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The high energy frontier
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Plasma wakefield acceleration
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Waketield collider
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Extreme beamstrahlung

Plasma wavelength: 4, ~ 1/E,

But we also need to collide

Efficient acceleration demands enough particles to achieve
the trailing bunch luminosity: N ~ 10°
to fit in the plasma wake l

l N2fT

Oxy ~ 1 nm
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L =
seom 4mo,0y
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Extreme beamstrahlung
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The shape of the beam

N2fT Flat beams gy > 0,
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Which particles to accelerate?

The response of plasma is asymmetric in 7+ Al gt ZT
charge e € e
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Leptons as composite particles

e At high energy, due to interactions, also
leptons etfectively behave as composite
particles
e This is captured by LePDIs (a
perturbative analog of PDFSs, but for e ~
leptons)
 But the very intense interactions in the
environment of a wakefield collider

(beamstrahlung) require a separate
treatment
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The luminosity spectra
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The luminosity spectra
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Beamstrahlung enhancement
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Beamstrahlung enhancement
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Beamstrahlung enhancement
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Our example model

Kinetically mixed 7’

Easy to recast to any other
e Nnarrow resonance

LD - Z/,It ]{}L coupled to leptons
%4

\

Most relevant processes

utu~ final state in the Signal: ete” > Z' - utu”
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Background:

\_ Yy - utuT
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Results
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Results
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Results
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Conclusions
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Backup




The rapldlty distribution
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Existing WFEFC facilities

Main ongoing experiments:

« FACET II, SLAC (USA): ongoing since 2020, built on the experience of FACET (2011-
2016) it’s the reference for PWFA using e~ drivers. It actually has 10 GeV e~ beams and it’s
the only one with an accepted upgrade for et acceleration.

« BELLA, LBNL (USA): it’s operating since 2013 and it’s the reference for LWFA, they also
have 10 GeV e~ beams.

« AWAKE, CERN (Switzerland): has operated from 2016 to 2025, it’s the only experiment
with drivers made of protons. Using protons at 400 GeV they have been able to achieve 2 GeV
e~ beams; now it’s undergoing a major update.

Other relevant ones:
 FLASHForward & PETRA IV, DESY (Germany)
* EuPRAXIA project with 2 facilities: SPARC-LAB (Italy) & ELI (Czechia)
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Detector resolution and cuts

TABLE I. Summary of acceptance cuts, selection cuts, and detector resolutions used in the analysis.

MuC inclusive MuC exclusive WEFC
putp~ —wete +X ptp~ —ete eie_/’w —ptpT + X

Acceptance Cuts

ppin 25 GeV et : 25GeV, v: 25GeV 25 GeV

Ui 2.5 2.5 2.5

AR™" 0.1 0.1 0.1
Resolution o(Ee)/Ee = 1% o(Ee)/Ee = 1% o(1/pry.) = 2%/ TeV
Di-lepton resolution

O’mef/mgg 0.7% 0.7% 1% x m“,u,/TeV

Ty 0.5% 0.5% -
Selection Cuts

A (invariant mass) 0.01 0.01 0.015my, /TeV

0 (rapidity) 0.01 — —
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Fvent rates comparison
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All the events of the WFC search
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A closer look to LePDFEs
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