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Optical fibers in cold radiation environments

Temperature profile af long =-6.15, lat = -1.82, Tau=0.5
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B Optical fibers show extreme variation of ]
their response to ionizing radiation
depending on the test conditions

Dagreas Kelvin
ra [CE I

B Temperature effects are one example, ﬂ 7
where the influence on the radiation- 20 [t
induced radiation (RIA) is evident

B Usual tests cover temperature ranges from,
e.g., 227 K to 358 K (-46°C to 85°C) like
specified in MIL-PRF-49291

B Other radiation environments have much
lower application temperatures

Space missions (e.g. ExoMars 190 K)

Superconducting accelerators (some K)
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Temperature effect of radiation-induced attenuation

B Some models were proposed to describe the RIA in optlcal fibersas a

function of temperature, such as P(T)| .
W est (1 999) Loss (dB) = Const x t-PIT) 1 S LR S
L(t) = K(tt,)® dB/km/krad................. (1) $ ®
where t. is the time at which recovery begins, 04 Tﬁi{
K is the temperature independent induced loss at t,, Rt 5
p is a function of temperature, p = T/T" (Fig. 1.) UR 0.3 ?
T is a characteristic temperature ~800K g L
(1 krad = 10Gy). gﬂ
- x' e +0-2
Griscom (1994): - i -

-120

t=DD" [(n-1)(1-]=t, 4 [(n-1)(1-D] .

f = 0.64, 066, 0.63, and 0.78 for the
-55, -20, 23, and 80 C, respectively.

-80 -40 0o 40 80
Fibre Temperature (T)°C

- No predictive model available
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Induced Loss (dB/km)

Previous work — Griscom (1994) and Krinski (1990)
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Previous work — Overview
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Cryogenic fiber radiation test — Test parameters

B Sample:
Corning SMF28e

B Temperature:
297 K+ 16 K

B Length:
100 m (297 K)
Tm (16 K)

B Wavelengths:
1312 nm + 1570 nm

B Light power:
10 uW (-30 dBm)

B Dose: 18 kGy
B Dose rate: 15.6 Gy/min
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Cryogenic fiber radiation test — Experimental setup

Helium

Co-60 source i flange

Samples

B Samples at open cryostat while B C(losed cryostat in vacuum during
preparation for irradiation cooling phase
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Change of optical transmission during cooling
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B No major effects on transmission at low temperaturesinduced by
temperature stress or other mechanical effectsin the fiber
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FBG measurements at 16 K

B Two Fiber-Bragg-Gratings were
placed in-between the fiber
samples for RIA measurements

B Interrogation of Bragg-
Wavelength-Shift was done in
parallel to temperature
measurements at the samples
with Cernox-sensors

B Resultsin good agreement with
previous published results

B Data confirms the excellent
thermal coupling of samples to
cold Helium atmosphere

FBG Wavelength Shift [nm]

© & © O o o
0o O A N O DN

—— FBG 1 Shift
— FBG 2 Shift

PR R e
o » M O

Sample Temperature [K]

0O 50 100 150 200 250 300

\

~ Fraunhofer

INT



RIA of Corning SMF28e at room temperature
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RIA of Corning SMF28e at 20 K
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Comparison with previous work

Normalized RIA [rel]
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B Obtained data in good agreement with previous results and West (1999)
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Conclusions and Outlook

B For the first time the RIA in optical fibers was measured at extreme low
temperatures of 16 K, previously only data available at ~77 K

M First set of data comparable to special accelerator and fusion
environments (e.g. CERN and ITER)

B Developed setup proved to be reliable, enables testing
two samples at the same time
at two discrete wavelengths
and spectral coverage between 950 nm and 1750 nm
Spectral data currently under analysis

Recent measurements with two radiation resistant SMF showed also
strong RIA increase at extreme low temperatures (to be published)

B Other tests (e.g. on electronics and optoelectronics) possible and planned
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Last slide

Thank you for your attention!

B Contact:

Jochen Kuhnhen
Fraunhofer INT
Appelsgarten 2
53879 Euskirchen
Germany

Tel.: +49(0)2251/18-200

Email: jochen.kuhnhenn@int.fraunhofer.de
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