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Abstract 
The hardware changes and maintenance actions on the 

LHC injection and beam dumping systems are presented. 
The requirements for equipment tests, hardware 
commissioning and machine check-out will be given, 
highlighting the dependence and the impact on other 
interfaced LHC equipment. 

INTRODUCTION 
During the 2008 operation with beam, the LHC transfer 

lines, injection and beam dumping systems performed 
without any major complications [1, 2]. Lessons were 
learned from the operational experience, either with or 
without beam, and modifications to the different systems 
are foreseen to be applied for 2009 operation. These 
changes are presented for the transfer lines, the injection 
system, the kickers of the beam dumping system MKD 
and MKB and their controls. 

For these systems the requirements for the 
commissioning without beam are detailed, paying 
particular attention to the interfaces to other equipment. 

LHC TRANSFER LINES 
Transfer Line Modifications 

Following the investigations on the measured 
dispersion in TI 8 [2], the Beam Position Monitors in this 
transfer line will be upgraded to read in both planes and 
four additional BPMs towards the end of the line will be 
installed. Similar modifications to the TI 2 BPM system 
are foreseen to be installed in the following shutdown 
(2010 – 2011). 

A full alignment campaign for both the TI 2 and TI 8 
transfer lines has taken place, which should ease and 
improve the performance of the lines. The control systems 
of the power convertors on both transfer lines have been 
moved to FESA.  

During operation with beam it was noticed that periodic 
orbit distortions of both beams were measured, with the 
same period as the pulsing of the transfer line. The most 
likely source of the orbit distortion is the stray field of the 
LHC injection septa MSI. It is foreseen to operate the 
MSI in 2009 in DC mode during the injection phase. 

The transfer line collimators TCDI in TI 8 have shown 
problems with screws and springs on the roller cages. The 
TCDIs installed in the transfer line tunnel will be repaired 
before the end of March (SPS shutdown), the ones in the 
LHC tunnel will also be repaired, depending on when 
LHC access to LSS8 is possible.  

Transfer Lines Commissioning without Beam 
The modifications to the TI 8 BPMs will need to 

commissioned and integrated in LSA, YASP and the 
logging. 

The operation of the power converters under FESA will 
need to be commissioned and checks will need to be 
made concerning the logging. The operation of the MSI in 
DC mode and the method of ramping it down at the end 
of the injection phase will need to be tested. 

The modified transfer line collimators will need to be 
tested and calibrated. The calibration can be done 
remotely without tunnel access. 

The hardware commissioning of the transfer lines 
should take place during the SPS cold checkout. Beam 
tests up to the upstream TEDs (TT40 and TT60) should 
take place in May, beam tests up to the downstream TEDs 
should take place in June. For the tests up to the 
downstream TED, the corresponding two LHC sectors 
and the experimental area will need to be closed and 
access will only be possible after a radiation survey. 

INJECTION SYSTEMS 
Injection System Modifications 

The injection kickers MKI operated correctly with 
beam. The kickers are delicate equipment, operating near 
the limits of the technical possibilities, due to partly 
conflicting design requirements like kick strength, rise 
time, flat-top ripple, aperture, beam impedance and 
vacuum.  

The MKI magnet D installed in LSS2L will be replaced 
by the spare magnet. This magnet had shown a 
breakdown, as it was weakened probably due to an over-
voltage during the conditioning in the laboratory caused 
by a calibration error. The assembly of a second spare 
MKI magnet should be finished by the third quarter of 
2009. 

There are indications of MKI flashovers being triggered 
by beam losses during the aperture studies. This could 
become an issue for even relatively small beam losses 
during operation with higher beam intensities. To be able 
to better quantify the beam losses in the kicker area, the 
temporarily installed Beam Loss Monitors have now been 
definitively positioned between the MKI’s D/C and C/B, 
to monitor the beam losses. They will initially only be 
used for diagnostics, possibilities of interlocking 
operation because of (accumulated) losses measured will 
need to be studied. 

Drops in conditioning of the MKI magnets have been 
noticed after extended periods without pulsing. This can 
lead to a break-down in the magnet at the first injection 
after a pause. During 2008 operation a ‘SoftStart’ has 
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BEAM DUMPING SYSTEM
Beam Dumping System Modifications 
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Figure 2: Increase of MKD kick strength by 
during period in which the UA temperature 
4 degrees. 
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system for the Beam Interlock Controller (BIC) will need 
to be tested. Once connected to the BIC, many systems 
will need to be masked to be able to close the BIS-loop. It 
is foreseen to alternate ‘masked’ and ‘unmasked’ periods 
of two weeks. The access system, which has a direct entry 
point into the beam dumping system, will need to be 
masked at the access system level. Additionally, the 
interfaces to the following systems will need to be tested: 

• The timing system.  
• The RF-system for synchronisation. 
• The Q4 and MSD for energy tracking. 
• The XPOC, LSA, MCS and RBAC systems. 
• Abort gap monitoring system. 
• The injection systems. 

CONCLUSIONS 
The Beam Position Monitoring system of the LHC 

transfer line TI 8 will be upgraded for 2009 operation. 
Both transfer lines will have been completely realigned. 
The transfer lines will need to be re-commissioned with 
beam well before the first beam into the LHC is planned. 
For beam tests up to the downstream TEDs the adjacent 
LHC sectors and the experiments will need to be closed. 

One injection kicker MKI is replaced in LSS2. 
Additional BLMs at the kickers are now definitely 
positioned and a new SoftStart of the kickers will be in 
place and will need to be commissioned. The TDI 
absorbers and the TCDI collimators in the transfer lines 
will be repaired and will need to be commissioned after 
re-installation. 

On the beam dumping system the number of dilution 
kickers for 2009 operation will be doubled. Cooling (and 
interlocks!) is added to all 30 MKD generators. The 
commissioning time of the beam dumping system will be 
time-critical due to the late start (cabling works in the 
zone) and the quantity of work on the systems. The 
interface to many systems, know to be important and time 
consuming, will need to be tested. At least 8 calendar 

weeks are required for testing the beam dumping system 
from the control room, assuming 50 % availability. 

Dry runs are required for all systems and will be crucial 
for a smooth start with beam. No staged commissioning 
without beam will be possible. Thorough commissioning 
of the fully connected systems is mandatory for a reliable 
machine protection system, in particular the testing of the 
energy tracking and the triggering systems. 
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