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Abstract 
Transient beam losses on a time scale of a few ms have 

been observed in the LHC injection kickers, occurring 
mainly shortly after beam injection with a strong 
correlation in time to the kicker pulsing. The beam losses, 
which have at times affected LHC availability, are 
attributed to micron scale ceramic dust particles detached 
from the alumina beam pipe and accelerated into the 
beam. The beam related observations are described, 
together with laboratory measurements of beam pipe 
contamination and kicker vibration, simulations of 
electric field in the beam pipe and the basic dynamic 
model. Energy deposition simulations modelling the beam 
losses are presented and compared to measurement. 
Extrapolations to future LHC operation at higher 
intensities and energies are made, and prospects for 
mitigation are discussed. 

INTRODUCTION 
The first years of high intensity LHC operation 

revealed an important performance limitation: so called 
UFOs (Unidentified Falling Objects) [1]. These fast beam 
losses were first observed in July 2010 and led to a total 
of 35 protection beam dumps in 2010 and 2011. The 
origin is presumed to be micrometer sized dust particles 
interacting with the beam. The duration of the beam 
losses is of the order of 1 ms, or 10 LHC turns. A 
significant concentration of UFO events occurs at the 
injection kicker magnets (MKIs) [2], which contain 
ceramic (Al2O3) tubes, Fig. 1. Studies have been 
performed with beam, operational equipment has been 
measured and simulations performed to try to understand 
the processes and origin.  

 

 

Figure 1: MKI ceramic tube, with screen conductors to 
carry the beam image current. 

OBSERVATIONS 
Extensive diagnostic improvements have been made, in 

order to capture fast loss data and better understand the 
phenomena in the MKI and around the LHC [3]. The 
main results relevant to the MKIs are described below. 

UFO Concentration at MKIs  
Of ~7800 UFO events analysed [4] the vast majority 

had peak beam loss below the dump threshold: around 
500 (6%) were located around the MKI kickers, which 
represent only 0.06% of the LHC length. The ceramic 
vacuum tube and pulsed high voltage are unique to the 
MKI – tests with the MKQ tune kickers did not produce 
UFOs [5], but these have metalised ceramic tubes. 

Correlation with MKI Pulse Timing 
It was observed from operational data that the MKI 

UFOs occurred during or shortly after injection, with a 
rather rapid decay of the rate after about 30 minutes. 
Dedicated studies [5] revealed a clear correlation with the 
pulsing of the MKI kickers, Fig. 2. Many events occur 
within the first 100 ms after the kicker pulsing, with the 
fastest UFO only 3 ms after the pulse. Approximately 60 
ms would be expected were the particles falling under 
gravity alone and the shorter times imply particles 
accelerated at >3000 ms-2 from the ceramic wall. 

 

Figure 2: Temporal distribution of UFOs after MKI pulse. 

Dependence on Vacuum and Electron Cloud 
A positive correlation has been observed between the 

MKI UFO rate and the local vacuum pressure [6]. The 
source of the vacuum pressure rise was probably electron 
cloud in the magnet and its interconnects, which suggests 
that the flux of electrons may play a role in the MKI UFO 
process, possibly by charging of insulated particles. 
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