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Recently, a concept for a Hybrid Asymmetric Linear Higgs Factory (HALHF) has been proposed,

where a center-of-mass energy of 250 GeV is reached by colliding a plasma-wakefield accelerated

electron beam of 500 GeV with a conventionally accelerated positron beam of about 30 GeV.

While clearly facing R&D challenges, this concept bears the potential to be significantly cheaper

than any other proposed Higgs Factory, comparable in cost e.g. to the EIC. The asymmetric

design changes the requirements on the detector at such a facility, which needs to be adapted to

forward-boosted event topologies as well as different distributions of beam-beam backgrounds.

This contribution will give a first assessment of the impact of the accelerator design on the physics

prospects in terms of some flagship measurements of Higgs factories, and how a detector would

need to be adjusted from a typical symmetric Higgs factory design.
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1. Introduction

Studies for designing a Higgs factory are going on full swing. All current projects, linear or

circular e+e− colliders, are very expensive both financially and environmentally and reducing their

cost must come from a reduction in length. For circular colliders, such reduction comes with a

penalty in luminosity due to synchrotron radiation, which cannot be easily circumvented. For linear

colliders, it means a direct reduction in energy.

The most advanced linear collider project (the ILC) plans on superconducting radio-frequency

(SRF) cavities with gradients reaching 31.5 MV/m [1], with potential improvements up to 50 MV/m.

However, recent developments in electron-beam-driven plasma wake-field acceleration (PWFA) hint

toward the possibility a breakthrough by reaching acceleration gradients of up to 1.5 GV/m [2] in

the next ten years.

Current developments focus on the electron acceleration, PWFA for positrons being notably

more difficult to achieve. The rest of this proceeding assumes PWFA-based electron acceleration

would be available in about ten years but positron acceleration would still be RF-based. Under

these assumptions, we discuss here the detector requirements at an Higgs factory using PWFA-based

electron acceleration needed to achieve similar physics performances as at the ILC.

2. The HALHF concept

Assuming a working PWFA-based electron acceleration, the size of linear Higgs factory could

naively be reduced by a factor of almost two by shrinking its electron acceleration arm. The size

reduction can be further improved if we allow the electron and positron to have different energies,

effectively making the facility asymmetric. Assuming a centre-of-mass energy of 250 GeV (that

would allow for e+e− → ZH production), this can be achieved by two beams of 125 GeV, or for

example by a beam of 500 GeV and another of 31.3 GeV. In this example, the four-fold more

energetic electron beam requires a longer PWFA accelerator, which only has a small impact on the

total length of the facility. However, the four-fold less energetic positron beam leads to much a

shorter SRF accelerator, which decreases the overall facility size by a sizeable amount.

This concept has been named "HALHF": the Hybrid Asymmetric Linear Higgs Factory, and

was first introduced in [3]. A schematic of the facility is presented in Figure 1, and this choice of

beam energy parameters (Ee = 500 GeV and Ep = 31.3 GeV) leads to an overall facility length of

about 3 km (to be compared to the 20 km planned for a 250 GeV ILC [1]). It should also be noted

that the length of HALHF is dominated by the beam delivery system.

While keeping the same centre-of-mass energy, this beam energy asymmetry introduces a boost

given by γ = 1
2

(

2Ep√
s
+

√
s

2Ep

)

. For the above parameters, the boost is γ ≈ 2.13. In the following, we

study the impact of this boosted topology on physics performance and compare to the ILC.

3. Physics benchmarks compared to the ILC

The impact of boosted topologies on physics processes have been studied through two bench-

marks: the Higgs mass measurement through recoil mass in the e+e− → Z(µ+µ−)H channel, and

the lepton forward-backward asymmetry in the e+e− → µ+µ− process. In both cases, events are
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collisions such as at HALHF, all events are boosted further in the electron beam direction, breaking

the symmetry around η = 0 and making the physical asymmetry not as straightforward to extract.

However, if the coordinates are boosted back in the centre-of-mass frame (Figure 3 right) one almost

recovers the mirror-image behaviour and resolution: the peak is now found at the same position and

has the same width as in the symmetric collision case. Nevertheless, the distributions are cut in

the boost direction (up to η ≈ +1.8 instead of η ≈ +3.1) while extending in the opposite direction

(down to η ≈ −4.5 instead of η ≈ −3.1): events being "lost" in the forward direction while other

being "gained" in the backward direction, the final impact on a forward/backward analysis cannot

be simply established from this observation and requires more detailed investigations.
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Figure 3: Muon (solid) and anti-muon (dashed) η coordinate distribution in the lab frame (left) and in

the centre-of-mass frame (right). Black corresponds to the ILD detector at the ILC facility, red to an

extended-ILD at the HALHF facility.

4. Power efficiency and beam-induced backgrounds

While the cost of the facilities is driven by their construction, care should also be given

in optimising their running cost. An asymmetric facility will always prove less efficient than a

symmetric one as some of the collision energy is used to boost the system instead of participating

in the hard-scatter process. The power efficiency compared to a symmetric facility is computed

by P
Psym
=

EeNe+EpNp√
NeNp

√
s

. Plugging in the numbers planned for the ILC [1] but with asymmetric

beam energies (Ee = 500 GeV, Ep = 31.3 GeV and Ne = Np = 2 × 1010 particles/bunch), we get
P

Psym
= 2.13. An efficiency of 1 could theoretically be achieved by having Ne = 0.5 × 1010 and

Np = 8 × 1010. However, such a large asymmetry induces positron production issues and beam

backgrounds, as discussed in the following.

Beam-induced backgrounds emanate from electron-positron pairs created in the high electric

field of the crossing beam. These are simulated using Guinea-Pig [7], which additionally computes

the luminosity for each bunch crossing. Particles created with a large transverse momentum can

reach the beam pipe or even the inner layers of the detector, creating backgrounds in the detector or

even damaging it if the deposited energy is too high. Figure 4 shows the distribution of electrons

and positrons from pair creation (in the (pT , θ) space), for a scenario where all beam quantities
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