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Summary

Aperture measurementsin the ALICE interaction region were carried out to determine a safe con guration of

and crossing angle for the 2011 heavy ion run. Proton beams were used at the end of the proton run, after
the commissioning of the squeezeto = 1 minIR2. In this paper, the results of aperture measurements are
summarised and the nal collision con guration is presented. Results of par asitic measurements of the effect
of non-linear triplet elds with large orbit bumpsin the IRs are al'so summarised .
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1 Introduction

The 2011 LHC proton run wasfollowed by 4 weeks of |ead ion operation at an energy of 3:5Z TeV/beam.
In keeping with the the low proton luminosity requirements of ALICE, the interaction point (IP) 2
had been kept at the injection optics (= 10 m) during proton physics. To maximise Pb-Pb lumi-
nosity InALICE, had to bereduced for the Pb-Pb operation. In addition ALICE preferred to have
asmall, ideally zero, net crossing angle, py,c = 0, [1] in order to avoid shadowing of portions of
the spectator neutron ux at the Zero-Degree Calorimeters (Z DCs). Since high luminosity was the
rst priority, crossing angles satisfying jpycj < 60 rad were acceptable provided = 1m could be
achieved [2].

Since the ALICE spectrometer magnet and its compensating correctors are always operated at
the same value of the magnetic eld (except that its polarity may be reversed), the crossing angle at
P2 isgiven by %0 rad

4 ra
pyc(IP2) = m

wherepye isthe external crossing angle and the rst termisthe int erna angle from the spec-
trometer. At 3.5 TeV thelatteris 140 rad and can be cancelled with pyeq = 140 rad. Precise
measurements of the aperture in the interaction region (IR) are essential to determine the acceptable
range of pyeq for agiven . Since small implies larger beams in the triplet quadrupoles and
tighter bounds on pye.

Note that the proton run was carried out with pye = 80 rad ) pyc = 60 rad (for the positive
spectrometer polarity).

+ Pyec(IP2) (1)
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Figure 1. Allowed range of the vertical external crossing angle at 1P2 as a function of beam energy.
Thelower/upper branch of the region correspondsto positive/negative spectrometer polarity (positive
spectrometer polarity contributes a positive angle for Beam 1 at IP2). The solid lines correspond to
zero vertical crossing angle at 1P2.

Earlier, during the proton run, aperture measurements in IP1 and IP5 [3] had shown that these
IPscouldbesetto = 1mwithacrossingangleof 120 rad. Following these encouraging results,
it was decided to commission the squeezedownto = 1min P2 aso. The commissioning of this
new optics was followed by measurements of the IR2 apertureat = 1m, for various values of
of the crossing angles. To leave time to deal with any aperture problems and prepare new settings
before the ion run, these measurements were started before the end of the proton run, ie, before the
last MD block and the nal Technical Stop of 2011. Thisnote pr esents the results.



Table 1: Beam parameters and machine con guration for the me asurements.

Beams required Both beams
Beam energy [GeV] 3500
in1P2[m] 1.0
in IPYIP5[m] 1.0
in1P8[m] 3.0
External crossing IP2[ rad] 80 and +120 (two separated measurements)
External crossing IPV/IP5 [ rad] 120
External crossing IP8[ rad] 250
Parallel separation [mm] 0:7indl IPs
Particle species protons
Bunch intensity [10° p] <10
Number of bunches 1 per beam
Transv. emittance[ m] 35
Orbit change Various types of bump added to the nominal orbit
Collimator con guration Tertiary collimatorsin IR2 moved, no change
in any other IR
Feedback con guration OFB and QFB off at the end of the squeeze
Specia conditions Alignment of TCTsin IP2 required in absences
of awell established orbit reference

It includes a short description of the beam conditions and procedure to measure the aperture
safely The results determine the nal crossing angle congu ration for the ion physics run. The
overall commissioning of the squeeze in IP2 is presented in detail in a companion note [4]. The
large local bumps used to measure aperture in the triplet region are also well suited to probe the
effects of non-linear eld components of the triplet magnet s and these results are al so presented.

2 Strategy and beam conditions

2.1 Beam conditions and measurements

The main beam and machine parameters for the aperture measurements are listed in Tab. 1. For
safety, single bunches with intensities below 10'° p and blown-up transverse emittances were used.
The IR2 measurements were done with 1P1, 1P5 and | P8 squeezed to the operational valuesof ~ for
proton physics. For operational reasons, the squeeze in IP2 is executed after those of the other 1Ps,
adding atotal of 775 sto the overall squeeze duration. Measurements were performed with beams
separated horizontally by  0:7 mm because thisis the condition of tightest aperture in the separation
plane.

Aperture measurements were carried out with proton beams on 29 October and again during the
MD4 block on 2 November 2011 (see Table 2):

1. About 4 h at the end of a Il for squeeze commissioning and op tics measurements. The
initial bunch intensities were higher than 10%° p and the normalised emittances below 2 m.
The beams were therefore blown up with the AC dipole to achieve safer beam conditions.
This rst measurement was carried out with the nominal exter nal crossing angle for proton
physicsof 80 rad. Notethat the nal opticscorrectionswere put in place befo re the aperture
measurements.



Table 2: Information about the two |R2 aperture measurement campaigns.

Date Fill | Planes | Initia Crossing | Time | Remarks

29/10/2011 | 2263 | H+V 80 rad 4 h | Measurements performed after squeeze
commissioning, AC dipole blowup

02/11/2011 | 2272 \% +120 rad 3h | Dedicated Il with probe beams

2. A further 3 h during a dedicated I, with pye« = +120 rad to probe the aperture on the
opposite side. Initial beam parametersfor this Il were opt imum for the measurements and no
beam manipulation was needed at top energy.

The measured beam currents for the two Ils are shown in Fig. 2. The times quoted do not include
set-up and tertiary collimator alignment.

Contrary to previous measurements in IP1 and IP5 [ 3], the aperture was measured separately for
the two beams. This approach followed initial scans done with both beams together, which indicated
aperture restrictions on the left side of P2,

2.2 Measurement technique

The details of the operational procedure for aperture measurements are givenin[ 3, 5]. Further cross-
ing orbit bumps are superposed on theinitial crossing and separation schemes (see Fig. 3). The bump
amplitude isincreased until the beam touches the tertiary collimators (TCTSs) that protect the triplet
magnets. These collimators are initially set to 11:8 . Then, (1) the TCTs are opened symmetrically
around the closed orbit in steps of 0:5 and (2) the bump isincreased in steps equivalent to a 0:25
offset at the TCTs, so that the beam once again touches the collimators after 2 orbit steps. The
actions (1) and (2) are repeated iteratively until the beam touches a loss location different from the
TCTs, eg, the triplet magnets. In these conditions, it is possible to determine the collimator aperture
above which local bottlenecks are not protected by the collimators (a). The absolute orbit mea-
surements with this maximum orbit excursion, ie, with the beam touching the aperture bottleneck,
provide quantitative measurements of the mechanical aperture (b), provided that the loss location is
identi ed precisely.

The exact shape of the bump used to steer the beams into the aperture can bias the results and
this effect must be taken into account in off-line analysis. On the other hand, previous measurements
in other IPs indicated that the errors induced by taking into account the approach (a) only are small
[3]. Thefull analysistaking into account the orbit excursion in millimetres will also be carried out.

2.3 IR bumpsand collimator alignment

The bumps used for probing the IR2 aperture are shown in Figure 4. These bumps further increase
the crossing angle in the interaction point. The sign of the bump is chosen to probe the most critical
locations for the con guration of the nominal schemes, see F igure 3. Initially, measurements were
done with the standard knobs used in operation to optimise the IP beam angle in physics (lumi-
nosity crossing angle, see left graphs of Fig. 4). However, the strength of the orbit correctors was
insuf cient to reach the aperture with these bumps aone. To increase the orbit excursion, additional
crossing bumps were built with correctors of cells further from the IP (right graphs of Fig. 4). An
example of the absolute orbit simulated for the case with an additional crossing angle added to the
unperturbed orbit is given in Fig. 5. In this example, both beams are trimmed to the same value,
whereas in the measurements they were trimmed separately.
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Figure 11: Variation in tune and coupling of Beam 1 (left) and Beam 2 (right) throughout the crossing
angle reversal following Alice spectrometer polarity reversal on 24" of November.
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