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Abstract

The LHC Injectors Upgrade (LIU) Project aims at up-
grading the systems in the LHC injection chain, to reli-
ably deliver the beams required by the High-Luminosity
LHC (HL-LHC). Given the challenging beam intensities
and emittances, a review of the existing beam-intercepting
devices is on-going, in order to assess heat loads and con-
sequent thermo-mechanical stresses. Moreover, the expo-
sure of downstream elements to induced shower radiation
is assessed. The study is intended to spot possible issues
and contribute to the definition of viable design and layout
solutions.

INTRODUCTION

The High Luminosity LHC (HL-LHC) Project [1] aims
at increasing the peak LHC luminosity by a factor of 10
beyond its design value. This upgrade is intended to be
achieved by improving the machine optics and the beam
quality from the injectors. The LHC Injectors Upgrade
(LIU) Project [2] is in charge of the latter, upgrading the
systems in the LHC injection chain necessary to reliably
deliver the required beams. The LIU beam parameters for
25 ns bunch spacing at extraction in the Super Proton Syn-
chrotron (SPS) considered in the present work are shown
in Table 1 for the Q20 optics, only recently preferred to the
Q26 one, indicated as well. Values presently available in
SPS (November 2012) [3] and those of the Nominal LHC
at injection [4] are reported for comparison. It should be
noted that while the Nominal LIU beam parameters give
rise to the smallest beam spot sizes, those of Maximum
LIU are featured by the highest bunch population.

Due to the improved beam parameters, the beam-
intercepting devices presently installed may not stand the
challenging levels of heat load [5]. Fluka [6, 7] simula-
tions were thus carried out to estimate expected values of
energy deposition, and, if needed, help the design of new
systems. The assessment involves also the coils of down-
stream magnets and the masks protecting them, whenever
required. The present study is mainly focussed on the LHC
injection lines TI2 and TI8 (“Tunnel d’Injection”).
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Table 1: LIU beam parameters for 25 ns bunch spacing
at extraction in the SPS, along with the present ones, and
Nominal LHC values at injection.

N

bunch intensity €, OAp/p
[10'] [pm] [1074]
(Iorms) Q20 Q26
Nom LIU 1.15 1 1.31 1.68
Max LIU 2.5 2.5 525 638
present 1.7 1.5 - 2
Nom LHC 1.15 35 - 3.1

BEAM-INTERCEPTING DEVICES IN THE
LHC INJECTION LINES

In case of extraction set-up or intervention in the TI2 or
TI8 tunnels, TED (see Fig. 1) [8] dumps are inserted onto
the main beam line. They are featured by a multi-material
structure as inner absorber (see Table 2), optimised on the
basis of beam absorption and activation, surrounded by an
outer iron layer, with shielding purposes.

Figure 1: 3D rendering [9] of the Fluka geometry of the
TED. View from the downstream side. The geometry has
been cut, to show the inside.

During regular operation, the protection of the LHC
against beam mis-steering and magnet failures is ensured
by TCDI [8] collimators, installed towards the end of the
TI2 and TI8 injection lines. They are arranged in a three
phases collimation scheme for each plane and line. Their
jaws are made of graphite R4550 Steinemann (its physi-
cal properties relevant for the Fluka calculations are very
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Table 2: Material properties of the TED inner absorber:
length, density, inelastic scattering length for protons at
450 GeV/c, and radiation length. Materials are ordered
from the entrance window to the dump end.

1 P A Xo

[m] [gem™®] [cm] [cm]

graphite | 2.9 1.8 453 237
aluminum | 0.6 2.7 38.2 8.8

copper 0.8 8.9 147 14

similar to those reported for graphite in Table 2), with no
water cooling. Between each TCDI collimator and the
downstream magnet, metallic masks (TCDIMs) of 0.5 m
of length are installed, for shielding purposes.

In the framework of the LIU project, the TED dumps
are kept in their present locations, whereas a new set of
collimators is envisaged upstream of the present ones, in
order to prevent Beam Loss Monitors (BLMs) around the
LHC from triggering beam dumps during regular injection.
The new collimation system implements the same phase
advance scheme as the one presently adopted. Metallic
masks should be mounted downstream of each new colli-
mator. Whenever possible, the overall design of the present
devices should be reused, unless energy deposition studies
point out the need of a new one.

ENERGY DEPOSITION STUDIES

Figure 2 shows the maxima of energy deposition in the
TCDI jaws directly impacted by the beam. Only the first
collimator out of three per plane and line was considered,
since it is featured by the smallest values of the /3 function,
and it is the most likely to be impacted by a mis-steered
beam. The optics matched with SPS Q26 was system-
atically used, whereas only the smallest beam sizes were
picked up from the optics matched to SPS Q20. Values in
case of Maximum LIU beam parameters reflect the larger
beam sizes and the higher bunch population with respect
to those in case of Nominal LIU. As expected, the loads
for the S50 impact parameter are higher than those for the
lo. The patterns are compatible with an inverse depen-
dence upon the beam size. The same figure shows also the
maxima of energy deposition in the graphite layer of the
TED inner absorber when directly impacted by the beam,
with the smallest sizes among the SPS Q26 and Q20 optics.

The related temperature increase is at least ~1250°C and
~1450°C in the TCDI jaws and TED graphite layer, re-
spectively, in the worst cases: despite clearly below the
melting temperature, further thermo-mechanical analyses
performed with the Ansys code showed that the induced
stresses are too high for a reliable operation of the de-
vices. The search for a new material converged towards
CfC carbon-fibers at 1.7 g cm 3.

The new design of the inner absorber of the TED dump
has thus just started, featuring this material as first layer.
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Figure 2: Maxima of energy deposition as a function of
the beam size for different cases of protons impinging onto
a TCDI jaw, and onto the first graphite layer of the TED
dump. Statistical uncertainties are smaller than the spot
size. Beam sizes take into account the contribution from
the dispersion. Values are scaled to a train of 288 bunches.

Other layers of different materials should be added and op-
timised, in order to guarantee adequate absorption capabil-
ities in the same available space, limit the induced activa-
tion, and preserve the integrity of the structure, especially
in case of the more populated Maximum LIU beams.

In order to dilute the beam enough below the damage
limit of 2.3 102 protons [10], two consecutive modules of
TCDI collimators featuring CfC carbon-fibers as jaw mate-
rial could be installed in each chosen location.

The total load onto the TCDI jaw impacted by the beam
is ~170 kJ per bunch train in the worst case, whereas the
total load onto the TED dump is ~5 MJ per bunch train, of
which 1 MJ in the graphite layer.

Downstream of the TCDI Collimators

In order to evaluate the energy deposition onto the masks
and the coils of the magnets downstream of the new TCDI
collimators, Fluka geometries spanning over some tens of
meters of beam line were needed. Novel Fluka geometries
of the most relevant elements were modelled into the Fluka
Element DataBase (FEDB) [11], and the portions of line
of actual interest were thus automatically created by means
of the Line Builder [11]. An example of such geometries
is shown in Fig. 3. This approach was particularly useful,
since the orbit plane continuously changes along the LHC
injection lines by tiny angles.

Figure 4 shows the maxima of energy deposition in the
protecting mask (upper frame) and in the coils of the pro-
tected quadrupole (lower frame) as a function of the dis-
tance from the collimator just upstream, in cases of a Max-
imum LIU proton beam impinging onto a TCDI jaw. Only
the impact on the first collimator per plane and line was
considered, with the optics matched with SPS Q26. Two
sets of values are shown, with the one for the 50 beam
impact parameter being constantly above the one for 1o,
as expected, since more primary protons contribute to sec-
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Figure 3: 3D rendering [9] of the portion of the TI8 injec-
tion line between the TCDIV.NEW1 (in foreground) and
the MQIF.87600 (the last shown magnet, after the four
main dipoles), looking downstream. The TCDI collimator
and the downstream mask and quadrupole have been cut to
show the inside.

ondary particle showers. The special case of the Maximum
LIU beam impacting the TCDIH.29465, the last horizontal
collimator presently installed in TI2, is shown for compar-
ison, since the distance to the downstream magnet is the
shortest one, thus maximising the peak energy deposition.

The temperature increase in the TCDIM masks is
~400°C at most, for the very unlikely case of a beam im-
pact onto the TCDIH.29465 collimator, with a total load of
800 kJ per bunch train. The masks effectively shield the
downstream quadrupoles, allowing a maximum tempera-
ture increase in the coils of 10°C and a total load on the
entire magnet of about 700 kJ per bunch train, in that same
unlikely case.

CONCLUSIONS

Fluka studies have shown that beam-intercepting devices
presently installed in the LHC injection lines do not stand
the challenging heat loads induced by the improved beam
parameters required by the HL-LHC project: maxima of
energy deposition reach a few kJ cm ™3 per bunch train, in-
ducing too high thermo-mechanical stresses. CfC carbon-
fibers are presently considered as baseline material to be
exposed to the direct impact of the beam.

The extensive use of metallic masks protecting magnets
just downstream of the TCDI collimators ensures a temper-
ature increase in the normal-conducting coils of some de-
grees Celsius, with a moderate load onto the masks them-
selves.
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Figure 4: Maxima of energy deposition in the protecting
TCDIM mask (upper frame) and in the coils of the pro-
tected quadrupole (lower frame) as a function of the dis-
tance from the upstream collimator, in cases of a Maxi-
mum LIU proton beam impacting a TCDI jaw. Whenever
not visible, statistical uncertainties are smaller than the spot
size. Values are scaled to a train of 288 bunches.
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