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higradeTowards high-gradient cavities

• World-wide activities led to impressive improvements in accelerating field

• recent batch of industrially produced cavities exceed 80% yield

• Cavity delivery is delayed till after the end of the project (spring 2012)

• invest in tools and methods to ascertain quality and performance

• cavity testing continues after the project

• final report will describe the results of cavity performance based on the tools 
developed



higradeOptical Scanner

• Elements

• linear drive for 
cavity

• rotational drive 
for camera rod

• laser guidance 
system

Fotoshooting bei DESY, ILC HiGrade, 29. & 30. Juni 2011
Fotos: Heiner Müller-Elsner

Scanner in test laboratory



higrade

Laser guiding system – 
Collision free movements

light receiver

Laser in action with
camera inside cavity

light emitter



higradeMotor Control

Front door
operator

panel

Motor driver
status displays
for maintenance



higradeLabview Expert Gui

• Features:

• Homing function: find reference point 
automatically

• Verification of end switches:
check functionality of hard- and software 
end switches automatically.
Check redundancy.

• Start: move both axes independently

• Accuracy:
torque: 0.01 deg
Linear: 0.01 mm

• Languages:
message output in English, German, 
French, Spanish and Italian



higradeAdditional Features

• Lookup table for automatic movement to predefined positions

• Arbitrary laser tests for safety reasons (clearance of path)

• Manual control option

• System self check

• Remote access

• control foreseen

• maintenance possible

• Safety aspects

• all realised in hardware

• light fence for access restriction

• light signal tower 

Manual	
  control	
  terminal



higradeLabview Program

Labview overview
Motor and Camera



higradeCommunication Structure
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higradeAutomatic image processing

• Current approach

• Conversion to greyscale image

• Measure variations of grey scales over 
entire  picture

• size of objects

• surface roughness, etc.

• Classify images

• relate to processing

• Search for exceptional features
(those that are sufficiently well separated 
from "average" using a "distance" in 
measurement space
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Influence of EP onto the welding seam

> Most likely value decrease, 
which means the edge 
roughness decreases

> The coverage ratio before EP and after the EP 
changes drastically. 
 Before EP: 2745 objects – 12.89 mm² (51.56%) 
 After EP: 2 objects – 21.92 mm² (87.68%)
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Influence of EP onto the welding seam

> Z161 – Equator 1. Example images: 0° till 4°

Before EP After 1st EP After 2nd EP

Most 

likely values

0.059σ           0.061σ          0.242σ

0.117R       0.112R       0.312R dqdqdq

===

===



higradeSecond sound quench detection

• Technique now routinely used in 
vertical test stand

• Calculation of quench location by 
triangulation; implemented in user 
interface

Felix Schlander, Eckhard Elsen, Detlef Reschke
Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

Motivation for quench 
localisation

Outlook, Summary, AcknowledgementsUsage of Second Sound at DESY

Signals detected by the second sound setup

➢ The step in the reflected power signal indicates the 
time of the quench and the most excited OST signal is 
chosen as a reference signal
➢ If the signal-to-noise ratio is very low, a second 
measurement is done with cutting the rf signal 
(improper grounding of the measurement rack may lead 
to noise), using the reference signal to calculate the 
other propagation times
➢Choose the „proper“ OSTs

Summary
DESY has successfully implemented the 
second sound measurement in the rf 
vertical test procedure:

 

➢ The accuracy achieved so far is compar-
able to the accuracy of the temperature 
mapping system used at DESY
➢ All tests of cavities without helium vessel 
are accompanied by second sound 
measurements
➢ Statistics are rapidly growing

Acknowledgements
Special thanks to the staff working in the 
cavity test area (hall 3) for support and help 
on the setup and measurements.

This work is supported by the Comission of 
the European Communities under the 7th 
Framework Programme „Construction of 
New Infrastructures – Preparatory Phase“, 
Contract number 206711.

➢ Assembly of 10 OSTs and the electronics in early 2010
➢ First tests at one of the cryostat inserts in mid 2010 with an setup of 8 OSTs
➢ Assembly of 50 OSTs and equipment of the remaining 3 cryostat inserts in winter 2010/11
➢ Tests with second sound detection on a regular basis since the beginning of 2011

Data acquisition and evaluation

Accelerator projects grow larger and larger 
and require a huge batch of cavities. The 
European XFEL requires up to  800 1.3 GHz 
9-cell cavities, and the planned International 
Linear Collider ILC will need 16,000 of these 
cavities.
For fast QA of those cavities it is mandatory to 
have reliable diagnostic tools. For example 
finding the quench location during a cold RF 
test is important to be able to check his 
location for defects that may have to be 
retreated.
Second sound has been used first at Cornell 
University and this method is reasonably faster 
than temperature mapping (with a comparable 
resolution), since the setup is mounted to the 
crystat insert and there is no need to 
reassemble it for every cavity test.

Second Sound as an automated 
Quench Localisation Tool at DESY. 
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9-cell 1.3 GHz cavity
Cold vertical RF test, quench 

has been detected

Timeline with the number of RF tests done 
supported by second sound measurements

Second Sound detection

➢ The cavity quenches – heat is deposited 
 locally into the helium bath

➢ Heat propagates as second sound (phase
 transition) wave

➢ The „normal“ liquid helium fraction acts 
 on the membrane, so the applied voltage on 
 the OST changes

➢ The voltage change is measured and defines 
 the arrival time

Second sound signal detection by Oscillating 
Superleak Transducers (OSTs) induced into 
the liquid helium by local thermal breakdown. Oscillating Superleak Transducer with sputter- 

ed gold membrane (total diameter: 31.5 mm)
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All inserts equipped with OSTs
First tests of the setup

➢ The green marked signals provide the required propagation times
➢ The distances between the OSTs and the quench location can be 
calculated by d

i
=v(T)·t

i
 (the propagation velocity is a known function 

of the bath temperature T)
➢ Knowing the OST positions relative to the cavity, a minimisation 
procedure can be carried out (cavity surface as constraint)
➢ The intersecting volume of the spheres created by the radii 
indicates the position of the quench with an average error of 
± 10 mm

Right: Schematic drawing 
how to determine the 
intersecting volume of the 
signals.

Cavity scheme with indicated 
quench location

Outlook
➢ A graphical user interface (GUI) for fully 
automated or manual acquisition and 
evaluation of second sound data is under 
development

➢ Check the hardware for further improvements

The Graphical User Interface in its current
Form displays the quench location

Characteristics of the 
measurement facility 
and environment

Implementation

Cryostat inserts 4

Oscillating Superleak 
Transducers (OSTs)

32 (8 ea.)

ADC NI USB-6218; up to 
250 kS/s multiplexed, 
32 channels

Software MATLAB R2009b

Measurement environment

Temperature 1.8 K

Propagation velocity 19.9 m/s

Resolution ± 10 mm

Example for data acquisition (see below)

AC156, test, pi-mode:
E

acc
=30.6 MV/m, Q

0
(E

acc
)=1.6*1010

Felix Schlander, Eckhard Elsen, Detlef Reschke
Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
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localisation
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supported by second sound measurements
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higradeSummary

• Tools for cavity QA developed

• Optical scanner will be in place by start of delivery of cavities

• Catalogue properties of all cavities

• analyse for exceptional features

• description will form the basis of the 4th annual report

• Awaiting delivery of cavities

• Final report to describe the results


