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• Accelerator, Cryogenics and Magnet Department (DACM)

– Accelerator design and beam physics

– H+/D+ high-intensity sources and injectors

e.g.

Expertise and Capabilities
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ESS RFQ in tunnel: 70 mA H+, 6 MeV, 4.6 m long, 353 MHz
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• Accelerator, Cryogenics and Magnet Department (DACM)

– Superconducting magnet design and fabrication

– High-field SC magnets tests

e.g.

Expertise and Capabilities
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NeuroSpin/ISEULT
11.7 T full-body MRI

JT-60SA Tokamak
20 coils, 15 tons, 4.5 K, 27.5 kA
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• Accelerator, Cryogenics and Magnet Department (DACM)

– Superconducting cavities and cryomodule design

– Cavity and cryomodule RF tests

e.g.

Expertise and Capabilities Charge #5
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Spiral 2
12 QWR, 88 MHz

ESS
9 +21 elliptical CMs, 704 MHz
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Expertise and Capabilities Charge #5
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CEA Technology Infrastructure (25 000 m2)
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Scope and Deliverables Charge #5
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Subject to decision on funding, CEA is aiming at the following scope of 
work:

• Design of LB650 cryomodule, after collaborating to the HB650 
cryomodule design with Fermilab

• Co-Design of the 650 MHz RF couplers, with Fermilab

• Procurement and conditioning of 650 MHz RF couplers

• Procurement of LB650 tuners

• Procurement of all cryomodule parts (vacuum vessels, 
strongbacks, thermal shields, magnetic shields, cryogenic parts, 
instrumentation, etc.) except RF cavities 

• String and module assembly of one prototype LB650 (CM0) 
and of 9 production LB650 cryomodules (CM1-9)

• Qualification cold RF tests of 1+9 LB650 cryomodules
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CEA Project Management Charge #5
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The team will grow steadily when funding is ‘secured’.

An internal CEA kick-off meeting will be organized to baseline the
PIP2@CEA project in terms of manpower resources, budget
profiles, schedule, risks, and organizational matters (QA, safety).
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Quality
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• HB650 and LB650 Cryomodules

– Design of a strong-back system for HB650 CMs

• Possibility of segmenting in six 1 m long modules

• Interface with Vacuum Vessel studied (columns, wheels)

– Strategy for roll-over assembly of VV (wheels/rails)

• Specification on strong-back rigidity

• Specifications of wheels. vs. rails machining accuracy

Technical Progress to Date Charge #5
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• 650 MHz RF Couplers

– Study of RF conditioning strategy

– Study of vacuum monitoring and interlock

Technical Progress to Date Charge #5
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• Cryogenics and RF Test

– Implantation study on ESS cave

– Existing cryogenics plant cooling power and He flow

Technical Progress to Date Charge #5
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LN2

ΔmH80

76.24 K 80.00 K

101.10 g/s

W Ecrans  = 362.0 Watt 

44.28 K 49.64 K

51.73 K

10.50 bars

   h is  = 0.60 35.04 g/s

3277.25 Watts

34.18 K 35.48 K 34.01 K

1.25 bars

34.27 K Fuite froide = 0.2 g/s

38.35 Watts

66.26 g/s

16.38 K 19.81 K

19.67 K

13.80 bars

   h is  = 0.62 37.34 g/s

1389.07 Watts

11.69 K 11.53 K

1.25 bars

11.89 K 11.99 K Fuite froide = 0.2 g/s

14.69 Watts

29.12 g/s 32.62 g/s

4.45 K 5.35 K

ΔmH4.5

Wfrigo. = 283.92 Watts Puissance Cryo.  = 283.9 Watt 

Débit enth. extraite 4.5 K 62.18 Watts

Δm H4.5 221.74 Watts

4.50 K

29.12 g/s

3.50 g/s

Bilan entre le bout chaud de E2 et le bout froid de E6

Caractéristiques Échangeurs Pertes (W) Apports enthalpiques (W) Puissance extraite (W)

HS1 (W/K) - - Pertes HX 95.00 Turb. chaude 3277.25

HS2 (W/K) 3685 30 ΔmH4.5 221.74 Fuite 38.35

HS3 (W/K) 1883 10 ΔmH80 4040.62 Turb. froide 1389.07

HS4 (W/K) 2943 30 Ecrans 362 Fuite 14.69

HS5 (W/K) 1293 10

HS6 (W/K) 1580 15 Total 4719.36 Total 4719.36
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Charge #5
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Schedule Charge #5
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Pre-series couplers,
for pre-production LB650
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Schedule Charge #5
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Pre-production LB650 CM0: 
 assembly (6 months)

 RF test at CEA (3months)
 shipment - RF test at Fermilab
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Schedule Charge #5
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Production couplers, for 
production HB650 and LB650 CMs
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Schedule Charge #5
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Production LB650 CM1-CM9: 
 assembly (3 months)

 RF test at CEA (1 month)
 shipment
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The main External and Internal risks identified by CEA are :

• E1: ESS cryomodule production schedule delays, past 2022.

– The assembly of 30 ESS cryomodules (9 MB704 and 21 

HB704) by CEA at Saclay until 2022 paves the way for the 

further assembly of 10 LB650 cryomodules, and retires 

organizational and technical risks. 

• E2: Delays in the delivery of qualified cavities.

• I1: Delays in the production and acceptance of critical 

components: RF couplers, vacuum vessels, etc…

• I2: Complexity of PED certification (organization and cost of 

non-destructive tests).

CEA has dealt with similar risks during SPIRAL2, EU-XFEL and 

IFMIF project execution. Risk mitigation plan will be prepared 

and presented at the CEA Kick-off meeting.

Risk Management Charge #5
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ESH: Safety Organisation by Site  Charge #5

PIP-II 
activities
will take
place in 
this area



CEA Safety Analysis and Hazard Prevention

• Prototyping Phase

– Safety studies of existing workstations

– PIP-II safety study for project authorization by the CEA-Saclay 

central ‘Safety Local Commission’ (CLS)

 Radiation protection safety

 Pressurized vessel equipment (PED) safety

• Industrial Production Phase

– Safety and environmental requirement for PIP-II specifications

– PIP-II safety study for project authorization by the CEA-Saclay 

central ‘Safety Local Commission’ (CLS)

– ESH Plan with the selected industrial contractor.

ESH 
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Charge #5



CEA Safety Management during Exploitation Phase

• General safety rules and procedures (e.g. PPE) 

• Safety training plan and medical supervision

• Team leader and deputy for each exploitation station

• Pre-authorization form to start testing

• Safety inspection and safety drills

• Regulatory periodic controls of equipment

• Co-activity oversight:

– Bi-monthly meetings for manage exploitation and prevent

interferences

– Quaterly meetings for Technology Infrastructure land use

– Construction works and logistics oversight by ESH teams

ESH 
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Charge #5



CEA has well a established QA team and QA practice, 

e.g. ESS.

QA  
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Charge #5



• The participation of CEA to ‘mega-project’, like EU-XFEL, has 

demonstrated the critical importance of a powerful and 

rigorous QA/QC implementation for the project compliance to 

performance, schedule and cost.

• CEA is fully aware of the importance of configuration 

management, traceability and (early) detection of non-

conformances.

• In practice CEA adapts its QA/QC implementation to the QA 

methods and tools provided by the project (e.g. TeamCenter).

• Actually, the ESS-CEA QA plan for cryomodule assembly was 

influential to the development of the PIP-II QA plan.

• Liaison with FNAL QA office is effective and ongoing. Several 

meetings were organized at Fermilab and at Saclay in 2019.

• The QA plan for the CEA In-Kind contribution is under work. 

QA  
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Charge #5



• DUNE, including PIP-II, is making its way to the French 

roadmap of large research infrastructures, with the joint 

commitment of CEA and IN2P3.

• PIP-II accelerator development and construction is supported 

by CEA at the highest priority. It is an opportunity for CEA.

• CEA has been a key partner in the construction of SRF linacs

such as SPIRAL2 and EU-XFEL, and is currently involved in 

the construction of IFMIF, SARAF.

• The construction of ESS, in partnership with IN2P3, INFN 

and STFC, is a strong advantage for the PIP-II project.

• The current CEA team is highly competent and motivated.

• PIP-II work started already.

Summary
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