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2010-2012
Legnaro, Italy
Intense stable beams
15 detectors

AGATA Demonstrator + PRISMA

2010-2012
Legnaro, Italy
Intense stable beams
15 detectors

AGATA Demonstrator + PRISMA

2012-2014
GSI, Germany
Fast fragmentation beams
25 detectors

AGATA at GSI

2012-2014
GSI, Germany
Fast fragmentation beams
25 detectors

AGATA at GSI

2014- present
GANIL, France
ISOL and stable beams
approaching 1π (45)

AGATA at GANIL

2014- present
GANIL, France
ISOL and stable beams
approaching 1π (45)

AGATA at GANIL

Progress of the AGATA array

  51 experiments,   ~ 20% with a UK lead

> AGATA 1π already available
> Current MoU (end 2020) for 1/3 of full array – almost there. 
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and world-renowned science programme. The work undertaken in this project will also feed directly 
into these future AGATA campaigns, in whichever order they occur, with excellent prospects for 
UK science leadership.   

Figure 2.1: The timelines of AGATA. The current, and expected, locations of AGATA are indicated. 
Following FAIR, the location has not been decided, although all five facilities listed have expressed 

an interest. The timelines of this UK project and the AGATA International MoUs are also shown. 
 
Competitors: AGATA is one of the two world-leading gamma-ray spectrometers, and is without 
question Europe’s premier device for precision gamma-ray spectroscopy. There is a US equivalent 
project (GRETA – the Gamma-Ray Energy Tracking Array) which has recently been fully funded, 
and completion of GRETA is planned for ~2029. The early version of GRETA (GRETINA) is 
currently in operation in the US at the NSCL facility. AGATA and GRETA, the only gamma-ray 
tracking arrays in the world, are parallel projects with similar early-implementation phases and 
longer-term timelines. The AGATA and GRETA teams share information, ideas and techniques 
(through close contact, joint workshops etc.) so that the science output for both projects is 
maximised. Indeed, several of the UK scientists in this project also have experience of GRETINA, 
in both development and exploitation phases. GRETA is the only competitor to AGATA worldwide, 
and is specifically a US device intended for use solely at the current and planned US facilities 
(including the new FRIB facility at Michigan State University and the radioactive beam facilities at 
the Argonne National Laboratory). Hence GRETA and its European counterpart, AGATA, are not 
direct competitors at the same facilities. However, since GRETA is fully funded, and is planned for 
use at internationally competitive radioactive-beam facilities in the US, investment in AGATA for 
operation at Europe’s leading facilities is essential in order to remain competitive.  

2.3 AGATA Collaboration and Stakeholders 
 
The AGATA collaboration consists of over 600 scientists from over 40 institutions across Europe. 
Eleven countries have signed the MoU and STFC is a signator, representing the UK. The MoU 
specifies the level each party should bid for relating to the equipment, operation cost and human 
resources. In the present MoU the total capital defined is 20M€ and, to date, the partners have 
committed or have approved 16.7M€. AGATA is an important component of the published 2016 
STFC Nuclear Physics Roadmap. Since AGATA will be the major gamma-ray spectrometer at 
facilities where the UK nuclear-structure physicists and nuclear astrophysicists will work, it will be 
exploited by a significant number of UK academics, the majority of whom work in these areas. This 
project will be led by the Universities of York, Liverpool, West of Scotland and UKRI Daresbury 
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Selective Production of Exotic Species

 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

 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

 Protons will induce 1013 fissions/s 
 For example: 94Rb - 109 pps;
132Sn - 108 pps; 142Xe - 106 pps 
 High-intensity radioactive beams

 Unique aspect of SPES: high
intensity primary proton beam

 Protons will induce 1013 fissions/s 
 For example: 94Rb - 109 pps;
132Sn - 108 pps; 142Xe - 106 pps 
 High-intensity radioactive beams

AGATA@SPES: 2023-2025

 Nucleon transfer
 Deep-inelastic reactions
 Low-energy Coulomb excitation
 Fusion evaporation

Techniques (e.g.):



AGATA@FAIR: > 2025

energy buncher
spectrometer

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

Unique place to study
heavy nuclei

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

• High-energy 100-300 MeV/A (β~0.5)
• Isomeric beams & high-Z beams

 Fragmentation
 Knockout
 High-energy Coulomb excitation

Techniques (e.g.):



AGATA Project Objectives

..are to contribute at the highest level to the current and planned phases of AGATA through

(a) Contribution to AGATA equipment, including detectors (MoU);
(b) pushing the development of AGATA towards the new science opportunities by 
exploiting the UK’s leading technical and scientific capabilities.

Specific aims: 

• (WP1) Contribute detectors, including working with ORTEC to develop second 
supplier; 

• (WP2): Lead the complex mechanical design and construction required for AGATA 
at new facilities;

• (WP3): Contribute at a high level to the development of AGATA electronics, and to 
lead initial developments for the future phase of the AGATA electronics system;

• (WP4): Lead crucial developments on pulse-shape analysis and tracking - the 
techniques that underpin the entire gamma-ray tracking concept;

• (WP5): Lead performance and experiment-design simulations to enable the 
maximum scientific output.



Institutions (involved in Project): York (Bentley, Paschalis, Petri), 
Daresbury (Simpson, Labiche, Lazarus…), Liverpool (Harkness-Brennan, 
Boston A, Nolan, Boston H,…), UWS (Smith) 

Key points:
• Bid meets our commitment under the current MoU (to contribute to 60-

detector array)
• Case aimed at SPES and FAIR with a case for a 90-detector array (its growing)

Nov 2017: SOI Submitted
May 2018: Programme Evaluation submission May 2018, more info August 2017
Nov 2018: Invitation to make PPRP bid
Feb 2019: Submitted Proposal
April 2019: PPRP Meeting
May 2019: Visiting Panel
June 2019: Science Board – good (high level) feedback, but no decision
Dec 2019: Science Board – “tensioning” with ACPA

 Final Bid £4.9M (of which £2.0M capital)

AGATA Project Grant



STFC asked us to bid for “interim funding”  – Ocober 2019 - April 2020

First 6 months of project work  (173k)
• Mechanics for Legnaro
• PSA developments for Legnaro Phase
• Simulation package for AGATA-PRISMA

Capital contribution (£540k)
• Prototype AGATA capsule ORTEC (new Supplier) – 50% from Liverpool
• Two AGATA capsules from Mirion
• Enough for 1 full triple cluster – delivery mid 2020

£713k awarded, October 2019-March 2020.

• Delay to funding decision due to short delay to ACPA
• Good feedback from Science Board
• UK Commitments to AGATA project – especially for Legnaro phase (2022)

AGATA Interim Funding



Questions



• Spokesperson for Legnaro Campaign: S.Freeman (Manchester)
• Co-Spokesperson for PRESPEC/GSI Campaign (using AGATA) Bentley
• Spokesperson for current GANIL Campaign: Zs.Podolyak (Surrey)
• Chair International Steering Committee for PRESPEC@GSI/FAIR  P.Regan (Surrey)

UK: a driving force for AGATA

Strategic Leadership past and present
• AGATA Steering Committee: Chair Nolan 2009-2011 and Vice-chair Simpson 2018-

2020 Chair Simpson 2021-2022), Members Bentley and Simpson
• AGATA Collaboration Council: Chair and spokesperson: Simpson 2010-2014
• AGATA Management Board: Project Manager and Chair: Simpson 2002-2010. 

Member 2011-present A.Boston

Scientific Leadership past and present

• See over…

Technical Leadership…
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Work package 1 - Detectors

1. Capital purchase: 5 AGATA asymmetric encapsulated detectors (York 
and UWS)

2. Capital purchase: ORTEC prototype asymmetric encapsulated 
detector (Liverpool) - new company in market (first order)

3. Customer Acceptance Testing (CAT) of detectors (Liverpool)
4. Cryostats, mechanical structure and electronics (York, UWS)

Staff:
• A.Boston (5%) – WP leader, liaison 

with companies, prototype 
develpment

• H.Boston (5%) – CAT lead
• Bentley (2.5%) local procurement
• Smith (2.5%) local procurement
• Judson (3.7%) characterisation
• Technician (22.5%) CAT

Leadership related to project:
• A.Boston – Leads many developments 

with industrial partners in Ge 
technology

• H.Boston – CAT lead for AGATA project
• Liverpool – industrial applications of 

Ge technology



Work package 2 - Electronics

1. Development of tools for monitoring/visualization of signals (VHDL 
firmware, software and GUI) – provides crucial diagnostics

2. Development of energy processing algorithm to improve 
performance

3. Scoping of future work for next phase of electronics – uses UK 
expertise in cold ASICs and positions UK for future lead. 

Staff:
• Lazarus (10%)– WP leader, technical 

oversight  (partly Cross Comm (CC))
• Kogimtzis (50%) – Electronics Design 

(partly CC)
• Pucknell (50%) – Software design 

engineer (partly CC)
• Technician (17.5%) – prototyping build 

and test

Leadership related to project:
• I. Lazarus – AGATA WG leader, 
• Daresbury – Leading role in AGATA 

Phase 1 electronics and software 



Work package 3 - Mechanics
1. Design, procurement, assembly and commissioning of a 90-detector 

frame for Legnaro/SPES
2. Design of a system capable of holding 180 detectors (2 x the 90 

detector structure) at FAIR
3. Design and delivery of new detector mounting mechanics (SPES and 

FAIR)
4. Overall mechanical engineering management for the AGATA project

Staff:
• Grant (16.2%)– WP Leader, technical 

oversight  (partly CC)
• Burrows (75%) – Mechanical Design 

(partly CC)
• Electrical Tech (17.5%) – technical 

support
• Mech Tech (13%) – technical support
• ETC Tech (7.5%) – technical support

Leadership related to project:
• A. Grant – AGATA WG leader, 
• UK – delivered all mechanical design 

work for AGATA
• UK – designed and built most large-

scale gamma-ray arrays in Europe

24 

 
Figure 4.2: Preliminary CAD drawing of the 2π AGATA array 

 
2. Work package tasks and deliverables:  
 
The deliverables of this grant include; the design, procurement, assembly and commissioning of a 
framework capable of holding 90 detectors at Legnaro; the design of a system capable of holding 
180 detectors (2 x the 90 detector structure) at FAIR; design and delivery of new detector 
mounting mechanics; overall mechanical engineering management for the project. Note that the 
number of detectors available may not fill the structures in the initial period of operation, however, 
the design should cover all arrangements to 4π and fit to all possible host laboratories. In addition, 
a new simpler detector mounting scheme will be designed. This is based on the feedback from the 
present system and design concepts used in the GRETA array in the USA. 
 
The UK has all the necessary expertise to perform these tasks for these AGATA campaigns. The 
tasks include conceptual design, detailed CAD design, FEA analysis, procurement coordination, 
trial assembly in the UK (Daresbury), commissioning, and project coordination. Alan Grant is the 
mechanical engineer who leads the international AGATA Mechanical Engineering Team. He was 
previously the project manager of T2K and MICE and currently is leader of the STFC cross 
community mechanical engineering team. Ian Burrows is an experienced design engineer who has 
designed most of the AGATA systems to date, including those at GSI and Ganil. Alan and Ian are 
leading the conceptual design exercise for AGATA future implementations. The technical support 
for mechanics and associated controls systems will be provided by the Engineering and 
Technology Centre based at Daresbury Laboratory. 
 
J ustification: The UK leads in this area having designed all previous versions of the spectrometer. 
Technical support is also required at Daresbury for the trial assembly before shipment and 
installation at the host sites. Since manufacture of the components will primarily be in UK 
universities or by UK industry, trial assembly in the UK is the most cost effective method of 
delivering a fully-operational system.  
 
Outputs: 

● Conceptual design drawings. 
● Mechanical specification controlled using the STFC BSI accredited ISO9001 project-

management system. 
● General arrangement drawings. 
● Mechanical-design drawings for the manufacture of components. 
● Project documentation, specification, design reviews, FEA documentation. 
● Project plans. 
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4.4 Work Package 4: Pulse-shape Analysis 
Leader:  Laura Harkness-Brennan, University of Liverpool 
Institutes:   University of Liverpool, University of York 
 
1. Background 
Pulse-shape analysis (PSA) algorithms use the position-dependent response of AGATA detector 
signals to identify where γ rays interact within the detectors. The spectroscopic performance 
metrics of efficiency, peak-to-total and position uncertainty manifest in the γ-ray tracking capability, 
which is strongly dependent on the performance of the PSA algorithm. The algorithm relies on the 
generation of a signal basis set for each AGATA detector calculated on a 1-mm grid, which 
contains 4x105 points, as illustrated in Figure 4.4. Data produced at each grid position is 
composed of 37 segment signals with at least 50 digitised samples. The basis is generated using 
the AGATA Detector Library (ADL). The quality of the signal basis relies on knowledge of the 
physics of the detector, the impurity profile, corrections for energy calibration, neutron damage and 
cross talk, application of the detector response function to the calculated signals and the accurate 
time alignment of the signals. An example set of signals generated at one grid (γ-ray interaction) 
position is shown in Figure 4.5. Generation of experimentally validated basis data sets, processing 
of multiple interaction events, algorithm efficiency optimisation and development of self-calibration 
techniques are four major opportunities to use UK expertise and leadership to improve the 
performance of the PSA and subsequent tracking algorithms, leading to enhanced scientific 
exploitation of the array.  This work package will therefore focus on addressing these as four major 
tasks and also includes a fifth task to characterise the ORTEC prototype detector that was 
described in work package 1. 

 
Figure 4.4 Grid positions for signals generated throughout an AGATA detector using ADL. 

 

 
Figure 4.5 Signals generated using ADL for a single interaction within segment 33.  The core 

signal is shown as segment number 0. 
 

 
 
 

Work package 4 – Pulse-shape analysis
1. Data set for multiple interactions in a segment to improve tracking
2. Optimisation of grid-search algorithm for larger array 
3. Implementation of a multiple-interaction algorithm in collaboration 

with GRETA
4. Characterisation of the ORTEC prototype
5. Experimental validation of novel self-calibration method. 

Staff:
• Harkness-Brennan (10%)– WP Leader, 

tech oversight, PDRA/PhD  supervision
• Boston (2.5%) – PDRA/PhD  supervision
• Nolan (5%, zero cost) – work with Liv 

PDRA
• Petri  (5%, 2.5% cost), Paschalis (5%)  – 

oversee work on self-calibration
• Liverpool PDRA (75%) – Tasks 1-3
• York PDRA (25%) – Task 5
• PhD student – Task 4
• Technician (22.5%) – mech. support

Leadership related to project:
• Harkness-Brennan – AGATA WG leader 
• Boston – AGATA WG leader
• Nolan – former Chair AGATA Steering 

Committee 
• UK – leads PSA activities in AGATA
• Petri, Paschalis – led self-calibration R&D



Work package 5 – Expt design & performance
1. AGATA simulation code: improve PSA in simulation with data
2. AGATA simulation code: integrate beam-optics event generator for 

fragmentation beams
3. AGATA simulation code: develop gamma-ray polarisation model
4. Connect AGATA and PRISMA codes for LNL/SPES
5. Connect AGATA and LYCCA/S-FRS/Spectrometer codes for HISPEC (FAIR)
6. Array performance tests and experiment design tasks (SPES & FAIR)

Staff:
• Bentley (10%) – WP Leader, PDRA 

supervision, scientific oversight, 
contribute to tasks 5 and 6.

• Labiche (40%) – technical oversight of all 
tasks, work with PDRA

• Petri  (5%, 2.5% cost), Paschalis (5%)  – 
support to PDRA on physics simulations 
and liaise with GRETA team

• York PDRA (62.5%) – all tasks. 

Leadership related to project:
• Labiche – AGATA WG leader, UK simulation 

specialist
• Bentley – AGATA Campaign leader (GSI), 

UK-HISPEC lead, LYCCA simulation leader
• Petri, Paschalis – led self-calibration R&D, 

worked on gamma-ray tracking for AGATA 
and GRETINA
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afforded by gamma-ray tracking. In this project, we are bidding for a UK capital contribution to 
purchase additional capsules (6 in this application). As other AGATA partners contribute, the array 
will grow throughout this project, and we anticipate that at the end of the project the array will have 
around 90 detectors (covering a solid angle of 2π). In the simulations here, we show the 
improvement for a 90-detector array compared with the 15-detector array (the AGATA 
Demonstrator) which was the last point at which the UK made a capital contribution for detectors.  
 
As for all gamma-ray detector arrays with a fixed target-to-detector distance, the efficiency to 
detect a single gamma ray emitted by a source at rest increases linearly with the number of 
crystals in the array (i.e. by a factor of 6 in this case, from 15 to 90). In the case of AGATA and for 
a 1 MeV gamma-ray energy, the full gamma-ray tracking process improves this by a further factor 
~1.4. This may seem to be a modest increase, but it is the improvement in the ɣɣ and ɣɣɣ 
coincidence efficiency where very significant gains are made. Such coincidence measurements 
(i.e. single- or double-”gating” on a gamma ray in the nucleus of interest) are crucial for examining 
and identifying weakly-populated states in exotic nuclei, and are an essential tool for channel 
selection for nuclei populated with low cross-sections.  

 
Figure 3.1: 88Ru: γ-γ-γ coincidence spectrum at low v/c (e.g. typical of SPES).  

 
Figure 3.1 illustrates the full power of the AGATA array when performing double gating on two 
gamma rays in high multiplicity gamma-ray events, that is, when three coincident gamma rays are 
recorded, and two of the three are identified to be specific transitions in a sequence. In this 
simulation example of a typical ground-sequence for an even-even nucleus, 106 prompt gamma-
ray decays of N=Z 88Ru nuclei moving with a typical value of v/c of 5% (typical for SPES), have 
been generated. A double gate (coincidence condition) has been applied on the two lowest energy 
gamma rays in the ground-state sequence of 88Ru. The upper panel of Figure 1 shows the double-
gated energy spectrum after tracking obtained with the AGATA Demonstrator, consisting of 15 
crystals, while the lower panel shows the same spectrum obtained with 90 detectors in a 2π array. 
The efficiency gain achieved when increasing the number of detectors by a factor 6 is between two 
and three orders of magnitude. This improvement in sensitivity will allow for both identification of 
states in nuclei farther from stability and also allow for much higher-precision physics 
measurements such as lifetimes of excited states and multipolarities of emitted transitions. 
 
The crucial capability of the AGATA array is the tracking of individual gamma rays and 
subsequently the determination of their incoming direction through precise determination of the first 
interaction point in the crystal. This is particularly important at FAIR where high beam velocities will 
be used. Without tracking, the gamma-ray energy resolution is severely deteriorated by the 
enormous Doppler broadening resulting from the high beam velocity and large angular uncertainty 



Work package 6 – Project Management
1. Oversight of all tasks and tracking progress
2. Maintain project plan, adjusting tasks and timelines 
3. Financial tracking and planning
4. Risk management
5. Oversight Committee liaison
6. Liaise with internation project at all levels

Staff:
• Bentley (10%) – WP Leader, PI for 

project, PI for York, WP5 Management
• A.Boston (5%) – PI for Liverpool, WP1 

Management
• Simpson (15%) - PI for Daresbury, WP3 

Management, ASC Chair/Vice-Chair
• Project manager (20%)
• Harkness Brennan (2.5%) – WP4 

Management
• Smith (2.5%) – PI for UWS
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Eight examples where SPES yields win over those from FRIB…

… with typical improvement factors of several hundred.

(AGATA@) SPES vs (GRETA@) FRIB(AGATA@) SPES vs (GRETA@) FRIB

A number of experiments that cannot be carried out with FRIB + GRETA
(on a reasonable timescale) can be carried out with SPES + AGATA



Reflection asymmetry in neutron-rich lanthanides
 e.g. 144Xe SPES beam intensity: 105 p.p.s.
 Radioactive beam Coulomb excitation
 AGATA coupled to SPIDER (Si detector array)
 Measurement of B(E3) values
 A range of experiments possible…

Reflection asymmetry in neutron-rich lanthanides
 e.g. 144Xe SPES beam intensity: 105 p.p.s.
 Radioactive beam Coulomb excitation
 AGATA coupled to SPIDER (Si detector array)
 Measurement of B(E3) values
 A range of experiments possible…

Shell evolution near doubly magic 132Sn
 e.g. 132Sn SPES beam intensity: 107 p.p.s.
 Excited states and single particle energies using

deep-inelastic reactions with AGATA + PRISMA
 Spectroscopic factors studied using light-ion

transfer with AGATA + MUGAST

Shell evolution near doubly magic 132Sn
 e.g. 132Sn SPES beam intensity: 107 p.p.s.
 Excited states and single particle energies using

deep-inelastic reactions with AGATA + PRISMA
 Spectroscopic factors studied using light-ion

transfer with AGATA + MUGAST

Unique opportunities with SPES and AGATAUnique opportunities with SPES and AGATA



FAIR will be a worldwide unique facility to deliver high-intensity 
radioactive ion beams covering the entire chart of nuclides with 
high energies up to 1500 MeV/u. 

Uniqueness of FAIR

FAIR will therefore be the world-leading facility for experiments that 

require or take advantage of:

• highest energy/velocity of the RIBs (beyond 0.5 GeV/u)

• radioactive beams of all elements up to U

• isotopically pure secondary beams

• electron-free beams (fully stripped ions) up to the heaviest elements

• isomeric beams (down to ns lifetimes)



GDR & Pygmy
20xPb+Pbnat@ 1 GeV

Core-excited states around 132Sn
1n/1p knockout from Z>50, N>82

SPE and pp interaction
203Ir/202Os via 1p/2p

knockout from 204Pt126

Collectivity south-east of 132Sn
t(2+) of 132Cd via 2p knockout from 134Sn

Shape coexistence and onset of deformation at N=60
Coulex of ground and isomeric states of 98Y

High-spin states at N=Z
96Cd via 2n KO from

8+ isomer in 98Cd

From AGATA White Book

Highlight physics cases for AGATA@FAIR



Spectroscopy of exotic Pb isotopes (e.g. 218Pb)
 In-beam (p,2p) reactions using AGATA and 

MINOS
 Evolution of shell-structure far from stability
 Uses unique FAIR capability (heavy nuclei)
 Very high velocity (β~0.8) only possible at FAIR
 AGATA position tracking crucial

Spectroscopy of exotic Pb isotopes (e.g. 218Pb)
 In-beam (p,2p) reactions using AGATA and 

MINOS
 Evolution of shell-structure far from stability
 Uses unique FAIR capability (heavy nuclei)
 Very high velocity (β~0.8) only possible at FAIR
 AGATA position tracking crucial

Spectroscopy of r-process nuclei around N=126
 Knockout from intense beam of 204Pt 
 Evolution of proton s.p. orbitals, r-process region
 Uses unique FAIR capability (heavy nuclei)

Spectroscopy of r-process nuclei around N=126
 Knockout from intense beam of 204Pt 
 Evolution of proton s.p. orbitals, r-process region
 Uses unique FAIR capability (heavy nuclei)

Unique opportunities with FAIR and AGATAUnique opportunities with FAIR and AGATA
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Figure 3.6: The two-nucleon pairing types, characterised by spin (S) and isospin (T) of the pair. 

 
Case Study 2: Heavy neutron-rich fragmentation beams will be unique to FAIR, which will enable 
studies of nuclei relevant to the r-process that were so far inaccessible. The astrophysical site of 
the r-process itself has been uncertain, although the recent multi-messenger observation of 
neutron-star merger GW170817 confirms at least one such site. This region of nuclei will be 
studied with the aim to explore possible shell evolution in the region and its consequences for the 
properties of the N=126 nuclei on the r-process waiting path - see Fig. 3.7. For the first time we will 
be able to study these nuclei following particle removal reactions, thanks to the magnetic rigidity 
measurement after the secondary target. One and two-proton removal reactions will allow the 
investigation of the most exotic systems. These reactions populate single- and two-proton states, 
respectively, allowing for the investigation of both the evolution of single proton orbitals and the 
interaction between them (two-body matrix elements). These, as essential inputs in theoretical 
calculations, will improve the predictions of the properties of r-process path nuclei, and 
consequently provide a better understanding of the r-process itself. Particle removal experiments 
will allow us to establish the location of single-particle states and therefore provide information on 
shell-evolution in heavy nuclei. For example, using a radioactive N=126 204Pt projectile, excited 
states will be populated in 203Ir and 202Os in one and two-proton removal reactions, respectively. 
From the 203Ir energy spectrum, the effective single-proton orbital energies can be obtained, 
together with their spectroscopic factors. In contrast, the 202Os excitation spectrum will provide 
crucial information on the proton-proton interaction. Similarly, neutron-removal reactions will give 
information on neutron orbitals and neutron-neutron interactions. The derived quantities are all 
essential ingredients in nuclear model calculations. These experiments are unique for AGATA and 
FAIR. Unprecedented energy resolution is obtained for the Doppler-corrected spectra, thanks to 
the position resolution offered by AGATA. FAIR will be the only facility where relativistic-energy 
heavy radioactive nuclei can be identified following particle-removal reactions. 

 
Figure 3.7 The effect of the N=126 and N=82 shell-closure on the r-process path and the predicted 

r-process abundances.  
 
Case Study 3: The evolution of nuclear structure as one moves away from the value of beta 
stability offers a fertile ground to test and constrain nuclear-theory models. As the number of 
nucleons increases, so does the model space and the complexity of the model. Near doubly-magic 
cores, however, simplifications are possible that enable one to focus on residual effects. In 
particular, the addition of extra pair of neutrons outside the doubly magic nucleus 208Pb and in g9/2 
orbit is of particular interest to study the mechanisms that drive nuclear collectivity and 
deformation. Moreover, studying shell evolution towards very neutron-rich Pb isotopes has a direct 
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for the emitted gamma-ray. At HISPEC (FAIR) when AGATA’s superior position resolution is 
coupled to a high precision beam and recoil momentum measurement array (S-FRS and LYCCA), 
an accurate Doppler correction can be achieved resulting in much improved energy resolution. 
This is illustrated in Fig. 3.2 (a) and (b) which displays the simulated Doppler-corrected energy 
spectrum of two gamma rays at 400 keV and 900 keV emitted from 218Pb, following the 
219Bi(p,2p)218P reaction, at extremely high velocity (v/c~80%) and observed in AGATA. Fig. 3.2 (a) 
shows that without tracking, taking either the detector central position (green) or segment position 
(black), the energy resolution at 900 keV is poor (σ~85 keV and ~36 keV respectively) whilst with 
tracking the resolution is improved dramatically (σ~10 keV).   The resolution improves further to 
σ~6 keV for a 900 keV gamma-ray energy at v/c~0.5 - more typical velocities for most reactions.  
 

 
Figure 3.2:  AGATA performance for the 219Bi(p,2p)218Pb* reaction at v/c=0.8. The effective size of 
the target is taken as the position resolution in an active target. A beam energy spread of 1% and a 

recoil angular resolution of 2 mrad have been assumed. (a) and (b) show the γγ coincidence 
matrices expected for a sequence of two gamma rays at 400 keV and 900 keV using a 90-detector 
array and a 15-detector array, the latter with an order of magnitude more statistics. (c) shows the 
spectrum with different types of Doppler correction (see text) and (d) is the spectrum produced by 

gating on the 400-keV gamma ray using the matrix in (a).  
 
The excited states of 218Pb are completely unknown but, with expected beam intensities at FAIR, 
approximately 10,000 gamma-decay sequences would be emitted, enabling excited states to be 
identified using AGATA. The simulations in figures 3.2 (b) and (c) show how the high efficiency and 
resolution of the AGATA array enable γ-γ coincidence spectroscopy to identify the gamma-rays in 
the sequence. With 90 crystals, a γ-γ coincidence matrix can be built for ~10,000 decays (Fig 
3.2(c)) enabling a clean coincidence spectrum (Fig 3.2(b)). With 15 crystals, even with an order of 
magnitude more events (Fig 3.2(d)) such an analysis is impossible. This is one of the science case 
studies discussed in Section 3.3.  

3.2 Science at SPES (2023-2025)  

 
The SPES facility is presently under construction at the Legnaro National Laboratory in Italy. SPES 
– standing for “selective production of exotic species” – is a new ISOL-based facility, with the aim 
of producing high-intensity and high-purity beams of neutron-rich nuclei for forefront research in 
nuclear structure and nuclear reaction dynamics as well as in multidisciplinary fields such as 
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afforded by gamma-ray tracking. In this project, we are bidding for a UK capital contribution to 
purchase additional capsules (6 in this application). As other AGATA partners contribute, the array 
will grow throughout this project, and we anticipate that at the end of the project the array will have 
around 90 detectors (covering a solid angle of 2π). In the simulations here, we show the 
improvement for a 90-detector array compared with the 15-detector array (the AGATA 
Demonstrator) which was the last point at which the UK made a capital contribution for detectors.  
 
As for all gamma-ray detector arrays with a fixed target-to-detector distance, the efficiency to 
detect a single gamma ray emitted by a source at rest increases linearly with the number of 
crystals in the array (i.e. by a factor of 6 in this case, from 15 to 90). In the case of AGATA and for 
a 1 MeV gamma-ray energy, the full gamma-ray tracking process improves this by a further factor 
~1.4. This may seem to be a modest increase, but it is the improvement in the ɣɣ and ɣɣɣ 
coincidence efficiency where very significant gains are made. Such coincidence measurements 
(i.e. single- or double-”gating” on a gamma ray in the nucleus of interest) are crucial for examining 
and identifying weakly-populated states in exotic nuclei, and are an essential tool for channel 
selection for nuclei populated with low cross-sections.  

 
Figure 3.1: 88Ru: γ-γ-γ coincidence spectrum at low v/c (e.g. typical of SPES).  

 
Figure 3.1 illustrates the full power of the AGATA array when performing double gating on two 
gamma rays in high multiplicity gamma-ray events, that is, when three coincident gamma rays are 
recorded, and two of the three are identified to be specific transitions in a sequence. In this 
simulation example of a typical ground-sequence for an even-even nucleus, 106 prompt gamma-
ray decays of N=Z 88Ru nuclei moving with a typical value of v/c of 5% (typical for SPES), have 
been generated. A double gate (coincidence condition) has been applied on the two lowest energy 
gamma rays in the ground-state sequence of 88Ru. The upper panel of Figure 1 shows the double-
gated energy spectrum after tracking obtained with the AGATA Demonstrator, consisting of 15 
crystals, while the lower panel shows the same spectrum obtained with 90 detectors in a 2π array. 
The efficiency gain achieved when increasing the number of detectors by a factor 6 is between two 
and three orders of magnitude. This improvement in sensitivity will allow for both identification of 
states in nuclei farther from stability and also allow for much higher-precision physics 
measurements such as lifetimes of excited states and multipolarities of emitted transitions. 
 
The crucial capability of the AGATA array is the tracking of individual gamma rays and 
subsequently the determination of their incoming direction through precise determination of the first 
interaction point in the crystal. This is particularly important at FAIR where high beam velocities will 
be used. Without tracking, the gamma-ray energy resolution is severely deteriorated by the 
enormous Doppler broadening resulting from the high beam velocity and large angular uncertainty 
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• Factor ~200 better for γ-γ-γ
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for the emitted gamma-ray. At HISPEC (FAIR) when AGATA’s superior position resolution is 
coupled to a high precision beam and recoil momentum measurement array (S-FRS and LYCCA), 
an accurate Doppler correction can be achieved resulting in much improved energy resolution. 
This is illustrated in Fig. 3.2 (a) and (b) which displays the simulated Doppler-corrected energy 
spectrum of two gamma rays at 400 keV and 900 keV emitted from 218Pb, following the 
219Bi(p,2p)218P reaction, at extremely high velocity (v/c~80%) and observed in AGATA. Fig. 3.2 (a) 
shows that without tracking, taking either the detector central position (green) or segment position 
(black), the energy resolution at 900 keV is poor (σ~85 keV and ~36 keV respectively) whilst with 
tracking the resolution is improved dramatically (σ~10 keV).   The resolution improves further to 
σ~6 keV for a 900 keV gamma-ray energy at v/c~0.5 - more typical velocities for most reactions.  
 

 
Figure 3.2:  AGATA performance for the 219Bi(p,2p)218Pb* reaction at v/c=0.8. The effective size of 
the target is taken as the position resolution in an active target. A beam energy spread of 1% and a 

recoil angular resolution of 2 mrad have been assumed. (a) and (b) show the γγ coincidence 
matrices expected for a sequence of two gamma rays at 400 keV and 900 keV using a 90-detector 
array and a 15-detector array, the latter with an order of magnitude more statistics. (c) shows the 
spectrum with different types of Doppler correction (see text) and (d) is the spectrum produced by 

gating on the 400-keV gamma ray using the matrix in (a).  
 
The excited states of 218Pb are completely unknown but, with expected beam intensities at FAIR, 
approximately 10,000 gamma-decay sequences would be emitted, enabling excited states to be 
identified using AGATA. The simulations in figures 3.2 (b) and (c) show how the high efficiency and 
resolution of the AGATA array enable γ-γ coincidence spectroscopy to identify the gamma-rays in 
the sequence. With 90 crystals, a γ-γ coincidence matrix can be built for ~10,000 decays (Fig 
3.2(c)) enabling a clean coincidence spectrum (Fig 3.2(b)). With 15 crystals, even with an order of 
magnitude more events (Fig 3.2(d)) such an analysis is impossible. This is one of the science case 
studies discussed in Section 3.3.  

3.2 Science at SPES (2023-2025)  

 
The SPES facility is presently under construction at the Legnaro National Laboratory in Italy. SPES 
– standing for “selective production of exotic species” – is a new ISOL-based facility, with the aim 
of producing high-intensity and high-purity beams of neutron-rich nuclei for forefront research in 
nuclear structure and nuclear reaction dynamics as well as in multidisciplinary fields such as 
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In the second example, we demonstrated the spectrum that results from two gamma rays at 400 
keV and 900 keV emitted from 218Pb, following the 219Bi(p,2p)218Pb reaction, at extremely high 
velocity (v/c~80%) and observed in AGATA. We have again revised this analysis for a 60-detector 
array - see below. Panel (b) shows the resulting spectrum with a single “gate” on the 400-keV 
gamma ray. The 900-keV transition is clear and can be observed to be “in coincidence” with the 
400-keV line, firmly establishing the sequence of gammas in 218Pb. Figure (d) shows the γ-γ 
coincidence spectrum with 15 detectors and a factor of 10 more events. It can be seen that, even 
with a factor of 10 more events, such a γ-γ coincidence analysis would be impossible with 15 
detectors.  
 

 
In this example, the gain in the photopeak yield from 15 to 60 crystals is a factor ~35 at 900 keV 
when a gate on the 400 keV gamma ray is applied. 
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Societal Impact

Many applied projects funded by a variety of bodies, including, 
STFC/IPS/CLASP/PNPAS, Universities, EPSRC, TSB, MRC, NHS, NNL (NDA), AWE 

e.g.

SMARTPET (Medical)

• Novel Small Animal PET system

PROSPECTUS (Medical)

• Novel SPECT imaging system.

PGRIS (Security, decommissioning)

• Hand-held radiation identification and location device

Gri+: Portable Gamma Imaging System (security, decommissioning, environment)

• 3D Gamma and Optical Stereoscopic Image Fusion

All projects are collaborations some with industrial partners. All involve contributions from 
other parts of STFC.



Case Study: A 3D integrated mobile γ-ray and vision system

• Gamma-ray interaction positions determined by PSA 

• Kinematic reconstruction of gamma-ray paths 

• Source of radiation located at max cone overlap

• In-situ nuclear decontamination field trials at 

Sellafield 2019




From AGATA to portable imaging  



• Agreement on the realisation, operation and management
• Sharing of costs and responsibilities
• Operation costs
• Current specific project to 1/3 4π (60 detectors) by 2021
• Aim for 4π by 2031
• Open collaboration
• Laboratories are science driven (PACs)
• Signed by STFC (G.Blair)

AGATA Collaboration see
http://npg.dl.ac.uk/agata_acc/index.html 

AGATA MoU (-> end 2020)

MoU ongoing, ~85 % achieved (detectors)
Capital contribution, ~85% achieved (UK shortfall) 

• AGATA 4π: Project Definition: Preparation Ongoing (informing this bid)
• New MoU being planned for the 4π array

http://npg.dl.ac.uk/agata_acc/index.html
http://npg.dl.ac.uk/agata_acc/index.html
http://npg.dl.ac.uk/agata_acc/index.html


Q1: Impacts of AGATA

Metrics:
• 17 past PhD students
• 5 current PhD students
• 136 papers (83 technical, 53 science)
• 19 PDRAs worked on AGATA (/data)

• All these are tracked within the AGATA collaboration
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