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 A B S T R A C T

The Future Circular electron–positron Collider (FCC-ee) is being designed to push the energy and luminosity 
frontiers for lepton colliders. This requires managing unprecedented intensities of lepton beams, with stored 
beam energies up to 17.5 MJ. Therefore, a beam collimation system is essential not only for control of 
experimental backgrounds but also for safely disposing of unavoidable beam losses and ensuring machine 
availability. Unique challenges for the collimation system design need to be addressed, and the exploitation 
of channeling of charged particles in a bent-crystal-assisted collimation scheme is being explored as a possible 
solution to improve collimation performance. This paper presents the first studies to assess the feasibility of 
implementing such a collimation scheme in the FCC-ee.
1. Introduction

The FCC-ee [1,2] is being designed as a possible luminosity and 
energy frontier 𝑒+𝑒− collider with 90.7 km circumference. The collider 
will operate in four operation modes, with beam energies of 45.6 GeV, 
80 GeV, 120 GeV and 182.5 GeV, each optimized for different particle 
productions (Z, W, H and t̄t). In this work, the latest FCC-ee layout [2] 
is considered, which includes four interaction points (IPA, IPD, IPG, 
and IPJ) and four long straight sections (PB, PF, PH, and PL). A 
summary of key FCC-ee parameters for the Z mode is provided in 
Table  1 to familiarize the reader with the relevant machine and beam 
characteristics.

At its peak stored beam energy, reaching up to 17.5 MJ in the
Z mode, a value two orders of magnitude higher than the present 
state-of-the-art 𝑒+𝑒− collider SuperKEKB [3], the FCC-ee beams pose 
a serious risk of damage. Given the high stored beam energy, a col-
limation system is essential not only to minimize background levels 
in the detectors but also to protect sensitive machine components 
against unavoidable beam losses, and a baseline design consisting 
of movable amorphous collimators has been proposed [2]. To ad-
dress these challenges, a bent-crystal-assisted collimation scheme is 
being investigated as an alternative to the present baseline collimation 
system design. This approach leverages channeling in bent crystals, 
guiding beam halo particles towards designated absorbers. Compared 
to conventional amorphous collimators, this method holds promise 
for enhanced collimation efficiency and for reducing the impedance 
contribution of the halo collimators. Crystal-assisted collimation was 
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successfully tested, although never implemented in regular operation, 
at the Tevatron [4], demonstrating its ability to reduce beam losses in 
the detector region [5]. This concept has also been proposed for proton 
and heavy-ion beams at the LHC [6,7], electron and positron beams at 
the ILC [8,9], and was experimentally studied at RHIC [10], where a 
bent crystal was tested as a collimator for heavy-ion and proton beams. 
Crystal collimation is now employed during heavy-ion operation at the 
LHC [11–14]. In this article, we present initial considerations on the 
feasibility of implementing such a scheme in the FCC-ee, including a 
tentative crystal collimation system design together with a first crystal 
collimation performance evaluation.

2. FCC-ee collimation system

2.1. Baseline collimation system

The FCC-ee collimation system has two main roles: protecting the 
sensitive machine equipment from unavoidable beam losses and reduc-
ing the background in the experiments. To address these challenges, 
a beam halo (or global) collimation system is foreseen to be installed 
in the PF insertion [16–22], as well as synchrotron radiation (SR) 
collimation upstream of each IP [23,24]. The halo collimation system 
includes both a system for betatron (𝛽) and off-momentum (𝛿) losses, 
as illustrated in Fig.  1.

Two local protection collimators (one in the H and one in the 
V plane) upstream of each IP are also present in the system. Their 
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Table 1
FCC-ee (V23) machine parameters for the Z operation mode [15].
 Parameter Value  
 Beam energy [GeV] 45.6  
 Circumference [km] 90.658816  
 Number of IPs 4  
 Energy loss per turn [GeV] 0.0391  
 Synchrotron radiation power per beam [MW] 50  
 Beam current [mA] 1279  
 Colliding bunches per beam 11200  
 Colliding bunch population [1011] 2.14  
 Total stored beam energy [MJ] 17.5  
 Horizontal emittance at collision 𝜀𝑥 [nm] 0.71  
 Vertical emittance at collision 𝜀𝑦 [nm] 1.9  
 Lattice vertical emittance 𝜀𝑦,𝑙𝑎𝑡𝑡𝑖𝑐𝑒 [pm] 0.85  
 Momentum compaction 𝛼𝑝 [10−6] 28.6  
 Transverse tunes 𝑄𝑥∕𝑄𝑦 218.158/222.200 
 Chromaticities 𝑄′

𝑥∕𝑄
′
𝑦 0/0  

 Energy spread (SR/BS) 𝜎𝛿 0.039/0.109  
 Bunch length (SR/BS) 𝜎𝑧 [mm] 5.60/15.5  
 RF voltage [GV] 0.079  
 RF frequency [MHz] 400.786684  
 Synchrotron tune 𝑄𝑠 0.0288  
 Longitudinal damping time [turns] 1158  
 RF acceptance [%] 1.5  
 Energy acceptance (DA) [%] ±1.0  
 Beam crossing angle at IP [mrad] 15  
 Crab waist ratio [%] 55  
 Beam–beam 𝜉𝑥∕𝜉𝑦 0.0022/0.097  
 Piwinski angle (𝜃𝜎𝑧/𝜎𝑥) 26.4  
 Beam lifetime (q + BS + lattice) [sec] 10 000  
 Beam lifetime (lum.) [sec] 1330  
 Luminosity/IP [1034 cm−2s−1] 230  

Fig. 1. FCC-ee (𝑍) halo collimation insertion optics and layout.

locations are such that the phase advance is optimal (multiple of 𝜋) 
to protect the aperture bottlenecks and the SR collimators, which are 
not primarily designed to intercept large 𝑒± beam losses. The current 
baseline design for the halo collimators consists of 25 cm long molybde-
num carbide-graphite (MoGr) primary collimators (TCPs), 30 cm long 
Mo secondary collimators (TCSs) and 25 cm long MoGr tertiary local 
protection collimators (TCTs). These preliminary design parameters 
were selected to achieve a good balance between material robustness, 
thermal stability, impedance, and collimation efficiency [17,19,20], 
but other carbon- and molybdenum-based materials are also under 
study. Research and development on collimator material candidates is 
ongoing [2,25], and the choice of materials will be refined in the future 
as the FCC-ee design advances. The parameters and settings for the 
current halo collimation system baseline are summarized in Table  2.

2.2. FCC-ee crystal collimation system

As an alternative to the baseline design, relying on conventional 
amorphous collimators, the use of bent-crystals as primary collimators 
is being explored. With this technique, bent crystals are oriented such 
2 
Table 2
FCC-ee (Z) collimator parameters and settings. The momentum cut 𝛿𝑐𝑢𝑡 is not 
reported for collimators in nearly dispersion-free regions.
 Type Count Plane Material Length [m] n [𝜎] n𝜎 [mm] 𝛿𝑐𝑢𝑡 [%]  
 𝛽 TCP 1 H MoGr 0.25 11.0 6.7 8.9  
 𝛽 TCS 2 H Mo 0.3 12.0 5.0, 7.0 6.0, 22.8 
 𝛽 TCP 1 V MoGr 0.25 65.0 2.4 –  
 𝛽 TCS 2 V Mo 0.3 75.0 2.5, 2.9 –  
 𝛿 TCP 1 H MoGr 0.25 18.5 4.2 1.3  
 𝛿 TCS 2 H Mo 0.3 21.5 4.6, 16.7 2.1, 1.6  
 TCT 4 V MoGr 0.25 80.0 3.4 –  
 TCT 4 H MoGr 0.25 13.0 6.1 –  

that the crystalline planes are parallel to the incoming halo particles, 
so that these are caught in the potential well between the crystalline 
planes and hence follow the bending of the crystal, i.e. they are ‘‘chan-
neled’’. The channeled halo particles hence accumulate a significant 
angular deviation before they exit the crystal, sending them onto a 
downstream standard secondary collimator that is used as absorber. 
In this initial study, channeling of 45.6 GeV 𝑒± (FCC-ee 𝑍 mode) 
along Si crystals with planar orientations of (110) and (111), has been 
investigated. The location of the FCC-ee horizontal 𝛽-TCP has been 
selected as the candidate site for a horizontal, two-sided bent-crystal 
collimator. The remainder of the halo collimation system layout has 
been preserved, with the horizontal 𝛽-TCSs serving as absorbers for 
the channeled beam halo. The TCS positions were optimized in the 
original amorphous collimation system design to satisfy the condition 
for optimal TCP-to-TCS phase advance, given by 𝜇 = tan−1

(√

𝑛22−𝑛
2
1

𝑛1

)

, 
with 𝑛1 and 𝑛2 being the TCP and TCS openings in units of RMS 
beam size [26], which are reported in Table  2. Keeping satisfied such 
condition for the crystal collimation system ensures that beam halo 
particles which are not channeled will still be effectively intercepted 
by the TCSs.

3. Crystal collimator parameter selection

In order to assess the feasibility of bent-crystal collimation in the 
FCC-ee, it is important to determine optimal crystal collimator pa-
rameters. These include the crystal length 𝑙 and the bending angle 𝜃, 
determined by the bending radius 𝑅 = 𝑙∕𝜃. Proper selection of these 
parameters is key for maximizing the channeling efficiency of the beam 
halo (smoother deflection, that requires larger 𝑅), while keeping nu-
clear interaction rate as low as possible (shorter crystals, that requires a 
smaller 𝑅), which directly impacts the overall collimation performance 
of system. Therefore, a range of values for these parameters have been 
studied.

3.1. Crystal bending angle

Three possible bending angles (50 μrad, 100 μrad, and 150 μrad) 
have been studied to maximize the impact parameter on the down-
stream absorbers, while maintaining a safety margin with respect to 
the mechanical aperture of the beam pipe in the transport between 
the crystal and the downstream absorbers. Using accelerator physics 
theory, it can be shown that the trajectory of particles deflected by a 
crystal collimator with bending angle 𝜃, is described by the following 
equation, valid under the condition 𝛼 ≈ 0 at the crystal location: 

𝑥(𝑠) =

√

𝛽(𝑠)
𝛽(𝑠𝑐𝑟)

cos(𝛥𝜇)𝑥(𝑠𝑐𝑟) + 𝜃
√

𝛽(𝑠)𝛽(𝑠𝑐𝑟) sin(𝛥𝜇) (1)

with 𝛽(𝑠) being the local 𝛽-function, 𝛽(𝑠𝑐𝑟) the 𝛽-function at the crystal 
collimator location, and 𝛥𝜇 the phase advance from the crystal colli-
mator location. The trajectories computed using Eq.  (1) are shown in 
Fig.  2 for the selected bending angles.



G. Broggi et al. Nuclear Inst. and Methods in Physics Research, A 1076 (2025) 170479 
Fig. 2. Horizontal beam envelope (11𝜎) in PF. Dashed gray lines: particle trajectories deflected by a crystal with 50, 100, or 150 μrad bending angle.
Fig. 3. Heat maps of channeling efficiency for various Si planar orientations, bending angles, and crystal lengths.
Table 3
First candidate parameters and settings for the FCC-ee (𝑍) horizontal betatron crystal collimation system.
 Type Count Plane Material 𝑙 [mm] 𝜃 [μrad] Half-gap [𝜎 (mm)] 𝛼𝑥 𝛽𝑥 [m] TCP–TCS 𝛥𝜇𝑥 [deg] 
 𝐞+ beam
 crystal-TCP 1 H Si (110) 0.2 100 11.0 (6.7) 1.1 504 –  
 absorber-TCS 2 H Mo 300 – 12.0 (5.0, 7.0) 3.3, 12.9 248, 481 23.56, 156.44  
 𝐞− beam
 crystal-TCP 1 H Si (111) 0.1 100 11.0 (6.7) 1.1 504 –  
 absorber-TCS 2 H Mo 300 – 12.0 (5.0, 7.0) 3.3, 12.9 248, 481 23.56,156.44  
3.2. Crystal length

Six possible crystal lengths from 50 μm to 500 μm have been studied, 
with the condition that the crystal bending radius 𝑅 = 𝑙∕𝜃 is at 
least three times the critical radius 𝑅𝑐 , given by 𝑅𝑐 ≈ 𝐸∕𝑈 ′(𝑥𝑚𝑎𝑥)
with 𝐸 being the beam energy and 𝑈 ′(𝑥𝑚𝑎𝑥) the maximum gradient 
of the crystal planar potential. This constraint ensures smooth particle 
steering and helps enhancing the channeling efficiency. In our case 
study, with a beam energy of 45.6 GeV and considering Si (110) and 
(111) planar potentials, which have a maximum potential gradient of 
approximately 5 GeV/cm [27], the critical radius is about 9 cm.

3.3. Critical angle

With 45.6 GeV beam energy and with the selected crystal parame-
ters, the critical angle for channeling, given by 𝜃𝑐 = (1 −𝑅𝑐∕𝑅)

√

2𝑈0∕𝐸
with 𝑈0 being the potential well depth (approximately 20 eV for the 
Si planar channels considered [27]) and 𝐸 the beam energy, is of at 
least 20 μrad, a value significantly larger than the typical beam halo 
angular spread at the crystal collimator candidate location, which is 
of the order of 1 μrad or less. This indicates a large margin to keep 
channeling conditions in operation – the same consideration applies to 
the FCC-ee operation mode with the highest beam energy of 182.5 GeV 
(t̄t mode), where 𝜃𝑐 would only be reduced by a factor of two. Notably, 
channeling conditions are successfully maintained in the LHC crystal 
collimation system during its heavy-ion operation, with a critical angle 
of 𝜃 ≈ 2 μrad [13].
𝑐

3 
3.4. Channeling simulations

Once a matrix of crystal bending angles and lengths was defined, 
simulations were performed using BDSIM [28–32], a simulation toolkit 
for particle tracking in accelerators with particle-matter interactions, 
through which it is possible to use the Geant4 crystal channeling 
routine [33]. The Geant4 crystal channeling routine available in BDSIM 
1.7.7 and used for this work is not the latest available one, which 
also includes the effects of emission of channeling radiation and strong 
field effects [34]. These simulations aimed to assess the channeling effi-
ciency for different crystals characterized by all possible combinations 
of the selected crystal bending radius and length. For the simulations, 
a Gaussian beam in both transverse planes 𝑥 and 𝑦, with parameters 
𝜎𝑥,𝑦 = 1 μm and 𝜎𝑥′ ,𝑦′ = 1 μrad, has been employed. The data for the 
Si crystal fields were taken from Ref. [35]. The channeling efficiency 
has been computed as 𝜖𝑐ℎ = 𝑛𝑐ℎ∕𝑛𝑡𝑜𝑡, with 𝑛𝑐ℎ being the number of 
channeled particles, i.e., the number of particles that exit the crystal 
with angular deflection in [𝜃 − 𝜃𝑐 , 𝜃 + 𝜃𝑐], and 𝑛𝑡𝑜𝑡 the total number of 
particles incident on the crystal. The simulation results are presented 
in Fig.  3. According to these results, the optimal crystal parameters 
are (𝜃, 𝑙) = (100 μrad, 100 μm) for the 𝑒− beam, achieving a single-
pass channeling efficiency of approximately 50% with Si crystals in the 
(111) planar orientation, and (𝜃, 𝑙) = (100 μrad, 200 μm) for the 𝑒+ beam, 
which has a channeling efficiency of about 90% with Si crystals in the 
(110) planar orientation; the parameters and settings of the candidate 
horizontal betatron crystal collimation system are summarized in Table 
3. This selection was made because, as shown in Fig.  3, while the 
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Fig. 4. Transverse distributions of channeled 𝑒− beam halos at the interface with the TCS.H1 absorber for different bending angles: (a) 50 μrad, (b) 100 μrad, and (c) 150 μrad. 
The simulations were performed with 1 × 105 macroparticles and 100 μm long Si crystals in the (111) planar orientation, illustrating the effect of the bending angle on the impact 
parameter at the absorber. The plots also show the 30 mm radius circular beam pipe boundary for reference.
Fig. 5. Loss maps for horizontal betatron losses: full FCC-ee ring (left) and PF halo collimation insertion (right) for 𝑒+ beam with amorphous collimation (top), 𝑒+ beam with 
crystal collimation (middle), and 𝑒− beam with crystal collimation (bottom). Losses on collimators, superconducting elements, and warm apertures are shown as black, blue, and 
red bars, respectively.
channeling efficiency is higher for a 50μrad deflection, the increase 
in the impact parameter on the absorbers is only moderate, as shown 
for reference in Fig.  4. Given that the impact parameter increases by 
approximately 10 mm for every 50 μrad of deflection, a 100 μrad bend-
ing angle offers a more favorable compromise by providing additional 
margin to potentially retract the TCS.H1 absorber without significantly 
reducing channeling efficiency. While further increasing the bending 
angle to 150 μrad would maximize the impact parameter, this comes 
at the cost of lower channeling efficiency and a reduced margin to 
the mechanical aperture. Therefore, a 100 μrad deflection was chosen 
as the best compromise, with crystal lengths of 100 μm and 200 μm
providing the highest channeling efficiencies for the 𝑒− and 𝑒+ beams, 
respectively.

It is worth noting that the simulation setup has been validated by 
reproducing, with good agreement, the results of the 6.3 GeV electron 
beam channeling experiment conducted at SLAC [36]. Additionally, 
while the SLAC experiment reported a channeling efficiency of ap-
proximately 22% for a 6.3 GeV electron beam, the BDSIM simulations 
performed here yield significantly higher efficiencies. This difference 
is consistent with expectations based on the scaling behavior of the 
dechanneling length [37], i.e., the characteristic length of the expo-
nential decay of a population of channeled particles due to scattering 
with crystal nuclei and electrons. In our case, the crystal parameters 
4 
for electron beam channeling are 𝑙 = 100 μm and 𝜃 = 100 μrad, 
corresponding to a bending radius of 𝑅 = 1 m. In contrast, the SLAC 
experiment used a shorter crystal of 𝑙 = 60 μm and a larger bending 
angle of 𝜃 = 400 μrad, resulting in a much smaller bending radius 
of 𝑅 = 0.15 m. The dechanneling length increases linearly with beam 
energy for a given set of crystal parameters (𝑙, 𝜃, 𝑅 = 𝑙∕𝜃), and linearly 
with 𝑅 for a fixed beam energy. In this work, both the beam energy 
and the bending radius are significantly larger – each by a factor of 
about seven – compared to the SLAC experiment. Therefore, a longer 
dechanneling length is expected, and a higher channeling efficiency is 
in line with expectations, despite the ≈ 70% longer crystal considered 
in this study.

4. Crystal collimation performance assessment

Once optimal crystal collimator parameters for the electron and 
positron beams were identified, two further simulations (one per beam 
type) were conducted, simulating a realistic FCC-ee halo beam impact-
ing on a two-sided bent-crystal collimator with a maximum impact 
parameter of 1 μm. The channeled halo distributions emerging from the 
crystal were then used as input to perform collimation tracking in the 
full FCC-ee ring [38,39] with Xsuite [40], combining particle tracking 
in the magnetic lattice with Monte Carlo particle-matter interaction 
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simulations in the collimators, performed using BDSIM/Geant4 via 
Xcoll [41,42], the Xsuite collimation package. In these simulations, a 
channeled beam halo consisting of 1 × 106 macroparticles (45.6 GeV 
𝑒− or 𝑒+) was tracked in the complete FCC-ee lattice for one ma-
chine turn, accounting for the effects of nonlinearities, RF cavities, 
synchrotron radiation, magnet tapering, and incorporating a detailed 
aperture model as well as beam halo and SR collimators modeled as 
BDSIM/Geant4 elements. The simulation output is the residual distri-
bution of beam losses on collimators and machine apertures around 
the ring. The same type of simulation was performed for the standard
amorphous-collimator-based collimation system, and the one-turn col-
limation cleaning performance was compared. The results of this com-
parison are reported in Fig.  5 as loss maps, showing the local cleaning 
inefficiency around the ring, defined as 𝜂 = 𝑁loss,𝛥𝑠∕(𝑁tot𝛥𝑠), where 
𝑁loss,𝛥𝑠 is the integrated number of particles lost in [𝑠, 𝑠 + 𝛥𝑠], and 
𝑁tot is the total number of macroparticles. In Fig.  5 only the loss 
map for the 𝑒+ beam is shown for the amorphous case, as for the 𝑒−
beam the collimation performance is equivalent. Fig.  5 shows that the 
one-turn collimation cleaning performance of the crystal collimation 
system is overall comparable to that of the amorphous collimation 
system for both electron and positron beams. With channeling the beam 
halo towards the downstream absorbers (TCSs), the highest losses are 
concentrated on the first absorber in the collimation plane, as expected. 
This results in a significant reduction (up to a factor of 100) in local 
aperture losses within the halo collimation insertion PF for both beam 
types. Such a reduction is advantageous for lowering radiation levels 
in this region, which is a hotspot for radiation activation. The crystal 
collimation system also registers fewer off-momentum losses, with no 
off-momentum losses observed for the positron beam. This likely stems 
from a reduced fraction of out-scattered off-momentum particles from 
the collimators compared to the amorphous system. This reduction is 
attributed to two factors: the maximized interaction of the beam with 
high-density absorbers rather than amorphous low-density TCPs, and 
the increased average impact depth on the absorbers achieved with 
the crystal collimation system, see Fig.  6, which minimizes collimator 
leakage.

Fig. 6. Impacting distributions on the absorbers TCS.H1 and TCS.H2.

Fig.  6 shows the impacting distributions on the absorbers (TCS.H1 
and TCS.H2) for all the studied cases. In the amorphous collimation 
case, the impacting distribution regularly extends from the absorber 
edge up to a maximum impact parameter of 25 mm on TCS.H1 and 
of 11 mm on TCS.H2. In the crystal collimation cases, the channeling 
5 
peaks and the dechanneling tails clearly appear on TCS.H1, with the 
dechanneling tail being more populated for the electron case. These 
distributions explain why the collimation performance of the crystal 
system is comparable to that of the amorphous system. The potential 
performance gain of crystal collimation primarily lies in maximizing 
the impact parameter of the channeled beam halo on downstream 
absorbers. However, in this case, the impact parameters from amor-
phous collimator scattering are already quite large, with the maximum 
impact parameter being even larger. It may therefore be worthwhile 
to investigate crystals with larger bending angles, even at the cost 
of reduced channeling efficiency, to determine if a performance gain 
becomes more evident. Further studies could explore increasing the 
absorber mechanical gap in the crystal collimation case to reduce 
impedance while maintaining collimation performance.

The distributions in Fig.  6 also clarify why, despite the higher 
channeling efficiency for the 𝑒+ beam, the overall crystal collimation 
performance is similar for 𝑒+ and 𝑒− beams. The fraction of the pri-
mary beam halo that is ultimately intercepted by the absorbers is 
comparable in both cases, as shown in Table  4, with approximately 
the 90%–95% of the primary beam halo being intercepted by TCS.H1 
and TCS.H2. The higher channeling efficiency for 𝑒+ results in most of 
the halo being intercepted by the first absorber (TCS.H1), whereas for 
𝑒−, despite the lower channeling efficiency, the portion of the halo not 
channeled towards TCS.H1 is still effectively intercepted by the second 
absorber (TCS.H2). This can also be seen in the loss maps in Fig.  5, 
where, in the 𝑒− crystal collimation case, the losses at TCS.H2 around 
𝑠 ≈ 33500 m increase by an order of magnitude compared to the 𝑒+
crystal collimation case. Additionally, it is important to note that the 
channeling efficiencies reported in Fig.  3 were computed by counting 
the number of particles deflected into the angular range [𝜃 − 𝜃𝑐 , 𝜃 + 𝜃𝑐 ]. 
However, even particles deflected outside this range (i.e., those that 
do not contribute to the defined channeling efficiency) can still impact 
the absorber. This is evident in Fig.  6, where, despite the lower electron 
channeling efficiency, the more populated dechanneling tails still end 
up impacting the TCS.H1 absorber. The situation would be different if 
TCS.H1 was retracted to the edge of the channeling peak, in which case 
the relative performance difference between electrons and positrons 
might become more pronounced.

Finally, an additional observation is that in the crystal collimation 
case, the impacting distributions are concentrated over smaller regions 
of space, and this could pose challenges in terms of local energy 
deposition on the absorbers. Dedicated studies are required to evaluate 
whether the absorbers can sustain the energy deposition from such 
impacting distributions.

Table 4
Fraction of the primary beam halo impacting the absorbers (TCS.H1 and 
TCS.H2) for 𝑒+ and 𝑒− beams. Despite differences in the absorber relative 
distributions, the total impact fraction is similar, with about 90%–95% 
of the primary beam halo ultimately intercepted.
 Absorber 𝑒+ [%] 𝑒− [%] 
 TCS.H1 91.8 64.1  
 TCS.H2 4.4 25.9  
 Total 96.2 90.0  

5. Conclusions and outlook

In this study, we explored the feasibility and performance of a bent-
crystal collimation system as an alternative to the baseline amorphous 
collimation system in the FCC-ee. We examined channeling of electrons 
and positrons in bent Si crystals along the (110) and (111) planar orien-
tations. Simulations identified optimal crystal orientations, bending an-
gles, and lengths to maximize channeling efficiency while maintaining 
compatibility with FCC-ee collimation optics. The optimal parameters 
were determined to be Si (111) with (𝜃, 𝑙) = (100 μrad, 100 μm) for 
the 𝑒− beam and Si (110) with (𝜃, 𝑙) = (100 μrad, 200 μm) for the 
𝑒+ beam, achieving channeling efficiencies of approximately 50% and 
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90%, respectively. Collimation tracking simulations showed that the 
one-turn cleaning efficiency of the crystal collimation system is compa-
rable to that of the amorphous one. However, significant reductions (up 
to a factor of 100) in local aperture losses within the halo collimation 
insertion can be achieved for both beam types, which is advantageous 
for reducing radiation levels. Although a significant performance gain 
over standard amorphous collimation has yet to be demonstrated, this 
study shows the feasibility of implementing bent-crystal collimation 
in the FCC-ee and highlights its potential advantages, making it a 
promising alternative for further study. Future work will focus on 
assessing the multi-turn collimation performance, using the latest chan-
neling simulation routines (including channeling radiation and strong 
field effects), and exploring other channeling processes such as axial 
channeling and (multiple) volume reflection. Finally, dedicated studies 
are needed to evaluate whether the absorbers can withstand the energy 
deposition from channeled beam halos. These studies will guide the 
optimization of absorber design parameters, including material and 
length.
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