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The LHC has two dedicated cleaning insertions: IR3 for yD D D D D D D D D
momentum cleaning and IR7 for betatron cleaning. The D DU’M‘cker

collimation system has been specified and built with tight
mechanical tolerances (e.g. jaw flatnesd0 ym ) and is D D D D D

beam

designed to achieve a high accuracy and reproducibility of D D D D

the jaw positions{ 20 um). The practically achievable

cleaning efficiency of the present Phase-I system dependigure 1: Simplified sketch of the gap opening arrangement
on the precision of the jaw centering around the beam, tif collimator classes normalized by beam size.

accuracy of the gap size and the jaw parallelism against the

beam. The reproducibility and stability of the collimation %'l';”:sgor type ]ZZ (T:g'grgﬁtsgtype ]g’i

system is important to avoid the frequent repetition of beam TCSG IR3 9.3 || TcsG Irs 7

based alignment which is currently a lengthy procedure. TCLAIR3 10 || TCLIIR2/IR8 | 6.8

Within this paper we describe the method used for the TCPIR7 5.7 || TCTIR2/IR8 | 25

beam based alignment of the LHC collimation system, %EEI'FTJ ig %I I'Ei/'% ;g

its achieved accuracy and stability and its performance at

450 GeV. Table 1: Half gap openingy; for different collimator fam-
ilies. The half gap in mm is calculated by;o;, with the

INTRODUCTION measured beam sizg [8].

The LHC collimation system was designed to handle

the 362 MJ stored energy per beam at nominal MOMENtUM)imators at the end of each cleaning insertion. The dump

i i 14
(7TeV/c) and intensity ¢ 3 - 10** protons). The uncon- protection collimators (TCSG-IR6, TCDQs) protect the su-
trolled loss of only a small fraction of a beam in the super-

ducti fth he | ; hgerconductive arcs against mis-kicked beams. The tertiary
conductive magnets of the LHC can cause the 10ss of thelpimators (TCTs) are arranged around the experimental
superconducting state (quench limit at 450 GeVR; =

108 bs- L1 at 7 TeV/e: - 6. 1T insertions, to catch the debris during collisions and te pro
7-10°ps m™%; at 7Tevic: Ry = 7.6 - 10"ps™ m tect the triplets against mis-kicked beams [6, 7].

) 1, 2.]' The collimators are deS|gned_ o |_ntercept _these Setup procedures and settings for the LHC collimators
unaymdable begm !osse§ and are ma.unly installed in MW0-ve been studied intensively and the settings for therdiffe
ded|cateq cleaning insertions. IR3 c;olllmators are US,Ed f%nt collimator families at injection (450 GeV/c), as shown
the cIean_lnlg of (_)frf]-morr;enturg particles anlc_i ”37 to llnter-n table 1, were verified by tracking simulations [8, 9, 10].
cept particles with too large betatron amplitudes. In acp, o complete phase-I collimation system was successfully

dition the collimators provide a passive machine Ior()teq'ested and commissioned before the restart of the LHC at
tion [3, 4, 5]. Figure 1 shows a simplified sketch of thethe end of 2009

gap opening arrangement of the different classes of colli-

mators normalized by beam size. The primary collimators SETUP AT 450GEV

(TCPs) are the ones closest to the beam and cut the primaryTwo beam based setups of the collimation system at in-
beam halo. The secondaries (TCSGSs) intercept the sgeetion momentum (450 GeV/c) were performed during the
ondary halo, i.e. particles scattered by the primaries, arairrent 2010 LHC run. The goal of the beam based align-
absorbers (TCLAs) catch showers produced by the otharent of the collimators was thereby to determin the local



center Az;) and size §;) of the beam at each collimator. meadonom
This is essentiel to achieve a setup of the collimation sys- 1€
tem, which respects the desired collimator hierarchy. 1.4
During both setups the collimators in B1 and B2 were }
treated in parallel. About 42 collimators per beam were set 12 | }

up, including the injection and dump protection devices in- 1. |
stalled in the ring. Beam intensities during the setups were . {
~ 5-10° and~ 1-10'" protons. Collimator jaws were * } ’
moved with a stepsize d0 ym and40 pm respectively. 06 i } +

$tup procajures 04 1970C 1980C 1990C 2000C 2010C 2020C 2030 s(m)
In the first setup, reference edges in the horizontal and

vertical plane of the beam halo were generated by closi

the final two tertiary absorbers (TCLAS) in IR7 to a half ga

of Ny - o, with Ny = 4.5. The nominal beam siz&" in

the collimator plane (hor, ver or skew) was derived from the

nominal geometrical emittance, the nominal beta func-

tions, 3,,; andg, ;, at collimator; and the rotation angle of setup-I for B1 were at most locations smaller than ex-

B2 setup-|
* B1 setup-l
B2 setup-ll

‘ . B1 setup-|

I1£1gure 2. Ratio between nominal beam sizes and beam
Rsizes found during the collimation setups at collimators in

the collimator jawsp; by pected. The ratio between measured and expected beam
n 5 5 size varied from~ 0.5 to ~ 1.0. The average beam
% = \/ﬁﬂw’6 cos? 9hi + fy,jesin” ;. (1) size found at the collimators in B1 during the setup was

~J n i
The remaining collimators were then moved one by one i 0.7407'. In B2 the ratios between found and expected

reverse order - as seen from the beam - to the edge of tﬁgam sizes vary from 0.9 to ~ 1.4. The average beam

beam halo and centered. The two collimator jaws - callegf?® &t the coIhmators_ in B2 was 1'040?'. This bghawour
left (L) and right (R) - were then set to cannot only be explained by beta beating, which was cor-

I sot rected to< 20% [11] before the setup of the collimation
x;"" = Ni-oi + Ax; (2) system. The reason was that, due to the low beam intensity,
the halo is not repopulated fast enough during the setup. In
R sct this case each collimator cuts deeper into the halo. The
;" = =Ni-oi + Az, (3)  assumption that the beam edge was defined by the tertiary
absorbers set at the beginning of setup-I then does not hold
any longer. For B2 a second effect has to be considered:
(4) during the setup a periodical excitation of the beam was
No observed, which was much stronger in B2 than in B1. This
excitation may have increased the re-population rate of the
Lom . Rm beam halo periodically. This lead to overall bigger beam
Az, = T AT (5) sizes for B2 as compared to B1.
2 The beam sizes found in both beams during setup-Il
were in general in good agreement with the expected beam
sizes (see figure 2), except for the collimators in IR3. The

and

with the measured beam size

Lm Rm

Ty — T

g; =

and beam center

zl™ and 2™ were the measured positions of the cen

tered collimator jaws. N; was chosen depending on the i
collimator type as given in table 1. average beam size was1.2¢}" for B1 and~ 1.14¢7 for

For setup-Il a refined method was used. The referen&#: 1he comparison between setup-I and setup-I shows
beam edge was defined by the primary collimators of thelearly that the variation of the ratio between measured and
corresponding plane in IR7. After each centering of a cofXPected beam size was lower for the latter, where both
limator the reference primary was re-centered around yhgams show a comparable behaviour. Therefore, the re-

beam. The measured beam size was therefore achieved #4€d S€tup procedure is more independent of beam prop-
Gl _  Rom erties like the re-population speed of the beam halo and

o = N’“Z - N’z“ > (6) therefore gives better results.
4+
N o/ SUMMARY OF SETUP VAL IDATION

The settings found during each setup were validated by
. . . . __generating multi-turn losses. The full beam was thereby
collimatori. The jaws were then set following equat|on§0St in about 1 to 2 seconds. Figure 3 shows, as examples,
(2) and (3). horizontal betatron losses generated by crossing a 1/3 inte
Setup Results ger tune resonance for B1 with the settings of setup-I (top)
An overview of the ratios between measured and exand Il (bottom). The highestlosses were found in the clean-
pected beam sizes for the collimators in IR7 and both sénag insertions and at primary collimators. The loss pat-
tups is shown in figure 2. The beam sizes found durintern show that the hierarchies of collimators are preserved

with the half gap opening of the reference primary in units
of o7, before (V') and after (v{ ') the centering of



sim [1/m] | setup-l| setup-II

o oo B1 hor 2e-4 2e-4 | 1.8e-4
OO o veshord 5o e (BLis i 139, quonch proection o warm B1 ver 5e-5 2.5e-3| 3.2e-5
0.001 | B2 hor le-4 2e-4 1.8e-4
0.0001 | R6 B2 ver 2e-5 2.5e-3| 1l.4e-5

1le-05 ¢

Table 2: Local cleaning inefficienay; for betatron losses
to the cold aperture (simulations [8] and measurements).
The primary collimator with the highest losses in IR7 were
used as reference. Only beam loss monitor signals above
1000 | the noise level ofv 3 - 10~7 Gy/s [12] were taken into

° account.
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setup-1 was measured during vertical betatron losses in B2
asn = 2.5-1073, i.e. the cleaning efficiency for this setup
was better than 0.9975. For setup-Il the highest leakage
] into the cold aperture was measured during horizontal be-
] tatron losses ag = 1.8 - 1074, i.e. the cleaning efficiency
was better than 0.99982.
The cleaning inefficiencies achieved during the validation
of setup-Il were very close to the values predicted in track-
ing simulations. For setup-I this is only true for losses in
the horizontal plane. The vertical plane is about two orders
of magnitude worse than expected.

Setups for the collimation system at 3.5TeV are cur-

Figure 3: Horizontal betatron losses in B1 generated byently ongoing and their results will be presented in a later
crossing a 1/3 integer tune resonance. Blue/red/black bajgplication.

indicate losses in the cold aperture/ warm aperture / colli-
mators. The noise level of the beam loss monitor signals
shown in the plot isv 3 - 107 Gy/s [12]. Top: setup-I;
Bottom: setup-Il
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