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Neutron interactions in diamond

* Measurements in fast-neutron beams (E,>100 keV): diamond
sensor serves as sample and detector at the same time.

* Most considerable nuclear reactions:

Reaction Q [MeV] | E; [MeV]
“C(n,el)'*C 0 0
BC(n,a)!"Be - 3.836 4.134
2C(n,a)’Be -5.702 6.182
2C(n,n+2a)*He -7.275 7.886
2C(n,p)'’B - 12.587 13.645
2Cn,d)'"'B - 13.732 14.887
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Signal creation in diamond detectors

Shockley-Ramo theorem:

» Instantaneous current / induced on the electrodes by a
moving charge q:
Vdrift
d
» Current can be expressed in an electrostatic way at each
moment of charge movement [Shockley 1938, Ramo 1939].

» Current signal is superposition of the contribution of all free
charge carriers drifting in the electric field.

I = q-

» New definition: ballistic centre => t; ,.(h*) = t;,(e’)



Measured current signal shapes

Triangular for particles traversing the detector:
MIP, y

Rectangular (due to RC time constant) for particles stopped in
the detector close to the electrode:
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Charge collection

1. Homogeneous ionization:
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Charge collection

2. Point-like ionization:
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Charge collection

3. Neutron ionization (point-like somewhere inside the volume):
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Charge collection

4. Neutron ionization (point-like in the ballistic center):
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PSpice simulation

Equivalent circuit diagram for a 500 um sCVD detector,
1 V/um, and 2 GHz CIVIDEC Broadband Amplifier.

Point-like energy deposition at various locations in the
diamond sensor.

Simulation of the current signals coming from the detector.



Current signal shapes

Theory Experiment
PSpice simulation 14.3 MeV neutron beam

ballistic center
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PSpice simulation result

ballistic center:
e and h* contribute equally

e drift dominating
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Current signal shapes for neutrons

Rectangular: ONLY when nuclear reaction in the ballistic
centre.

Rectangular (due to measurement): when nuclear reaction
close to an electrode.

Step-like: when nuclear reaction in-between ballistic center
and one of the electrodes.

Triangular: when reaction product escapes the detector.



WHY IS THIS INTERESTING?



Measurements in neutron fields

* Background should be minimized.
* Sources of background are:

* Neutron interactions in materials surrounding the detector
(n,y), (n,p), (n,a), ...
* In-beam y originating from the neutron source.

- o

( Neutron interaction with 12C and 13C
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Selection via drift time

* Background signals in neutron measurements originate
mainly from outside the detector.

* Reaction products from (n,cp) reactions: p, d, t, a, etc.
* In-beam y or photons from (n,y) reactions.

* The corresponding signals have a larger drift time then signals
from nuclear reactions in the ballistic centre.

* As drift time the base-width bw of the signals is used (width
at 10% of the maximum):

bw < 6 ns.
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Basewidth bw is related to the drift time of the charge carriers.

3. December 2015 Fast-neutron diagnostics 18



Background reduction via PSA
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Conclusion

Current signals in diamond detectors reflect information on
on the initial charge distribution profile in the diamond
sensor.

This allows to identify signals from different origin (MIP or cp
entering the sensor, versus nuclear reactions inside the
sensor).

Via pulse shape analysis the background in neutron
measurements can be reduced significantly.

This allows to extract useful data, even from measurements
where the background is a significant limitation.



THANK YOU FOR YOUR ATTENTION.

The authors thank:

The European Commission (EUFRAT) and
CIVIDEC Instrumentation GmbH

for funding.

3. December 2015 Fast-neutron diagnostics

21



EXTRAS



Form-factor FF

Triangles and rectangles can be distinguished from each other
via a form-factor.

The measured area a,, is compared to the product of height /
and base-width bw (theoretical area of a rectangle a,;).

h>ow
Fr =W G
a a,
In Theory: * In practice:
FF =1 for rectangles Threshold used,

FF = 2 for triangles FF < 1.4 for rectangles



Rectangles in neutron measurements

Counts

E_=14.3 MeV
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Data from E = 14.3 MeV
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FWHM [s]

Data from E_ =14.3 MeV:

FF<1.4
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FWHM [s]

Data from E_ =14.3 MeV:

FF<1.4 and bw < 6 ns
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