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AWAKE Run 2c is currently being designed and planned
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The mission for Run 2c is bunch quality

- The main goal is to accelerate an injected electron bunch while preserving its quality’

Witness bunch drives its own blowout Target specifications of accelerated bunch
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https://doi.org/10.1103/PhysRevAccelBeams.21.011301

Injection studies have been conducted using a toy model’
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https://doi.org/10.48550/arXiv.2203.11622

Realistic simulations of Run 2¢ are challenging

injected electron bunch

SMI seeding methods* Ve
S : self-modulator plasma < accelerator plasma
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e two seeding methods

many components e dynamics of SMI
3 e plasma density step (self-modulator plasma)
very large parameter space  exit plasma density ramp (accelerator plasma)

e beam loading of witness bunch
e vacuum/vapor gap
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Simulation workflow relies on OSIRIS and LCODE

e goalis to use quasistatic
code LCODE" whenever
possible

e benchmark iteratively
against 2D cyl. OSIRIS?

simplest case

design
simulation setup

simulate with OSIRIS >

increase
complexity

simulate with LCODE )

working point for

o () test for numerical convergence
scans and optimization

test agreement between both codes

TA.P. Sosedkin and K.V. Lotov, Nucl. Instrum. Methods Phys. Res. A, 829, 350-352 (2016)
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https://www.sciencedirect.com/science/article/abs/pii/S0168900215016034
https://doi.org/10.1007/3-540-47789-6_36

Size of simulation window depends on seeding method
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Using a density step to optimize the amplitude
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e early step in plasma density profile stabilizes the field after saturation’?

T K.V. Lotov, Phys. Plasmas 18, 024501 (2011)
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https://doi.org/10.1063/1.3558697
https://doi.org/10.3390/sym14081680
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Highlight of density step

1250

- width of step profile™: 25.56 cm™

*G. Plyushcheyv, et al., J. Phys. D: Appl. Phys. 51, 025203 (2018)

Using a realistic plasma density profile
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https://iopscience.iop.org/article/10.1088/1361-6463/aa9dd7/meta
https://indico.cern.ch/event/1329098/contributions/5608911/

Length of the density step impacts the wakefields

10

—-—= short
long

10

Ln
N
o
N
~~
(0}
o
~~
- B N
S Bp N
.m = =)
3 S
I -
1 =
1 — -
O
L N
m
[}
N o
A L
- ! M
- = <
- - B S
“-' s n
e, = - RS
- i s
o . [%2]
R S
T=s 5
- = - O o
f-Flll = [aN] )
- ! =
=Tl [ = =
m llﬂ"l. —_— (=Y i
- D | )
0. lﬂll — i .M_ <
o - .nllll o Q +
— il|||| - = NS m
| ====ZI: A =
] e | 4
.I.lll i iy g B -+ o
-— e = W e c
== s ©
=l [ 2
- = 1 O
——— B ()]
- = - — c
C ”” B c
afl“.” = .
— —
.“. I“. “ —x B -
— — = T
==zt | o
- oy N
“l.nll. o ml.v
. -Jl.l“ B m m
" it F
S > I .
C e Ol g >
- o g B
o= e
iy —— =
= == -
SELE oy i
L ||dll
e Sl B
——s ===
S Il.l-'
-] ~- |" -
e~ o
- = O
N
1

rrrrprrrryprrrryreet
o o o
= o
® ?

[w/AN] (0=1)""

1
AWAKE—




Suitable injection is more difficult at higher amplitudes
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o focusing and accelerating regions for electrons shrink as the wakefields become more non-linear
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ozzy: a Python package no-one-asked-for

The dream:

developed to simplify data handling for particle-in-cell (PIC) Start herel

simulations
* Documentation
e enables easy analysis and visualization of large datasets across « GitHub repository
mu“iple codes tips? feedback? collaboration?
e built on xarray , but is flexible: use your existing worklow (e.g. = METENE Wl EaEa el

with numpy , pandas ) whenever convenient

e wants to be a healthy open-source project when it grows up &
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https://mtrocadomoreira.github.io/ozzy/
https://github.com/mtrocadomoreira/ozzy
mailto:mariana.moreira@cern.ch

Conclusion

o realistic and complete simulations of the AWAKE Run 2c setup are challenging, e.g. due to:

o several components with their own physical effects
o large range of spatiotemporal scales
o large parameter space to cover

e current approach is based on iterative benchmarking between slower, "assumption-less" codes and
faster, quasistatic codes to perform most of the work

e work is ongoing to tackle the new challenges revealed by more and more realistic simulations
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Conclusion

o realistic and complete simulations of the AWAKE Run 2c setup are challenging, e.g. due to:

o several components with their own physical effects
o large range of spatiotemporal scales
o large parameter space to cover

e current approach is based on iterative benchmarking between slower, "assumption-less" codes and
faster, quasistatic codes to perform most of the work

e work is ongoing to tackle the new challenges revealed by more and more realistic simulations

Thank you!
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