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Abstract 
In order to measure the positions of ion beam and 

electron beam at the same time, two sets of capacitive 
cylinder beam position monitors were installed in the two 
ends of electron cooling section. The NI-5105 (8 channel 
High-Density Digitizer) was adopted as main data 
acquisition and the data was processed by the special code 
of LabView. With the help of these systems, the positions 
of electron beam and ion beam were measured during the 
process of accumulation and acceleration in CSRm. The 
movement of cooling force was observed in the case of 
different relative position (angle) in CSRe. 

INTRODUCTION 
CSR is a double cooler-storage-ring with a main ring 

(CSRm) and an experimental ring (CSRe). Two electron 
coolers located in the long straight sections of CSRm and 
CSRe.  

In CSRm e-cooling is used for the beam accumulation. 
In CSRe e-cooling is used to compensate the growth of 
beam emittance during internal-target experiments or to 
provide high-quality beams for the high-resolution mass 
measurements of nuclei. For the two e-coolers, the hollow 
e-beam can be obtained to partially solve the problem due 
to space charge effect of recombination between the ions 
and the e-beam.[1] 

The parameters of CSR coolers are listed in Table 1. 
 

Table 1: Parameters of CSR Coolers 

Parameters CSRm CSRe 

Energy  Ion  [MeV/u] 
E    [keV] 

10-50 
4-35 

25-500 
10-300 

Ion beam momentum spread ±1.5×10-3 ±1.5×10-3

Ion beam divergences [mrad] 4.7, 1.3 2.0, 1.4 
Ion beam emittance [π·mm·mrad] 150, 20 30, 30 

e-beam radius at cooling section 
[cm] 

2.9 2.9 

Magnetic expansion factor 1- 4 1- 10 
Length of cooling section [m] 4.0 4.0 

Effective cooling section length 
[m] 

3.4 3.4 

β at cooling section [m] 10.0,17.0 12.5, 16.0
Parallelity of cooling solenoid field ≤1×10-4 ≤1×10-4 

Electron loss rate ≤3×10-4 ≤3×10-4 
HVPS stability ±1×10-5 ±1×10-5 

Electron beam current  [A] 3 (1.0A@5.5keV) 

BPM SYSTEM 
The basic principle of electron cooling requires the ion 

beam is parallel with the electron beam. In order to 
measure the positions of ion beam and electron beam at 
the same time, a beam position measurement system was 
developed for the HIRFL-CSR electron cooling device, 
which is consist of some capacitive cylinder linear-cut 
probes, a NI-5105 (8 channel High-Density Digitizer) and 
some PET-amplifier (AM-4A-000110-11030N).  

Due to the electron beam is direct current, this monitor 
can not get the signal, and the electron beam was 
modulated by an external 3MHz signal. The system was 
illustrated in Fig.1. 

 

 
Figure 1: Layout of  BPM system for HIRFL-CSR 
COOLER. 

 
Probes were made of cylinder stainless steel, which 

specs are 80mm (length), 100mm (radius) and 1mm 
(thickness). They are sensitive and linearizing due to their 
induction and linear-cut configuration. Signal processing 
system consisted of preamplifiers and high-density 
digitizer. Preamplifier is PET P/N AM-4A-000110-
11030N, which specs are 1MHz-1000MHz (BW), 54dB 
(gain) and 50Ω (input\output impedance). High-Density 
Digitizer is NI 12-bits and 8-channel PXI-5105, which 
specs are 60MS/s (sampling rate), 60MHz (BW), 
150mVpp-30Vpp (input voltage range) and 50Ω\1MΩ 
(input impedance). 

The electron beam was modulated by an external 
3MHz signal in electron gun-side. In order to prevent 
electromagnetic interference resulted from high voltage 
device, the external modulation signal was converted to 
optical signals and transmitted to the modulator module 
via fiber.[2] 

The signals picked up by probes were magnified by 
independent preamplifiers. The data was processed by the 
special code of LabView. The both beam position were 
derived from the picking up signals of electrodes with the 
help of FFT method. The positions of electron and ion 
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beam at the same time were distinguished by different 
frequency spectrum. Fig.2 shows the mixed signal of 
electron and ion beam. The ‘a’ means mixed signal in 
time domain. The ‘b’ and ‘c’ mean the analysis of 
electron and ion beam mixed signal in frequency 
domain. 

Figure 2: Electron and ion beam mixed signal analysis. 

POSITION MEASUREMENT  

CSRm 
The positions of electron and ion beam at the same time 
are important parameters during an accumulation and 
acceleration period because e-cooling was used for ion 
beam accumulation. 

Figure 3 illuminates the C4+ beam current situation 
during an accumulation and acceleration period 
7~25~175MeV/u. The mark ‘a’ means the first RF capture 
after 19 accumulations and the mark ‘b’ means the second 
RF capture when the C4+ energy  is 25MeV/u. The mark 

‘c’ means the end of acceleration when the C4+ energy is 
175MeV/u. 

 

Figure 3: C4+ beam current during an accumulation and 
acceleration period. 
 

The positions of ion beam and electron beam at 
different time of mark ‘a’, ‘b’ and ‘c’ were obtained by 
the help of  BPM system in CSRm cooler. Fig.4 shows the 
electron beam and ion beam positions in two ends cooler 
at mark times. The ion beam is parallel with the electron 
beam by adjustment correct coils which was installed in 
cooling device and correct magnet near the cooler. 

CSRe 
In order to compensate the growth of beam emittance 

during internal-target experiments and provide high-
quality beams for the high-resolution mass measurements 
of nuclei, the cooler in CSRe must keep a better cooling 
effect. With the help of the BPM system for cooler, 
positions of electron beam and ion beam was obtained. 
And the ion beam is parallel with the electron beam after 
adjustment of correct coils for electron and correct 
magnet for ion. Fig.5 illuminates the electron beam and 
ion beam positions in CSRe cooler after adjustment.

 

 
Figure 4: An accumulation and acceleration period for C4+  ion beam. 
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Figure 5: Beam positions in CSRe cooler. 

COOLING FORCE MEASUREMENT 
RESULT  

Cooling force is important parameter in cooling process. 
The fast shift of electron gun cathode voltage will leads to 
distinct speed different between electron and ion when the 
cooling effect is good. And cooling force can be measured 
by a frequency analysis from Schottky signals.  

Longitudinal cooling force movement will be observed 
when the angle between electron and ion beam was 
changed. Figure 6 [3] shows the cooling force 
measurement results when the vertical angle between 
electron beam and ion beam was changed about 
21.6MeV/u Ar18+ in CSRm. Fig.7 shows the cooling force 
measurement results when the electron beam horizontal 
and vertical position was changed by correct coils CX6 
and CY6 which were installed in the middle of cooling 
section of 400MeV/u C6+ in CSRe.  
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Figure 6: Ar18+ beam cooling force measurement at 
different angle between ion and electron beam in 
CSRm. 

 

 

Figure 7: C6+ beam cooling force measurement at 
different angle between ion and electron beam in 
CSRe. 

CONCLUSION 
BPM system in HIRFL-CSR can measure the ion beam 

and electron beam positions at the same time. With the 
system’s help the angle between ion beam and electron 
beam will be adjusted to decrease and the cooling effect 
will be better. Cooling force was measured at different 
angle between ion beam and electron beams. 
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