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Abstract

The High Luminosity Large Hadron Collider (HL-LHC)

Project at CERN calls for increasing beam brightness and

intensity. In such a scenario, critical accelerator devices

need to be redesigned and rebuilt. Impedance is among the

design drivers, since its thermo-mechanical effects could

lead to premature device failures. In this context, the current

work reports the results of a multiphysics study to assess

the electromagnetic and thermo-mechanical behaviour of

the Target Dump Injection Segmented (TDIS). It first dis-

cusses the outcomes of the impedance analysis performed

to characterise the resistive wall and the high order resonant

modes (HOMs) trapped in the TDIS structures. Then, their

RF-heating effects and the related temperature distribution

are considered. Finally, mechanical stresses induced by ther-

mal gradients are studied in order to give a final validation

on the design quality.

INTRODUCTION

The CERN accelerator complex has been upgrading to

improve its performance. In the framework of the LIU

(LHC Injection Upgrade) [1] and HL-LHC (High Lumi-

nosity LHC) [2] projects an increase of the beam brightness

and intensity is foreseen [1]. Several systems have to be

redesigned and rebuilt to face the new situation.

Devices impedance, i.e. electromagnetic beam equip-

ment interaction, is among the systems design drivers. This

interaction causes a power deposition on the equipment (RF-

Heating), proportional to the square of the beam intensity

and to the device impedance [3]. The deposition, due to the

presence of trapped high order modes, can be highly irregu-

lar, so leading to an uneven temperature distribution. As a

result, temperature gradients may induce intense mechanical

stresses causing failures or other undesired effects [4, 5].

In this context, this paper presents the results of the multi-

physics simulations performed to assess the electro-thermo-

mechanical behaviour of the Target Dump Injection Seg-

mented (TDIS) [6], that could experience RF-heating as

high as its predecessor, the Target Dump Injection [4, 6].

The TDIS will protect downstream LHC equipment dur-

ing the injection phase, absorbing the injected beam in case

of malfunctions of the injection kicker in the Super Proton

Synchrotron (SPS)-to-LHC injection lines [6]. The geome-

try of the device is presented in Fig. 1 and described in detail
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Figure 1: Geometry of the TDIS, detail on the RF-fingers

configurations and transverse section.

in [6]. Six vertically movable jaws of different materials are

the core of the TDIS. During the injection phase they have a

half-gap of 4 mm with respect to the injected beam reference

orbit, Fig. 2 bottom detail. Thus, if the orbit of the actual

injected beam differs more than the allowed tolerance, it will

impact the jaws so it is stopped. After the injection phase

the jaws are completely open (half gap 55 mm).

METHODOLOGY

The current investigation involved electromagnetic sim-

ulations to estimate the device impedance and the associ-

ated deposited power. This power was used as an input for

thermo-mechanical simulations to assess the device global

behaviour.

Excluding an impact due to beam dumping, the main

sources of heat loads for the TDIS are: direct beam load due

to the scraping of secondary halo, and impedance heating.

The latter can be further divided in resistive wall heating and

HOM RF-Heating. The beam halo heat load can be easily

computed analytically [7]. Regarding the impedance heat-

ing, Teofili, Lamas and Migliorati have recently proposed a

method able to simulate its mechanical induced effects on

a device [8]. It interfaces two commercial programs, CST

Particle Studio® [9] a CERN standard for impedance compu-

tation [10, 11], and ANSYS Mechanical® [12] widely used

for thermo-mechanical simulations [13–16]. For this work,

we adopted a slightly modified version of the method adding

the contribution of the secondary halo heat load. We fol-
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lowed a conservative approach, considering the worst case

scenario: the load of the three sources is at a maximum dur-

ing the injection phase, when the jaws of the TDIS are at their

minimum half-gap, 4 mm, and in the pessimistic assumption

of a failure of the longitudinal RF-fingers between the jaws

modules gaps (they are little silver coated beryllium-copper

components which reduce device impedance guaranteeing

the electrical connection among all the device parts, Fig. 1

Details). Indeed, the power deposited by the beam halos

and by resistive wall effects decrease further from the beam,

and in the next section we will prove that in the outlined

configuration the HOM load is also maximum.

Please note that since the TDIS functional specifications

are currently preliminary the outlined device characteristic

could change slightly in the future. In this context, the fol-

lowing simulations were performed with a value of 5 mm

for the minimum half gap instead of the current accepted

value of 4 mm. However, this can be considered a minor

deficit given the small difference between the values.

ELECTROMAGNETIC SIMULATIONS

In order to evaluate the TDIS longitudinal coupling

impedance and its heating effects, electromagnetic simu-

lations were performed. The geometrical model for CST®

simulations (Fig. 2), was obtained carefully simplifying

the complex mechanical TDIS drawing, preserving only the

features important for the electromagnetic computations, so

reducing simulations time.

The TDIS was analyzed with different finger configura-

tions and with different half-gap apertures. In Fig. 3 results

of CST wakefield [17] simulations for 5 mm half-gap are

reported for the cases with and without longitudinal RF-

fingers with the HL-LHC beam spectrum. For the scenario

with fingers, there are no trapped resonant modes inside the

structure below 1.25 GHz. Indeed, electric contacts prevent

trapped modes below the cutoff frequency of the LHC pipe.

In the scenario without RF fingers, several trapped modes

are presents below 1.25 GHz. There is a clear contribution to

the longitudinal impedance in the beam spectrum frequency

range. The impact of the absence of longitudinal fingers

was then further investigated: the shunt impedance of every

trapped mode obtained by the CST eigenmode solver [18]

was compared with the results of the wakefield solver, Fig.

4. The two different methods provide similar results.
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Figure 2: TDIS Model in CST.
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Figure 3: Beam normalized spectrum (BNS) in black and

longitudinal impedance real part in log scale, 5 mm half-gap.
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Figure 4: Longitudinal impedance real part, 5 mm half-gap.

Following the conservative approach, to compute the

impedance HOM deposited power we used the eigenmode

results in the scenario without RF-Finger. The power was

numerically computed for the HL-LHC beam following the

work of Furman, Lee and Zotter [3]. Furthermore, a sensitiv-

ity analysis of the impedance induced power was performed.

For each considered jaw aperture an impedance curve was

estimated. The impedance peaks (i.e the high order modes)

were individually moved from their original frequencies

within a range of ±10 MHz to obtain the maximum coupling

with the HL-LHC beam spectrum, i.e. the maximum power

loss. Figure 5 shows the HOM RF-Heating spectrum for

different TDIS half-gap configurations. Despite the similar

appearance, the 5 mm half gap configuration is the most crit-

ical with a total deposited power on the device of 1003 W

(704 W for the 25 mm half gap case). Analyses of the re-

sistive wall impedance heat load have demonstrated that, as

expected, the worst case scenario is at 5 mm half gap with a

total dissipation of 798.3 W in addition to the HOM load.

THERMOMECHANICAL SIMULATIONS

Following [8], the thermo-mechanical simulations on the

TDIS were carried out in ANSYS®. The main goal was to

verify that in the worst case scenario the TDIS local me-

chanical stresses were at least 20% lower than the yield (for

ductile material) or the ultimate strength (for brittle material)

and that the graphite blocks temperature remained below

50 ◦C, in order to avoid outgassing issues [20].

The heat loads considered are listed in Table 1, they occur

for the duration of the injection phase (around 30 minutes)

simultaneously. Other heat loads are negligible, e.g. heating
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Figure 5: Power Losses due to HOMs.

Table 1: Applied Heat Loads

Source Heat load [W] Affected Element

Secondary halos 580 [21] Jaws free surface

Resistive Wall 798.3 Jaws free surface

RF-Heating 1003.6 Entire TDIS

effect due to e-cloud phenomena at a jaws half-gap of 5

mm [19], or not associated with the injection phase.

For the HOM RF-heating, the 3D map obtained following

[8] was used. In the thermo-mechanical simulations the same

geometrical model of the electromagnetic simulations was

used with slight modifications. In particular, the RF-fingers

were reintroduced in order to have a realistic representation

of the contact failure case, i.e. the fingers are present in

the device but they lose physical contact with device parts

on their non fixed side. Both secondary halo and resistive

wall impedance heating was applied as a constant heat flux

on the beam facing jaws surfaces, Fig. 2. The former was

considered as evenly spread on the surfaces while the latter

was applied according to the resistivity of the material (i.e.

75% of the load on the jaw graphite free surfaces and 25% on

the jaw titanium-copper free surfaces). The heat dissipation

systems considered were: conduction, radiation, on all the

free surfaces, and convection, only on the external surfaces of

the tank. Furthermore, the TDIS cooling apparatus, a system

of pipes identical for each jaw in which 0.135 m3/s of water

at 27 ◦C flows, was also simulated. The global temperature

map is plotted in Fig. 6. In this figure the component with the

highest temperature have been removed to optimize the scale

for readability. Remarkably, the graphite remains below the

50 ◦C threshold.

The peak temperature at the end of the injection stage is

observed on the lateral straight RF-shielding (Fig. 1 Detail

1) on the longitudinal RF contacts between the two graphite

modules and is reported in Fig. 7. Regarding mechanical

stresses, the maximum value is localized on the same com-

ponent on which the maximum temperature develops some

centimeters downstream: at the connections of the lateral

straight RF-shielding with the tank, Fig. 8. This is due

to the fact that the maximum temperature is at a gap. At

this point the material is unconstrained and free to expand;

whereas, the connection points between the tank and the

straight shielding fully constraint rotational and translational

degrees of freedom. This limits deformations and increases

Temperature ◦C

Figure 6: Global temperature distribution.

Temperature ◦C

Figure 7: Temperature distribution maximum. Lateral

straight RF-shielding, gap between the graphite modules.

Von Mises Stress MPa

Figure 8: Stresses distribution maximum. Lateral straight

RF-shielding, gap between the graphite modules.

stresses on the lateral straight RF-shielding. However, the

maximum Von Mises stress value is well below the yield

strength of the material: 250 MPa (stainless steel 314L).

CONCLUSIONS

In this study, through electromagnetic and thermo-

mechanical simulations, we have assessed the quality of

the TDIS design, a key component in the LHC machine,

under critical working conditions. We explored its electro-

magnetic behaviour, we found the design robust given the

absence of trapped HOM in the structure up to 1.25 GHz.

We further investigated a pessimistic scenario of longitu-

dinal RF-Fingers failure, and we explored the mechanical

effects of the power deposited by the electromagnetic beam-

device and nuclei-matter interactions. Despite the fact that

our findings have highlighted some possible critical areas,

neither the developed temperatures or the related mechanical

stresses seems to be high enough to cause problems, demon-

strating the high quality of the design. Future studies should

adopt the final minimum half-gap and further investigate

the highlighted critical zones with a more refined model to

understand even better stress and temperatures distributions.
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