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Abstract
One of the challenges of designing the Electron-Ion Col-

lider (EIC) is to mitigate beam-induced heating due to the
intense electron and hadron beams. Heating of the ESR vac-
uum chamber components is mainly due to beam-induced
resistive wall (RW) losses and synchrotron radiation. For
the HSR heating is mainly due to large radial offsets and
heat conduction from room temperature to cryogenic tem-
perature for cryo-components. In this paper, we provide an
update on the beam-induced heating and thermal analysis of
some critical ESR vacuum chamber components, such as the
ESR Large Angle Bremhustraulung Monitor (LABM). We
also provide a similar update for critical HSR vacuum com-
ponents, including the cryo-cooled BPM button assembly,
beam screen, abort kicker, and polarimeter. To perform the
thermal analyses, the resistive wall loss on individual compo-
nents is calculated with CST and the synchrotron radiation
(if exists) is evaluated using SynRad. These losses, along
with realistic boundary conditions are then fed to ANSYS
to determine the temperature distribution.

INTRODUCTION
The EIC [1–3] is one of the most challenging accelerator

machines to be designed, and upon completion, will collide a
polarized beam of hadrons with electrons. The Electron Stor-
age Ring (ESR) is designed to operate at an average beam
current up to 2.5 A within 1160 bunches with a ∼ 7 mm rms
bunch length for the worst case scenario in terms of thermal
heating. Likewise, the Hadron Storage Ring (HSR) will
accumulate an average current of 0.69 A within 290 bunches
with a 60 mm rms bunch length for the worst-case thermal
heating. The intense beams of the ESR and HSR produce a
large amount of beam-induced resistive wall losses that can
lead to overheating of the EIC vacuum chamber components.
The impedance analysis of ESR and HSR vacuum chamber
components from both the single-bunch and multi-bunch
perspectives is ongoing. Preliminary impedance analysis
can be found in [4–6]. Our earlier paper on beam-induced
heating and thermal analysis can be found in [7], where we
presented heating and thermal analysis for ESR BPM, ESR
standard RF shielded bellows and gate valve, and the HSR
stripline injection kicker. In this paper, we discussed other
components such as the ESR Large Angle Bremhustraulung
Monitor (LABM), HSR cryo-cooled BPM button assembly,
HSR beam screen, abort kicker, and polarimeter.
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To perform thermal analysis, the resistive wall losses for
individual components are calculated using the 3D electro-
magnetic code CST [8]. The synchrotron radiation, mainly
for ESR components, is evaluated using the SynRad code.
The results are fed into another program, ANSYS [9], as are
appropriate boundary conditions such as circulating water,
heat conduction from room temperature to cryogenic com-
ponents, etc. We adopted this method for thermal analysis
as it was proven to align with the experimental data while
testing the APS-U stripline kicker at the NSLS-II facility.

ESR COMPONENTS
Most of the ESR vacuum chamber components have an

elliptical profile with 80 mm horizontal and 36 mm vertical
dimensions. These components experience maximum local
heating with an average beam current of 2.5 A (27.6 nC
per bunch) from 1160 bunches that are only 7 mm long.
Therefore, we used these beam parameters to calculate the
local metallic losses for all the ESR components. As we
stated earlier, the thermal analysis for some ESR components
can be found in Ref. [7], where we showed that most of the
ESR components require active water cooling. We re-ran
thermal simulations of these ESR components by increasing
the water flow rate from 6 gallons per minute to 8 gallons
per minute. Despite the increased flow rate, the reduction
in the maximum temperature was minimal. Here we report
the RW loss for the ESR LABM, Figure 1 (a), for which the
thermal analysis needs to be completed.

The ESR LABM will be placed upstream of the interac-
tion region to measure the quality of the e-beam. For now,
we consider a circular profile having an inner diameter of
95.25 mm. We performed CST simulations for this LABM
by treating all the materials as annealed copper. The RW
losses on individual components of ESR LABM seem to be
manageable and are listed in Figure 1 (b). In the following
section, we report the heating and thermal analysis for the
HSR components.

HSR COMPONENTS
The EIC Hadron Storage Ring (HSR) will accumulate

an average current of 0.69 A from 290 bunches with a
60 mm rms bunch length for the worst-case scenario in terms
of resistive wall heating. However, it will have 1 A with
1160 bunches for the high luminosity case. Based on the
energy, the hadron beam can have a large radial offset of ±
20 mm. This large radial offset is one of the main concerns
from an overheating standpoint. The beam-induced heating
and corresponding thermal analysis will be performed for
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Figure 1: ESR LABM section showing the (a) internal struc-
ture, and (b) the values of RW losses.

all the HSR vacuum chamber components including the col-
limator, bellows, and others. Here, we focus on the thermal
analyses for the HSR components including the cryo-cooled
BPM, the beam screen, the dual plane polarimeter, and the
abort kicker.

HSR Cryo-cooled BPM Bellows Assembly
The geometry of the HSR cryo-cooled BPM bellows as-

sembly is shown in Figure 2 (left), along with the BPM
button module (right). The main concerns for this assembly
are the overheating of the BPM button and thin flexible rf-
fingers due to lateral beam offsets. The concern regarding
BPM button heating resulted in the current corner button
design. A paper on the design evolution of the HSR BPM
button is in progress. The BPM button has a curved surface
following the HSR beam-screen profile. The button is made
of stainless steel and has a copper coating to reduce RW
loss and amorphous carbon on top of the copper to reduce
SEY. Heating of the BPM button is mainly due to the RW
loss and heat conduction via cryogenic cable from room
temperature. We discuss these two cases separately in the
following sub-sections.

Heating due to RW loss The heating due to RW losses
is calculated using the HSR Beam parameters; 60 mm rms
bunch length, 30.5 nC charge per bunch, and from 290
bunches. In addition, we consider a horizontal beam offset

Figure 2: HSR BPM bellows assembly (left), and the BPM
button modlue only (right).

of 23 mm, and a vertical offset of 2 mm for the worst-case
scenario for this particular geometry. Here we used a 23 mm
horizontal offset which is the sum of the radial offset (20
mm) and mechanical tolerance (3 mm) associated with the
bellows geometry. The 2 mm vertical offset is due to beam
oscillation at the injection.

The RW losses to the BPM button geometry are highly
asymmetric due to lateral beam offsets. Even for the on-axis
beam, the losses are asymmetric around the housing of the
BPM as shown in Figure 3 (a) left. Here, we evaluated the
piece-wise loss for the simplified BPM housing, Figure 3 (a)
right, by slicing it into 18-pieces, each of which subtends
20◦ at the center. Therefore, to model a more accurate ther-
mal analysis, the RW losses for the BPM button and the
button housing have been calculated separately. Figure 3 (b)
depicts the values of RW loss on the BPM buttons due to the
horizontal beam offset of 23ṁm, and vertical offset of 2 mm.
For the housing, we evaluated the piece-wise RW loss with
these offsets.

After evaluating the RW loss for housing and BPM buttons
using room temperature conductivity, we scaled them to
cryogenic temperature values by considering the values of
the Residual Resistance Ratio (RRR), Anamolus Skin Effect
(ASE), and magnetoresistance effect. In the following sub-
section, we briefly discuss heating due to thermal conduction
from cryo-cable.

Heating due to Thermal Conduction The inevitable
heat conduction through cryogenic cables from room temper-
ature (∼ 300K) to cryogenic temperature (∼ 4K) is another
big source for the heating of the HSR BPM button. Figure 4
(a) shows a CAD model of the HSR cryostat and Figure 4 (b)
shows the cryo-cable designs connected to the BPM button’s
feedthrough. To reduce the amount of heat conduction from
these cables, we plan to use the magnet heat shield (50 – 80)
K as a heat sink similar to what we have done for RHIC.

We investigated the heat conduction using two different
cryo-cable dimensions, the smaller cable diameter has a
diameter of 0.090 inches while the larger cable has a diameter
of 0.141 inches. Both cables have their own pros and cons.
The evaluated heat conduction data is compared between
three facilities; EIC, RHIC, and LHC. EIC showed the lowest
total heat conduction among all while incorporating the
smaller cable (0.090-inch). Therefore, we used this smaller
cryo-cable dimension for our thermal analysis. The choice of
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Figure 3: (a) Piece-wise RW loss (mW) due to on-axis beam
around the BPM housing (left), simplified model of HSR
BPM housing sliced into 18-pieces (right), and (b) RW loss
on the BPM buttons due to offset beam.

(a)

(b)

Figure 4: HSR cryostat (a) showing the internal structure,
and (b) BPM cryo-cables (length of each cryogenic signal
cable is about 1.2 m.

the cable, however, is still under consideration. The detailed
thermal analysis of the HSR cryo-cooled BPM can be found
in [10].

Thermal Analysis After evaluating the RW loss and
heat conduction from the cryogenic cables, we performed
an ANSYS simulation including the energy deposition from
the RF voltage. Simulation showed that BPM’s stem and
button surface receive the higher temperature as shown in
Figure 5(a). The temperature of the button surface and stem
varies with the peak voltage of the BPM, which ultimately
depends on the position of the lateral beam offset. Figure 5(b)
shows the variation of temperature of the button stem (blue
curve), and the button surface (orange curve) along with the
peak voltage signal. The highest temperature is found to be
39 K for both the stem and button surface when considering
the maximum peak voltage of ∼ 82 V at the worst-case beam
offsets (horizontal offset 𝑟𝑥= 23 mm and the vertical offset
𝑟𝑥= 2 mm), Figure 5(c). Our goal is to keep the BPM button
housing temperature < 30 K. We are investigating if there is
room to further lower the temperature.

HSR Beam Screen
The simplified geometry of the HSR beam screen is shown

in Figure 6. The process of welding the beam screen removes
part of the copper layer and exposes a thin longitudinal stain-
less steel strip which is ∼ 2 mm wide. We wanted to keep
this steel strip in the middle of the top flat surface as shown
in Figure 6 (a), right. At first, the vendor denied this possibil-
ity, assuming the complexity it can introduce in fabrication.
They suggested placing the strip on the curved wall, at 11
mm down from the flat top, as shown in Figure 6 (a), left.

Because the location of the strip is very close to the beam
in the worst-case transverse offset, the RW loss on the steel
strip is very high, as shown in the dark blue curve in Figure
Figure 6 (b). Therefore, we asked the vendor if they could
move up the strip location near the corner between the flat top
and curved surfaces. They agreed to move the strip slightly
up so that it would be 6 mm down from the top. Now, they
feel confident in fabricating the beam screen with the steel
strip on the flat top surface as shown in Figure 6 (a), right.

We compared the RW loss on the stainless steel strip by
placing it at the three different locations stated above in
Figure 6 (b). Comparison shows the lower value of the RW
heating for the H-offset beam (> 12 mm) when the strip is
at the flat wall, the green curve in Figure 6 (b). However,
for the beam offset lower than 11 mm, the losses are higher
on the strip for this case. For the EIC, the hadron beam has
nominal offsets greater than 10 mm, hence placing the strip
at the center seems an attractive option.

After finalizing the strip location on the beam screen,
we performed simulations for a complete beam screen ge-
ometry by adding all the components such as longitudinal
slots, cooling channel, and outer jacket. Figure 7(a) shows
a cross-sectional sketch of a complete beam screen while
Figure 7(b) shows the corresponding CAD model showing
all the geometries. In addition, we added a stainless steel
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Figure 5: HSR BPM showing (a) thermal distribution, (b)
variation of temperature for the BPM stem and button with
peak signal voltage, and (c) simulation plot showing peak
voltages for the worst case offset horizontal offset of 𝑟𝑥 = 23
mm and vertical offset of 𝑟𝑦 = 2 mm. We consider the peak
voltage due to port 3 in our simulation.

(a)

(b)

Figure 6: (a) HSR BPM screen geometry without longitu-
dinal slots with the stainless steel strip on the curved wall
(left), and top flat (right). (b) RW loss comparisons for the
stainless steel strip only with the horizontal (radial) beam
offset 𝑟𝑥 , at three different strip locations on the screen.

outer layer on the copper beam screen for simulation as the
actual screen has a copper plating on top of stainless steel. In
reality, the beam screen has three layers; amorphous carbon
(aC), copper, and stainless steel. The thickness of the aC is
on the order of ∼ nano-meters, and our simulation shows it
has a negligible impact on the RW loss contribution.

We evaluated the RW loss for the HSR beam screen using
room temperature conductivity along with the horizontal
and vertical beam offsets. Then, we scaled the correspond-
ing loss to cryogenic temperature by including the effect of
residual resistance ratio (RRR = 10) for copper, magneto-
resistance effect (MR), and anomalous skin effect (ASE).
Figure 7(c) depicts the variation of the RW loss per unit
length with horizontal and vertical offsets at the dipole (arc)
section of the HSR. As guidance, we assume the upper limit
for total power loss is 0.5 W/m. Based on this, Figure 7(c),
informs that for the on-axis beam, the maximum allowable
vertical offset is ∼2 mm in this particular section. The de-
tailed calculation of the impedance and RW loss on the HSR
beam screen can be found in [11]. In practice, the cryo-
genic group will provide the heat load budget for the cooling
circuit.
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Figure 7: Complete geometry of HSR beam screen, (a) cross-
sectional sketch, (b) corresponding CAD design showing
the He-cooling channels (green), inner copper layer with
slots (orange) and outer steel layer (blue), and (c) RW loss
per unit length with horizontal and vertical beam offsets.

HSR Dual Polarimeter
Another important HSR component with complicated ge-

ometry is the HSR dual polarimeter, which is required in
order to measure horizontal and vertical polarization. Fig-
ure 8 (a) shows a CAD model for this polarimeter along
with two internal horizontal targets. In reality, we will have
two additional vertical targets. These targets are made of

(a)

(b)

Figure 8: (a) CAD design of the HSR dual polarimeter with
two horizontal targets, and (b) the corresponding resistive
wall loss comparison with mesh resolution.

amorphous carbon (graphite), and the vacuum chamber is
made of stainless steel.

We performed CST simulation to evaluate the RW loss for
this polarimeter without including any targets. Because the
geometry is complicated having multiple ports and two large
pump ports, simulation with actual materials did not easily
converge. Hence, we used the vacuum volume for simulation
by defining stainless steel 316L as a background material. In
this case, the RW loss converges between two mesh settings,
the dark blue and green curves in Figure 8(b). Resistive wall
losses usually get saturated after some time, but here it is
continuously increasing for the HSR polarimeter and is still
under investigation. We plan to re-run simulation for this
geometry by incorporating the RF shielding on the two large
vacuum ports and with targets. In addition, thermal analysis
needs to be completed.

HSR Abort Kicker
The next component we investigated was the HSR abort

kicker as we observed unusual heating and misfiring on the
current RHIC abort kicker. The EIC HSR abort kicker design
is based on the existing RHIC abort kicker [12, 13]. Figure 9
(a) shows a CAD model of a single module of the HSR abort
kicker we used for simulation. In practice, we have five
abort kicker magnet assemblies in a row. The abort kicker
consists of ferrite (CMD10) blocks, two eddy current strips
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Figure 9: (a) CAD model of the HSR abort kicker, and (b) the
corresponding resistive wall loss for different components.
We used 𝜖𝑟 = 12, and 𝜇𝑟 = 1 for the ferrite in this simulation.

made out of copper, and a coil along with its entire housing
made of stainless steel 304L. The sim-spring is made out of
10-micron sliver plated stainless steel.

We performed CST simulation for the HSR abort kicker
for which the RW loss is shown in Figure 9 (b). Here, we used
𝜖𝑟 = 12, and 𝜇𝑟 = 1 for the ferrite. The RW losses for the
individual components of this kicker are also monotonically
increasing, especially for the coil (dark blue curve in the
Figure 9 (b)), which could be due to oscillating wakefield
because of large transverse opening. We plan on including
the exact properties of the ferrite and doing thermal analysis
in the future.

HSR BPM Bellows with Pumping Ports
The final HSR component that we discuss is the HSR

bellows with pumping ports. Figure 10 shows a CAD design
in cut view of an HSR bellows with pumping ports. The
pumping ports have RF slots to shield the low-frequency
electromagnetic wave propagation. The geometry of the
HSR bellows is similar to that of the HSR BPM bellows
assembly, shown in Figure 2.

Simulations were performed for this bellows with pump-
ing ports to evaluate RW loss. The localized losses, also
listed in Figure 10, are comparable to that of the BPM bel-
lows assembly when we normalized to the length of cor-
responding geometries. The thermal analysis to check if

Figure 10: HSR bellows with pumping ports showing the
resistive wall loss on its components.

the thin flexible RF fingers can tolerate the beam offsets is
ongoing.

SUMMARY
In this report, we presented our beam-induced heating

analysis for several EIC vacuum chamber components. We
believe that 2.5 A average current for the Electron Storage
Ring is achievable by incorporating active water cooling.
The simulated HSR BPM Button temperature is T ∼40 K.
This temperature value is acceptable since the button surface
area is small. The temperature elevation includes beam RW
heating, heat conduction from the cable attached to the room
temperature connector, resistive heating of the cable from
the BPM signal, and electron cloud heating. The goal to
keep the housing T < 30 K is achieved to limit the desorption
of condensed gas. In addition, we reported RW loss for other
HSR components such as the HSR beam screen, abort kicker,
dual polarimeter, and bellows with pumping ports. We will
continue our thermal analysis for both the ESR components
and HSR components in the future.
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