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Abstract
The FCC-ee is a proposed future high-energy, high-

intensity and high-precision lepton collider. Here, we
present the latest development for the FCC-ee interaction re-
gions, which shall ensure optimum conditions for the particle
physics experiments. We discuss measures of background
reduction and a revised interaction region layout including
a low impedance compact beam chamber design. We also
discuss the possible impact of the radiation generated in the
interaction region including beamstrahlung.

IR LAYOUT
The e+e− collider (FCC-ee) with about 100 km circumfer-

ence has a centre of mass energy range between 90 (Z-pole)
and 375 GeV (𝑡 ̄𝑡) and unprecedented luminosities [1]. The
flexible interaction region (IR) design is based on the crab-
waist collision scheme [2] at all energies. The required large
crossing angle, chosen as 30 mrad, is obtained by strongly
bending the outgoing beam trajectories from the interaction
point (IP) so that the beams can successfully merge back
close to the opposite ring [3], thus ensuring that most of the
locally generated synchrotron radiation does not strike the IR
central beam pipe. The FCC-ee optics design maintains crit-
ical energies below 100 keV from bending magnets starting
from 500 m from the IP for the incoming beam trajectories.
The IR layout is shown in Fig. 1. One of the main constraints
of the design comes from the physics requirement to keep
the accelerator components within a cone below 100 mrad
from the IP along the Z axis. This directly translates into
the requirement of a challenging compact MDI design with
tight space constraints.

The detector solenoid field is 2 T at the IP (being a cylin-
der with a half-length of 4 m and a diameter of around 3.8 m)
and it is properly compensated with two anti-solenoids.
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A compensation solenoid is placed at 1.23 m from the IP
and a screening solenoid is placed around the final focus
quadrupoles to produce an opposite field to that of the de-
tector, thereby cancelling the detector field. Figure 1 shows
the face of the first final focus quadrupole QC1, and the free
length from the IP, ℓ∗, of 2.2 m. This poses a challenge to the
design of the QC1, in that the distance between the magnetic
centres of the two beams is only a few centimetres.

Figure 1: IR layout with 10 mm radius of the central pipe.

The QC1 magnets are positioned inside the detector in
cantilever mode and the small beam emittances and vertical
beam sizes of a few tens of nanometers at the IP call for
vibration mitigation in this area. Two strategies of passive
and active control are usually carried out to limit the dis-
placement of sensitive elements. Solutions were studied at
ATF2 [4]. Dedicated optics and tracking simulations have
started to assess the interplay of the final focus magnets, sup-
ports, and the positioning systems for the MDI area. Beam
orbit and luminosity feedbacks will be essential to control
the emittance blow-up and suppress the position jitter at the
IP.

The tight space constraints, the cantilever configuration,
the difficult positions of the IR components to be measured,
i.e. SC IR magnets, luminosity counter, beam position mon-
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itor, prevent the use of current alignment and monitoring
solutions. In fact, available solutions like stretched wires re-
quire anchoring points, stable references and clear and large
lines of sight that cannot be provided in our case. Align-
ment sensors, adapted to tight space constraints, must also
be radiation and cold resistant. Studies of alternative and
innovative solutions have started.

Low Impedance Beam Pipe Model

Figure 2: CST simulation of the low impedance pipe model.

The IR beam pipe developed for the CDR has a 15 mm
central radius for ±12.5 cm from the IP. We present here a
novel design with a 10 mm central radius for ± 9 cm from
the IP (see Fig. 1). Outside the central chamber the pipe is
unchanged, and the two symmetric beam pipes with radius
of 15 mm are merged together at 1.2 m from the IP [5]. The
CAD model used for the wake field calculations has a 5 m
long beam pipe and it includes the SR masks at 2.1 m before
the IP on the inner side of the chamber centered in the radial
plane and with the tip height increased from 10 mm to 7 mm
from the beam center following the study of the SR rates
described in the next two sections. Figure 2 shows the wake
field simulation obtained with the 3D EM field simulation
software CST [6].

The double effect of smoothing the geometry and a smaller
central pipe reduces the local heating power by a factor
ten with respect to the CDR design. For a bunch length
of 12 mm, the nominal value with beams in collision at
the Z-pole energy, the loss factor is 0.0035 V/pC per beam,
corresponding to a heating power of 260 W for the two beams
and most of this power will travel out away from the IP. The
distributed trapped modes have very small shunt impedance
and even at the resonance they produce less than 200 W for
the two beams. To remove the remaining heat, we will use

Figure 3: Heat load due to resistive wakefields vs bunch
length for a r=10 mm beryllium central beam pipe.

a liquid coolant that will flow within the room temperature
pipe. We plan to use paraffin in the central chamber and
water outside. We are considering a light material for this
central pipe called AlBemet, similar to Beryllium.

With this lower impedance chamber the higher mode ab-
sorbers (HOM) designed to capture trapped modes and prop-
agating waves [7] are no longer foreseen.

The finite conductivity on the metal walls of the IR beam
pipe adds an unavoidable contribution to the heat load in the
IR. As is shown in Fig. 3 the heating power strongly increases
as the bunch length decreases. In our case of colliding beams
at 45.6 GeV 𝜎𝑧=12 mm the Be pipe takes 150 W/m. A few
microns of gold coating can greatly reduce the heat load
at the Z-pole, and at the 𝑡 ̄𝑡 the gold layer helps protect the
detector from SR photons. Overall, the contribution of the IR
to the total machine broadband impedance can be considered
negligible.

SR BACKGROUNDS
An efficient SR masking and shielding design used to

protect the detectors and produce a sustainable maximum
occupancy has been studied and described in the CDR (see
also [8–11]). The SR background has also been initially
studied for the smaller central chamber, where it is shown
how to modify the SR masks to the new design [12]. More
detailed simulations are needed to determine the impact of
the SR with this smaller chamber, SR photons have to be
tracked with Geant4 [13] in the vertex as well as in all de-
tectors to verify the background rates are still acceptable. A
first look was encouraging, with an improvement especially
at 45.6 GeV [14], but more detailed studies are in progress
and will help in finding the best design. We note that the
smaller beam pipe will also increase the background rate
from beam-gas events, and we have not completed this study
yet.

To reduce the SR backgrounds to tolerable limits in ad-
dition to a proper IR optics design, a combination of fixed
and movable masks, collimators and shielding have been de-
signed. Three collimators upstream the last bending magnet
from the IP, to be sloped so that they are unable to forward
scatter photons toward the IP, are proposed in addition to
the fixed mask at 2.1 m before the IP. With the 15 mm radius
pipe considered for the CDR study there are no direct hits of
SR photons on the entire central beam pipe for ±1 m around
the IP. The SR background comes from the scattering of
the SR photons from the tip of the masks located at −2.1 m
on the incoming sides of the IP beam pipes. This is true
for all beam energies (45.6, 80, 125 and 182.5 GeV). These
masks are 5 mm high, corresponding to 10 mm from the
beam center line. Only at the highest energy the scattered
𝑡 ̄𝑡 SR photon energies are high enough to penetrate more of
the mask tip and the nearby beam pipe wall.

With the smaller pipe the SR fan from the last bending
magnet at −100 m now hits the tapered upstream part of the
pipe, from −40 to −9 cm with about 9 W of SR power [12].
This surface has a view to the central chamber and some of
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the incident photons will forward scatter to the central part
of the Be chamber as well as directly penetrate the Be wall
they hit.

This direct hit rate for the Z is acceptable, as the photon
energies are quite low. Further inserting the mask tip at
−2.1 m from 10 to 7 mm from the beam center the central
chamber is once again shadowed by this mask tip against
direct hit SR.

Figure 4: Synrad+ simulation from 120 m toward the IR
with the new smaller central Be pipe with 10 mm radius.

A ray-tracing simulation carried out with the SYNRAD+
code [15] is shown in Fig. 4. The two incoming SR beams are
shown in green. The two half-moon shaped masks, placed
inside the corresponding pipes, prevent the primary SR pho-
tons generated by the two last dipoles, 100 m away from the
IP, from directly hitting the beryllium pipe in the center. The
masks are also sketched in Fig. 1. Only a very small fraction,
less than 0.01% of the incoming photon flux, is scattered
many times and ultimately ends up on the Be pipe. Their
average energy is less than 1 keV, negligible from the point
of view of radiation damage to the vertex detector layers
placed around the Be chamber. The simulation refers to the
182.5 GeV beam energy case, where the critical energy of
the last dipoles is 100 keV. In addition, a small amount of the
SR produced by the final focus quadrupole is now striking
the downstream part of the Be chamber. This photon rate
is low at 45.6 GeV, and it increases with the beam energy,
along with the photon energies. At 120 GeV these photon
rates seem acceptable but a Geant4 simulation through the
detector is needed to verify the actual detector response.
This Geant4 simulation is even more necessary at 𝑡 ̄𝑡, where
photon energies are higher still. The main SR background
coming from the final focus quadrupoles depends on the
particle distribution in the non-Gaussian beam tails, which
depend on the stored beam conditions. In the early running
of an accelerator, the beam particles that populate these tails
come mostly from beam-gas scattering interactions that oc-
cur around the entire ring. As the ring vacuum improves,
the non-Gaussian tails can become populated by several
mechanisms: intra-bunch scattering (Touschek), coupled
bunch interactions (TMCI), and the collision interactions
(tune-shift, radiative Bhabhas) to name a few. The beam-
tails are hence difficult to model without a full and complete
understanding of the accelerator condition and status at any
given time.

RADIATION GENERATED AT THE IP
A significant flux of photons is generated at the IP in the

very forward direction by Beamstrahlung, radiative Bhabha,
and solenoidal and quadrupolar magnetic fields. Beam-
strahlung interactions produce an intense source of locally
lost beam power, as reported in the second column of Ta-
ble 1, with an average photon energy of 2 and 67 MeV, at Z
and 𝑡 ̄𝑡, respectively. At 45.6 GeV the SR from IR solenoids
and quads is evaluated on the order of 37 kW and 7 kW
respectively with an average photon energy of 20 keV. For
the radiative Bhabha the SR is 0.7 kW and < E >∼ 5 GeV.

Figure 5: Beamstrahlung photons: (left) energy spectra at
production (blue) and after the interaction with 1 mm Cu
pipe, for the 𝑡 ̄𝑡 case; (right) hitting location on the pipe.

A further study on Beamstrahlung has been performed to
estimate the interacting power when hitting the pipe. Pho-
tons generated by GuineaPig++ [16] at the Z and 𝑡 ̄𝑡 have
been tracked from the IP to the longitudinal location where
they hit the pipe (Fig. 5). The impinging angle of the pho-
tons with the pipe is about 1 mrad for both beam energies.
The interaction probability has been evaluated for a copper
beam pipe with a 1 mm thickness. The energy spectra of the
produced and absorbed Beamstrahlung photons at the 𝑡 ̄𝑡 are
shown in Fig. 5. Only up to about 0.5% of the total emitted
power is deposited on the pipe (last column in Table 1). A
dedicated study with full simulation is needed to assess how
to deal with such a high power in the system in such a small
space.

Table 1: Radiation Power from Beamstrahlung Photons

Beam energy Radiation Power Interacting Power

45.6 GeV 387 kW 1.8 kW
182.5 GeV 89 kW 0.4 kW

CONCLUSION
We have described some of the key issues related to the

FCC-ee MDI design study. We presented the recent studies
for a smaller and improved design of the central Be chamber.
The first look at the detector performance is encouraging,
more detailed studies are in progress to check the vertex
performance and the effect of the backgrounds on other
aspects of the detector performance.
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