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Findings - High Luminosity Project (HL-LHC) - Status 
and planning 

Chamonix 2017

• All scope changes resulting from the re-baseline of Sept 2016 have been 

included in the physics model of the HL-LHC.

• The performance of the present collimation scheme, while meeting baseline 

requirements, is challenged. Adding two hollow beam lenses are considered 

and would remove significant risk.

• Electron cloud induced heat loads present one of the biggest challenges to 

the HL-LHC performance. Varying heat load by sector, various scrubbing 

techniques and a variety of other mitigation measures are under 

investigation.
• Long range Beam-Beam compensation with wires is crucial.

• Flat beam performance is essential to understand to mitigate risk of crab 

cavity performance.   
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2017 LHC MD schedule
2017 run schedule
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Schedule updated mid February 

(timing of the TS).

 Powering tests start last week of 

March.

 DSO tests (partial?) April 7th.

 First beam May 1st.

 5 weeks of commissioning – could 

manage in 4 weeks.

 1 week of scrubbing ( plan LBOC 

21st March).

 3 MD slots – 15 days. Extra ~3 days 

(F. Bordry dixit) if performance is 

good !

 Possible 2.51 TeV reference run in 

the last 1-2 weeks: not on schedule, 

to be recommended by the LHCC.
A shorter year but without ion run. 15 MD days...
.
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Schedule updated mid February 

(timing of the TS).

 Powering tests start last week of 

March.

 DSO tests (partial?) April 7th.

 First beam May 1st.

 5 weeks of commissioning – could 

manage in 4 weeks.

 1 week of scrubbing ( plan LBOC 

21st March).

 3 MD slots – 15 days. Extra ~3 days 

(F. Bordry dixit) if performance is 

good !

 Possible 2.51 TeV reference run in 

the last 1-2 weeks: not on schedule, 

to be recommended by the LHCC.
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F. Bordry: 3 MD days could be added if performance is good.
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Wire studies: Administrative alleys

F Commissioning: Not MD, all instruments in
LHC need to be commissioned first without
beam (hardware commissioning) and with
beam for MP and well functioning (orbit, Q, Q’
and optics?)

F EoF MDs: During intensity ramp-up or in
physics. Request to MD coordinators, MPP
approval and scheduled by machine and physics
coordinators

F MDs: During dedicated MD blocks. Request
to MD coordinators and MPP approval.

F Physics: When the wire becomes operational!



MD request deadlines for 2017

F EoF MDs for intensity ramp-up: Apr 7

F MD block 1 requests: May 19

F LSWG 2017#1: May 23



Possible optics for wire studies

F Injection: ready

F Nominal collision optics: ready.

F Injection with lower β∗: Relatively easy.
Synergy with other low priority MDs.

F Single IR squeeze: Significant effort. Synergy
with other MDs but needs good motivation.

F Flat: High priority for 2017 but available only
end 2017
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OMC software I

β-beating in difference mode with ≈1% precision:
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OMC software II

Coupling measurement precision of ≈ 10−4:
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OMC software III

Amplitude detuning with kick or ac dipole:

was scanned, remains constant indicating that the non-
adiabaticity of the ramping process approximately scales
with the oscillation amplitude. In the vertical plane,
although the driven Qy action is constant as shown on

the bottom plot of Fig. 7, this ratio increases during the
scan. This increase can therefore be attributed to coupling,
i.e., the horizontal ac dipole also excites the vertical plane.

The example shown here is for data taken at top
energy presented in Sec. VIII. This verification was
performed for all the data sets presented in this paper
and it was found that in all cases the natural tune
amplitude is within a few percents of the drive frequency
amplitude. The net effect on the total action can there-
fore be considered as negligible and should not affect the
amplitude detuning measurement.

VII. EXPERIMENTAL
VERIFICATION OF THE THEORY

Nonlinear beam optics measurements were performed
for Beam 2 at the LHC injection energy (450 GeV) during
which both the ac dipole and a single kick were used to
excite the beam [11]. Comparing the detuning coefficients
measurements with both methods provides a direct valida-
tion of the theoretical derivations from Secs. III and IV.
The original objective of these experiments was not to
measure amplitude detuning with ac dipole or demonstrate
the related theory. Only one useful data set could be
extracted from these experiments for this purpose. The
results are shown in Fig. 8 where a distinct behavior of
the amplitude detuning measured with the ac dipole and a
single kick is clearly observed.
Table I summarizes the results obtained with ac dipole

excitation and single kick excitation. In this example the
detuning is dominated by the octupolar term and a simple
parabolic fit was applied to find the coefficients. The un-
certainties shown in the first two rows of Table I account
only for the statistical error bars from the parabolic fits.
The theoretical derivations in Secs. III and IV were done
under the approximation that �0 ¼ �. Applying Eq. (9) to
the experimental conditions (Qx ¼ 0:28 and Q� ¼ 0:01),
one can derive an upper limit of 6% for the systematic
error to be applied to theoretical predictions from Sec. III.
The measured direct term of the detuning differs by a
factor 2:07� 5:0% and the cross terms by a factor
0:95� 13:2% while the theory predicts ratios of 2.0 for
the direct term and 1.0 for the cross term in the case of
octupolar detuning. The measured values are therefore
consistent with theoretical expectation. This constitutes
the experimental verification of the theory presented in
this paper.
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FIG. 7. On the top the ratio of the amplitudes of the drive tune
and natural tune spectral lines in the horizontal and vertical plane
is shown. Each plane is treated separately. On the bottom plot the
oscillation amplitudes in both planes are shown as a function of
the horizontal oscillation amplitude. This data set was acquired
at top energy.
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FIG. 8. Direct and cross term of the amplitude detuning at
injection measured using a single kick or an ac dipole excitation
for Beam 2. �nominal represents the LHC nominal rms beam size
for an emittance of 3:75 �m. The plain lines represent a para-
bolic fit of the data points.
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OMC software IV

Dynamic aperture with kick or ac dipole:
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Figure 6. Measured losses for AC dipole excitations and single
kick measurements with Landau octupoles powered at 40 A.
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Figure 7. Measured natural vertical tunes vs. vertical excita-
tion amplitudes for measurements with AC dipole (blue) and
single kicks (red) and Landau octupoles powered at 40 A.

particles are lost. This qualitatively corresponds to the
case where the dynamic apperture is in the centroid of
charge and is thus equal to the measured action.

Measurements at injection energy were performed with
the Landau octupoles powered at 40 A, similar to the op-
erational settings in 2016 [31]. Dynamic aperture mea-
surements were first performed with the aperture kicker
(MKA) to obtain a DA reference with a conventional
single kick method. The experiment was repeated in
both planes using the AC dipole. The AC dipole work-
ing point was set to QACy = Qy − 0.14 = 0.296 and

QACx = Qx − 0.18 = 0.262 to ensure no AC dipole
resonance is approached for vertical excitations. The
measurement was repeated with lower octupole strength
(+6.5 A) to probe the change of DA with AC dipole.
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Figure 8. Measured losses for AC dipole excitations with Lan-
dau octupoles at 40 A from measurements and multiparticle
simulations.

Figure 6 shows the measured beam losses for measure-
ments at 40 A with single kick and AC dipole in the
vertical plane vs. kick amplitude. Due to large decoher-
ence for the single kick measurements, the actions from
the main spectral line are unreliable. the actions for sin-
gle kick measurements are therefore measured using the
peak-to-peak amlitude (A = P2P/2) of the oscillation
and subsituting that for A in Eq. (4). The short term
forced DA was measured with the AC dipole at 2.3σnom
and was limited by the 3rd order resonance 3Qy = p, as
shown in Fig. 7. In the case of single kicks, the DA aris-
ing from the 3rd order resonance was limited to 4.5σnom.
However, further measurements at larger amplitude were
performed until 7.3σnom where the beam was lost. It
is possible to excite the beam beyond the 3rd order res-
onance using the single kick method as the beam does
not cross the resonance. In the case of the AC dipole,
the amplitude is ramped up thereby graduadly detuning
the beam. The 3rd order resonance in the vertical mo-
tion is now dominant in defining the DA. The minimum
unstable amplitude during operation is at the 3rd order
resonance, thus at 4.5σnom.

Figure 8 compares the measurements to multiparticle
simulations. It shows the DA obtained from single parti-
cle simulations located at 2.4σnom. The simulations were
done with 1000 particles and Landau octupoles at 40 A.
Both single particle and multiparticle simulations show
a good agreement with the results from measurements.

Figure 10 shows the beam losses for vertical kicks with
AC dipole at two different settings of Landau octupoles.
The first curve, in blue, shows the same results as in
Fig. 6 for Landau octupoles powered at 40 A. The beam
losses for measurements with Landau octupoles powered
at 6.5 A are shown in green. An increase of driven DA is
observed for lower octupole powering. This confirms ex-
pectations comming from decreased amplitude detuning

450 GeV

3Qy

3Qy



SPS tests: Resonance driving terms

maticity variation, at a reduced beam current we observed
an exponential decay, heading towards a stable level, the
beam losses for large vertical chromaticity did not show
any sign of leveling off.

Nevertheless, the available data in Fig. 6 provide a first
hint of the strong sensivity to chromaticity. They are sum-
marized in Fig. 6, which also includes the results of a ver-
tical chromaticity scan at 55 GeV. In order to confirm that
the beam loss is due to the combined effect of the wire and
chromaticity, one case of high chromaticity, Q ′ = 12, but
without BBLR excitation was studied as well.

Figure 6: Measured beam loss as a function of chromaticity
for d = 6.6 σ at 37 and 55 GeV with varying wire excita-
tions. Simulations reproduce a strong impact of the chro-
maticity. A quantitative comparison between simulations
and experiment is complicated by the fact that the beam
loss did not saturate in the few seconds of the measurement
interval.

Current scan at Q′
y = 33

Finally, a wire current scan was performed for large ver-
tical chromaticity Q′

y = 33 at 55 GeV and with a beam-
wire separation of d = 6.6σ. Figure 7 a) compares the
result with a scan at low chromaticity. The simulations in
subfigure b) reveal a similarly strong chromaticity depen-
dence. The absolute beam loss is about 2–3 times higher
in the simulations, which might again be attributed to the
limited data taking interval.

(a) Experimental data (b) Simulations

Figure 7: BBLR current scan at Q′
y = 33

1000 turn data

During the 37 GeV measurements 1000 turn BPM data
were recorded. These data were analysed and compared
with simulated “tracking data” (using an SPS model of sin-
gle elements in thin-lens approximation). These data can
be used to extract the spectral components. Figures 8 a
and b compare the experimentally observed vertical spec-
tral lines with the simulated ones for beam-wire separations
of 8 and 9 mm at a wire excitation of 240 Am. In the sim-
ulation a 6D Gaussian bunch launched with a horizontal
offset of 1 mm was tracked over 1000 turns.

The 1mm horizontal offset was put to reproduce the
linear coupling. The sextupolar coupling line Qx+Qy is
clearly identified in both data and simulations showing a
qualitative agreement in the reduction of its amplitude from
the 9mm case to the 8mm case.

(a) Experimental data (b) Tracking data

Figure 8: Vertical spectrum
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March 31st: LHC MD day to review results,
requests and priorities

https://indico.cern.ch/event/618556/

Looking forward to a successful
2017!

https://indico.cern.ch/event/618556/

