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Abstract

The expected heat load induced on the beam screens has been evaluated for the
triplet assemblies in the four experimental Insertion Regions (IRs) of the HL-LHC.
The contribution from electron cloud effects has been estimated using PyECLOUD
macroparticle simulations. The presence of a surface treatment for the reduction of
the Secondary Electron Yield has been taken into account. The contribution from the
impedance of the beam screen has been evaluated taking into account the impact of
the temperature and of the magnetic field on the resistivity of the surface.
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1 Introduction

The operation of the Large Hadron Collider (LHC) with 25ns bunch spacing
during Run2 has shown that beam induced heat loads on the beam screens of
the cold magnets can pose serious limitations to the achievable machine perfor-
mance [1,2]. It is therefore important to assess the potential impact that these
effects could have in the High Luminosity LHC (HL-LHC) era [3].

In a previous document [4] estimates for the heat loads expected on the beam
screens of the twin-bore magnets in all the Insertion Regions (IRs) were provided.
Here we perform similar calculations for the Inner Triplets installed on each side
of the four experimental Interaction Points (IPs).

While the inner triplets installed in IR2 and IR8 will not be changed, those pre-
sently installed in IR1 and IR5 will be replaced with a newly designed version
sketched in Fig. 1 [3].

The two main sources of beam-induced heat load on the beam screens are impe-
dance heating and electron cloud (e-cloud) effects, as the power deposition from
synchrotron radiation was found to be negligible by previous studies [5-7]. In
the absence of any countermeasure the load from e-cloud is expected to be very
large. For this reason a surface treatment will be applied to the beam screen of
all triplet assemblies in order to reduce its Secondary Electron Yield (SEY) and
therefore mitigate the e-cloud formation [3]. According to the present baseline,
coating with amorphous carbon will be used for this purpose.

The e-cloud induced heat loads have been estimated as a function of the SEY of
the surface using PyECLOUD [8] macroparticle simulations. The power depo-
sition from impedance has been computed analytically, following the approach
presented in [4].

2 Electron cloud build-up simulations

Electron cloud build-up simulations were performed for the inner triplets on the
right side of IP5 and IP8. Due to symmetry considerations, the results are ap-
plicable to the similar devices installed on the other sides and at the IP1 and 1P2
respectively. The required information on the triplet geometry was retrieved from
the CERN Drawing Directory [9] for IR5 and from the LHC design report [10] for
IR8. The main beam parameters used in the simulations are reported in Table 1.
A sufficiently long portion of the beam (576 or 864 bunches) has been simulated
in order to reach the saturation of the e-cloud at all sections where multipacting
occurs. All results presented in the following are re-scaled to the full number of
bunches (2748 bunches).

To correctly model the presence of two counter-rotating beams in the same cham-
ber, we simulate different slices along the triplet, correctly accounting for differ-
ent arrival times, transverse sizes and transverse positions of the two beams at
each section. The simulated slices are chosen with a 1m step for the long com-
ponents of the triplet. For the elements of shorter length, such as correctors and
some of the drifts, the e-cloud is simulated at the central section.
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Figure 1: Schematic of the HL-LHC triplet layout for IR1 and IR5 (draw-
ing from [11]). Q1, Q2a, Q2b, Q3 are quadrupole magnets, D1 is the sepa-
ration/recombination dipole, MCBXFA/B are dipole correctors and CP is the
higher order corrector package.

Table 1: Simulation parameters.

Energy, TeV 7

Intensity, p/bunch 2.2x101

RMS bunch length (Gaussian), m  0.09

Bunch spacing, ns 25

Optics HL-LHC v1.2 (f*=15 cm)
Number of bunches 2 x 288 or 3 x 288 !

three trains used for simulations for which the e-cloud has not reached it saturation during
the passage of the first two trains.

Simulations were performed for all sections and for different values of the SEY
parameter (6max) uniformly spaced in the range 1.0-1.6. Snapshots of the e-cloud
distribution for the different magnetic elements are reported in Appendix A. The
heat loads in all simulations were calculated using the data only from the last
simulated bunch train. The dependence of the heat load on the SEY at each sim-
ulated section is reported in Appendix B for the triplet in IR5 and in Appendix C
for the triplets in IRS.

Figure 2 shows the total expected heat load from e-cloud as a function of the
SEY parameter under the assumption that the beam screen has the same surface
properties over the entire length. In these estimates, the multipole correctors are
assumed to be off and therefore are simulated as field free regions.

In the following we will analyze more in detail the simulation results for two
different SEY values:

e SEY=1.3, corresponding to a copper surface after beam conditioning, i.e. the
configuration of the present LHC inner triplets;

e SEY=1.1, as it can be obtained with surface treatments (e.g. amorphous car-
bon coating, for which even lower SEY values can be achieved [12]).

For these two SEY values, the heat load distribution along the inner triplets are
compared in Figs. 3 and 4. In these figures the dashed vertical lines mark the
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Figure 2: Total heat load as a function of the SEY for the inner triplets in IR5 and
in IR8. The dashed lines mark the heat load in the cases of non-uniform coating
(SEY=1.3 in the drift sections outside the cold masses, SEY=1.1 elsewhere).
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Figure 3: Heat load along one of the IRS5 triplets for two values of the SEY param-
eter. The colored areas mark different magnetic field configurations as indicated
in the legend.
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Figure 4: Heat load along one of the IRS8 triplets for two values of the SEY param-
eter. The colored areas mark different magnetic field configurations as indicated
in the legend.

locations of long-range encounters (LREs), where bunches of the two beams pass
at the same time. The heat load tends to be larger at locations between the LREs.
Large peaks are observed at some of the drift sections.

For both devices the heat load expected in absence of surface treatment is very
high, in the order of 1kW, but a significant heat load reduction (one order of
magnitude or larger) is observed for the coated case.

2.1 Effect of higher SEY in the drift sections

Due to technical difficulties, the surface coating with amorphous carbon might
not be applied to some short components in the drifts sections located outside
the cold masses, like the beam position monitors and the deformable bellows.

In order to assess the impact of this scenario, the total heat load for the triplet
assemblies has been evaluated in the conservative hypothesis in which all drifts
situated outside the cold masses are not coated and therefore have SEY param-
eter of 1.3 (see drawing in Fig 5). The total heat loads obtained with these SEY
configurations are indicated by the dashed horizontal lines in Fig. 2. The impact
of having uncoated drifts is stronger for the triplets in IR5, for which the heat
load increase compared to the fully coated case is in the order of 300 W. The effect
for the triplets in IRS8 is, instead, quite limited. Figures 6 and 7 show the heat
load distribution along the triplets under these assumptions. The uncoated drifts
are indicated with the green background color. One can notice that the heat load
density in these regions is significantly larger compared to the coated sections.



]
Q3B

P4

Joofoct
)
i

fei]
2

feootsoo}
C

Caaz)

i)
Q2A

o)

Uncoated drifts, SEY 1.3

Figure 5: Schematic drawing of a triplet showing the uncoated drifts outside cold

masses.
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Figure 6: Heat load along one of the IR5 triplets in the case in which the drift

spaces outside the cold masses are not coated. The colored areas mark different

magnetic field and SEY configurations as indicated in the legend.
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Figure 7: Heat load along one of the IR8 triplets in the case in which the drift

spaces outside the cold masses are not coated. The colored areas mark different

magnetic field configuration as indicated in the legend.



2.2 Effect of high-order corrector magnets

A set of multipole correctors, including sextupole, octupole, decapole and dode-
capole magnets (normal and skew), is located between the Q3 and the D1 mag-
nets. This will be used in operation only for IR1 and IR5.

Recently, the possibility of simulating high order multipoles has been introduced
in the PyECLOUD simulation code [13]. This allowed performing simulations for
the triplet multipole correctors, including the effect of the two counter-rotating
beams in the same chamber. The nominal settings of the multipole correctors
(included in the optics file) were used for the simulations.

The simulated heat load for each corrector as a function of the SEY of the surface is
reported in Appendix B (Figs. B.22 to B.29). Snapshots of the e-cloud distribution
in the presence of the multipolar magnetic fields are presented in Appendix A
(Figs. A.5 to A.8).

Figure 8 shows the longitudinal distribution of the e-cloud-induced heat load
including the effect of the multipole correctors. As the multipacting threshold
for the multipoles is larger than for the corresponding drift, a slightly beneficial
effect on the heat loads is observed. The total heat load is reduced from 525 W to
514 W when the corrector package is in place.
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Figure 8: Heat load along one of the IR5 triplets in the case in which the drift
spaces outside the cold masses are not coated, including the effect of the e-cloud
in the multipole correctors. The colored areas mark different magnetic field con-
tiguration as indicated in the legend.

3 Total expected heat loads

In order to evaluate the total expected heat loads on the beam screens, the es-
timates from e-cloud effects presented in the previous sections need to be com-
bined with heat load estimations from impedance heating. The latter have been
evaluated following the procedure described in [4], which has been validated
against measurements at the LHC.



Name Length Field Chamber  Impedance e-cloud Total

config. (T_BS=70K) (SEY=1.1/1.3(UncDirifts))
ITQ1R5 11.6 m BSHL Q1 41W 785 W 82.6 W
MQXFA.A1R5 42m quad BSHL_ Q1 15W 250 W
MQXFA.B1R5 42m quad BSHL_ Q1 15W 299 W
Drifts 1.7m drift BSHL Q1 0.6 W 1.1W
UncoatedDrifts 1.5m drift BSHL_Q1 05W 22.5W
ITQ2Q3R5 491 m BSHL_Q23 153 W 4344 W 4497 W
MQXFB.A2R5 72m quad BSHL_Q23 23W 33.8W
MQXFB.B2R5 72m quad BSHL_Q23 23W 481 W
MQXFA.A3R5 42m quad BSHL_Q23 13W 29.7 W
MQXFA.B3R5 42m quad BSHL_Q23 13W 262 W
MBXE.4R5 6.3 m dip BSHL_Q23 2.0W 13.6 W
MCBXFBV.A2R5 12m dip BSHL_Q23 04 W 0.0W
MCBXFBH.A2R5
MCBXFBV.B2R5 1.2m dip BSHL_Q23 04 W 14W
MCBXFBH.B2R5
MCBXFAV.3R5 22m dip BSHL Q23 0.7W 19W
MCBXFAH.3R5
MCTXE3R5 0.4 m dodecap BSHL Q23 0.1W 01W
MCTSXE3R5 0.1m skew dodecap BSHL_Q23 0.0W 0.0W
MCDXE.3R5 0.1m decap BSHL Q23 0.0W 0.0W
MCDSXFE.3R5 0.1m skew decap BSHL Q23 0.0W 0.0W
MCOXE.3R5 0.1m oct BSHL Q23 0.0W 0.0W
MCOSXE.3R5 0.1m skew oct BSHL_Q23 0.0W 0.0 W
MCSXE3R5 0.1m sext BSHL_Q23 0.0W 0.0 W
MCSSXFE.3R5 0.1m skew sext BSHL_Q23 0.0W 0.8 W
Drifts 8.6 m drift BSHL_Q23 2.6 W 243 W
UncoatedDrifts 59m drift BSHL_Q23 18W 2554 W
Total IT R5 5324 W

Table 2: Expected heat loads for the different elements of the inner triplet installed
on the right side of IP5. Contribution from uncoated drifts marked in bold.

A copper layer is applied on the stainless steel beam screen to lower its longitu-
dinal impedance. The presence of the thin layer of amorphous carbon, applied
on top of the copper layer for e-cloud mitigation, was shown to have no impact
on the real part of the longitudinal impedance and therefore on impedance heat-
ing [14]. The effect of the beam screen temperature (assumed to be 70K for the
triplets in IR1 and IR5 and 20K for the triplets in IR2 and IR8) on the copper
resistivity has been taken into account, together with the effects of the applied
magnetic field and the longitudinal weld of the screen.

A summary of all expected heat loads on the beam screens of the Inner Triplets
is presented in Tables 2 and 3. To evaluate the e-cloud contribution, SEY=1.3 is
assumed for the drifts outside the cold masses and SEY=1.1 is assumed for the
rest of the triplet length. For the inner triplets in IR1 and IR5, the effect of the
multipole magnetic correctors is taken into account.

Under these assumptions, the total heat load is 532 W for the inner triplets in IR5
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Name Length Field  Chamber Impedance  e-cloud Total

config. (T_BS=20K) (SEY=1.1/1.3(UncDrifts))
ITQ1RS8 9.8 m BSMQ Q1-R 52W 10.7 W 159 W
MQXA.1R8 6.4m quad BSMQ Q1-R 35W 1.1W
MCBXH.1R8
MCBXV.1R8 0.5m dip BSMQ Q1-R 02W 0.0W
Drifts 09 m drift BSMQ Q1-R 04 W 0.0W
UncoatedDrifts 2.1m drift BSMQ_Q1-R 1.0W 9.6 W
ITQ2Q3R8 23.7 m BSMQ 2 9.3 W 942 W 103.5 W
MQXB.A2R8 55m quad BSMQ 2 23W 162 W
MQXB.B2R8 55m quad BSMQ 2 23 W 272 W
MQXA.3R8 6.4m quad BSMQ 2 26 W 275 W
MCBXH.2R8
MCBXV.2R8 0.5m dip BSMQ 2 02W 0.0W
MCBXH.3R8
MCBXV.3R8 0.5m dip BSMQ 2 02W 0.0W
Drifts 29m drift BSMQ 2 1.0W 0.0 W
UncoatedDrifts 2.5m drift BSMQ_2 0.8W 234 W
ITD1RS8 139 m BSMB_1 42W 134 W 17.6 W
MBX.4R8 9.5m dip BSMB_1 3.0W 124 W
Drifts 44m drift BSMB_1 1.2W 1.0W
UncoatedDrifts 0.0m drift BSMB_1 0.0W 0.0 W
Total IT R8 137.0 W

Table 3: Expected heat loads for the different elements of the inner triplet installed
on the right side of IP8. Contribution from uncoated drifts marked in bold.

(same in IR1) and 137 W in IR8 (same in IR2). One can notice that the heat loads
are dominated by the contribution of the e-cloud in the uncoated drifts.
Additional tables for the ideal cases of the fully coated and fully uncoated beam
screens are included in Appendix D.

4 Summary and conclusions

The beam-induced heat loads on the beam screen in the triplet assemblies of the
HL-LHC have been estimated taking into account the contributions from e-cloud
effects and from impedance heating.

The e-cloud component has been studied with macroparticle simulations per-
formed with the PyECLOUD code. Several sections of the devices were simu-
lated in order to correctly account for the presence of the two counter-rotating
beams in the same chamber. The simulation results show that the presence of
the amorphous carbon coating (or of an equivalent surface treatment) results in a
reduction of the heat load by more than one order of magnitude. The impact of
not coating the drift sections between the cold masses (where bellows and beam
position monitors are located) has been evaluated. The e-cloud formation in mul-
tipole corrector magnets has been simulated and taken into account in the heat
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load estimates.

Combining the e-cloud simulation results with analytic estimates of the impe-
dance heating, which have been checked during the LHC operation, tables with
the total expected heat loads for all the elements of the triplet assemblies have
been compiled. The total heat loads for different coating scenarios are presented
in Table 4. For the entire triplet assembly it amounts to 532 W in IR5 (same in IR1)
and to 137 W for in IR8 (same in IR2).

Table 4: Heat loads in IR5 and IRS8 for different coating scenarios.

Fully-coated (SEY=1.1) Non-uniform coating1 Uncoated (SEY=1.3)
IR5 238W 532 W 1663 W
IR8 107W 137 W 1071 W
1

the drifts outside the cold masses are uncoated (SEY 1.3) and the rest of the beam screen is coated (SEY 1.1)
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Appendix A

Electron cloud distribution in the
different components

Animations of the electron dynamics during the passage of two consecutive bunches
for SEY 1.3 and locations far from the LREs can be found in [15-28]. Selected
snapshots are reported in the following. The asymmetry of the e-cloud distribu-
tion observed in some of the snapshots is due to the non symmetric position of
the circulating beams within the chambers.
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Figure A.1: Heat load vs SEY for different slices along the IR5 D1 dipole mag-
net (left). Distribution of electrons inside the chamber (right) at the location in
between two long range encounters for SEY = 1.3.
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Figure A.2: Heat load vs SEY for different slices along the IR8 D1 dipole magnet
(left). Distribution of electrons inside the dipole chamber (right) at the location in
between two long range encounters for SEY = 1.3.
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Figure A.3: Heat load vs SEY for different slices along the IRS Q2a quadrupole
magnet (left). Distribution of electrons inside the chamber (right) at the location
in between two long range encounters for SEY = 1.3.
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Figure A.5: Heat load vs SEY in the IR5 sextupole magnet within the triplet

corrector package (left). Distribution of electrons inside the chamber (right) for
SEY =1.3.

MCOXF.3R5
80

e—e 72.20m
70

u
=3

Heat load [W/m]
&
y [mm]

logl0(e- dens.)

1.0 11 12 13 14 15 16

SEY —-60-40-20 0 20 40 60

Figure A.6: Heat load vs SEY in the IR5 octupole magnet within the triplet cor-

rector package (left). Distribution of electrons inside the chamber (right) for
SEY =1.3.
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rector package (left). Distribution of electrons inside the chamber (right) for
SEY =1.3.
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Figure A.8: Heat load vs SEY in the IR5 dodecapole magnet within the triplet

corrector package (left). Distribution of electrons inside the chamber (right) for
SEY =1.3.
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Figure A.9: Heat load vs SEY for different slices along the IR5 drift (left). Distri-
bution of electrons inside the chamber (right) at the location in between two long
range encounters for SEY = 1.3.
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Appendix B

Heat load vs SEY for all simulated
sections of the triplets in IR1 and IR5

In the following we report the heat load as a function of the SEY for all simulated
sections of the triplet in IR5 (same in IR1). A schematic layout of the triplet is
displayed in Fig B.1. The different elements are numbered and the corresponding
names are reported in Tab. B.1. The simulated sections are marked by vertical
black lines. The vertical blue lines indicate the locations where a change in the
beam screen geometry takes place.
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Figure B.1: Scheme of the triplet on the right side of IP5.

14



Table B.1: IR5 triplet lattice elements included in the e-cloud simulations.

0. Drift0 12. MCBXFBV.B2R5

1. MQXFA.AIRS5 MCBXFBH.B2R5

2. Driftl 13. Dirift6

3.  MOQXFA.BIR5 14. MQXFA.A3R5

4. Drift2Q1 15. Drift7

5. Drift2Q2Q3 16. MQXFA.B3R5

6. MCBXFBV.A2R5 17. Dirift8
MCBXFBH.A2R5 18. MCBXFAV.3R5

7. Drift3 MCBXFAH.3R5

8.  MQXFB.A2R5 19. Dirift9 with Corrector package

9. Dirift4 20. MBXFA4R5

10. MQXFB.B2R5 21. Diriftl0

11. Drift5

Table B.2: Elements of the corrector package.

0. MCTXE3R5 4. MCOXE3R5
1. MCTSXE3R5 5. MCOSXE3R5
2. MCDXE3R5 6. MCSXFE3R5
3. MCDSXE3R5 7. MCSSXE3R5

15



Drift0

100 ¢

Heat load [W/m]

0 i . : | ;
1.0 11 1.2 1.3 14 1.5 1.6
SEY

Figure B.2: Heat load as a function of the SEY at the simulated slices inside the
Drift0.
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Figure B.3: Heat load as a function of the SEY at the simulated slices inside the
MQXFA.A1RS5 at its nominal strength.
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Figure B.4: Heat load as a function of the SEY at the simulated slices inside the
Driftl.

MQXFA.B1RS

40 | ||le—= 2845m
| | 29.45m
120 b ] 3045 m
: : : e 3145m

100 L]

80 Lo ]

Heat load [W/m]

a0

ol oA e ]

0 | L I L I
1.0 11 1.2 1.3 1.4 15 1.6
SEY

Figure B.5: Heat load as a function of the SEY at the simulated slices inside the
MQXFA BIR5 at its nominal strength.
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Figure B.6: Heat load as a function of the SEY at the simulated slices inside the
Drift2Q1.
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Figure B.7: Heat load as a function of the SEY at the simulated slices inside the
Drift2Q2Q3.
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Figure B.8: Heat load as a function of the SEY at the simulated slices inside the
MCBXFBV.A2R5 and MCBXFBH.A2RS5 at their nominal strength.
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Figure B.9: Heat load as a function of the SEY at the simulated slices inside the
Drift3.
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Figure B.10: Heat load as a function of the SEY at the simulated slices inside the
MQXFB.A2RS5 at its nominal strength.
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Figure B.11: Heat load as a function of the SEY at the simulated slices inside the
Drift4.
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Figure B.12: Heat load as a function of the SEY at the simulated slices inside the
MQXFB.B2R5 at its nominal strength.
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Figure B.13: Heat load as a function of the SEY at the simulated slices inside the
Drift5.

21



120 -

100 L]

Heat load [W/m]

20 |

0

MCBXFBV.B2R5

SEY

e—e 5317 m

1.0 11 1.2 1.3 14 1.5 1.6

Figure B.14: Heat load as a function of the SEY at the simulated slices inside the
MCBXFBV.B2R5 and MCBXFBH.B2R5 at their nominal strength.
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Figure B.15: Heat load as a function of the SEY at the simulated slices inside the

Drift6.
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Figure B.16: Heat load as a function of the SEY at the simulated slices inside the
MQXFA.A3RS5 at its nominal strength.
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Figure B.17: Heat load as a function of the SEY at the simulated slices inside the
Drift7.
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Figure B.18: Heat load as a function of the SEY at different slices inside the
MQXFA.B3R5 at its nominal strength.
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Figure B.19: Heat load as a function of the SEY at the simulated slices inside the
Drift8.
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Figure B.20: Heat load as a function of the SEY at the simulated slices inside the
MCBXFAV.3R5 and MCBXFAH.3R5 at their nominal strength.
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Figure B.21: Heat load as a function of the SEY at the simulated slices inside the
Drift9.
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Figure B.22: Heat load as a function of the SEY at the simulated slices inside the
MCTXE.3R5 dodecapole at its nominal strength.
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Figure B.23: Heat load as a function of the SEY at the simulated slices inside the
MCTSXE.3R5 skew dodecapole at its nominal strength.
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Figure B.24: Heat load as a function of the SEY at the simulated slices inside the
MCDXE.3R5 decapole at its nominal strength.
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Figure B.25: Heat load as a function of the SEY at the simulated slices inside the
MCDSXE.3R5 skew decapole at its nominal strength.
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Figure B.26: Heat load as a function of the SEY at the simulated slices inside the
MCOXE.3R5 octupole at its nominal strength.
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Figure B.27: Heat load as a function of the SEY at the simulated slices inside the
MCOSXFE.3R5 skew octupole at its nominal strength.
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Figure B.28: Heat load as a function of the SEY at the simulated slices inside the
MCSXE.3RS5 sextupole at its nominal strength.
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Figure B.29: Heat load as a function of the SEY at the simulated slices inside the
MCSSXFE.3R5 skew sextupole at its nominal strength.
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Figure B.30: Heat load as a function of the SEY at the simulated slices inside the
MBXF.4RS5 at its nominal strength.
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Figure B.31: Heat load as a function of the SEY at the simulated slices inside the
Drift10.
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Appendix C

Heat load vs SEY for all simulated

sections of the triplets in IR2 and IR8

In the following we report the heat load as a function of the SEY for all simulated
sections of the triplet in IR8 (same in IR2). A schematic layout of the triplet is
displayed in Fig C.1. The different elements are numbered and the corresponding
names are reported in Tab. C.1. The simulated sections are marked by vertical
black lines. The vertical blue lines indicate the locations where a change in the

beam screen geometry takes place.

0 24 9 11 13 16 18
6 0
P8 3 8 1 17
§ S
1 12
O.b m 21.4m 3 Zﬂ“m i 313_.9 m 68.8 m
5 7 15
0. Drift0 5. Drift2Q2Q3 10. MQXB.B2R8 15. Drift7Q2Q3
1. MQXA.1R8 6. MQXB.A2R8 11. Drifts 16. Drift7D1
2. Driftl 7. Drift3 12. MQXA.3R8 17. MBX.4R8
3. MCBXV.1R8 8. MCBXV.2R8 13. Drifté 18. Drift8
4. Drift2Q1 9. Drift4 14. MCBXV.3R8

Figure C.1: Scheme of the triplet on the right side of IP8.
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Table C.1: IR8 triplet lattice elements included in the e-cloud simulations.

WN =

P NG

Drift0
MQXA.1RS
Driftl
MCBXV.1R8
MCBXH.1R8
Drift2Q1
Drift2Q2Q3
MQXB.A2R8
Drift3
MCBXV.2R8
MCBXH.2R8

9.

10.
11.
12.
13.
14.

15.
16.
17.
18.

Drift4
MQXB.B2R8
Drift5
MQXA.3R8
Drift6
MCBXV.3R8
MCBXH.3R8
Drift7Q2Q3
Drift7D1
MBX.4R8
Drift8
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Figure C.2: Heat load as a function of the SEY at the simulated slices inside the
Drift0.
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Figure C.3: Heat load as a function of the SEY at the simulated slices inside the
MQXA.1R8 at its nominal strength.
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Figure C.4: Heat load as a function of the SEY at the simulated slices inside the
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Figure C.5: Heat load as a function of the SEY at the simulated slices inside the
MCBXV.1R8 and MCBXH.1R8 at their nominal strength.
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Figure C.6: Heat load as a function of the SEY at the simulated slices inside the
Drift2Q1.
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Figure C.7: Heat load as a function of the SEY at the simulated slices inside the
Drift2Q2Q3.
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Figure C.8: Heat load as a function of the SEY at the simulated slices inside the
MQXB.A2R8 at its nominal strength.
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Figure C.9: Heat load as a function of the SEY at the simulated slices inside the
Drift3.
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Figure C.10: Heat load as a function of the SEY at the simulated slices inside the
MCBXV.2R8 and MCBXH.2RS8 at their nominal strength.
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Figure C.11: Heat load as a function of the SEY at the simulated slices inside the
Drift4.
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Figure C.12: Heat load as a function of the SEY at the simulated slices inside the
MQXB.B2RS at its nominal strength.
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Figure C.13: Heat load as a function of the SEY at the simulated slices inside the
Drift5.
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Figure C.14: Heat load as a function of the SEY at the simulated slices inside the
MQXA.3RS8 at its nominal strength.
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Figure C.15: Heat load as a function of the SEY at the simulated slices inside the
Drift6.
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Figure C.16: Heat load as a function of the SEY at the simulated slices inside the
MCBXV.3R8 and MCBXH.3R8 at its nominal strength.
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Figure C.17: Heat load as a function of the SEY at the simulated slices inside the
Drift7Q2Q3.
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Figure C.18: Heat load as a function of the SEY at the simulated slices inside the
Drift7D1.
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Figure C.19: Heat load as a function of the SEY at the simulated slices inside the
MBX.4RS8 at its nominal strength.
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Figure C.20: Heat load as a function of the SEY at the simulated slices inside the
Drift8.
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Appendix D

Heat load tables for uniform SEY

Name Length Field Chamber Impedance e-cloud Total

config. (T_BS=70K) (SEY=1.1)

ITQ1R5 11.6 m BSHL Q1 41W 51.5 W 55.5 W
MQXFA.AIR5 42m quad BSHL_Q1 15W 223 W
MQXFA.B1R5 42m quad BSHL_Q1 15W 291 W
Drifts 32m drift BSHL_Q1 11W 0.0W

ITQ2Q3R5 49.1m BSHL_Q23 153 W 166.7 W 182.0 W
MQXFB.A2R5 72m quad  BSHL_Q23 23 W 265 W
MQXFB.B2R5 72m quad  BSHL_Q23 23 W 414 W
MQXFA.A3R5 42m quad  BSHL_Q23 13W 242 W
MQXFA.B3R5 42m quad  BSHL_Q23 13W 275 W
MBXF.4R5 6.3 m dip BSHL_Q23 2.0W 151 W
MCBXFBV.A2R5 12m dip BSHL_Q23 04 W 0.0W
MCBXFBH.A2R5
MCBXFBV.B2R5 1.2m dip BSHL_Q23 04W 14W
MCBXFBH.B2R5
MCBXFAV.3R5 22m dip BSHL_Q23 0.7W 20W
MCBXFAH.3R5
Drifts 15.6m  drift BSHL_Q23 4.7 W 288 W

Total IT R5 237.6 W

Table D.1: Expected heat loads for the different elements of the inner triplet on
the right side of IP5. The electron cloud contribution is evaluated for SEY=1.1.
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Name Length Field Chamber Impedance e-cloud Total
config. (T_BS=70K) (SEY=1.3)

ITQIR5 11.6 m BSHL_ Q1 41W 264.8 W 2689 W
MQXFA.AIR5 42m quad BSHL Q1 15W 928 W
MQXFA.B1R5 42m quad BSHL Q1 15W 1072 W
Drifts 32m drift BSHL Q1 11W 64.8 W

ITQ2Q3R5 49.1m BSHL_Q23 153 W 13785 W  1393.8 W
MQXFB.A2R5 72m quad  BSHL_Q23 23W 1542 W
MQXFB.B2R5 72m quad BSHL_Q23 23W 159.2 W
MQXFA.A3R5 42m quad BSHL_Q23 13W 90.7 W
MQXFA.B3R5 42m quad  BSHL_Q23 13W 89.3 W
MBXF.4R5 6.3 m dip BSHL_Q23 2.0W 1044 W
MCBXFBV.A2R5 12m dip BSHL_Q23 04 W 16.7W
MCBXFBH.A2R5
MCBXFBV.B2R5 12m dip BSHL_Q23 04 W 178 W
MCBXFBH.B2R5
MCBXFAV.3R5 22m dip BSHL_Q23 0.7W 316 W
MCBXFAH.3R5
Drifts 15.6m  drift BSHL_Q23 47W 7147 W

Total IT R5 1662.7 W

Table D.2: Expected heat loads for the different elements of the inner triplet on
the right side of IP5. The electron cloud contribution is evaluated for SEY=1.3.
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Name Length Field  Chamber Impedance  e-cloud Total
config. (T_BS=20K) (SEY=1.1)

ITQ1R8 9.8 m BSMQ_Q1-R 52 W 09 W 6.1 W
MQXA.IR8 64 m quad  BSMQ_QI-R 35W 09W
MCBXH.1R8
MCBXV.IR8 0.5m dip BSMQ_Q1-R 02W 0.0W
Drifts 3.0m drift BSMQ_Q1-R 14W 0.0W

ITQ2Q3R8 23.7m BSMQ_2 9.3 W 722 W 81.5W
MQXB.A2R8 5.5m quad BSMQ_2 23 W 17.8 W
MQXB.B2R8 5.5 m quad BSMQ_2 23 W 269 W
MQXA.3R8 64 m quad  BSMQ_2 26 W 274 W
MCBXH.2R8
MCBXV2R8 0.5m dip BSMQ_2 02W 0.0W
MCBXH.3R8
MCBXV.3R8 0.5m dip BSMQ_2 02W 0.0W
Drifts 54m drift BSMQ _2 1.8W 0.0W

ITD1RS8 13.9m BSMB_1 42W 152 W 194 W
MBX.4R8 9.5m dip BSMB_1 3.0W 140 W
Drifts 44m drift BSMB_1 12W 12W

Total IT R8 106.9 W

Table D.3: Expected heat loads for the different elements of the inner triplet on
the right side of IP8. The electron cloud contribution is evaluated for SEY=1.1.
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Name Length Field  Chamber Impedance  e-cloud Total

config. (T_BS=20K) (SEY=1.3)

ITQIR8 9.8 m BSMQ _Q1-R 52W 197.7 W 2029 W
MQXA.1R8 6.4m quad BSMQ _Q1-R 35W 1914 W
MCBXH.1R8
MCBXV.IR8 0.5m dip BSMQ_Q1-R 02W 0.0W
Drifts 3.0m drift BSMQ Q1-R 14 W 6.3 W

ITQ2Q3R8 23.7 m BSMQ _2 9.3 W 573.0 W 5823 W
MQXB.A2R8 55m quad BSMQ _2 23 W 143.4W
MQXB.B2R8 5.5m quad BSMQ_2 23W 158.5 W
MQXA.3R8 6.4 m quad BSMQ _2 26 W 161.3 W
MCBXH.2R8
MCBXV.2R8 0.5m dip BSMQ _2 02W 6.0W
MCBXH.3R8
MCBXV.3R8 0.5m dip BSMQ_2 02W 83W
Drifts 54m drift BSMQ _2 1.8W 95.6 W

ITD1R8 13.9 m BSMB_1 42W 2814 W 285.6 W
MBX.4R8 9.5m dip BSMB_1 3.0W 163.4 W
Drifts 44m drift BSMB_1 12W 1181 W

Total IT R8 1070.8 W

Table D.4: Expected heat loads for the different elements of the inner triplet on
the right side of IP8. The electron cloud contribution is evaluated for SEY=1.3.
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