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I. INTRODUCTION

Research on beam-driven plasma wakefield accelera-
tion is motivated by the ultimate goal of creating a linear
collider that is affordable, highly-efficient, and operates
at the highest possible energies. While there are many
challenges on the path to a plasma-based linear collider
(PLC), the field has shown steady progress on multiple
fronts since the last Snowmass in 2013. Amongst many
highlights are the first demonstration of highly-efficient
plasma acceleration of electron beams [1], acceleration
of positron beams in the non-linear regime [2], proton
beam-driven acceleration [3], staged laser-plasma acceler-
ation [4], plasma photocathodes for generating ultralow-
emittance beams [5], and emittance preservation in an
active plasma lens [6]. In this Letter of Interest, we high-
light some of the challenges currently being addressed
in Plasma Wakefield Acceleration (PWFA) research. We
also discuss possible paths toward a PLC and the context
for building such a machine.

II. CHALLENGES

The challenges associated with the development of a
PLC have been identified in a variety of papers, work-
shops, and strategy sessions [7–14]. We enumerate some
of them here:

1. High-efficiency, high-quality acceleration in a single
plasma stage.

2. Coupling between plasma stages.

3. Positron acceleration in plasma.

4. Preservation of beam polarization.

5. High repetition-rate plasma acceleration and en-
ergy deposition in the plasma source.

6. Final focusing and alignment of beams at the col-
lision point.

Each of these challenges come with their own list of chal-
lenges. For example, to achieve high-efficiency, high-
quality acceleration, we need to simultaneously have
strong beam loading while minimizing transverse insta-
bilities [15]. This leads to tight constraints on drive-
witness offset tolerances [16]. Ion motion is a pos-
sible suppression mechanism for transverse instabili-
ties [17], but ion motion is also associated with emittance
growth [18]. This illustrates an overarching challenge:
these issues may be addressed individually, but we need
an integrated approach to solve all of them simultane-
ously.

Moreover, for a PLC to be considered worthwhile, we
cannot introduce new costs above and beyond those asso-
ciated with a linear collider based on traditional technol-
ogy. Our task is to develop a revolutionary new technol-
ogy that drastically extends the energy and luminosity
reach of a linear collider while reducing construction and
operations costs.

III. PATHS TO A PLASMA LINEAR COLLIDER

Advocates for linear colliders are primarily interested
in electron-positron collisions. This is because electron-
positron collisions are “clean”: collisions between elec-
trons and positrons have a well-defined center of mass
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(CM) and zero initial quantum number. In addition, the
CM energy and beam polarization can be scanned to pre-
cisely probe physics near a particle resonance.

Electron-positron collisions require high-energy
positron beams, and this presents a unique challenge
for the PLC. The acceleration of positron beams in
nonlinear plasma wakefields is different from the electron
beam case. Some approaches, like the quasi-linear [9]
and hollow channel regimes [19], try to symmetrize
beam-plasma interactions, but these approaches have
their own challenges. Research is underway to develop
self-consistent solutions for high-efficiency, high-quality
acceleration of positron beams in plasma [20].

An alternative for the PLC that does not require
positron acceleration is to construct a γ-γ collider, that
is, an e−e− collider with conversion of the e− beams
to γs near the interaction point. This conversion can
be done by Compton scattering from a low-energy laser
beam [21]. A scheme using highly compressed e- bunches
is also being studied [22]. A γ-γ collider at the Higgs
boson resonance would be interesting in the near term;
this would require only 80 GeV/e- beam, assuming 80%
energy transfer to the γs. For longer-range goals, a γ-γ
collider would be just as effective as an e+e− collider in
exploring new particles with masses in the energy region
of 10 TeV and above.

IV. CONTEXT

Why build a Plasma-based Linear Collider? The most
pressing need in High Energy Physics is a “Higgs Fac-
tory” for precision studies of the Higgs boson and the
electroweak scale. There are currently four proposals for
a Higgs factory which are considered viable: The linear
collider concepts ILC [23] and CLIC [24] and the circular
collider concepts FCC-ee [25] and CEPC [26]. The study
of the Higgs boson is important as an opportunity to
demonstrate that there are new fundamental interactions
beyond the Standard Model and to learn some their prop-
erties. However, it is unlikely that these experiments, or
possible new particle discoveries at the HL-LHC, will re-
veal those new interactions in detail. Current models of
new fundamental interactions increasingly are based on
new particles in the 10 TeV energy region and above.

One route to this energy scale is with proton-proton
collisions. The proposed colliders FCC-hh [27] and
SppC [28] plan to use 16 T dipole magnets to produce
proton collisions at 100 TeV CM (about 15 TeV CM for
parton-parton interactions). The high-field dipole mag-
net development program is predicted to last at least 20
years to produce practical 16 T accelerator magnets and
longer to produce affordable higher-field high-Tc mag-
nets.

PWFA technology will give us the ability to probe
physics at multi-10 TeV energies using electron linear
colliders. There are many challenges to overcome, so it is
unlikely that the PLC will be ready in the next decade to
supplant the ILC or CLIC in addressing the current im-
perative to study the Higgs boson with high precision. If
a large linear collider such as ILC or CLIC is constructed
for that purpose, the PLC can be the next step for that
facility. Re-using the tunnel and most of the infrastruc-
ture, it will be able to directly explore the physics of
multi-10-TeV particles.

V. THE NEXT STEPS

Experiments to demonstrate high-efficiency, high-
quality electron acceleration in plasma are currently un-
derway at FLASHForward at DESY and preparing to
start at FACET-II at SLAC. These experiments will
demonstrate the viability of PWFA technology and es-
tablish the tolerances for producing high-quality beams.
Experiments at FLASHForward will also study high-
repetition rate PWFA, while experiments at FACET-II
will cover positron acceleration in plasma and beam fo-
cusing based on thin plasma lenses. Both FLASHFor-
ward and FACET-II need to be modified in order to
demonstrate staged PWFA, which is a high priority for
the field.

In parallel with ongoing experimental work, an inte-
grated design study is required to inform PLC parame-
ter choices and to compare the performance of a PLC to
existing linear collider projects. Improving the maturity
of the PLC concept will further guide experiments and
keep the field on track with timelines proposed by the
DOE [11] and ICFA [12].
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