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Why do we care about reaching the QED critical field?

Extreme astrophysics: magnetars, FRBs Fundamental questions in quantum field theory

magnetic reconnection, neutron-star mergers Chiral Symmetry Breaking in QED induced
by an External Magnetic Field

Sinclair & Kogut, arXiv 2210.10863 (2022)

Beam-beam collisions: linear collider (CLIC, ILC);
probing the fully nonperturbative regime of QED

Shiltsev & Zimmermann,
RMP 93, 015006 (2021)

Yakimenko et al.,
PRL 122, 190404 (2019)

Esberg et al.,
PRSTAB 17, 051003 (2014)

Bochenek et al., Price & Rosswog
Nature 587, 59 (2020) Science 312 (2006)
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QED plasmas: beam-driven QED cascades

_ or seeded laser-laser collisions (=102 W/cm?)

-400 -200 2 200 400 Qu et al’ PRL 127 (2021)
Schoeffle et al., ApJ 870 (2019) Grismayer et al., PoP 23 (2016)

Bell & Kirk, PRL 101 (2008)
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E-320: major near-term science goals

2023: Transition from perturbative to non-perturbative regime
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2024: QED vacuum breakdown (tunneling pair production)
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2024: measure formation length
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UCLA group: Naranjo et al., THPAB270,
JACoW, IPAC (2021)

* Electron measurements require detector upgrades

« Pair production requires more laser intensity
and a cleaner electron beam (less background)

* Local constant field approximation (LCFA) breakdown
and detailed investigations of radiation reaction require
the installation of the UCLA pair spectrometer
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Experimental timeline

Short & mid-term goals:

Increase laser Improve electron Improve positron Install pair spectrometer
intensity detectors detectors (gamma photons)
reach a, = 5, better optical readout silicon tracker (ePix) design is 90% ready,

eventually ap, = 10 direct detection (ePix) radiation-hard calorimeter carried out by UCLA
o ® ® ® »
2023/06 2023/06 2023/12 2024/12

Long-term goals:

* Propose a 100-500 TW laser upgrade for FACET-Il (conceptual/technical design report)
* Introduce a 2" IP for multi-GeV gamma production: light-by-light scattering experiments
 Install polarization-sensitive detectors: vacuum birefringence, radiative spin polarization
» Observe signatures of high-energy electron-positron recollisions
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Diagnostics and Observables

Nonlinear Compton scattering

detection of 5-10 GeV electrons Vacuum breakdown

using dump-table diagnostics detection of (single) 2
multi-GeV positrons -

e Currently: DRZ + LFOV camera g L
* Increase light collection: new imaging Data: Aug 11, 2022 (234916)

system, h'gh'_QE camera + x/y—mover * Single-particle tracking (scintillator/SSD) +
* Use silicon-pixel detector (ePix) multi-channel calorimeter (readout: PMTS)
* Currently positron background is too high

Quantum radiation reaction Total gamma yield
low-energy electrons (< 1 GeV) (and angular distribution) Gamma energy distribution
i 1500 aTe dee requires pair spectrometer
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* Detection: EDC diagnostics * Important for consistency checks 12 f — Incident gamma spectrum
* Need to improve SNR * Probably facilitates a, measurements 10° W sty Bh
Data: Aug 14, 2021 (024716) Data: Aug 14, 2022 (dataset 2665)

Naranjo et al., THPAB270,

JACoW, IPAC (2021
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Progress: E-320 IP installation in the FACET-II picnic basket
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see talk by R. Ariniello

Setup fully functional, improvements envisioned
« Common baseplate needs further engineering & tests
* Dielectric OAPs require a safe environment
Interferometer hasn’t been used for alignment yet
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Progress: PDC/EDC and positron diagnostics

Picnic Basket (IP) Spectrometer Spectrometer  Positron Detection Electron Detection Future pair Dump Table
Quadrupoles Dipole Chamber Chamber spectrometer Diagnostics
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* Laser is not strong enough to create pairs or very low-energy electrons
* Electron beam has improved, but still large backgrounds of positrons
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Progress: electron-beam — laser spatial & temporal overlap

Knife-edge scan: spatial overlap

YAG height [mm]

YAG timing tool: temporal overlap

Laser-electron timing [ps]
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E-320 run on August 19, 2022 (dataset 2925)

E-320 run on August 19, 2022 (dataset 2918)
Inspired by LCLS timing tool: Sato et al., J. Syn. Rad. 26, 647 (2019)

* Alignment target: 50 um thick Ce:YAG screen, one side transparent, other side frosted (rough surface)
* Alarge laser spot is used (incoming laser has small diameter + YAG is placed behind/before focus)
* Frosted YAG surface is imaged with microscope objective (laser intensity must be below damaging threshold)

YAG is driven into the interaction point — laser attenuates, gamma signal increases
E-beam induces free carriers in YAG, attenuates laser if e-beam arrives early

Spatial overlap (left):
Temporal overlap (right):
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Progress: first electron-laser collisions

Electron-laser collisions: gamma signal
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Scattered electrons - 15t and 2" harmonic
E320_03027, shot 448
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Tasks for 2023 (aka future evolution of the experiment)

Improve laser intensity and spot quality

MPA output
Transport efficiency
Probe splitter
Compressor
Compressor window
Energy in PB
Pulse duration
Gold OAP Strehl
Spot size (FWHM)
€L

~

Iy =

0.8
FWHM?27,
see talk by Brendan O’Shea; data: Aug 19, 2022 (223418)

0.8J
0.88 %
0.8 %
0.7 %
0.96 %
0.38J

60fs Currently possible:

L | = 4x10" W/cm?
2pm ar=~4.2

250

ag ~ 0.60 um‘l)\\/2lo/(1018 Wem—2)

Reaching the quantum regime (x=1)

X % 0.057 GeV ey 215/ (102 Wem2)

* Need: a;= 8.5 (10 GeV) or a, = 6.5 (13 GeV)
* Currently possible: x = 0.5 (10 GeV + ag = 4.2)
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Improve detector signal-to-noise ratio

E320_93027, shot_ 448 550
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* Current SNR of dump-table e-detectors is not sufficient
* Detector upgrades crucial for the E-320 science program
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Establish high-quality beam mode

10

- Parameter (units) Value
- Final beam energy E; (GeV) 13.0
Bunch charge Q; (nC) 2.0
o rms bunch length ¢, (mm) 0.1
0z ﬁ‘ (m) 10

Final rms energy spread, dE/E (%) 0.05

Q 50 00 TeO 1000 1350 1500 1TSD MO0

* Cleaner beam transmission crucial for positron detection
* Find optimum between compression, energy, & tails

see talks by J. Yocky & G. White 10



Desired facility upgrades

Solid-state detectors (ePix) High QE, low noise cameras

1 A/

f o A

NATIONAL ACCELERATOR LABORATORY

https://lcls.slac.stanford.edu/detectors/ePix10k https.//www.hamamatsu.com/
Direct e’/e* detection (100 pm pixel) * Install ORCA-Fusion CMOS camera
Prototype ready for installation in the tunnel * Requires new EPICS driver
(Holtzapple & Callman, Kenney & Blaj) » Prevent early death by radiation

Deploy radiation-hard calorimeter Upgrades for the FACET-Il laser

R

* Improve transport efficiency

* Remove hot spots, send more energy
* Prevent grating degradation

* Reduce pulse duration

Current radiator: lead glass, degrading « Implement ability for laser on/off shots
Use different material, e.g., lead fluoride « EPICS interface for deformable mirror:
Anderson et al., NIMPRS A290, 385 (1990) facilitates machine-learning algorithms

to improve spot quality
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Modify EOS delay line
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see talk by C. Doss

EOS and E-320 cannot be viewed
simultaneously (delay too small)

Needed for shot-to-shot timing

Pair spectrometer (UCLA)

J}

Will facilitate the measurement of
MeV-GeV gamma-photon spectra
Naranjo et al., THPAB270,
JACoW, IPAC (2021) 11



Thank you for your attention
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The E-320 collaboration
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