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New Physics at Plasma 
Wakefield Colliders

Extremely Preliminary

Work in progress with:

So Chigusa Inbar Savoray Christiane Scherb Linda Xu

+ Simon Knapen
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Plasma Wakefield Acceleration

[C. Joshi, “Plasma accelerators”. Scientific American Feb. 2006]

1. Electron driven

•Clean well understood wake structure •Short bunch length required (order plasma 
wavelength)

•Limited energy per bunch [short de-phasing 
and depletion length (10cm to m)]𝒪

Achieved 1 meter 
accelerator module at 

10GV/m acceleration using 
10GeV electron drive bunch  

         From 10 GeV to 18GeV∼

PROS CONS

•Strong accelerating gradients (up to 100GV/m)

•High transfer efficiency (from drive to witness 
bunch)

•Multiple stages needed for TeV collider

[FACET-II @ SLAC ]
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Plasma Wakefield Acceleration

[AWAKE collaboration @ CERN arXiv:1808.09759] 2. Proton driven

•Extremely high energy proton drive bunches

•Wake structure less clean (challenging for beam 
stability and quality)

•Lower transfer efficiency 

PROS

CONS

•Accelerate witness bunch in a single stage

•Can use existing high-energy proton sources 
(SPS/LHC)

•Requires longer proton bunches (but still much 
shorter than those currently used)

•Weaker acceleration (sub GV/m)

•Careful injection timing after modulation develops
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Plasma Wakefield Acceleration

[AWAKE collaboration @ CERN arXiv:1808.09759] 2. Proton driven

•Extremely high energy proton drive bunches

•Wake structure less clean (challenging for beam 
stability and quality)

•Lower transfer efficiency 

PROS

CONS

•Accelerate witness bunch in a single stage

•Can use existing high-energy proton sources 
(SPS/LHC)

•Requires longer proton bunches (but still much 
shorter than those currently used)

•Weaker acceleration (sub GV/m)

•Careful injection timing after modulation develops

Achieved 10 meter 
accelerator module at 

200MV/m acceleration 
using 400GeV proton 

drive bunch  
[AWAKE @ CERN ]From 18 MeV to 2 GeV
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P5 Recommendation 
(2024) 

Old Idea, Why Now?
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Theory Input Required
Two underlying challenges:

Positron acceleration 
exponentially harder

Is there a physics case for 
 or  machines?e−e− γγ
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Theory Input Required

Round beam profiles 
significantly easier

Can increased 
beamstrahlung be utilised? 

Two underlying challenges:

Positron acceleration 
exponentially harder

Is there a physics case for 
 or  machines?e−e− γγ

Understanding the answers can 
potentially have a large R&D impact! 
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Luminosity Spectrum

𝑬 𝛄

e– e+

e– e+

Classical Electrodynamics:

•Tightly focused beams produce 
strong E and B fields

•Particles deflected by field from 
opposing beam

•Large beam disruption as bunches 
approach one another

Strong function of beam profile

QED:

•Particles can emit hard photons 
and loose energy (beamstrahlung)

•Hard photons of course produce 
electron-positron pairs! 

All these effects require 
simulation

[Sketch by Arianna Formenti — LBNL]
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Luminosity Spectrum
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e�e+ beams
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Flat beams
Round beams

Beam parameters

<latexit sha1_base64="bQEBH0kd8EmCGG3vWLCg+pdDnLc="></latexit>

�x = 6nm
<latexit sha1_base64="xeQZutE8G4zfVvB8mthJ5ejhhdM="></latexit>

�y = 0.4 nm
<latexit sha1_base64="JR1Ez47MmMtP4BQvd0vOAlw5Yc0="></latexit>

�y = 1.55 nm

<latexit sha1_base64="ZbJjhZ73bjk6komL86ZWzMplNKM="></latexit>

�x = 1.55 nm
<latexit sha1_base64="O6QPqoPXvZ9G+HC0PuQDDyX3EQs="></latexit>

�z = 8.5 µm

<latexit sha1_base64="b1vnF1jo09XcGxiSGr8Pim8+opU=">AAACCHicbVDLSsNAFJ1Uq7W+qi7dDBahIISkgo+NFNy4rGAf0IQymU7aoZNJmIdYQn7AD3Crn+BKcalfoV/gbzh9LLT1wIXDOfdyLidIGJXKcb6s3NJyfmW1sFZc39jc2i7t7DZlrAUmDRyzWLQDJAmjnDQUVYy0E0FQFDDSCoaXY791S4SkMb9Ro4T4EepzGlKMlJE8j+sode0qOTrPuqWyYzsTwEXizki5lj+uvHzy93q39O31YqwjwhVmSMqO6yTKT5FQFDOSFT0tSYLwEPVJx1COIiL9dPJzBg+N0oNhLMxwBSfq74sURVKOosBsRkgN5Lw3Fv/zOlqFZ35KeaIV4XgaFGoGVQzHBcAeFQQrNjIEYUHNrxAPkEBYmZr+pEiqOVV3WdE04873sEiaVds9sd1rU9EFmKIA9sEBqAAXnIIauAJ10AAYJOABPIIn6956tl6tt+lqzprd7IE/sD5+AOqpnVQ=</latexit>

1.2⇥ 109 Flat beam Round beamLeptons per beam = 
Beam energy = 5 TeV

[C. Schreoder et. al, JNIST 2023]

[Adapted from A. Fromenti, S. S. Bulanov, A. Huebl, R. Lehe, 
J. Osterhoff, C. Schroeder, J.L. Vay (work in progress)]

Assume 50kHz repetition rate with 1 year of continuous data taking
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WIMPs and Beyond: From Precision Muon Physics to Future Wakefield Colliders 9

A Benchmark: Chargino’s
A Wino-like chargino      with it’s neutral DM buddy

<latexit sha1_base64="IjP1kTBUXofJxm/JU7CdA2hCNSc=">AAACDnicbVC7TsNAEFyHVwgvE8o0FhESVWRTACWIhjJI5CHFITpfLskp57N1t0ZEViT4Az6AFrq0dIiWX+ALKOAjuCQUJDDSakczu9rVBLHgGl333cosLC4tr2RXc2vrG5tb9na+qqNEUVahkYhUPSCaCS5ZBTkKVo8VI2EgWC3on4392jVTmkfyEgcxa4akK3mHU4JGatm2j1y0WerTHh9e+XHYsotuyZ3A+Uu8H1I8KXzlR3ejz3LL/vDbEU1CJpEKonXDc2NspkQhp4INc36iWUxon3RZw1BJQqab6eTzobNnlLbTiZQpic5E/b2RklDrQRiYyZBgT897Y/E/r5Fg57iZchknyCSdHuokwsHIGcfgtLliFMXAEEIVN786tEcUoWjCmrmieSI53gxzJhlvPoe/pHpQ8g5L3oWJ6PQWJshCAXZhHzw4ghM4hzJUgMI1PMAjPFn31rP1Yr1ORzPWtMMOzMB6+wZl8KGB</latexit>

�̃± <latexit sha1_base64="1VHx3VvodHSXcyjGs1IzM5HnntA=">AAACCnicbVA9TwJBEJ3DL8QvxJLmIjGxIncWaomxscREPhIOyN6ywIa9vcvunJFcSLT3B9hqT2NnbP0T/gIL/REuYCHoSybz8t5MZvL8SHCNjvNupZaWV1bX0uuZjc2t7Z3sbq6qw1hRVqGhCFXdJ5oJLlkFOQpWjxQjgS9YzR+cT/zaNVOah/IKhxFrBqQneZdTgkZqechFhyUe7fNRy2lnC07RmcL+S9wfUijlv3Lju/FnuZ398DohjQMmkQqidcN1ImwmRCGngo0yXqxZROiA9FjDUEkCppvJ9OuRfWCUjt0NlSmJ9lT9vZGQQOth4JvJgGBfL3oT8T+vEWP3tJlwGcXIJJ0d6sbCxtCeRGB3uGIUxdAQQhU3v9q0TxShaIKau6J5LDnejDImGXcxh7+kelR0j4vupYno7BamSEMe9uEQXDiBElxAGSpAQcEDPMKTdW89Wy/W62w0Zc067MEcrLdv7gugMw==</latexit>

�̃0

*This is just a proxy for EW charged states for the non-SUSY inclined

[Rodd et al. 2405.13104]

    Wino-Higgsino mixing 
required to avoid indirect 

detection limits
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A Wino-like chargino      with it’s neutral DM buddy

<latexit sha1_base64="IjP1kTBUXofJxm/JU7CdA2hCNSc=">AAACDnicbVC7TsNAEFyHVwgvE8o0FhESVWRTACWIhjJI5CHFITpfLskp57N1t0ZEViT4Az6AFrq0dIiWX+ALKOAjuCQUJDDSakczu9rVBLHgGl333cosLC4tr2RXc2vrG5tb9na+qqNEUVahkYhUPSCaCS5ZBTkKVo8VI2EgWC3on4392jVTmkfyEgcxa4akK3mHU4JGatm2j1y0WerTHh9e+XHYsotuyZ3A+Uu8H1I8KXzlR3ejz3LL/vDbEU1CJpEKonXDc2NspkQhp4INc36iWUxon3RZw1BJQqab6eTzobNnlLbTiZQpic5E/b2RklDrQRiYyZBgT897Y/E/r5Fg57iZchknyCSdHuokwsHIGcfgtLliFMXAEEIVN786tEcUoWjCmrmieSI53gxzJhlvPoe/pHpQ8g5L3oWJ6PQWJshCAXZhHzw4ghM4hzJUgMI1PMAjPFn31rP1Yr1ORzPWtMMOzMB6+wZl8KGB</latexit>

�̃± <latexit sha1_base64="1VHx3VvodHSXcyjGs1IzM5HnntA=">AAACCnicbVA9TwJBEJ3DL8QvxJLmIjGxIncWaomxscREPhIOyN6ywIa9vcvunJFcSLT3B9hqT2NnbP0T/gIL/REuYCHoSybz8t5MZvL8SHCNjvNupZaWV1bX0uuZjc2t7Z3sbq6qw1hRVqGhCFXdJ5oJLlkFOQpWjxQjgS9YzR+cT/zaNVOah/IKhxFrBqQneZdTgkZqechFhyUe7fNRy2lnC07RmcL+S9wfUijlv3Lju/FnuZ398DohjQMmkQqidcN1ImwmRCGngo0yXqxZROiA9FjDUEkCppvJ9OuRfWCUjt0NlSmJ9lT9vZGQQOth4JvJgGBfL3oT8T+vEWP3tJlwGcXIJJ0d6sbCxtCeRGB3uGIUxdAQQhU3v9q0TxShaIKau6J5LDnejDImGXcxh7+kelR0j4vupYno7BamSEMe9uEQXDiBElxAGSpAQcEDPMKTdW89Wy/W62w0Zc067MEcrLdv7gugMw==</latexit>

�̃0

*This is just a proxy for EW charged states for the non-SUSY inclined

Production channels:
<latexit sha1_base64="I+ejyXOYphLuIS3SCL8Ok/M8Oe0=">AAACInicbVC7SgNBFL0bXzG+YizTLEZBEMOuhVpGbCwjmAfkxezkxgyZnV1mZsUQAtr6HbYBW/0EO7ES7C30I5wkFkn0wGXOnHOHO/d4IWdKO867FZubX1hcii8nVlbX1jeSm6miCiJJsUADHsiyRxRyJrCgmeZYDiUS3+NY8jpnQ790jVKxQFzqbog1n1wJ1mKUaCM1kjtY38f6gV3VgSnGm1ilbVbfn7wcNJIZJ+uMYP8l7i/J5NLfqcHd4CvfSH5WmwGNfBSacqJUxXVCXesRqRnl2E9UI4UhoR1yhRVDBfFR1Xqjbfr2rlGadiuQpoS2R+rkix7xler6nun0iW6rWW8o/udVIt06qfWYCCONgo4HtSJum9WH0dhNJpFq3jWEUMnMX23aJpJQbQKcmqJYJJi+6SdMMu5sDn9J8TDrHmXdCxPR6S2MEIc0bMMeuHAMOTiHPBSAwj08whM8Ww/Wi/VqvY1bY9b4hC2YgvXxA4wGqEk=</latexit>

e+e� ! �̃+�̃�

<latexit sha1_base64="YLgip24twVKSeSREg7vH++4en38="></latexit>

�� ! �̃+�̃�

<latexit sha1_base64="X+E/qWHgMphpnZUMMlI8UYuvZbs="></latexit>

e+e� ! �̃+�̃�e+e�

<latexit sha1_base64="rVeVoBZ1FPUG/9nWqoPAUIcjeKA="></latexit>

e+e� ! �̃+�̃�⌫e⌫̄e

<latexit sha1_base64="riYk/A81UK1Z9PF/NFAwbItAqeE="></latexit>

e±e± ! �̃±�̃±⌫e⌫̄e

<latexit sha1_base64="Tj4JEaq5Qjl4819/WYJbIpPnjZA="></latexit>

e±e± ! �̃+�̃�e±e±

<latexit sha1_base64="21TI+nqgk1nV0Tpn6JFWQHwMNtc="></latexit>

e±� ! �̃+�̃�e±
<latexit sha1_base64="xJURJTpiG1HzXw14izfzHbRQ1yw="></latexit>

e±� ! �̃±�̃0⌫e

s-
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ne

l
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ct
or

 b
os

on
 fu

si
on

Ph
ot

on
 in

it.

With  with no  cuts 
and 

|η | < 8 pT
mχ̃± ∈ [1,4.5] TeV

Use MadGraph to produce 
events across full range of 

centre-of-mass energies folding 
in luminosity functions

[Rodd et al. 2405.13104]

    Wino-Higgsino mixing 
required to avoid indirect 

detection limits
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A Benchmark: Chargino’s

1000 2000 3000 4000
m¬±

10°4

10°2

100
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#
ev

en
ts
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ea

r

e°e+ collider at 10 TeV

e°e° ! ¬°¬°∫e∫e (round)

e°e° ! ¬°¬°∫e∫e (flat)

e+e+ ! ¬+¬+∫̄e∫̄e

e°∞ ! ¬°¬+e°

e+∞ ! ¬°¬+e+

e+e° ! ¬+¬°

∞∞ ! ¬+¬°

e°e° ! ¬°¬+e°e°

e+e+ ! ¬+¬°e+e+

e°∞ ! ¬°¬0∫e

e+∞ ! ¬°¬0∫̄e

Flat beams
Round beams

<latexit sha1_base64="8EfX6k1W3nzWlFNN1oAPm96ZnZE="></latexit>

e+e� ! �̃+�̃�

<latexit sha1_base64="Sr9PRMRZn1ZMFndQ7tqOhbYkqQ0="></latexit>

�� ! �̃+�̃�
<latexit sha1_base64="bJr3godcQu5PCxUPvEctHXXlmnU="></latexit>

e+� ! �̃+
�̃�

e+

VBF channels

<latexit sha1_base64="UWxQpbrFMGvdCHlUl86DYBiGWNo="></latexit>

m�̃± [GeV]

<latexit sha1_base64="Fj+jUz9L6djga8XUhsgADRGKWjU="></latexit>

e+ ! ! ÷" + ÷" 0ø#e
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A Benchmark: Chargino’s

1000 2000 3000 4000
m! ±

10! 8

10! 5

10! 2

101

104

#
ev

en
ts
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ea
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e! e! collider at 10 TeV
e! e! " ! ! ! ! " e" e (round)

e! e! " ! ! ! ! " e" e (ßat)

e+ e+ " ! + ! + ø" eø" e

e! # " ! ! ! + e!

e+ # " ! ! ! + e+

e+ e! " ! + ! !

## " ! + ! !

e! e! " ! ! ! + e! e!

e+ e+ " ! + ! ! e+ e+

e! # " ! ! ! 0" e

e+ # " ! ! ! 0ø" e

Flat beams
Round beams

<latexit sha1_base64="8EfX6k1W3nzWlFNN1oAPm96ZnZE="></latexit>

e+ e! ! ÷! + ÷! !
<latexit sha1_base64="Sr9PRMRZn1ZMFndQ7tqOhbYkqQ0="></latexit>

�� ! �̃+�̃�
<latexit sha1_base64="g1C8j0OPmhyWSIbwWrRtFpvN3Ag="></latexit>

e! ! ! ÷" ! ÷" + e!
<latexit sha1_base64="x72H3bsVWJUAXOg6hdlywvDL/M8="></latexit>

e! ! ! ÷" ! ÷" 0#e
<latexit sha1_base64="Fmc80TaQXCawxloUc9Qwtb8xIRk="></latexit>

e! e!
! ÷! + ÷! ! e! e!

<latexit sha1_base64="MdAFGNV2JiXA1KUtPKNkM3gNZcI=">AAACLXicbVDLSsNAFJ34rPHRqks3wSIoYk1E1J0FEVxWsA9o0jKZ3LZDJ5MwMxFL6Wf4HX5At/oJLgRxW/wLp49FH144w+Gce7l3jh8zKpVtfxlLyyura+upDXNza3snndndK8koEQSKJGKRqPhYAqMciooqBpVYAA59BmW/fTf0y88gJI34k+rE4IW4yWmDEqy0VM+cQ+3MGsJVkQZlAbikRWunU1ybPKnD6KlnsnbOHpW1SJwJyebTv7cnZv++UM8M3CAiSQhcEYalrDp2rLwuFooSBj3TTSTEmLRxE6qachyC9Lqjj/WsI60EViMSGlxZI3V6ootDKTuhrztDrFpy3huK/3nVRDVuvC7lcaKAk/GiRsIsHcIwJSugAohiHU0wEVTfapEWFpgoneXMFkkTTtVLz9TJOPM5LJLSRc65yjmPOqJLNK4UOkCH6Bg56Brl0QMqoCIi6BX10Tv6MN6MT+Pb+Bm3LhmTmX00U8bgDymrqt0=</latexit>

e! e! ! ÷! + ÷! ! " e" e

<latexit sha1_base64="bJr3godcQu5PCxUPvEctHXXlmnU="></latexit>

e+� ! �̃+�̃�e+

Pure positron initial states

<latexit sha1_base64="UWxQpbrFMGvdCHlUl86DYBiGWNo="></latexit>

m�̃± [GeV]

<latexit sha1_base64="Fj+jUz9L6djga8XUhsgADRGKWjU="></latexit>

e+ ! ! ÷" +
÷" 0ø#e
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A Benchmark: Chargino’s

1000 2000 3000 4000
m! ±

103

104

105

106

107

108

L
[p

b]

energy integrated luminosity of ÒoriginalÓ beam particles needed for 10 events

e+ e! round
e+ e! ßat
e! e! round
e! e! ßat

<latexit sha1_base64="vryS7vzPh3WAal7lAUxqQFibpxY="></latexit>

e! e! round
<latexit sha1_base64="Z8yxt+vfXCOiib7Pv8Sxo5TOXpg="></latexit>

e! e! ßat

<latexit sha1_base64="kLoXErgk6js4+Fp3EZY+tJmu4C8=">AAACE3icbVDLSgNBEOz1bXxFxZOXwSAIYtj14OOk4MWjgolCEsPspJMMmZ1dZnrFsOQz/ACv+gleRLz6AX6Bv+HkcdBoQUNR1U01FSZKWvL9T29icmp6ZnZuPrewuLS8kl9dK9s4NQJLIlaxuQm5RSU1lkiSwpvEII9Chddh56zvX9+hsTLWV9RNsBbxlpZNKTg5qZ7fwNtdhrd7rEp4TxkzcaobvXq+4Bf9AdhfEoxI4eQVBrio57+qjVikEWoSiltbCfyEahk3JIXCXq6aWky46PAWVhzVPEJbywbv99i2UxqsGRs3mthA/XmR8cjabhS6zYhT2457ffE/r5JS86iWSZ2khFoMg5qpYhSzfhesIQ0KUl1HuDDS/cpEmxsuyDX2K8XKVEu67+VcM8F4D39Jeb8YHBSDS79wejysCOZgE7ZgBwI4hFM4hwsogYAMHuEJnr0H78V7896HqxPe6GYdfsH7+AYc5Z79</latexit>

e+ e! round

<latexit sha1_base64="7QfGYJ2OI9dWAl+avlbRWiCQHlg="></latexit>

e+ e! ßat

<latexit sha1_base64="Zhofs1fDyfuH9xZ1fnGSqWQW8aI=">AAACFnicbVA9SwNBEJ2L3/EraiPYrIpgFe4s1FKxsbBQMFFIjrC32SRL9vaO3TkxHCf+DLW21Z9gJ7a2+QX+DTcXC2N8MMzjvVlm9gWxFAZdt+8UJianpmdm54rzC4tLy6WV1aqJEs14hUUy0tcBNVwKxSsoUPLrWHMaBpJfBd2TgX91w7URkbrEXsz9kLaVaAlG0UqN0no9pNhhVKZnGakjv8WU1OLAzxqlbbfs5iDjxPsh20eb/UeLp/NG6avejFgScoVMUmNqnhujn1KNgkmeFeuJ4TFlXdrmNUsVDbnx0/wHGdmxSpO0Im1LIcnV3y9SGhrTCwM7ObjX/PUG4n9eLcHWoZ8KFSfIFRsuaiWSYEQGcZCm0Jyh7FlCmRb2VsI6VFOGNrSRLUYkSuBtVrTJeH9zGCfVvbK3X/YubETH95BjFjZgC3bBgwM4glM4hwowuINneIFX58F5c96dj+FowRl2WIMROJ/fbrOkug==</latexit> L
[p

b]

<latexit sha1_base64="UWxQpbrFMGvdCHlUl86DYBiGWNo="></latexit>

m�̃± [GeV]

Muon Collider (goal luminosity)

<latexit sha1_base64="njQeEwuLj8DtDeWESI16rxZyO30="></latexit>

e+ e! and !! initial states

<latexit sha1_base64="KUmej/S+cv3O4dZ/kLpav7VPpTY="></latexit>

µ+ µ! proxy
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Preliminary Thoughts
1. Drell-Yan important when looking for heavy new particles 

2. SM production largely through VBF  

3.  configurations are more limitedγγ

But we can make use of secondary  and  in  configurationse+ γ e−e−

Note that -fusion usually subdominant to -fusionZZ WW

Still able to produce WIMPs ( ) and extra Higgs bosons ( )χ̃± H±
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Preliminary Thoughts
1. Drell-Yan important when looking for heavy new particles 

2. SM production largely through VBF  

3.  configurations are more limitedγγ

But we can make use of secondary  and  in  configurationse+ γ e−e−

Note that -fusion usually subdominant to -fusionZZ WW

Still able to produce WIMPs ( ) and extra Higgs bosons ( )χ̃± H±

•Include chargino decays Have preliminary results
(Ask me offline)

•Single scalar production (2HDM/Singlet extensions/ALPs)

What’s Next?
•Include full 2D luminosity profiles (rapidity distributions)



Questions? 
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A Benchmark: Chargino’s
s-channel production only
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A Benchmark: Chargino’s
Vector boson fusion production only
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2000 4000 6000 8000 10000 12000 14000
Ee! e!

0.0
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e! e! ! " ! " ! #e#e
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m" = 5 TeV

17

A Benchmark: Chargino’s
Production cross-sections
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Luminosity Spectrum
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<latexit sha1_base64="7yJjweW7f+qsOIFVok3GfLrOMNc=">AAACE3icbVBLSgNBFOzxG+MvKq7cNAbBjWFGQV1pwI3LCOYDSQw9nZekSU/P0P1GEoYcwwO41SO4U7cewBN4DTufhUkseFBUvccryo+kMOi6387C4tLyympqLb2+sbm1ndnZLZkw1hyKPJShrvjMgBQKiihQQiXSwAJfQtnv3gz98iNoI0J1j/0I6gFrK9ESnKGVGpl9eDihw6kh9DChvr01g0Ym6+bcEeg88SYke/1xNkKhkfmpNUMeB6CQS2ZM1XMjrCdMo+ASBulabCBivMvaULVUsQBMPRnFH9AjqzRpK9R2FNKR+vcisZFMP/DtZsCwY2a9ofifV42xdVlPhIpiBMXHj1qxpBjSYRe0KTRwlH1LGNfCZqW8wzTjaBub+mJErAT2BmnbjDfbwzwpnea885x352bzV2SMFDkgh+SYeOSC5MktKZAi4SQhz+SFvDpPzpvz7nyOVxecyc0emYLz9QumBaAZ</latexit>

e�e� beams
<latexit sha1_base64="OwxM/DMp1kWtrSQaVmyyIlqaIRQ=">AAACE3icbVBLSgNBFOzxG+MvKq7cNAZBEMOMgrrSgBuXEcwHkhh6Oi/apKdn6H4jCcMcwwO41SO4U7cewBN4DTuTLPwVPCiq3uMV5UdSGHTdD2dqemZ2bj63kF9cWl5ZLayt10wYaw5VHspQN3xmQAoFVRQooRFpYIEvoe73z0d+/Q60EaG6wmEE7YDdKNETnKGVOoVNuN6ncL1HWwgDTKhvb03aKRTdkpuB/iXehBTPXg8zVDqFz1Y35HEACrlkxjQ9N8J2wjQKLiHNt2IDEeN9dgNNSxULwLSTLH5Kd6zSpb1Q21FIM/X7RWIjmWHg282A4a357Y3E/7xmjL2TdiJUFCMoPn7UiyXFkI66oF2hgaMcWsK4FjYr5bdMM462sR9fjIiVwEGat814v3v4S2oHJe+o5F26xfIpGSNHtsg22SUeOSZlckEqpEo4ScgDeSRPzr3z7Lw4b+PVKWdys0F+wHn/AqK3oBc=</latexit>

e�e+ beams

<latexit sha1_base64="/1j0z1eooduLKRDtw/gkMv606ys=">AAACB3icdVDLSgMxFM34rPVVdekmWARXQ6a2tq4suHFZwT5gOpZMmrahmcyQZMQy9AP8ABe60E9wJ7r0M/wCf8NMq2BFD9zL4Zx7uQ8/4kxphN6tufmFxaXlzEp2dW19YzO3td1QYSwJrZOQh7LlY0U5E7Sumea0FUmKA5/Tpj88Tf3mFZWKheJCjyLqBbgvWI8RrI3k0st2FMBJ7uTyyK6Uiw46hMgulcrFYsEQVDA4ho6NJsifvN6luK91ch/tbkjigApNOFbKdVCkvQRLzQin42w7VjTCZIj71DVU4IAqL5msPIb7RunCXihNCA0n6s+OBAdKjQLfVAZYD9RvLxX/8txY9ypewkQUayrIdFAv5lCHML0fdpmkRPORIZhIZnaFZIAlJtp8aWaKYrFg+nqcNZ/5Ph/+TxoF2zmynXOUrxbBFBmwC/bAAXBAGVTBGaiBOiAgBLfgATxaN9aT9Wy9TEvnrK+eHTAD6+0TB4eezw==</latexit>

e± e±

<latexit sha1_base64="/1j0z1eooduLKRDtw/gkMv606ys=">AAACB3icdVDLSgMxFM34rPVVdekmWARXQ6a2tq4suHFZwT5gOpZMmrahmcyQZMQy9AP8ABe60E9wJ7r0M/wCf8NMq2BFD9zL4Zx7uQ8/4kxphN6tufmFxaXlzEp2dW19YzO3td1QYSwJrZOQh7LlY0U5E7Sumea0FUmKA5/Tpj88Tf3mFZWKheJCjyLqBbgvWI8RrI3k0st2FMBJ7uTyyK6Uiw46hMgulcrFYsEQVDA4ho6NJsifvN6luK91ch/tbkjigApNOFbKdVCkvQRLzQin42w7VjTCZIj71DVU4IAqL5msPIb7RunCXihNCA0n6s+OBAdKjQLfVAZYD9RvLxX/8txY9ypewkQUayrIdFAv5lCHML0fdpmkRPORIZhIZnaFZIAlJtp8aWaKYrFg+nqcNZ/5Ph/+TxoF2zmynXOUrxbBFBmwC/bAAXBAGVTBGaiBOiAgBLfgATxaN9aT9Wy9TEvnrK+eHTAD6+0TB4eezw==</latexit>

e± e±
<latexit sha1_base64="7Kh87BsRU085XyHMTwrKjZVwEvM=">AAACB3icbVDLSgMxFM34rPVVdekmWARXZUZE3Vlw47KCfUA7lkyaaUPzIsmIZegH+AEudKGf4E506Wf4Bf6GmbYL23og4XDOvdx7T6QYNdb3v72FxaXlldXcWn59Y3Nru7CzWzMy0ZhUsWRSNyJkCKOCVC21jDSUJohHjNSj/mXm1++INlSKGztQJOSoK2hMMbJOapLbFlfQ/Yq3C0W/5I8A50kwIcWLz6cMz5V24afVkTjhRFjMkDHNwFc2TJG2FDMyzLcSQxTCfdQlTUcF4sSE6WjlITx0SgfGUrsnLBypfztSxI0Z8MhVcmR7ZtbLxP+8ZmLj8zClQiWWCDweFCcMWgmz+2GHaoItGziCsKZuV4h7SCNsXUpTUwxNBLX3w7xLJpjNYZ7UjkvBaSm49ovlEzBGDuyDA3AEAnAGyuAKVEAVYCDBI3gBr96D9+a9ex/j0gVv0rMHpuB9/QKgvJ6M</latexit>

e⌥e±

<latexit sha1_base64="7Kh87BsRU085XyHMTwrKjZVwEvM=">AAACB3icbVDLSgMxFM34rPVVdekmWARXZUZE3Vlw47KCfUA7lkyaaUPzIsmIZegH+AEudKGf4E506Wf4Bf6GmbYL23og4XDOvdx7T6QYNdb3v72FxaXlldXcWn59Y3Nru7CzWzMy0ZhUsWRSNyJkCKOCVC21jDSUJohHjNSj/mXm1++INlSKGztQJOSoK2hMMbJOapLbFlfQ/Yq3C0W/5I8A50kwIcWLz6cMz5V24afVkTjhRFjMkDHNwFc2TJG2FDMyzLcSQxTCfdQlTUcF4sSE6WjlITx0SgfGUrsnLBypfztSxI0Z8MhVcmR7ZtbLxP+8ZmLj8zClQiWWCDweFCcMWgmz+2GHaoItGziCsKZuV4h7SCNsXUpTUwxNBLX3w7xLJpjNYZ7UjkvBaSm49ovlEzBGDuyDA3AEAnAGyuAKVEAVYCDBI3gBr96D9+a9ex/j0gVv0rMHpuB9/QKgvJ6M</latexit>

e⌥e±

<latexit sha1_base64="uHHrnfjo6/tV8T6UWMGJdFULL64=">AAACCHicdVDLTgIxFO34RHzhY+emkZi4GmcAYdiRuHGJiTwSBkmndKCh7UzajpEQfsAPcKuf4M649S/8An/DMmgiRk9yk5Nz7s299wQxo0o7zru1tLyyurae2chubm3v7Ob29psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaOLmd+6JVLRSFzrcUy6HA0EDSlG2ki+P0CcozNy48e8l8s7dsErVJwKdOxyqXherBriVR2v6EHXdlLka4dhinov9+H3I5xwIjRmSKmO68S6O0FSU8zINOsnisQIj9CAdAwViBPVnaQ3T+GJUfowjKQpoWGq/pyYIK7UmAemkyM9VL+9mfiX10l06HUnVMSJJgLPF4UJgzqCswBgn0qCNRsbgrCk5laIh0girE1MC1sUTQTVd9OsSeb7ffg/aRZst2y7VyaiEpgjA47AMTgFLqiAGrgEddAAGMTgATyCJ+veerZerNd565L1NXMAFmC9fQJr8Z2N</latexit>

�/e± <latexit sha1_base64="uHHrnfjo6/tV8T6UWMGJdFULL64=">AAACCHicdVDLTgIxFO34RHzhY+emkZi4GmcAYdiRuHGJiTwSBkmndKCh7UzajpEQfsAPcKuf4M649S/8An/DMmgiRk9yk5Nz7s299wQxo0o7zru1tLyyurae2chubm3v7Ob29psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaOLmd+6JVLRSFzrcUy6HA0EDSlG2ki+P0CcozNy48e8l8s7dsErVJwKdOxyqXherBriVR2v6EHXdlLka4dhinov9+H3I5xwIjRmSKmO68S6O0FSU8zINOsnisQIj9CAdAwViBPVnaQ3T+GJUfowjKQpoWGq/pyYIK7UmAemkyM9VL+9mfiX10l06HUnVMSJJgLPF4UJgzqCswBgn0qCNRsbgrCk5laIh0girE1MC1sUTQTVd9OsSeb7ffg/aRZst2y7VyaiEpgjA47AMTgFLqiAGrgEddAAGMTgATyCJ+veerZerNd565L1NXMAFmC9fQJr8Z2N</latexit>

�/e±

<latexit sha1_base64="F8GRXXK2DmgIK9isNWg9z465JDA=">AAACCXicdVDLSgMxFM3UVx0frbp0EyyCbspMta2uLIjgsoJ9QDuUTJq2oUlmTDJiGfoFfoBb/QR3oku/wi8Q/8K0o2BFD4QczrmXe+/xQ0aVdpw3KzU3v7C4lF62V1bX1jPZjc26CiKJSQ0HLJBNHynCqCA1TTUjzVASxH1GGv7wdOI3rolUNBCXehQSj6O+oD2KkTaS1+4jzhFMvk425+SdKaCTL5bLjlM05KBUOHZL0P2ycpXMx8m+/XJW7WTf290AR5wIjRlSquU6ofZiJDXFjIztdqRIiPAQ9UnLUIE4UV48XXoMd43Shb1Amic0nKo/O2LElRpx31RypAfqtzcR//Jake4deTEVYaSJwMmgXsSgDuAkAdilkmDNRoYgLKnZFeIBkghrk9PMFEUjQfXN2DbJfJ8P/yf1Qt4t5d0LE9EhSJAG22AH7AEXlEEFnIMqqAEMrsAduAcP1q31aD1Zz0lpyvrq2QIzsF4/AckWnbQ=</latexit>��

<latexit sha1_base64="F8GRXXK2DmgIK9isNWg9z465JDA=">AAACCXicdVDLSgMxFM3UVx0frbp0EyyCbspMta2uLIjgsoJ9QDuUTJq2oUlmTDJiGfoFfoBb/QR3oku/wi8Q/8K0o2BFD4QczrmXe+/xQ0aVdpw3KzU3v7C4lF62V1bX1jPZjc26CiKJSQ0HLJBNHynCqCA1TTUjzVASxH1GGv7wdOI3rolUNBCXehQSj6O+oD2KkTaS1+4jzhFMvk425+SdKaCTL5bLjlM05KBUOHZL0P2ycpXMx8m+/XJW7WTf290AR5wIjRlSquU6ofZiJDXFjIztdqRIiPAQ9UnLUIE4UV48XXoMd43Shb1Amic0nKo/O2LElRpx31RypAfqtzcR//Jake4deTEVYaSJwMmgXsSgDuAkAdilkmDNRoYgLKnZFeIBkghrk9PMFEUjQfXN2DbJfJ8P/yf1Qt4t5d0LE9EhSJAG22AH7AEXlEEFnIMqqAEMrsAduAcP1q31aD1Zz0lpyvrq2QIzsF4/AckWnbQ=</latexit>��

Round beams
Flat beams

Beam parameters

<latexit sha1_base64="bQEBH0kd8EmCGG3vWLCg+pdDnLc="></latexit>

�x = 6nm
<latexit sha1_base64="xeQZutE8G4zfVvB8mthJ5ejhhdM="></latexit>

�y = 0.4 nm
<latexit sha1_base64="JR1Ez47MmMtP4BQvd0vOAlw5Yc0="></latexit>

�y = 1.55 nm

<latexit sha1_base64="ZbJjhZ73bjk6komL86ZWzMplNKM="></latexit>

�x = 1.55 nm
<latexit sha1_base64="O6QPqoPXvZ9G+HC0PuQDDyX3EQs="></latexit>

�z = 8.5 µm

<latexit sha1_base64="b1vnF1jo09XcGxiSGr8Pim8+opU=">AAACCHicbVDLSsNAFJ1Uq7W+qi7dDBahIISkgo+NFNy4rGAf0IQymU7aoZNJmIdYQn7AD3Crn+BKcalfoV/gbzh9LLT1wIXDOfdyLidIGJXKcb6s3NJyfmW1sFZc39jc2i7t7DZlrAUmDRyzWLQDJAmjnDQUVYy0E0FQFDDSCoaXY791S4SkMb9Ro4T4EepzGlKMlJE8j+sode0qOTrPuqWyYzsTwEXizki5lj+uvHzy93q39O31YqwjwhVmSMqO6yTKT5FQFDOSFT0tSYLwEPVJx1COIiL9dPJzBg+N0oNhLMxwBSfq74sURVKOosBsRkgN5Lw3Fv/zOlqFZ35KeaIV4XgaFGoGVQzHBcAeFQQrNjIEYUHNrxAPkEBYmZr+pEiqOVV3WdE04873sEiaVds9sd1rU9EFmKIA9sEBqAAXnIIauAJ10AAYJOABPIIn6956tl6tt+lqzprd7IE/sD5+AOqpnVQ=</latexit>

1.2⇥ 109 Flat beam Round beamLeptons per beam = 
Beam energy = 5 TeV

[C. Schreoder et. al, JNIST 2023]

[Adapted from A. Fromenti, S. S. Bulanov, A. Huebl, R. Lehe, 
J. Osterhoff, C. Schroeder, J.L. Vay (work in progress)]


