
BEAM LOSS MONITORING AND MACHINE PROTECTION SYSTEM 
DESIGN AND APPLICATION FOR THE ALICE TEST ACCELERATOR AT 

DARESBURY LABORATORY 
S. R. Buckley, J. L. Fernandez-Hernando STFC, Daresbury Laboratory, ASTeC & Cockcroft 

Institute, U.K. 
 

Abstract 
ALICE is a demonstrator accelerator system which has 

been designed and built at Daresbury Laboratory. The 
heart of this facility is an ERL accelerator and a powerful 
multi-terrawatt laser. It serves as an advanced test facility 
for novel accelerator and photon science applications. 
Beam loss monitoring and machine protection systems are 
vital areas for the successful operation of ALICE. These 
systems are required, both for efficient machine set up 
and for hardware protection during operation. This paper 
gives an overview of the system design, commissioning 
details and a summary of the systems’ effectiveness as a 
diagnostic tool. 

INTRODUCTION 
ALICE is an energy recovery linac accelerator with a 

design acceleration of 35 MeV. With a possible average 
beam power of 455 W, it is essential that a successful 
beam loss monitoring (BLM) and machine protection 
system (MPS) is installed. The scheme developed is a 
dual system devised from that used at ELBE at 
Rossendorf [1, 2]. One system uses the beam position 
monitoring (BPM) system to measure the beam current at 
various points and compare it with upstream 
measurements, whilst the other uses ionization chambers 
to measure the radiation induced by a beam loss [3]. 

ALICE BLM SYSTEM 

The beam loss induced radiation is detected by a series 
of long ionization chambers (LIC) distributed around the 
machine as shown in Figure 1. These chambers consist of 
an air-filled coaxial cable (Andrew HJ4-50, 50 Ω) with a 
1 kV potential to attract the ionised gas particles forming 
a current flow. This current, although very small, can be 
measured to give an indication of localised beam loss. In 
order to determine the resolution, sensitivity and linearity 
of the system, each chamber had to be fully characterised 
using various beam and magnet settings. 
 

 
Figure 1: Long ionisation cable distribution. 

EXPERIMENTAL RESULTS 
The experiments were performed using different train 

lengths and by changing the current in various dipole 
magnets whilst monitoring the signal in the adjacent LIC 
sensors. The experiments were performed using dipole 3 
of straight 1 (ST1 DIP-03), and dipoles 1, 2 and 3 from 
arc 1 (ARC1 DIP-01, ARC1 DIP-02, ARC1 DIP-03). The 
ionisation chambers tested were BLM4 (ST1), BLM5 
(ARC1) and BLM 6 (ST2). Figure 2 shows the position of 
DIP-03 in ST1 and DIP-01, DIP-02 and DIP-03 in ARC1 
in detail. 

 
 

Figure 2: Detail of ST1 and ARC1 of ALICE. 

ST1 DIP-03 
Figure 3 shows the signal from BLM4 in straight 

section 1 and BLM5 in ARC 1. Here the current from 
ST1 DIP-03 was changed from 0 A to 40 A in steps of 5 
A, nominal value was 26 A. 

We can see how the signal in BLM4 increases as soon 
as we leave the nominal current value. BLM5 does not 
seem to be affected. Towards the lower current values, we 
measured a high increment in sensor signal, when we 
expected the opposite. This is probably due either to the 
vacuum vessel of an OTR screen, which has a long 
metallic arm in the starboard side of the accelerator (that 
is on the left looking downstream) or the EMMA 
extraction line. 
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