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Introduction

The Electron lon Collider (EIC) Hadron Storage Ring (HSR) will reuse most of the existing superconducting
magnets from the RHIC storage ring. However, the existing beam vacuum chamber and stripline BPMs will
not be compatible with the planned EIC hadron bunches that will have a 3x higher intensity and be 10x
shorter, and some operational scenarios with large radial offsets of the beam in the vacuum chamber. To
address these challenges, a copper coated beam screen will be implemented, the existing RHIC stripline
BPMs will be shielded and an interconnect module design, including new BPM will be installed adjacent
to the existing BPMs.

A thermal analysis of the new arc BPM interconnect housing has been conducted to assess the heating
caused by beam induced resistive wall heating and electron cloud heating. An analysis of the BPM module
has been made and reported separately [1][2]. This report will focus on the other side of the interconnect
module, containing the RF fingers.



System integration
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Figure 1 EIC HSR interconnect module design (as of August 2023)
Fig 1 shows the current integration of the HSR standard interconnect module.
Model setup
1. Geometry and materials

Fig 2. depicts the simplified model used for this FE simulation:
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Figure 2 Layout of the model and materials

The model contains three main bodies. The RF fingers (0.6 mm thick) and docking block are planned to be
made from Glidcop Al-15. Measurement of the RRR were conducted [3] and a RRR 10 was obtained. So
we will consider here material properties consistent with copper with RRR10.

The RF finger flange is made of stainless steel 316L. A heat sink is proposed as a thin strip of copper
overlayed onto the 316 flange and pressed or brazed to it (the analysis without heat sink is available in
appendix 1).

2. Contact definition

The RF finger will be brazed to the copper docking block they are considered as a perfect thermal contact.
The RF finger docking block will be bolted to the stainless steel flange. The thermal contact will then be
localized around the bolt heads only (Fig 3) .
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Figure 3 Cross section of the docking block to flange bolted interface



The bolt (blue in Fig 3) is a 10-32 stainless steel bolt. Assuming a tightening up to % of the tensile strength
(350 MPa) we will get 4500 N of tightening force per screw (Stensie=11.3 mm?).

This force will squeeze the copper docking block against the stainless-steel flange and yield the soft copper
until enough pressed surface is created to match the bolt tightening force.

Fyorr = (P-S)interface

Assuming at the interface soft copper is going to be essentially plastically yielded the pressure is equal to
the copper yield strength (~35 MPa for pure copper) :

_ Fyonr
Sinterface - Py- 1
ie
S o 4500 N _ 128 )
mterface(mm ) = 35 MPa mm

This is equivalent to a circle of radius 13.6 mm around each bolt head. In practice the strain hardening of
copper will limit the interface surface to possibly smaller value. Since the copper is a very soft material
and the interface is plastically yielded, we will consider this as a perfect thermal contact.

3. Boundary conditions

Heating: Beam-induced resistive wall heating

The CST Wakefield Solver is used to simulate the beam-induced resistive wall heating (RWH) from a proton
beam with 290 bunches with bunch charge of 30.5 nC and rms bunch length of 6 cm [4][5]. In this CST
model, the beam chamber walls are divided in sectors of 20 degrees to get the local heat distribution for
each of these sectors (Fig 7). The heat flux values are conservatively scaled for resistivity with a value of p
= 5E+8 S.m (corresponding to a RRR10 copper).

We will consider that the beam can be offset up to 20 mm horizontally.

7 6 5 4 3
1) i Z
8 2
9 Beam radial offset 1
e th = 100 mm
Beam vertical
10 offset 18
t i
11 S===p X x
2
i 1
16
12 13 14 15

Figure 4 CST model for RWH and beam wall division

Table 1 gives the results from this CST simulation on the wall of the beam vacuum chamber.



Table 1 — Heat flow from CST for beam chamber walls (150 m long) — From [4] - Updated to reflect copper RRR10

Sector ID (see Fig 7) Centered beam Offset Radial +20 mm
1 1.69 29.24
2 1.49 7.58
3 1.16 1.89
4 3.77 1.85
5 4.84 0.84
6 - 0.32
7 - -0.07
8 - 0.07
9 - 0.07
Equivalent linear heat flux (mW/m) 281 560

Heating : Electron clouds

Electron clouds heating has been computed in Ref. [6]. Fig. 5 represents the electron cloud heating
expected in the interconnect region (no magnetic field) for various Secondary Electron Yield (SEY) values
of the beam wall surface.
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Figure 5 Electron cloud heating vs. SEY. Adapted from [6]

As seen on Figure 5, the electron cloud heating is most significant with the centered beam. An offset beam
will produce less heating by about three orders of magnitude. A distribution of eClouds heating has been
obtained and is depicted in Figure 8.

The coordinate X is the distance across the racetrack profile of the vacuum chamber.
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Figure 6 Electron cloud heating distribution (Top) racetrack profile (center) centered beam (Bottom) offset beam +20 mm
Integrated linear heating values are represented on the graphs in color



Two configurations are considered here. In the first configuration, the entire assembly sees eCloud
heating with the SEY considered. The length exposed to electron clouds is the entire 0.14 m length of the
module.

In the other configuration we assume the fingers to be covered with a very-low SEY coating (amorphous
carbon for example) while only the tip of the fingers, the area rubbing against the other interconnect end
(Fig 1), sees a higher SEY. The length of finger with a higher SEY extends 0.053 m from the fingertip.

Note : The discretization of the ecloud heat flux in X instead of (x,y) lead to an overestimation of the eclouds heat
flow in ANSYS when highly peaked on the edges. This is due to the ANSYS interpolation algorithm from 1D data to 3D
model. The overestimation can reach +20% in the centered beam at high SEY (high edge peaking). It is even larger at
R+20 mm but the negligible heat flux makes this noncritical.

Heating : Heat load summary
The total heating RF finger module equivalent length is 0.14 m.

The total heat deposited on the RF finger module is tabulated in table 2 :

Table 2 Heqt logd summary when the entire module has a “high” SEY

Centered beam R+20 mm beam
Resistive wall 0.042 0.084
heating (W)
SEY 1.2 1.3 1.4 1.2 13 1.4
Eclouds heating (W) | 0.454 1.223 2.065 3e-4 S5e-4 9e-4
Total (W) 0.513 1.283 2.124 0.117 0.118 0.118
Table 3 Heqgt logd summary when only the finger ends have a “high” SEY (0.053 m from tip)
Centered beam R+20 mm beam
Resistive wall 0.059 0.117
heating (W)
SEY 1.2 1.3 1.4 1.2 13 1.4
Eclouds heating (W) | 0.175 0.463 0.783 le-4 2e-4 3e-4
Total (W) 0.234 0.522 0.842 0.117 0.117 0.117

Note : this thermal analysis considers two cases, centered and offset 20 mm. It is to be noted however
that the lateral offset of the beam orbit may be more than 20 mm. Analysis have shown that the dipole
ends can have a large offset with respect to their centered position, up to 7 mm see [6]. For this analysis,
the case with a centered beam has a higher heating so the worst lateral offset case is neglected.

4. Cooling — Heat extraction
As described in Appendix 1, a thermal heat sink of the module is required.

We will consider the heat sink to be directing the heat to the beam screen cooling line. So its temperature
will be considered held stable at 9 K.

In order to favor a good distribution of the heat extraction we proposed brazing or pressing a copper strip
on the outside of the stainless-steel flange. A copper braid can then be soldered or brazed or pressed



against this copper strip and onto the beam screen cooling pipes in the interconnects. The thermal
resistance of these joints will be neglected.

Assuming a copper braid 5” long, 1” wide, 1/8” (MacMaster Type 69925K42) the wire gauge equivalent
will be AWG1 (cross section of wires 42.4mm?). Assuming a copper wire thermal conductivity of k=470
W/m/K at 10K (RRR30). The braid thermal resistance will be 3.35 K/W.

In the worst case, the heat load can reach a few W (see Table 2). To avoid generating a significant
temperature elevation of the module because of the braid conduction itself, we recommend using two
such braids or a thicker braid to increase its cross section.

For the rest of this work, we will assume 84.8 mm? of copper cross section for the braid. Thermal
resistance 1.68 K/W (applied as a convection coefficient to the surface in yellow (fig 9) this equates to 53
W/m?2.K).

Also the heat sink interface of the beam screen cooling line will have to be designed long enough to avoid
significant local heating from the helium convection.

Fig. 9 summarizes the boundary conditions applied to the model.

Braid heat extraction
T=9 K - R;,=1.68 K/W
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Figure 7 Summary of the boundary conditions for the thermal simulation



Results and discussion
1. Centered beam

B: 1/2 model

Temperature 13K ~
Type: Temperature
Unit: K

Time: 5 s
12/18/2023 1:12 PM
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27.304
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BN .
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Figure 8 Result of the centered beam - SEY 1.4 - Full length eclouds exposure
As seen on Fig 10 the total temperature elevation is about 23 K in the worst SEY (Max temp 32 K - heat

sink at 9 K). A significant portion of the heat elevation is due to the constriction of the heat flow though

the bolt area (13 K out of 23 K). So increasing the number of bolts to distribute the heat flow better will
improve this situation.

Table 4 summarizes the temperature reached by the model in the different scenarios and the simulated
heat extracted by the beamscreen cooling line.

Note: this simulated power includes a slight interpolation overestimate mentioned previously. The
reference power values are in table 2 and 3.

Table 4 Energy/Temperature in the various situations for a centered beam

Case Full-length ecloud 54 mm finger ecloud
SEY 1.2 13 1.4 1.2 13 14
Total % model 0.24 0.68 1.26 0.09 0.24 0.44
heat (W)

Max 16.5 23.5 29.4 13.6 18.1 21.2
Temperature (K)




From [8], keeping the surfaces of the vacuum chamber below 30 K will keep us clear of significant gas
desorption from the aC coated surfaces. However, binding energies can be less on metallic surfaces or
other materials and lead to a lower desorption temperature.

When the beam is centered the beam is driven by the eClouds heating, the beam RWH is secondary. This
is consistent with table 2 and 3.

2. R+20 mm offset beam

B: 172 model
Temperature

Type: Temperature
Unit: K

Time: 6 5
12/18/2023 3:19 PM

12.425 Max
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11.707
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10.989
10.63
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Figure 9 Results of the 20 mm offset beam - SEY 1.4 - Full length finger eclouds

As seen on Fig 11 the total temperature elevation is about 23 K in the worst SEY (Max temp 32 K - heat
sink at 9 K). A significant portion of the heat elevation is due to the constriction of the heat flow though
the bolt area. Increasing the number of bolts to distribute the heat flow better will improve this
situation.

Table 5 Energy/temperature in the R+20 mm offset beam scenario

Full finger ecloud 54 mm finger ecloud
SEY 1.2 1.3 1.4 1.2 1.3 1.4
Total % model 0.04 0.04 0.04 0.04 0.04 0.04
heat (W)
Max 11.3 11.4 11.4 11.1 11.3 11.4
Temperature (K)
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When the beam is offset, the model temperature is driven be the beam RWH and not the eClouds. This
is consistent with table 2 and 3.

Conclusion

A thermal model to simulate the new HSR interconnect finger has been set up and used in a variety of
load cases. In the heating case expected for EIC operation, the expected temperature of the fingers is
limited to less than 30 K provided that the finger SEY is below 1.4 and a heat sink of the interconnect
module is implemented.
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Appendix 1 — Simulation without heat sink

In order to investigate the need for heat sink a full thermal model was set up. The heat extraction is then
the beam screen and the welded cooling line.
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| I ]

0.025 0.075
Figure 10 Full model geometry

The set of boundary conditions are similar to those described in this report.
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Table 6 Energy/Temperature in the various situations for a centered beam

Full finger ecloud

54 mm finger ecloud

SEY 1.2 13 1.4 1.2 1.3 1.4
Total model heat 0.55 1.50 2.75 0.22 0.54 0.95
(W)

Max Temperature | 26.3 42.2 55.4 19.0 27.4 35.2
(K)

Temp elevation (K) | 17.3 33.2 46.4 10 18.4 26.2

Table 7 Energy/temperature in the R+20 mm offset beam scenario
Full finger ecloud 54 mm finger ecloud

SEY 1.2 13 1.4 1.2 1.3 1.4
Total model heat 0.12 0.12 0.12 0.12 0.12 0.12
(W)

Max Temperature | 15.6 14.7 14.7 14.0 15.7 14.8
(K)

Temp elevation (K) | 6.6 5.7 5.7 5 6.7 5.8
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With this arrangement, even a relatively low SEY cannot ascertain a temperature below 30 K on the beam
vacuum walls. The effectiveness of heat extraction through the beam screen docking jaw is also largely
uncertain. A non-symmetrical heating can also distort the interconnect module.

For these reasons we recommend implementing a heat sink as described previously in the report.
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