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An overview of the collimation system performance durd?” of 60 cm. These settings were validated during MD’s

ing 2012 is described. The collimator “tight” settings for" 2011 [2] [3] [4]. In particular, it was verified that the
the 60 cm3* reach are introduced and the evolution 0]proposed hierarchy could be achieved without additional

the cleaning inefficiency achieved throughout the year Witﬁlignment campaigns, indicating that the orbit and coltima

one single collimator alignment is presented. The perfo];pr settings are stable enough to ensure a good hierarchy

mance of the semi-automatic collimator alignment tools ig”th 2 o retraction between TCP's and TCSG's. Optimiza-

discussed. We investigate the beam losses through the &N gf TCT settijngs a(?d rqegs_urement of the aperture that
cle with emphasis on the yearly evolution of the measuregf" P€ Protected are detailed in (51161 [7].
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THE LHC COLLIMATION SYSTEM

The LHC collimation system provides a muIti-stageFigure 1: Tight collimator settings far TeV beam energy
cleaning in the two warm cleaning insertions, IR3 forand* = 60 cm.
momentum cleaning and IR7 for betatron cleaning. The
primary collimators (TCPs) are the closest to the beam
in transverse normalized space, cutting the primary halo. SYSTEM PERFORMANCE
The secondary collimators (TCSGSs) cut the particles scat-
tered by the primaries (secondary halo) and the absorb%r
(TCLASs) stop the showers from upstream collimators [1]
The tertiary collimators (TCT) protect directly the trifde
at the colliding IRs. Together with the passive absorber
the physics debris absorbers, transfer line collimators, i
jection and dump protection makes a total 108 colli-

All collimators are setup symmetrically around the beam
it for each machine configuratioing, injection, flat top,

squeeze and collisions) with full gap as small2asmm.

The alignment procedure aligns each collimator jaw inde-

B’endently based on the beam loss monitor (BLM) spike

observed when touching the beam halo produced with the

. rimary collimators. This is done only in dedicated low in-
mators, hundred of them movable that need to be ahgn(%i y y

ithin 10 — 50 ision t hieve th red cl nsity fills with up to 3 nominal bunches in order to avoid
mlg in 10 — 50 um precision to achieve the require Cean'anymachinedamage.

: . _ . The operational strategy during 2011 and 2012 run peri-

th Dur||r|1_g 2t012 rutnnlng peno;j W'tk_ithTer beam”er(;e“rtgyhtpds was to perform one full alignment of the main cleaning

€ collimator system was setup with the so-called UGNt o tions (IR3 and IR7) and monitor regularly the losses

collimator settings [2], illustrated in Fig. 1. The pnmaryalong the ring to validate if a new alignment was needed by
collimators are set to the nominalleV gap inmm which

: looking at the cleaning and the collimator hierarchy. For
corresponds td.3 o at4 TeV, whereo is the transverse g 9 y

) . : ! n(-:flw physics configurations only the 16 TCTs collimators
beam size assuming transverse normalized emntanceaq

. . the colliding IRs need to be re-aligned.
€norm = 3.5 pm rad. We will assume in all the document . . .
. ) L Since 2010 several improvements have been imple-
the same normalized emittance unless explicitly quoted. : ;
. . mented in the alignment software towards a faster and more
The secondaries and absorbers in IR7 are placédBat reproducible alignment [8] [9] [10]. The main improve
and 8.3 o respectively. The secondary collimator in IR6 P g ' P

. . ment on the alignment speed was the use oflthé Hz
(part of the dump protection system) is7at o and TCTs BLM data, available from the start of 2012 run. This al-

* pelen.salvachua@cern.ch lowed to use the maxi_mL_Jm collimator movement rate of
t Present address: DESY, Germany 8 Hz that before was limited by thé Hz BLM data. In
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addition, currently, it is possible to align in parallel seal L e
collimators and the algorithm routine automatically ideng  : IR7 13-~ Cleaning hierarchy

tifies the loss spike and decides if the collimator is comg  1* — cold e

pletely aligned. Fig. 2 shows the setup time per collimatcy, ' —omee

as function of time. Nowadays, all collimators in IR7 (195 ceaning efiency

10 99.993%

collimators per beam) and IR6 (2 collimators per beam),§ W Cwal T

: . . R 10°
total of 42 collimators, can be re-aligned in abdit min. g
measurement| _ _ _ _ -

Ever since the semi-automatic alignment was set in plac ;- B R MR~ - S O ol =
19400 19600 19800 20000 20200 20400 2

no more beam dumps at top energy happened during ali¢ s [m]
ments [10].

al
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Figure 4: Distribution of the losses in the betatron clean-
ing insertion (IR7) while exciting beam 1 in the horizontal
plane.
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which is included in Fig. 5. The performance shown in the
plot has been calculated taking into a account all top en-

Setup Time per Collimator [min]
=
o
.

" ) ergy cycles, and no significant differences on the cleaning
0 ‘ ‘ ‘ ) in IR7 were found. This confirms that the IR7 cleaning is
MAY 2010  MAR20IL AR 2012 AT 2012 MD OCT 2012MD ot mych affected by changes in the colliding IRs [13].

Figure 2: Setup time per collimator versus alignment datd-ifetime through the cycle

The maximum number of charges that can be injected in

) the machine without risk of quenching a magnet is deter-
Losses along thering mined by

In order to validate the cleaning hierarchy and study the IN R
performance of the collimator system, loss maps are per- N,,.. = Tpeam - —— = Theam - Bor = Theam - —
formed. Beam losses are recorded along the ring while ex- dt

citing the beam with the transverse damper (ADT) [11] an(\;vhere Toeam i the minimum beam lifetimedN/dt is

are compared with the peak losses at the primary coIIim%;]e particle loss rate which is approximated to the par-
tors to compute the cleaning inefficiency. The ADT intro-

) s : . ticle loss per second at the primary collimat&tCF.
duces white noise in vertical or horizontal plane that ca?Z : . : L ax
be gated to selected bunches. When the ADT is working* Is the quench limit andy. is the collimation clean-

X %g inefficiency [14]. We have studied the beam lifetime

on this mode the excited bunch is blown up and mterac{ﬁrough the LHC cycles by analyzing the measured beam

with the collimators producing beam losses along the rin% nsity from the BCT signal (LHC.BCTFR.A6R4.B1 and

Fig. 3 shows the losses, noise subtracted and normaliz !
to the highest loss, for beam 1 (beam is going from left tcl‘? C.BCTFR.4R6.82). For each cycle and fill the BCT

right) blown up in the horizontal plane. The highest peal%'gnaI was smooth(_ed using a running averagé af Af-
L . . “terwards the beam intensity lifetime was calculated by per-
occurs at the betatron cleaning insertion (IR7). The mini;:

A . ' ' forming linear fits to the smoothed intensity signal. As an
mum cleaning inefficiency is defined as the highest leakage . . o P
A ; . xample, the intensity and lifetime distribution of a rando
at the cold magnets, which is in the dispersion suppres

S ; 1 )
region of IR7. Fig. 4 shows a zoom into IR7, the cleanfljl.1 (#2469 ) during ADJUST" beam mode are shown in

ing hierarchy appears as decreasing losses fromthe primarI T

collimators (left IR7) to the absorbers (right IR7). The lo- hefr:?mlrgum tiear?;'git'zme IS shqw(;] ('jn F.'gS'S? aSgg;g
cal cleaning inefficiency is measured at Q8 magnet, in thig'€ry 11 and cycle o run period during Q .
: and ADJUST beam modes respectively. The plots include
case right of IR7. : . . .
all the fills that were setup for physics, with a filter on the

The local cleaning inefficiency from 2010 to 2013 is Pros ial injected intensity of,., > 101% protons to exclude

vided in Fig. 5. In 2010 and 2011 the beam energy was . o
3.5 TeV and the relaxed collimator settings were used [wa intensity fills not relevant for the performance reach.
) he fills with lifetime below0.2 h were dumped. The ver-

while in 2012 the beam energy was increased eV and tical red dashed lines show changes of running periods or

t_he tighter coIhmators_ settings described in previous Se%igniﬁcant machine configurations. TS1 and TS2 are the
tion were used. The figure shows an excellent stability

. . . . Irst and second technical stops of 2012. On August 7th,
the cleaning performance which was achieved with onl .
i i L 012, the octupoles polarity was changed and seemed to
one alignment campaign per year at the beginning of Ca proved the beam lifetime. However on August 18th
run period. In 2012, with the “tight” settings the clean- P ' 9 '

ing improved from99.97 % to 99.993 %. This was ob- "~ 1apjusT is the beam mode that follows SQUEEZE, used when the
served also during a machine development test in 2011 [Bdams are collapsed to produce collisions.
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Figure 3: Distribution of the losses in the LHC ring while &g beam 1 in the horizontal plane.
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Figure 5: Collimation cleaning inefficiency as function imfé since 2010 until end of 2012 run.
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Figure 6: Measured beam intensity (left) and calculated

beam lifetime (right) for fill 2469 during ADJUST beam Figure 7: Minimum beam lifetime over 5 seconds during
mode. SQUEEZE beam mode.

the chromaticity was increased and the lifetime came de-

creased again. On September 26th, the collision beam pigilide, the average minimum lifetime along the year is

cess was changed to bring collisions in IP8 after IP1 anfdund to be betweef.5 and10 h, worse than during the

IP5, this seems to improve the lifetime during ADJUSTramp of energy or squeeze. Contrary to the operation in

beam mode. 2011 when the losses are starting only from collisions, in
The most critical phase is when the beams are going 012 the instability occurred during the full adjust mode.
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Figure 8: Minimum beam lifetime over 5 seconds during ADJUgam mode.

COLLIMATOR HARDWARE:
IMPROVEMENTSFOR LS1

During the LHC long shutdown I, 16 Tungsten tertiary =
collimators in all colliding interaction regions and 2 Car- (g
bon secondary collimators in IR6 will be replaced by new 6,‘
collimators with integrated beam positions monitors but-¢ ﬁ, =
tons. The layout will not be changed, the collimators will | &t
stay in the same positions along the ring (with the exceptior "<
of IR8 where the 2-beam design TCTVB will be replaced
with 1-beam design collimators) but with the gain of

Courtesy O. Aberle, A. Bertarelli, F. Carra, A.
Dallocchio, L. Gentini et al.

Figure 9: Schematic view of a collimator with integrated
¢ alignment without touching the beam, BPM buttons.

e reducing orbit margins allowing more room to
squeeze and

TT T[T T T[T T T[T T T[T T T[T T T[T IT[TTT[TTT[TTH

e allowing regular monitoring during operation at high
intensity (with possibility to improve interlocking
strategy).
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Fig. 9 shows the schematic view of a collimator with in-
tegrated BPM buttons in the jaws. Since 2010, several tests
1 \‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\l\\;
on _the CERN SPS accelerator were perfo_rmed in order to 2000 4000 6000 8000 100001200014000160001800020000
validate this concept [15]. The beam orbit was measured Time [ms]
with the BPM buttons with an accuracy of upio 4m and

a fully automatic alignment algorithm was tested achievingigure 10: Measured beam position with respect to the col-
a 10 s alignment (centering both jaws with respect to théimator jaws with embedded beam position monitor buttons

beam) without touching the beam core [16]. Fig. 10 showas a function of time during an alignment test on the CERN
the measured beam orbit with respect to the collimator jangpPS.

(for upstream and downstream BPMs) as a function of time
during one the alignment tests. The figure shows how in
aboutl0 s the beam is centered with respect to the collimaevolution is expected for the recommissioning at higher en-
tor, this corresponds to beam position equdl tam. ergy after LS1. Fig. 11 shows the evolution of the collima-
. . tor settings from 2010 until now extrapolatedité TeV in
Proposed collimator settings beam sigma size with normalized emittancé &f um rad.

The evolution of collimator settings followed the im- The solid black line represents the collimator relaxed set-
proved knowledge of the machine: tighter and tighter setings used in 2011 in mm. The solid blue line represents the
tings for improveds* were achieved every year. A similar achieved tight collimator settings in 2012 without BPMs in

—— Beam Centre DW
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mm. The solid red line represents the nominal collimato ble 1- P d collimat i dinb
settings. The dashed lines represent 2 proposals of col go'e L. Froposed colimator Settings expressed in beam

mator settings without exploiting the collimators witheént sigma size 6.5 TeV [17].

grated BPM potential. Option black-dashed is the relaxed Gap 20% Tight Keeping
approach, with collimator gaps arour0% larger than | Collimator | larger 2012 retractions
the current tight settings imm, while option blue-dashed, than 2012 | inmm ino
tighter than the 2012 “tight” settings, propoges o open- TCP 7 6.7 55 55
ing for the primary collimators (the same as the nomingl tcsg 7 9.9 8.0 75
settings) an@ o retraction for secondaries. TCLA 7 12.5 10.6 95
Collimator Settings 6.5TeV TCSG 6 10.7 9.1 8.3
g 2 : ‘ : TCDQ 6 11.2 9.6 8.8
8 185 TR cuerane vtz
I e e e o | o [ ro ves| Mo ]ves
B 14 —m— Nomna TCT 12.7 11.1| 10.0| 10.3| 9.1
Aperture 14.3 12.6‘ 11.2 11.7‘ 10.3
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N
\H‘\H‘\H‘H\‘H\‘\H‘\H‘\H

e and BPM buttons with collimators providing orbit
measurement with0 pm precision at the TCTs in the
colliding IRs and TCSG in IR6.

Fi.gure 11 F?roposegi collimator settings in beam sigma sizg, |ast item on the list do not fully exploit the potential of
with normalized emittance {orm = 3.5 pum rad). the BPMs, since the results on the SPS showed better pre-
. o - ... cision. However this scenario represents already a big im-

The last point of each line identifies the setting in sigm rovement from the present orbit precisior0of to 1 mm

of the TCTs at the main colliding IRs, in order to push th nd we assume that for the start up we will start with a
s .

A* limit the opening of the TCTs need _to_be reducgd hore relaxed approach on the use of the BPMs until we

protect the tnp_let aperture. _However, this IMposes tighteyain enough operational experience to fully exploit them.

tolerances which may require frequent alignments. Th Figure 12 shows the beta-star reach for 5 different colli-

cleaning hierarchy must be respected in order to guarag.ior settings and 4 different scenarios [17]
tee the required cleaning, this is illustrated in the lireatt

that should be always positive. With collimator gaps as e case 1. 25 ns bunch spacing]2 ¢ beam-beam sepa-
small as fewmm, this can be only achieved if collimators ration and normalized emittance &5 pm rad,
are precisely aligned around the correct orbit.

Table 1 compares the 2012 “tight” settings with the 2
proposed approaches. The relaxed approach of gaps about
20 % larger than in 2012 and the tighter approach of nom- e case 3: 50 ns bunch spacing).3 o beam-beam sepa-
inal settings at the primary artdo retraction at the secon- ration and normalized emittance 26 ym rad and
daries. The collimator settings in beam sigma as well as the ]
allowed apertures at the triplets are listened for the case o ® €@e4: 50 ns bunch spacing).3 o beam-beam sepa-
using and not using the integrated BPMs information. The  ration and normalized emittance b yum rad.

the triplets and thus smallgt*. The more ambitious ap- of collimator settings with gap0% larger than in 2012 and
proach of keeping the ¢ retraction at the secondaries al-pg yse of BPM buttons, this will alloyd* > 70 cm at25 ns
lows almostl o larger aperture at the triplet than the 201?0rﬁ* > 57 cm at50 ns. On the other hand, the more op-
“tight” settings. timistic scenario of keeping same retractions in sigma as in
2012 and using the BPM buttons will allogf > 37 cm
Beta-star reach after LSL : = :
o ) ) at25ns or 8 > 30 cm at50 ns. The final choice of colli-
One of the limitations when going to smallgf is the  mator settings should take into account also the impedance
aperture limit at the triplet, which is the fact that the margonstrains. This might require larger collimator gaps than
gins at the triplet aperture decreases when decre@king the proposed here and thus worke
The assumptions for calculating ngif reach and aperture Clearly, we will only exploit the full potential of the
after LS1 are: BPMs after we gain the needed operational experience
e same excellent apertures, orbit and beta-beat as Yt them. Thus, at tf),e Stf‘“'”P after LS1 W€ propose
2012 to start with the 2012 “tight” settings, assuming the ma-
’ chine impedance is still under control, and move towards
e primary collimator in betatron cleaning insertion atthe tighter approach of keepi2gr retraction at the secon-
the same position in mm, daries ab.5 TeV.

TCP IP7 TCSG IP7 TCSG IP6 TCT

e case 2: 25 ns bunch spacingl2 ¢ beam-beam sepa-
ration and normalized emittance bb pm rad,
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