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Abstract

We report on detailed simulations and first observations
of beam-gas rates in the LHC. For the simulations, a set
of comprehensive tools has been set up, which incorpo-
rate pressure maps, collimator settings, and beam optics.
The simulationsinclude both el astic and inel astic beam-gas
events in the arcs and long straight sections of the LHC.
This provides, amongst other things, redlistic collimator
loss distributions, fluxes of secondary particles into the ex-
periments and multi-turn tracking of elastic event residues.

INTRODUCTION

LHC had its first collisions in November 2009, with
a quickly following world record in collision energy at
the end of the month. These days we are getting an
instantaneous luminosity of about 1027 cm?s~1 without
sgueezed optics, at a collision energy of 7TeV. From
the initial pilot beam intensity of 5 x 10° protons/bunch
and 1 bunch/beam, we eventually want to end up with the
nominal intensity of 1.15 x 10! protons/bunch and 2808
bunches/beam. The beams should eventually be strongly
focused at the interaction points, further increasing the lu-
minosity. These changes will not only change the lumi-
nosity, but the background as well. In order to get a good
prediction of the signal to noise ratio and the protection of
the machine, it isimportant to know how the different back-
ground sources scales with these changing parameters.

In this paper we will present the current status of our
knowledge of the beam-gas background, i.e. background
arising from protonsin the beam colliding with the residual
gas |eft in the beam pipe. Thisisapart of alarger effort to
obtain the full picture of and scaling laws for background
sources. We presented our simulation framework for dis-
tant beam-gas at PAC 09 together with V. Talanov [1]. In
this paper we will present predictionsfor background rates
from this simulation package, together with shower sim-
ulations for the long straight sections around ALICE and
LHCb using Fluka. The predictions from the simulations
are then compared to the early data that has currently be-
come available from the LHC running. A more detailed
presentation of these simulations for the LHC injection en-
ergy can befoundin[2].

SIMULATIONS AND EXPECTATIONS
Input parameters

For the simulations, the nominal settings for 3.5TeV is
used. That includesa 3* of 10min ALICE, 3min LHCDb,
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and2min ATLASand CMS. Theexternal crossingangleis
turned off, limiting the maximum number of bunchesin the
machine to 156 bunches/beam. The experimental magnets
are set at full power, with inversed polarity in LHCh. The
RF voltageis at nominal 16 MV.

Beam-gas by its nature depends linearly on the pressure,
hence the pressure assumed isimportant. At 3.5TeV, syn-
chrotron stimulated desorption is assumed to be insignif-
icant in the straight sections. In the arc, there is a dight
increase in pressure from the purely static pressure maps.
The H» equivalent pressure map can be seen in Figure 1.
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Figure 1: The H; equivalent pressure map used for the sim-
ulations. We see the four experimental regions, whereade-
tailed simulated pressure map is available. The map starts
at IP1, whichisATLAS.

LSS beam-gas

Beam-gasinteractionsin thelong straight sections (L SS)
of the experiments give a direct background source to the
experiments. The elastic interactions contribute to the
beam emittance growth, while the inelastic interactions
generally produce forward hadrons and locally lost prod-
uctsat largeangles. Theforward hadrons(generally pions),
and the resulting decay to muons, give the LSS beam-gas
experimental background contribution.

The LSS beam-gas background to the LHC experiments
was calculated using the simulated pressure map shown in
Figure 1. A FLUKA geometrical model [3, 4] was con-
structed of the LSSs of the LHC, with a model of the
magnetic elements, tunnel, shielding, collimators and all
relevant mass distributions. The magnetic fields were in-
cluded either through explicit field maps or ideal fields.
Full details of the model for IR8 (LHCb) can be found
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in [3, 4]. The proton-gas molecule interactions are sim-
ulated using DPMJET and distributed in the LSS accord-
ing to the pressure profile. Note the calculation is done
in terms of hydrogen-equivalent pressure profiles. The re-
sulting hadronic and EM showers give the background flux
contribution into the experimental caverns. The particle
showers are cut off at a kinetic energy of 20 MeV for all
particles except neutrons, which are followed down to ther-
mal energies.

The total rate of beam-gas interactions is obtained
from the integral of the gas pressure profile in the LSS
(up to the experimental interface plane) and the proton-
hydrogen/proton-carbon nuclear cross section. Table 1
givesthetotal rates of LSS beam-gasinelastic interactions
in the LSSs of LHCb and ALICE, assuming 2 x 101° pro-
tonsin the LHC and a pH inelastic cross section of 36 mb.
Theinterface planelocationsof LHCb are2.1 mfor beam 1
and 19.9 for beam 2, and 19.5 m on both sides for ALICE.

Table 1: LSS inelastic beam-gas interaction rates, assum-
ing 2 x 1019 protonsin the LHC.

LSS rate
[protong/s]

LHCbleft 1.45

LHCbright 1.45

ALICE 1.25

The resulting LHCb MIB fluxes from beam-gas interac-
tionsin the LSS at 3.5 TeV beam energy are 3.3 charged
hadrons/s and 0.2 muong/s for beam 1, and 5.9 charged
hadrons/s and 0.5 muons/s for beam 2. Note the longitu-
dind location of these results differ due to the different lo-
cation of the beam 1 and beam 2 interface plane for LHCh.
The resulting MIB flux for ALICE beam 1 and beam 2 are
3.0 charged hadrons/s and 0.3 muons/s. These results are
obtained for a proton fill of 2 x 10%° protons.

Distant beam-gas

Distant beam-gas provides additional background signal
in form of protons hitting the tertiary collimators (TCTs)
upstream of the final triplets in the insertion regions. As
such, this background component does not have aclear sig-
nature that we see from the local beam-gas background. It
will look more or less identical to the normal halo compo-
nent, and will add on top of that signal. This will make
distant beam-gas harder to disentangle than L SS beam-gas.

At the current beam energy we do not have dynamical
contributions to the pressure. Hence, the beam-gas back-
ground is orders of magnitude below what we expect at
nominal machine parameters. For nominal machine con-
ditions, we have estimated based on simulations that the
proton rate on the TCTs are on the order of MHz, and
the simulated pressure maps gives a lifetime for the beam-
gas component of about 1000 h. Calculations of beam-gas
lifetime are further explained in [2]. This means that the
distant beam-gas component can be expected to reach the
same order of magnitude as the normal halo component.
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Figure 2 shows asimulated loss map for 3.5 TeV. Inthis
simulation we have used a3* of 2min ATLAS and CMS,
3min LHCb and 10 m in ALICE. For the normalization
to a rate, a bunch intensity of 9 x 10%° protons and 156
bunches per beam. The beam-gas lifetime is estimated to
be on the order of 10° h, using the simulated pressure map
for 3.5 TeV.

Table 2 givesthe proton fluxeson the different TCTSs, as-
suming the same parameters. The rates scale linearly with
the total stored current for a given beam, so they can be
rescaled to the actual intensity in the machine. The pur-
pose of the TCTsisto protect the final triplets. As one de-
creasesthe *, the transversal beam sizein thefinal triplets
increases. Hence, the TCTs must be placed closer to the
beam (in units of transversal beam size). That means that
these rates would be higher for ap* of 2min ALICE and
LHCb, instead of 10 m and 3 m, respectively.

The proton rates in Table 2 must be transported to the
experiments interface plane. This is done with the same
FLUKA code that is used for the shower simulations of
the inelastic beam-gas. From this one obtains a conversion
factor in e.g. number of muons at the interface plane per
proton at the different tertiary collimators. An example of
such conversion factors for LHCb beam 1 can be found in

[5].

EARLY DATA FROM LHC

As we see from Figure 2, the proton flux on the colli-
matorsis too low to be observed with the beam loss moni-
tors at the moment. The experiments can still measure even
single beam-gas events. Thisis done by measuring thetrig-
ger rate for bunches which are not colliding with a bunch
in the other beam, what is defined as beam-empty trigger
rates. The showers to the interface plane are then trans-
ported through the experimental cavern, and the expected
trigger rate efficiency for the activated trigger scheme is
calculated for the different background sources. This pro-
cedureis coveredin [5] for the case of LHCb.

Inthe datafollowing below we had afill of three bunches
in each beam, where there were two centred bunch col-

Table 2: Simulated rates in protons per second hitting the
horizontal (H) and vertical (V) tertiary collimators for the
3.5 TeV parameters.

Experiment  Orientation Rate
[protons/s]
Beam One Beam Two

H 40.4 46.2

ATLAS v 221 428
H 2.54 2.87

ALICE V 4.37 2.77
H 49.0 37.6

CMS V 541 30.3
H 18.0 195

LHCb Vv 14.4 46.0
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Figure 2: Simulated loss rates from beam 1 at 3.5 TeV. About 71 % of the events are lost locally, in addition to the
losses shown here. The y-axis shows the number of protons hitting the aperture at the given location. Elastic hits on the
collimators are not counted, the protons are then subsequently tracked until inelastic impact takes place.

lisions in each interaction point (IP). LHCb had for this
fill an average trigger rate of 0.65 per second for beam-
empty collisions for beam 1. With the trigger algorithm
used, LHCb simulations show that this correspondsto ain-
elastic beam-gas rate of about 8 protons per second, to be
compared with Table 1.

The bunch intensity for the non-colliding bunch was
measured with the fast beam current transformer (BCT)
and found to be about 9 x 10° over the course of the fill.
Hence, the estimated rate of protons from inelastic beam-
gas from our simulations is 0.65, one order of magnitude
lower than measured. Betatron halo and elastic beam-gas
do bring up the trigger rate dightly, but it is found that for
the 3.5 TeV beam energy, indlastic beam-gas is the dom-
inating background component in LHCb. Ignoring these
components cannot explain the discrepancy, but they will
result in asmaller difference between simulations and mea-
surements. Background components can be significantly
larger than expected, due to e.g. optics imperfections and
misalignments that are not included in simulations.

We published an estimate for the beam-gas rates at 450
GeV inanote earlier thisyear [2], where we used asimpli-
fied pressure map based on measurements instead of simu-
lations. Measured pressure levels should always be consid-
ered an overestimate, due to gauge outgassing, location of
gauges etc.

The average pressure in the pressure profile we gener-
ated is close to one order of magnitude higher than the
simulated pressure. If the average pressure is closer to
our estimates pressure than the simulated pressure, that
could explain some of the discrepancy between the sim-
ulated and measured trigger rate for thisfill. It has always
been stressed that the simulated pressure maps are order of
magnitude studies, and that saf ety margins must be applied.
The same pressure map simulations give abeam lifetime of
about 1000 h for the nominal machine, whereas the lower
limit requirement defined in the LHC design report is 100

h[6, 7).

SUMMARY

We have here presented an extensive framework for
beam-gas background simulations in LHC. From this
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framework, we have estimated expected rate of background
particles showering towards the experiments ALICE and
LHCb for 3.5 TeV beam energy, in addition to providing
aloss map for the rest of the LHC. The showers are com-
pared to measured trigger rates for LHCb, and the simula-
tions predict the trigger rates to be one order of magnitude
lower than measured. This is not aarming for a first ap-
proach. We are pleased to see that we can aready compare
datawith smulations at this early stage.
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