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Fundamental concepts of AGATA CANIL
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Fundamental concepts of AGATA
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The AGATA project : THE ultimate spectrometer
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15t AGATA Steering
Committee and
Management Board
2002
( ) March 2022
MoU Phase 1 + Addendum MoU Phase 2

2010-2012 2012-2014 2014- 2021 2021- 2028 2028- 2030(+1 ?) 2031 -
Legnaro, Italy GSl, Germany GANIL, France LNL, Italy GANIL, France LNL, SPES, Italy
Intense stable beams Fast fragmentation beams ISOL and stable beams Stable beams ISOL beams from FAIR, Germany
15 detectors 25 detectors approaching 1m (45) EXOTIC beams SPIRAL1 ISOLDE, CERN

AGATA Demonstrator + AGATA at GSI AGATA at GANIL LNL 2.0 GANIL 2.0
PRISMA at LNL
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Identified
interaction points

I. Zanon, E. Clément, et al.
Phys. Rev. Lett. 131, 262501 (2023)
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The AGATA project : THE ultimate spectromete

wWWwWw.agata.org

EANIL

Topical Issue EPJA : https://epja.epj.org/component/toc/?task=topic&id=1878

The European Physical Journal A
AGATA: Advancements in Science and Technology

Editors : Nicolas Alamanos, Maria Jose Garcia Borge, Angela Bracco, Emmanuel
Clement, Andres Gadea, Wolfram Korten, Silvia Leoni and John Simpson

Topical Issue on AGATA: advancements in science and technology

1) Preface
Editors: E. Clement, A. Gadea, S. Leoni, W. Korien

2) Science advancements with AGATA

2.1 Nuclear structure advancements with multi-nucleon transfer reactions
Lead Author: A. Gadea

2.2 Nuclear structure advancements with fission
Lead Author: A. Lemasson

2.3 Nuclear structure advancements with fusion reactions
Lead Authors: J. Nvberg, J.J. Valiente-Dobon

2.4 Nuclear structure advancements direct reactions
Lead Authors: W. Catford, D. Beaumel, D. Mengoni

2.5 Nuclear structure advancements with relativistic beams
Lead Authors: M. Bentley, G. Benzoni, K. Wimmer

2.6 Nuclear structure advancements with high energy gamina rays
Lead Author: F. Camera

3) Technical advancements with AGATA

3.1 Mechanical implementations and infrastructures
Lead Authors: J. Simpson, B. Million

3.2 Electronics
Lead Authors: A. Gadea, E. Clément

3.3 Software developments Hadrons and Nuclei

Lead Authors: O. Stezowski, J. Dudounet

3.4 Detector technology
Lead Authors: H. Hess, P. Reiter

4) Performances of AGATA

4.1 Review of the last decade Pulse Shape Analysis activities
Lead Authors: A. Boston, P. Reiter

4.2 Performances of tracking algorithms
Lead Authors: J. Ljungvall, F. Crespi NuPECC
m(( Long Range Plan 2017
4.3 System performances under different conditions Perspectives
Lead Authors: A. Korichi, A. Goasduff’ % in Nuclear Physics

4.4 Simulations of AGATA response and couplings with ancillaries
Lead Author. M. Labiche

4.5 Organization of the collaboration and physics campaigns AGATA White Book : W. Korten et al’ Eur. Phys J.A (2020) 56:137
Lead duthor: £ Clenent S. Akkoyun et al., Nucl. Instrum. Methods Phys. Res., Sect. A 668, 26 (2012).

mam = 11™ Uil 105 B SR



http://www.agata.org/
https://epja.epj.org/component/toc/?task=topic&id=1878
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We have started a new phase of the Project : Phase 2

‘EN RS/IN2P3

The objectives of Phase 2 funded by the MoU are :

Acquiring 78 Asymmetric segmented HPGe capsules — 3r available for experiments

Acquiring 26 AGATA Triple cryostats

Acquiring 1 Po storage disk

Acquiring Data Acquisition Infrastructures such as network switches and blades for services

Acquiring a computer farm (HPC) for the PSA on-line treatment of 135 capsules

Acquiring a Detector Support System for 135 capsules, Low and High voltages supplies, LN2 auto-fill system and related cables.
Maintaining An up-to-date Data Base

Developing and maintaining a set of software algorithms for on-line and off line data processing

Developing, maintaining and distributing a framework for Data Analysis

Designing and constructing a unique mechanical structure holding 45 AGATA Triple cryostats

Developing and maintaining a unique Front and back electronic for 135 capsules (Analog preamps, digitizer DIGOPT12, Processing
PACE-STARE with clock and trigger functionalities (GTS/SMART)) and its software control.

Developing, maintaining and distributing a state of the art simulation package and performances control.

The AGATA Project includes a continuous R&D activities which is included in each Working Group structures but not funded by the MoU.
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v AGATA Phase 2 funding  GANiL
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AGATA

ADVANCED GAMMA
TRACKING ARRAY

—______\

7 MoU/AMB .

Il Core investments Operation Costs Host Lab installation :

For material investments  For repairs, I | For all local services and i

I o Detectors replacement of broken interfaces for all material |

o Electronic or obsolete material I : from the Core

o Mechanics for the Core items investments needed to |

I o Data acquisition I host and operate AGATA

o Infrastructures ! :

Shared between |

I Shared between countries  countries and scaled I Fully covered by the Host :

(Major countries Fr, Ge, It  and re-evaluated | Laboratory and managed

I 20%, UK 15%) annually with capital I | within the local host |

investments and real . project breakdown

I ASC and funding cost structures !

agencies discussion (inc. Endorsed by ASC via l '
ARRB) and agreement MoU

via MoU / e

D T

International ASC - ARRB



Phase 2 Management

Nominate

A4
A

Project Manager

A

AGATA Steering

Report
Committee (ASC) Report Manage

+ ASC Chairman

AGATA Management Board
Develop, construct, maintain

Advise Elect
Report Detectors | Data Flow| Electronic| Charact. | Simulation | Infrastructure

>
>

Collaborate

Chairman Scientific Campaign Spokesperson

AGATA Collaboration Council
Propose, Analyze, Publish Scientific Programs

All Laboratories involved in the collaboration

Nominate <

Choose Local Project Manager

v

Report Manage

Host Lab Local Project

Operate

AGATA

Resource Review Board

Detectors | Data Flow| Electronic | Infrastructures | Analysis | Shifts |+ liteIpate




Data Policy & DMP

’;:Yi: CGANIL
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https://www.agata.org/physics publication submission AGATA

ADVANCED GAMMA
TRACKING ARRAY

https://www.agata.org/acc/data policy

[
|
|
|
|
|
\

—_______\
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*Access to the data is to be controlled by the AGATA \

collaboration. *The ACC must be informed of the reference for publications

relating to AGATA within three months of the publication date.

*The AGATA Spokesperson delegates this control to P.I

for 5 years I *The experimental collaboration should acknowledge the work of

the wider AGATA collaboration and the host laboratory in any

-The data for exploitation will be then made available to I publication.

the wider AGATA collaboration o - _ _
 Scientific submission must include the Core List Authors

All bona-fide members of the AGATA collaboration will I

have access to the data to improve the operation of the

instrument, for example to monitor and improve detector All AGATA technical and instrumentation manuscripts‘

performance must be sent to the AMB for review before being I
submitted to a journal.

,———————————

* CCIN2P3 — CNAF (40To/week -2017 ; 100 To/week - 2030) I l

* Improved version of the DMP toward « FAIR » & « Open , — s mmm wmm mmm mmm wms wmm s wmm wm
\science »
L] I I I I I I I /


https://www.agata.org/physics_publication_submission
https://www.agata.org/acc/data_policy

* *
*

Haa*n The detailed Project Plan : ATRIUM-563607, ATRIUM-563609
T

ADVANCED GAMMA
TRACKING ARRAY

> Project Plan Phase 2
R4 GAN

*

MoU funding scheme (section 3.6)

The present project plan, conceived technically for a 4z array,
foresees the construction of a 3x array with capital investment from 2021
to 2030, consistent with the MoU,

Total cost : ~22 M€
The production of the Triple Clusters constrains the project

The project plan is based on an annual production of 2-3 Triple Clusters
(ordered, produced, assembled and tested)

- A 2n system available by the end of the LNL campaign ( >2028)

In 2025, the project will be reviewed by the funding agency to allow the
signature of the Phase 2 MoU [2026-2030]

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
annels ordered




Recent related workshops

97
3
Seay Nope;
Y ch‘ﬁs .
v e

4th Machine learning workshop was organized by J. Ljungvall Ay
OASIS AGATA Al workshop 2024, 13" of May https:/indico.in2p3.fr/event/32733/ . r

" dbg
51‘//79 bthCtS

Hands-on Training Workshop on Operation, Test and
Repairs of Ge Detectors 2024

2-6 Sept 2024
INFN - Laboratori Nazionali di Legnaro

ADVANCED GAMMA
TRACKING ARRAY

oOrganized by INTRANS, the Instrumentation and Training task of EURO-LABS for Nuclear Spectroscopy and Reaction Dynamics

Overview Organizers
Venue

Organizing Committee

Organizers

Walter Raniero (LNL/INFN)

Important dates
Herbert Hess (IKP)

Registration Marie-Héléne Sigward (IPHC/CNRS)
Magda Zieliniska (CEA Saclay)
Participant List Jirgen Eberth (IKP)

Daniel R. Napoli (LNL/INFN)
Programme

9-13 sept. 2024
Milano
Fuseau horaire Europe/Paris


https://indico.in2p3.fr/event/32733/

Detector status (9th September 2024)

CGAN

The total number of delivered AGATA capsules is 68, 7 more in the production line

70

Status capsules September 2024

e g R e SRR i AR G mo SRR g ]
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2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Year

The Detector task is budget driven

AGATA Detectors

wuw 06

vosm  wiw  6x6segmented cathode

Volume ~370 cc Weight ~2 kg
(shapes are volume-equalized to 1%)

Cold FET for all signals

Energy resolution
Core: 2.35 keV
.~ . Segments: 2.10 keV
5.2 (FWHM @ 1332 keV)

A.Wiens et al. NIM A 618 (2010) 223
D. Lersch et al. NIM A 640(2011) 133

AGATA Asymmetric Triple Cryostat
Manufactured by CTT

AGATA Asymmetric Crystals
Manufactured by Canberra France



Phase 2 FEBEE status

Mini PC

Digitizer

Legend
[ Run |
| Verified |

i / JESD

STARE

PACE

Preamp +
AGATA
detector

Digi-Opt

| SOM Proccessor
ETH

Generator

Datapath
dCFD+LI

Energy

JESD
Xilinx

Data Receiver

mwvp [

JESD
Custom

Slow Control

QuadLink
Packager
ADF

AGATA Package
Generator
AGATA Package
Generator
AGATA Package
Generator
AGATA Package
General tor

EPICS/
ALIGNMENT

Ipbus
Bridge &
Modules

Aurora

B x10Gh

—> The equivalent of ~30 clusters electronic chains are in the production line

Status :

Full data path using an AGATA detector

+ DIGOPT12 (INFN, IFIC)

+ PACE and its firmware (IFIC, GANIL, IPHC)

+STARE (1JCLab)

+readout (1JClab-1P2I) running at LNL — Data integrity stress by IP2i
On 5™ of March we agreed to proceed with the production of STARE.
On 16" of May, we agreed on the production of the PACE board.
DIGOPT12 are currently delivered

Completion of the final firmware (2025)-> the present bottleneck.
The FEBEE task is HR driven



Data flow and Acquisition

]
* Mini daq box for data flow R&D setup in Orsay for prototyping our new GI\N I I_
architectures —
* Preparing the increase of Tb production from the 0° campaign

Configuration / benchmark of the new
AGATA Core money

* Maintaining the present system with upgrades of the CEPH (1 Po), switches,
Analysis machine, anodes, DCOD etc ....

New machines CPU / switches

AGATA OC

DAQ box R&D Develop tools at scale with STARE emulator
New machines CPU / switches :
@ Orsay V2 in complex network:

*  Most of the V2 pipe line is ready
* Both using an V2 emulator and real data taken in LNL, stress of the data —
pipeline T biliing

monitoring
back

Erench Money.

2 CPU + one GPU

* The data analysis process is part of the WG activities. Steps forward in
continues integration, gitlab, updates, FAIRNESS, metadata, catalogues,
benchmarks,.... Goals are a reliability, easy access to code and data (GRID)

* Data monitoring : “graphana”, Spy, integrity, “big data” management MOU PhaSe 2 Malﬂ Roadlnap

» Data processing eco-system became a major activity in the WG with respect @ DAQBOX
* Improvements in accessing the data from GRID
Now CEPH FS implementation

Installation @ LNL
CEPH upgrade (RAM+soft)

Should speed up I/O

Commands OC /Core

Not straight !

More time required !! Network modifications

HP not easy !
1 to 1.5 months : Y

- We should keep backup
storage solutions (nfs)

CEPH capacity upgrade
Some hardware issues A
(RAM/Network interface) Needed for 0 degree campaign
Some software issues
50 : . - .
Integration of new machines for V2

A RAVIOE We need more proactive ms o = Only v1
Fu I I d OCU m e nt T R I U M - 902 7 80 0 Lngl‘ﬂsLé-ﬂﬂgd&-:) monitoring 1 2020 2022 2029 2026 2028 2080 2032

S AT s 0 e e e o

CC-BY-ND 4.0/ Revision 1.4 September 11, 2023 CEPH Storage replacement

Test topology @ 5kHz Back to this after

(8 machines to 2 same capacity)

Ro ad m a p fo r AG AT A Monitoring in time series DB

CEPH complex system !

Computing model Backup system needed

(and used already @ LNL)
0. Stézowski & E. Cléement with the AGATA collaboration RAM 0

V2 developments

NARVAL allocated to much



https://atrium.in2p3.fr/13435097-6696-4efa-8d2d-9ac410c5941d

Infrastructures

standard | Assemblage | Madification du produit  AFicher  Ouils

7 Qe M ) - A.AewR. @& mE. ..

Open issue : final design of GRIT and CryoTarget

27 IS covered infrastructures are delivered and installed in LNL



PSA-Tracking R&D CANGL

Simulation Scanning

sHBEBHBEEEE

e e Result of
Grid Search
Algorithm
N R ————
-\’———ﬁw—-—‘
- measured

— Calculated

791 keV deposited in segment B4




PSA-Tracking R&D CGAN

Implementation of the multi-interaction PSA qrid search using the GRETINA approach :

This has been fully implemented in AGAPRO and works.
- Tested on our 2Zr (GANIL-Fission-VAMOS) data benchmark = 40% more statistics in the photopeak

Strasbourg Scanning table On the request of AGATA's Performances and PSA Teams, scan of the A005
detector to determine for the first time in 3D various properties of large-volume segmented Ge crystals;
strong French involvement in data analysis (IPHC, 1JCLab, GANIL, Lyon). Full 2x2mm scans have been
performed and analysed on NN approach. Reprocessing of the PSA based on NN basis, AGATAGeFEM, ADL.
Tomography reports. A step is made with this approach (ie using the scanning table). Much more to come




PSA-Tracking R&D

[ » The Pulse Shape Analysis algorithm (PSA) ]

/ Simulated databases available:

» Agata Detector Library (ADL):
= Used by default online.

» AGATAGeFEM:

o

= Recently developed by J. Ljungvall

~

= No more ADL experts in the collaboration.

= Results as good as ADL have been shown

Simulated databasc

/

J. Dudouet et al (IP2i)

CGAN




(s

canning capabilities:
= motorized collimator with a precision of 10 pm

= laser alignment system
= digital electronic (TNT2)

» Scanning concept:

» Detector scanned:
= S001: a prototype symmetric detector

\b A005: scan finalized this summer

= system allowing the placement of the detector in vertical and horizontal position

= not performing a real 3D scan (too long), but two 2D scans (vertical and horizontal)
= 3D basis obtained by Pulse Shape Comparison Scanning (PSCS) method

\

/

» 1 horizontal scan + 1 vertical scan,

» the 3D basis is obtained by a combined analysis of both data-sets.
» Validated and published method, but time consuming (5 days for the PSCS analysis)

[B. De Canditiis et al.. Eur. Phys. J. A 57 (2021). B. De Canditiis and G. Duchéne. Eur. Phys. J. A 56 (2020)

Position A
1. Acquisition

(x,y'z) p‘Lm Paosition B

Notmakisd wapit0e fa )

o
mommatsed ampituds (%) /

On i‘
il T o
— X

S e e e e e
e (s

E> | ‘s.mc';:m | [Picture from Michael Ginsz’s PhD thesis] J . D u d ou et Et d I ( | P 2 I)
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CGAN

Neural network

- A

|-D XYZ XYZ QJ

Position (X,Y,Z)

Error between the predicted
position and the scanned position

J. Dudouet et al (IP2i)



» Comparison between PSA basis compared to NN predictions (assumed to be more precise than scanning):

= NN experimental basis

= AGATAGeFEM basis
= ADL basis

PSA with NN bases, mean error: 1,68mm

40
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» Average PSA Position resolution (FWHM):

- NN:

2.4 mm

= AGATAGeFEM 4.3 mm

= ADL

4.9 mm
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PSA-Tracking R&D
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"We choose to go to the Moon!

CGAN

a full ML/NN PSA €= Tracking flow trained from in-beam data

hould .
Wo chooscto go to the-Meen in

this decade and do the other
things, not because they are easy,
but because they are hard."

o Lo

&
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Two different configurations GAN

LNL: new data centre, new targets °Be, 232Th, 238U
and new 238U beam

Nuclear Inst. and Methods in Physics Research, A 1049 (2023) 168040

New AGATA DC

=

& ||

Contents lists available at ScienceDirect

=
A

Nuclear Inst. and Methods in Physics Research, A

EI SEVIER journal homepage: www.elsevier.com/locate/nima —

Full Length Article
Conceptual design of the AGATA 2r array at LNL m

J.J. Valiente Dobon (LNL)




The strength of AGATA@LNL

J.J. Valiente Dobon (LNL)



Next is AGATA@GANIL.2 from mid-2028 <™=

www.agata.org



mailto:AGATA@GANIL.2
http://www.agata.org/
https://grit.in2p3.fr/

GANiIL

Thanks to all AGATA contributors
++ The local team LNL/PD



