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Abstract

The stored energy and intensity of the LHC beam exceed the damage level of the machine and the quench
level of the magnets by far. Therefore a robust and reliable collimation system is required which prevents the
guenching of the magnets during regular operation and protects the accelerator components from damage in
the event of beam loss. To assure that the installed collimators will protect the machine and permit the
required performance of the collider, an appropriate hardware commissioning has to be implemented. In this
contribution we describe the procedures for the hardware commissioning of the LHC collimation system.
These procedures will establish the required precision and reliability of collimator movements and settings
before the start of beam operation.
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Abstract collimator. These three parts compose the base-support as-

. . sembly. Figure 1 shows a base-support assembly as in-
The stored energy and intensity of the LHC beam exce y. g PP y
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. X ors for moving the jaws. Figure 2 shows a view along the
magnets during regular operation and protects the acceler- . . .
. aws of a series TCS-type collimator before closing the vac-

ator components from damage in the event of beam loss. .
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To assure that the installed collimators will protect the ma

chine and permit the required performance of the collidep|PPO't (5). This composition is called upper-support as-
. L . sembly and will host all needed parts for the installation in
an appropriate hardware commissioning has to be impl

mented. In this contribution we describe the proceduresf(aqe tunnel on a base-support assembly. Figure 3 shows a

L L qICS-type collimator installed in the LHC-tunnel.
the hardware commissioning of the LHC collimation sys- o
The separation into base-support assembly and upper-

tem. These procedures will establish the required pratisio

and reliability of collimator movements and settings beforsu[Dport assembly allowg a quu?k installation and also a
the start of beam operation. quick exchange of a collimator in case of damage. This

is required due to the high activation in cleaning insegion

INTRODUCTION

At the Large Hadron Collider (LHC) two proton beams
with a centre of mass energy o TeV are stored. At de-
sign luminosity each beam consists of 2808 bunches con-
taining each .15 x 10'! protons [1]. The stored energy and
intensity of the beam exceeds the damage level of the ma-
chine and quench level of the magnets by far. A robust and
reliable collimation system for quench and machine protec-
tion is needed.

The task to efficiently clean the beam halo, which is con-
tinuously filled by beam dynamics processes, and protect
the machine from accidents, requires a highly robust and
reliable design [2]. Also the requirements on the mechani-
cal precision are demanding, considering the typical beam

size 0f200 um, a surface flatness of the jaw along beam _
direction that has to be belowd um and the accuracy of Figure 1: Photograph of an collimator base-support assem-

the jaw motion that has to readh m. bly, including lower plug-in and alignment plate.
In this paper the LHC-collimator design is briefly re-
viewed and the steps prepared for the hardware commis-

sioning are summarised. HARDWARE COMMISSIONING

COLLIMATOR DESIGN The h.ard\{vgre cpmmissioning of the LHC_ collimation
system is divided into several steps [4]. Figure 4 sum-
The technical details of the design, like choice of matearises the production, final assembly and hardware com-
rial, can be found in [2, 3]. Here only a coarse overview ofnissioning of the LHC collimation system. Hardware com-
the collimator and supports is given. missioning already starts during final assembly with cali-
The fully installed collimator consists of five main me-Pration and alignment procedures assuring that only fully
chanical parts: (1) the base-support providing the stand gpnform collimators are installed in the tunnel. Paranseter
the collimator in the tunnel. (2) the alignment plate, alowtested and the relevant tolerances include: surface fiatnes
ing the adjustment of the collimator, (3) the lower plug{40 #m), torque measuremerii.t Nm), vacuum pressure

in, providing cooling water and electrical connection te th (< 4 x 10~ mbar), mechanical play( 20 xm), minimum
gap & 5mm), maximum jaw tilt angle* 2 urad) and

*Thomas.Weiler@cern.ch minimum jaw tilt angle & 2 urad).




CERN Material Design
iiiiiiiiiiiiiiiii if —_— 7I - - .
Production
Inside / Outside i i v i i i i Y Jr
CERN Electronics Collimator Base Stepper Sensors Quick Vacuum
Production Support Motors LVDT, PT-100| Plugin nterconnectio

CERN optical ir:'spection test r‘notors
Bld 252
upper part
< assembly

<
<

calibration / alingment

check calibration

transport

LHC - Y
Tunnel |nstallat|o_n of installation of base lower part
electronics support assembly

L2
test of cabling

installation of
collimator

prelim. commissioning
<nstallation to vacuum><

final commssioning

Figure 4: This flowchart summarises the production, finadaddy and hardware commissioning of the LHC collimation
system. The hardware commissioning starts already dussgnably with calibration and alignment procedures asgurin
that only fully conform collimators are installed in the hel. The boxes with orange colour involve steps on hardware
commissioning.

Test on Tunnel Infrastructure Full System Test and Calibration

Test on the tunnel infrastructure are performed prior tg[) Atter the %olllm?tobr funclzltlljonflg)ttwas verified, the posi-
installation of the collimator. The leak tightness of the 'on Sensornhave to be cafibrated 1o an accuracgim,

cooling water supply up to the lower plug-in is establishe(.li'i'rr:%hthe f'lT_aI etl_ectronlcs gnd cablets. Thedclomrlnunllcanon
and verified if the adjustment of the flow rate by valves i € colimation supervisory system and fow level sys-

applicable. In addition, the cabling from the rack Iocatior%em Is verified, allowing further testing of the system with
up to the lower plug-in is checked. This test includes th e control room software. After these test have been done,

test of the cable response, the resistivity and the corhactpt € |r_1t_erlock chal_n can be tested. _A_" possible interlock
: . conditions (e.g. jaw temperature limit reached) are gen-
assignment and labelling. . S
erated by the collimator and sent to the machine interlock
system to verify the proper handling of the signals.

Test on Tunnel Equipment Test on Installed Collimator Under Vacuum

After the collimator is installed in the tunnel, the water So far all tests on the collimator in the tunnel were con-
tightness of the system up to the collimator will be checkeducted under normal pressure, no vacuum established in
by applying the nominal cooling to the circuit. The flowthe vacuum tank of the collimator, after it left the surface
will be adjusted to the specified valugl{min). All follow-  laboratory. When the vacuum is applied the forces on the
ing tests will be done with cooling water applied. Theremechanics may change. Therefore the basic functionality
after movability of the collimator is tested,good readingsvill be cross-checked once the vacuum is established and
for the position and temperature sensors are checked dimtal mechanical forces are in place. The calibration of the
limiting switches are verified. position sensor are validated under vacuum, gain and offset



MTF implementation

To keep track on the hardware commissioning and col-
lect all measured data in a central place, the hardware com-
missioning steps for all collimators are implemented in the
Manufacturing and Test Folder (MTF) database. The hard-
ware commissioning data will be linked to the production
and assembly data to give full access to all available data on
the collimator and its production history. Figure 5 shows as
an example the available data on MTF for the minimum gap
on the end switch for the first collimators hardware com-
missioned in the surface laboratory.
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Figure 5: Minimum gap on end switch for the first collima-
tors hardware commissioned in the surface laboratory. The
dashed line shows the specified limit®@5 mm.

CONCLUSION

The hardware commissioning procedures presented here
should allow a smooth installation and testing of the colli-
mation system according to the schedule of the LHC. All
essential parameters of the system will be measured and
made accessible through a database system. This is use-
ful for continuous monitoring of the system parameters and
identification of possible weak points in the material.
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