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Abstract at each of them for each beam. Accidental beam loss are

The LHC design performance is achievable only with gescribed in detail in the next section.
gn p Y Starting with the calculated beam loss distributions in

.?_ﬁglzafgsgt tc):atlrr::a Csle:tr(!;gosrﬁ;imbggqn?elggse?jilsrlrittk)lsti?;“i%ﬁé lattice, shower simulations in the components of the
Y %eam cleaning system, IRs and arcs are performed with the

the entire machine is studied with emphasis on the two hig’vI S ; )
NN . - : . ARS code taking into account all the lattice details, three-
luminosity insertions. Realistic Monte-Carlo simulations

are described, which include a model for beam halo inte?mensmnal geometry, material and magnetic field descrip-

. . . . ions. At this stage, energy deposition distributions in the
actions with collimators and other components, multi-turn . . .
) S ) ; machine components and particle fluxes in the CMS and
particle tracking in the lattice, hadronic and electromag-
. . . ATLAS detectors are calculated.
netic shower simulations, and thermal and stress analyses.
Methods to mitigate beam-induced effects in the interac-
tion regions at operational and accidental beam loss are 3 ACCIDENTAL BEAM LOSS

proposed, both for injection and collision conditions. i ) ) . .
Prefire of a single module of the abort kicker will result in

high-amplitude coherent betatron oscillations of the beam.
The disturbed beam can then cause the overheating of an
ﬁiéniting aperture component, a collimator jaw first of all. In

The overall accelerator and detector performance at tth N h bort kick dul fires iust af
Large Hadron Collider (LHC) [1] is strongly dependent on € worst case, when abort kicker modulé prefires just at-

the beam loss and background particle rates in machine affd the longitudinal abort gap, one needs to wait the whole

detector components[2]. It was shown that the design p tHrnt.to extragt the.t.be?né. I.n slulch a claset; C?”'Tﬁ to: over-
formance of a high-luminosity collider is achievable onl eating can be mitigated via[11]: early abort without syn-

with a dedicated beam cleaning system embedded in tggronization with an abort gap (asynchronous firing of the

lattice [3, 4, 5, 6, 7]. Selected results on beam loss in th eam abort_ kicker) or co_mpensation .Of the prefireq module

LHC lattice are presented below for various scenarios ar)/éﬂt,h a special module with the opposite magnetic field (an-

beam cleaning system parameters. tikicker). In Fhe second case, the beam gbort can be safely
delayed until the gap comes, thus eliminating beam loss
during the kicker rise time. Beam loss depends on the time

2 BEAM LOSS SIMULATIONS between the prefire and the antikicker start.

The calculations are based on the assumption of two high_The collider injection kicker misfire and prefire will re-

sultin a coherent betatron oscillation of the injected portion

luminosity experiments, ATLAS and CMS, operating si- fthe b h oretty | litud ina the delet
multaneously in the IP1 and IP5 interaction regions, respec- € beamwith pretly large amplitude causing the delete-
rious effects in lattice components[11].

tively, at the nominal luminosity of fdcm—2s~! each. An - .
inelasticpp cross section of 80 mb is used, including single AN @synchronous firing of the beam abort and beam in-

diffraction. The calculations are performed for the clockl€ction kickers will spray the beam across the accelerator

wise 450 GeV proton beam at injection and 7 TeV beam Aperture. Number of protons sprayed by the abort kicker is
collisions. equal toAt/T x I ~ 10'3, whereAt = 3us is a kicker rise

i _ . S a T4
Operational beam loss are simulated taking into accouﬂ[ne’ T - 89{5 Is a revolution “”?e’ "’.‘“ﬂ‘ 2.8<10 "is the
beam-gas scattering using the '97 version of thers eam intensity. About half of this will be sprayed across the

code [8], pp collisions at IP1 and IP5 using thePMIET abort beam line, and another half will hit a primary colli-
code [9]: and interactions of beam halo with primary colfmator. A thin (fraction of radjation Ieng'th()l scattering
limators using the '97 version of theTRuCT code [10]. target, a spoiler of a fgw «thick, or a thick shadow can
Consequent multi-turn particle tracking in the full LHC lat- peluieztd to pt)rotect.(l:olllma;orifrgm overhetatlr;g. tTh% mste-t
tice, scoring particles lost at secondary collimators and ! of fargets, spotlers and snadows must withstand abou

5 )
all other limiting apertures are performed with $rerUCT x10™* protons at 7 TeV. The instantaneous temperature

code. It is assumed that the beam loss rate in the beeﬂﬁe in & 0.42 thick beryllium, graphite, and even copper

cleaning system is evenly distributed among the two prr"gmd tungsten primary collimator is below the melting point

mary collimators (horizontal and vertical) in IP3 and hori-at the nominal size of the circulating beam. Actually, beam

zontal collimator (momentum cleaning) in IP7, i. . 10s SIze 1S Se"e“?" times Igrger because c.)f the beam sweeping
across the primary collimator by the kicker. Therefore, the
*Work supported by the U. S. Department of Energy under contra&ollimators can vylthstand even _h|gher intensity, i.e., froma
No. DE-AC02-76CH03000 thermal standpoint, any of considered materials can be used
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for targets and primary collimators. From the other hand, — **®
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no material can withstand the total beam intensity.Further izw

6800
Path length, m

sion mode at the nominal luminosity, the rate of protons ‘ ‘ ‘ ‘

prim  secTCA secTCB secTCC

studies of thick spoilers and shadows are needed for spe- £ o} primany b colmator 1
cific conditions at injection and beam abort failures. £ nr ]
4 BETATRON CLEANING * oal Hﬂm dﬂ ﬂ ]
0.001 1

A betatron cleaning system is located in IP3. In the colli- o000 T 0 o500 0 7000 : 7200

per beam leaving the stable central core is estimated to
be 2.4<10° p/s [1]. Slightly more conservative rate of ‘ ‘ ‘ ‘ ‘
3x10° p/s is assumed in calculations. Proton impact pa- 6400 6600 Pathengih, m 7000 7200
rameter on the primary collimator is of the order gm.
Angular distributions of the beam after the primary colli-
mators have angular spread with m®urad, being wider
for heavier materials.

Particles pass several times through the primary coIIim%

i . Collimators positioned similar to the betatron cleaning sys-
tor before being absorbed by it or lost at secondary Colligy, “geam oss distribution at collimation of1p/s in IP7

m'ators or ot'her ac'celerator.apertures. At every @nteracti%th a graphite horizontal primary collimator is shown in
with a beryllium primary collimator, 25.2% of particles Ole'Fig. 2 for the entire LHC lattice. The distributions are not

posit more than. 30% of their energy and'they are .IOSt IOery different for other materials of the primary collimators
the nearest region downstream of the primary collimat

and in the secondary collimators. Corresponding fraction
of particles for graphite is 12.6% and for tungsten is 2.3%.
Therefore, average number of particle passes through the el
primary collimator is three times larger for tungsten colli-
mator compared to the beryllium one: 3.25 (Be), 4.55 (C) 1 Fronzeomm ]
and 12 (W) passes, respectively. 1
Although primary and secondary collimators are placed j‘ ‘ J i
at 60 and & from the beam axis, correspondingly[1], the o,aomo Hm‘m — ‘ ‘ ‘
tails of halo are extended up ter&t injection and up to
7.20 at the top energy. Large amplitude particles, which es-
cape from the cleaning system, are able to circulate without
hitting the aperture in the cold part of the machine, before . e e
being captured by the collimators on the later turns. This
defines the circulating beam size for the physical apertufégure 2: Beam loss distribution in the LHC lattice at mo-
calculations. mentum cleaning for a 80 mm graphite primary cillimator
Calculated beam loss distribution in the LHC IP3 isin IP7.

shown in Fig. 1 for beryllium collimator. Distributions Figure 3 shows beam loss distributions in IP1 and IP5
are similar for other collimators, but the rates are higheg, the simultaneous amplitude and momentum cleaning
for heavier materials: maximum beam Iross rate in a 14.gith graphite primary collimators. Total beam loss in
m long superconducting magnet is 410 p/s for beryl- |p1 (26506:5<26650 m) is 1.5810° p/s with beryl-
lium, 7.8x10” p/s for graphite and 2:710° p/s for tung-  jium, 2.43<10° p/s with graphite and 6.3710F p/s with
sten. These rates are below the limit for the LHC magnetgingsten primary collimators. These are mostly produced
of 14.2x 7x10° p/s[1]. by the momentum cleaning system. Total beam loss in
For the same thickness in units of radiation lengthpsg (13129S<13366 m) is 8.4% 10° p/s with beryllium,
(0.42X), higher rate of inelastic nuclear interactions in 52w 106 p/s with graphite and 4.2410° p/s with tung-

beryllium and graphite primary collimators results in in-sten primary collimators. These are mostly produced by
creased irradiation of components in the collimation regiofhe amplitude cleaning system.

and at the beginning of the arc downstream of IP3. With
tungsten, this irradiation is lower, and signiﬁcant fraction 6 BEAM CLEANING AT INJECTION

of outscattered protons is intercepted by the secondary col-
limators. Even in good operational conditions, about 5% of the beam

(1.4x10'3 particles) can be lost at the beginning of the ac-
5 MOMENTUM CLEANING celeration ramp during 0.2-1 s. The quench level in the
superconducting magnets at injection is estimated to be of
A momentum cleaning system is located in IP7. The syshe order of 18° p/m[1]. If localized, the above loss can
tem consists of one horizontal primary and three secondacpuse additionally a serious problem for cryogenics and for

Figure 1: Beam loss distribution in the IP3 beam collima-
tion region at collisions for 150 mm beryllium primary col-
limator.
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safety issues, pyrolytic graphite seems to be the best mate-

rial for the LHC primary collimators. The maximum beam

‘ ‘ ‘ loss rate in any single superconducting magnet is below the

13400 i longth, m 13800 14000 limit even with tungsten primary collimator. In the IP1 and

‘ ‘ ‘ IP5 high-luminosity insertions, beam loss rates produced
“mnmumhﬂuimhﬂw by the beam cleaning system contribute about 10% to the

‘ total heat load in the inner triplet components, which is

dominated bypp collisions. The maximum beam loss at

Figure 3: Beam loss distribution in IP1 (top) and IP5 (botiniection, (1.35-2.56) 10° p/(mss), is 4 to 7 times below
tom) at collisions with simultaneous amplitude and mothe limit defined in [1].

mentum cleaning with a 80 mm graphite primary collima-
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