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= Abstract

During 2017, the CERN Large Hadron Collider (LHC)
delivered luminosity for different physics configuration in
addition to the nominal 6.5 TeV proton-proton run. About
18.5 days were dedicated to commissioning and delivering
.8 special physics configurations to the experiments. VdM runs
at 6.5 TeV with high beta-star of 19 m and 24 m for luminos-
ity calibration took place. A dedicated p—p run at 2.5 TeV
hat provides reference collision data to the experiments for
eavy ion (Pb—Pb, p—Pb) collisions at the same energy also
took place during the last weeks of November. A very short
3 (0.5 days) but effective ion run was scheduled where the
2 LHC had the first Xe beams colliding and delivering about
° 3 ub~! to ATLAS and CMS. The run finished with a low
.E pile-up run at 6.5 TeV. This contribution summarises the
% operational aspects and delivered targets for the different
£ configurations.
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INTRODUCTION

. Any distributi

The Large Hadron Collider (LHC) at CERN is the acceler-
% ator providing the world highest center-of-mass energy (/s)
S collisions [1]. The main LHC programme is therefore to
© provide high energy pp collisions at the maximum possible
g energy of /s = 13 TeV. However, dedicated time periods
& are scheduled every year to provide special physics config-
S urations. Fig. 1 shows the relative distribution of running
; time for the 2017 LHC schedule. A total of 18.5 days were
A dedicated to the special physics programme, corresponding
U to 6 % of the LHC available time. The following sections
£ will summarize each of these special runs.

Special Runs

Tech. Stop

pp 6.5 TeV

Beam Commissioning Machine Developments

Figure 1: Pie chart of the time distribution of the 2017 LHC
schedule.
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P-P RUN AT 6.5 TeV

The major part of the run was dedicated to provide p—p
collisions at 6.5 TeV beam energy. The main goal was to
maximise the delivered integrated luminosity while imple-
menting some of the future High Luminosity LHC base-
lines [2]. Three main novel features were implemented:

* Combined energy ramp-squeeze [3-5]. The energy
ramp to 6.5 TeV is performed in parallel to an interme-
diate 8* squeeze. The final point are §* = 1 m in IP1
and IP5, 8 =3 min IP8 and 8" = 10 m in IP2.

* Achromatic Telescopic Squeezing (ATS) scheme [6].
This new optics scheme enables for a very low §* in the
high-luminosity IRs, ATLAS and CMS. In 2017, with
a pre-squeeze down to 8 = 40 cm and a later squeeze
down to 8" = 30 cm was used.

» Radio-frequency (RF) full detuning [7-9]: the bunches
are now located within the constraints of the RF sys-
tem in a configuration that minimises the required RF
power.

Despite a vacuum issue that was limiting the maximum
intensity injected in the machine for a certain period the
run was very successful. A dedicated note covers in more
detail the LHC p—p run [10]. The initial luminosity target
of 45 fb~! was overpassed. ATLAS and CMS received
more than 50 fb~! with the peak luminosity exceeding
2.0 x 10** cm™2s~! reached on 2 November, 2017. These
peak luminosities were achieved thanks to an excellent op-
timisation of the cycle and by exploring new beam with
higher brightness (8b4e scheme [11]), with beam transverse
emittances below 2 yumrad.

Because of the high peak luminosities, luminosity level-
ling was necessary in order to maintain the number of pile-up
events below a limit of 60 average interactions per bunch
crossing, corresponding to about 1.5 x 103* cm™2s! of peak
luminosity was requested by the experiments. Pending the
deployment of luminosity levelling with 8*, the option of
levelling by acting on the parallel separation at the IP was
used instead. When the levelling was exhausted and the peak
luminosity started to decay naturally, a change of cross angle
was implemented to push up the peak luminosity again. The
explored crossing angles during 2017 range from the starting
point of 150 prad to 120 urad. Below these values parasitic
collisions with long range bunches were already observed
by the experiments. Table 1 shows a summary of the final
machine parameters.

01 Circular and Linear Colliders

A01 Hadron Colliders



9th International Particle Accelerator Conference
ISBN: 978-3-95450-184-7

Table 1: Run at 6.5 TeV proton-proton collisions

Beam energy 6.5 TeV
Maximum peak luminosity 2.0x10%* cm™2s7!
Total delivered luminosity 50 fb~!

Max. No. of bunches (25 ns) 2556

Max. No. of bunches (8b4e) 1500

Half crossing angles
Intensity per bunch

150 prad — 110 urad
1.5-1.0x 10" p/b

XE ION RUN

No regular one-month heavy-ion run was initially foreseen
in 2017. However, in October 2017 the SPS was preparing to
provide xenon beams to the NA61/SHINE [12] experiment
and there was a unique opportunity to try a short cycle with
collisions of Xe—Xe collision run at the LHC at a beam
energy of 6.5 Z TeV [13]. Only 16 hours of preparation and
physics data-taking were scheduled. The machine setup was
very similar to the p—p run during injection, ramp to 6.5 TeV
and squeeze to 8* = 30 cm with the only changes of:

* Reduction of external half-crossing angle in ALICE
(IP2) from 200 urad to 135 urad. Re-alignment of
tertiary collimators in IP2, for the new crossing angle.

* RF settings adjusted for the speed of the ions.

The total beam charge was kept below 3 x 10'! charges.
The intensity was distributed among 20 bunches in the first
fill (6294) and 16 bunches in the second fill (6295). The
run successfully took place on 12 October delivering about
3 ub~! to the experiments. Table 2 shows a summary of the
final parameters.

Table 2: Run at 6.5 Z TeV xenon-xenon collisions.

Beam energy 6.5 ZTeV
Total delivered luminosity — about 3ub~!
No. of bunches 16 — 20
Bunch intensity [10% ions] ~ 2.87 + 0.14

P-P RUN AT 2.51 TeV

A proton-proton run at an intermediate energy of 2.51 TeV
was requested by the experiments as a reference for the ion
run Pb—Pb collisions at the same collision energy per nu-
cleon [14]. The run took place between the 11-20 November.
The full squeeze was implemented in parallel with a faster
energy ramp making the cycle shorter. ATLAS, CMS and
LHCb were squeezed to the same value of §* = 3.1 m and
ALICE remained at 8* = 10 m. The half crossing angles
were set to 170 urad as in the previous reference run in 2015.

The collimator settings were defined by the interpolation
of 2.51 TeV from the operational ramp at 6.5 TeV. The final
choice of collimators settings is shown in Table 3.

The machine was setup in a very short time with only 3 in-
termediate intensity fills (50 bunches, 500 bunches and 1300
bunches) before reaching the final configuration of 1836
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Table 3: Collimator settings in nominal o~ at 2.51 TeV proton-
proton run (assuming 3.5 pum of normalised transverse emit-
tance)

Collimator Family Setting [07]

TCP/TCSG/TCLAinIP7  5.5/6.6/10
TCP/TCSG/TCLA in IP3  10.4/12.3/14.7
TCDQ / TCSP in IP6 7.8/7.4
TCTs in IP1, IPS and IP8 13

TCTs in IP2 20

bunches was reached. The peak luminosities in ATLAS and
CMS are shown in Fig. 2, the maximum achieved was around
1.3 x 10** cm™2s~! for ATLAS and 1.4 x 103 cm™2s~! for
CMS. The total delivered luminosity is shown in Fig. 3.
About 3 fb~! were delivered to ATLAS and CMS.
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Figure 2: Peak luminosity for each fill during the proton-
proton reference run at 2.51 TeV.
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Figure 3: Delivered luminosity for each fill during the proton-
proton reference run at 2.51 TeV.

VAN DER MEER SCANS

Special runs at medium beta-star are requested by the
experiments every year in order to perform precise lumi-
nosity calibrations, these are the so called Van der Meer
scans. Data taking in collisions is provided with different
machine configuration. Optics with large beta-star (close to
19 m for ATLAS, CMS and ALICE and 24 m for LHCb) and
zero crossing angle for ATLAS and CMS, see Table 4 for
more details on the machine configuration. The advantage
of using larger beta-star is that it gives larger beam sizes at
the colliding IRs which improves the vertex resolution in the
colliding experiments [15].
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E Collimator settings in the main cleaning regions (IP3 and
;::f IP7) are the same as for the 6.5 TeV run, while in the collid-
Z ing IRs the tertiary collimators have more relaxed settings,
% see Table 5 for detail collimator settings in beam sigma.

+ Table 4: Beta-star and half crossing angle configuration
& during Van der Meer run.

Experiment  Beta-star Half Crossing-angle
ATLAS/CMS 19 m 0 prad
ALICE 19 m 160 prad
LHCb 24 m —170 prad

Table 5: Collimator settings in nominal o at 6.5 TeV dur-
ing van der Meer proton-proton run (assuming 3.5 um of
normalised transverse emittance).

Collimator Family Setting [o7]
TCP/TCSG / TCLA in IP7 5/6/10
TCP/TCSG/TCLA inIP3  15/18/20
TCDQ / TCSP in IP6 8.3/7.3
TCTs in IP1, IP5 and IP2 37
TCTs in IP8 25

The goal of the Van der Meer fills is to scan the crossing
» and beam separation while monitoring the luminosity. An
= example of a scan performed for ATLAS is shown in Fig. 4.
< Three fills were dedicated to this scans (fill number 6012,
% 6015 and 6016). Most of the luminosity calibration tests
2 were achieved then in the third fill, number 6016, on the 28
% July 2017. The delivered luminosity was about 240 nb~! for
2 ATLAS and CMS together. Fig. 5 shows the evolution of
<, the delivered luminosity as a function of time.
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Figure 4: Peak luminosity during a van der Meer scan in
ATLAS.

HIGH-BETA RUN AT 450 GeV

A special run to measure the total cross section using
%elastic scattering at injection energy of 450 GeVwas re-
£ quested [16—18] . The optics and collimator settings were
% validated, however the background observed need to be fur-
2 ther understood. The run will be repeated again in 2018.

LOW PILE-UP P-P RUN AT 6.5 TeV

Since the low energy high beta run was postponed for
2018 its slot was replaced by a few days of running at low
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Figure 5: Delivered luminosity for the main fill on the proton-

proton van der Meer run at 6.5 TeV for ATLAS and CMS.

pile-up. ATLAS and CMS requested pile-up values of 1 to 3
events per bunch crossing. The machine was configured the
same as for the nominal 2017 operation only colliding with a
large separation in order to decrease the pile-up contribution.
The run took place between the 21-26 November, about
82 h of collisions in stable beams conditions were delivered,
distributed in 6 fills. About 0.25 fb~! of integrated lumi-
nosity was delivered to CMS and 0.15 fb~! to ATLAS. The
difference comes from their request of peak luminosity that
for CMS was 0.8 nb~'s™! and for ATLAS 0.5 nb~'s~!. The
peak luminosity evolution is shown in Fig. 6. The figure
shows an initial high peak luminosity that corresponds to
head-on collisions, then collisions were levelled with an
offset in the separation plane to the requested luminosity.
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Figure 6: Peak luminosity to ATLAS and CMS as function
of time during the low pile-up proton-proton run at 6.5 TeV.
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