Modern simulations of th/e[

S. S. Bulanov, A. Formenti, A HJ bl, S. Knapen, R. Lehe, J. Osterhoff,
S. Pagan Griso, A. Rastogi,/"{ / é}%r%y, /C. Scherb, C. Schroeder, J.L. Vay
Lawrence Berik éé‘/c{)_'” lLaboratory, Berkeley, CA, USA
i /

e
).'He, Nguyen
| abors "M&nlo Park, CA, USA

nteraction point in colliders

—

‘ /f/’,ﬁ
S. Gessner)

SLAC National Accelé'ra'to'r
L. I}:e:!deli
LIDYL, CEA-Université Paris-Saclay, CE/A Saclay, 91191 Gif-sur-Yvette, France

~ I

rrrrrr || ] ¢
/\lﬂ BERKELEY LAB [
funded through LDRD at LBNL
“ U.S. DEPARTMENT OF Offi f
o ATAPY)  (O)ENERGY | St cea




We need simulations of the interaction point to answer some questions

3 what “luminosities” can we achieve depending on the beam parameters?
what wakefield collider would be “best” and in what sense?
=% what discoveries can we make?

https://qgitlab.cern.ch/clic-software/quinea-piq https://github.com/slaclab/CAIN

many beam-beam effects: .
disruption €9, photon emission 4, pair creation %%, scattering &, hadron photoproduction &, ,

— luminosity??? backgrounds???
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https://gitlab.cern.ch/clic-software/guinea-pig
https://github.com/slaclab/CAIN

Particle-In-Cell + Monte Carlo simulations are the standard modeling tools
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WarpX is a particle-in-cell code that can simulate beam-beam effects

https://ecp-warpx.github.io =| HIGH PERFORMANCE
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https://warpx.readthedocs.io
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Discovery through Advanced Computing

- 1%/ Beam-beam collision —
oogen sourcg i i ‘/V ol = (LW)I—’
portable: Linux, MacOS, Windows, o f s : \\_‘
GPU portable: NVIDIA, AMD, Intel i b st oyl et i
multi-platform: multi-CPUs/GPUs, laptops — clusters """ """
flexible:
o different geometries: 1D, 2D, RZ, 3D e
e many algorithms
e many diagnostics
e electromagnetic, electrostatic in beam frame
e QED modules

international, cross-disciplinary & ACTIVE community!

EXASCALE COMPUTING PROJECT

of the electrostatic relativistic



https://ecp-warpx.github.io/
https://warpx.readthedocs.io/en/latest/

WarpX € BLAST, a comprehensive simulation toolkit for accelerator physics
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Developed and maintained open governance

. by alarge international, BLAST n L JLINUX
i ==HIGH PERFORMANCE

open source =1
m u Itl d |SC| pl ina I'y tea m BEAM PLASMA & ACCELERATORIMULATION TOOLKIT initiative =3 SOFTWARE FOUNDATION
T
Jean-Luc Ji Arianna Axel Rémi Chad "'Ryéh Olga Edoardo Kale
Vay Qiang Formenti Huebl Lehe Mitchell _Svandbir‘g‘( ' Shapovak*”’ Z‘_’[" e e
N
\ , LLE
CCCreees "'|
BERKELEY LAB A
Junmin _ EVEL] Andrew Weiqun
ATAP Gu Jambunathan |v|yers Zhang
ACCELERATOEEESCHNUSL%GY& . @
APPLIED PHYSICS DIVISION - HELION
i
Maxence Severin Alexander Angel Rob Lorenzo Lixin
Germany  Thévenet Diederichs Sinn Ferrah Pousa _.Shalloo. Andriyash Switzerland Giacomel Ge
Henri Luca Thomas Pierre Roelof
France V|ncent| Fedeli Clark Bartoli Groone Nl over 80
- contributors,

iél:gf incl. from the
TECHNOLOGIES v A MODERN ELECTRON private SeCtor

el " : W‘Q

PARIS-SACLAY




Excellent agreement between WarpX and other codes with spherical nanobeams
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https://doi.org/10.1103/PhysRevLett.122.190404

Excellent agreement between WarpX and GUINEA-PIG with flat ILC beams
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WarpX can be faster and/or go to higher resolution and statistics
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First simulations with wakefield lepton beams at 10 TeV — preliminary!
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The caveats

Simplifications

local constant field approximation (LCFA)

collinear emission of photons

only coherent processes (beamstrahlung & nonlinear
Breit-Wheeler)

Physics open questions

transition from incoherent to coherent photon emission
transition from incoherent to coherent pair generation
emission rates at very high quantum parameters
validity of LCFA

circular colliders: couple with other codes

other processes for muon colliders? CAVERTS
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We are setting up a framework that includes accelerator-physics-detector
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From the luminosity distributions we get the production rate of exotic particles

searching wino-like chargino x+ as visible charged partner to x0 (dark matter candidate)

e use MadGraph to generate events for chargino production

e toinclude luminosity spectra need to run over grid of center of mass energies and fold
with luminosity spectrum

e repeat for multiple chargino masses

e (implement decays by hand)
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Conclusions

main takeaways #* and next steps

=] we are continuing to develop WarpX as a next-gen code for IP simulations

@ WarpX agrees well with and is much faster than GUINEA-PIG

w7 we are developing a broader simulation framework to support the design of future
colliders in a cross-disciplinary team

=) we started and will continue addressing the caveats!
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your time! /,




