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AGATA physics case

Nuclear Structure/Astrophysics

Goal: To determine nuclear properties as a function of Ex, Jand T
(and N,Z) to find a consistent theoretical framework to describe the
phenomena observed
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AGATA physics case

Challenges in Nuclear Structure Physics

Giant Resonances >  Limits of nuclear existence in (Z,A) and N/Z): SHE 128
»  Ground state properties (lifetimes, masses, radii, y 114
>  Exotic properties at the drip lines (halos, skins, ...)
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Gamma-ray spectroscopy

Precision spectroscopy of nuclear sta;cc- |
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The need for AGATA

The challenge of the new generation of radioactive beam facilities

* Low intensity
FAIR (Germany) * High background
SPIRAL (France) .
SPES (ltaly)
HIE-ISOLDE (CERN)

Large Doppler broadening
* High counting rates
* High gamma-ray multiplicities

* High efficiency
 Distinguish gammas from b/g
The ideal y-ray

spectrometer .
AGATA * High data throughput

* Highly position sensitive

e (Can distinguish multiple gammas



ISOL Facilities

Reaccelerated RIBs:

-  Coulomb Excitation,
Direct Reactions, MNT,
Deep Inelastic, CN

- Direct and inverse
kinematics  ~ 10%

Future host labs beyond 2020

JYFL
High-Intensity

® Stable-Beam Facility

In-Flight Facility

In-flight RIBs:

- Relativistic Coulomb
Excitation, Knock-out,
Fragmentation ...

- Inverse kinematics
B~ 50%



NuPECC

Long Range Plan 2017
Perspectives

in Nuclear Physics

Support to the completion of AGATA
in full geometry

AGATA represents the state-of-the-art in y-ray
spectroscopy and is an essential precision tool
underpinning a broad programme of studies in
nuclear structure, nuclear astrophysics and
Nuclear reactions.

AGATA will be exploited at all of the

large-scale radioactive and stable beam facilities
and in the long-term must be fully completed in
full 60 detector unit geometry in order to realise
the envisaged scientific programme.

AGATA will be realised in phases with the goal of
completing the first phase with 20 units by 2020.



Gamma-Ray Energy Tracking Array GRETA in the US

GRETA GRETA CD2/2 2020
“Construction”

~2023 18 Quads
30 Quads 25/26

AGATA




AGATA Collaboration

Steering Committee Chairperson: P.Reiter, IKP Koln, Germany
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Bulgaria: Univ. Sofia 13 Countries
Denmark: NBI Copenhagen >40 Institutions

Finland: Univ. Jyvaskyla

France: GANIL Caen, IPN Lyon, CSNSM Orsay, IPN Orsay,
CEA-DSM-DAPNIA Saclay, IPHC Strasbourg, LPSC Grenoble

Germany: GSI Darmstadt, TU Darmstadt, Univ. zu Kéln, TU Miinchen
Hungary: ATOMKI Debrecen

Italy: INFN-LNL, INFN and Univ. Padova, Milano, Firenze, Genova, Napoli,
Poland: NINP and IFJ Krakow, SINS Swierk, HIL & IEP Warsaw

Romania: NIPNE & PU Bucharest

Spain: IFIC, ETSE-UVEG Valencia, IEM-CSIC, UAM Madrid, USAL Salamanca
Sweden: Univ. Goteborg, Lund Univ., KTH Stockholm, Uppsala Univ.

Turkey: Univ. Ankara, Univ. Istanbul, Technical Univ. Istanbul

UK: Univ. Brighton, UKRI-STFC Daresbury, Univ. Edinburgh, Univ. Liverpool,

Univ. Manchester, Univ. West of Scotland, Univ. Surrey, Univ. York
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AGATA Collaboration NIM A 668 (2012) 26

6660 high-resolution digital electronics channels n
* *

High throughput DAQ / Capability to record sampled pulses **Y"';
* *

Pulse Shape Analysis - position sensitive operation mode * oy X

AGATA

ADVANCED GAMMA

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



The concept of y-ray tracking

4
1
Identified
Highly segmented : : :
HPGe detectors InteracgRgpoints Evaluation of

(x,y,Z,E,t), permutations of
interaction points

Pulse Shape Analysis
to decompose
recorded waves (g

2

Digital
electronics
to record and
process signals

Reconstructed v-
rays
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What has to be done to perform tracking
What are the ingredients
Detectors highly segmented, encapsulated, cryostats
Electronics Digital
PSA to extract Energy Time and Position
Algorithm development particularly for position
Area where effort is required Thorsten Kroell. See him.
Tracking algorithms, reconstruction of the events for full array
Obtain full energy
Many technical development in all areas.


The AGATA triple cluster

etric AGATA Triple Cryostat

- integration of 111 high resolution
spectroscopy channels
. - cold FET technology for all signals

2 , Challenges:
- mechanical precision
- LN2 consumption
- microphonics
- noise, high frequencies

i}

* X
* *
*Y*
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* 5 %
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Pulse Shape Analysis concept

_/ - measured

791 keV deposited in segment B4




Pulse Shape Analysis concept
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Pulse Shape Analysis concept
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Pulse Shape Analysis concept
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Pulse Shape Analysis concept
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Pulse Shape Analysis concept

e R e e el Result of
Grid Search

,r’ algorithm
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Memorandum of Understanding

| MoU Il MoU 1l MoU
AGATA 15 AGATA 60 AGATA 180 =4r
Demonstrator




Progress of the AGATA array

2010-2012 2012-2014 2014- present
Legnaro, Italy GSI, Germany GANIL, France

Intense stable beams Fast fragmentation beams ISOL and stable beams
15 detectors 25 detectors approaching 1m (45)

AGATA Demonstrator + PRISMA AGATA at GSI AGATA at GANI

* Subsystems of AGATA for 41 detectors installed at GANIL. el

* Infrastructure mostly ready for 45 detectors, i.e. AGATA 1nt * ’}f’ *

*

*

* 51 AGATA capsules procured, 47 available (more ordered) naﬁ;n

ADVANCED GAMMA
TRACKING ARRAY




The next decade for AGATA
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AGATA physics case

AGATA at the FAIR/Super-FRS Facility

Physics opportunities with the Advanced Gamma Tracking Array
FAIR
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Ab=tract. New physics opportunities are opening up by the Advanced Camma Tracking Array, AGATA,
an it evolves to the full 47 instrument. AGATA is a high-resclution y-ray spectrometer, solely built from a t -
highly segmented high-punty Ge detectors, capable of measuring ¢ rays from a few tens of keV to bevond
10 MeV, with unprecedented efficiency, excellent position resolution for individual y-ray intersctions, and
very high count-rate capability. As a travelling detector AGATA will be employed at all major current and

near-future European research facilities delivening stable and mdicactive ion beams.
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AGATA science case

. Shell structure changes Fission barriers : 126
Continuum Nuclear

studies pairing G e
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Superheavy elements
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2 8 — Neutron number, N —
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AGATA physics case

Nuclear Structure around doubly closed-shell nuclei
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AGATA physics case

Higher-order nuclear
deformation

ADVANCED GAMMA
TRACKING ARRAY
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AGATA physics case

ADVANCED GAMMA
TRACKING ARRAY

| “TU— L501=28-34) ——-LSD{=24] GDR
1 ) " '
i Mt | @D o
sl : § Jacobi High-Spin States,
" l.m .
© Temd 2y e Extreme Deformation and
+ 124 a3 b ) . .
< - — Giant Collective Modes
= _
E - 12005 224 bt Y
= Hyper
&= DEF 7 1ZEE B ey s
E TP
w 408 0 an ' .AGATA .
104 oot - El.;.r;B-;;l T -.:\: Super
L, iy DEF
P Wk |
R, SR ¢ |1 P
. . P——
skin < core
PDR é
| e | m
"I oweChor C -
S i, il
H - -i .i.'u
£
Pygmy Resonance 5, : I
£ g =y T
Excitations e 5 =3l
Ea izaccalar! % a isoscalar { E i
=.. ] ra.ﬂ 1|:l“'!:l "l{‘:..l-:l 4

£ e Envae)



AGATA physics case

ADVANCED GAMMA
TRACKING ARRAY

Very Heavy and Superheavy Elements
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AGATA scientific results: technical publications

64 scientific publications (10 PRL/PL)
93 technical publications
Many PhDs, Masters, Diplomas, Bachelor)

https://www.agata.org/
http://npg.dl.ac.uk/agata acc/AGATA Publications.html

volume 53 - number 2 - february - 2017

Hadrons and Nuclei Hadrons and Nuclei

@ Springer

@ Springer



https://www.agata.org/
https://www.agata.org/
http://npg.dl.ac.uk/agata_acc/AGATA_Publications.html

LNL EXPERIMENTS: 20 exps, 148 days, 3500 hs
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Over all 20 exps have been run, ranging  from n- to p- rich nuclei from the light 
15O and 21Ne up the spectroscopy of heavy Actinides. A variety of ancillary 
detectors have been also employed, mostly PRISMA on the n-rich side for quasi-elastic, 
MNT, deep inelastic induced fission and other ancillary detectors for Feand Coulomb 
Excitation with stable or p-rich nuclei. These were TRACE, HELENA, HECTOR, DANTE..


GSI-PRESPEC Campaign: 7 runs

N. Pietralla et al., EPJ Web of Conferences 66, 02083

GSI - FRS secondary Beams

AGATA and HECTOR

PRESPEC
LYCCA

Transition rates and

mirror energy

Coulomb excitation
of the 12+band-
terminating yrast

trap in 52Fe

differences in isobaric

multiplets .
h0 Shape evolution in
2 the region of the
8 I neutron-rich Mo
O Relativistic
o 28 —.-*"| M1-Coulomb
20 Ne -1 excitation of 85Br
’ Pygmy dipole resonance
8 28 in 6264Fe and the
2 20 properties of neutron skin
—

2012-2014

184

162 ;

i Lo T~

Evolution of collectivity
in the 298PDb region

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

28 neutrons

«/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




GANIL AGATA-VAMOS++ Campaign: e e
GANIL Intense Stable Beams 2014-2017: .k &
AGATA coupled to VAMOS 14 experiments o |
S L LT Exploration of alpha-cluster : the ) 184
unique case of 212Po (2%8Pb + a) Al 162 a
o : Octupole correlation
lifetime measurements. in 82 . 507
106,108G fin in ~'Pb
’ n st
— : 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 '*3Sn and
50 H high spin in 198Zr
n L Shape evolution in neutron rich fission
o 2% | 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 838Ge
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 22Mg 7.786 MeV state: probe for classical novae models I

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




GANIL AGATA-NEDA-DIAMANT s
Campaign: 2018 e
Quadrupole and Octupoles in 12Xe ' L
i 162 ;
Excited states in 102.1035n B2 . ::
T=0 pairing 88Ru: High Spin | |58 e

Isospin Symmetry
Breaking: "'Kr-7"Br

Isospin
Symmetry
1 Breaking A=63 48\ 74 T .
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PHYSICAL REVIEW LETTERS 124, 062501 (2020) Feb 2020

Isospin Properties of Nuclear Pair Correlations from the Level Structure of the
Self-Conjugate Nucleus *Ru

B. Cederwall®,"” X. Liu," O. Aktas," A. Ertoprak,"> W. Zhang," C. Qi,' E. Clément,” G. de France,” D. Ralet,* A. Gadea,”
A. Goasduff,” G. Jaworski,”” L Kuti,® B. M. Nyaké.” J. Nyberg,” M. Palacz,” R. Wadsworth,'" J.J. Valiente-Dobén,”

H. Al-Azr,'" A. Atag Nyberg,' T. Biick,' G. de Angelis,® M. Doncel,""* J. Dudouet,” A. Gottardo,* M. Jurado,’
I Lj ungva_ll,4 D. Mt}ﬂgﬂl’ﬁ,ﬁ D. E. Napoli,ﬁ C. M. Pt}ll'ﬁcht},4 D. Sr.:-hlenﬁ J. T1m:§r,ﬁ D. Barriemos,” P. ]3@(11'1:11'«32_',;1{,'5
G. Benzoni,"® B. Birkenbach,'” A. J. Boston,'® H. C. Boston, "™ I. Burrows,"” L. Charles,™ M. Ciemala,” F. C. L. Crespi,”"**
D. M. Cullen,” P. Désesquelles,” C. Domingo-Pardo,” J. Eberth,'” N. Erduran,” S. Entiirk,”™ V. Gonzilez,” J. Goupil,’
H. Hess, T Hu:,.'uk,5 A Jung«:laus,Jiﬂj W, Kﬂnen,“ A ]_.t}mE]ESDn,J 5. L@--.:-ni,z'ﬂ A Maj,'s E. ME[’IEEHZZD,JE B. I".JIillif.:-n,22
R. M. Perez-Vidal,” Zs. Podolyak,” A. Pullia,” ™ F. Recchia,” P. Reiter,"” F. Saillant,” M. D. Salsac,”’ E. Sanchis,”

J. Simpson,'” O. Stezowski,” Ch. Theisen,”’ and M. Zielifiska™

2

ABSTRACIT

The low-lying energy spectrum of the extremely neutron-deficient self-conjugate (N = Z) nuclide ﬂfﬁuu has been
measured using the combination of the Advanced Gamma Tracking Array (AGATA) spectrometer, the NEDA and
Neutron Wall neutron detector arrays, and the DIAMANT charged particle detector array. Excited states in * Ru were
populated via the ™ Fe(* Ar, 2nv)* Ru* fusion-evaporation reaction at the Grand Acc'el'erateur National d'lons
Lourds (GANIL) accelerator complex. The observed «y-ray cascade is assigned to ** Ru using clean prompt y-v-2-
neutron coincidences in anti-coincidence with the detection of charged particles, confirming and extending the
previously assigned sequence of low-lying excited states. It is consistent with a moderately deformed rotating
system exhibiting a band crossing at a rotational frequency that is significantly higher than standard theoretical
predictions with isovector pairing, as well as observations in neighboring N > Z nuclides. The direct observation of
such a "delayed"” rotational alignment in a deformed N = Z nucleus is in agreement with theoretical predictions
related to the presence of strong isoscalar neutron-proton pair correlations.
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Neutron-proton (isoscalar) pairing



Neutron-proton pairing in N = Z nuclei

ISOVECTOR ISOSCALAR

a I=1,Jd=0 b7=0,J>0

Search for np T=0 pairing in heavy N=Z nuclei
Evidence for np T=0 pairing elusive

T=0 pairing less susceptible to Coriolis alignment, correlations persist to high
rotational frequency

Look for delayed alignments

Experimentally challenging

S. Frauendorf, A.O. Macchiavelli, Prog. in Particle and Nuclear Physics 78, 24 (2014)



Previous work
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Spectroscopy as a probe of T=0 pairing in deformed 2Ru
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Search for Data tentatively suggest that there is a shift in the alignment frequency of the gy,
quasiparticles for the N=2=44 nucleus 88Ru with respect to (a) the T # 0 cases and
(b) predictions from CSM calculations including standard T=1 BCS pairing.

Need data in the spin 10-16 range to test if there is a delayed alignment that can be accounted

for within the normal T=1 pairing scheme or if T=0 pairing must be invoked



88Ru to high spin
Experimentally challenging
Need state of the art instrumentation

i

Reaction : 3°Ar+>*Fe — ®Ru+2n (E,,,, = 115 MeV)
AGATA+NEDA/NWALL+DIAMANT
13 days
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&4 GANIL
25 experiments run to 2019

* The GANIL campaign is proceeding now with SPIRAL1 beams
in the AGATA+ MUGAST+VAMOS++ Setup.

* The campaign at GANIL will
continue until 2021.

* |n 2022 AGATA will start a new
campaign at LNL with stable
beams and will continue with
SPES beams when available




AGATA@SPES: 2023-2025

Selective Production of Exotic Species

I ﬁ’e\"

exotic beams for scienc

SPES is a new ISOL radioactive-beam facility under development at LNL, Italy
Protons from new cyclotron incident on uranium carbide targets
Reacceleration up to 10 MeV/A using ALPI superconducting linac
Development in phases: 2021 to 2023

®  Unique aspect of SPES: high

intensity primary proton beam p SHESE e TTTTT T T
®  Protons will induce 102 fissions/s i
"  For example: ®*Rb - 10° pps;
13291 - 108 pps; 14?Xe - 10° pps
® High-intensity radioactive beams

11 Sd .
E =< 'c..; f g !
Windows u 11 EEEE N
1

UCx targets
25 gr

Techniques (e.g.):
" Nucleon transfer
" Deep-inelastic reactions cNuif"ffi H- ]
®  Low-energy Coulomb excitation T R
|

Fusion evaporation ADVANGED GAMMA

TRACKING ARRAY



AGATA@FAIR: 2 2025

High-resolution y-ray spectroscopy (HISPEC) following reactions induced by
radioactive ion beams at relativistic energies

Unique place to study
heavy nuclei

IEEEOCO J
TrErespE

Stable

line to NESR.

. High-intensity exotic beams: p-rich
and n-rich

* High-energy 100-300 MeV/A (B~0.5)

* Isomeric beams & high-Z beams

e \
energy buncher
spectrometer

¥F
=)

Techniques (e.g.):
®"  Fragmentation
Knockout

" High-energy Coulomb excitation



AGATA many applications

Stat of he art detectors

Environment


Presenter
Presentation Notes
AGATA is an excellent example of how blue skies research can be applied to areas of importance to the whole UK.
Nuclear physics has many applications but developments for AGATA are being applied to medical, security and environmental sectors for example.


From AGATA to Portable Imaging

Gamma-ray tracking in an AGATA detector
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Agata High Spin Simulations

| SD1 spectrum in AGATA |
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Courtesy of Marc Labiche AGATA simulation code (GEANT)
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Simulations from 15 = 90 detectors:

Simulation®Ru. Double gated on 616 and 800 keV transitions ~=============== [o====—=——-
2 SPES-type example
Sf_ 15Detectors | | e ————— T__\M __________
£ ? 2 5 i D * Typical reaction, v/c ~ 5%
Y e Y G Y e 2 q .
© E 1  Multiple coincident gammas
ES S H nn .
L mul o wd ¢ S w0 *  “Statistical reaction”
0 500 1000 1500 2000
1400 = ren (6") Q\g’? 23803 * v_v, and V'v_v ana|ySIS
, P E 90 Detectors & * Factor ~200 better for y-y-y
3 @ K 1416.0
8 6005— i‘;\'/
400 - (2] g 616.2
zooi— l o+ 0.0
O_ 500 * . 1000 1500 2000
Energy (keV) 38Ry 90 crystals, 100k decays
FAIR-type example e et
Position E >
resolution -~~~ “H
* Typical reaction, v/c ~ 50% sesE e ool
* Huge Doppler effects Mm
- . R raed M
e “direct reaction s 3
. . . > 14 b
e y-and y-y analysis o _______P_I?_(_'_rf‘_?_g'_n_‘_a_c_l)____ £ ©
*  Factor ~30 better fory-y ¢ \'f ~400keV a2
e o ﬁ * ’Y" *
= * *
? 900keV ‘ $ik
I s e : AGATA
% 200 400 600 800 1000 200 1400 ADVANCED GAMMA

y-ray enerqy (keV) TRACKING ARRAY
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