Light guide dosimeters and loss monitors
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Sensor for continuous online-monitoring of
e radiation sensitive components (Undulator, Electronics)
 accelerator sections with spatial resolution
o fast beam losses

Dosimetry in small and tiny spaces

Insensitive to electromagnetic fields

Maintenance free operation

Three different systems have been studied:




Light Guide Systems

Properties of MM GI Fiber MM S Fiber
fibers Phosphor-Doping No Doping
Small annealing Large diameter




Dosimeter Fiber:
Optical fibers show (wavelength-dependent) a nearly linear
increase of attenuation after irradiation with ionizing radiation
iIndependent from dose-rate and -source

FiherCore N10O07T269E, EﬂCo + Electrons, 678 nm

Fit:
A [dB/m] = 0.0378 - D [Gy] *™*

n="1.01
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Goal: Continuous Online-Measurement of the local dose (e.g. aong the LINAC)

OTDR

Absorption Sensor Fiber
Light
Intensi
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Distance Laser Pulses
(850 nm)

-- short Laser pulse enters the light guide

-- Rayleigh Scattering reflects light back to detector
-- Color centers absorb backscattered light

-- Absorption is proportional to the dose
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OTDR Measurement
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Powermeter

Goal: Precise, senditive and fast online-dosimetry
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-- light from Laser LED entersthe light guide
-- continuous measurement of the light power (attenuation)
-- position of sensor defines spatial resolution




Powermeter Installation at TTF

« 5 - 20 Fiber windings around beam pipe
* Dynamic range > 50 dB
» Resolution: 140 mGy
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Local Fibre Optic Radiation Sensor System
for the Undulator Magnets at TTF




Comparison with TLD Measurements

_ Smoothed accumulated dose (2001-11-26 to 2002-01-21)

| /),_/’_/_,7 i | |
100 \ ET m -—[LD Results =100

| Power failures ‘

T T I T | T T T T |
10000 20000 30000 40000 50000 J0000 80000

Time [min Seite 8

Deviation: Reasons:

mostly < 25%  * ot same position
e TLD Error 10-20 %




Regeneration for fibers with temperature

Goal: Maintenance-free long-term use

First irradiation
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after "regeneration”
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M easur ment-
System:

OTDR

Power meter

Cerenkov

Application

Online loca dose
detection by averaging

Online local dose
detection in real time

Online loca dose
detection in real time

Comment

Detector response

No single bunch
resolution

No single bunch
resolution

Single bunch
resolutioninatrain

A few minutes

A few ms

A few ns

Range of dose [GY]

3- 450
limited by OTDR

0.14- 2000
limited by fiber

Not calculated yet

Range of
wavelength [nm]

850 - 1330

860

200 -850

Resolution length

£ 1m

£0.01m

£0.2m

reasonable Fibre
length*

£ 5km

£1km

£ 1km

* depending on max. dose and position resolution




