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Status of ABEL

> June: IPAC 2025, Taipei 
> Poster and demo from laptop 

> Proceeding: https://meow.elettra.eu/81/doi_per_institute/tups012/index.html  

> Erik also included results on transverse instability studies using ABEL (talk + 
poster + proceeding) 

https://meow.elettra.eu/81/doi_per_institute/tups012/index.html
https://meow.elettra.eu/81/doi/jacow-ipac25-tups011/index.html
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Status of ABEL

> June: IPAC 2025, Taipei 
> Poster and demo from laptop 

> Proceeding: https://meow.elettra.eu/81/doi_per_institute/tups012/index.html  

> Erik also included results on transverse instability studies using ABEL (talk + 
proceeding) 

> September: EAAC 2025, Elba 
> Contributed talk: https://agenda.infn.it/event/46259/contributions/270096/  

> Mini-tutorial showcasing simple use cases. 

> Open for public as of September 25! 

> https://github.com/abel-framework/ABEL  

> Very much still in a beta phase!

https://meow.elettra.eu/81/doi_per_institute/tups012/index.html
https://meow.elettra.eu/81/doi/jacow-ipac25-tups011/index.html
https://agenda.infn.it/event/46259/contributions/270096/
https://github.com/abel-framework/ABEL


2025-10-02  |  Ben Chen  |  HALHF Monthly Meeting 

Integrated simulations on ABEL
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From Carl's contributed talk at EAAC.	

> External driver guiding 

> Moderate ion motion 

> plasma-lens interstage

https://agenda.infn.it/event/46259/contributions/270056/
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From Erik's contributed talk at 
EAAC.

https://agenda.infn.it/event/46259/contributions/270204/
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Example: HALHF plasma linac using reduced models
> Linac level diagnostics:  

*The standard interstage lattice has been changed since this simulation, such that this setup no 
longer produces the same results.

More on transverse 
instability and 

tolerances, see E. Adli's 
talk tomorrow 17:20, 

Sala Biodola

https://agenda.infn.it/event/46259/contributions/270204/
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Outlook
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Tentative plans for the coming 6 months

> A laundry list of things to be done for ABEL 
> Proper documentation. 

> Expand tests (currently at 67% coverage). 

> Easier setup for other clusters. 

> Structural changes for the RFAccelerator class. 

> Talk at LCWS next month 

> Paper for ABEL: Computer Physics Communications? 

> Paper for HALHF transverse tolerance studies 
> More robust benchmarking for the reduced models against PIC. 

> Bayesian optimisation? 

> Full PIC simulation for all 48 stages?
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Simplified transverse wake instability model

From source. 1 PIC timestep. Track through interstage.Accelerate and evolve beam. 1 PIC timestep. Accelerate and evolve beam.

Outline for start-to-end simulation processes using simplified transverse instability model. Wake-T is used 
instead of PIC here.

> Wakefield formalism has been used in CLIC to 
study the limitations on charge and efficiency. 

> Ansatz: for small offsets/perturbations, transverse 
instability in PWFA should behave similarly to BBU 
in conventional accelerators.

Need initial  and  as inputs from e.g. a PIC code (Wake-
T used here).

Ez(ξ) rb(ξ)

> Transverse intra-beam wakefield (G. Stupakov): 

 

> Combine with Deng et al. equations for 
radiation reaction: 

>  

>  

>

𝒲x(ξ, s) = −
2e
πε0

ξ

∫
ξH

ξ′￼− ξ
(rb(ξ′￼) + αk−1

p )4
Θ(ξ′￼− ξ)λ(ξ′￼, s)x(ξ′￼, s) dξ′￼

1
c

dux

dt
≈ −

1
2

k 2
p x −

e
mec2

𝒲x −
1
2

k 2
pcτRux (1 +

1
2

k 2
pγ(x2 + y2))

1
c

duz

dt
≈ kp

Ez

E0
−

1
4

k 4
pcτRγ2(x2 + y2)

dx
dt

≈
ux

uz
c

: beam location.

: long. coordinate of driving particle. 
: long. coordinate of reference particle. 

: long. coordinate of beam head. 
: numerical factor ~1. 

: plasma skin depth. 
: Heaviside step function. 

: long. beam number density. 
: particle transverse offset. 

: normalised  momentum. 
 

: wavebreaking field.
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.041301
https://link.aps.org/doi/10.1103/PhysRevSTAB.15.081303
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Benchmarks against HiPACE++
Benchmarks of wakefields

> Benedetti et al. 

> A beam with transverse E-fields  perturbs the background focusing fields  so that 
(moderate non-relativistic ion motion) 

>
. 

> I.e. integrate  from head of drive beam to tail of main beam and modify the transverse eq.o.m. with 

a term .
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Ex,y

∼ δ𝒲x,y

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.20.111301

