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Abstract

One source of experimental background in the LHC is showers induced by particles hitting the
upstream collimators or particles that have been scattered on the residual gas. We estimate the
flux and distribution of particles entering the ATLAS and CMS detectors through FLUKA
simulations starting either in the tertiary collimators or with inelastic beam-gas interactions.
Comparisons to MARS15 results are also presented. Our results can be used as a source term for
further simulations of the machine-induced background in the experimental detectors.
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Figure 1: Cleaning inefficiency) (ratio of local losses

To ensure optimal performance of the LHC experimenper metre to the total losses on the TCPs), simulated with
tal detectors, it is important to understand the backgroun8ixTrack, for the 2010 LHC running conditions (3.5 TeV,
which can come from several sources. In this article we dig#* = 3.5 m). The horizontal TCPs in IR7, beam 1, were
cuss machine-induced background, caused either by neatiiyfirst by the halo. The leakage to the TCTs in IR1 and
beam losses or interactions between beam particles and tR& is aboutl0~5-10—*%. The colour codes indicate if the
residual gas inside the vacuum pipe. losses occur on a collimatoror in a warm or cold element.

Beam losses outside the experimental interaction regions

(IRs) are unavoidable during collider operation. The halo ) ) ) ] )
is continuously repopulated and has to be cleaned by tRE0Pagating through the interaction region up to an inter-

collimation system [1, 2, 3], so that the losses in the colffC€ Plane between the machine and the detector, which is
magnets are kept at a safe level. The collimation systeflffined to be at 22.6 m from the interaction point (IP) along
is located in two dedicated insertions (IR3 and IR7) but £& Peam direction. The coordinates and momenta of the
small leakage of secondary and tertiary halo is expected Barticles crossing this plane are recorded and can be used
escape. Some particles make it to the experimental IRES & source term for further simulations of the detector it-
where they are intercepted by tertiary collimators (TCT elf. The interface plane extends to 30 m radially, although
that are installed in order to protect the inner triplet mag297° Of the total energy was found within a 2.5 m radius in
nets. Some parts of the induced high-energy shower c4if Simulations.
escape and propagate into the detectors.

Another source of background is beam-gas interactions. SIMULATIONS OF BEAM-HALO

Beam protons can scatter elastically or inelastically on , . )
residual gas molecules. If an inelastic interaction occurs YW use SixTrack [6] to simulate the cleaning of the LHC

close to the detector, it causes a shower that could reagfa@m-halo. - SixTrack combines optical tracking with a
the detector. Elastic interactions can scatter protons dionte Carlo simulation of the particle-matter interaction
rectly onto the TCTs without passing IR7, which has tghe collimators. The tracking stops either when an inedasti

be treated separately from the beam-halo losses discusgét@ra‘:tion occurs inside a collimator or when the aperture

above. Machine-induced background can also original® hit. The starting conditions are an assumed primary halo

from a cross-talk between different IPs. impact parameter of about/m on the primary collima-

In this article we focus on beam-halo losses and inelal®" (TCPs). Separat_e simulations are performed for the
tic beam-gas interactions two LHC experiments: ATLASWO _beam_s and for horizontal and vertical _halo. _
in IRL and CMS in IR5. We compare also to previous Simulations have been performed earlier for the nomi-

results [4, 5]. We simulate the machine-induced showef& machine with 7 TeV beams [7], nominal collimator set-
tings, ands*=0.55 m. Simulations of the machine used in

*roderik.bruce@cern.ch 2010 with 3.5 TeV beamgj* = 3.5 m, and relaxed col-
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limator settings [8] are presented here. Fig 1 shows tf
losses around the ring in this scenario.

The inelastic interactions inside the TCTs in IR1 anc
IR5 were used as starting conditions for a shower simuli ;
tion with FLUKA [9, 10]. Separate geometries were use( 3 107}

it

TCTh

o~

for IR1 and IR5, extending from the TCTs to the detectol £ 14¢|
A full map of the magnetic field, going out to the cryo-
stat, was used both in the inner triplets and in the separ
tion dipole. The geometry of IR5 is shown in Fig. 2. All
FLUKA simulations were done without biasing but an en:
ergy cut-off at 20 MeV was applied, motivated by the fac 10"f
that particles with lower energy are not important for back 10%; 500 50 500 300 1005 200
ground. r(em)

Both beams were simulated at IR1 and IR5. Thus four
simulations were performed for each studied machine scBigure 3: Energy spectrum (top) and radial energy distri-
nario. The FLUKA geometry covers only the right side ofbution (bottom) for 7 TeV beam-halo at IR5, beam 2, com-
IR1 and IR5 but was used also for the simulation of the lefbaring MARS15 results [4, 5] with FLUKA.
side. The error should be minor since the optics and aper-
ture of the incoming beams are identical. There are smaller

geometrical differences farther away from the beam ling, et The difference observed between IR1 and IR5 is
but their influence is considered minor. _ thus caused mainly by the impacts on the TCTs. For the
The nominal 7 TeV case at IRS has previously been siny Ty case, beam 1 dominates the beam-halo background

ulated [4, 5] with MARS15 [11] and has now been repeategs |R1 and beam 2 at IR5, where the distance is the shortest
with FLUKA with the same source. Fig. 3 shows the enyetween IR7 and the detector.

ergy spectrum and radial energy distribution at the interfa

plane for some particle types for both codes. All results are

normalized to the losses on the TCTs. There is a very go(%orpers in IR7 are refracted to 15{8], larger part of the
tertiary halo escapes. Because of the phase advance from

agreement between the two codes in most cases despite d limat h il ke al A
dependentimplementations of both the physics models a seconcary colimators, these particies make aimost a
full turn before they are intercepted by the TCTs in IR1 for

the geometry (ranging about 150 m), which we consider U ) )
important benchmark. At larger radii, more energy reachi%ﬁam 2 and IRS for bear_n 1'. For the 2010 machine, this
effect turns out to be dominating.

the interface plane in FLUKA than in MARS15. This dif-
ference could be caused by geometrical differences. Theln Fig. 4 we show some examples of energy spectra from
total energy reaching the interface plane per TCT hit iELUKA for the 2010 machine. The qualitative shapes of
5.8 GeV from MARS15 and 5.5 GeV from FLUKA. The the distributions are similar to the 7 TeV simulations, but
muon distribution at low radii is also slightly different. ~ Wwith different offsets. Between 5 and 13 GeV reaches the

Because of asymmetries in the betatron phase advantéerface plane per TCT hit—in most cases this is more
the TCT impact distribution differs between IRs andthan at 7 TeV. This is explained by the different starting
beams. Simulations show that if identical starting condiconditions. In the 3.5 TeV simulations, the impact param-
tions are used in both geometries, the resuls are alm@¥€rs are in most cases smaller, meaning that more energy
identical except at large radii where the shielding is difescapes out of the TCTs.

GeV/cl
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For the 3.5 TeV machine, this is different. Since the ab-
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Figure 4: Energy spectrum for 3.5 TeV beam-halo.  Figure 5: Energy spectrum for 3.5 TeV beam-gas, assum-
ing a homogenous pressure profile and N as rest gas.

SIMULATIONS OF BEAM-GAS
For the beam-gas simulations, we use the same FLUKglstrlbu_tlon of the halo _partlcles. In both cases the FLUKA
) . . Simulations stop at an interface plane between the machine
geometries (see Fig. 2) as for beam-halo and consider in-

. : . and the detector, where the coordinates and momenta are
elastic events occuring somewhere between the interface.

plane and the TCTs, accounting for events onlyzup- written out. The simulation output can be used as a source

150 m from the IP. However, it has been shown [4, 5, 12}erm for a simulation pf the packground in the detectors.
R The beam-halo simulation was performed both for
that events up ta = 550 m are contributing and an ex-

: ; . 3.5TeV and 7 TeV. The 7 TeV case was compared with an
tension of the FLUKA geometry is ongoing work. The™ ™ . : :

. . oo n o earlier MARS15 simulation. An overall very good agree-
events are sampled with a uniform probability distribution . ?
. S . . . . ment was found although small discrepancies were ob-
in the longitudinal coordinate along the ideal orbit. This : - : ;
) . . . served in the radial distributions. Our comparison is nev-
is equivalent to an underlying assumption of a homoge- . o

. S : .~ ertheless an important validation of the agreement between
neous pressure profile. This is evidently not found in th
i : e codes.

machine. However, all correlations are kept between sec-
ondaries reaching the interface plane and the initial inter
action. Therefore, an arbitrary pressure profile can be re- ACKNOWLEDGMENTS
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