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Abstract. Ionizing radiation leads to a degradation of the light transmitting properties of fiber
optic cables. These effects usually place restrictions on where they can be used in a particle
accelerator facility. These effects can also be used to our advantage, the losses from a particle
beam create wavelength dependant increases of attenuation by absorption and scattering
which can be measured using Optical Time Domain Reflectometery (OTDR). From these
measurements a measure of the radiation dose received can be inferred.

Optical fibers are used in a wide field of applications, where their degradation by
ionizing radiation is often an unwanted effect. The main radiation effect is a
wavelength-dependent increase of attenuation by absorption and scattering
processes. Despite the fact that the different types of modern telecommunication
fibers show strongly increased radiation hardness, compared with the early ones,
there still exist some single-mode (SM) and multi-mode graded index (MM GI)
fibers with high and only slowly annealing loss increase. Such fibers can be used for
in situ local radiation dosimetry also at particle accelerators, to observe the emission
of radiation along the beam line where radiation-sensitive equipment might have to
be installed.

The advantages of optical fiber dosimetry are that:
• Modern fibers can be produced with highly identical composition and quality in

great lengths, enabling the radiation control of very lengthy objects or spacious
areas.

• The dosimeter sensitivity can be adjusted to the dose or dose rate of interest by
selection of wavelength or fiber type. The radiation-induced attenuation
increases from the minimum around HOOnm towards about 670 nm (red) or
450 nm (blue) by orders of magnitude. Ge-doped MM GI fibers co-doped with
Phosphorus (P) show medium radiation sensitivity, whereas the Rare Earth
doped SM fibers that are used for fiber amplifiers or lasers show tremendous
increase of loss.

• The dosimeter dimensions can be very small. Bare (i.e. uncabled) fibers usually
have a diameter of only 0.25 mm, so that they can, for example, measure the
dose in otherwise inaccessible, narrow slits.
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One task of fiber optic dose sensors at TTF could be the detection of radiation
dose levels along accelerator sections, caused by the dark current due to field
emission in one of the super-conducting accelerator cavities and the RF laser gun, or
by beam losses at certain positions. Such a dosimeter could be verified by laying the
selected fiber (e.g. (Ge+P)-doped MM GI) along the accelerator section of interest.
The attenuation along the fiber can be measured with a commercial Optical Time
Domain Reflectometer (OTDR) operating at 850 nm. Sections with higher radiation
exposure attenuate the light emitted into and coming back from the fiber section
behind, leading to a step in the OTDR trace. The height of the step is proportional to
the radiation dose.

Another task would be a continuous dose measurement at one or several or even a
bigger fraction of the radiation-sensitive undulator magnets. This can be verified by
laying the same fiber type meander-like through the magnet system and measuring
the attenuation with an OTDR of high local resolution. Another solution would be to
place several windings of separate fibers around all magnets of interest and measure
the transmission loss in each individual branch with a multisensor optical power
meter. Furthermore one could use the luminescence light (predominantly Cerenkov
light) that will be generated in optical fibers during unallowed high radiation
emission from a certain accelerator section to initiate a rapid switch off, in order to
prevent serious damage during longer disadjustment periods.
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Figure 1: Response of a dosimeter fiber during two different accelerator operation conditions. The
upper curve shows the degradation within two weeks with normal operation parameters (difference of
the OTDR traces after and before irradiation). The lower curve shows the same difference after a
week with extensive dark current losses in section CC and in front of BC2. The degradation is
concentrated at locations where the dark current is expected to be lost. The position resolution is
about one meter. It is a convolution of the loss distribution and the position resolution of the readout
system. The accumulated dose in the affected areas was on the order of 10 Gy.
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Preliminary dose measurements along an accelerator section of TTF as well as at
the undulator magnets were performed at the beginning of the year 2000, with both
measurement systems (OTDR and optical power meter). The preliminary
measurements performed with less suited OTDRs and not optimized optical fibers
showed significant attenuation steps (Fig. 1). The optical power meter system
promised to detect even lowest radiation levels at the magnets. Detailed results of
these preliminary tests will be documented soon in [1]. An improved and more
extensive pilot project at TTF that began in May 2000 will be documented
elsewhere.

One disadvantage of optical fiber dosimeters is that the increase of attenuation
with dose saturates after dose values of several kGy (dependent on fiber type). Since
such dose values could be accumulated within relatively short periods, at least at
certain critical locations, the fibers would have to be exchanged for new ones
relatively often. However, it is known that the radiation-induced fiber loss can be
annealed by high temperatures and/or higher light intensities (Photobleaching).
During preliminary investigations with (Ge+P)-doped MMGI fibers the loss
increase could be reduced to about 25 % of its initial value. The following
irradiation caused exactly the same increase of loss with dose as the first one; i.e. the
calibration curve remained the same.

REFERENCES
1. TESLA Report in preparation: "Preliminary Trials with Optical Fiber Dosimeters at TTF".

649


	Welcome Screen
	Title Page
	Copyright
	Preface
	Organizing Committees
	Schedule
	Conference Photo
	Faraday Cup Award
	Photos
	Contents
	FARADAY CUP AWARD - INVITED TALK
	The PIN-Diode Beam Loss Monitor System at HERA

	TUTORIALS
	Beam-Based Accelerator Modeling and Control
	Signal Processing for Beam Position Monitors
	Fundamentals of Digital Signal Processing in Beam Diagnostics: A Review of DSP Formalism, Algorithms and Networks
	Tutorial on Beam Current Monitoring

	INVITED TALKS
	The MIT-Bates Linear Accelerator Center
	Instrumentation Concepts for the Very Large Hadron Collider (VLHC)
	SNS Diagnostics
	Linear Collider Diagnostics
	Single-Pass High-Gain Free Electron Laser Electron Beam Diagnostics

	CONTRIBUTED TALKS
	Measurements Made in the SPS with a Rest Gas Profile Monitor by Collecting Electrons
	A Synchrotron-Light Interferometer for PEP-II
	First Results of the Beam Gas lonization Profile Monitor (BGIP) Tested in the SPS Ring
	Design and Implementation of IIR Algorithms for Control of Longitudinal Coupled-Bunch Instabilities
	Programmable DSP-Based Multi-Bunch Feedback Operational Experience from Six Installations
	High Accuracy Momentum Compaction Measurement for the APS Storage Ring with Undulator Radiation
	LEDA Beam Diagnostics Instrumentation: Beam Current Measurement
	Spill Uniformity Measurements for a Raster Scanned Proton Beam
	High Resolution BPM for the Next Linear Colliders
	Nonlinearities in the Response of Beam Position Monitors
	Two Applications of Direct Digital Down Converters in Beam Diagnostics
	Electromagnetic Modeling of Beam Position and Phase Monitors for SNS Linac
	A Video Distribution and Analog Monitoring System for the Jefferson Lab FEL

	POSTERS
	Time Resolving Beam Position Measurement and Analysis of Beam Unstable Movement in PSR
	RHIC Beam Loss Monitor System Commissioning in RHIC Year 0 Run
	LEDA Beam Diagnostics Instrumentation: Beam Position Monitors
	Beam Profile Measurements on RHIC
	Beam Instrumentation for Fast Kicker Extraction at COSY-Juelich
	ARTUS: The Tune Measurement System at RHIC
	First Turn Capability Applied to a Commercially Available Electron Beam Position Monitor Processing System
	The New Low Gap BPM System at ELETTRA: Description and Prototype Tests
	Performance of the Prototype NLC RF Phase and Timing Distribution System
	Advanced Collimator Prototype Results for the NLC
	Beam Loss Detection System in the Arcs of the LHC
	Spallation Neutron Source Beam Loss Monitor System
	LEDA Beam Diagnostics Instrumentation: Measurement Comparisons and Operational Experience
	Beam Diagnostic Suite for the SNS Linac
	Multivideo Source Image Processing for Beam Profile Monitoring System
	Quick and Precise Beam Momentum Measurements Using a Quadrupole Lens
	Emittance Measurements of High Current Heavy Ion Beams Using a Single Shot Pepperpot System
	RHIC p-Carbon CM Polarimeter
	Some Solved Problems with the SLAC PEP-H B-Factory Beam-Position Monitor System
	Initial Operation of the LEDA Beam-Induced Fluorescence Diagnostic
	SNS Project-Wide Beam Current Monitors
	Longitudinal Feedback System at SRRC
	Initial Nonintercepting Measurements of Subpicosecond Bunches Using Coherent Diffraction Radiation
	Performance of BPM Electronics for the LEP Spectrometer
	The Logarithmic Beam Position Monitor
	Slow Wire Scanner Beam Profile Measurement for LEDA
	Beam Diagnostics for the Heavy Ion Cancer Therapy Facillity
	Design of the Beam Shut-Off Current Monitor Upgrade for the Advanced Photon Source
	Performance of the Beam Phase Measurement System for LEDA
	Effects of Intensity and Position Modulation on Switched Electrode Electronics Beam Position Monitor Systems at Jefferson Lab
	Bunch Shape Measurements Using Fast Faraday Cups and an Oscilloscope Operated by LahVIEW over Ethernet
	Surveillance Protection of a 150 kW Proton Beam Dump
	SLS Linac Diagnostics—Commissioning Results
	Digital BPM System for Swiss Light Source - First Operational Results
	BPM Analog Front-End Electronics Based on the AD8307 Log Amplifier
	Experience with Beam Loss Monitors in the Low Energy Demonstration Accelerator (LEDA)
	X-ray BPM-Based Feedback System at the APS Storage Ring
	Beam Position Mis-Measurement due to Propagating Modes
	Beam Diagnostics Developments for the New High Current Linac of GSI
	The DESY HI Beam-Orbit Measurement System
	Recent Developments in Measurement and Tracking of the APS Storage Ring Beam Emittance

	DISCUSSION SESSIONS
	Beam Loss Monitoring
	Optical Fiber Dosimetry at the Tesla Test Facility (TTF)
	Beam Position Monitoring
	Beam Profiling: A Discussion Session at the 2000 Beam Instrumentation Workshop
	Feedback Systems


	Workshop Participants
	Participating Vendors
	Author Index
	Previous Proceedings
	Help
	Search
	Exit

