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Abstract 
Unexpected beam loss might lead to a transition of the 

accelerator superconducting magnet to a normal 
conducting state. The LHC Beam Loss Monitoring 
(BLM) system is designed to abort the beam before the 
energy deposited in the magnet coils reaches a quench-
provoking level. In order to verify the threshold settings 
generated by simulation, a series of beam-induced quench 
tests at various beam energies has been performed. The 
beam losses are generated by means of an orbit bump 
peaked in one of Main Quadrupole magnets (MQ). The 
analysis includes not only BLM data but also the Quench 
Protection System (QPS) and cryogenics data. The 
measurements are compared to Geant4 simulations of 
energy deposition inside the coils and corresponding 
BLM signal outside the cryostat. 

INTRODUCTION 
The superconducting LHC magnets are in danger of 

damage due to the heat deposition causing destruction or 
quenching (transition from the superconducting state to 
the normal conducting state). The protection is provided 
by two independent and complementary systems. The 
Beam Loss Monitoring system measures the particle 
shower generated by any beam loss and dumps the beam 
before a quench can occur. The Quench Protection 
System measures the voltage generated on the magnet 
coil, detecting when a part of it becomes normal-
conducting, and fires the quench heaters to dissipate the 
energy stored in the magnetic field over the whole volume 
of the coil.  

The aims of the experiment were to understand the 
quench development and determine the quench level for 
beam losses on a 5-10 second timescale, and to correlate 
observables from various systems (mainly BLM and 
QPS) in order to create a consistent model for a 
quenching magnet. The results of the experiment can also 
be used to validate the QP3 heat transfer code [1].  

 

 
Figure 1: Layout of 3-corrector bump. 

 

EXPERIMENT 
The quench test was performed in the LHC arc half-cell 

14R2 (Figure 1) on the October 17, 2010. A three-
corrector orbit bump was applied to divert the proton 
beam from its initial orbit to hit the aperture within the 
MQ magnet, which was focusing in the plane of the 
bump. 

The beam energy was 3.5 TeV and the intensity was 
1.85·1010 protons. The circulating beam 2 was deflected 
in a vertical direction with an imposed bump set to reach 
a maximum deflection of 15 mm. The beam-abort 
thresholds on BLMs were increased by a factor of 3 in 
order not to dump the beam before the quench occurs.  

RESULTS 
During the quench test about 58% of the initial beam 

intensity was deposited in the MQ (Figure 2) within 
approximately 6 s. Figure 3 shows QPS and BLM signals 
during the last second before the quench. The QPS 
registered a voltage drop (MQ.LOC:U_QS0_EXT signal) 
of approximately 160 mV before firing the quench 
heaters. The BLM detector signal is also observed to 
increase with time. The moment of the beam dump can be 
seen as a sudden drop in the quench heaters voltage and a 
corresponding steep decrease of the BLM signal.  

The data registered by Beam Position Monitors (BPMs) 
indicate that the beam was dumped at around 14.65 mm 
before it reached the imposed maximum bump amplitude 
of 15 mm .  

 

 
Figure 2: Beam intensity of the 3.5 TeV proton beam 
during the quench test as provided by the Beam Current 
Transformer (BCT).  
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