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Abstract 
Beam current bench tests and simulations, c.g. with beam 

monitors, arc of interest for diagnostic purposes. For highly- 
relativistic tests, the common coaxial wire method may bc 
used. In contrast, a configuration for non-relativistic beams 
was devised for transverse impedance measurements. We have 
combined the two approaches to permit both frequency and 
time domain low-beta bench tests of the line charge, and of 
the longitudinal beam impedance. The basic structure is of 
coaxial 50 R gcomctry, whcrc the outer diamctcr matches the 
bean-pipe diameter of COSY, while the inner conductor car- 
rics, both around the azimuth and along ~hc axis, suitable pin- 
and-loop arrays for imposing electric and magnetic fields, rc- 
spcctivcly. The arrays ensure nearly azimuthal (coaxial) sym- 
mctry, and are wired via delay lines such that axially varying 
field patterns may bc gcncratcd, permitting the simulation of a 
broad beta range. We use standard mcasurcmcnt techniques 
with a network analyzer at a frequency range from 500 kHz up 
to 100 MHz. A calibration procedure, measuring field pick- 
up via coupling loops and pins installed in the outer beam 
pipe wall, cnsurcs the correct IEI/IBI ratio. 

1. INTRODUCTION 

The coazxial-wire method is commonly cmploycd for simu- 
lating a field configuration inside the beam pipe, that is simi- 
lar to fields gcncrated by a highly relativistic beam, i.e. p - 1, 
where p is the ratio of the beam velocity to the speed of light 
in vacuum. In this case fields are closely approximated by 
modes of TEM-type. Correspondingly, transverse highly rela- 
tivistic modes are suitably modcllcd by the common two-wire 
method, driven in balanced-line, or, respectively, the single- 
wire-plus-ground-plane mcthod.[ 1,2] To approximate the 
situation of transvcrsc modes of a low-beta beam more rcali- 
stically, a delayed loop-and-pin structure was devised, incorpo- 
rating in addition a metallic symmetry-planc.[2,3] This struc- 
ture was used to charactcrizc a meander-shaped slow-wave 
pick-up structure used l’or stochastic cooling at low beta. 

Hcrc, we present a similar set-up, although topologically 
different in approach, that aims at the simulation of longitudi- 
nal fields of low-beta beams and at the characterization of im- 
pcdanccs of structures excited by such beams. The planar geo- 
metry of refcrcncc [2,3] cannot be used in a straightforward 
manner for this purpose. Rather, small loops and pins arc 
placed on the inner conductor both around the azimuth and 
along the axis of the beam pipe. This (quasi-cylindrical) gco- 
mctry is less accessible to the quantitative description, than is 
the planar case.[2,3] For instance, an azimuthally symmetric 
purely azimuthal magnetic field configuration in between in- 
ncr and outer conductors cannot bc produced by an azimuthally 
symmetric current distribution on the inner conductor alone. 
The magnetic fields in bctwccn inner and outer tube, therefore, 
csscntially depend on the azimuthal array of discrete loops. 

As an approximate tool to estimate the respcctivc field confi- 
gurations, we therefore started from single loop and pin pro- 
perties. 

2. MECHANICAL CONFIGURATION 

Starting from a basic coaxial structure of a 50-Q geometry, 
as it is used for relativistic test measurements, the outer dia- 
meter matches the beam-pipe diameter of COSY (150 mm), 
while the inner conductor must thus measure 66 mm in dia- 
mctcr. The inner conductor is divided into mating modules, 
each carrying cithcr pins or loops to impose, rcspcctivcly, 
electric or magnetic fields. The inner tube serves as the 
ground/reference surface for the pin-and-loop arrays. 

Fig. 1: Schematic of the modules for loops and pins 

Fig. 2: Photograph of actually assembled loop and pin arrays 

The pins consist of rods of 10 mm length, and the loops 01 
a semi-circle curved of 10 mm radius. Both pins and loops 
are formed from semi-rigid l-mm diamctcr wire, with the tcf- 
ion insulation (0.5 mm thick) stripped back, where they cx- 
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tend from the inner conductor. There are 10 pins and 10 loops 
installed evenly azimuthally into each inner tube module. 
The modular construction allows for easy assembly and wi- 
ring of each station, and for configurational flexibility, achie- 
ving a minimum loop-to-pin distance of hmin/2 = 35 mm, h 
being the structure periodicity (and the field distribution perio- 
dicity, if all loops were to be driven in phase). With our 
module design, this length may arbitrarily be extended by in- 
serting matching extension tubes. Modules are mechanically 
plugged together; each module features a conical tight fit en- 
suring mechanical stability of the inner tube without the use 
of further mechanical fixtures. Conceivably, the minimum 
distance of 35 mm could be reduced, if a different joining me- 
chanism were to be used. In this respect, we should note, that 
with these lengths, we roughly fulfill the scale length inequa- 
lity given by Equ. (9) of [3], which should, at least approxi- 
mately, also apply to our case. Finally, within each module, 
pins or loops are connected electrically and mechanically by a 
suitably shaped printed circuit board (PCB), on which a 
LEMO connector was installed for attaching the cxtemal sig- 
nal (delay) line. 

3. ELECTRICAL CHARACTERIZATION 

Electrically, pins arc left “dangling” free, while the far end 
of the loops are connected to the ground/reference plane of the 
circuit board, to which, in turn, both the inner conductor tube, 
and the outer conductor/shield of the LEMO is attached 
(Fig. 1). To characterize a naked pin or loop, they were 
mounted on the respective PCB, separate from their inner con- 
ductor modules. We determined the capacitance and inductance 
in dependence of the number of loops/pins attached (1 to IO), 
and found, for the naked Lloop = 40 nH , and Cpin = 2.87 pF. 
The loops showed a slightly nonlinear behavior, presumably 
due to loop-loop coupling. In their final assembly in the mo- 
dule, the value for the single pin capacitance and loop induc- 
tance were, at 10 MHz, Cl,, = 3.65 pF and Lloop = 39 nH. 
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Fig.3: Total loop inductance/pin capacitance of module 

The capacitance increases because of the smaller distance 
between mcasurcment point and ground plane, while the in- 
ductance decreases due to the smaller effective area of the loop. 
Electrically, the 10 pins of each module are connected in pa- 
rallel, leading to an effective capacitance of the printed circuit 
of 26 pF including the LEMO socket. For the 10 loops, con- 
nections both in parallel and in series were examined. Parallel 
loops provide superior frequency response to at least 100 
MHz, entailing an effective PCB inductance of the printed cir- 

cuit of 35.5 nH. Serial loops constitute a more suitable load 
at frequencies below 20 MHz, but display a resonance above 
50 MHz, as can be seen from Fig.3. 

4. SINGLE PIN AND LOOP FIELD PROPERTIES 

The electric and magnetic fields generated by pins or loops 
may be rigorously calculated in planar geometry [4,5]. These 
results, of course, will provide only a rough estimate for the 
actual situation in cylindrical geometry. 
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Fig.4: Spatial variation of magnetic field Bo 
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Fig.5: Spatial variation of electric field, E, 

Figures 4 and 5 show the spatial variation of the respective 
field components E, and Bo along the axial direction, for vari- 
ous distances h away from the reference plane. Similar varia- 
tions can be found along the azimuthal direction. However, 
the loops or pins around the azimuth are spaced such, that the 
resulting field ripple does not exceed 20%, leading to ten 
loops or pins. To derive a shape weighting factor for the field 
variation along the axis, we integrate the area under the 
curves, JF(h)dz/( F pek(h)xh), from -h/2 to h/2. For hmin = 
35 mm and h + 42 mm, the distance to the outer conductor, 
we get for this weight factor 0.7 (pins), and 0.9 (loops). 
These factors will be used for the calibration procedure below. 

5. MEASUREMENT SET-UP 

We use the standard technique with a network analyzer (HP 
8753C) to both generate the signal to be injected into the 
structure, and to measure and display the transmitted signal, 
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see “1” of Fig. 6. Both delays and the field strength ratio 
have to be adjusted so as to match the desired p. 

Fig.6: Set-Up 

5.1 Delay lines and phase advance 

To each of the ten electric field modules and ten magnetic 
field modules there goes one signal cable, plugged into a 
LEMC socket on the PCB, as indicated in Fig. 1. The delay 
length, d, of each signal cable (signal propagation speed cc) to 
the various modules is adjusted such that the resulting phase 
velocity of the generated mode corresponds to the desired beam 
velocity PC,, i.e. d = (h@)(c,/c,), where, using solid PE insu- 
lated RG174 coax, (c&v) - 0.62. Thus, for the (p=l) mea- 
surement with loops and pins, one chooses suitable delays of 
d(P=l)= 0.62(X/2) = 22.3 mm. An attenuator (6dB) at the 
LEMO socket of each array reduces reflections (Fig. 6). 

5.2 Field calibration and field ratio 

We must adjust, according to Faraday’s law of inductance, 
the field ratio to be B&r = p/c, = 0.33x10-*x/3 [s/m].[2,4,51 
First we may determine the properties of the 50-R coaxial 
configuration without any loops or pins installed, i.e. we im- 
pose TEM modes propagating at the speed of light @=l). On 
both ends, the structure is properly matched into type N con- 
nectors by conical tapers, Both field types arc picked up at 
the inside of the outer (beam) tube via a test pin and a scmi- 
circular test loop of the same dimensions as in Sect. 2., pro- 
truding radially into the space between inner and outer tube. 
Feed-through and connection is made by SMA sockets. 
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Fig.7: E-field calibration (top); B-field calibration (bottom) 

To avoid electrical coupling, i.e, to select exclusively a dif- 
ferential (i.e. magnetic) pick-up from the magnetic test loop, 
a balanced 180” splitter (center-tapped matched transformer) 
was used. First, the electric test loop was aligned with an ex- 
citing electric loop on the inner conductor. We used pin-and- 
loop arrays with three modules of each type. The pick up is 
compared to the result of the coaxial 50 R configuration (Fig. 
7a). Thereafter, the magnetic test loop was aligned and mea- 
sured similarly with a magnetic loop (Fig. 7b). Thus, we 
may generate with the presented pin-and-loop array @=l) 
TEM modes in an empty coaxial structure, if we attenuate the 
signals into the pins, relative to the signals into the loops, by 
IBI[dB]-IEI[dB] = 2.8 dB. 

5.3 Test-measurements with a beam-position monitor 

For arbitrary-beta beam current measurements, a number of 
current monitors of various geometries are used. For prelimi- 
nary tests of our low-beta simulation structure (“2” of Fig. 6), 
we use a standard (spare) COSY beam-position monitor with 
the common mitre-shaped (diagonally-cut) cylindrical pick-up 
plate surfaces (diameter as COSY tube). This structure pos- 
sesses a band pass characteristic to well beyond 100 MHz. A 
(more interesting) strip-line type pick-up with characteristics 
that can easily be calculated, is contemplated. However, since 
no spare exists, such a strip-line pick-up would have to bc 
freed specifically for such tests. For the tests presented here, 
we aligned the axial center of one electric pin module (with 10 
azimuthally mounted pins) and the axial center of the BPM. 

To reduce noise, we choose a signal of 10 dBm power at 
the network analyzer generator, and tune the IF bandwidth to 
10 Hz, or use a suitable averaging factor. At a frequency of 
500 kHz we observe a transmission loss of about 90 dB; at 50 
MHz the transmission loss is 50 dB. Thereafter, the amplitude 
remains constant to at least 100 MHz. The drop in magnitude 
at the lower frequency end is due to the capacitive nature of 
the BPM, in connection with a low impedance measurement. 
The electrostatic pick-up plates of our BPM can only register 
electric signals. To measure the magnetic fields as well, we 
use the same setup as for calibration, Sect. 5.2. 

6. CONCLUSION 

We have devised a technique to realize coaxial modes with 
any ratio of electric-to-magnetic field and with arbitrary phase 
velocity, including greater than the speed of light. Field con- 
figurations of the Lienard-Wiechert type [4], which are rele- 
vant for longitudinal field modes, can be simulated specifical- 
ly by a suitable choice of the phase velocity and field ratio. 
With the presented set-up, low-beta beam simulations are pos- 
sible, both for line charge and longitudinal impedance mea- 
surements. As a next step, we will test with this set-up seve- 
ral of the COSY diagnostic structures, as they are available. 
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