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With more than 100 collimators the LHC has the most complex collimation system ever installed 

in an accelerator. The beam-based setup time of the system was a non-negligible factor during 

the commissioning of the LHC. In addition if the particle orbit at a collimator goes out of 

tolerance, this collimator needs to be setup again. To reduce the required setup time for the 

collimation system and to obtain the tight tolerances required for the LHC operation with small 

beta* and high beam energy, a new collimator design is being developed that integrates a beam 

position monitor (BPM) into the jaws of the collimator. A prototype of such a phase-II LHC 

collimator was installed in the SPS at CERN for the 2010 run. In this paper we present the first 

experimental results from the beam tests performed. 
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Abstract

With more than 100 collimators the LHC has the most
complex collimation system ever installed in an accelera-
tor. The beam-based setup time of the system was a non-
negligible factor during the commissioning of the LHC. In
addition if the particle orbit at a collimator goes out of tol-
erance, this collimator needs to be setup again. To reduce
the required setup time for the collimation system and to
obtain the tight tolerances required for the LHC operation
with small beta* and high beam energy, a new collimator
design is being developed that integrates a beam position
monitor (BPM) into the jaws of the collimator. A proto-
type of such a phase-II LHC collimator was installed in the
SPS at CERN for the 2010 run. In this paper we present the
first experimental results from the beam tests performed.

INTRODUCTION

To intercept unavoidable losses of particles from the
beam halo into the superconducting magnets the LHC has
a powerful collimation system [1, 2, 3]. This system con-
sists of 44 movable collimators per beam in the LHC ring.
During the setup of the collimation system the collimators
are centred around the particle orbit one by one with the
help of beam loss monitors (BLM) installed close to each
device [4]. This currently takes between 4 to 13 minutes
per collimator [5]. The time consuming setup procedure
has to be performed for several machine states: injection
(450 GeV); flat top (3.5 TeV); squeezed optics with sepa-
rated beams and finally with colliding beams. To guarantee
the validity of the setup and therefore a sufficient cleaning
strict requirements for long term orbit stability have to be
fulfilled. The validity of a full setup is currently in the order
of 6 months [6].

Collimators with in-jaw beam position monitors (BPM)
will drastically reduce the setup time of the collimation sys-
tem and therefore gain time for physics operation. Further-
more they allow to continuously monitor beam offsets at
the collimators, which will increases the passive machine
protection. In addition the requirements for long-term orbit
stability could be relaxed as a re-setup of the system could
be performed much more regular. They will further allow
to follow local orbit changes with the concerned collima-
tors and to reduce the margins between collimator families
and therefore to improve the cleaning.
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Figure 1: Jaw model of the mock-up collimator with in-jaw
BPM buttons [7].

Figure 2: View of the BPM button in the taper at the be-
ginning of the jaw during laboratory measurement of the
button position [7].

A first mock-up collimator with in-jaw BPMs was pro-
duced at CERN, tested in the laboratory and installed into
the SPS in January 2010 [7]. A sketch of the mock-up
jaw is depicted in figure 1. Figure 2 shows on BPM but-
ton in the taper at the beginning of the jaw during labora-
tory measurements. An advanced mechanical design and
a production prototype are currently under development at
CERN [8].

RESULTS OF BEAM MEASUREMENTS

To test the behaviour of a collimator with in-jaw BPMs
and the possible setup accuracy several measurements have
been performed in the CERN-SPS. These measurements
were carried out with circulating beam at 120 GeV.

Scans of gap across the beam

Figure 3 shows the beam offset measured with the in-jaw
BPMs at the collimator against the set beam offset. Dur-
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Figure 3: Beam offset measured with BPMs versus the set
beam offset. The total gap in the mock-up collimator was
28 mm.

ing this measurement the collimator gap - during this mea-
surement 28 mm - was scanned in steps across the beam.
It can be clearly seen that the upstream (blue) and down-
stream (red) BPM buttons pairs show a good linearity over
the scanned range of±2.5mm.

Measurements with primary and secondary pro-
tons impacting on the jaw

One major expected obstacle for the use of collimators
with jaw-integrated BPM buttons was a possible distur-
bance of the BPM signals due to particles impacting on the
jaw.

Therefore several full beam scrapings have been per-
formed with the mock-up collimator. No disturbances of
the BPM signals by primary protons impacting on the jaws
have been observed so far. The BPM buttons, positioned
in the taper at the beginning and end of the jaws, are re-
tracted by10.5mm with respect to the jaw surface. From
the above results this retraction seems to be sufficient to
avoid the direct impact of protons in the buttons.

To measure the possible impact of secondary protons on
the BPM signals, an upstream SPS collimator was used to
scrape the beam. The created secondary halo was then in-
tercepted by the mock-up collimator, which was kept at a
constant gap of 21 mm. Figure 4 shows the beam offset
in the BPM mock-up measured with the upstream (blue)
and downstream (red) BPM button pairs versus the gap of
the upstream SPS collimator. Up to a SPS collimator gap
of 3.5 mm the variation in the BPM signal was≤ 35µm

which is below the expected accuracy of the used setup
(∼ 50µm). The sharp increase of the variation for smaller
SPS collimator gaps is due to non-linearities in the BPM
electronics at low beam intensities. The major part of the
beam was already scraped away at that time.

Measurements with closed orbit bump

To compare the new BPM based alignment method with
the currently used BLM based method a closed orbit bump
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Figure 4: Beam offset measured with the upstream (blue)
and downstream (red) BPMs in the mock-up collimator
versus the gap of an upstream SPS collimator. The sharp
increase of the BPM signal variation for smaller SPS colli-
mator gaps is due to non-linearities in the BPM electronics
at low beam intensities. The major part of the beam was
already scraped away at that time.

was created at the mock-up collimator. The amplitude of
this bump was changed in steps. After each step the beam
offset in the collimator was determined with both methods.
The BLM based alignment of the collimators jaws was per-
formed with a step size of50µm, which defines the accu-
racy of this method. Smaller step sizes could not be used
as the losses then did not cause a clear signal in the BLMs
installed close to the mock-up collimator. The accuracy
of the BPM alignment was also about50µm, as the BPM
read-out electronics was not calibrated for the used setup.

Figure 5 depicts the beam offset measured with the in-
jaw BPMs (red circles) and the BLM method (blue crosses)
for the downstream (top) and upstream (bottom) ends of
the collimator versus the expected amplitude of the three
corrector orbit bump. From these plots it can be clearly
seen that the three corrector orbit bump did not work as ex-
pected. As significant changes in the orbit were recorded
the measurement gave still valid results. The big change of
the beam offset in the centre of the plots is due to a re-fill
of the beam. The centres determined with the two meth-
ods agree within the accuracy of the measurement. In most
cases the agreement is significantly better than50µm.

Figure 6 shows the correlation between the centres mea-
sured with the in-jaw BPMs and the BLM dependent
method for the downstream (top, red squares) and upstream
(bottom, blue diamonds) ends of the collimator. The data
were fitted with linear functions (solid lines). The fitted
functions are geven in the legends. The black dashed lines
define a70µm band around the fitted function. The offset
between the two methods was≤ 60µm. All measurements
lie within the70µm band. This means that the agreement
of the two methods is within the accuracy of the measure-
ment.

Measurements in the laboratory and the LHC with the
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Figure 5: Beam offset measured with for the in-jaw BPMs
(red circles) and the BLM method (blue crosses) for the
downstream (top) and upstream (bottom) ends of the col-
limator versus the expected amplitude of a three corrector
orbit bump.

BPM electronics, as used during these experiments, have
shown that the beam offset can be determined with an ac-
curacy≤ 1µm [7]. During collimator setups of the LHC
collimation system at 3.5 TeV a minimum step size of5µm

was used for the jaw movement [5].

CONCLUSION

Collimators with in-jaw BPMs promise a drastically re-
duced setup time of the LHC collimation system and less
strict requirements for the long-term orbit stability. Fur-
thermore they allow to continuously monitor beam offsets
at the collimators and therefore increase the passive ma-
chine protection. They would allow tighter collimator set-
tings and, thus, could help to improve the cleaning.

First experiments with a mock-up collimator have suc-
cessfully been performed in the CERN-SPS. The in-jaw
BPM buttons have shown a good linearity during the scans
with fixed gaps. So far no disturbances in the BPM signals
due to primary or secondary particles impacting on the col-
limator jaws have been measured. The agreement between
the novel BPM and the state of the art BLM based collima-
tor alignment method has been better then70µm, which
was within the accuracy of the measurement. Taking into
account the results of laboratory measurements, tests in the
LHC and the LHC collimation setup experience it can be
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Figure 6: Correlation between the centres measured with
the in-jaw BPMs and the BLM dependent method for the
downstream (top, red squares) and upstream (bottom, blue
diamonds) ends of the collimator. The data were fitted with
linear functions (solid lines). The fitted functions are given
in the legends. The black dashed lines define a70µm band
around the fitted function.

concluded that the accuracy of the BPM setup method will
be better than the accurcay of the BLM based method.
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