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Abstract 
Field emission (FE) is one of the main reasons for the 

degradation of accelerator cryomodules, as field emitted 
current tends to become more severe during the beam op-
eration. It is essential to better understand how this phe-
nomenon is generated and evolves from the SRF cavity 
preparation in the clean room, through their assembly in 
the cryomodule until their final test and operation. Due to 
the shielding environment of a cavity in its vertical test 
stand, or the architecture of a cryomodule, the more faint 
radiation occurring at the FE onset remains undetected. 
More precise diagnostic and analysis tools are required to 
gain more information. We present the development of 
dedicated time-resolved detectors for the FE radiation 
which aim to improve its coverage in terms of solid angle 
and lower energy threshold sensitivity. We approach this 
topic through detailed simulation based on the Geant4 
toolkit in order to analyse the interaction of FE radiation 
with the cavity environment and optimize the detectors 
with respect to their application in cryomodule or vertical 
test stands. We illustrate this by analysing recent cryomod-
ule experimental test data.  

INTRODUCTION 
State of the art cavity preparation and clean room assem-

bly techniques enable individual multi-cell, elliptical cav-
ity field-emission-free performance. Large projects gener-
ally choose to minimize the amount of time dedicated to 
the HPR for a given pass rate on the first RF test of a cavity. 
Then a new treatment is applied to the field emitting cavity. 
A high rate of typically 90% is then achieved. The remain-
ing cavities are then dealt with on a case-by-case basis due 
to diminishing returns. 

When the FE-free, vertically tested cavities are assem-
bled into a string, keeping the same level of cleanliness for 
the assembled cryomodule (CM) is obviously a challenge. 
First, new parts such as bellows, power couplers and gate 
valves are now connected to the beam vacuum. Particle 
counting is the tool of choice to guarantee that the level of 
cleanliness of the parts will not contaminate the cavity sur-
faces. Despite all assembly with backflow, evacuation, 
venting, connections to vacuum pumps and other processes 
being kept under tight control, the FE threshold is often 
brought back within the range of cavity operation gradient. 

Testing individual cavities within the CM can inform on 
the possible impact of vacuum equipment connection if 
end cavities experience a reduction in performance. The 
test can inform only on a basic level whether the cavity 
performance is retained or degraded.  

Only the absence of FE is a strong proof that the assem-
bly has reached its goal. In the opposite case, one has to 

compare two FE measurements done in different contexts 
and available instrumentation: 

-Various shielding situations: The nature and quantity of 
shielding material between the cavity and the radiation 
monitors differ from one test infrastructure to the next, and 
from a vertical test (VT) to a cryomodule test. 

- Different radiation monitors, 
- Mode of operation: pulsed instead of continuous may 

introduce an excursion from the linear response of a detec-
tor due to its intrinsic dead time. Geiger-Müller (GM) and 
neutron rem counter are subject to this limitation generat-
ing a saturation at higher count rates [1].  

A fair comparison between VT and CM tests is possible 
if one ensures that both situations have used the same 
measurement equipment. This is one strong motivation to 
develop a radiation instrumentation that could be used in 
both cases and installed at the same relative position with 
respect to the cavity. If the radiation sensitive part of the 
detection is taking place at cryogenic temperatures, and 
should be even placed in liquid He directly to be able to 
cover all the use cases.  

A limitation of standard area radiation monitors, GM or 
ionization chambers is their size which makes it very diffi-
cult to imagine a tight coverage in terms of angular distri-
bution around the cavity under test. In a VT test case, they 
would be installed around the Dewar in room temperature 
conditions, separated from the source by shielding mate-
rial. VT setups generally do not include more than two or 
three monitors, while this number can be increased to more 
than 10 units in a CM test bunker. 

Area radiation monitors, GM or neutron rem-counters 
measure the ambient dose equivalent H*(10). The conver-
sion between the equivalent dose and neutron flux requires 
Monte-Carlo (MC) simulations, since the equivalent dose 
depends on an energy-dependent weighting factors. Using 
data from [2] makes evaluating the neutron flux from 
H*(10) measurements possible under the hypothesis of a 
neutron energy spectrum. 

 Improvements over standard area monitors would be the 
access to timing information and energy of the radiation. 
Then combining measurements with MC simulations 
makes it possible to identify an electron emission scenario 
and potentially track back to the initial electron current. 

During the ESS elliptical cavity CM tests at Saclay [3, 4] 
and Lund Test Stand (TS2) [5], the false triggering of the 
power coupler arc detection interlocks with  radiation oc-
curred multiple times. The time resolved detection of the 
radiation can provide useful information to inject into the 
interlock system logic. It can also enable the disambigua-
tion of different origins of the measured radiation in pulsed 
operation.  
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DETECTION OF GAMMA RADIATION 
Our developments are focussed around plastic scintilla-

tors which offer a number of interesting properties namely 
time response of a few nanoseconds, capability to be ma-
chined or formed in any shape, including fibres or light 
guides, and low cost. The latter opens to the possibility to 
cover a large surface area or angle coverage for  detection 
combined with the potential to collect the scintillation light 
at discrete positions with a photo-detector, possibly remote 
from a harsh environment, in our case liquid helium and 
high radiation flux. A number of examples of the use of 
plastic scintillators exist, including in high radiation expo-
sure areas around LHC detectors (LHCb SciFi tracker [6]). 

The measurement unit setup consists of a scintillating 
material in our case Polyvinyltoluene (PVT), an optical 
light collection system that transfers the optical photons to 
the photodetector, the readout electronics and a data acqui-
sition system. For the first tests the scintillating fibre was 
directly connected to a Hamamatsu H10720-110 photo-
multiplier tube (PMT) read by an all-analogue electronics 
with a 10 s integrating amplifier. The integration time was 
originally chosen for the fast arc detection interlock system 
for the power couplers (FPC). The time variation of the  
radiation signal can be recorded by any DAQ system, and 
already helps identify if the origin of the radiation is FE, 
i.e. the intensity varies in conjunction with cavity gradient, 
FPC electron emission if it is synchronized with e- detec-
tion in the FPC, or multipacting (MP) in the cavity. 

An alternative is to choose the photon counting mode by 
connecting the PMT anode to a high bandwidth trans-im-
pedance amplifier (TIA) in order to change the fast PMT 
anode photocurrent into voltage. If connected to a matched 
transmission line it is then possible to obtain voltage pulses 
of a few ns each time a photon or a group of coincident 
photons are detected by the PMT. The Hamamatsu C5594 
amplifier we used has a bandwidth of 1.5 GHz. With this 
setup it becomes possible for each group of coincident pho-
tons to obtain a voltage pulse proportional to their number. 
The principle of spectroscopy with scintillators relies on 
the fact that one  generates a number of scintillation pho-
tons in the material which is proportional to its energy. 
Keeping a linear relationship between the number of de-
tected photons in the PMT and the height of the voltage 
pulse at the output of the TIA is then a way to obtain the 
primary energy information. The proportionality constant 
relating the voltage to the energy is obtained through cali-
bration with a known radioactive  source. The limitation 
of this idealized situation starts with the fact that the in-
coming  does not release all its energy into scintillation 
photons. In the case of fibres, the probability that the  in-
teracts with the scintillator material is already low because 
of the density and size of the fibre. However, the  emission 
rate in a cavity with FE or MP makes up for this as will be 
demonstrated.  

We performed initial testing of a single 1.5 m long fibre 
equipped with a PMMA optical fibre at each end to guide 

the scintillation photons out of the VT Dewar, as repre-
sented in Fig. 1. It has been used for 4 vertical tests of 
=0.86 ESS cavities [7] at the temperature of 2 K. 

 

 

Figure 1: Single PVT fibre test in the VT cryostat. 
 
The scintillation photon count rate is compared to the 

dose rate measured on the top plate of the VT insert using 
a GM tube in Fig. 2 while testing a contaminated cavity. 
The recording of the PMT signal starts at 14:08. The cavity 
quenches at 15:18 before Eacc was recorded, which explains 
the presence of scintillation counts on the right side of the 
plot. 
 

 
Figure 2: Radiation measurement on the contaminated
HB08 cavity before re-retreatment. 

 
The PMT signal was repeatedly recorded using an oscil-

loscope at a sampling rate of 5 GHz and a sampling time 
of 200 s. The data were processed offline to obtain the 
PMT pulse count. The count rate obtained with the fibres 
follows the measured dose rate.  After selecting two sets of 
scintillation signal recordings for which the gradient was 
stabilized respectively at 11.8 and 15.9 MV/m, the PMT 
pulse height distribution was analysed. The resulting histo-
grams are displayed in Fig. 3. The pulse height distribu-
tions for the two cavity gradients clearly differ by their 
maximum voltage range. This confirms the pulse height 
data carries information about the energy spectrum of the  
radiation. This is a preliminary test of the potential use of 
the fibres as an energy discriminator if an additional step 
of calibration is performed with a known  source. 
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Figure 3: Pulse height histogram of scintillation at 11.8 and
15.9 MV/m. 

 
The next step is to extend this single detection unit to 

build a small scale multiple fibre system for the 1.3 GHz 
single-cell VT arranged in a birdcage-like configuration 
around the cavity as shown in Fig. 4. Our objective is to 
cover most of the angular distribution of radiation around 
the cavity and evaluate the sensitivity of the fibre net to 
inhomogeneity of the radiation pattern. The only detector 
parts visible are the vertical and horizontal PVT fibres in 
this Geant4 [8] model. The current design discussed below 
comprises 52 channels so multichannel photo-detectors 
like MPPCs will be used instead of PMTs. 

 

 
Figure 4: Layout of the single-cell VT prototype radiation
detector. 

GEANT4 MODELLING 
Geant4 models have been developed in order to have a 

tool to both simulate the FE-induced radiation optimize the 
arrangement of a number of detectors for the various RF 
test cases and simulate our measurements to help their 
analysis. We modelled the CEA single-cell vertical test 
setup and the ESS HB CM in its test bunker, both for Sac-
lay and ESS Lund sites. 

Physics Modelling 
Accelerated electrons hit the beam vacuum boundary, 

producing ionisation and bremsstrahlung in the Nb or 
stainless steel boundaries of the beam vacuum. The s ex-
perience scattering in the material layers they travel 
through and may interact with one fibre. From the outside 
of the cavity we mostly expect to detect s that follow an 

energy spectrum typical of Bremsstrahlung. Scattering in-
side the cavity can lead to the generation of new electrons 
or positrons far away from the original FE source location. 

All simulations have been performed with the EM option 
4 since in our case we are mostly dealing with low energy 
electromagnetic processes. Depending on the studied case, 
we include optical physics (scintillation, Cerenkov radia-
tion and optical photon propagation), high-precision neu-
tron physics, or both. 

 Our first simulation procedure consisted in a first com-
putation of FE electron trajectories from the surface with a 
combination of Superfish and Fishpact [9]. The 2D simu-
lation is fast and provides a mapping from an emitter to the 
impact point and energy. Then a Geant4 simulation would 
be run for a set of impacts determined by their position and 
electron momentum at the impact point.  

Improved Modelling with Tracking of Primaries 
and Secondary Particles in the EM Field 

The specific interaction of a charged particle with a RF 
field is not directly included in Geant4 but the pre-existing 
coding of the particle tracking inside a magnetic field can 
be extended to achieve this. The Geant4 toolkit includes 
tracking integrators that allow for a 6-component field, 
three of which are allocated to the 3D components of B, 
the remaining ones corresponding to E. Our developed G4 
application features the import of a 3D Cartesian RF field 
map, dynamic evaluation of the field components with an 
interpolation routine and tracking inside the RF field. This 
enables us to model most of the studied cases by defining 
the initial electrons emission location and timing. The elec-
tron is tracked and accelerated in the RF field, so it can be 
generated at very low initial energy. In addition, a specific 
particle generator has been included to model the FE time- 
dependent intensity. For a given gradient in the cavities set 
at the start of the run, the relative probability for an electron 
to be emitted at a given RF phase has been made to follow 
the RF Fowler-Nordheim law coded with a Monte-Carlo 
routine. 

SINGLE CELL CAVITY SIMULATIONS 
The VT tests are mostly carried out in CW mode. Let’s 

evaluate the simple case of a single electron being emitted 
at each RF period at the iris of a single cell 1.3 GHz cavity 
running at 30 MV/m.  The average FE current is then 
0.2 nA. In this case, the simulations confirm that typically 
108  are released each second outside the cavity volume in 
4 sr. The scintillation rate of photons detected at a single 
vertical fibre end ranges typically from 103 to 105 s-1 de-
pending on its position around the cavity. This high count 
rate has also been obtained during the tests of HB08, so we 
are confident that the required integration time will be 
within seconds. A set of simulations has been performed to 
determine an arrangement of fibres around the cavity as 
depicted in Fig. 4. A combination of 32 vertical fibres and 
20 equatorial fibres was found adequate for the coverage 
of all but top and bottom directions. An example of the sim-
ulated resulting interaction of the radiation with the fibres 
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is shown in Fig. 5. The histograms report the count of de-
tected scintillation photons by each vertical and horizontal 
fibre. The combination of histograms gives the position of 
the peak and spread of the spatial distribution of the radia-
tion.  

 
Figure 5: Simulation of the scintillation photon generation
and collection, the histogram represents the photon count
on each vertical and horizontal fibre. 

 
The lower energy s have a more uniform angular distri-

bution due to larger scattering angles than higher energy s. 
Using a threshold on the height of the peaks counted on 
each fibre will provide a way to keep only counting events 
of higher energy s, therefore, reduce the smearing of the 
horizontal and vertical angle distribution. 

To detect the radiation emitted closer to the vertical di-
rection, two scintillator disks will be placed above and be-
low the cavity (not shown). This way the number of addi-
tional readout channels is kept low. 

CRYOMODULE TEST SETUP 
In the case of a multiple cavity cryomodule in a test bun-

ker environment, it is of interest to check whether the 
cleanliness of the cavity has been preserved from the ver-
tical test to the final assembly of the CM. Even when test-
ing a single cavity at a time, multiple radiation monitors 
are required to cover the radiation field inside the bunker. 
In this paper, we discuss only ESS medium and high  el-
liptical cavity CM tested at Saclay, summarized in [10].  

An important difference with the single-cell cavity is the 
extended impact energy range of the FE electrons, reported 
in Table 1 for the ESS elliptical cavities. 

The geometrical  of 0.86, optimal  of 0.92 and large 
iris diameter of 120 mm of the high  create favourable 
conditions for electron acceleration across several cells. 

During tests of ESS cryomodules up to 9 GM tubes, one 
rem-type neutron detector were used simultaneously. Dur-
ing pulsed cavity operation the RF pulse structure is rang-
ing from 300 s, 1 Hz to 3.6 ms 14 Hz, approximately 5% 
duty cycle (d.c.). 

 

Table 1: Impact Energies Ei for ESS Cavities 

Beta   0.67 0.86 
Eacc [MV/m] from to 16.7 20 

Most probable     
 Ei [MeV] 3rd iris out 7.5 7.3 
 3rd iris same cav. 1.6 1.1 
 4th iris out 6.6 12 
 4th iris same cav. 1.5 1.1 

Max. Ei [MeV]   7.7 15.2 
 
The GMs are covering two dose rate ranges. The lower 

range is rated up to 1mSv/h, and the higher range up to 1 
Sv/h for continuous mode. The low dose type was able to 
discriminate low activity but was exchanged when possible 
with high dose one, because of their early saturation due to 
dead time. In the 5% d.c. pulse mode the maximum dose 
rate is divided by 20 compared to the range specified for 
CW. The minimum time between two discharges in the 
tube is the source of the limitation of the GM. We also 
reached the saturation of the high dose GMs for several 
cavities during the tests of eight ESS CMs at Saclay. In this 
case the maximum dose rate recorded was 10 mSv/h.  

Two 2-inch NaI(Tl) based spectrometers were used 
throughout all tests performed. The main objective is to 
evaluate the end energy of the Bremsstrahlung spectrum.  
This is an important value when discriminating between 
emission scenarios. When a cavity reaches its nominal gra-
dient, in most cases this end energy is in excess of 7 MeV.  

The calibration of GMs is performed with a 137Cs source 
emitting at 661 keV and no calibration data is available 
from the manufacturer above 1.3 MeV. Therefore, in a ra-
diation field with  energies reaching up to 15 MeV, GMs 
provide only the order of magnitude of the equivalent dose 
rate. One should restrict their use to confirm the good per-
formance in terms of FE of cavities, to compare the perfor-
mance of a set of identical cavities, or monitor the evolu-
tion of MP processing in a cavity. 

Geant4 Model 
A graded realism approach has been chosen for the geo-

metrical representation of the CM owing to the high count 
of components. A high level of detail is kept for cavities, 
vacuum parts of the FPCs and beam vacuum components 
(Figure 6).  

 
Figure 6: Highly detailed area of the Geant4 model. 
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Then, details of the thermal shield, the space frame and 
the vacuum vessel are ignored based on their size, mass or 
distance from the beam axis (Figure 7). 

 

 
Figure 7: Reduced detail level of the ESS CM Geant4
model for components surrounding cavities. 

 
Material properties used in the simulation reflect the real 

chemical composition as closely as possible by using the 
data provided by the material certificates of the manufac-
tured components. 

CM31 Neutron Emission Analysis 
One of the FE scenarios encountered during the high 

power test of the cavity 4 of CM31 has been analysed with 
greater detail, after the neutron dose rate of 400 Sv/h was 
detected on the LB6411 rem counter installed inside the 
test bunker. The cavity was operated at nominal gradient 
and duty cycle. After the CM31 test and access to the cold 
mass, the main location of the activated area was found on 
the beam tube of the cavity 3 at the longitudinal position of 
the tuner. The nature of the activated material was found 
by measuring its  decay at 935.44 keV with a half-life of 
10.2 days. The corresponding radio-element is 92mNb. The 
scenario explaining this result requires bremsstrahlung s 
to excite stable Nb nuclei into giant dipole resonance 
(GDR). The outcome is the emission of neutrons before the 
resulting 92mNb decay. The GDR cross section is maximum 
at 16.2 MeV for 93Nb [11]. The threshold for the (,n) reac-
tion is 8.9 MeV. Given the value of Eacc at 20 MV/m, the 
electron trajectories computation narrowed down the pos-
sible location of the FE emitter to the iris between cells 1 
and 2 of cavity 4 [12]. The highest impact energy is ob-
tained for the electron transmitted to the next cavity, up to 
15 MeV in this case. Geant4 simulations were then per-
formed to evaluate the simplified scenario by which mono-
energetic 15 MeV electrons impact cavity 3 beam pipe with 
a shallow angle of 2° as prescribed by the Fishpact trajec-
tory simulations. 

We expect GDR to produce neutrons with a Maxwellian 
energy spectrum. One simulated neutron spectrum for a 
mono-energetic 15 MeV electron beam hitting cavity 3 is 
displayed on Fig. 8 along with a Maxwellian distribution 
with a temperature of 0.43 MeV. 

 
Figure 8: Simulated neutron energy spectrum originated by
Nb GDR. 

 
The Geant4 simulation was used to estimate the distri-

bution of the generated neutrons along the cryomodule axis 
(Figure 9). This was a hint that the first activated spot was 
only accounting for one half of the total induced activity, 
the other half being spread along cavity 2. This is explained 
by the scattering of primary electrons on the beam pipe of 
cavity 3 as can be seen in Fig. 10. 

 
Figure 9: Generated neutron distribution along the CM
axis. 

 
In this simulated case, 87% of electrons hitting cavity 3 

are scattered, and 63% impact cavity 2 with an energy 
above 8.9 MeV, so still candidates for the production of 
bremsstrahlung  at the (,n) threshold in Nb. 
 

 
Figure 10: Scattering of 15 MeV electrons impinging on
cavity 3. 

 
Typical neutron trajectories inside the test bunker are 

shown on Fig. 11 as coloured lines.  

 
Figure 11 Example of typical neutron trajectories in the test
bunker. 
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The CM test bunkers at CEA or ESS do not contain mod-
erating materials on the walls, so neutrons experience a 
number of scattering processes before being stopped either 
in the walls or in the detector, creating this bouncing-like 
behaviour. This, added to the isotropic generation of the 
neutrons makes the placement of the detector within the 
bunker not very critical. The fraction of detected neutrons 
by the monitor is obtained by simulation. 

The next step was to perform a full simulation with the 
improved Geant4 modelling described earlier in this paper. 
The input parameters are the position of the emitter, the 
gradients in each cavity and the parameters of the Fowler-
Nordheim law (enhancement factor and work function). 
The main difference with the mono-energetic case is that 
the electron impact energies on the beam vacuum bounda-
ries now follow a complex distribution (Fig. 12). 

Figure 12: Simulated impact energy spectrum of FE elec-
trons from cavity 4 at a gradient of 20 MV/m. 

 
The net effect is that the neutron yield ( per generated 

electron is significantly reduced with respect to the mono-
energetic model by a factor of 4.6 at 1.21 10-5.  

 
Figure 13: CM31 dose rate measurement with GM tubes
and neutron dose rate near the neutron emission threshold
for cavity 4. 

 
Experimentally neutron counting started at a gradient of 

14.7 MV/m as shown in Fig. 13. Simulation have been per-
formed by launching electrons from the same FE emitter, 
scanning the accelerating gradient of cavity 4 from 14 to 
22 MV/m. The neutron yield per electron is computed for 
each gradient, no assumption is needed concerning the FE 
current. We simply know from GM measurements that the 
FE onset is between 10 and 11 MV/m for cavity 4. There-
fore, we interpret the neutron emission at 14.7 MV/m as 
the threshold at which the neutron yield stops being zero 

experimentally. No biasing was used in the simulation so 
the statistics near the threshold could be improved, but the 
calculation already agrees with experimental data and con-
firming of the validity of the G4 model. 
 

 
Figure 14: Geant4 simulation of the neutron yield per gen-
erated electron as a function of cavity 4 gradient. 

 
We have two sources of data to estimate the number of 

neutrons generated in Nb during the 5 hours of the cavity 
4 operation at the nominal gradient, one derived from the 
rem counter integration and the other derived from the es-
timation of Nb activation. The estimate of the average FE 
current during the flat top of the cavity (3.25 ms) obtained 
from these two sources and the neutron yield per electron 
from our Geant4 models ranges from 4 to 18 A for the 
mono-energetic model and from 10 to 44 A for the im-
proved model. 

Time Domain Radiation Measurements 
The counting operation can be gated on the MCA of the 

spectrometers, which introduces the possibility to perform 
radiation measurements during time slices of the RF pulse. 
This capability was used during the test of CM01 to deter-
mine that the radiation observed when operating cavity 4 
was emitted for two short periods a few tens of s only in 
duration, one at the end of the filling time and a second 
during the decay of the cavity, around a specific value of 
the reflected power. This could be positively correlated 
with the electron pickup signal recorded during the pulse 
with a typical resolution of 10 s. This type of behaviour 
was observed multiple times across MB and HB CM tests. 
The PVT scintillator fibres and blocks have been used for 
later tests to provide time resolved radiation measurements 
as described in [13].  

The specific scenario of a short radiation burst has been 
partially modelled with Geant4 for the HB modules. Runs 
were performed launching electrons from the coupler port 
on the cavity side with a random momentum direction, but 
within the range of kinetic energy of MP electrons in the 
ESS couplers (from 10 eV to 1 keV) while the cavity field 
has started to decay after the RF pulse (typically at values 
around 14 MV/m in the HB cavity). As shown in Fig. 15, a 
subset of these electrons are captured by the cavity mode 
and accelerated to a restricted region on the first cell side 
wall. The impact energy is of the order of 1 MeV. Back-
scattered electrons are then emitted, some of them with the 
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phase and momentum conditions such that they are either 
accelerated and exit the cavity or scattered once or several 
times more. The whole process takes a few RF periods, so 
the gradient in the cavity can be considered constant 

Distribution of Radiation in the Bunker 
Prediction of the radiation pattern and energy spectrum 

inside the test bunker is a natural application of the im-
proved Geant4 model. Using the neutron emission scenario 
linked to FE in cavity 4 of CM31 as a starting point, we 
can simulate a several useful data. The left side of Fig. 16 
represents the distribution of  radiation along the beam 
axis in the test bunker for a range of gradients, integrated 
on the transverse directions. This informs us that the scale 
of the features of the distribution is about 1 m and how to 
distribute radiation monitors in the bunker to capture these 
details. On the right side of Fig. 16 is represented the 
gamma energy spectrum outside at the level of the bunker 
walls that we can expect to measure.  

CONCLUSION 
We have investigated the possibility to develop and use 

specific scintillator-based radiation detectors in addition to 
the usual area radiation monitors. The time resolution they 
provide considerably improves the capability to track the 
origin of the radiation. The development of a simulation 
tool using the Geant4 toolkit besides being indispensable 
to design and optimize the new detectors provides not only 

a help for measurement analysis but also a predictive in-
sight.  

The pulsed radiation behaviour of ESS elliptical cry-
omodules still needs to be studied. In this paper we have 
only described cases related to single cavity operation. We 
could relate the neutron and activation measurements with 
a FE current using simulation. The extension to the analy-
sis of radiation with 4 cavities can be tackled by simulation 
and experimentally at the Lund TS2, partly with the same 
tools. One compelling motivation is to understand the in-
teraction of the pulsed parasitic radiation of the CMs with 
the instrumentation which is foreseen to protect both cry-
omodule components (e.g. power couplers) and the linac 
itself. 
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