quadratic Evolution of Collectivity Around 2°®Pb  208Ph, 1000 A.MeV, 18 shifts
Rudolph, Podolyak et al. Coulex (Pb/Au)

S428 Shape evolution in neutron-rich Zr isotopes 2381, 750A.MeV, 12 shifts
Pietri, Doornenbal et al. Knock-out (Be)

S431 Proton hole states in 132Sn and N=82 shell structure 238, 650A.MeV, 12 shifts
Boutachkov, Korten et al. Knock-out (Be) & Coulex (Pb/Au)



Any place in the existing GANIL facility but VAMOS remains the most versatile
place for AGATA physics cases(still an open que o3

*Charged particle array for transfer reaction
II\?/II%STZ/TIARA: (d,p) etc ... program with SIB and

*Charged particle array for prompt tagging :
DIAMANT (Electronic Upgrade ? )

*Charged particle array for Recoil Decay Tagging :
MUSETT

* Neutron detector : NWALL (Electronic Upgrade ? )
» Spectrometer : VAMOS, SPEG, S3

« Scintillator : BaF2 array, some LaBr3 (which
Electronic? )

 Future detector : NEDA (n) , GASPARD ( MUST2-
like), PARIS (LaBr3)



» First implementation of AGATA at LNL coupled to PRISMA
« Use of deep inelastic collisions to populate neutron-rich nuclei
» Lifetime experiments:
— New island of inversion
— Shell evolution along the Cu isotopes
« Binary partner method:
« Region of maximum collectivity: Dy
« Shape transition in Os nuclei
« Shell model states south-east of 208Pb
« Complementarity of stable beam facilities with RIB facilities

« Bright future is awaiting for gamma sectroscopy far from stability
with AGATA at RIB facilities as well as stable beam facilities






* Formed by 1 Q, 1 D and detectors (MCP,MWPPAC, IC) to track the ions.
« AQ = 80 msr, AZ/Z ~ 1/60, AA/A =~ 1/190, Bp = 1.2 T.m

» Identifies nuclei produced in the reaction (A,Z,8) event by event

A. Stefanini, et al., Nucl. Phys. A701, 217 (2002)
S. Beghini et al., NIM A551, 364 (2005)
G. Montagnoli et al., NIM A547, 455 (2005)
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FIG. 1. (Color online) Neutron effective single-particle energies
obtained with (a) the LNPS interaction at ¥ = 40 and (b) with the
SDPF-L interaction at N = 20.

The similarities

are striking. In the N = 20 case, a reduction of
the neutron

0d3/2-0f7/2 gap takes place when protons are
removed from

the proton 0d5/2 orbital. This feature,
accompanied by the

proximity of the quadrupole partner neutron
orbitals 0f7/2 and

1p3/2, is responsible for the formation of the
island of inversion

at N = 20. At N = 40 one observes the same
behavior, but

for the neutron 0f5/2-0g9/2 gap when going
down from 68Ni

and the closeness of the quadrupole partners
0g9/2-1d5/2.



ESPE (MeV)

Nickel chain

K. Sieja et al., PRC81, 061303 (2010)

Neutron number
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«5Ni: well doubly-magic, gap
6.5MeV

*68Ni mixture of magic and
superfluid. 0.Sorlin PRL88 092501 (2002)
'8N is supposes to be doubly-
magic with a proton gap 5.0 MeV
and neutron 4.6 MeV

The rigidity of the gap in 78Ni is also an
important issue in astrophysics because it
is a waiting point in the r-process.



_% 3E 4 |- CR with ®S
E o sl . —k— CR with **Ni
g | AGATA is not
22 shielded and the
F 18] large degrader
. thicknesses gave
R . 4 large counting rates
= osl : . 50-70 kHz per crystal
é D kg W M 1] ':.1 r::l

Targets
Degrader Thickness  N° atoms Energy loss
Mg 4 mg/cm? 10x10"9 ~95MeV
Nb 4 mg/cm? 2.5x1019 ~65MeV
Ta 4 mg/cm? 1.3x1019 ~48MeV




M {counts)

[

The normalization is done considering the number of ions detected on
PRISMA for each peak independently. This approach is essential for low
statistic channels. Verified in 7Ge and 72Zn
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Beam and target Doppler corrected spectra using binary kinematics:
BLF: ~10% FWHM: 0.5%
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TLF: B~3%

FWHM: 1.8%

Consider energy loss in the target at the various angles
Analysis by P.R. John
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Evolution of nuclear collectivity
106,108 7 208P




Study the structure of yrast bands in the neutron-rich rare-earth nuclei
170Dy, 46, lOocated in the region of maximum collectivity, and search for
high-K isomers in this region. 7°Dy is the most promising candidate for
an SU(3) prolate rotor in the IBM. Identification of the y band is required.
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Neglecting any potential subshell closures, the nucleus with the largest

number of valence particles with A < 208 is 79Dy,
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FIG. 3. Spectrum of y-ray energies from targetlike fragments
gated on the beamlike fragments ®Kr (top) and on beamlike
fragments ™Kr plus a short time of flight (bottom). The transitions
identified as the rotational band in '®*Dy are marked with solid lines.

In order to try to identify the
gamma rays from the TLF one
BLF TLF needs to make gates in the Q
value to minimise the neutron

AGATA+PRISMA experiment done with a '36Xe beam evaporation.
that has a larger cross section respect to 82Se >
Analysis by: A. Gengelbach, P. Hampson




South and south-east of 2%8Pb is lacking in information: 298T| & 206.208Hg

Obtain information on shell model states of nuclei along the N=126 line,
and also where N>126 & Z<82
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In nearby semimagic nuclei one can study in detail effects of
the renormalized effective NN interaction like higher other
effective 3-body forces. A.Gottardo et al., PR (submitted)
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Analysis ongoing: R.S. Kempley



1(h/21T)w excitations in the N=20
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USD valence space

PSDPF valence space

JR il

with Ohw conf

Unified description of Ohw and 1hw states
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PSDPF valence space
with 1Thw conf

Prediction of lifetimes around N~20 in the range accessible by RDDS

PSDPF: M. Bouhelal, F. Haas, E. Caurier, F. Nowacki, A. Bouldjedri, Nuclear Physics A 864, 113 (2011)
USD: B. A. Brown, W. A. Richter, Phys. Rev. C 74, 034315 (2006).
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New full 1hw Shell Model
interaction for sd-nuclei

Unified description of Ohw and
1hw states

Good overall agreement with
experimental data on excitation
energies

Need of further experimental
data at the border of the shell
(electromagnetic transitions, ...)

Prediction of lifetimes around
N~20 in the range accessible
by recoil shift method
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