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Summary

This note summarises tt3e5 TeV aperture measurements in the interaction regions (IRs) IR1 and IR5. T
goal of these measurements is to determine the local aperture in the tripletidregtics squeezed th5 m

and nominal crossing and separation bumps in order to determir# tteach. Aperture measurements were
previously performed at injection energy with a different machine optidsvéth different configurations for
crossing and separation schemes. Direct measuremehts BV provide better estimates of the aperture in
the conditions for physics and will be used for updated estimatgés afach. Based on these measurements,
the decision to squeez#& down tol min IR1 and 5 was taken and successfully put in operation for the last
part of the 2011 proton physics run, for a peak luminosity reach of maeds x 10>>*cm~2s~!. Thanks

to the larger available aperture, this improvement was achieved with minimurmeiissioning time, i.e.
without changing the collimator settings and without a modification of the crossingmes with respect to
the previous operation @&* = 1.5 m.
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1 Introduction

The machine aperture is a quantity of primary importanceéifemperformance of an accelerator. The
minimum aperture available (“global aperture”) defines ghale for calculating the settings of the
collimators and the other protection devices. At top enewifh squeezed optics, the aperture is
limited by the low# triplet quadrupoles where the function reaches its maximum and the beam
orbit is off-centre due to the crossing and separation selsernihe available aperture in the triplet
magnets is directly related to the machine performancermdef 5* reach, hence peak luminosity
reach [, 2]. This is of primary importance for the high-luminosity iegs IR1 and IR5 and also for
IR2 for an optimised performance of the short yearly operawith heavy ions.

Presently, the estimates of available aperture in the itrggdane are inferred from injection
measurements with conservative approaches for key bearmaoldine parameters such as the or-
bit stability and the beta-beating,[4, 5]. In the separation plane, the aperture is pessimistically
estimated from measurements of the global aperture. Deat measurements of the aperture bot-
tlenecks in both planes in the interaction regions can piwiore accurate estimates of the available
aperture and enable beam-based estimates ¢f‘theach.

It is worth emphasising that the aperture measurement®dasut so far have been performed
only at injection energy and covered the determination efait aperture (during the injection tests
in 2007 and 2008); the global ring aperture and local apeiituthe IRs both with oscillating closed-
orbit bumps (2009), local bumps (2010) and emittance blpwaethod (2010 and 2011). Blow-up
techniques are possible at injection where beams can betedjeepeatedly but are of no practical
use for the measurements at top energy. Blow-up of inditiduaches within trains based on trans-
verse damper gave promising results in a companion MD buiiregimore preparation for the usage
at top energy§]. A new method based on local bumpg yvas instead used.

The MD on IR1 and IR5 aperture measurements was carried od6okugust 2011 between
9 am and 3 pm (LHC fill number 2057). Measurements were caaugdn both crossing and sepa-
ration planes of IR1 and IR5 for a complete determinatiornefavailable aperture. Having seen the
promising results of these measurements, additional tiasededicated for further aperture investi-
gations at smalles* [8]. In this note, only the results achieved during the MD aporéed.

2 Measurement goals, strategy and beam requirements

2.1 Goals

The goals of th&.5 TeV measurements were:

e Measure the local triplet aperture in the crossing plandRaf(V) and IR5 (H). In particular,
the retraction between triplet aperture at the maximumtesursion (Q2) against the tertiary
collimator aperture was measured.

e Measure the local triplet aperture in the separation plah#®1 (H) and IR5 (V). In particular,
the retraction between triplet and TCT was determined.

e If possible, re-centre the collision point to optimise thpedure in case of symmetric bottle-
necks were encountered.

The first two items are the most important for the performanc2011 because they determine the
available space with respect to the operational configumatif crossing and separation schemes.
The third item required determining the full mechanicalype. This is of interest to cross-check

aperture models but is more time consuming. It could not higesded in the allocated time.



2.2 Strategy

The aperture measurements can be performed by increagrmgydbsing and separation bumps that
have peak excursions at the location of the triplet magoetsith any equivalent local bump peaked
at the triplet location. Due to limitations of the RCBX orbdreectors in the common regions used
for crossing and separation bumps, the scans were perfowitedhe local crossing bumps used
for the steering of the collision points (angle “lumi” scan$hese knobs were added on top of the
standard crossing and separation knobs. The configuradigpted for these measurements has also
the advantage that it enables scans separately for BeamBeamd 2 since the lumi-knobs use cor-
rectors outside the common region.

Note that the aperture will be determined in terms of retogicbetween triplet aperture and
aperture of the tertiary collimators (TCTs) that protect tinglets. This method, described in more
details in the following, has two main advantaggshe triplet magnets always remain in the shadow
of the TCT within half a sigmayj) the retraction between TCT and triplet aperture is not ddpen
on the initial beam orbit, which could vary significantly witespect to the conditions for physics
because probe beams have been used. On the other handulkeabtined with this method de-
pend somewhat on shape of the bump used to move the apertheetiiplet region and the result is
sensitive to kicks from misalignments or correctors in bstwthe TCTs and the triplets. Due to the
IR optics with small phase advance between TCT and triplet effiect is expected to be small but
must be taken into account. Later analy€sdonfirmed that the results presented in this paper are
compatible with a safe operation @t = 1 m, but that there may be significant differences between
the TCT opening and the triplet aperture depending on thegphdgance from the used correctors.

As far as machine protection is concerned, the whole praeeldas been described in a doc-
ument [/] eventually approved by the restricted MPP. The main beadchraachine configuration
required for the3.5 TeV aperture measurements are listed in Tdbl&€he measurements have been
performed with one individual probe bunch per beam of atsout0? p, i.e., well within the assumed
safe limit at3.5 TeV (3.14 x 10'° p). In order to minimise the risk for quench, the TCT collinvato
that protect the triplet were opened to the minimum levelineml to measure the aperture of the
triplet (0.5 retraction from the aperture at most).

Alternatively, the triplet aperture can be determined digefrom the measured local orbit ex-
cursion in the triplet. This method has the advantage of aotghsensitive to the shape of the bump
and to possible kicks between the TCTs and the triplet but ifedgantage of relying on the BPM
readings. These are known to have systematic uncertafotitarge excursions and low intensities.

To avoid risks of dumps from the loss measurements of thergrpats, special configurations
for the BCM (beam current monitors) of ATLAS and CMS have bedal@dished. They turned out
not to be necessary because the measurements were carrietrominimum beam losses: the
detector's BCMs measured levels below 1 % of their standastagipnal dump thresholds. Fur-
thermore, to enable movements of the tertiary collimattrsir position interlocks were opened to
parking limits.

2.3 Operational procedure

The procedure for aperture measurements, including theapaéory steps to be performed by the
operation crew on shift, is listed below.

1. Preparation of the beams (OP crew)

e Inject 1 probe per beam of intensity 5 x 10° p. The RF bucket is not relevant. Blow-up
transversely in the SPS to get emittance8 ef4 um.



Table 1: Beam parameters and machine configuration for tlasuanements.

Beams required Both beams

Beam energy [GeV] 3500

Optics Squeezedi(5 m), separated beam8.7T mm)
Bunch intensity <1x109p

Number of bunches 1 per beam

Transv. emittancem 3-5

Bunch length [nglo]

Not relevant

Optical configuration

Nominal end-of-squeeze conditions with separated beams

Orbit change

Various types of bump have been added to the nominal orbit

Collimator configuration

Tertiary collimators in IR1 and IR5 have been moved

Feedback configuration

OFB and QFB have been switched off at the end of the squg
with beams separated

Special conditions

Masked BCMs in ATLAS and CMS

e Standard ramp and squeeze with nominal orbit references.

[

rezZe,

e Hand-over the machine to the MD-ers at the end of the squestreseparated beams.

2. Checks/preparation at the end of the squeeze (OP crew)

e Mask the required interlocks:

- BLMs in all IRs
- BPMin IR6

- Collimator positions in IR7 (for possible TCP movements), &d IR5.

(MKQ in IR6)

e Measure the transverse emittance. If bebw4 ;m, blow-up the beam with some kicks
with the tune kicker.

e Inform ATLAS and CMS that measurements are about to start asicersure that they
have special configurations for relaxing the BCM interlocks.

e Check the extension of the beam halo with small steps of tmegoyi collimators in IR7
(both planes): check at with gap one starts seeing lossspMeve back the TCPs to
the nominal settings.

3. Aperture measurements in the crossing plane of IR1.

Increase the crossing knob in steps until the vertical mwaitors are touched, as seen

on the local BLMs on TCTVA.4L1.B1 and TCTVA.4R1.B2. Exampldts®s: a step
of 20 urad gives=x 250 um at each TCT, i.e0.50. The details steps sizes should be
determined on-line on the base of the loss spike signals.

When one of the vertical TCTs is touched, retract both TCT8.by.
Increase the angle further until one of the TCTs is touchethaga

at the triplet BLMs are larger than the ones at the TCT collorsat

Record the final positions and trim back the crossing knohéabminal value.

Iterate previous two points until the MQX aperture is exghses. until losses recorded



e Move both TCTs by ¢ towards the beam, to protect the triplet while other measerds
will be ongoing. Remark: In case of problems with the strar@ftthe magnets used for
the crossing/separation bumps, external correctors dimilised to increase the bumps
until the aperture is touched. These knobs can be generatbdeowith YASP.

4. Aperture measurements have to be repeated in the oth@aiiRs in this order:

e Horizontal (crossing) plane in IR5.
e \ertical (separation) plane in IR5.
e Horizontal (separation) plane in IR1.

2.4 Beam conditionsfor aperture measurements

The beam requirements for the proposed aperture measutearerlisted in Tablé. The standard
information provided in the MD request is listed, with adlial details of the changes relevant for
machine protection. The beam intensity measured for baimseluring the aperture measurements
is shown in the left graph of Figl. The beam energy and th# function in IR1 and IR5 during
the corresponding period is shown in the right graph. Apgertneasurements were performed at top
energy with beams squeezed to 1.5 m and then loss maps weesl@art after having squeezed the
beams further to 1.0 m in both IRs.
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Figure 1: Beam intensity versus time (left graph) and Beasrgn(red) and3* (blue) in IR1 and
IR5 versus time (right) during the fill dedicated to apertoreasurements.

The bumps used to probe the IR5 triplet aperture are showheetft plot of Fig.2. In this
example, bumps fof- 100 prad additional crossing angles are shown. The bumps are cochpare
with the initial orbit offsets from crossing (H) and paralgeparation (V) bumps. Similar bumps
were used in IR1, where crossing and separation planes\vaad with respect to IR5.

3 Measurement results

In practise, the local orbit bumps were increased until driibeof beams touched the TCT collima-
tors, initially set to the nominal value of 11s88around the local orbit. After that, the TCTs of both
beams were opened in steps of 68,5.e. about250 — 320 um depending on the plane. After each
step corresponding to the increase in the gap, the IR bumpneessased by an amount that induced
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Figure 2: Simulated initial orbit in IR5 (left) and additiahcrossing angle knob used for aperture
scans (right). The IR1 layout is equivalent but parallelssapon and crossing planes are inverted.
Aperture bumps on the left plot are matched far 400 prad crossing angle.

an orbit shift of~ 0.25 ¢ at the TCTs. The value of the BLM signals at the TCTs and at théetri
magnets at either side of the IR were monitored to detect wheebeam loss occurred in the triplet
before in the TCT. This required some careful consideratich@®signal in some cases in order not
to bias the measurement result by either under- or ovemastig the triplet aperture.

Note that the initial orbit excursion required to touch tHeTTthe first time depends on the beam
emittance and halo extension, as well as on the initial ofhie orbit could not be guaranteed to be
identical to the one in standard operation due to the diffibench intensity regime (probe beam for
the measurements against nominal intensity for physis3.fin the other hand, the additional orbit
excursion from the TCT jaw to the triplet aperture becomean thdependent on the initial orbit and
on the beam emittance. This is an important advantage ofrttpoped measurement technique.

The global evolution of the beam intensity and gap openingi®TCTs in IR1 and 5 is reported
in Fig. 4. Less than five hours were required to measure the two IRstimdanes. Nevertheless,
only one side of the aperture was probed and this is a pointstiauld be addressed in a future
measurement. Another improvement could be to measureatepathe aperture for the two beams,
which could not be done in this first measurement due to ladkred. The resulting apertures ex-
pressed in terms of the TCT opening obtained during theseursrasnts are reported in Talite
The bump configurations corresponding to the cases whenighet aperture was touched in IR5
are given in Fig5.

In Fig. 3 the approach of the aperture bottleneck during the apemaasurement in the vertical
plane (crossing plane) in IR1 is shown. The evolution of tRF Jaw positions as a function of time
(lower part) is plotted together with the variation of théerpolated vertical orbit (centre part) and
the BLM signal from the TCT and the Q3 magnets on the left anlt side of the IP (upper part).
The losses are visible on both sides of the IP, making thdifdktion of the actual bottleneck not
easy as showers from the TCTs might generate additionaldosgdinked to a true primary aperture
limit. Nonetheless, by inspecting the extreme values obtibés for Beam 1 and Beam 2, one finds
that they are in the range @0.4 — 20 mm. Such an interval is to be considered at the edge of the
resolution of our method anyway. Hence, this argument woegdlve the uncertainties observed for
this case. The other situations are, however, much cleaner.
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Figure 3: The evolution of the TCT jaw positions as a functibtiroe (lower part) is plotted together
with the variation of the interpolated vertical orbit (cempart) and the BLM signal from the TCT
and the Q3 magnets on the left and right side of the IP (uppe). pehese plots represent the last
approach of the aperture limit during the measurementsirféPthe V-plane.

In Table3 we show the results from the alternative method, where tleetage has been deter-
mined from the BPM orbit data. The width of the beam enveloge lbeen derived from the TCT
opening and using the initial beam position and added torterpolated orbit at the theoretical
location location of the bottleneck. In this case, the fin@dréure estimate is given in millimetres
and compared to the design aperture of the magnetic elenmentisich the limitations have been
observed. In general, a good agreement is found, with aepacicy of few millimetres, only, be-
tween the model and the measurements. In one case the abégiedure turns out to be larger than
the design one, but it is worth emphasising that this coulgdrtly due to the intrinsic error on the
measurement (abotiz or 1 mm) and also the fact that only one side of the mechanpeatare was
probed. Hence, a transverse offset cannot be completelyded:. It is worth noting that in the case
of IR5 and for the separation plane, the strength of the dipofrectors was not enough to touch the
triplet aperture. Finally, the contribution of the MCBX isder investigation.

During aperture measurements, the LHC ApertureMeter wad tesevaluate on-line the avail-
able aperture. These controlled measurements with vabungps provided an ideal testbed for this
new tool [L1] that, amongst other functionality, calculates the 5 sestlapertures per beam and per
plane. An example is given in Fig.where the evolution of the available aperture normalisethby
beam size during the aperture scan in the horizontal crggdame of IR5 (CMS) is given. When
the scan is started (1) the TCT aperture is reduced due to thédbange of orbit until it becomes
the aperture bottleneck. The scan method applied (integdldump increase followed by TCT re-
traction) can be observed in (2) without any impact on thel@vke aperture except for the moving
TCT. As the bump amplitude increases, the triplet magnetitadreside of the IR appear eventually
among the five smallest aperture bottlenecks (3). The mag@e{B.B2L5 of the triplet right from
the IR becomes aperture bottleneck in (4) and the beam isugligdnoved closer, reducing the
available space. Finally the triplet is exposed, obseryetthé created losses. In (5) the collimator’s
are moved out and the scan knob is trimmed back to zero, towertin@ orbit bump and recover
nominal operational conditions.
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Figure 4: Global evolution of the beam intensity and TCT gap#g) the whole MD. Approximately
five hours were required for completing the scans of the TCThoyass.

Table 2: Triplet aperture derived from the measurementrimseof TCT opening.

IR | Plane| Type of bump in standard optigs Aperture
[o]

1 H Separation 19.8 —20.3

1 Vv Crossing 18.3 — 18.8

5 H Crossing 19.8 —20.3

5 Vv Separation > 20.3

4 Measurement of loss maps

The initial TCT aperture wasl.8 o, which implies that at least — 7.5 o retraction would be avail-
able between the nominal TCT opening and the triplet aperfline current assumptiori]is that
at least2 o are available.

The larger aperture found in measurements allows on papsstieves* = 1 m with the same
TCT settings while maintaining the o margin to the triplet aperture. To have a preliminary con-
firmation of this result, before dumping the beam it was deditb proceed with the squeeze down
to §* = 1 m keeping the crossing angle at the nominal valuéof urad, the parallel separation
of + 0.7 mm, and the collimators with the relaxed settings used indsted operation. Even if a
loss map cannot be used to define collimators’ settings oetierchine the actual retraction between
TCT and triplet, still the absence of losses on the triplet dae an encouraging sign of triplets’
protection. In Fig.7 the results are reported for Beam 2. The usual losses in tia¢réwe and mo-
mentum cleaning insertions are visible, as well as losseb@®A CTs in IR1 and 5, but the triplets
were not exposed to beam halo. Some leakage from the TCT toiphetd in IR1 for Beam 2 was
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Figure 5: Beam orbit interpolated from the measurementssamdlated with MAD-X on-line for
the cases of maximum excursion achieved during aperturesssoaR5. A 3¢ beam envelope is
added to the interpolated orbit.
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Figure 6: Example of aperture meter calculations duringitwzontal aperture scan in IR5.

Table 3: Maximum orbit excursion and envelope width at theiimam orbit during aperture mea-
surements. The design aperture and the likely element sfltmstion are also given. For the case
of IR5 (V-plane) the lower bound given here represents theimam excursion achieved with the
bump created with the maximum strength available for theedioorbit correctors magnets.

IR | Plane| Total orbit | Envelope width| Envelope width| Total apert.| Design apert, Element
[mm] [mm] [o] [mm] [mm]

1 H —17.4 7.1 5.6 24.5 25.2 MQXB. B2L1

1 \Y, +19.4 6.7 5.0 26.1 30.0 MCTX. 3L1

5 H —24.3 7.0 5.6 31.3 30.0 MOXB. B2L5

5 \% +18.5 6.4 4.5 > 24.9 25.2 MOXB. A2R5

observed, but was not considered a serious issue. Thesmipagly results must be confirmed by
loss maps with higher bunch intensity to produce better@oyuand to establish the reference orbit
as in physics fills.

5 Tuneand Coupling M easurements

In parallel with the described aperture measurements testand coupling({_) were monitored
as a function of the applied orbit bump.

An off-axis beam travelling through the IR will undergo a ¢ushift if encountering non-linear
fields, due to feed down to either normal gradient or lineaptimg. The principal measurable feed
down for various multipoles are detailed in Taldle As described in12] observations of the tune

Table 4: Normal gradientX@) or coupling (AC) feed down from non-linear multipoles
bs 3] by T bs G bs

Hbump| AQ AC AQ AC AQ AC AQ
Vbump| AC AQ AQ AC AC AQ AQ

under the influence of selected IR bumps have formed a basisfelinear optics corrections at
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Figure 7: Loss map for Beam 2 measured at the end of the apeneasurement.

RHIC. The measurement of the coupling during the recent agerheasurements at the LHC rep-
resents a further improvement of the IR bump method.

Measurements were performed using the continuous FFT BEfa Was cleaned and averaged
within each trim plateau. The results have been comparedntodel constructed in MAD-X in-
cluding measured normal and skew non-linear multipolefienIRs. The initial tunes in all cases
have been matched to measurements at the start of eachdeoidst bumps, the initial coupling
in the models were matched to 0 and the trends compared tds@\ations. Both modelled and
measured data are presented in FiyslO, 11, 12,  Evidence of the existence of significant non-
linear multipoles is apparent for both IRs. Perhaps theretaexample comes from the Beam 1
coupling measurement during the vertical aperture scaRIn(figurel0). A substantial increase in
C_, with corresponding tune shift, is observed with a nondingependence on the orbit bump. This
is in disagreement with the predictions of our MAD-X modelggesting the existence perhaps of
unidentified skew octupolar multipoles. In IP1 the changeauapling of Beam 2, as predicted from
MAD-X, is within the errors. There is however a notable disggnent in the variation of tune with
applied trim for both horizontal and vertical orbit bumpsése.g., Fig.9 and10).

Considering the aperture measurements performed in IP3e\Beiam 1 agrees well under the
vertical scan, the remaining three measurements diffestanbally. Notably the large increase in
the coupling predicted for Beam 2 during the vertical scas nat observed.

The data shown should be further analysed with respect tonibdel in order to attempt to
determine the location and type of any unidentified nondimaultipole errors.
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Figure 8: Beam losses in IR1 (left) and IR5 during verticalslanaps for Beam 1 (top graphs) and
Beam 2 (bottom). Blue and black lines indicate losses in theé magnets and in the collimators,
respectively. Losses in the Q9.L5 for B2 were not confirmeldiar loss maps. Note that this loss
maps were performed with low intensities.

6 Conclusions and outlook

The aperture of the triplet region was measured.atTeV in IR1 and IR5 for the first time. A
squeezed optics with* = 1.5 m was used. Both the crossing and the separation planes esteel t
using local crossing angle bumps added on top of the stamtlasding angle and separation bumps
to probe the triplet aperture. Only the aperture on the Ingitside was measured (no symmetric
scans to check both sides of the aperture). The TCTs were ngeder to provide a certain level of
protection to the triplets and hence minimise the risk ofrauine The precise TCT gap measurement
was also used for quantitative estimates of the settingsnesjto ensure triplet shielding, which is
the key ingredient for ensuring protection and hence dejimhether a given value gf* is accept-
able. The results of these measurements had indeed an anpiwnpact on the LHC performance.
The preliminary analysis performed so far indicates a étigiperture ok 18 — 20 ¢, inferred
from the retraction of the TCTs that sit@t 12 0. These results refer to the optics with = 1.5 m,
half-crossing angle of20 prad and parallel separation af0.7 mm. These figures are consistent
with previous measurements performed at injection eneigyimfew millimetres. Furthermore, the
triplet aperture is compatible with a well-aligned machiasvell centred orbit and a design mechan-
ical aperture. It is worth stressing, though, that only oide ®f the mechanical aperture was tested
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0.010
0.008
0.006
0.004
0.002
0.000

0.320

0.316

Qx'y

0.312

0.308

LHCB1, IR1 B*=1.5m

LHCB2, IR1 B*=1.5m

_\ T 0.010 _\ T

C meas — z C meas —
F | |C'| model — s ] 0.008 | |C| model — ]
- { . 0.006 F ]
- 19 o004t 1

- ' LR ERRSRERERERRBIIHLIEL
FiprTrragriag ity ] 0.002 | 3
1 L R ! 0.000 . ! ) T 1 !

0 -50 -100 -150 -200 -250 -300 -350 0 50 100 150 200 250 300 350
S ] 0320 fovrooooo ]
I Q, meas I —— I Q, meas — %N‘%
r Q; meas — 1 5 0316} Q; meas - ]

Q, model — o 0312 Q, model —
2 e 1 312 + Q, model ]
7 Qymodel ,__!\\ v
- B 0.308 B
0 -50 -100 -150 -200 -250 -300 -350 0 50 100 150 200 250 300 350

Vertical crossing angle trim [urad]

Vertical crossing angle trim [urad]

Figure 10: Variation in tune and coupling of Beam 1 and Beanespectively with the applied
vertical “lumi” scan crossing angle trims in IP1.

13



0.010
0.008
0.006
0.004
0.002
0.000

0.320

0.316

Qx,y

0.312

0.308

‘ LHCI§1, IR§ B*=1.§m

C meas —
F |C’| model — ]
FTOT 7§ T PTiimER Eﬂﬂﬂﬂt@ﬂ
0 50 100 150 200 250 300 350
T T T T T T AES i)
- xxxxM*
T er meas
- Q, meas i B
Q, model —
[ Q, mode ]
] T *r ¥z z=xiax mmmpmyﬁpkﬁj ]
Il Il Il Il Il Il }'mr
0 50 100 150 200 250 300 350

Horizontal crossing angle trim [urad]

Q)(’y

0.010
0.008
0.006
0.004
0.002
0.000

0.320

0.316

0.312

0.308

‘ LHCE":Z, IR§ B*=1.§m

C meas —
F |C’| model — E

RIS - ——
0 -56 -160 :ET(),-;E)O -ZLSO -360 -3‘50

T T T T T T
e g BT

r = xT =TX=%

L Q, meas ]
Qy meas -
Qy model —
Qy model

—— T
f
Il Il Il Il Il Il e B
0 -50 -100 -150 -200 -250 -300 -350
Horizontal crossing angle trim [prad]

Figure 11: Variation in tune and coupling of Beam 1 and Beanespectively with the applied

horizontal “lumi” scan crossing angle trims in IP5.
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during these measurements: a detailed scan should be $eti@dthe future.

Based on these results, the decision was made to operatéibats* = 1 m during the period
of September and October 2011. The appropriate level détrgrotection was verified with beam
by additional aperture measurements and by a complete lags campaign carried out@t = 1 m.

The parasitic data-taking of the tune and coupling vanmaéie a function of the bumps used for
the aperture measurements proved to be very useful. The-qoaldy data have be preliminarily
analysed and some aspects have been presented in this mateeAletailed analysis will follow.
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