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Located in Lund, Sweden, currently under construction
Set to begin its scientific program in 2027.
Next-generation neutron scattering facility.

Proton pulses of 2 GeV and 2.86 ms in length, with a repetition
rate of 14 Hz impinging on a tungsten target.

Designed to provide the world's highest brightness of cold and
thermal neutrons.

Will host 22 neutron beam instruments for research in physics,
materials science, chemistry, biology, and engineering.

Motivation:

Due to the demanding performance requirements of
the ESS, precise beam monitoring is essential. For this
purpose, lonization Chamber Beam Monitors
(I-BMs), a commercial beam monitor, were developed
as an in-kind contribution to be deployed along the
neutron beamlines.
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The lonization chamber Beam Monitor (I-BM)

Design of the I-BM:

e lonization chamber

 Three parallel aluminum plates
* Two separate gas volumes
 Enriched B,C converter layer

Principle of operation:
* Neutron interaction in conversion layer via:

twin detector cell
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Simulation Workflow

In order to simulate the complete chain of the output

signal formation, four simulation tools are used:
& GEANT4

« Geant4: Neutron interactions with conversion layer, A simuLaTIoN TooLKIT |

energy deposition of ions in gas volume. .
lEnergy deposition
e COMSOL: Calculation of the applied electric field.

Electric field

COMSOL yig
MULTIPHYSICS® €2

l Induced current

LTspice’

(7 ‘ Output signal
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 Garfield++: Modeling the drift of the electron-ion
pairs and induced signal calculation.

* LTspice: Emulation of I-BM's front-end electronics and
calculation of output signal.



Geant4 and Garfield++ Models

e Active volume: 3 Al plates (100 pum), 2
gas gaps (2 mm, Ar), *°B-enriched B4C
layer (120 nm)

z [em]

* Neutron tracks (green) and interaction
products (blue) simulated in Geant4

* Electric field computed in COMSOL and
imported into Garfield++

» Electron-ion pair creation from Geant4
energy deposition, mapped into
Garfield++
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Output signal using LIspice

* The last part of the simulation chain is the
conversion of the induced current to the output
signal coming from the front-end electronics of
the I-BM.

» After emulating the electronics using LTspice,
the induced current from Garfield++ is “passed”
through the electronics to calculate the output
signal.

« Examples of a single neutron event (top figure)

and of a multiple neutron event resulted from a
thermal neutron bunch (bottom figure).
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Energy Deposition of ions inside the gas volume

 Energy deposition strongly depends on ion E
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Experimental Measurements

 Data using two I-BM detectors were acquired in
the ISIS Neutron and Muon Source (UK), in the
EMMA beamline.

» A trigger system operating together with a
chopper along the beamline was employed to
split the neutron beam into pulses within the
recorded timeframes.

 The output of the front-end electronics is in the
form of ADC values, 1 ADC increment being
equivalent to 31.25 uV.

By averaging over the timeframes, the averaged
signal of the recorded data is produced.
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Experimental Measurements

» Different sets of operating parameters were used
for the runs, in order to investigate how these
parameters affect the I-BM's performance.

Averaged Signal Gain Normalized

—— 7050326 IBM1 0026 (HV: 891 V)
14 4 —— Z050326_IBM1_0027 (HV: 1652 V)
[ run Jourotonluy ], GoeRPFlu | s Mixure cable contiurotion seam satvs| 2
£ 124
=}
IBM1_0026 60 891 50 Air SN39+SN37 Beam On 5 10 -
[a]
IBM1_ 0027 60 1652 50 Air SN39+SN37 Beam On g 8
©
IBM1_0029 60 1652 50 Ar/CO, (80/20) SN39+SN37 Beam On g -
IBM2_0004 60 874 50 Ar/CO, (80/20) SN41+SNX Beam On .":
IBM2 0006 60 874 50 Ar/CO, (80/20) | SN41+SNX+SN38 Beam On % =l
IBM2_0007 60 874 50 Ar/CO, (80/20) | SN41+SNX+SN38 Beam On E 2 1
IBM2_0008 60 874 50 Ar/CO, (80/20) | SN41+SNX+SN38 Baseline % -
0 25'00 50'00 75'00 10(')00 12:'500 15(')00 175'00 20(')00
Time [ps]

* As an example we see how the HV value affects
the averaged signal.
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Conclusions and Ongoing Work

Conclusions:

* A simulation framework for the ESS I-BM is under development, covering the full signal formation chain from
neutron interaction to readout electronics.

* It enables systematic studies of detector response under different conditions.

 Experimental data are used as a benchmark and to compare with the simulation results.

Ongoing work:
« Additional studies (neutron energy, converter thickness, gas conditions)
 Towards full automation of the simulation framework

 Expand studies to MPGD based monitors to be used in the ESS

Goal: accurate reproduction of detector behaviour and use of the framework for detector optimization
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Simulation Plots

]
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Backup - ISIS EMMA beamline measurements

Averaged Signal Gain Normalized
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Backup - ISIS EMMA beamline measurements

Averaged Signal Gain Normalized
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