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INTRODUCTION

In the frame of the SARAF Phase-II upgrade of the SNRC 

accelerator at Soreq (Israel).

Production of 4 cryomodules for a LINAC with output 

energy up to 35 MeV (protons) and 40 MeV (deutons).

Frequency: 176 MHz.

Two types of cavity:

- « Low-beta »: 𝛽𝑜𝑝𝑡 = 0.09,

- « High-beta »: 𝛽𝑜𝑝𝑡 = 0.18.

Nominal temperature: 4.45 K (LHe @ 1200 mbar).
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INTRODUCTION

We chose to design them according to the « HWR » (Half Wave

Resonator) conception.

Previous presentations of the cavities:

- IPAC2016: Design of the HWR Cavities for SARAF,

- LINAC2016: Final Design of the Fully Equipped HWR Cavities for 

SARAF,

- LINAC2016: Mechanical Design of the HWR Cavities for the SARAF 

SRF Linac,

- IPAC2019: Results of CEA Tests of SARAF Cavities Prototypes.
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INTRODUCTION

Cavities were manufactured by Research Instruments (Germany)

This presentation focuses on the qualification of these cavities for the 

prototypes and series.
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I. FIRST BATCH OF PROTOTYPES
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A. THE INITIAL PREPARATION

PROCESS

Temperature in operation: 4.45 K

Temperature for tests: 4.2 K

Maximal acceptable surface resistance @ 4.45 K: 45 nΩ

Operations available:

- Ultra Sound Degreasing (USD)

- Buffered Chemical Polishing (BCP) HF/HNO3/H3PO4 

1:1:2.4

- High Pressure Rinsing (HPR)

- Heat treatment > 800°C (HT, Subcontracted)

- Baking > 180°C.
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A. THE INITIAL PREPARATION

PROCESS

Here is the initial proposed process for the prototypes:

- USD,

- 120 µm BCP of the bare cavity,

- 6 hours HPR,

- First test at 4.2 K,

- HT 650°C – 3 hours,

- 10 µm BCP,

- 6 hours HPR,

- Second test at 4.2 K,

- Welding of the helium tank,

- 10 µm BCP,

- 6 hours HPR,

- Final test at 4.2 K.
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B. THE LOW-BETA PROTOTYPE

|  PAGE 11

Target was 𝑄0 = 8.108 at 7 MV/m. We reached 3.107 at 4 MV/m. Field 

emission was very high.

Actually, this test was not done with our HPR facilities. We had a failure on 

it, and we tried to use the HPR facilities of another laboratory with

unsuitable tooling. It was not a good idea…

Cavity before

assembly in 

clean room.

Target



B. THE LOW-BETA PROTOTYPE
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Target

New test after HT and HPR with our HPR facilities (after repair) and 

dedicated tooling. Before (blue) and after (yellow) helium tank welding.

The target is almost reached (5 to 10 % lower)



B. THE LOW-BETA PROTOTYPE
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Target

New test after baking. Green, first test. Blue, second test after

disassembly and reassembly of the cavity (no second baking after

reassembly). The target was reached with a factor 2 margin.



B. THE LOW-BETA PROTOTYPE

The last curve (brown curve) is the test in the test 

cryomodule (called ECTS). Only the helium tank is filled

with LHe for this test. A second test in ECTS was done

with the power coupler. Q0 was estimated with the Lhe

consumption. Results are consistent.
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B. THE LOW-BETA PROTOTYPE

At this stage, the LB prototype was fully validated.

The process was modified to include baking that improves

greatly the performances.

But the story of the LB prototype does not finish here…
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C. THE HIGH-BETA PROTOTYPE

Same process as previously.
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Target

The target was clearly not 

reached.

New tests were done with

more BCP, more HPR, etc.

We can see « two

curves ». There is some

kind of « microquench » at 

4 MV/m. And a final 

quench around 5 MV/m.

HB cavity during manufacturing



C. THE HIGH-BETA PROTOTYPE

Analyse of the reason of the quench.

The cavity torus was cut. A large defect was seen at the 

weld between the torus and the HPR port. Temperature

probes (Cernox) allowed to verify that the cause of the 

quench was at this place.
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II. SECOND HB PROTOTYPE AND LB 

FIRST OF SERIES
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A. THE NEW PREPARATION

PROCESS

In order to make the preparation quicker and cheaper, 

here is the final chosen preparation process:

- USD,

- 120 µm BCP,

- HPR,

- Only for the first cavities: first test at 4.2 K,

- HT 650°C/3 hours,

- Helium tank welding,

- 10 µm BCP,

- HPR,

- Baking 120°C/48 hours,

- Final RF test.
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B. THE LOW-BETA FIRST OF 

SERIES

Following the unsuccessful tests of the HB prototype, we

decided to change the design of the tori. Instead of having

a weld at this very critical place, we asked to « neck-out » 

the tori.
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From this To this



B. THE LOW-BETA FIRST OF 

SERIES
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Before (top) and after (bottom) 

heat treatment and baking.

Baking always improves

significantly the performances 

of the cavity.

Test was done up to 10 MV/m. 

No quench, no critical field

emission.

This corresponds to:

- Epk = 49 MV/m,

- Bpk = 94 mT.



C. THE SECOND HIGH-BETA 

PROTOTYPE

For the second HB prototype, some parts of the first 

prototypes were reused: inner and outer conductor.

New tori were made with necking-out.

The helium tank was modified to integrate bellows. This 

allowed to avoid excessive mechanical stress on the HPR 

ports.
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Cavity with bellow ready for HPR.



C. THE SECOND HIGH-BETA 

PROTOTYPE
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With the new prototype, we

reached 11.5 MV/m without

significant field emission and 

no quench.

Baking also improved a lot the 

performances (factor 2)

This corresponds to:

- Epk = 53 MV/m,

- Bpk = 93 mT.

The qualification of the new 

prototype launched the 

manufacturing of the series.



III. THE SERIES
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A. THE LOW-BETA SERIES

PERFORMANCE

All bare LB cavities have been manufactured. Most of 

these cavities have been equipped with their helium tanks. 

The last ones should be finished before end of June.

For now, only cavities 1 to 7 have been tested with helium

tank in vertical cryostat. (End of May 2021)

Cavities 1 to 6 are being assembled in the first 

cryomodule for tests.

Manufacturing of HB series is on-going.
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A. THE LOW-BETA SERIES

PERFORMANCE
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The 7 first cavities with helium tank were successfully qualified!



A. THE LOW-BETA SERIES

PERFORMANCE

|  PAGE 27

We observed with some cavities, that only 1 HPR was not 

enough to have no field emission and avoid quenching at a field

lower than 7 MV/m.

Cavity #7 after 1st HPR.

Quench

Cavity #7 after 2nd HPR.



B. SCHEDULE

The last LB cavities must be fully qualified (with helium

tank) before end of August 2021.

The test of the first cryomodule is planned for beginning of 

September. In parallel, the assembly of the second 

cryomodule with remaining LB cavities will begin in the 

beginning of August.

The seven first HB cavities must be fully qualified before

end of 2021. The remaining HB cavities must be fully

qualified before end of March 2022.

Installation of the last cryomodule at Soreq is planned for 

end of 2022.
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CONCLUSIONS
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CONCLUSION

We successfully validated both superconducting cavities, 

after some initial difficulties. 

After few tests, it seems like we found an easy and 

efficient process for the preparation of cavities with 𝑄0
about twice higher than the initial requirement we defined.

Now, the LB series is successfully ongoing. The first LB 

cryomodule with 6 cavities is being prepared.

Manufacturing of the HB series is on-going.
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