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WhO We are? /(f;\) EUROfusion

Multidisciplinary research group since 2000:
Engineers: Electronics, ICT and Computer Science
Scientifics: Chemists and Physicists

Lab. technicians.

Our general goal:

The design, development and fabrication of sensors,
microfluidic devices and portable instrumentation for
analysis and monitoring with application in various areas.

Our experience in radiation detection systems:

e MOSFET dosimetry systems based on general
purpose transistors and RADFETs

* Electrometers for general purpose diodes and
photodiodes.
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Study of SPNDs irradiation at NEAR-nTOF
(CERN): Data analysis
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2. Delayed response analysis
3. Prompt response analysis

5. Conclusions and future tasks



1. Experimental Setup

NEAR Station - n_TOF (CERN)
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Trradiation station

Mobile shielding

The SPNDs were placed at the NEAR station, in both sides of the target, one of each emitter material.
Proton pulses of 30 ns reach the target with varying intensities and patterns every 1.2 seconds or multiples

thereof.
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NEAR Station-n_TOF (CERN)

Location of the detectors: (a) SPNDs inside the target area (i-NEAR); (b) IC inside a rabbit tube (a-NEAR)

The SPNDs were placed at the NEAR station, in both sides of the target, one of each emitter material.
Proton pulses of 30 ns reach the target with varying intensities and patterns every 1.2 seconds or multiples
thereof.
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Particle spectrum
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M. Ferrari et al., Design development and implementation of an irradiation station at the
neutron time-of-flight facility at CERN, Physical Review Accelerators And Beams 25, 103001 (2022)
DOI: 10.1103/PhysRevAccelBeams.25.103001
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Simulations of radiation conditions for the approximate position of the SPNDs
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+ Leftside: ~6 x 101° n/cm?/pulse « Leftside: ~6.5x 10° y/cm?/pulse « Leftside: ~0.1 Gy/pulse
* Rightside: ~10 x 10'° n/cm?/pulse + Rightside: ~1.2 x 10'° y/cm?/pulse + Rightside: ~0.2 Gy/pulse

Left side ~ 50 % of the right side measurements.

Simulations of the radiation conditions made by M. Barbagallo, V. Vlachoudis, Mattei Cecchetto
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Proton Beam Intensity, BCT.477 detector
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Tongyuan Cui et al., (2020)
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Emitter material

Rhodium (Rh)
Cobalt (Co)
Platinum (Pt)

Vanadium (V)

Inconel (In)

Isotopes Response type (mainly) Half-life time
103Rh - 194Rh Delayed 42.3s
59Co0-%Co Prompt 5.27 yr
195pt — 197Pt Prompt -

51y 52y Delayed 3.8 min

Employed as a “dummy” detector, with the same collector and emitter materials,
to subtract the background from the neutron component of the signal.
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Delayed component analysis: Half-life
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A Main conclusion of 2024 analysis: Detectors were mislabelled.

2. Delayed Response Analysis: Half-life
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2. Delayed Response Analysis: Half-life

Delayed component analysis: Half-life
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Only the Rh and V detectors exhibit a delayed component that is appreciable within the time scale studied. Pt
detectors may show a noticeable delayed response on a time scale of approximately 20 hours, whereas Co
detectors would not exhibit such behavior until several years have passed (approximately 5-6 years).

Decay Activation («)
Avg. Half-life (s
Detector 03/11/2021 12/04/2022 03/11/2021 12/04/2022
material
T(s) Half-life (s) T(s) Half-life (s) T(s) Half-life (s) T(s) Half-life (s) Avg SD
Rh_1 73 50 64 44 81 56 87 60 53 7
Rh_2 74 51 64 44 81 56 88 61 53 7
V1 284 197 329 228 346 240 293 203 217 20
V_2 296 205 344 238 339 235 305 211 223 17

Activation processes showed longer times due to the pulsed nature of the beam.

The half-lifes obtained are: Gives an estimation on how fast the detectors
- Rhdetectors ~53 s (ideal 43.2 s) » can respond to the changes in the flux

- V detectors ~ 3.7 min (ideal 3.7 min) through (n,f) reactions.

10
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Delayed component analysis: Linearity with the proton flux

(1) (2) (3) 4 (B (g ) (8) (9 (10)(11)(12) (13) (14)

Proton Beam Intensity, BCT.477 detector
(protons - 101°)

14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00

Timestamp (UTC time, 11/11/2021)

On 11/11/2021, pulses of different intensities and patterns were generated, based on measurements from the BCT.477 detector.
The delayed response was measured under 14 different beam conditions to evaluate the linearity of the response.
The analysis was divided into two parts: decreasing intensity (1-8) and increasing intensity (8-14).

11
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Delayed component analysis: Linearity with the proton flux
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To perform the analysis:

(1) For each beam intensity, approximately one full cycle of the proton beam pattern (lasting between 30 and 120 seconds,
depending on the case) was considered.

(2) The peaks of the detector’s signal, which correspond to the prompt response, were subtracted from the baseline.

(3) The average proton flux for each cycle was obtained by summing the proton count over time and dividing by the duration of the
cycle.

(4) After a stabilization period of about 10-20 minutes, the baseline average was compared to the average proton flux during that
cycle. 12
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Delayed component analysis: rhodium detectors

SPND Current (pA)
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Detectors show high linearity with respect to the proton flux (R? = 0. 99), with sensitivies of 0.36-0.37 pA/(p-
1019/s) in the left position and 0.76-0.79 pA/(p- 101%/s) in the right position.

The sensitivity of the Rh_1 detector is 47.24% of the signal of the Rh_2 detector.

13
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Delayed component analysis: vanadium detectors
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Detectors show high linearity with respect to the proton flux (R* ~ 0.91 — 0.98), with sensitivies of 0.02 pA/(p-
1019/s) in the left position and 0.06 pA/(p- 101%/s) in the right position.

The sensitivity of the V_1 detector is 33.3% of the sighal of the V_2 detector.

14
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Delayed component analysis: platinum detectors
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The proton flux does not appear to influence the delayed response of the platinum detectors, with an
average current of 72.58+0.12 pA for the left-position detector and 73.471+0.14 pA for the right-position
detector.

15
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Delayed component analysis: cobalt detectors
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The proton flux does not appear to influence the response of the cobalt detectors, with an average current
of 74.4210.08 pA for the left-position detector and 73.2710.28 pA for the right-position detector.

16
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Delayed component analysis: inconel detectors

In_1 Detector
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Only a few values of the In_1 detector are considered, since ithad a

In_2 Detector
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Protonflux (protons*1E10/s)

strange behaviour during this date.

The proton flux does not appear to influence the response of the inconel detectors, with an average current
of 73.6+0.7 pA for the left-position detector and 71.610.3 pA for the right-position detector.

17
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Delayed component analysis: summary

Rh_1 Yes 0.36-0.37 53
Rh_2 Yes 0.76-0.79 53
V_1 Yes 0.02 217
V_2 Yes 0.06 223
Co_1 No - -
Co_2 No - -
Pt_1 No - -
Pt 2 No - -
In_1 No = =
In_2 No - -

Left side Rh and V detectors show only a ~35-45% of the A1 77/ el SR

sensitivity of the right side.

number of protons, the neutron an gamma distribution
on the target are different in both sides.

18
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Prompt component analysis: Overview and Analysis
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(n, v, e) and (y, e) reactions. Timestamp (UTC time, 07/04/2022)

To analyze the data, the peaks are separated from the baseline, subtracting the local average of the peak, and the relation to the
peak of the beam is calculated. The delay of the SPND peak respect to the beam peak is also calculated.
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Prompt component analysis: Analysis

S ! 6e-10
3}
3 800
(D)
o 5e-10
N <
S 600 =
O Ho 4e-10 )
n S -
L) . 3
*? 2 @)
n

3e-10
S S 400 5
+~ O o
O~
— & N
£
©
(D)
2] 200
C
O
)
(@]
| -
(ol

13:52:15

Timestamp (UTC time, 11/11/2021)

20



—=
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Prompt component analysis: Analysis ktamp (UTC * Timestamp (UTC_TIME) \.BCT.477-TOTAL INTENS SPND Rhi-L CURREN]

13:45:0/ 45:06.7 /.463E-11

e Proton pulses under 40*10710 protons have been 13:45:07 45:06.7 884.4359
i q i 13:45:07 45:06.8 7.507E-11
skipped (noise) 13:45:07 45:06.9 7.315E-11
_ 13:45:07 45:07.0 7.387E-11
e The median of the current measurements between the 13:45:07 45:07.1 7.763E-11
. 13:45:07 45:07.2 7.164E-11
peaks of proton is found. 13:45:07 45:07.3 7.772E-11
i i i 13:45:07 45:07.4 7.313E-11
e If any value in the interval exceeds the median by a 13:45:07 45:07.5 2.019E-10
threshold value (THP) it is considered outside of the 13:45:08 45:07.6 7.717E-11
_ o _ 13:45:08 45:07.7 7.076E-11
basellne and itis marked dS da maximum: 13:45:08 45:07.8 7.656E-11
13:45:08 45:07.9 7.557E-11

e THP = 8% except for the SPND rhodium 1 whose 13:45:08 45:07.9 1.0989
) ) 13:45:08 45:08.0 7.402E-11
THP =2% due to the high background noise. 13:45:08 45:08.1 2 612611
_ _ _ _ 13:45:08 45:08.2 7.164E-11
e The intervals that contain 2 or more maxima are omitted. 13:45:08 45:08.3 7 706E-11
13:45:08 45:08.4 7.509E-11
e Excluding the maxima, the average of the rest of values is 13:45:08 45:08.5 7.267E-11
) ) 13:45:09 45:08.6 7.624E-11
considered as the baseline. 13:45:09 45:08.7 7 555E-11
_ _ _ _ 13:45:09 45:08.8 7.271E-11
e The increment of the SPND current in the interval is 13:45:09 45:08.9 7 608E-11
calculated by subtracting the baseline from the maxima. 13:45:09 45:09.0 7.284E-11
13:45:09 45:09.1 7.690E-11
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Prompt component analysis: Results
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Prompt component analysis: Results
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Prompt component analysis: Results
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Detector SP (AVG) SP (SD) RZ Nsamples
Co 1 2.2154E-13 1.5E-16 0.9932 14378
Co 2 5.9539E-13 9E-17 0.9996 14361
Pt 1 4.097E-13 1E-16 0.9989 14154
Pt 2 8.028E-13 2.2E-16 0.9990 13242
Rh_1 5.690E-13 7E-16 0.9954 3311
Rh_2 6.361E-13 4E-16 0.9958 13198
V1 1.3787E-13 1.7E-16 0.9801 13133
V_ 2 2.375E-13 6E-16 0.9974 459

Prompt Sensity (pA/P) .
SNPD type Avg SD
Co 4.1E-13 2.6E-13 2
Pt 6.1E-13 2.8E-13 2
Rh 6.0E-13 4.7E-14 2
Vv 1.9E-13 7.0E-14 2

24
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* The Rh-SPNDs presents a higher delayed sensitivity higher than V-SPNDs, about 13 to 15.

* The Pt SPNDs present the highest prompt sensitivity (between a 35 to 85%) higher than the rest of SPNDs.

* The prompt sensitivity of the Rh-SPND results higher that Co-SPNDs, that was surprising due to the Rh-
SPNDs are mainly delayed detectors.

* According to the results the Rh-SPND could the most versatile detector due to its highest delayed response
and an almost the highest prompt sensitivity.

* According to the experimental results, at least some of the detectors appear to be good candidates for
implementation in the STUMM module (IFMIF-DONES). Among them, the Rh detector exhibited the highest
sensitivity to the neutron flux in the delayed component, as well as the strongest correlation with protons in
the prompt response, making it the most promising detector so far.

6. Currect and future tasks

* To quantify the neutron fluency when the specification of the SPNDs were known

* Cross validation of the experimental data and the simulation when the numerical results and the exact
placement of the SPNDs was known.
* Towrite ajoint publication
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