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Introduction  
and overview
…to kick off the 1st SPARTA Workshop
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Part 1:  

Welcome

Some information about the workshop
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General outline of the workshop
> Motivated by increasing pressure to deliver a real 

machine, which requires a large amount of input 
from all stakeholders: 

> We start small with the core group 
> Then repeat (half-yearly?) with various experts 

from different fields (simulations, PWFA 
experiments, SFQED, test beams…)

> Two days: Thursday and Friday 
> First some introductory talks (and an invited 

talk by Jonas Björklund Svensson) 
> Lunch either at Fredrikke or Helga Engs. 
> Structured discussions of subtopics 
> Social activity + dinner in the evenings
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Some thoughts on the format

> The Erice HALHF workshop was quite successful in 
reaching a deeper understanding of a complex 
machine (and trade offs). We should emulate this. 

> Sit as close as possible to the speaker and each other 
> Don’t do anything else during discussions (if you need 

to do something else, then just go outside and come 
back when you’re done) 

> If you’re not following, ask people to clarify. We need 
everyone on board. 

> If you get an idea/thought, don’t lose it! Write it down 
or say it immediately. 

> Satellite discussion about details are highly 
encouraged: break off to discuss, then come back 
and report.
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Part 2:  

The SPARTA project

A reminder about the ideas and objectives
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A path forward

Next linear collider

Problem: Performance gap currently too large,
long timeline makes investment risky 

“Missing middle”: Near-term application

Ultimate goal for particle physics
Novel and a ordable 

accelerator technology

(More reasonable gap)

(Research and development required)

Major unsolved problems

Plasma accelerators today

e.g. strong-field QED machine

Problem #1:
Multiple stages for higher energy

Problem #2: 
Stable acceleration process

Proposed solution #1: 
Nonlinear plasma-lens optics

Proposed solution #2: 
Multistage self-stabilization

Conceptual design of a stable, 
multistage high-energy accelerator

SPARTA projectO1

O2

O3
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> The innovator’s dilemma  
(1997 book by Clayton Christensen)

> Plasma acceleration is a disruptive technology

> Much higher gradient, but… 
RF accelerators still outperforms in other metrics:  

> Repetition rate, stability, power/efficiency,  

beam quality, luminosity, etc. 

> Plasma accelerators will take time to mature

> Christensen: To survive in the meantime, the 
disruptive technology must not compete directly, 
but identify a new, smaller market
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The market problem (#3 of 3)
Plasma accelerators and “the innovator’s dilemma”

Established 
targets

Novel 
targets

How to “pay the bills” 
while down here?
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Next linear collider

Problem: Performance gap currently too large,
long timeline makes investment risky 

“Missing middle”: Near-term application

Ultimate goal for particle physics
Novel and a ordable 

accelerator technology

(More reasonable gap)

(Research and development required)

Major unsolved problems

Plasma accelerators today

e.g. strong-field QED machine

Problem #1:
Multiple stages for higher energy

Problem #2: 
Stable acceleration process

Proposed solution #1: 
Nonlinear plasma-lens optics

Proposed solution #2: 
Multistage self-stabilization

Conceptual design of a stable, 
multistage high-energy accelerator

SPARTA projectO1

O2

O3

A path forward
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SPARTA:  Staging of Plasma Accelerators for Realizing Timely Applications

• Innovative, realistic solution to cost problems in HEP

• Realizing two groundbreaking new concepts:


(1) Nonlinear plasma lenses


(2) Self-correction mechanism

• Goal: blueprints for a strong-field QED machine (a technology demonstrator)

• €1.5 million → (1) enable new HEP near-term, (2) potentially save billions long-term

Objective #2 (PI + PhD#2 + PD#2) Year 1 Year 2 Year 3 Year 4 Year 5

Objective #1 (PI + PD#1 + PhD#1) Year 1 Year 2 Year 3 Year 4 Year 5

Objective #3 (PI + PD#2) Year 1 Year 2 Year 3 Year 4 Year 5
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Objective #1:  Developing nonlinear plasma lenses

• Proposed implementation:  
↳ external B-field shapes current density 
                  ↳ gives correct nonlinear field

• MHD simulations (on Sigma2/LUMI)  
→ collab. with DESY, James Cook University

• Beam-based B-field measurements at CERN 
(CLEAR facility, experience4 2016–2018)  
→ collab. with DESY, Oxford University

 Year 1 Year 2 Year 3 Year 4 Year 5

   ↳ Simulating achromatic beam lines based on nonlinear plasma lenses
   ↳ Identifying a mechanism for a tunable nonlinearity
   ↳ Experiment: demonstration of a nonlinear plasma lens

10[4] Lindstrøm et al., Phys. Rev. Lett. 121, 194801 (2018)

Bagdasarov et al.,  
Phys. Plasmas 24,  

083109 (2017).
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> Inspiration: chromaticity correction in collider final focusing
> Disperse, apply stronger focusing for higher energies (+ vice versa)

> Made compact and simple using a nonlinear plasma lens

Solution: Novel achromatic staging optics
“Local chromaticity correction” and a new plasma lens

Main dipole Chicane dipoles

Nonlinear
plasma lens

Main dipoleChicane dipoles

Nonlinear
plasma lens

Sextupole
(or gap)

(a)

All beam qualities 
preserved

Source: Lindstrøm et al., (submitted)

(b) (c) (e) (f)(d)

Evolution in 
transverse (x–y)

(g) (h) (j) (k)(i)

Evolution in 
longitudinal (z–E)

Development required!

Does  
N!T 
exist

Does 
✅ 

exist
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Development of a nonlinear plasma lens
Exciting a nonlinearity through the Hall effect

> Concept: apply an external B-field to induce Hall effect
> Shifts the discharge current to one side

> MHD simulations (COMSOL) indicates the principle works.
> Designed/manufactured at Uni. Oslo (P. Drobniak et al.).
> Characterized with e-beam in CLEAR @ CERN (June 2025).

Lens

Screen

Source: P. Drobniak et al., NIM A 1072, 170223 (2025)

considering instead the e!ect of magnetisation on the plasma
conductivity, we would indeed expect the observed sign of
the coe"cient. Hydrodynamic simulations, including mag-
netisation, are required to disentangle these e!ects.

It is not clear to us at this point how badly the misalign-
ment influenced the measurement. A more precise and tun-
able plasma-lens design, already constructed for an upcom-
ing campaign, will hopefully unlock more accurate mea-
surements. Accounting for thick lens e!ects in the analysis
will also help. Further, we will increase the strength of the
external magnetic field in order to probe stronger plasma
interactions—this should make the e!ect more visible.

HYDRODYNAMIC SIMULATION
Our goal in this section is not yet to reproduce the CLEAR

experiment, since the model we employ uses H2, which does
not behave similarly to a heavier gas like Ar, as experimen-
tally observed by Lindstrøm et al. [17]. Instead, our goal
is to extend our previous 1D study (see Ref. [11]) to 2D-
simulations, in order to better understand the origin of the
nonlinearity. The present model runs in COMSOL, devel-
oped at DESY [18] and originally intended to study H2 inter-
actions, integrates the e!ect of the 𝐿-field (both internal and
external field) on the electrons through the Lorentz force
and takes plasma magnetisation into account [14]. Work is
currently ongoing to extend this model to Ar.

Our simulations are performed with the same geometry
as the experiments, as well as the same current profile. The
gas is initialised as H2 at 7 mbar, slightly ionised. The ex-
ternal field is 160 mT (3.5 times higher than in the experi-
ment described above). A typical 2D-simulation result, for
a fully ionised plasma, is presented in Fig. 2. In order to
virtually suppress the symmetrical nonlinearity caused by
wall-cooling e!ects (present in H2), making it more indica-
tive of what is achievable in a gas without this e!ect (such as
Ar [17]), we plot the di!erence in absolute current density
between a simulation with 160 mT external field and a simu-
lation without external field: 𝑀𝑁𝐿 = | (𝑁𝐿)160 mT | → | (𝑁𝐿)0 mT |.

The di!erence in current density distribution is clearly
asymmetric, implying that the external field indeed has an
e!ect. This is also visible in the internal vertical 𝐿-field dif-
ference along the horizontal axis (𝑀𝐿𝑀 (𝑂, 0)), which largely
has a quadratic shape (but also an o!set, which indicates a
small shift of the magnetic center). In order to quantify the
nonlinearity, we performed a third-order polynomial fit on
𝑀𝐿𝑀 in the range [→390, 390] µm. The present simulation
has (𝑃0)sim. = 1130 T/m and (1/𝑄𝑁)sim.

= 100 m→1, which
again is very encouraging as it overlaps with the SPARTA
requirements. Some higher order terms are also present: we
are aiming to remove these by simulating a heavier gas (Ar)
in the near future.

Plasma magnetisation only plays a marginal role here and
we observe a strong contribution from the Lorentz force
on the electron density. This motivates the continuation
of our CLEAR experimental campaign coupled with the

Figure 2: Top: di!erence in 2D absolute current density
𝑀𝑁𝐿 between a simulation with 160 mT external field and no
external field, both with H2 at 7 mbar, extracted at 185 ns.
A black dashed line indicates where data are extracted for
the bottom graph. Bottom: 1D plots extracted at (𝑂𝑂 , 𝑅𝑂) =
(𝑂, 0) for the di!erence in vertical 𝐿-field 𝑀𝐿𝑀 (where the
external 𝐿-field has been subtracted) and in current density.

development of a heavy-gas model for a better understanding
of our nonlinear lens concept.

CONCLUSION
The concept of a nonlinear plasma lens for achromatic

staging has been introduced, with its theoretical required
𝐿-field distribution. Our first experimental results (with
Ar) from an experimental campaign at CLEAR in 2024
show a potential nonlinearity. Simulations in 2D, but with a
lighter gas (H2), appear to confirm that our concept could
work, motivating a new experimental campaign with better
alignment and stronger external magnetic fields.
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Source: P. Drobniak et al., Proc. IPAC (2025), p. 641
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Objective #2:  Investigating self-stabilization

• Beam experiments on transverse instability/mitigation


• Two possible test facilities (reduces risk) 
↳ SLAC  (FACET-II, experience5 2015–2016)  
↳ DESY  (FLASHForward, exp.6 2019–2022)  

• Multi-stage simulations (on Sigma2/LUMI)


• Start-to-end framework: PIC + reduced models


• Bayesian optimization (machine learning)

 Year 1 Year 2 Year 3 Year 4 Year 5

   ↳ Experiment: transverse self-stabilization in a plasma-accelerator stage
   ↳ Simulations of longitudinal self-stabilization across multiple stages

13

[5] Lindstrøm et al., Phys. Rev. Lett. 120, 124802 (2018)

[6] Lindstrøm et al., Phys. Rev. Lett. 126, 014801 (2021) Lindstrøm et al., Proc. EPS-HEP (2021)

Multistage beam evolution in a start-to-end simulation



Objective #3:  Blueprints for multistage machines

• Designing a staging test facility:


• Either laser or beam driven


• DESY and SLAC interested  

• Multi-stage SFQED concept:


• Using start-to-end framework


• ~€50 million scale if realized

 Year 1 Year 2 Year 3 Year 4 Year 5

   ↳ Technical design of a two-stage test facility
   ↳ Conceptual design of a multistage facility for strong-field QED
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quantum electrodynamics (SFQED) [8,9], while simultaneously utilizing and demonstrating this
new and cheaper technology.

In designing a PWFA-based facility, there are 4 major parts that must be connected. These
are shown in Fig. 1, and they are: The plasma stages; the interstage optics, which transport
the trailing bunch from one stage to the next; the drive-beam delivery system (driver BDS);
and lastly, the driver-delay chicanes. The beam–plasma interaction is heavily researched, and
the interstage optics have recently been solved at the theoretical level [10]. This leaves two
main challenges: the driver-delay chicane, which is the focus of this paper, and the driver BDS,
which is the subject of future research. The reason we need driver-delay chicanes is that we

~50 GeV 
electrons

RF

deflector

Main beam RF linac

(~0.5 GeV, 100 MV/m)

Driver RF linac

(~2 GeV, 50 MV/m)

PW

laser

Gamma

rays~20 klystrons 

(with pulse compression)

~200 m

Septum magnet

Fast kicker Driver BDS

Interstage

Driver delay chicane

(~1 ns per 2 stages)

Plasma stage

(~4 GeV/stage)

Figure 1: Sketch of a possible beam-driven SPARTA facility (with example numerical values, to
be optimized). The plasma stages are represented by the blue rectangles. The trailing bunch
and the bunch train containing the drivers are accelerated by two di!erent RF linacs (orange
rectangles). An RF deflector (red rectangle) after the driver linac separates every other driver
into two di!erent delay chicanes, allowing the fast kicker (green rectangle) to operate at a feasible
bunch separation. The first delay chicane gives half the delay of the rest, and a separate drive-
beam delivery system is depicted for the most upstream driver. The septum magnet is illustrated
with the pink rectangle. At the downstream end, the accelerated trailing bunch would be used
in beam–laser collisions with a petawatt-level (PW) laser.

must ensure the properly synchronized delivery of the drivers into each plasma stage. While
di!erent designs of delay chicanes have previously been considered [11, 12], here we present a
design specifically developed for the SPARTA project. We will therefore consider drivers of
lower energy (2.5 GeV) than what is considered in the aforementioned references (25 GeV). A
sketch of the SPARTA facility is shown in Fig. 1, depicting two delay chicanes; one on each side
of the accelerator beamline. Every other driver will alternately be deflected into one of the two
delay chicanes, by a radio-frequency (RF) deflector. This doubles the bunch spacing in each
delay chicane, giving more time for a kicker to extract the desired driver. The driver is then
transported to the relevant plasma stage by a driver BDS.

Since the length required between each stage increases with the energy of the trailing bunch,
either the delay chicanes or the driver BDS must vary in length. While increasing the length of
the delay chicane will help reduce the e!ects of coherent synchrotron radiation (CSR), changing
the optics might give di!erent values of M12 (see Sec.3.3), complicating the extraction of the
driver (this is subject to future research). The sketch therefore assumes that the driver is being
transported by a driver BDS that varies in length but keeps the delay constant. It is important
to note that, as mentioned previously, the design of the driver BDS is not part of the scope

> Example: ~2 GeV e– drivers, 12 stages @ 1 GV/m   
              →  50 GeV e–   +   2 PW laser  →   χ ≈ 10–50

> Ongoing: plasma simulations, beam-optics design, etc.
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Conceptual design of a multistage plasma accelerator
The SPARTA demo machine – first step toward a collider-grade beams

> Ultimate goal: Design a self-consistent, multistage plasma accelerator with SFQED application3.2 Beam parameters
The periodicity of the beam parameters is achieved by optimizing each individual quadrupole,
with the results shown in Fig. 5. This figure is obtained by particle tracking in ImpactX [18],
with 2 nC charge; 20 mm mrad normalized emittance in both transverse planes; 250 µm rms
bunch length; 0.1 % relative energy spread; 100 000 particles; both incoherent and coherent
synchrotron radiation; and with a reference energy of 2.5 GeV. The initial ω-functions in the
horizontal/vertical plane are 7.033/1.595 m and εx/y = 0, while the first-order horizontal and
longitudinal dispersions are both initially 0. The figures show that all the considered beam
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Figure 5: Evolution of the ω-functions and emittances (top), and the evolution of the horizontal
first order dispersion and bunch length (bottom). All parameters shown are periodic. Both
plots also shows the lattice elements where the red rectangles are quadrupoles that are focusing
in the horizontal plane, the purple rectangles are quadrupoles that are focusing in the vertical
plane, the dark green rectangles are dipoles that bend in the positive horizontal direction, and
the light green rectangles are dipoles that bend in the negative horizontal direction. Note that
the vertical emittance is hidden behind the gray dotted line.

parameters are periodic, which is necessary if we want to use similar setups for all kickers and
all driver injection optics. We note that there is an emittance increase of roughly 10 %, which is
caused by coherent synchrotron radiation. At the level of energy spread we currently consider,
second order dispersion does not a!ect the emittance. Second order dispersion may become
important at higher energy spread, in which case sextupoles will be necessary for cancellation.

3.3 Positional dependency of kicks
Other important lattice parameters are the horizontal or vertical dependence on an initial angle
in the corresponding plane. After the last driver receives a kick from the kicker, we need to

Driver-delay chicane optics. Source: Kalvik et al. (accepted, 2026)

3.2 Beam parameters
The periodicity of the beam parameters is achieved by optimizing each individual quadrupole,
with the results shown in Fig. 5. This figure is obtained by particle tracking in ImpactX [18],
with 2 nC charge; 20 mm mrad normalized emittance in both transverse planes; 250 µm rms
bunch length; 0.1 % relative energy spread; 100 000 particles; both incoherent and coherent
synchrotron radiation; and with a reference energy of 2.5 GeV. The initial ω-functions in the
horizontal/vertical plane are 7.033/1.595 m and εx/y = 0, while the first-order horizontal and
longitudinal dispersions are both initially 0. The figures show that all the considered beam
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in the horizontal plane, the purple rectangles are quadrupoles that are focusing in the vertical
plane, the dark green rectangles are dipoles that bend in the positive horizontal direction, and
the light green rectangles are dipoles that bend in the negative horizontal direction. Note that
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parameters are periodic, which is necessary if we want to use similar setups for all kickers and
all driver injection optics. We note that there is an emittance increase of roughly 10 %, which is
caused by coherent synchrotron radiation. At the level of energy spread we currently consider,
second order dispersion does not a!ect the emittance. Second order dispersion may become
important at higher energy spread, in which case sextupoles will be necessary for cancellation.

3.3 Positional dependency of kicks
Other important lattice parameters are the horizontal or vertical dependence on an initial angle
in the corresponding plane. After the last driver receives a kick from the kicker, we need to
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Required components:
> Driver source (multi-nC) 
> Driver RF linac (1–3 GeV) 
> RF deflector / beam switchyard 
> Main beam injector (RF linac or DDRI) 
> ~12x, shortest possible: 

> Delay chicanes (dipoles/quads, 1 ns kicker + septum) 
> Interstage optics (with nonlinear plasma lenses) 
> Driver BDS (dipoles/quads) 
> Plasma stages (1015–1016 cm-3, 2–4 m long) 

> 100 TW – 2PW laser 
> SFQED diagnostics

quantum electrodynamics (SFQED) [8,9], while simultaneously utilizing and demonstrating this
new and cheaper technology.

In designing a PWFA-based facility, there are 4 major parts that must be connected. These
are shown in Fig. 1, and they are: The plasma stages; the interstage optics, which transport
the trailing bunch from one stage to the next; the drive-beam delivery system (driver BDS);
and lastly, the driver-delay chicanes. The beam–plasma interaction is heavily researched, and
the interstage optics have recently been solved at the theoretical level [10]. This leaves two
main challenges: the driver-delay chicane, which is the focus of this paper, and the driver BDS,
which is the subject of future research. The reason we need driver-delay chicanes is that we
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electrons
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deflector

Main beam RF linac

(~0.5 GeV, 100 MV/m)

Driver RF linac

(~2 GeV, 50 MV/m)

PW

laser

Gamma

rays~20 klystrons 

(with pulse compression)

~200 m

Septum magnet

Fast kicker Driver BDS

Interstage
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(~1 ns per 2 stages)

Plasma stage

(~4 GeV/stage)

Figure 1: Sketch of a possible beam-driven SPARTA facility (with example numerical values, to
be optimized). The plasma stages are represented by the blue rectangles. The trailing bunch
and the bunch train containing the drivers are accelerated by two di!erent RF linacs (orange
rectangles). An RF deflector (red rectangle) after the driver linac separates every other driver
into two di!erent delay chicanes, allowing the fast kicker (green rectangle) to operate at a feasible
bunch separation. The first delay chicane gives half the delay of the rest, and a separate drive-
beam delivery system is depicted for the most upstream driver. The septum magnet is illustrated
with the pink rectangle. At the downstream end, the accelerated trailing bunch would be used
in beam–laser collisions with a petawatt-level (PW) laser.

must ensure the properly synchronized delivery of the drivers into each plasma stage. While
di!erent designs of delay chicanes have previously been considered [11, 12], here we present a
design specifically developed for the SPARTA project. We will therefore consider drivers of
lower energy (2.5 GeV) than what is considered in the aforementioned references (25 GeV). A
sketch of the SPARTA facility is shown in Fig. 1, depicting two delay chicanes; one on each side
of the accelerator beamline. Every other driver will alternately be deflected into one of the two
delay chicanes, by a radio-frequency (RF) deflector. This doubles the bunch spacing in each
delay chicane, giving more time for a kicker to extract the desired driver. The driver is then
transported to the relevant plasma stage by a driver BDS.

Since the length required between each stage increases with the energy of the trailing bunch,
either the delay chicanes or the driver BDS must vary in length. While increasing the length of
the delay chicane will help reduce the e!ects of coherent synchrotron radiation (CSR), changing
the optics might give di!erent values of M12 (see Sec.3.3), complicating the extraction of the
driver (this is subject to future research). The sketch therefore assumes that the driver is being
transported by a driver BDS that varies in length but keeps the delay constant. It is important
to note that, as mentioned previously, the design of the driver BDS is not part of the scope

Source: Kalvik et al. (accepted, 2026)

Geometry option A

Geometry option B
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Start-to-end simulations of the SPARTA demonstrator
> HiPACE++ and ImpactX in ABEL


> “Full” physics, 3D, high resolution

> ~300 GPU hours per simulation 

  (512 GPUs in parallel @ LUMI) 
 
 
 
 
 
 
 

> Realistic jitters (sampled in 3 shots) 
— Driver synchronization: 10 fs rms  
— Driver jitter emit.: 0.04 mm mrad 
— Plasma lenses: 1 µm rms (offsets) 
(Gaussian, sampled at every stage)

Top 
view

LPS

Side 
view

50 GeV in 125 m 
(14% efficient)

Low energy spread 
(0.2% rms)

Sufficiently low emittance 
(~100 mm mrad)

Stable + matched beam

1015 cm–3 H, 
4 m long, 1 GV/m

4 nC driver, 0.3 nC trailing,  
2.2 GeV, 3 kA peak
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Part 3:  

Recent updates

On various SPARTA-related topics
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Interstage study completed
> Have now completed the theoretical study of the interstage optics. 
> Paper submitted to PRAB (in review) 
> Analytical limits found – can estimate emittance growth 
> No showstoppers identified

Main dipole Chicane dipoles

Nonlinear
plasma lens

Main dipoleChicane dipoles

Nonlinear
plasma lens

Sextupole
(or gap)

(a)

(g) (h) (j) (k)(i)
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Sextupole
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Source: Lindstrøm et al., submitted, arXiv:2604.17605 (2026)
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Preliminary results @ CLEAR
Promising, but too early to tell
> Characterisation of nonlinearity at 

CLEAR @ CERN

> Applied ±65 mT external field

> Promising, but non-significant 

result so far (depends too much 
on single “outliers”)

> Likely need higher field  
(did ±180 mT in April 2026,  
±300 mT later this year)


> Also need better precision: more 
statistics and larger radius

> Sufficiently positive to carry on with 
Hall-effect lenses.

External magnetic field

No
nl

in
ea

rit
y

All 
data

Filtered 
data

Plots from Hektor B. Anderson’s Master’s thesis (2026)
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Discussions about implementation
> Have started discussions with [leader] at [big lab] about a possible 

implementation.
> There is general positivity about the mid-term, but the financial situation 

now is tough everywhere.
> Take-aways: 

> Should continue vigorously toward CDR 
> Need to show emittance preservation (in principle) to keep particle 

physics interested (in HALHF?) 
> Pursue subsystem demonstrations to build credibility 
> Should apply for 5–15 M€ level funding for early phases



quantum electrodynamics (SFQED) [8,9], while simultaneously utilizing and demonstrating this
new and cheaper technology.

In designing a PWFA-based facility, there are 4 major parts that must be connected. These
are shown in Fig. 1, and they are: The plasma stages; the interstage optics, which transport
the trailing bunch from one stage to the next; the drive-beam delivery system (driver BDS);
and lastly, the driver-delay chicanes. The beam–plasma interaction is heavily researched, and
the interstage optics have recently been solved at the theoretical level [10]. This leaves two
main challenges: the driver-delay chicane, which is the focus of this paper, and the driver BDS,
which is the subject of future research. The reason we need driver-delay chicanes is that we

~50 GeV 
electrons

RF

deflector

Main beam RF linac

(~0.5 GeV, 100 MV/m)

Driver RF linac

(~2 GeV, 50 MV/m)

PW

laser

Gamma

rays~20 klystrons 

(with pulse compression)

~200 m

Septum magnet

Fast kicker Driver BDS

Interstage

Driver delay chicane

(~1 ns per 2 stages)

Plasma stage

(~4 GeV/stage)

Figure 1: Sketch of a possible beam-driven SPARTA facility (with example numerical values, to
be optimized). The plasma stages are represented by the blue rectangles. The trailing bunch
and the bunch train containing the drivers are accelerated by two di!erent RF linacs (orange
rectangles). An RF deflector (red rectangle) after the driver linac separates every other driver
into two di!erent delay chicanes, allowing the fast kicker (green rectangle) to operate at a feasible
bunch separation. The first delay chicane gives half the delay of the rest, and a separate drive-
beam delivery system is depicted for the most upstream driver. The septum magnet is illustrated
with the pink rectangle. At the downstream end, the accelerated trailing bunch would be used
in beam–laser collisions with a petawatt-level (PW) laser.

must ensure the properly synchronized delivery of the drivers into each plasma stage. While
di!erent designs of delay chicanes have previously been considered [11, 12], here we present a
design specifically developed for the SPARTA project. We will therefore consider drivers of
lower energy (2.5 GeV) than what is considered in the aforementioned references (25 GeV). A
sketch of the SPARTA facility is shown in Fig. 1, depicting two delay chicanes; one on each side
of the accelerator beamline. Every other driver will alternately be deflected into one of the two
delay chicanes, by a radio-frequency (RF) deflector. This doubles the bunch spacing in each
delay chicane, giving more time for a kicker to extract the desired driver. The driver is then
transported to the relevant plasma stage by a driver BDS.

Since the length required between each stage increases with the energy of the trailing bunch,
either the delay chicanes or the driver BDS must vary in length. While increasing the length of
the delay chicane will help reduce the e!ects of coherent synchrotron radiation (CSR), changing
the optics might give di!erent values of M12 (see Sec.3.3), complicating the extraction of the
driver (this is subject to future research). The sketch therefore assumes that the driver is being
transported by a driver BDS that varies in length but keeps the delay constant. It is important
to note that, as mentioned previously, the design of the driver BDS is not part of the scope
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Possible phases
> Phase 0: Single stage 

> RF linac + 1 plasma stage (existing facility)
> Phase 1: Two-stage demonstrator 

> RF linac + RF deflector + 2 plasma stages + 1 interstage 
> (Phase 1.5: Delay-chicane demonstrators) 

> RF linac + RF deflector + 2 plasma stages + 1 interstage + delay chicane

> Phase 2: Multistage demonstrator & SFQED 
> RF linac + RF deflector + 12 plasma stages + 11 interstages + 11 delay chicanes 
> PW laser + SFQED diagnostics

> Phase 3: Higher rep rate (kHz+) and beam quality – toward collider-grade 
> (Can also be distributed throughout the timeline)
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Building up an interstage experiment at CLARA
Reaching state-of-the-art in only 5 weeks

> New push at CLARA facility (Daresbury)

> HALHF@CLARA (PI Richard D’Arcy,  

co-PI Carl A. Lindstrøm)
> First results in April 2026,  

from scratch (5 week beam time)

> Acceleration (>1 GV/m)

> Lensing (> 100 T/m)

> Next step (toward staging):

> Goal: Build a full achromatic lattice

> Hiring a postdoc (starts Sep 2026)

> First tests of dipole + plasma lens at LMU will be  
an important test for the lattice experiments. PRELIMINARY

PRELIMINARY
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Possibility of re-using the CTF3 linac at CERN
> CLIC Test Facility 3 started in ~2003 and ran until ~2016.


> Main-beam part changed to CLEAR

> Drive-beam complex left mostly unused.


> 16 x 1.3 m long S-band (3 GHz) cavities

> 8 klystrons + modulators (30 MW peak x 2)

> 7 MV/m => 130 MeV beams

> Multi-nC beams at 0.5 ns spacing

> Many dipoles, quadrupoles + a wiggler

> RF deflector

> Around 95% of all components still there
> Plans to clear this out by Oct 2026 (!)
> Meetings in July to convince CERN to keep it in storage



Page 25SPARTA Workshop  |  Carl A. Lindstrøm et al. |  11 June 2026

Simulation assuming a high-power CTF3
> Assume 40 MV/m  

=> 750 MeV 
drivers  
=> 16 stages, T=2 
=> 25 GeV beam


> ~100 m PWFA

> Low energy gives 

CSR issues, but it 
is manageable.


> Only simple 
simulations so far 
(no PIC)


> Emittance nearly 
preserved in y
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Recent changes in the PWFA landscape
> Both SLAC and CERN are shutting down involvement in plasma acceleration.
> The ESPPU process found merit in HALHF and thinks it should be studied further 

(pre-CDR++)
> Multistage acceleration is seen by most as an important next step (surprisingly strong 

consensus)
> LWFA has started to swing toward “useful applications” – it is time for PWFA to do the 

same thing
> Personal opinion: the high-energy/collider-motivated PWFA community needs to unify 

behind one new experiment
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Final thoughts – and goals for the workshop
> The snowball is getting bigger, and we have to 

capitalise on the momentum now.

> Puts a lot of pressure on us ###

> Ideally we have a semi-self-consistent concept (not 
all details) based on a CTF3 linac by July


> At least enough that we can convince CERN to 
take the proposal seriously.

> We should identify any major issues/complications as 
well as opportunities – keep your eyes open for these

> SFQED people are indeed interested, but we should 
also keep in mind other use cases (like test beams)
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Thanks

Let’s have a productive workshop!


