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Abstract

The resolution and long-term drift of the Advanced Photon Source (APS) 
beam position monitor (BPM) electronics were measured using the charged 
particle beams in the ESRF storage ring with various beam current and 
configurations (single bunch, 8 and 16 equally spaced bunches, and 1/3-fill).
The energy of the stored electrons was 6 GeV. The integrated BPM 
electronics system as used for this work is capable of measuring the beam 
position on a tum-by-tum basis, which can be accumulated for N turns (N =
2”, n = 1 ,2 ,. . . ,  11). Estimation of the BPM resolution apart from the low- 
frequency beam motion was made by measuring the standard deviation in 
the measured beam position with different Ns. The analysis of the results 
indicates a BPM resolution of 18l4 N  [jim] for the APS storage ring, which 
is equivalent to 0.07 |Am/VHz. For the miniature insertion device BPM 
with 2.8 times higher sensitivity, the resolution will be 0.02 |im /VHz. The 
long-term drift of the BPM electronics independent of the actual beam 
motion was measured at 2 nm/hr, which settled after approximately 1.5 
hours. This drift can be attributed mainly to the temperature effect. 
Comparison of the results with the laboratory measurements shows good 
agreement. Implication of the BPM resolution limit on the proposed global 
and local beam position feedback systems for the APS storage ring will also 
be discussed.

INTRODUCTION

Measurement of the particle beam position in accelerators is an essential part of 
the beam diagnostics system, and the beam position monitors (BPMs) provide the 
basic diagnostics tool for commissioning and operation of accelerators. One of 
the primary applications of the BPMs is the stabilization of the particle and X-ray 
beam positions through feedback^ 1,2] The specification of the required BPM 
resolution for beam position feedback in the Advanced Photon Source (APS) 
storage ring is listed in Table. 1.

The BPMs in the storage ring (SR) and injector synchrotron (IS) of the APS 
have four button-type pickups mounted directly on an elliptically shaped vacuum 
chamber.[3] The button size and the sensitivity of these BPMs are listed in Table.
2. The theoretical calculation was done analytically with an elliptic vacuum 
chamber with no photon exit channel,[4] which shows significant difference from 
the measured value in the case of the insertion device (ID) BPM due to the large 
aspect ratio.

*Work supported by the U.S. Department of Energy, Office of Basic Energy
Sciences, under Contract No. W-31-109-ENG-38.



In this paper, we will describe measurements of resolution and long-term drift 
of the APS BPM electronics using the charged particle beam at ESRF. Several 
bunch configurations as well as various bunch currents were used. Design, 
development, and preliminary tests of the BPM electronics are described in Ref. 
5 ,6, and 7.

Table 1: Specification of the beam position feedback systems.
Global DC Global AC Local

Orbit measurement device All of the if rf BPMs rf BPMs
BPMs (1/sector) X-ray BPMs

Correctors All correctors Subset of Local bump
(320) correctors

Specified orbit 25 |im 25 |im 1 p.m
measurement resolution
Achievable resolution 5 |im 5 |im 1 Jim

Required range of ±20 mm ± 500 |im ± 100 |im
correction

Table 2: Parameters for the APS BPMs in the storage ring (SR), injector
synchrotron ( S), and insertion devices with 12-mm and 8-mm gap.

SR IS ID (12 mm) ID (8 mm)
Button radius (cm) 0.5 0.5 0.2 0.2

Sx (cm*1) 0.57 0.70 2.08 3.44
S*  (cm-1) 0.58 0.70 1.63 —

Sy (cm*1) 0.53 0.58 1.51 1.47
Sy* (cm-1) 0.55 0.57 1.54 -

(*: measured sensitivity)

EXPERIMENTAL SETUP

The schematic of the experimental setup for BPM resolution measurements is 
shown in Fig. 1. We used two BPMs in cell 15, separated by a few cm, in the 
upstream of ID 15. The buttons on these BPMs are of the same type as those on 
the APS storage ring and injector synchrotron. The filter-comparators (FCs) are 
located in the tunnel below the BPMs. The raw button signals are filtered through 
a bandpass filter of 10 MHz with the center frequency of 352 MHz. The output 
signals from the filter-comparators, A*, A-y, and Z, are sent to the signal 
conditioning and digitizing units (SCDUs) in the VXI crate in the instrumentation 
area outside the tunnel. The fourth cable carries the test/trigger signal.

The SCDUs have analog and digital sections. The analog section processes the 
rf signals from the FC and outputs the normalized signal Va with the full scale of 
±1V. If we let Vd be the output from the 12-bit digitizer, we would have

V°lVolts] = . ! ^ 4 ^  = - t a n - ' r f | ,  (1)
2,048 7T



where A is either A* or Av. Using the first-order approximation and putting

~ ~  Sd  (d = beam position), (2)

we have

d[[xm] = 0.96 (3)
S[cm ] v ;

5 is the BPM sensitivity as shown in Table 1. With 5 = 0.55 c m 1 for the APS 
storage ring, we would have the maximum raw resolution of approximately 1.7 
|im. For the ID BPM with 12-mm gap, it would be 0.6 (im.

The SCDU can be remotely set up such that only either Ax or Ay can be 
processed, or both of them in an alternate manner. The analog output Va is then 
digitized with 12-bit resolution and stored in registers. These registers are read 
periodically by the memory scanner in the same crate. A maximum of nine 
SCDUs can be installed in each VXI crate. The VXI crate housing the SCDUs 
and the memory scanner is connected via GPIB to a computer for data acquisition 
and control.

Figure 1. The experimental setup for the BPM resolution and drift measurements:
(a) normal connection and (b) l-to-4 voltage divider connected to a single
button was used to reject the actual beam motion for BPM 0.



RESULTS

Figure 2 shows the results of resolution measurement as a function of the beam 
current with 1/3 of the ring filled. Each data point is the average of N = 2048 
samples, which corresponds to 4096 turns in the x-y  toggling mode. One 
milliampere of stored current corresponds to 2.8 nC and one count corresponds to 
approximately 1.5 |im. The deviation in the jc-position is consistently high 
regardless of the bunch current for both SCDUs, which is due to the actual slow 
beam motion. The deviation in the y-position shows difference between the two 
SCDUs. This might be due to the sensitivity in timing to trigger the SCDU 0. 
With larger current, the effect gets smaller and the resolution is comparable to 
SCDU 1.

Figure 2. The result of BPM 
resolution measurement with 
1/3-fill and N = 2048 samples. 
One count corresponds to 
approximately 1.5 (i.m.
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The result of BPM resolution measurement with a single bunch is shown in 
Fig. 3. The stored beam current was 5.8 mA, which corresponds to 16.2 nC. 
Assuming noise reduction scaling proportional to 1/VW, we can write beam 
position measurement resolution 8x,y as

The deviation of the measured resolution from Eq. (4) is due to the actual beam 
motion, which is larger in the jc-plane. Measurements with different single bunch 
currents (2 mA < /  < 8 mA) indicated little change in resolution, possibly due to 
the limiting amplifier in the processing electronics.

Let us now convert Eq. (4) to the unit of (xm/VHz. The frequency response of 
the simple averager on the SCDU can be written as

N  sin\7if/Fs)
(5)

where Fs is the sampling frequency. In the x-y toggling mode with a single bunch, 
it is equal to 178 kHz for the ESRF. Then, the bandwidth (-3 dB) corresponds to 
approximately N f = 139FsIk = 79 kHz. From Eq. (3), the BPM resolution is

'x .y

|im
_VHz_

= 10-
0.96 

S Nf
= 10

0.96 1
0.7 \  7.9x10

= 0.05. ( 6 )



We used the sensitivity S ~ 0.7 cm' 1 for the ESRF. For the APS storage ring with 
larger circumference and with vacuum chamber dimension slightly larger than the 
ESRF, we would have 5*^ = 0.07 jimA/Hz.

The BPM resolution can be improved by increasing the BPM sensitivity S. For 
the APS miniature ID BPM, the sensitivity is about 1.6 c m 1, which will give
0.02(im/VHz resolution if the scaling relation in Eq. (4) is assumed. Since the 
BPM resolution is inversely proportional t o , it can also be improved by 
increasing the sampling frequency Fs. The minimum sampling time by SCDU is 
1.2 usee, and therefore, with the 3.68-fisec revolution time in the APS storage 
ring, there can be as many as three triggers per turn if the bunches are grouped 
into three equally spaced clusters.

Measurement of the X signal as a function of the single bunch current is shown 
in Fig. 4. The logarithmic fit to the data gives

L [Counts] = 570 + 580 log(/[mA]). (7)
As a comparison, we made separate measurements in the laboratory using a CW rf 
source (-10 dBm with 40 dB amplifier) feeding a l-to-4 divider connected to a 
filter-comparator. The result indicated seven counts of resolution with N  = 2. 
Average £  was 930 counts, which is equivalent to 4.2 mA according to Eq. (7). 
This is in good agreement with Eq. (4).

Figure 5 shows the BPM resolution measurement with eight equally spaced 
bunches in the ring as a function of N. The SCDU 0 was balanced with a l-to-4

Figure 3. The result of BPM 
resolution measurement with a 
single bunch (/ = 5.8 mA). The 
thick line indicates l / ' jN  
scaling for noise reduction.
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Figure 4. Measurement of the X 
signal as a function of the single 
bunch current.

C u rre n t (m A ) 10



divider as shown in Fig. 1(b), and therefore shows worse resolution than SCDU 1. 
However, the resolution of SCDU 0 keeps improving after N = 256, while that of 
SCDU 1 does not. Resolution of about 0.9 counts at N = 2048 corresponds to
0.13nm/VHz, which under normal connection would be about 0.04(j.m/VHz. 
Similar measurements with /  = 60 mA in 16 equally spaced bunches showed 
roughly the same behavior without improvement in resolution.

The long-term drift of the BPM electronics was measured with the SCDU 0 
using the l-to-4 divider. The stored beam current was I  = 102.5 mA with 1/3-fill. 
In order to reduce the short-term fluctuation, the highest number of averages N = 
2048 was used. The result in Fig. 6 shows the long-term drift is about 1.5 
counts/hr, which is equivalent to 2 |i.m/hr.

Figure 5. The result of BPM 
resolution measurement as a 
function of N  with multi-bunch 
(8) configuration and /  = 30 mA. 
The SCDU 0 was balanced with 
a l-to-4 divider.
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SUMMARY AND DISCUSSION

In this work, we described measurements of resolution and long-term drift of 
the Advanced Photon Source beam position monitor electronics using the charged 
particle beam at ESRF. Several bunch configurations, single, 8, 16, and 1/3-fill, 
as well as various bunch currents were used for the resolution measurements. The 
long-term drift was measured with the stored beam current of 102.5 mA with 1/3- 
fill.



With single bunch current of 5.8 mA (Q = 16.2 nC), 0.05|im/VHz of 
resolution was obtained. This is equivalent to 0.07 |im/VHz for the APS storage 
ring. Changing the bunch current between 2 and 8 mA showed little difference in 
the resolution, possibly due to the limiting amplifier in the processing electronics. 
Scaling this result to the miniature ID BPM in the APS storage ring, the resolution 
would be 0.02|inV>/Hz due to higher BPM sensitivity. This result is in good 
agreement with separate laboratory measurement conducted with a CW rf source.

The long-term drift of the BPM electronics independent of the actual beam 
motion was measured at 2 (J.m/hr, which settled after approximately 1.5 hours. 
This drift can be attributed mainly to the temperature effect.

In the APS storage ring, the rf BPMs will be used for global and local beam 
position feedback to stabilize the particle and X-ray beams. The correction 
bandwidth is expected to be approximately 100 Hz with the projected sampling 
frequency of 4 kHz. Within this bandwidth, the resolution would be better than
0.07.V 100 = 0.7 (im for regular BPMs and 0.2 fim for miniature ID BPMs. Beam 
position perturbation larger than this resolution will be corrected by feedback.
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