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Neutron monitoring

Use of He3 Neutron Capture Detector (NCD) based on the following process:
n +° He — p+t (Q="764 keV) I?tg)t?rizlsgflie\\//

- Cylinder shape: 200 cm long, 5.08 cm diameter => active volume ~ 4000 cm3
- Gaseous TPC: 85% 3He + 15% CF4 @ 2.53 bar

Cathode (gnd)

p and t release most of their
energy by 1onization

|

Amplification of the signal due
to avalanche process near the
anode wire

|

Measurement of the collected
charges proportional to the
event energy

Evis = 764 keV

Evis < 764 keV

Anode (+HV)
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Neutron monitoring

Detector
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Neutron monitoring

- Charge readout: charge preamplifier Canberra

(rise time: 75 ns and fall time: 50 us)

- ADC 8 bits: NI USB-5132 (@ 50 MHz

- DAQ software: Labview
- Optimal HV: 1.95 kV

- Energy resolution @ 764 keV: 3.3%
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Neutron monitoring

A bonner sphere approach
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- NCD are mostly sensitive to thermal neutrons (cross section ~ 10”4 barns) k C\‘_c\/),,
H H

- Use layers of PVC to «slow down» neutrons, due to multiple collisions with hydrogen
(mostly), and to be able to measure neutron flux up to MeVs and to recover the energy

dependence of the neutron flux!
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Neutron monitoring

A bonner sphere approach

Theoretical neutron flux at MIT gt
1eoretical neutron flux at MITR PVC Transfer Function
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~ 150} o
s [Simulation . Bonner sphere approach in a nutshell:
& . - Measure the capture rates for different layers
100
' - Compute the transfer functions
T ‘ - Use a likelihood function to reconstruct the neutron flux
40 2 4 6
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Neutron monitoring

A bonner sphere approach

Definition of the likelihood function:

J\rl:s\'c:rr. thr 27/ obs -
— oo { RG(E)] - RS
L3E) = exp |- 3 O~ R
)_1 Rl})br.

Where the theoretical rates are
computed such as:

—
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i=1 v Ei

Where T(E) are the transfer functions =

computed from Geant4
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This example considers an other configuration:
- MITR theoretical neutron flux

- 6 neutron energy bins

- 11 PVC layers
- An acquisition time of 20 minutes per layer
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Use of a dedicated MCMC analysis to sample the PDF and propagate systematics in upcoming

neutron induced elastic scatterring rates
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Pulse shape discrimination
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Neutron capture!
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Pulse shape discrimination
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Pulse shape discrimination
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Different type of events

- Alpha event: high energy events
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- Glitch event (micro-discharge): Sharp rise and decay time constant characteristic of the CSP

- Low ionizing event: electron recoils, muons, ... low dE/dX

- Neutron capture + nuclear recoils!: large dE/dX, the contour is defined with a 99% efficiency

vendredi 31 mai 13



Data acquisition @ MIT
from 03/06 to 03/12




First run (@ MIT

We received our set of pipes on the 03/01!
- Set of 7 PVC pipes

- Only 6 used (the samallest one didn’t fit)
- Outer radi1 1n cm: 4.45, 5.72, 8.41, 10.95, 13.65, 16.19

PVC Transfer Function
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First run (@ MIT

Energy distribution for each layers
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Experiment was very stable during one week of
measurements.
- No gain fluctuation

- Neutron capture rate stable
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First run

Time between NC distribution for each layers
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NC distributions with an exponential distribution £ [ .
Capture rates decrease with adding more and more % 0sl
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First run (@ MIT

Likelihood based neutron flux

Reconstruction of the neutron flux at MIT

m  Data [MIT - March 2013]
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Total neutron flux @ MIT is about 104-3 n/s/cm”2

can measure neutron flux from 10A-8 to 102 MeV
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Perspectives

Reconstruction of the neutron flux at MIT

— m Data [MIT - March 2013]
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Higher energy bins will always get higher error bars: Addition of a He4 NCD?

- He4 (Elastic Scatter) and He3 (Neutron Capture) should be complementary due their
range of sensitivity and their opposite direction of neutron flux uncertainties propagation

- Will be tested with an AmBe source soon! 6
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