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@  PERLE Timeline for TDR phase

The current phase of the project:

ol Desi
[ Technical Design phase Prepare to Build phase (P2B) (= 2025) J

(= 2023)
K Machine design (Injector, 250MeV and 500 \ f\ K Prototyping and tests (HOM couplers, Single cell\
MeV configurations) * Design of some booster cavity, B-COM magnet, 5-cells Nb Cavity) *
*  Beam dynamics studies systems could continue *  PERLE administrative regime (Dossier ASN)

*  Main systems design (Buncher, Magnets, HOM after TDR publication

couplers, full dressed cavity, power couplers,

* Infrastructure (site investigations and work)

new CM, IP, dump...) And also:
* In-Kind adaptation and/or upgrade studies (DC-
Gun, Booster, SPL CM) * * DC-Gun reinstallation and test

* Definition of the needs (Diags, Cryogenics, CC, *  Equipment specifications and procurement (for DC
LLRF, Shielding, machine interlock system, u gun)
infrastructure...) * In-Kind adaptation and/or upgrade work (DC-Gun,

*  Experiments with PERLE beam and their * Prototyping results ESS CM)
specific needs could be included in the

TDR phase if available
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L

Technical Design phase (TDR)
Prepare to Build phase (P2B)
Installation phases

[ Phase 1: Installation of the injection line ]

PERLE Timeline for TDR phase and be

[ Phase 2: PERLE 250 MeV version

[ Phase 3: P

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
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& P

Hightlighst on results of recent months
which will be discussed in details during this collaboration meeting

with some comments on important discussion which could take place.
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@  PERLE Lattice optimization

Lattices and optics for the 500 MeV and 250MeV PERLE versions were studied and optimised:

= A full 1st order calculation were finished and a complete 250 and 500 MeV lattice is now available.
= The stability of the lattice was crosscheck with different codes (OPTIM6, MADX & BMAD).
= First specifications of quadrupoles and dipoles in switchyards & arc sections are obtained.

- Further studies are ongoing/to be done: correction of nonlinear aberrations with multipoles, momentum acceptance,
longitudinal match...

- In addition to beam dynamics studies: Start to end simulations with CSR and microbunching, Multiparticle tracking,
BBU, Impedance analysis and Wakefield effect mitigation ...
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% Lattice optimization of the 25
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Transverse beam size (30 radius) < 2,2 mm (after the 2nd RF cavity), Dispersion < 70 cm and Low beta function @ the 2 IRs
(more details in Alex, Alex, Rasha, Julien, Coline talks)
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W@ Injection line optimisation

A conceptual design of the PERLE injector was made within a
collaboration between AsTeC-Daresbury, UoL and IJCLab. This included
the DC gun cathode shape optimisation, a buncher cavity and the merger
conceptual designs, besides a complete beam dynamic studies of space ol
charge effects, phase space and bunch distributions, and emittance. 350KV &=}

Further studies and design optimisation of the injector are currently Lightox 0% 3
Green laser 40 MHz Booster: 5 smgle-cell cavities
undertaken. (802MHz) individually powered

Photocathodes loading chamber (Sb-based photocathodes)

Buncher

Merger

. s=[0]

s * Solenoids focus beam in transverse plans

] ; * Buncher focus beam in longitudinal

T : * M shape in z-pz axis at the end of injector :
Might be a problem

Pz
o

More details in Raphael’s talk
+diagnostics Mohamed

:: E § a -E :: E § a -E
. : 1 : : : . : z : : : B. Hounsell et al. “Conceptual design of the PERLE

Transverse phase space (x-px) Longitudinal phase space (z-pz) injector” LINAC’22- Liverpool, UK- THPOJO26

=2
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PERLE e- Source
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Vacuum pumping of gun new chamber after
ultrasonic cleaning (December 2023)
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@

A new opportunity of a DC gun acquisition raised early in 2023: Ongoing discussions with Research Instruments GmbH (RI)

SN
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- A Gun with Cornell design (400 pC, 50 MHz demonstrated), fully equipped (all pumps) in load-lock version

- Equipped with a Photocathode preparation facility —

- HV power supply suited for high bunch charge (designed for 40 mA, 450 kV) (more details in Maud &
- The gun was commissioned and tested at high rep rate, at a limited bunch charge Raphael talks)
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W@ First simulation of Buncher cavity :

Electric and magnetic field maps Courtesy to Juan Luis Munoz- ESS- Bilbao

First results of the buncher cavity design
(more details in Juan Luis’s talk)
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%  Status of HOM studies :

From RF design to performance measurements: collaborative effort between 1JCLab, Jefferson Lab & CERN

. (more details in Carmelo talk),
12
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* Measurements are made as a function of rotation angle of HOM coupler hook.
* Good rejection of Fundamental Mode, Q,,, > 1E+09.

: - 8 1 * Measured Q,,, for HOMs are below BBU limit thresholds.
Installation n a double-cell Cu cavity and tetof * Good agreement between measured and simulated Q,,, = could be improved
performances (S12, S, B, Q, and Q) @JLab with more appropriate boundary conditions at beam pipe apertures.
’ ’ AL Xt

C. Barbagallo et al. “First RF measurements of coaxial HOM coupler prototypes in a copper cavity for the PERLE project”- IPAC’23- MOPA025
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@
@ Plans on HOMs and cavity activities

ils | : JCLab- JLab- CERN Collaborati
(more details in Bob & Haipeng talks) ab-JLa ollaboration

= A 5-Cell copper cavity under fabrication @Jlab (same design as the 15t Nb 5-cell cavity fabricated in 2017) to allow end
group design optimisation and to test several HOM couplers combinations to assess the best HOM damping scheme.

3D-printed HOM port to beam
transition- France

Copper half-Cells production at Jlab for the 5-Cell “clamped” cavity

= Ultimately, we aim to produce Nb HOM couplers with optimised design and and install them on a new Nb 5-cell PERLE
cavity with optimised end groups. The Production of 4 cavity scheduled within the ISAS program (Starting from 2024).

-> A global technical review (HOM dumping scheme + cavity end cell design) to be settled before moving to fabrication
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” more details in Gilles talk)

Connection
jumper

ESS Cryomodule design was selected:

He exchanger

Jamming jack

resas s et G9) Fila * Intermediate supporting structure (spaceframe)
Rupture disk Sk R = G «  Cavity string hung by rods

* Insertion of the cavity string by the extremity (rollers)
* Trap doors for tuner access
* Connexion to the valve box on the top of the vacuum vessel
* Important space available inside
* Design validated: series fab. & tests ongoing (Qty 30)

He valve (x2) Instrumentation Vacuum

Hanging
system

Thermal

shield
Door knob

Magnetic
Supporting jack shield

03 o 1%t Cryomodule: Foreseen for 2027

Adapted from ESS design, it will be optimised for efficient high current ERL
operation within the European Infra-Tech program iSAS*. It will host cavities
equipped with HOM couplers and FPC optimised and developed within the same
program.

o 2" Cryomodule: Foreseen for 2030

May include some/all the technologies studied within iSAS program to improve the
efficiency of Cryomodules: Fast Reactive Tuner (FRT) for microphonics mitigation,
LLRF managed by Al and 4.2 K Cavities operating. (more details in Nick talk)

* More information on iSAS program: https://indico.ijclab.in2p3.fr/event/9521/

Vacuum valve
(x2) Vacuum vessel
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@
% Administrative Classification of PE

more details in Walid talk)

A study was ordered to IRSD in 2018 and released in 2019. Preliminary conclusions.

altation
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Par conséquent, |’installation PERLE@Orsay
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Today, a task-force is formed to:

4 = Continue and complement these studies to have a preliminary discussion with ASN by Summer 2023.
= Start the required studies and the draft of the ASN document for PERLE in the upcoming years
g
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Two sites are currently considered and will be studied
in details within the CPER program for possibly host
PERLE: The Super ACO hall and the IGLOO.

U
- it
3 N S =
........ s A e 00
PR E.I9 O N ‘
PERLE feature a total footprint of: e i ! o |
30 meters long, 15 meters wide and 3.4 meters high. s By = M Y\
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@
%  PERLE Footprint and site studies

(more details in Walid talk)
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% HRinvolvement and projectio

Significant increase in 2022 of the forces contributing to PERLE that will continue in the coming years according to the
phasing strategv.

30 FTE Main Accelerator Projects THOMIX
—e—ESS
50 FTE o MYRRHA Up to 20 FTE secured.
1JCLab/ France has to increase
PALLAS
that.
=9=FCC
10 FTE \PC BUT
—o—ILE We need similar exercise from the
——PIP I other partners.
O FTE
2020 2021 2022 2023 2024 2025 2026 2027 Action on going.

- Here the evolution of 1JCLab manpower implication on the project in the past three years and an estimation for the 3

upcoming ones:
Cvear | 2020 | 2021 | 2022 | 2023 | 2020 | 2025
9 3 7 16 18 20

* For the past years, the table do not include other French lab involvements (LPSC + GANIL) + a split site PhD with Liverpool University.
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@
@ Financial resources- Budget Estimat

The global cost of the full machine ~27 MEuros.
(This estimation did not include manpower cost)

The following table presents an Ideal Spending Profile splitted in P2B phase, Construction, Construction-
Infra (infrastructure equipment installation) and Upgrade to 500 MeV.

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 Total (k€)
P2B (k€) 168,5 1626,5
Construction (k€) 0 0 0 2970 | 7300 |6200 |1050 |0 0 0 17520
Constr.-Infra (k€) 0 100 (500 |1100 |1600 |500 |O 0 0 3800
Upgrade 500 MeV (k€) | 0 0 0 0 0 0 350 |1600 |1830 [550 |4330
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% Budget - Spending profile in g

Ideal Spending Profile in k€ splitted in P2B phase, CONSTRUCTION, CONSTRUCION-INFRA and UPGRADE to 500 MeV.

9000
8000 .
7000 I 10000
6000
5000
4000 - s
3000 | S
2000 =
1000 I I
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
COSTRUCTION ICOSTR CTION-INFRA B PREPARATORY TO BUILD M upgrade to 500 MEV
200 Focus on P2B phase . .
We are trying to secure It
600
[ %0 | 1

500 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

400 COSTRUCTION = = = COSTRUCTION-INFRA

300 —8— PREPARATORY TO BUILD = = ypgrade to 500 MEV

200

295
100
0 . 40
2022 2023 2024 2025 Spending Profile in k€ for P2B phase detailing the cost for TDR + Prototyping and
TDR+Prototyping M DC-GUN in-kind the installation of the DC-Gun.
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“ Search for financial support

We are actively looking at different possibilities to get extra funds for the P2B phase and beyond.
* Beyond PERLE, but really PERLE and bERLinPro oriented, we are about signing an MoU CNRS/HZB

e iSAS: European INFRA-TECH project 11 research partners (CNRS, CERN, ESS, DESY, VUB, CEA, HZB, INFN, UKRI, UL, EPFL) Asked
5M£. Financial support for the construction of the full cryomodule of a cost of about 3M€. The IN2P3 has guarantee the matching
funds at the level of 1.0M€ complemented by the lab.

Possibility of having ESS and INFN-LASA-Milano in PERLE Coll.

Contribution ESS vessel cryomodule

N2\ Z

* France 2030 will propose new project oriented calls (current 2023) ~5M€. Call in fall.

* Important role played by ERL panel with a mandate by the CERN Council in the ESPP Roadmap has as a main task to guarantee that
the ERL RoadMap and so PERLE could get the sufficient financial support to success the ESPP strategy.

* In-Kind contributions:
o Approved: DC gun from Daresbury, CM vessel ESS (around 700k€).
o Potential in-Kind Contributions under discussions: CBETA equipment, Booster (Jlab ?), Buncher (ESS-Bilbao?)
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[
% ISAS: Innovate for Sustainable Ac

* EU call HORIZON-INFRA-2023-TECH-01-01: New technologies and solutions for reducing the environmental and
climate footprint of Ris. Project submitted to EU on March 9, 2023
* The objective of iSAS is to innovate those technologies that have been identified as being a common core of SRF
accelerating systems and that have the largest leverage for energy savings with a view to minimizing the intrinsic
energy consumption in all phases of operation
* Project lead by CNRS
* Scientific coordinator : J. D’"Hondt (VUB)
* Project coordinator : A. Stocchi
* International consortium:
e 11 research partners (CNRS, CERN, ESS, DESY, VUB, CEA, HZB, INFN, UKRI, UL, EPFL)

* 6 industrial partners
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ISAS: Innovate for Sustainable

INT#3: sustainable accelerator turn-key solutions with breakthrough applications
particle therapy
_\I'E

( DEVELOP ENERGY-SAVING TECHNOLOGIES
ESSENTIAL TO INTEGRATE IN THE DESIGN OF A
SUSTAINABLE LINAC CRYOMODULE

lmlzmrgv-savlngsfrom RFpower]

A

q
nangmeter

“semiconductors

INT#1
R&D Pathfinders \“6 C d . . P I
fornew ) . - oordination Pane - .
ey et Governing Board e : _ Advisory Board
RSt ! Char: Dave Newbold (STFC) — Scientific Coordinator: Jorgen D’Hondt (Uni Brussels) | Chair: Frederick Bordry (CERN)
~2 g integrating new technologies in the design AH{W' _a\;e) ewt ° S Deputy Scientific Coordinators: Giovanni Bisoffi (INFN) & Jens Knobloch (HZB) a"',‘ tre e:!c Ior v 5
gssoeiaieypalizegstiies) Project Coordinator and Office: Achille Stocchi (CNRS) LLEIaUOnUEAD LS
of a new sustainable LINAC cryomodule
s 2 External Relations: Maud Baylac (CNRS)

Ex-officio: chair Governing Board & chair Advisory Board

s,

l'le: energy-savings from the cryogenics |

TA#3: energy-savings from the beam

\ : Management WP9

Integration Activities
WP6 INT#2 WP7 INT#3

Existing Rls Industry

| _J Coordination & Management
CNRS team coordinated by Ketel Turzo (CNRS)

WP5 i

Design new CM

INT#2: full deployment of energy saving in current and future accelerator Rls

TA: Technology Area

“Innovate for Sustainable Accelerating Systems” (iSAS) — concrete Work Packages Societal Impact WP8

Task#1: Training & Early Career
Task#2: Outreach & Dissemination
Task#3: Diversity & Equity

Task#4: Open Science
CNRS team coordinated by Ketel Turzo (CNRS)

* R&D Pathfinders for three Technology Areas (TA) for energy-saving

TA#1: energy savings from the RF power (short-term and very wide applications)
WP 1: optimal integration of Fast Reactive Tuners to deal with microphonics (400, 800 and 1300 MHz)
WP.2: LLRF controls (incl. Al)

Technology Areas

TA#2: energy savings from the cryogenics (medium-term and wide applications) Industry
WP.3: high-temperature SRF cavities (thin films (e.g., Nb;Sn) on Cu) Board . 9

TA#3: energy savings from the beam (long-term and specific applications) - P Cioneio Keonel Stee Il ng CO mm |ttee
WP.4: Higher-Order Mode damping and fundamental couplers (ESS) (CNRS) ! Iorglr:me)ppe

* INT#1: integrate these technologies into the design of a sustainable LINAC cryomodule
o WPRS5: based on the ESS cryomodules, develop a parametric design for an optimally sustainable LINAC cryomodule, ready to be
adapted and built for various applications in industry and in accelerator Rls
* INT#2: integrate these technologies into existing LINAC cryomodules at Rls
o WP6: engineering aspects to integrate and test energy-saving FRT, HOM and fundamental couplers technologies in existing
structures at Rls, with a focus on ESS, HL-LHC, EU XFEL (i.e., addressing directly the scope of this Horizon Europe call)
* INT#3: integrate into turn-key solutions and revolutionising applications in industry
o WRP7: prepare the co-developments with industrial partners such that when the new technologies and the new designed LINAC
cryomodule are developed and validated their Technology Readiness Level is sufficient such that industry can consider building them

PERLE Collaboration Meeting
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L B
» Very nice progress on the project in the last few months (DC-gun, injection, cryomodules,
HOM, beam dynamics..)

» The success of some very promising initiative could be a game changer for PERLE (iSAS,
Recovery plan projects..). Still not enough for the full PERLE construction

» Manpower largely not sufficient as soon as we enter in the next phase. Action on going at
lJCLab and more clear discussions to be made with partners

| wish us a fruitfull meeting !
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