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LHC injection chain

Last part of the 
injection chain to 
the LHC is the 
SPS

6.9km

43.478 kHz

23 usec



SPS as injector

First high intensity TT40 beam test
(25th October)

Beam 1: TT40-TI8
Beam 2: TT60-T12



Beam envelope in LSS4 to TT40
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Description of the test
Beam incident during extraction test at the SPS
First time of high intensity extraction

extraction of 40 
single bunches

4 extractions 
above damage 
limit (12 nom. 

bunches)

damage limit = 2 x 1012 protons

72 bunches trains
Problems started

Increase of 
number of trains
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Damage limit



What happened?
Some temperature probes on the septum 
where triggering the beam interlock due 
to induce e.m. noise from the high 
intensity beam.

It was decided to mask these signals in 
the PLC (controller of the septum). It 
was (mistakable) though that we would 
be protected by the interlock the 
surveillance of the septum current.

At the next extraction the PLC generated 
an interlock that switch off the septum, 
but as the current is going down slowly 
the surveillance did not pick-up this 
change and extraction was not inhibit.

By the time the beam pass through the 
septum, the current was 5% of the 
nominal value, not sufficient to extract 
the beam and hit the quad after the 
septum.
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23 ms time constant
Tolerance 0.1%

Meas. Current aver. ~ ms

current monitored 
until 7ms before 

extraction



RESULT



Solution

temperature 
survey

current survey

There was a whole 
on the active 

protection of the 
system. 

Modifications of 
the interlock 

system took place

System 
Commissioning 
should ensure 

proper triggering of 
the extraction 

inhibit for each 
interlock input



Other ideas

Max. SPS extraction at 25 ns
288 bunches @ 1.15e11 p ~ 2.4 MJ

Assuming damage limit: 2e12 p  -> 6% of leakage
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Adding passive protection after septum



OTHER IDEAS
Modify the shape of the absorber 
to match specific needs.
As example, Antechambers 
currently used to stop Synchrotron 
Radiation (nuSTORM).

Improve robustness of the 
system: use more resistant 
magnets so that they survive 
after this type of incident. 
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