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▪ Application of Schottky analysis in Storage ring 
experiments 

▪ Design of different Schottky detectors 

▪ Data acquisition and processing



GSI Helmholtzzentrum für Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI

▪ The four pillars of physics at FAIR 

1. APPA physics (Atomic, Plasma Physics and 
Applications) 
▪ SPARC - Stored Particles Atomic Research 

Collaboration 
2. Nuclear matter physics 
3. NUSTAR physics (Nuclear Structure, Astrophysics 

and Reactions)  
▪ ILIMA - Isomeric Beams, Lifetimes and Masses 

4. Physics with high energy antiprotons
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Longitudinal Schottky analysis

▪ Schottky “signals” 
▪ “Bands” in spectrum 
▪ Total power constant in 

each band 
▪ Mixing into base band 
▪ Rev. freq., beam 

intensity etc..
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Applications (1)
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▪ Schottky Mass Spectroscopy 
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Applications (2)

▪ Lifetime measurement 
▪ e.g. single ion 2 body 

decay study 
▪ approx. same m/q ratio

142
61 Pm60+ �! 142

60 Nd60+ + ⌫e

Kienle, Bosch et. al., Phys. Lett. B 726 (2013) 4–5, p.638
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▪ Absolute current measurement 
▪ Calibration needed using e.g. a DCCT (or a CCC)

Applications (3)

MSS, PhD Thesis 2013
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▪ Absolute current measurement 
▪ Calibration needed using e.g. a DCCT (or a CCC)

Approx. 20 ions Approx. 1000 ions

- Limited by DCCT error (±1µA) 
- Better results by using CCC 
- Non-linear at high intensities

Applications (3)

MSS, PhD Thesis 2013
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▪ Parallel plates 

▪ Primary fields 
▪ External resonant circuit

“Non-resonant” structures
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▪ Parallel plates 

▪ Primary fields 
▪ External resonant circuit

“Non-resonant” structures

B. Schlitt, PhD Thesis 1997
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Resonant Cavity Pickups

▪ Resonant cavities 
▪ Wake fields 
▪ Surface current 
▪ Shape modes using proper 

design
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Resonant Cavity Pickups

▪ Resonant cavities 
▪ Wake fields 
▪ Surface current 
▪ Shape modes using proper 

design
Monopole Dipole Quadrupole

Electric

Magnetic
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Resonant Pickups
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Resonant Pickups

MSS  et. al. Phys. Scr. 014088 (2013)

Nolden et. al. NIM-A, v. 659 No. 1 pp. 69–77 (2011)
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▪ A similar cavity was 
tested and built into 
CSRe in Lanzhou

Wu et. al. NIM-B 317 (2013)

RIBLL2

CSRe

CSRm

internal gas-jet
target

electron cooler

injection from SSC

present
time-of-flight
detector

possible positions
for new time-of-flight

detectors

electron cooler

Schottky
pick-up

production targetB or B - E-B
separation
r r D r
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Improved design

▪ Symmetric design 
▪ Made of 100% stainless steel 

▪ Vacuum friendly 
▪ Manufacturing friendly 
▪ No movable parts in the support 

▪ No ceramic gap (hence no reliance on 
ceramic spec) 

▪ Variable Frequency (ca. 4 MHz at 410 MHz) 

▪ Variable Qu value between 1600 - 3100

MSS et. al. Detailed Specifications 2019.MSS et. al. TDR 2018.MSS et. al. under preparation RSI (2019).
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MSS et. al. under preparation RSI (2019).
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MSS et. al. under preparation RSI (2019).
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▪ Preliminary short test beam 
2018-12 and 2019-04: 

▪ 107Ag45+ @ 232 MeV/u 
▪ ca. 2.5 x 107 particles 
▪ e-cooler on 

▪ Single particle setup not available

MSS et. al. under preparation RSI (2019).

High-Q

Low-Q
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Cavity pickups with transverse sensitivity

Bergere et. al. 1962

BPM #1 

BPM #2 

BPM #3 

Figure 1: 1 nA BPM system block diagram. 

3 POSITION CAVITY 
Information about the beam is provided to the 

electronics by three room temperature RF cavities 
operating at the thud harmonic of the 499 MHz bunch 
frequency. Two of the cavities are position monitors with 
one producing an X position x current signal and the other 
a Y position x current signal. The third cavity is a 
CEBAF Beam Current Monitor [5] that provides beam 
current and phase information necessary for position 
signal amplitude scaling and sign correction. 

1 Space I I 

I I steel I 
Table 2. Position cavity specifications, 

The position cavity is a new design that offers 
excellent stability and transverse sensitivity and mode 
isolation. The cavity is a pillbox with field perturbing 
rods operating in a dipole type mode (see figure 2). 
Resolution is defined here as the ratio of the change in the 

cavity output signal voltage divided by the change in the 
beam position for a given current. The longitudinal 
electric field of the mode goes through a null point (and 
sign reversal) in the center of the cavity resulting in a 
shunt impedance of zero and no output signal for a 
centered beam. The position cavity is designed to measure 
accurately beams that travel through a one centimeter 
square window centered on the cavity axis. Inside this 
window the electric field amplitude changes linearly with 
position and the resolution is at its highest value. 

n 

for 
"g 

Test 

U Outputprobe U 

Figure 2. Position cavity front and side view. 

Placing rods within the cavity draws the electric field 
maxima locations of the mode closer to the cavity axis. 
This field redistribution increases the resolution by a 
factor of 2.5 compared to a cavity with no rods (see figure 
2). The rods also have a polarizing effect in the cavity, 
locking the orientation of the fields and eliminating the 
transverse mode. This improves the x-y isolation and 
permits greater overall system accuracy. The rods also 
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COUPLING METHODS FOR THE HIGHLY SENSITIVE CAVITY SENSOR

FOR LONGITUDINAL AND TRANSVERSE SCHOTTKY

MEASUREMENTS

M. Hansli , A. Angelovski, A. Penirschke, R. Jakoby
TU Darmstadt, Institut für Mikrowellentechnik und Photonik, Darmstadt, Germany

P. Hülsmann, W. Kaufmann
GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany

W. Ackermann, T. Weiland
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Abstract

In order to observe rare isotopes and antiprotons in the
Collector Ring (CR) at FAIR, a highly sensitive Schottky
cavity sensor is proposed, utilizing the monopole mode
for longitudinal and a dipole mode for transversal mea-
surements. The charged particle beam excites the dipole
mode in the suggested resonator several orders of mag-
nitude smaller than the corresponding monopole mode.
Therefore it is crucial to extract both components indepen-
dently without mutual correlation. Particular focus has to
be put on the extraction of the dipole mode to sufficiently
suppress the strong monopole contribution by taking ad-
vantage of a frequency selective coupling mechanism. An
equivalent circuit model is used to determine the signal-to-
noise-ratio (SNR) as a function of the element values and
the coupling factors. The dependencies between the param-
eters and the signal-to-noise-and-interference-ratio (SNIR)
for longitudinal and transversal measurements are depicted
and used to create an optimization algorithm.

INTRODUCTION

To measure Schottky spectra with high sensitivity at
the Collector Ring at FAIR, a resonant cavity sensor (see
Fig. 1) was proposed in [1] and [2]. The sensor is designed
to measure longitudinal Schottky signals at 200 MHz (har-
monic number 146 and 170 for antiprotons and heavy ions
respectively) with a Bandwidth of . It con-
sists of a pillbox cavity with an inner length of 30 cm, a
radius of 47 cm and a beam pipe radius of the CR of 20 cm.
The TM -mode (monopole mode, MHz) of
the pillbox will be used for longitudinal Schottky measure-
ments and the TM -mode (dipole mode, MHz)
will be used for transversal Schottky measurements. The
value is used as a measure for the energy transferred
into the cavity from a passing particle. For the monopole
mode it is approximately 110 in the center while it is
around 3.2 m for the dipole mode at 1 mm transversal off-
set. This leads to a difference in signal levels for the longi-
tudinal and transversal measurements of about four orders

Work supported by the Federal Ministry of Education and Research
(BMBF: 06DA90351)

hansli@imp.tu-darmstadt.de

Figure 1: Sensor cavity for the extraction of horizontal
Schottky signals with slot-coupled waveguide resonators.

of magnitude. Although the two modes are separated by
a factor of about 1.5 in frequency, the bandwidth require-
ments of the Schottky spectra limit the loaded quality fac-
tor of the overall cavity sensor to around 180, leading
to interference between the two modes.

SIGNAL EXTRACTION

The measurements require both extracted signals to be
mutually uncorrelated. To extract the monopole mode a
coupling loop is positioned at the plane where the dipole
mode is zero (the - -plane in Fig. 1). Since the monopole
mode excitation is much stronger the isolation towards the
dipole contribution is sufficient. To obtain a transversal sig-
nal independent of the longitudinal signal, two waveguide
resonators as high pass filters with a lower cutoff frequency
between the two modes under consideration are attached to
the cavity in the plane of transversal measurement. Either
horizontal or vertical transversal Schottky signals can be
measured with this design.

The simulated unloaded quality factor of the pro-
posed pillbox cavity is around 30000. In order to achieve
the required one could adjust by changing the mate-
rial or by means of damping structures like additional cou-
pling loops or antennas [3]. Alternatively, a strong cou-
pling to the waveguides and the measurement device can be
used. The energy dissipated by additional damping will not
contribute to the measurements leaving the second option
more promising. However, with the stronger coupling the

Proceedings of BIW2012, Newport News, Virginia, USA TUPG008
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quency which is sufficiently below the beam tube 
cutoff frequency that the single--detector response 
is relatively unaffected by the beam tube ports, and 
that adequate isolation will be provided in the two- 
cavity system for cavity separation < 50 cm. 

The actual TM,,, and TN,,, frequencies are 
displaced by +2 Mm from the above f,. This 
splitting should be low enough to permit reasonably 
narrow bandwidth in both the rf and 1st IF stages 
(see circuit discussion below), and yet high enough 
to avoid incidental coupling between the two modes; 
since the splitting frequency is also used as the 
frequency of the final IF stage, it should be high 
enough to permit signals from that stage to be 
transmitted over long distances without interference 
from the commercial AM band. 

To translate the S/N requirement for the cavity 
into a Q-value we use the fact that the signal power 
developed by a pickup is given by 

P = <(IBx)'> RLTa/ 4X= (1) 

where <(IB)> is the rms of the product of beam 
current and beam displacement, and X = c/2nf and 
RITZ is the product OP shunt impedance and tran- 
sit-time factor. For a circular accelerator with 
particle revolution frequency fr,, and a circu- 
lating beam of N particles, the "source term" for 
the Schottky signal is 

<(IBx)'> = N(eftev) o: 

Note that because Schottky signals result from 
fluctuations, this term is proportional to N (for 
many accelerators, N usually exceeds lOlo, rather 
than N2 as would be the case for coherent signals; 
this accounts for the ability of signals due to co- 
herent motion to completely overwhelm the Schottky 
signals. 

When excited in the TM,,, (or TM,,,) mode, a 
closed rectangular cavity of length Q, an unloaded Q 
of Q,, and a matched output has a shunt impedance at 
resonance given by 

RLT2 =-&ZoQuT2 -% 
2k 

where 2, is the impedance of free space, and T is 
the usual transit-time factor sin(Q/2k)/(Q/2k). 

For the case of a cavity with beam ports at the 
end, Eq. 3 remains approximately correct as long as 
the port size remains small with respect to the 
wavelength. The product T2(Q/2k) has a broad 
maximum of = . 7 at Q/2* = 1.17. giving RTa/QU = 
34 ohms. Using the Tevatron operating parameters 
given in Table 1, and assuming a 3 dB noise figure 
for the electronics (amplifier noise plus cable 
attenuation). we find that an unloaded Q of 10000 
gives us a S/N of >13 dB in the collider mode, and 
>22 dB for the fixed target mode. 

Note also that for an N-bunch machine with 
particle revolution frequency f,,,. if it is 
desired to process signals from individual bunches 
separately, the requirement that the cavity "ring 
down" to a voltage l/e between bunches takes is 

Qdfo < *fNfrev (4) 

For the case of the Tevatron collider, where N = 3, 
a QL of 5000 would give a ring-down time of roughly 
l/8 the bunch separation which would give nearly 70 
dB pulse-to-pulse isolation. Finally, a loaded Q of 
5000 gives a response which is >8 Schottky bands 
wide (FWHM) so that the detector response is 
essentially flat over the span of the central 
Schottky band. 

The final requirements on tuning and tempera- 
ture regulation are linked: The temperature stabi- 
lity is simply what is required to maintain the tun- 
ing tolerance. For the double cavity, the tolerance 
is based on the requirements that gains and phases 
be sufficiently matched to give 30 dB directional 
rejection; for the single cavity the tolerance is 
somewhat more arbitrary, and is based on keeping the 
response constant to 5%. In either case, the re- 
quired temperature tolerances exceed those of the 
available water systems at Fennilab, and we decided 
that the entire assembly be installed in a thermo- 
statically controlled box to be maintained at llO°F, 
roughly loo higher than the warmest anticipated 
ambient temperature in the Tevatron tunnel. 

Detector 

The single cavity detector is shown in Fig. 1; 
the interior of the device consists of a rectangular 
csvity with rounded corners. Attached to either end 
of the cavity are beam tubes which also serve to 
support the structure when it is installed in the 
Tevatron. The requirements of high Q, good vacuum 
properties, mechanical stability, and reliabil.ity 
and ease of Fabrication led to a choice of 6061 alu- 
minum for the cavity itself. Vacuum joints involv- 
ing aluminum surfaces are made using a radially ex- 
panding metal (REM) seal, somewhat similar to a Hott 
seal; the REM seal also serves as an rf joint. 

CBB 873-1723 

Fig. 1. Assembled Schottky Detector 

The tuning requirements for the cavity cannot 
be achieved by machining tolerances alone (the sen- 
sitivity to transverse cavity dimension is approxi- 
mately 330 kHz/mill, and so a pair of mictometer- 
controlled tuning plungers, shown in the figure, 
must be employed. Each of the coupling antennas 
consists of an axial rod mounted on an SMA fitting 
located roughly halfway between the cavity center 
line and its outer wall. Both the tuning plungers 
and the antennas, as well as a third antenna for in- 
jecting test signals, come mounted on conflat 
flanges. To minimize the number of REM seal adap- 
ters, the cover plate containing these feed-throughs 
was fabricated from a plate made of l/2" aluminum 
bonded to 3/8" stainless steel. The former metal 
provided the required low resistivity interior sur- 
face; the latter permitted the use of con-flat seals 
for all feed-throughs. 

To tune and test the cavity, we first modified 
the antenna lengths so that they provided matched 
coupling to the external 50 ohm loads. The tuning 
plungers were then adjusted to give the proper "vec- 
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Abstract 
The ATF2 international collaboration is intending to 

demonstrate nanometre beam sizes required for the future 
Linear Colliders. The position of the electron beam 
focused down at the end of the ATF2 extraction line to a 
size as small as 35 nm has to be measured with nanometre 
resolution. For that purpose a special Interaction Point 
(IP) beam position monitor (BPM) was designed. In this 
paper we report on the features of the BPM and 
electronics design providing the required resolution. We 
also consider the results obtained with BPM triplet which 
was installed in the ATF beamline and the first data from 
ATF2 commissioning runs. 

INTRODUCTION 
The Accelerator Test Facility (ATF) at the High Energy 

Accelerator Research Organization (KEK) is constructing 
an extraction line as called the ATF2. It addresses two 
major goals; namely focusing the beam down to 
nanometer size and providing the beam position within 
nanometer stability [1]. Cavity type beam position 
monitor (BPM) is expected to require high resolution with 
a few nm. IP-BPM is required to provide a direct 
demonstration of beam position stability at the interaction 
point (IP) [2, 3].  

In this paper we describe the design studies and the test 
results with beam for the Low-Q IP-BPM and its 
electronics module.  

LOW-Q IP-BPM 
ATF IP-BPM has characteristics; 1) Narrow gap to be 

insensitive to the beam angle, 2) Small aperture (beam 
tube) to keep the sensitivity, 3) Separation of x and y 
signal, 4) Signal decay times for x and y are ~ 110 and 

~60 ns, respectively (3-bunch beam 150ns). 
Low-Q IP-BPM was basically designed with same idea. 

Besides larger coupling slot dimension and stainless steel 
as cavity material were considered to decrease signal 
decay time for sensor cavity and for reference cavity, 
respectively. The changed signal decay times for sensor 
(x and y) and for reference signal are ~ 20ns and ~ 30 ns, 
respectively. The resolution can be expected less than 
2nm by calculation of thermal noise power. Design 
parameters are described as shown in  Table 1.  

Table 1: Design Parameters 

Port f(GHz) ȕ Q0 Qext 

X(sensor) 5.712 8 5900 730 
Y(sensor) 6.426 9 6020 670 
Reference 6.426 0.0117 1170 100250 

 
The manufacture was done by a facility in KNU and 

each parts of BPM were brazed at 720°C temperature in 
PAL to avoid leakage into the cavity. The assembly is 
shown in Fig. 1 (a), and (b) shows the partial cross 
section. We will skip the detail for design study for this 
BPM since it has been described in [2].  

 
Figure 1: IP-BPM assembled (a), cut for inspection (b). 

___________________________________________  

*aeyoungheo@knu.ac.kr 

Proceedings of PAC09, Vancouver, BC, Canada TH5RFP070
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Cavity pickups with transverse sensitivity

Bergere et. al. 1962

BPM #1 

BPM #2 

BPM #3 

Figure 1: 1 nA BPM system block diagram. 

3 POSITION CAVITY 
Information about the beam is provided to the 

electronics by three room temperature RF cavities 
operating at the thud harmonic of the 499 MHz bunch 
frequency. Two of the cavities are position monitors with 
one producing an X position x current signal and the other 
a Y position x current signal. The third cavity is a 
CEBAF Beam Current Monitor [5] that provides beam 
current and phase information necessary for position 
signal amplitude scaling and sign correction. 

1 Space I I 

I I steel I 
Table 2. Position cavity specifications, 

The position cavity is a new design that offers 
excellent stability and transverse sensitivity and mode 
isolation. The cavity is a pillbox with field perturbing 
rods operating in a dipole type mode (see figure 2). 
Resolution is defined here as the ratio of the change in the 

cavity output signal voltage divided by the change in the 
beam position for a given current. The longitudinal 
electric field of the mode goes through a null point (and 
sign reversal) in the center of the cavity resulting in a 
shunt impedance of zero and no output signal for a 
centered beam. The position cavity is designed to measure 
accurately beams that travel through a one centimeter 
square window centered on the cavity axis. Inside this 
window the electric field amplitude changes linearly with 
position and the resolution is at its highest value. 

n 

for 
"g 

Test 

U Outputprobe U 

Figure 2. Position cavity front and side view. 

Placing rods within the cavity draws the electric field 
maxima locations of the mode closer to the cavity axis. 
This field redistribution increases the resolution by a 
factor of 2.5 compared to a cavity with no rods (see figure 
2). The rods also have a polarizing effect in the cavity, 
locking the orientation of the fields and eliminating the 
transverse mode. This improves the x-y isolation and 
permits greater overall system accuracy. The rods also 
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Abstract

In order to observe rare isotopes and antiprotons in the
Collector Ring (CR) at FAIR, a highly sensitive Schottky
cavity sensor is proposed, utilizing the monopole mode
for longitudinal and a dipole mode for transversal mea-
surements. The charged particle beam excites the dipole
mode in the suggested resonator several orders of mag-
nitude smaller than the corresponding monopole mode.
Therefore it is crucial to extract both components indepen-
dently without mutual correlation. Particular focus has to
be put on the extraction of the dipole mode to sufficiently
suppress the strong monopole contribution by taking ad-
vantage of a frequency selective coupling mechanism. An
equivalent circuit model is used to determine the signal-to-
noise-ratio (SNR) as a function of the element values and
the coupling factors. The dependencies between the param-
eters and the signal-to-noise-and-interference-ratio (SNIR)
for longitudinal and transversal measurements are depicted
and used to create an optimization algorithm.

INTRODUCTION

To measure Schottky spectra with high sensitivity at
the Collector Ring at FAIR, a resonant cavity sensor (see
Fig. 1) was proposed in [1] and [2]. The sensor is designed
to measure longitudinal Schottky signals at 200 MHz (har-
monic number 146 and 170 for antiprotons and heavy ions
respectively) with a Bandwidth of . It con-
sists of a pillbox cavity with an inner length of 30 cm, a
radius of 47 cm and a beam pipe radius of the CR of 20 cm.
The TM -mode (monopole mode, MHz) of
the pillbox will be used for longitudinal Schottky measure-
ments and the TM -mode (dipole mode, MHz)
will be used for transversal Schottky measurements. The
value is used as a measure for the energy transferred
into the cavity from a passing particle. For the monopole
mode it is approximately 110 in the center while it is
around 3.2 m for the dipole mode at 1 mm transversal off-
set. This leads to a difference in signal levels for the longi-
tudinal and transversal measurements of about four orders

Work supported by the Federal Ministry of Education and Research
(BMBF: 06DA90351)

hansli@imp.tu-darmstadt.de

Figure 1: Sensor cavity for the extraction of horizontal
Schottky signals with slot-coupled waveguide resonators.

of magnitude. Although the two modes are separated by
a factor of about 1.5 in frequency, the bandwidth require-
ments of the Schottky spectra limit the loaded quality fac-
tor of the overall cavity sensor to around 180, leading
to interference between the two modes.

SIGNAL EXTRACTION

The measurements require both extracted signals to be
mutually uncorrelated. To extract the monopole mode a
coupling loop is positioned at the plane where the dipole
mode is zero (the - -plane in Fig. 1). Since the monopole
mode excitation is much stronger the isolation towards the
dipole contribution is sufficient. To obtain a transversal sig-
nal independent of the longitudinal signal, two waveguide
resonators as high pass filters with a lower cutoff frequency
between the two modes under consideration are attached to
the cavity in the plane of transversal measurement. Either
horizontal or vertical transversal Schottky signals can be
measured with this design.

The simulated unloaded quality factor of the pro-
posed pillbox cavity is around 30000. In order to achieve
the required one could adjust by changing the mate-
rial or by means of damping structures like additional cou-
pling loops or antennas [3]. Alternatively, a strong cou-
pling to the waveguides and the measurement device can be
used. The energy dissipated by additional damping will not
contribute to the measurements leaving the second option
more promising. However, with the stronger coupling the
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quency which is sufficiently below the beam tube 
cutoff frequency that the single--detector response 
is relatively unaffected by the beam tube ports, and 
that adequate isolation will be provided in the two- 
cavity system for cavity separation < 50 cm. 

The actual TM,,, and TN,,, frequencies are 
displaced by +2 Mm from the above f,. This 
splitting should be low enough to permit reasonably 
narrow bandwidth in both the rf and 1st IF stages 
(see circuit discussion below), and yet high enough 
to avoid incidental coupling between the two modes; 
since the splitting frequency is also used as the 
frequency of the final IF stage, it should be high 
enough to permit signals from that stage to be 
transmitted over long distances without interference 
from the commercial AM band. 

To translate the S/N requirement for the cavity 
into a Q-value we use the fact that the signal power 
developed by a pickup is given by 

P = <(IBx)'> RLTa/ 4X= (1) 

where <(IB)> is the rms of the product of beam 
current and beam displacement, and X = c/2nf and 
RITZ is the product OP shunt impedance and tran- 
sit-time factor. For a circular accelerator with 
particle revolution frequency fr,, and a circu- 
lating beam of N particles, the "source term" for 
the Schottky signal is 

<(IBx)'> = N(eftev) o: 

Note that because Schottky signals result from 
fluctuations, this term is proportional to N (for 
many accelerators, N usually exceeds lOlo, rather 
than N2 as would be the case for coherent signals; 
this accounts for the ability of signals due to co- 
herent motion to completely overwhelm the Schottky 
signals. 

When excited in the TM,,, (or TM,,,) mode, a 
closed rectangular cavity of length Q, an unloaded Q 
of Q,, and a matched output has a shunt impedance at 
resonance given by 

RLT2 =-&ZoQuT2 -% 
2k 

where 2, is the impedance of free space, and T is 
the usual transit-time factor sin(Q/2k)/(Q/2k). 

For the case of a cavity with beam ports at the 
end, Eq. 3 remains approximately correct as long as 
the port size remains small with respect to the 
wavelength. The product T2(Q/2k) has a broad 
maximum of = . 7 at Q/2* = 1.17. giving RTa/QU = 
34 ohms. Using the Tevatron operating parameters 
given in Table 1, and assuming a 3 dB noise figure 
for the electronics (amplifier noise plus cable 
attenuation). we find that an unloaded Q of 10000 
gives us a S/N of >13 dB in the collider mode, and 
>22 dB for the fixed target mode. 

Note also that for an N-bunch machine with 
particle revolution frequency f,,,. if it is 
desired to process signals from individual bunches 
separately, the requirement that the cavity "ring 
down" to a voltage l/e between bunches takes is 

Qdfo < *fNfrev (4) 

For the case of the Tevatron collider, where N = 3, 
a QL of 5000 would give a ring-down time of roughly 
l/8 the bunch separation which would give nearly 70 
dB pulse-to-pulse isolation. Finally, a loaded Q of 
5000 gives a response which is >8 Schottky bands 
wide (FWHM) so that the detector response is 
essentially flat over the span of the central 
Schottky band. 

The final requirements on tuning and tempera- 
ture regulation are linked: The temperature stabi- 
lity is simply what is required to maintain the tun- 
ing tolerance. For the double cavity, the tolerance 
is based on the requirements that gains and phases 
be sufficiently matched to give 30 dB directional 
rejection; for the single cavity the tolerance is 
somewhat more arbitrary, and is based on keeping the 
response constant to 5%. In either case, the re- 
quired temperature tolerances exceed those of the 
available water systems at Fennilab, and we decided 
that the entire assembly be installed in a thermo- 
statically controlled box to be maintained at llO°F, 
roughly loo higher than the warmest anticipated 
ambient temperature in the Tevatron tunnel. 

Detector 

The single cavity detector is shown in Fig. 1; 
the interior of the device consists of a rectangular 
csvity with rounded corners. Attached to either end 
of the cavity are beam tubes which also serve to 
support the structure when it is installed in the 
Tevatron. The requirements of high Q, good vacuum 
properties, mechanical stability, and reliabil.ity 
and ease of Fabrication led to a choice of 6061 alu- 
minum for the cavity itself. Vacuum joints involv- 
ing aluminum surfaces are made using a radially ex- 
panding metal (REM) seal, somewhat similar to a Hott 
seal; the REM seal also serves as an rf joint. 

CBB 873-1723 

Fig. 1. Assembled Schottky Detector 

The tuning requirements for the cavity cannot 
be achieved by machining tolerances alone (the sen- 
sitivity to transverse cavity dimension is approxi- 
mately 330 kHz/mill, and so a pair of mictometer- 
controlled tuning plungers, shown in the figure, 
must be employed. Each of the coupling antennas 
consists of an axial rod mounted on an SMA fitting 
located roughly halfway between the cavity center 
line and its outer wall. Both the tuning plungers 
and the antennas, as well as a third antenna for in- 
jecting test signals, come mounted on conflat 
flanges. To minimize the number of REM seal adap- 
ters, the cover plate containing these feed-throughs 
was fabricated from a plate made of l/2" aluminum 
bonded to 3/8" stainless steel. The former metal 
provided the required low resistivity interior sur- 
face; the latter permitted the use of con-flat seals 
for all feed-throughs. 

To tune and test the cavity, we first modified 
the antenna lengths so that they provided matched 
coupling to the external 50 ohm loads. The tuning 
plungers were then adjusted to give the proper "vec- 
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Abstract 
The ATF2 international collaboration is intending to 

demonstrate nanometre beam sizes required for the future 
Linear Colliders. The position of the electron beam 
focused down at the end of the ATF2 extraction line to a 
size as small as 35 nm has to be measured with nanometre 
resolution. For that purpose a special Interaction Point 
(IP) beam position monitor (BPM) was designed. In this 
paper we report on the features of the BPM and 
electronics design providing the required resolution. We 
also consider the results obtained with BPM triplet which 
was installed in the ATF beamline and the first data from 
ATF2 commissioning runs. 

INTRODUCTION 
The Accelerator Test Facility (ATF) at the High Energy 

Accelerator Research Organization (KEK) is constructing 
an extraction line as called the ATF2. It addresses two 
major goals; namely focusing the beam down to 
nanometer size and providing the beam position within 
nanometer stability [1]. Cavity type beam position 
monitor (BPM) is expected to require high resolution with 
a few nm. IP-BPM is required to provide a direct 
demonstration of beam position stability at the interaction 
point (IP) [2, 3].  

In this paper we describe the design studies and the test 
results with beam for the Low-Q IP-BPM and its 
electronics module.  

LOW-Q IP-BPM 
ATF IP-BPM has characteristics; 1) Narrow gap to be 

insensitive to the beam angle, 2) Small aperture (beam 
tube) to keep the sensitivity, 3) Separation of x and y 
signal, 4) Signal decay times for x and y are ~ 110 and 

~60 ns, respectively (3-bunch beam 150ns). 
Low-Q IP-BPM was basically designed with same idea. 

Besides larger coupling slot dimension and stainless steel 
as cavity material were considered to decrease signal 
decay time for sensor cavity and for reference cavity, 
respectively. The changed signal decay times for sensor 
(x and y) and for reference signal are ~ 20ns and ~ 30 ns, 
respectively. The resolution can be expected less than 
2nm by calculation of thermal noise power. Design 
parameters are described as shown in  Table 1.  

Table 1: Design Parameters 

Port f(GHz) ȕ Q0 Qext 

X(sensor) 5.712 8 5900 730 
Y(sensor) 6.426 9 6020 670 
Reference 6.426 0.0117 1170 100250 

 
The manufacture was done by a facility in KNU and 

each parts of BPM were brazed at 720°C temperature in 
PAL to avoid leakage into the cavity. The assembly is 
shown in Fig. 1 (a), and (b) shows the partial cross 
section. We will skip the detail for design study for this 
BPM since it has been described in [2].  

 
Figure 1: IP-BPM assembled (a), cut for inspection (b). 

___________________________________________  

*aeyoungheo@knu.ac.kr 
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Chen et. al. Nucl. Instrum. Meth. A, 826 (2016) 39-47
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▪ Position determination 
▪ Comparison with circular 

reference 
▪ Same Depth (TTF) 
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Dmytriiev, PhD Thesis, ongoing.
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Slow wave pickups

▪ Situation: Slow heavy ions 

▪ Plate resonators: 
▪ Charge redistribution 

too fast 

▪ Cavity pickups: 
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factor
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RF Signal flow

MSS, PhD Thesis 2013
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Data acquisition

▪ Spectrum analyzer 
▪ Ring / cooler setup and 

configuration 
▪ Narrowband recording for each 

injection 
▪ Old-TCAP system: (90’s - ca. 2010) 
▪ New-TCAP system: 

▪ broadband recording 
▪ Continuous 
▪ 2 to 70 Msps 
▪ Local  / Network access

Digitizer

Downconverter

Local Oscilator

C. Trageser, PhD Thesis 2018
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Software defined radio (SDR)

▪ Hardware is (relatively) low cost 
▪ Usually narrowband 
▪ Signal processing in software 
▪ VHDL on FPGA 
▪ C++ / Python on PC 

▪ Open source tools available (i.e. GNU-Radio) 
▪ Additional compatibility with FAIR control 

system is possible / desirable



GSI Helmholtzzentrum für Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI

Some SDR history @ GSI

MSS et. al. GSI Scientific Report GSI-ACCELERATORS-07 (2009)
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Commercial variants

▪ Preliminary tests: 
▪ Stream recording works fine 

▪ Time stamp? 
▪ Needed for FAIR-DAQ 
▪ FAIR Commissioning & Control Working Group 

(FC2WG) 
▪ USB-3 bus interrupt polling mode only

RTL-SDR based

Ettus B210

Ettus N210

LimeSDR
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Related activities

▪ Open source tools and libraries for 
Schottky data analysis 

▪ Nuclidic identification based on deep 
neural networks (DNN) on GPU 
workstation 
▪ Learning on Schottky data 
▪ Work in progress

https://github.com
/xaratustrah
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Thank you!


