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1. Introduction

After many years of preparation, the LHC machine just had its first montplysics opera-
tion, interleaved with further machine commissioning.

The 27 km long LHC is the worlds largest and most energetic particle collidemajor
challenge is the large amount of energy stored in the superconductingeteagrd the beams.
The commissioning is done very gradually, to minimize the risk of damage to the reaahéh
experiments. It is expected, that several years will be required tb teacvery challenging LHC
design parameters.

By the time of this conference, the LHC operated at half of the design beargyeand with
12 bunches per beam of which up to 8 were colliding at a given interaation @P), which is still
far below the nominal value of 2808 bunches.

2. LHC conditionsin July 2010

Only a short overview is presented here. More details can be found pig¢hary talk given
by S.Myers at this conferendg [1]. General information on the LHC inaotan be found in the
design report[]2] and a more pedagogical description in the Hgok [3].

Table 1: LHC beam parameters, design and actual

LHC design| July 2010
Momentum at collision, TeV/c 7 3.5
Luminosity, cn?s~t 1.0x1073 | 1.65x 10730
Dipole field at top energy, T 8.33 4.17
Number of bunches, each beam 2808 12
Particles / bunch 1.15x 10" | 0.9x10Y
B*, beta-function at the IPs 0.55m 35m
Typical beam size in ringim 200-300 300-500
Beam size at IRim 17 59

The main design and actual LHC beam parameters are listed in[Jable 1. rfévetduHC peak
luminosity of L = 1.65x 10-3%cm~2s~1 is 6000 times below its design value. This may appear
low, but is in fact as expected at this early stage of beam commissioning edlieed number
of bunches (8 colliding per IP compared to 2808 nominal) alone repreadatior of 351. The
other factors are.3/0.55= 6.4 in B*, a factor of 2 from the reduced beam energy and a factor
of (1.15/0.9)? = 1.6 from the reduced bunch intensity. Multiplying the current peak luminosity
with these factors gets us to 20% above the design luminosity which is in fattisvheeded to
compensated for the loss in peak luminosity by the crossing angle that willjbieed for operation
at the nominal LHC beam parameters.

The general experience in LHC machine conditions in terms of stability amddegibility
has been very good. Luminosity and backgrounds signals from theiqres are available in
the LHC control room for monitoring and optimisation. Machine induced bamkgls observed
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by the experiments were low, as can be expected at these intef$ifies Mer&8x distributions

and positions irk,y,z have also been made available on-line by the LHC experimignts [6]. This
information is useful for the machine monitoring and optimization and has alfeeely used to
improve the calibration of the LHC machine beam size (wire scanner, sytnchright monitor)

and bunch length monitors.

3. Luminosity optimisation and calibration

The horizontal and vertical beam separation at the interaction pointsecadjbsted using
steering magnets. A luminosity scan application was developed, which allowange the beam
separation at the interaction points in pre-programmed steps, and to @ubrdisplay simul-
taneously the interaction rates send on-line by the large experiments and bii@ machine
interaction rate monitor§|[f} 8].

Smaller optimization scans by typicaly0.5a, whereo is the expected r.m.s beam size at the
interaction point, were regularly used to centre the collisions at the beginhpiyysics fills.

More extended, dedicated luminosity scans were also performed to méassiee and shape
of the beam overlap region to provide an absolute luminosity and crossrseetibration for
proton-proton collisions at LHC energig¢b [9].
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Figure 1: Example for an extended luminosity scan in the LHC. The adton rate is shown as a function
of the vertical beam separation in IP5 (CMS) on the 9 May 2010.

An example of one of the first extended luminosity scans is shown ifiFig.dseTmeasure-
ments are very clean and allow for an accurate determination of the efféetam-overlap size at
the interaction regiorff[10]. As will be further discussed in the followingtdbation [L]], these
calibration scans already provided a first absolute luminosity calibratioreatXbo level. The
accuracy is currently limited by the uncertainty in the knowledge of the beammsitits. The goal
is now to decrease this by more measurements and studies of the systemaetticieffee beam
current monitoring to the 5% level. The current, very clean LHC beamitiond suggest that this
could be further improved, mostly depending on the accuracy which cegalbhed in the absolute
determination of the bunch intensities.
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A precision on the 1% level was reached in the IER[12]. This accurasyobtained after
many years and for high intensity, coasting beams. A similar precision in the laityiicalibration
from machine parameters for the bunched beams in the LHC appearstlyutnerealistic, and
would if at all possible, require dedicated efforts and new equipment.

4. Concluding remarks

The LHC performed very well in early physics operation. The single buream parameters
(bunch intensity, beam-beam tune shifts) quickly reached and in some alasady exceeded the
nominal bunch parameters.

The main challenge for the next months and years will be on beam-protdossm{onitoring,
fast beam-dump and collimation), to make sure that the LHC remains safe whilerfoemance is
ramped up. In addition to increasing the number of bunches, this will imply.ectieeh of the beam
sizes in collisions (reducinf*), and require an improved knowledge and control of many param-
eters and tolerances : measuring and optimization of aperture, decrtesififferences between
beams and bunches, identification and reduction of sources of bearl@mizeip by electronic
ripple and noise and mechanical vibrations.

Important tools for the optimization of the beam conditions were luminosity stamesadjust-
ments, measuring and correction of optical err@@séating) and the commissioning and tuning
of the transverse damper and tune-feedback.
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