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ELBE
Ø Short introduction

Motivation
Ø CW Accelerator environment
Ø Broadband BAM measurement

Measurement setup
Ø Mapping of radiation field
Ø S-parameter measurement

Long term measurement and results 
Ø Dose measurement
Ø Degradation documentation
Ø Determination of the loss factors

Summary and outlook
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INFRARED
5 – 230 µm

NEUTRONS
0 – 30 MeV

BREMSSTRAHLUNG
0 – 17 MeV          

POSITRONS
0.2 – 30 keV

electron beam energy / MeV 8 – 40

average cw beam current / µA 1600
bunch charge / pC

- thermionic injector

- SRF photo injector

100

300 (1000)

minimal Bunch length/ ps 0.2

THz Facility
0.3 – 3 THz

allowed beam loss: ≤10 µA

Motivation
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Ø beam loss up to 10 µA generates Bremsstrahlung on the 
Gray/minute (Gy/min) level

Ø for high accuracy arrival time measurements cables with high 
bandwidth (40 GHz) and low insertion (IL) loss are required

Ø limited data for high bandwidth applications in ionizing radiation 
fields available

Motivation
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Ø Setup of a test-stand to acquire the necessary data in a 
reasonable time frame

Ø Questions to be answered:

– Can a PTFE-based cable be used in such an environment for a long time?
– How does the radiation effects the spectral response of a cable?
– Are there differences between cable types made of the same/ or similar materials?

Motivation

Test setup behind beam dump of U100 undulator
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Setup location and dose mapping

780 Gy 850 Gy

19 260 Gy

2520 Gy 3330 Gy

beam axis

setup

location

Results dose mapping

Ø parasitic setup behind FEL-dump

Ø devices under test can be mounted on dedicated aluminum plate

Ø preliminary coarse dose mapping performed for 3 months

Ø maximum dose of 19.2 kGy on beam axis

e-beam
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S-parameter measurement results

cable under test 1 cable under test 2

Ø dose dependent degradation could be. measured
Ø cable under test showed higher level degradation 

Notches introduced by patch cables
(cable under test 2 – type)
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Final RF analysis

B1

B2

B3

B4

B5
B6

B7
B8

B10

B9

Ø S-parameter measurements performed using vector network 
analyzer
– before installation and irradiation, mounted on sample plate

– after installation and irradiation, mounted on sample plate

– after (carefully) unwinding the cables

Beam axis
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Final RF analysis

B1

B2

B3

B4

B5
B6

B7
B8

B10

B9

cable under test 1 cable under test 2

Beam axis
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Ø parasitic cable characterization in radiation environment 
successful done

Ø measurements showed significant differences between two PTFE-
dielectric cables

Ø cable under test 1 showed very good RF properties and radiation 
hardness and will be used for bunch arrival time setup in future

Ø investigations ongoing on the sources of this differences

Ø Setup can be used to characterize further pieces of equipment 
that is going to be installed close to the beam line

Summary and Outlook
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Thank you.

Whitepaper:
http://www.testkabel.webseiten.cc/index.php?id=10

Acknowledgement: I. Kösterke, M. Freitag, B. Reppe




