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Disposition : Contenu + visuel

Motivation and collaboration overview

• ILC Technology Network Framework

• An ILC prototype cryomodule (CM) will be constructed at KEK until 2027

• Plan of test and operation under the same conditions as in the future accelerator 

(vacuum, cryogenic temperatures, high power radio frequency, etc.), except for 

beam acceleration

• A test facility for high-performance CMs is being designed and will be built at KEK

• Field emission

• Main cause for the degradation of the quality factor of superconducting cavities and 

the final machine performance 

• Mostly originates from dust particle contamination

• Gamma-ray diagnostics are paramount for radiation protection and 

cryomodule performance evaluation
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Dr. T. Yamada, Dr. H. Iwase, Dr. T. Oyama, K. Tsugane

Requested 

funding
1440 k¥ (20 days, 2 travels, material shipment)
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Disposition : Titre et contenu

• We are interested in versatile and large-area coverage detectors:
• Plastic scintillators can be shaped in different forms

• Reasonably cheap with respect to the area coverage

• Largely used in particle physics (e.g. Sci-Fi Tracker in LHCb)

• We started by testing a plastic block (10x50x1500mm) and fibers (Ø1x1500mm) as a proof of concept

• Detectors are at room temperature (easy to install and change configuration)

• Possibility to study field emission radiation pulse by pulse, with time resolution within the pulse

• We are developing dedicated Geant4 applications for cryomodule and cavity testing allowing us to 

optimize detectors with respect to the radiation emerging from the cavities

Base plastic is Polyvinyl toluene (PVT)

Photo Multiplier

−Diagnostic system for high performance cavities and CMs

Scintillator block installed on ESS cryomodule during

power test in Saclay, close to a NaI(Tl) scintillator.
ESS cryomodule installed in the test stand at Saclay
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Disposition : Visuel  haut + contenu

Astuce :Après avoir insérez votre image, placez celle-ci en arrière plan : Clic droit + « Arrière plan »

Detector development

(Generation overview)

Generation Set up Time 

resolution

Pros Cons

I
Photomultiplier 

+ LPS
10 µs

Implementation “Slow”

II
Photomultiplier

+ fast amplifier
1ns

Response speed Cost per detector, 

read out speed (scope)

III

MPPC* + 

dedicated

readout 

1ns

Cheaper cost per detector,

fast acquisition/analysis

Need dedicated ASIC

• We have collected data for Gen. I at CEA and ESS

• Gen. II is ongoing, we have some preliminary data from ESS (TS2)

• Gen. III is under development (test in mid-2024)

*Multi-Pixel Photon Counter, Silicon Photomultiplier
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Disposition : Vide

Test stand 2 at ESS

• For the first time the  

comparison of data 

from different 

detectors generations 

is possible

Saclay Gen. II detector

Saclay Gen. I detector

Saclay Gen. I detector
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Disposition : Vide

Fundamental power coupler (FPC) electron emission 

FPC4 low energy electrons (here 100 eV ~ threshold SEY>1 ) are captured by the cavity field 

and generate secondary tracks

• Due to the 10 µs time resolution, 
we can distinguish between FE 
and FPC electron emission

Data of FPC diag. Data of FPC diag.

Dashed line = cavity field as reference

Data of Gen. I detectors
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Disposition : Vide

CAV3 CAV4

30 min acquisition 60 min acquisition

Data taken during CM test at ESS (light pulse count wrt time)

CAV4

log scale

CAV2

30 min acquisition

FPC 3-4 e- pickups and PMs
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Disposition : Vide

All cavities 19MV/m

DecayFilling • We observed a clear correlation between 

light pulse counting and activity in the 

fundamental power couplers

• It is possible to correlate the light pulse 

arrival time to the cavity pulse
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Radiation study at KEK during cavity vertical 
tests using additional neutron monitors
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Used for HL-LHC (<~GeV)

Used by the KEK radiation group 

(<20MeV)

They were installed 

beside the VT cryostat

FHT 762 Wendi-2

(Wide Energy Neutron Detector)

NSN2

(Neutron REM Counter)



Radiation study during cavity vertical tests using 
additional neutron monitors

FHT 762 Wendi-2 NSN2

Measurement range 0.01 µSv/h ~ 100 mSv/h 0.01 µSv/h ~ 10 mSv/h

Measuring energy range 25 meV ~ 5 GeV 25 meV ~ 15 MeV

Angular dependence ±20% (all directions) <±10% (0~±135°)

Gamma ray sensitivity 1~5 µSv/h at 100 mSv/h 100mSv/hまで不感

Environmental temperature -30℃ ~ 50℃ -10℃ ~ 45℃

Environmental humidity <90% <90%

Size 230 mm (dia.) x 320 mm (h) 210 mm (dia.) x 320 mm (l)

Weight 13.5 kg 7 kg

• Both are He-3 proportional counter tubes and pothyethylene is used 

as the moderator
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Radiation study during cavity vertical tests using 
additional neutron monitors

• During a vertical test of 1.3 GHz 9-cell TESLA-type SRF cavity

• Both instruments are in good agreement. In the case of π mode, the number of 

neutrons is about 1/100 of the amount of gamma rays.
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Design of CM test bunker at COI and providing 
data for simulations (GEANT4)



Design of CM test bunker at COI and providing 
data for simulations (GEANT4)
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Design of CM test bunker at COI and providing 
data for simulations (GEANT4)
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Image color code:

Gray: Roof and Floor

Yellow: side walls

Red: Inner wall

Purple: Source

Transparent blue: “detector door”

Standard concrete

Courtesy of Enrico Cenni
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Design of CM test bunker at COI and providing 
data for simulations (GEANT4)

Courtesy of Enrico Cenni

• Isotropic source

• Particles (Gamma, Neutrons or Electrons)

• With electrons, we added a Niobium radiator in order to produce bremsstrahlung radiation
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Design of CM test bunker at COI and providing 
data for simulations (GEANT4)

Courtesy of Enrico Cenni

1 MeV gamma
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Design of CM test bunker at COI and providing 
data for simulations (GEANT4)

Courtesy of Enrico Cenni

1 MeV Neutrons

• Pink 

trajectories 

are neutrons

• Green 

trajectories 

are 

secondary 

gamma
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Summary

CEA activities

● Simulation with particle tracking codes and electro-magnetic shower code (GEANT4) for the interaction of 
electrons with the SRF cavities and cryomodule materials

● Detector development (time-resolved gamma detection)

● Measuring campaign during cryomodule and cavity tests

KEK activities

● Radiation study during cavity vertical tests using additional neutron monitors

● Measurement device preparation

● Design of CM test bunker at COI and providing data for simulations (GEANT4)

Collaboration goals

● The CEA team would like to extend their detector application to TESLA-type cavities tested in the 
vertical cryostat and the CM at KEK as well as participate in the design of the new CM test facility and 
study the best solution for radiation protection with conventional radiation dose monitors (gamma and 
neutrons)

● The KEK team would like to gain first-hand experience during radiation measurement campaigns 
(especially involving PIP-II CMs) at CEA
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Disposition : FIN

Thank you very much for your attention!
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