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Overview

‣ Short introduction about Schottky diagnostics 
!

‣ The ESR Resonator as a prototype for CR 
!

‣ Introduce some pilot designs for CR 
!

‣ New approaches for transversal sensitivity 
!

‣ Conclusion
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Schottky signals
‣ 2nd order moment function (power)
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‣ Perform Fourier transformation 
‣ Schottky “bands” on integer harmonics 

of fr
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‣ Perform Fourier transformation 
‣ Schottky “bands” on integer harmonics 

of fr

rii(t+ ⌧, t) = · · ·

‣ Total power in each band is equal

Can be used for beam intensity measurements
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‣ At higher harmonics: 
- For a given ∆f or ∆(m/q) 

- Shorter recording time 
!

- For a given ∆t 
- Higher frequency (or m/q) resolution

4

‣ Same information exists in every band

fLO

fBBmfr‣ Mixing into base band needed:
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Mass and lifetime	

measurements!



Transversal signals

‣ Similar to long. case 
- Additionally modulated by the 

betatron motion
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xj(t) = aj cos(Q!jt+ �

0
j )

‣ Upper and lower Schottky 
sidebands

‣ Info on: Tune, Chromaticity, 
transverse beam size etc.

f+f- nfr



Resonant Pick-ups

‣ 1st Approach: Parallel plates 
- Mirror charge density 
- Primary fields 
- Nearly flat frequency response 
!

- Example: ESR Pickup since 1990
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Resonant Pick-ups

‣ 1st Approach: Parallel plates 
- Mirror charge density 
- Primary fields 
- Nearly flat frequency response 
!

- Example: ESR Pickup since 1990

‣ 2nd approach: From plates to cavity 
- Trapped fields (wake fields) 
- Damped oscillation 

!
- Constitute different: 

!
- Resonant modes 
- Frequencies 
- Patterns 
- Surface currents
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‣ First modes of a pillbox cavity

Monopole Dipole Quadrupole

Electric field

Magnetic field
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‣ First modes of a pillbox cavity

Monopole Dipole Quadrupole

Electric field
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The ESR Resonator
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The ESR Resonator

‣ Characteristics 
- f0 = 245 MHz 
- Qloaded ~ 510 
- R/Q ~ 42 Ω 
- Critical coupling 
- BW ~ 700 kHz
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Photo: P. Petri 2009

Freq. vs. Plunger
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Photo: P. Petri 2009



Shahab Sanjari, 2014-07-07, Jena. 11

������

����

���	


������ �������
�����

������� �����


�����
�� ��	 ���

������
�
	�������
���
�������

����
��� ���
�
���
�� ��� �
	�������
���

��������

������� �����

��������
�
�����

������
�� ������ � � � ���
������
��
� � � �



Shahab Sanjari, 2014-12-02, Darmstadt. 12

Source: Kienle, F. Bosch et. al., Phys. Lett. B 726 (2013) 4–5, p.638
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‣ Collage of different EC spectra (142Pm —> 142Nd + νe)

13

6 ions 
einjected

Stochastic cooling

Electron cooler is always on

4 Decays

Jitter

2 Decays

1 β+ decay or loss

142Pm 142Nd



Beam intensity

‣ Calibrate the integral Schottky power 
- using e.g. a DCCT 
!

‣ Test beams 
- Left: 238U88+ with 90 MeV/u with N2 Target 
- Right: 238U28+ with 30 MeV/u
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- Limited by DCCT 
error (±1µA)
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Beam intensity

‣ Calibrate the integral Schottky power 
- using e.g. a DCCT 
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‣ Test beams 
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Approx. 20 ions Approx. 1000 ions

- Limited by DCCT 
error (±1µA)

CCC needed!



Recent measurements
‣ Measurements in ESR 
- During summer beam time 2014

‣ Lorem ipsum dolor sit amet. 
- Lorem 

- ipsum 
‣ dolor
‣ Lorem ipsum dolor sit amet. 

- Lorem 
- ipsum 

‣ dolor
‣ Lorem ipsum dolor sit amet. 

- Lorem 
- ipsum 

‣ dolor
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~ 2.7 x 108 particles

~ 1.9 x 109 particles

~ 3 x 106 particles

~ 6.3 x 107 particles
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im
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inary

To be published in Nuclear Instruments and Methods



ILIMA	

@CR

Schottky in CR
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CR Beam	

Diagnostics

Long. Transv.

New ConceptSimilar to ESR

Long. + Trans.

Original Plan

Schottky as an experimental "detector"Schottky for beam diagnostics



ILIMA	

@CR

Was postponed for 
later (until	

recently plans 
changed)

Schottky in CR
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Schottky in CR
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CR Beam	

Diagnostics

Long. Transv.

New ConceptSimilar to ESR

Long. + Trans.

Original Plan

Joint Effort 

Schottky as an experimental "detector"Schottky for beam diagnostics



Schottky in CR
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! Energy!
[MeV/u]

∆p/p!
[+- %] long. trans.

pbar 3000 3 yes no

ILIMA!
RIB 740 1.5 yes no

ILIMA ISO 400, 625, 
790

0.22, 0.46, 
0.62 yes yes

General!
Beam 

Diagnostic
s

yes of 
advantage

‣ Needed Schottky diagnostics 
- Longitudinal vs transversally sensitive



Schottky in CR

‣ Reserved places  
- 15 in total 
- Straight and arc sections 
- All places have "nomenclature"

Shahab Sanjari, 2014-12-02, Darmstadt. 18
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‣ Application of many detectors 
- Tune on several frequencies 

- Continuous broad band 
- Broad band with gap 

- Special physics case 
!

- All on the same frequency 
- Signal phase correlation 
- Dedicated research (ongoing)

1

2 

4 

3 !

6 5 

7

8

9

10

11

12 13

14

15



Racks, Power Supply and Cables

‣ Signal chain and control signals

Shahab Sanjari, 2014-12-02, Darmstadt. 19

‣ Offline Schottky noise estimation (spectral estimation)



Racks, Power Supply and Cables

‣ 9 Racks 
- Near Beam Diagnostics Section  
- 2 UPS 
- 7 CPS 
- 1 Beam line supply

‣ Cable Planing on going 
- together with BD 
- Cable types: 

- Supplies 
- Control 
- RF

Shahab Sanjari, 2014-12-02, Darmstadt. 20
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Data Acquisition

‣ Data Acquisition is based on Beam diagnostics (Talk of O. Chorniy) 
- Discussion ongoing 
- Software interface

‣ Other possibilities 
- Usage of NTCAP system (Ch. Trageser, PhD thesis) 

- Based on NI Hardware 
- Successful commissioning in october 2014 in ESR + Resonator 

Data 
!

- Unified data Acquisition based on Software Defined Radio (J. 
Piotrowski, MSc Student) 
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CR Beam Pipes

‣ Arc section pipes: 
- CATIA Model imported into 

Microwave Studio 
- Cut-off frequency ~ 428 MHz
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Source: I. Schurig

Size: 18 x 40 cm

‣ Straight section pipes 
- DN200 (radius = 10 cm) 
- Cut-off freq. ~ 879 MHz



CR Longitudinal Resonators

‣ Pilot design for arc sections 
- Coupler at top 
- Symmetrical Plungers at bottom 
- No ceramic gap 
- Stainless steel no coating 
- radius 35 cm 
- depth 10 cm
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Mode! Freq. 
[MHz] Q R/Q!

[ohm]

1 344 33787 82

2 477 41034 ~ 0



CR Longitudinal Resonators

‣ Pilot design for 
straight section 
- plungers 180° 
- radius 35 cm 
- depth = 10 cm 
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Mode! Freq. 
[MHz]

Q R/Q!
[ohm]

1 340 21512 108

2 504 28521 ~ 0

‣ Plunger tuning



CR Longitudinal Resonators

‣ pbar at 3GeV/u 
- β = 0.97 
- γ = 4.19 
- fr = 1.314 MHz 
- m = 261 

‣ Tuning m fr = f0 
- ∆f ~ 114 kHz
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Freq. vs. Plunger
‣ Max. Qloaded for 2 x ∆f is approx. 1500 
!

‣ Reduction of Q 
- Mechanical shorting (electric, or manual) 
- ”heavily loading" 
- non-critical coupling 
- Vacuum tight permanent lossy material



Transversal approaches
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‣ Cavity based designs: 
- Small designs for small aperture 
machines: SLAC, SwissFEL, etc…

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
TU Darmstadt, Institut für Theorie Elektromagnetischer Felder, Darmstadt, Germany

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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‣ Suggestions of P. Hülsmann (GSI): 
- TM110/TM010 pickup for CR 
beam diagnostics 
- (PhD Thesis: M. Hansli, TU-

Darmstadt)
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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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We parameterize the detuning of the cavity resonance fre-
quency Vl from the bunch train frequency V0 by the tuning
angle

tancl5QLlS Vl

V0
2

V0

Vl
D'2QLlS Vl2V0

V0
D , ~61!

in terms of which,

Vc~ t !'R exp@ jV~ t2tb0!#
QL

p
V̂c0 cosce jc. ~62!

Evidently tuning error introduces both a phase and an ampli-
tude error. The amplitude error is second order in the tuning
angle, and the phase error is just the tuning angle. In general,
the amplitude of the resonant denominator in Eq. ~61! is

L215ueGt21u52 expS p

2QL
D F sinh2S p

2QL
D1sin2S pV

V0
D G1/2,
~63!

so that, in the case of large detuning from resonance the
enhancement factor of QL /p is replaced with a factor of
order unity.

Before leaving the matter of bunch train excitation, let us
note an alternative method of computing the transient cavity
voltage. We approximate our expression for beam current
using the first-harmonic component, Ib0'RĨ b0e jvt, and
similarly represent the cavity voltage as Vc'RṼce jvt. We
make the slowly varying envelope approximation, such that
udĨb0 /dtu!vu Ĩ b0u, and find

dṼc

dt 1
1
T f

~12 j tanc!Ṽc'2klĨb0 .

Abbreviating D5(12 j tanc)/Tf , one finds that for an ini-
tially unexcited cavity, and a beam current waveform arriv-
ing at t50,

Ṽc~ t !'2kle2DtE
0

t
dt8 Ĩ b0~ t8!eDt8.

Using Ĩ b52IbFt one confirms the result obtained from su-
perposition of single bunches.

This completes our analysis of the interaction of the
beam with the waveguide-coupled cavity modes. In the next
section, we illustrate these considerations for an example
beam-position monitor system.

III. TWO-CAVITY BPM SYSTEM

We consider the beam-position monitor system illus-
trated in Fig. 3, as discussed in Ref. 1. The system makes use
of three cavities, including a vertical position monitor cavity;
however, without loss of generality, we are free to concen-
trate on analysis of beam-position monitoring in the horizon-
tal.

A. Phase cavity
The geometry of the phase cavity is seen in Fig. 4 as

originally designed by Altenmueller and Brunet.10 One can
appreciate the parameters for the phase cavity with reference
to the scalings for a closed, cylindrical pillbox—the cavity
prior to perturbation by the beam port, nose cones, and ex-
ternal coupling. In this idealized model, optimum shunt im-

pedance occurs for u5158.1° and is Rs'3.77MV , with
Qw'1.733104, and @R/Q#'220V . A more precise result
is obtained with an electromagnetic field solver and we em-
ploy the finite difference code Gd f idL .11 We obtain f
'2836MHz, Qw'1.513104, @R/Q#'236V , and kl
'1.11 V/pC. Given the accessibility of the cavities for
bench measurement, the analytic scalings and the electro-
magnetic computations are primarily of use for mode identi-
fication, and accurate calculation of the mode coupling coef-
ficients an ,bn .

Characteristics of the phase cavity have been measured
on the bench as part of a three-cavity assembly, as seen in
Fig. 3, employing an HP8510 vector network analyzer, with
N-type calibration and 801 points over a span of 20 MHz.
Cavity temperature was held steady to 0.5 °C by means of
temperature-stabilized water flow. We find f'2855.8MHz
at T545.0 °C, with temperature coefficient of d f /dT'26
3104 Hz/°C. Inferred Qw'7.93104, while QL was found to
be sensitive to the state of the connector.

Comparing these figures to those of Altenmueller and
Brunet, their value QL'1200 is consistent. Their estimate
@R/Q#'248V is about 5% higher. For a loaded shunt im-
pedance of Rs'0.28MV , and loaded fill time T f52QL /v
'133 ns, the single-bunch scalings are U'1.1mJ Qb

2(nC),
and Pw'15W Qb

2(nC). The steady-state, multibunch scal-
ing is obtained with the substitution Qb!Qbeff5QLQb /p,
and corresponds to Pw'0.26W Ib

2(mA).
For this phase cavity, we have cylindrical symmetry to

an excellent approximation, so that the quadrupole term b2
'0. In fact, even a slight quadrupole component would not
significantly effect the systematics of this signal, since it is
not employed near a signal null, unlike the position cavity.
One might be concerned about the bunch-length dependence
of the cavity emitted signal, insofar as pulse-to-pulse fluctua-
tion in ~unmonitored! bunch length could then function as a
source of ‘‘noise’’. Two features mitigate against this poten-
tial systematic however. First, the bunch length typically
must be quite small, insofar as a long bunch will exhibit
energy spread unacceptable for experimental application of
the beam. The root-mean-square ~rms! phase width of the

FIG. 3. This 12 in.-long assembly consists of three 2856 MHz cavities for
monitoring of beam phase, and horizontal and vertical position. We will
analyze the combination of the x cavity and the phase cavity.

2307Rev. Sci. Instrum., Vol. 70, No. 5, May 1999 D. H. Whittum and Y. Kolomensky

Downloaded 21 Sep 2009 to 140.181.106.4. Redistribution subject to AIP license or copyright; see http://rsi.aip.org/rsi/copyright.jsp

1962 Bergere et. al., Saclay 
1963 Neal, SLAC 
1964 Brunet et. al. SLAC 
1967 Farinholt et. al. SLAC 
1987 Goldberg et. al. LBNL 
1997 Ursic et. al. SLAC 
1998 Slaton et. al. SLAC 
2004 Kim et. al. SLAC 
and more!

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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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 
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"g 
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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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Present Design Approach

‣ All previous designs based on Dipole mode 
‣ Current design: 
- Based on elliptical geometry 
- Place of high dispersion 
- Not yet fully adapted for CR

Shahab Sanjari, 2013-11-09, Lanzhou. 27

‣ Advantages over Dipole resonators 
- Cope with large Beam pipe apertures 
- Information the strong monopole mode 
- Position information of coasting beam

Mode! Freq. 
[MHz]

Q R/Q!
[ohm]

1 422 23381 pos. 
dep.

2 509 25580 ~ 0

Diameters:	

40 x 120 cm	

pipe: 17 cm	

Depth: 10

Possible CAD	

Model:

Source: Phys. Scr. Special Issue 2014



Present Design Approach

‣ Impedance 
- Circular vs Elliptical

Shahab Sanjari, 2013-11-09, Lanzhou. 28

Circular

Elliptical

Source: Phys. Scr. Special Issue 2014
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Bench top Model

‣ Circular bench top model 
- Automated test bench 
- Effects are measurable 
- Elliptical Model under 

development

Shahab Sanjari, 2013-11-09, Lanzhou. 29
Source: X. Chen et. al. Phys. Scr. Special Issue 2014
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Outlook and Conclusions

‣ Plans for 2015 
- Continue work R&D on transversal geometry 
!

- Construction of a real life prototype of a longitudinal resonator 

Shahab Sanjari, 2014-12-02, Darmstadt. 30

‣ Currently: 
- Places are fixed 
- Lengths also fixed (design constraint) 
- Device database and cables are ongoing



Outlook and Conclusions

‣ Plans for 2015 
- Continue work R&D on transversal geometry 
!

- Construction of a real life prototype of a longitudinal resonator 

‣ What is needed: 
- Fixed optics (specially places with maximum dispersion) 
- Fixed size of vacuum chambers 
- Reserved places for Schottky don't change 

- with respect to vacuum components etc… 
- where are the bellows etc…

Shahab Sanjari, 2014-12-02, Darmstadt. 30

‣ Currently: 
- Places are fixed 
- Lengths also fixed (design constraint) 
- Device database and cables are ongoing



Outlook and Conclusions
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‣ In conclusion:  
- we are very optimistic about the feasibility of longitudinal 

resonators in CR not only as an experimental device but also 
as a diagnostic device for CR commissioning. 
!

- Elliptical cavities are promising for transversal sensitivity 
!

- Of course more R&D is needed.
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Thank you!


