
FARADAY CUP AWARD 
 
The Faraday Cup Award is intended to recognize and encourage innovative achievements in 
the field of particle accelerator beam instrumentation. It is donated by Bergoz 
Instrumentation, of Saint-Genis-Pouilly, France. The award consists of a certificate and 
$5000.00 (U.S.). These are presented every other year at the Beam Instrumentation 
Workshop (BIW), whose Program Committee is solely responsible for the selection of the 
recipient.  
 
 
History 

 
The Beam Instrumentation Workshop (BIW) was started to provide a forum for in-depth 
discussions of techniques for measuring charged-particle beams produced in high-energy 
accelerators. In the past, the large U.S. and European Particle Accelerator Conferences 
dedicated only a few sessions to instrumentation, thus making it difficult to have significant 
interaction among others in the field. It became apparent to Dick Witkover at Brookhaven 
National Laboratory (BNL) that a conference or workshop dedicated to instrumentation was 
needed.  
After meetings with representatives from the other national labs across the U.S., the first 
Accelerator Instrumentation Workshop was held at BNL in 1989. During the last day 
roundtable discussion, the idea for the Faraday Cup Award was born as a means of encour-
aging young engineers and physicists to become more innovative. Discussions between 
Bergoz and the Organizing Committee continued through the next Beam Instrumentation 
Workshop (as it was now called) at Fermi National Accelerator Laboratory in 1990 with a 
final agreement on how to keep the Award fair and noncommercial reached in 1991. The 
procedures for selecting the winner were written primarily by Bob Shafer soon after, and 
they have remained virtually unchanged since then. The clever name of the Award, referring 
to both a trophy and a measurement device, is attributed to Bob Webber. 
 
 
Selection Criteria 

 
The Faraday Cup Award is presented to those who have made outstanding contributions to 
the development of innovative beam diagnostic instruments of proven workability. The prize 
is only awarded for demonstrated device performance and successful publication of the 
results.  
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At BIW08, the award (in its 10th edition) was assigned to Dr. Suren Arutunian of the 
Yerevan Physics Institute of Armenia for:  
 

The invention, construction and successful test of the diagnostic system  
"A Vibrating Wire Scanner" 

 
 

 
From left to right: Julien Bergoz (Faraday Cup Award sponsor), Suren Arutunian (2008 

Faraday Cup Award Recipient), Fernando Sannibale (BIW08 Chair). 
 

 

 

Past recipients of the Faraday Cup Award 

 
2006 Haixin Huang, BNL, and Kazuyoshi Kurita, Rikkyo University  
2004 Toshiyuki Mitsuhashi, KEK  
2002 Andreas Jansson, CERN 
2000 Kay Wittenburg, DESY 
1998 Andreas Peters, GSI 
1996 Walter Barry, LBNL and Hung-chi Lihn, SLAC 
1994 Edward Rossa, CERN 
1993 Donald W. Rule & Ralph B. Fiorito, NSWC 
1992 Alexander V. Feschenko, INR 
 
 

 
 
For more information: www.faraday-cup.com/
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A WINNING TRADITION:  THE FARADAY CUP AWARD  

Michelle Wilinski,  

Brookhaven National Laboratory, Upton, NY 11973, U.S.A.  

 
The Faraday Cup Award is given for an outstanding 

contribution to the development of an innovative particle 
beam diagnostic instrument of proven workability.  “Like a 
‘Nobel Prize’ for the beam instrumentation community,” is 
how the 2000 winner, Kay Wittenburg of DESY, describes 
the Faraday Cup Award. It is presented at the Beam 
Instrumentation Workshop (BIW), a biennial forum for in-
depth discussions of techniques for measuring particle 
beams produced in accelerators. The Faraday Cup winner 
receives a US $5,000 cash prize, $1,000 for BIW travel 
expenses, and a certificate of award.   An acceptance speech 
is given at the workshop by the Awardee in the form of a 
talk on the design and performance of the winning 
instrument. 

 
Like many other awards, the Faraday Cup Award comes 

with a storied tradition. The first Beam Instrumentation 
Workshop was organized by Richard Witkover and held at 
Brookhaven National Laboratory in 1989 to stimulate 
interaction among those in the instrumentation field.   The 
idea for an award was conceived during round-table 
discussions the last day of that meeting as a way to 
encourage innovation among young engineers and 
physicists. Agreement on policies for keeping the award fair 
and non-commercial was reached in 1991 based on 
nomination and selection procedures written primarily by 
Bob Shafer. Naming of the award is attributed to Bob 
Webber.  Financial sponsorship of the Faraday Cup Award 
is donated by Bergoz Instrumentation.   

 
The BIW Program Committee is solely responsible for 

selecting the Award recipient. The Committee accepts 
nominations for the award approximately 12 to 18 months 
in advance of each BIW. Self-nomination is permitted. The 
award is open to candidates of any nationality for work 
done at any geographical location.  Instrument performance 
must be proven using a primary charged particle beam; 
mere concepts or “bench-top” demonstrations are not 
acceptable.  A description of the device, its operation and 
performance must be published in a journal or conference 
proceedings that is in the public domain.  In the event of 
deciding between works of similar quality, preference is 
given to candidates in the early stages of their beam 
instrumentation career.  The award may be shared between 
persons contributing to the same accomplishment. Complete 
rules are available at http://www.faraday-cup.com.   

Since the first Faraday Cup Award in 1992, thirteen 
people from laboratories around the world have received the 
Award (see Table 1) and have gone on to continued career 
success. Although each prize award is a one-time event, the 
rewards from the prize have continued for the winners. 

 
Table 1: Faraday Cup Award Winners 

Edition Winner Diagnostics 

1992 Alexander V. 
Feschenko, INR 

Longitudinal Bunch 
Shape Measurement 

using Wire Probe 
Secondary Emission 

1993 
Donald W. Rule & 
Ralph B. Fiorito, 

NSWC 

Techniques for 
Measuring Bunch 
Shapes by OTR 

1994 Edward Rossa, 
CERN 

Technique for 
Measuring the 3-D 

Bunch Shapes 

1996 
Walter Barry, LBL 
and  Hung-chi Lihn,  

SLAC 

Sub-ps e- Bunch 
Shape Measurement 

Techniques 

1998 Andreas Peters, GSI Cryogenic Current 
Comparator 

2000 Kay Wittenburg, 
DESY 

Beam Loss Monitor 
Using PIN Diodes 

2002 Andreas Jansson, 
CERN 

Quadrupole Beam 
Pickup 

2004 Toshiyuki 
Mitsuhashi, KEK 

Interferometric 
Profile Monitor 

Using Synchrotron 
Radiation 

2006 
Haixin Huang, BNL, 

and Kazuyoshi 
Kurita, Rikkyo Univ. 

Innovative Proton 
Beam Polarization 
Monitoring System 

2008 Suren Arutunian, 
YerPhI 

Vibrating Wire 
Sensor for Beam 
Instrumentation 

 
PhD students can have breakout results and winning 

instruments have emerged from their thesis work.   In 1996, 
Walter Barry of Lawrence Berkeley National Laboratory 
and Hung-chi Lihn of the Stanford Linear Accelerator 
Center shared the Faraday Cup Award for development of 
techniques to measure the bunch shape of subpicosecond 
electron beams.  Lihn, a PhD student at the time, sees the 
award as a great recognition, by experts in the field, of his 
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years of work and ideas. Now in industry, Lihn still calls 
upon the skills that he developed building his winning 
instrument. While he did not personally continue with 
further development of the device, Lihn’s thesis and paper 
have been cited by a number of others and the ideas have 
been adopted in other labs. 

 

 
Figure 1. Example of Faraday Cup Award poster by the 
artist Pecub. More on the Faraday Cup Award web site 
(http://www.faraday-cup.com). 
 

Development of a magnetic quadrupole pick-up began as 
a simple idea that eventually became a main theme of 
Andreas Jansson’s PhD dissertation. Working many hours 
at CERN with a network analyzer by his side, Jansson won 
the 2002 award for his pick-up which measures the 
quadrupole moment, or ellipticity, of a particle beam.   
After BIW ‘02, nearing the end of a CERN postdoc position 
and looking to widen his horizons, he visited several US 
laboratories and then accepted a People’s Fellowship at 
Fermi National Accelerator Laboratory, where he continues 
to work.   Jansson credits some of his career success to his 
Faraday Cup Award win and the resulting visibility that 
came with it.   

 

Like Lihn, who faced different challenges when moving 
to an industry position, Jansson had to call on his acquired 
skills in his new position at FNAL.  The pick-up that he had 
developed for the CERN PS was not optimal for the 
Tevatron with its dual beams and helical orbits.  He started 
work on other instruments such as Ionization Profile 
Monitors and Microwave Schottky Monitors.  Jansson’s 
fondness for his PhD work is evident as he tries to keep up 
with the development of various quadrupole detectors by 
others, including quadrupole mode cavities and electro-
optical devices. 

 
In its history, the Faraday Cup Award has recognized a 

wide range of innovations and advancements in beam 
diagnostics. The very first winner of the Award, Alexander 
V. Feschenko of the Institute for Nuclear Research in the 
Academy of Sciences of Russia, won for a technique to 
measure the longitudinal bunch shape of a charged hadron 
beam with picosecond resolution using secondary emission 
from a fine wire probe.  Bunch shape information is used to 
study beam dynamics and to tune an accelerator.   

 
A device to measure three-dimensional bunch shapes of 

picosecond e+/e- bunches in a single shot was the winning 
device for Edward Rossa in 1994.  He developed this using 
a streak camera for the CERN Large Electron Positron 
collider. Synchrotron radiation emitted by particles creates 
images of the density distribution; Rossa’s optical setup 
provides front, top, or side views. 

 
Applications based on radiation emitted from charged 

beams have resulted in several prize-winning devices. In 
1993, the first joint award of the Faraday Cup was given to 
Donald W. Rule and Ralph B. Fiorito for their work at the 
Naval Surface Warfare Center – White Oak using optical 
transition radiation (OTR). Together they developed several 
techniques to measure the divergence and emittance of 
charged particle beams utilizing OTR produced from thin 
intercepting foils.   

 
In the years since the award, Rule pursued other fields of 

research, but has continued contributing to beam 
instrumentation development in small ways.  He states that 
the recognition of receiving the award was an 
encouragement to remain actively connected to the beam 
instrumentation community and has offered great 
opportunities to meet and collaborate with many interesting 
and exciting colleagues.  Fiorito echoes these statements, 
indicating that the national and international awareness 
provided by the award directly resulted in new professional 
opportunities which he believes would not have otherwise 
been possible.   
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Other benefits resulted from this award.  At the time of 
their research, studies of beam physics had just recently 
been established at their laboratory.  The Faraday Cup 
Award pointed out to the Navy, as well as to the accelerator 
community at large, that significant new ideas could be 
generated outside of a traditional accelerator laboratory 
setting.  The award also stimulated a great deal of interest in 
transition radiation based techniques and gradually more 
scientists and engineers have implemented these and related 
techniques at facilities around the world. 

 
The 2000 winner, Kay Wittenburg, triumphed for the 

design of a beam loss monitoring detector using PIN diodes 
in a coincidence configuration.  His design discriminates 
between synchrotron radiation present in electron 
accelerators and radiation due to actual beam loss.  The 
design eventually became commercialized and is now used 
in accelerators worldwide.   DESY granted Bergoz 
Instrumentation a license to use the original concept of the 
PIN Photodiode Beam Loss Monitor, to further develop it, 
and to sell instruments based on this principle.   Wittenburg, 
leader of DESY Machine Diagnostics and Instrumentation 
since early 2000, believes that the development of a new 
idea, the overall performance, and the reliable functioning 
of the system was greatly important to him. 

 
Employing synchrotron radiation for a unique beam 

profile monitoring system won Toshiyuki Mitsuhashi of 
KEK (High Energy Accelerator Research Organization, 
Japan) the Faraday Cup Award in 2004.   Mitsuhashi 
labored on the development of synchrotron radiation (SR) 
monitors for twelve years before receiving this award, with 
the development of the SR interferometer being the most 
significant topic.  He conceived the idea in 1994 while 
investigating the coherence of SR and determined that he 
would be able to use the SR interferometer for measurement 
of beam profile and size.   

 
The Faraday Cup has honored “bright” ideas based on 

synchrotron light, along with some “cool” ideas as well.  
Andreas Peters of GSI won the 1998 award for his work on 
the Cryogenic Current Comparator (CCC).  This device 
measures nanoampere DC beam current by comparing it to 
a known current as both are passed through a cryogenic 
cylinder.  Since Peters’ development, several groups have 
worked on the CCC, especially in Japan where a CCC was 
built at TARN-II.  CCC projects are now underway at 
DESY and again at GSI for the FAIR project.   Peters 
declares that the “Faraday Cup Award was a great honor 
and a gratification for some years of hard, but exciting, 
work on the CCC project at GSI.”  He became the beam 
diagnostics group leader at GSI in 2000, and believes 
winning the award was the “kick” to this new position.   At 
the end of 2006, Peters became head of the accelerator 

operations for the Heidelberg Ion Therapy project, a heavy 
ion cancer treatment facility of the Heidelberg University 
Clinics, and he still works on special beam diagnostics 
topics. 

 
A joint award was given in 2006 to Haixin Huang of 

BNL and Kazuyoshi Kurita of Rikkyo University for an 
innovative proton beam polarization monitoring system.  
Their design uses ultra-thin carbon filaments and an array of 
silicon detectors to deduce the degree of polarization from 
proton-carbon elastic scattering.  Huang calls the award a 
great milestone in his career and welcomes the recognition 
of his and Kurita’s contribution to the device.  In the two 
years since the award, the CNI polarimeters at BNL have 
been upgraded, most notably with a new target drive 
assembly for more precise target control.  Kurita is now in 
charge of implementing the CNI polarimeter for polarized 
proton projects at the new 50 GeV J-PARC accelerator 
currently under construction in Japan. 

 
Clearly, the Faraday Cup award has been a career 

highlight for past winners.  They all overwhelmingly 
acknowledge and appreciate the recognition from experts in 
the field and from collaborators alike.  Their stories prove 
that innovation can come from anywhere – a student or a 
professional, a government accelerator facility, university, 
or other lab, and any geographic location.    

 
The BIW Program Committee is eager to receive 

nominations for devices that are pioneering and provide 
new insight into particle beam measurements.  If you or a 
colleague has developed any instrument that meets the 
award criteria, please nominate it for the competition at the 
next Faraday Cup Award.   

 
Author’s Note:  The author would like to thank Bob 

Webber and the BIW Program Committee for their support 
and ideas.  Many thanks also go to the past recipients of the 
Faraday Cup Award for graciously sharing their insights.  
References for papers written about each of the winning 
devices can be found at www.faraday-cup.com. 
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VIBRATING WIRE SENSORS FOR BEAM INSTRUMENTATION 

Arutunian, S.G. 

Yerevan Physics Institute, Armenia 

Abstract 

Thermal sensors based on the vibrating wire principle 

are distinguished by high accuracy and stability. An 

important advantage of these sensors is that they produce 

a frequency signal that can be transferred large distances 

without disturbance. Original vibrating wire sensors and 

monitors for the measurement of beam transversal 

characteristics of charged-particle and photon beams are 

described. By means of these devices, measurements of 

an electron beam in the Yerevan synchrotron, a proton 

beam at PETRA (DESY), and a hard x-ray undulator 

beam at the APS (ANL) have been performed. 

INTRODUCTION 

The operating principle of Vibrating Wire Sensors 

(VWS) or Vibrating Wire Monitors (VWM) is based on 

the measurement of the change in the frequency of a 

vibrating wire, which is stretched on a support, depending 

on the physical parameters of the wire and environment in 

which oscillations take place. Today the area of 

application of this technique is expanding and the number 

of vibrating wire-based instruments has increased. Strain, 

displacement, piezometric level, pressure, angle and 

moment of rotation, viscosity of the media, and ultralow 

thermometry under 1 K are measured by VWS [1-7]. An 

interesting vibrating wire field-measuring technique has 

been developed for determination of magnetic center of 

units in accelerators (see, e.g., [8-10]). 

The important advantages of properly constructed 

vibrating wire sensors are inherent long-term stability, 

high precision and resolution, good reproducibility and 

small hysteresis. Another advantage is that the frequency 

signal is imperturbable and can be transmitted over long 

cables with no loss or degradation of the signal. The 

reliability of the sensors becomes the overriding feature in 

the selection of a technology. It is also is important to 

ascertain a low drift and minimum change in sensitivity. 

An important parameter of vibrating wire-based sensors is 

their ability to operate in hard conditions (high 

operational power and temperature cycling, thermal 

shock, thermal storage, autoclaving, fluid immersion, 

mechanical shock, electromagnetic and electrostatic 

environments [11]). 

We take an electromechanical resonator with a metallic 

vibrating wire excited by the interaction of a current with 

a permanent magnetic field as a basis for the VWS of 

electron and proton beams. In this paper we discuss an 

application of such resonators for precise profile 

measurement of particle and photon beams. The 

interaction of the beam with the wire mainly causes 

heating of the wire. Thus we expect that the frequency of 

natural oscillations of the wire will provide information 

about its temperature. The thermal method of 

measurement also allows registering neutron flux. 

 

MAIN CHARACTERISTICS  

The operating principle of vibrating wire sensors is 

measurement of the change in the frequency of a vibrating 

wire, which is stretched on a support, depending on the 

physical parameters of the wire and the environment in 

which oscillations take place. A detailed description of 

the vibrating wires sensors can be found in our 

publications (see [12] and cited references). Below we 

present a short description of the VWS and some aspects 

not discussed in previous publications. 

 

Sensor main components 

 

In Fig. 1 the sensor main components are presented. 

Wire (1) ends are pressed in the clips (2) and pass through 

the magnet field system (samarium-cobalt permanent 

magnets and magnet poles (3) and (4)). The magnet 

provides field strength on the order of 10 kG in the gap. 

Clips are fixed on the sensor support structure (5). Sensor 

is fastened on the scan feed arm by details (6) and (7).  

 

 
Fig. 1: Vibrating wire sensor main view. 

 

 

 

By use of a simple positive feedback circuit, the 

magnetic system excites the second harmonic of the 

wire’s natural oscillation frequency while keeping the 

middle of the wire exposed for detection of beam heating. 
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Wire oscillation excitation 

 

Wire oscillations arise as a result of the interaction 

between the oscillating current through the wire and the 

applied magnetic field. When the oscillating current 

passes through the wire, the Lorentz force shifts the wire 

in the transverse direction proportionally to the magnitude 

of the magnetic field and the peak current. The induced 

voltage is proportional to the time derivative of the 

current, which from the electrical viewpoint is equivalent 

to an inductance. The electrical equivalent of the wire can 

therefore be described as a series combination of a 

resistance and an inductance (see, e.g., [13]). Thus 

excitation of mechanical oscillations in the wire is 

possible because the wire acts like a tuned circuit when 

placed in an amplifier feedback arrangement. When the 

wire is connected to an amplifier circuit, a small amount 

of energy is fed back to the wire, which causes it to 

vibrate. This is similar to the excitation of 

electromechanical oscillations in quartz resonators (see, 

e.g., [14]). The frequency measurement is accomplished 

by counting the short impulses of the quartz generator 

inside a few periods of measured oscillations. 

 

Wire under beam irradiation  

 

The interaction of the beam with the wire mainly causes 

heating of the wire due to the energy loss of the particles 

in the wire. In case of permanent thermal flux falling on 

the wire, the equilibrium temperature profile along the 

wire is determined by the balance between the heat 

deposited on the wire and heat dissipation occurring in 

three ways: thermal conductivity along the wire, heat 

radiation and convective heatsink (in gas media) [15]. A 

change in wire mean temperature results in a change of 

wire strain, which is registered by measurement of the 

wire’s natural oscillation frequency. The second harmonic 

frequency of natural oscillations (if wire elasticity is 

neglected) is written as 

 

•= lF 1 ,   (1) 

 

where  is the density of wire material,  is the stress of 

the wire with ends pressed in clips on the distance l. 

Change of this value on l leads to a change in wire stress 

 = E l/l  (where E is the modulus of wire elasticity). 

As a result, the relative change of frequency is 

 

llEFF •= 2/ .   (2) 

 

The same effect arises if instead the wire is overheated by 

an amount T. This can happen if a localized heat flux 

falls on the wire (e.g., a beam of the particles or photons). 

Then l/l = - sT, , where s is the coefficient of thermal 

expansion of the wire, and Eqn. (2) is rewritten: 

 

TEFF
S

•= 2/    (3) 

 

This equation includes the large dimensionless factor 

E/2 , which determines the high sensitivity of wire 

natural oscillation frequency to its heating. Thus for 

Sstainless steel E is of order 200 GPa, whereas  is much 

less than tensile strength: of order of 500-800 MPa. If we 

measure the frequency with an accuracy of about 0.01 Hz, 

(this is the frequency measurement resolution at 1 s 

sampling) the corresponding temperature resolution is 

less than 0.001 K. 

 

Frequencies resonant  capture 

 

So-called frequencies resonant capture [16] can be 

obtained in coupled mechanical oscillators with several 

wires. This phenomenon can happen for multiwire VWS 

if resonant frequencies are very close. This effect is 

stipulated by common clips and support that form a 

mechanical coupling between wires.  

Shown in Fig. 2 are data when resonant capture was 

aroused for two- wire VWS. Each frequency is measured 

by a separate electronic unit with a measurement gate of 

30 s, which allows resolution down to 1 mHz. During the 

experiment the environmental temperature was also 

measured. Splitting of the frequencies occurred at 23:31 

after which both frequencies moved to new values. This 

data allows for an estimation of the two measurement 

channel’s accuracy by calculating the difference between 

the captured frequencies (see Fig. 3). One can see from 

the data that the frequency measurement channel accuracy 

is about 1 mHz.  
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Fig. 2: Frequencies capture phenomenon for two wire 

resonator.  

 

 

Multiwire sensor wire thermal air coupling 

 

If a multiwire sensor is used in the air a thermal coupling 

between sensor wires occurs. In addition to the external 

heat source (measured beam), the wire also reacts to 

temperature changes in neighboring wires. In this case, 

one must recover the necessary information about 

contributions of external sources from wire integral 

overheating. 
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Fig. 3: Two oscillator frequencies difference at resonant 

capture. The same values are presented in two scales (1 – 

at left axis, 2 – at right). 

 

For effect estimation we performed an experiment with 

a five-wire sensor when the external source was modeled 

by DC current through the given wire. In Table 1 the wire 

overheatings are presented. Each row corresponds to a 

current of about 10 mA passing through the subsequent 

wire.  The offset between the wires was 0.5 mm (the 

second wire by technical reasons was omitted from 

measurements).  

 

Table 1 

wire 1 wire 2 wire 3 wire 4 wire 5 

0.255 - 0.052 0.031 0.019 

- - - - - 

0.050 - 0.283 0.099 0.051 

0.029 - 0.101 0.265 0.090 

0.019 - 0.051 0.090 0.247 

 

With good accuracy, (about 0.001 K) the values in the 

table are symmetric across the diagonal of the matrix. 

 

With respect to a linear heat transfer model, the heat 

coupling between the wires is determined by the 

following equations:  

 

, 

, 

,(4) 

, 

. 

 

Here Ti are the wire overheatings relative to the 

environmental temperature, and Qi is the power dissipated 

on the wire with index i. The right-hand sides of (4) 

define heat transfers with the environment (diagonal 

terms) and with the other wires. The coefficients ij  can 

be obtained by special experiments, however it is possible 

to determine them by scan data processing using the 

statement that the unknown beam distribution is the same 

for all wires (see below).  

The problem also can be solved in a fashion similar to 

constant-temperature anemometery (see, e.g., [17]). By 

use of additional DC currents, frequencies can be 

stabilized at some level and in case of wire overheating 

by another source can be held at the same value by a 

corresponding decrease in DC current. The value of 

decrease is characteristic of the unknown source. 

 

Frequency dependence on environmental temperature 

 

The wire oscillation frequency depends also on the 

environmental temperature. To minimize this dependence 

in our VWS, we used a compensation principle by 

choosing the coefficients of thermal expansion of the wire 

and support structure materials to be close to each other. 

For example, in the VWM005 the same grade of stainless 

steel was chosen both for the wires and the support. As a 

result, the dependence of frequencies upon environmental 

temperature variation decreases relative to characteristic 

value 40.2 Hz/K at frequency 4200 Hz for single wire 

(see Table 2). It is more convenient to compare the linear 

dependence of frequency squared on temperature; see 

equation (1). Multiple thermocycling of the five-wire 

sensor in the temperature range 30–70º C gives the values 

presented in Table 2. All values are much smaller than -

3.38 105 Hz2/K for a single wire, but differ significantly 

from each other. 

 

Table 2 

 1 2 3 4 5 

dF2/dT, 1000 Hz2/K -5.5 -8.7 -7.4 -7.3 -8.3 

 

Since all wires are made from the same coil of wire and 

are stretched on the same support, it follows that this 

difference is caused by the clips (plates of ceramics 

pressed by special elastic elements of sensor support). It 

seems that equal clamping of the wire ends will reduce 

the observed difference.  

 

BEAM INSTRUMENTATION 

 

The high sensitivity of the VWS to wire temperature 

variation makes it well-suited to a wide range of 

accelerator diagnostic applications.  Vibrating wire 

sensors have been applied to measurements of electron, 

proton and ion beams. VWS can be used for photon beam 

monitoring with very wide spectral range from deep 

infrared to hundreds of keV. Weak laser beams were 

successfully measured with VWS. First experiments have 

been performed for monitoring hard x-ray beams, both in 

vacuum and in air. 
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Technical characteristics 

 

The main parameters of oscillators with wires from 

stainless steel and tungsten are presented in Table 3.  

Technical characteristics of 5-wire VWS in case of use 

in air are as follows: resolution of frequency measurement 

of each wire is 0.01 Hz, short time accuracy measurement 

(1 hour) is ± 0.01 Hz and accuracy in 24-hour interval is 

± 0.04 Hz. Response time is 0.26 s. These values 

correspond to wire mean temperature resolution of 

0.00025  and short- and long-time accuracy 

± 0.00025 K and ± 0.001 K. By such device it is possible 

to measure deposited on the wire power as small as 

± 1 μW in short-time mode and ± 4 μW in long-time 

mode. The nonlinearity of the pickup in its operational 

range 0-100 mW is 0.01 %. 

 

Table 3 

Material, 

conditions 

A316 

Vacuum 

A316 

Air 

Tungsten 

Vacuum 

Tungsten 

Air 

Tmean/ Q, 

K/mW 

19.4 0.23 3.0 0.23 

F/ Tmean, 

Hz/K at 4200 

Hz 

-40.2 -40.2 -8.8 -8.8 

F/ Q, 

Hz/mW 

-779.6 -9.3 -26.4 -2.0 

response 

time, s 

20.2 0.26 1.8 0.15 

 

 

Electron beam 

 

The first scanning experiments on a charged beam were 

done on an electron beam at the Injector of Yerevan 

Synchrotron with an average current of about 10 nA (after 

collimation) and an electron energy of 50 MeV [19]. 

 
Fig. 4:  Weak electron beam scan. 

 

In Fig. 4 the result of the reconstruction of the beam 

profile for the first half-distance scan is shown. On the 

vertical axis the beam current density in the horizontal 

direction is presented. The solid line represents the profile 

of the beam approximated by the mean square method of 

a Gaussian function with a standard deviation of x 

= 1.48 mm and a beam position at 30.87 mm. 

Proton beam 

 

A series of experiments with the VWS were done on a 

proton beam in the accelerator PETRA at DESY [12, 20-

22]. The proton beam consisted of 10 bunches with an 

initial mean current of about 15 mA and an energy of 

15 GeV. The transversal beam sizes were x = 6 mm, z 

= 5 mm. A system of two scintillator-photomultiplier 

pickups was installed additionally to measure particles 

scattered on the wire. The park position of the wire was 

located at 40 mm (6.7 x) from the center of the vacuum 

chamber on the outside of the accelerator ring. The 

scanner was driven by a stepping motor toward the 

vacuum chamber center. A system of adjustable beam 

bumps allowed control the position of the beam inside the 

vacuum chamber at the scanner location. 

An example of a beam scan is shown in Fig. 5. The 

signal from the VWS sensor changed from the beginning 

of the movement, while the signals from scintillators 

started to increase only at a distance of 13 mm from the 

VWS park position.  

 
Fig. 5. Proton beam scan: 1, frequency signal; 2, proton 

beam current; 3, scan depth; 5 and 6, photomultipliers 

response. 

 

 

The whole scan range was 20 mm. During the 

experiment (20 min) the proton beam current decreased 

from 12 mA to 9.5 mA. Shown in Fig. 5 are data collected 

at a 1 Hz sample rate during a scan. 

 

Ion beam 

 

The vibrating wire scanner was also tested on an ion 

beam of the energy-mass analyzer EMAL-2 [23, 24]. 

Approximately 16 pA of beam current interacted with the 

wire and a frequency decrement of about 0.15 Hz was 

measured. The interest to continue ion beam profiling by 

the VWS is stimulated by the fact that the vibrating wire 

scanning method is based on thermal action of the beam 

and accumulates effect from both charged and neutral 

particles. By this method the effect of electrical 

neutralization of the ion beam by electron clouds can be 

overcome.  
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Laser beam 

 

A laser beam was scanned in air by a vibrating wire 

sensor with two wires located at distance 1 mm from each 

other [25-27]. A semiconductor laser of about 1 mW 

power was used as a photon source. A typical scan is 

presented in Fig. 6. The laser beam was scanned at a 

speed of 66 m/s forwards and backwards. 

 

 
Fig. 6: Laser beam scan by two wire VWS. 

 

Here we see the effect mentioned above of wire thermal 

coupling resulting in profile asymmetry. 

 

Hard x-ray beam monitoring in vacuum 

 

Hard x-ray flux measurements with a vibrating wire 

monitor with two wires were conducted at APS [28]. The 

insertion device used was a standard APS undulator A.  

 

 
Fig. 7: Data collected during photon beam vertical angle 

scan. 

 

A two-wire vibrating wire monitor was installed in a 

vacuum test chamber of beamline 19-ID. The initial 

frequencies were determined with the shutter closed at the 

start of the scan. Using these values, the temperature 

changes TC and TD were determined using equation 

(3), and these values are plotted in Fig. 7. The beam was 

steered downward by 100 microradians, and then steered 

in 5 microradian steps. A magnified view of the 

difference TC - TD is shown in the inset of Fig. 6. 

With the shutter closed, the fluctuations fall in the range 

±0.001K, while after opening the shutter with the beam 

approximately centered, the fluctuations are significantly 

larger, most likely the result of real beam motion. At the 

detector location, this ±0.001K translates into a noise 

floor near 0.5 microns. Considering the 52 meter distance 

from the source, this translates into less than 10 

nanoradians angular resolution, which is quite 

remarkable.  

 
Fig. 8: VWM data corrected for thermal drift and beam 

current decay. The two data sets are offset in the lower 

panel for direct comparison. 

 

Results of the scan after some data processing are shown 

in Fig. 8 (each of the 5-microradian step positions were fit 

to an exponential and thermal drift was subtracted). The 

plot of TD was shifted by 1.730 mm in the lower plot, 

determined from the difference in centroid positions from 

the Gaussian fits. The wire separation measured later with 

a microscope was 1.717±.001 mm. Because it was in 

vacuum, the VWM time constant was about 31 s 

(compared with calculated response time of 20 s from 

Table 3). 

 

Hard x-ray beam monitoring in air 

 

Taking into account the extreme sensitivity of the 

vibrating wire sensors G. Decker suggested [28] placing 

the VWS outside of vacuum to detect only very hard x-

rays that penetrate the vacuum chamber at selected 

locations (see also [29]). The addition of convective 

cooling reduces the response time substantially albeit with 

reduced sensitivity. 

The VWM005 was mounted on the outboard side of a 

bending-magnet synchrotron radiation terminating flange 

in sector 37 at the APS storage ring, at a distance of about 

7 m from radiation source. The synchrotron radiation 

power accepted in the horizontal angle corresponding to 

the VWM005 aperture (about 8 mm) is 99.1 W (at 100 

mA beam current). Using spectral parameters for photon 

beam attenuation in Cu (material of flange) and stainless 
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steel (material of wire), one can calculate the spectral 

distribution of synchrotron radiation transmitted through 

the flange and deposited into the wire (see Fig. 9). The 

synchrotron radiation power after attenuation by 6 mm 

copper is 420 mW, while power dissipated into the wire is 

1.13 mW. One can see from the list of the VWM005 

parameters that this value is sufficient for registration by 

this sensor. 

 
Fig. 9: Normalized spectral distribution of initial 

synchrotron radiation (Y), passed through the Cu flange 

(Y_Cu) and deposited into the wire (Y_wire). 

 

In Fig. 10 we present the overheating data from the five-

wire VWM when the electron beam angle was scanned 

vertically through a range of 300 microradians with 125 

steps (for details see [30]). Profile asymmetries arise from 

the above-mentioned wire thermal coupling effect and 

some wire misalignment issues relative to the sensor 

housing.  

 
Fig. 10: APS vertical bending magnet angle scan results 

showing wire overheating temperatures. 

 

Using a statistical data treatment, the heat coupling 

coefficients were found and accordingly (4) the profiles 

of the source were recovered (see Fig. 11). 

 

In Fig. 12 we present the united profile from all wires. 

Profile widening, especially at the tails, takes place as a 

result of coefficient determination inaccuracy from 

equation (4). 

 

 
Fig. 11: Recovered profiles from separate wires. 

.  

 
Fig. 12: Synchrotron radiation beam profile recovered 

from all wires. 

 

DISCUSSION 

As we mentioned above the vibrating wire sensors can 

be used for many types of beam diagnostics because only 

a small amount of heat transfer from the measured object 

to wire is needed. Therefore vibrating wire sensors can be 

successfully applied to electron, proton, ion and photon 

beam monitoring. It is very important that in each of 

mentioned areas, due to its extreme sensitivity, VWS can 

perform measurements that are impossible using any 

other existing technologies. For charged particle beam 

diagnostics, its can make weak beam measurements and 

provide beam halo and tails monitoring. For photon 

beams it is possibility to measure very hard spectral 

components. Because of this one can measure only 

necessary part of radiation from insertion devices and cut 

unwanted contributions from other accelerator sources.  

A possible area of VWS application is neutral beam 

diagnostics (neutrons, ion beams with uncompenstated 

positive and negative charged particles, plasma). Recent 

application of the VWS in air has allowed a dramatic 

reduction in response time, together with a reduction in 

system cost by a large factor. The VWS concept shows a 

lot of promise due to its very high sensitivity and overall 

simplicity in both the mechanical design and electronics. 
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