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LHC Injector Chain b protons

INTRODUCTION .

LHC <]-<]

Large Hadron Collider

The LHC is the largest accelerator at CERN. The 2 beams of the LHC are colliding In four experiments. Each beam can be
composed of up to 2808 high intensity bunches. The LHC beam is generated at the source of the LINAC, and then
accelerated in the Booster, PS and SPS accelerators, before being injected to the LHC through the 3km long transfer lines. > \'

The Injected beam contains up to 288 high intensity bunches, corresponding to a stored energy of 2 MJ. This powerful beam s in St

could easily create damage, and many protections at different level are in place to prevent from any incident. To build for
each LHC ring the complete bunch scheme that ensures a desired number of collision for each experiment, several injections
are needed from the SPS to the LHC.

The LHC injection sequencer is the user interface that allows the LHC operator to request the beam to be injected into the
LHC, following predefined schemes created for the purpose of different type of operation like physics production, beam LNACS 14

Linear Accelerators 2

studies or injection tests for example. PSB oy

Proton Synchrotron Booster ~ LINAC3

Linear Accelerator 3

PS

Proton Synchrotron
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LHC INJECTION SCHEME
4 PS batches requested 3 PS batches requested
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INJECTION REQUEST

\
LHC INJECTION Nbr of bunches

AI\
SCHEME _l/ Nbr of PS batches \/ W \

First RF bucket Min spacing between 2 in) Injection first RF bucket defined ~ beam dump kicker

LHC Ring I(_9Hzgngjectlon Kicker raise time by the injection request raise time: 3ps

Total nbr of bunches & intensity

. . ; . SPS =1/27 LHC
Nbr of collisions in each experiments LHC beam from the >

injectors to the LHC The number of PS batches injected into the SPS iIs

@:heme for 2012 luminosity production \ (example with 50ns proton defined by the LHC injection request (between 1 and 4
beam) for proton, up to 11 for ions)

Total of 1374 bunches per ring
Bunch spacing of 50ns. SPS kicker raise time = 225ns

12 injections per beam PS = PS _ _
« Number of injected bunches: from 6 to 144. > LHC proton beam Is produced in LINACZ, then

Number of collisions : 1368 for Atlas and CMS RO accelerated Iin the booster. The final bunch configuration

K1262 for LHCb and none for Alice. / at 50ns spacing IS given In the PS where the beam Is split to get the right
e spacing and bunch number.
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Central Timing Manager (CBCM) [1]

 Orchestrates the cycles that are played in each accelerators by sending telegram information and
timing events to all accelerator ‘s equipment .
Gets the injection requests from the injection sequencer, manages beam production and
destinations in the injectors.

Select next injection

Interlock systems [2][3]
Ensure injection process safety. In case of problem detected with the equipment it can

e Prevent beam extraction from SPS ; CONCLUSIONS

 Prevent beam injection into the LHC

Injection Quality Check (1QC) [4] The LHC injection process requires the intervention of many equipment and systems in the entire

 Analyses the quality of the injection (beam really injected, losses, trajectories) | accelerator complex from which the injection sequencer application is one of the main actors. Its

e Interlock of next injection in case of poor injection quality _ role is to synchronise the beam request sent to the CBCM, but during 3 years of operation many
functionalities have been incorporated to improve the injection process efficiency, distribute
information on next injection request to different systems, guarantee coherency between
database information and beam measurement and help the LHC operator to keep track of the
injection quality along the process

SPS/LHC Beam Quality Monitor (BQM)
e Check SPS beam longitudinal characteristics against requested pattern, can block beam extraction
e Check beam longitudinal characteristics in LHC
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