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RPL: passive monitoring
In high radiation areas
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Two main Radiation Effects in RPLD

Color centers

Luminescence centers

RPL signal Signal attenuation

Acknowledgement: J. Trummer,
CERN
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Two main Radiation Effects in RPLD

Color centers
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Signal attenuation
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RPL response |
vs dose |
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RPL response
vs dose
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How to extend RPL readout range?

1. RPL signal

_________
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1 365 nm 1

Proportional to dose

Readout Measurement [V]
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D. Pramberger, et al.,
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How to extend RPL readout range?

1. RPL signal
2. Transmitted signal
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2-light system used at CERN
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Radiation Induced Attenuation

I(t,A)+1
ref(0 A)— IN

RIA (t, 1) = —(T)x logy, (; ) [dB/mm]

* Online RIA (during
lrradiation)

e RECOVERY (3 hours
after irradiation)

e POST-MORTEM (some days
after irradiation)

) Hubert Curien Jeanhonnset

Saint-Etienne
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RPL dosimeter

et (attached to bench with
White Light Source adhesive tape)

(DH-2000)

Spectrometer
(QE Pro 38011)

Filter with Collimator
High OH ~1.5 mm hole (Metal coated
- mirror)

Fiber

Adapted from: T. Allanche, “Effect of
high radiation doses (MGy) on 1light

Emitting Diodes and optical glasses.”,
PhD Thesis (2021) 18
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Transmitted signal vs dose

CALIBRATION & DOSIMETRY:

M. Ferrari, et al., accepted to RADECS
2023, 1in preparation for IEEE TNS
submission (Sept 2023)
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Spectral RIA vs dose
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Optical bands at low dose —
metastable defects?

A.Hasan, RADMEP Master Thesis
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Recovery as a function of the dose
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Post-mortem up to 2 months: examples
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Dose rate study at doses up to 11 kGy
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M. Ferrari, et Dose rate effect depending
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RIA and recovery as a function of the dose rate

4 DR4 : RIA at end of irradiation
DR4 : Recovery after 3 hr
DR3 : RIA at end of irradiation Dose rate response:
DR3 : Recovery after 3 hr

= DR2 : RIA at end of irradiation

= =DR2: Recovery after 3 hr

= DR1 : RIA at end of irradiation

== =DR1: Recovery after 3 hr

w
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N
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Higher dose rate effect (but
also higher recovery) at high

RIA (dB/mm)
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To be further studied (post

A.Hasan, RADMEP Master Thesi#

mortem...) (2023)
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Summary and Take home messages

* Set up for on-line tests;

* High dose range - MGy;

* X-ray 1rradiators used;

* Multi-wavelength analysis;

* Recovery: 1mpact on dosimetry;

* Dose rate effect: to be further
studied;

* Margins to refine/extend the readout

* Future studies: target on-line RPL
signal, temperature effects, other RPL
materials...

* Variety of applications 1in high
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Comparison with CERN's system
(preliminary)

8 1,E+o01 :
E :
' = 1.E : I
* Multiwavelength g Lo |
. = I
analysis O vE-o1 !
: : g~ .:
* Recovery: 1mpact mid- & 1Eo02 / —RPLsignal at 630 nm (R2) L
-'7'; — Transmittance dt 445 nm (M41) : M
range S 1Eo3 — RIAat650nm (M41) I
' i Reference RPL yse at CERN I N
* Readout reflnement at élEm — - -Reference Trangmittance used at CERN

mid and extremel Y 1,E+01 1,E+02 1,E+03 1,E+04
- Dose (Gy)

RIA.at‘6.3O nm as possible

First on-line RPL measurements!

candidate to improve readout

A.Hasan, RADMEP Master Thesizs
(2023)
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RPL samples (backup)

* FD-7 glass rod

* Ag doped phosphate
glasses

Features:

* Linear RPL response
with dose up to 10-500

Gy
* Limited fading
* Non-destructive
readout

* Reusable (after

? Laboratoire ? Université
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Saint-Etienne
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CYLINDRICAL
— 1.5 mm diam x
8.5 mm length

ol

Density 8] P Na Al Ag
[g/em®]  [Wt-%]  [wt-%] [wt-%] [wt-%]  [wt-%]

FD7

2.604] S1.16 31.55 11.0 6.12 0.17

Dassive monitoring system in the ‘I
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On-line RPL signal (backup)

—o— RPL signal measured online at LabHC ® - - Reference RPL signal used at CERN

' , Samples:
—H— For R2 (5.28 kGy) after settling —%— For R1 (1.06 kGy) after settling

R1: 1.06 kGy
R2: 5.28 kGy

-
o
|

oo

(o)}

N

N
|

Normalized RPL signal

,E+00 1,E+02 1,E+04 1,E+06

Dose (GY)

Considering RPL signal after settling: both the passive measurement

are almost same

A.Hasan, RADMEP Master Thesiso
(2023)
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Experimental Activities

Dose dependency at constant dose
rate
- 4 samples between 1.30 kGy and 0.47

MGy

- 3 samples between 1.05 kGy and 37.8
kGy

- 4 samples between 0.37 kGy and 5.10
kGy

Dose rate dependency

- 4 samples ranging from 1.75 Gy/s to
0.175 Gy/s

- 2 samples ranging from 1.036 Gy/s to
0.207 Gy/s

30 days long irradiation:
- 5 samples between 0.63 MGy to 2.81
MGy

2) Hubert Curien Jeanhonnset

Saint-Etienne
UMR » CNRS » 5516 = Saint-Etienne

? Laboratoire 6 Université
)

RPL measurement:
- 2 samples 1in mid-dose range

Post-mortem:

- 4 samples, up to 2 months after
irradiation

Confocal microscopy
- 2 samples

39 irradiated samples

50 irradiation days

Selection of results

31
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Dosimetry (backup slide)
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0.4 1

0.3 1

Dose [10-14 Gy/primary]

—

= Dgp.(sim)
=== Dy (sim)

o, P

Characterization of Radio-Photo-

Luminescence dosimeters under X-ray irradiation,
RADECS 2023 Conference on Radiation and its effects on

Components and Systems,

mMNTC

accepted to

in preparation for submission to IEEE

Université
Jean Monnet
, Saint-Etienne
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CERN's readout (backup slide)

; 20
{ @ Dgp measured [ Dgp. measured
{ B Dgp, calculated 18 1 EEm Dgp calculated
- =
2 107 4 2 161
3 ] e
. § 14
- 3
£ ] E 35
5 10! 4 §
S 3 £ 10 -
g g,
10° E §
D1 D2 D3 D4

DR1
RPL name RPL name

DR4

M. Ferrari, et al., Characterization of Radio-Photo-
Luminescence dosimeters under X-ray irradiation, accepted to
RADECS 2023 Conference on Radiation and its effects on

Components and Systems, 1n preparation for submission to IEEE 33
MN\TC QA+ 2N 2
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Calibration (backup slide)

Gy [HZO]/S x 3.7 Dose rate in Gy /S x time

RPL material

*PTW-23344 0.23 cm3 Soft X-ray Chamber Datasheet.

M. Ferrari, et al., Characterization of Radio-Photo-
Luminescence dosimeters under X-ray irradiation, accepted to
RADECS 2023 Conference on Radiation and its effects on
Components and Systems, 1in preparation for submission Eﬁ IEEE
TNS, Sept 2023
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Dosimetry (backup slide)
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= Dgp.(sim)
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Characterization of Radio-Photo-

Luminescence dosimeters under X-ray irradiation,
RADECS 2023 Conference on Radiation and its effects on

Components and Systems,

mMNTC

accepted to

in preparation for submission to IEEE

Université
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Possible effect in dose estimation in mid-dose range

RADMEP (2021-2023)

Sample Name

o
g

=}

DR1

=

=

Dose Rate

(Gy/s)

Dose Rate

(7))

2.159
2.159
2.159
2.159

1.75
0.699
0.35

0.0175

0.0175

0.0175

Actual Dose

kGy)

Characterization Of Radio-photo-luminescence (RPL) Dosimeters Under High Dose X-ray Irradiation

Actual Dose

(kGy)

1.30
12.91
77.72

466
11.34
11.34
11.34
11.34

1.05

37.8

Dose
Measurement
(kGy)

Dose
Measurement 1

At CERN

(kGy)
1.0
12

85.19

416.9
10.9
12.6
10.7
11.1

0.94
36.83

0.77
0.93
1.11

0.89
0.96
1.11

0.95
0.98
0.90
0.97

Sample
Name

Dose
Measurement 2

At CERN

(kGy)
0.98

0.83

Dose
RENE

(kGy/h)

2.81

0.75

0.79

Measurement

Ratio

0.32
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RPL signal during irradiation and settling after irradiation
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R1: 1.06 kGy at 1.036 Gy/s

——RPL signal at

630 nm (R1)
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n
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R2: 5.28 kGy at 1.036 Gy/s

——RPL signal at 630 nm (R2)

|
0

1000

2000 3000
Time (s)

* Readout of R1 sample after 14 hours: RPL settles to a 13% higher photon count
* Readout of R2 sample after 12 hours:ngPL settles to a 9% lower photon count

RADMEP (2021-2023)

Characterization of Radio-Photo-Luminescence (RPL) Dosimeters Under High Dose X-ray Irradiation
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