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E-320: collide 30 TW laser pulses with 13 GeV electrons

FACET-II
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QED scales
* Energy. € = mc? =1 MeV
(electron/positron rest mass)

« Length: Compton wavelength A= h/(mc)
(vacuum fluctuations due to uncertainty)
- Field: E_= m*c’®/(eh) ~ 10" V/m
Laser intensity: |_=ce E_* ~ 10®° W/cm?

Quantum/beamstrahlung parameter: x=E*/E_

measures rest-frame electric field
E* in units of E_ = m*c’/(eh)

Sebastian Meuren (for the E-320 collaboration)
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QED critical field:

E_ = mc?/(eA.): can transfer rest energy
(~ mc?) over Compton length A_ = h/(mc)
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— QED vacuum becomes unstable

FACET-II: Yakimenko et al., PRAB 22, 101301 (2019)



E-320: observing nonperturbative photon emission

E-144: perturbative multi-photon regime

(a,=1, x=1:1990s)
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E-144 PRL 76, 3116 (1996)
perturbative scaling: ~a "
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E-320: nonperturbative quantum regime

(a,>>1,x=1: 2021)

Breakdown of both classical synchrotron radiation and
single-photon Compton scattering
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Interaction with n~100 laser photons
Interaction with multiple laser photons (e.g., Brown & Kibble, Phys. Rev. 133,1964):
elE eV /
dop — | | ~ 0.75 —
mcw hw \/ 10 W /cm?

Meuren & Reis, Strong-field QED, June 4, 2020

Simulations: M. Tamburini & M. Vranic



E-320: observing photon-induced vacuum decay

E-144: multi-photon pair production
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“Positron Production in Multiphoton Light-by-Light

Scattering” E-144 PRL 79, 1626 (1997)

Completely analogous to tunnel ionization
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E-320 will probe a qualitatively new regime
of light-matter interaction
Meuren & Reis, Strong-field QED, June 4, 2020

classical
propagation

+mc?

Photon - virtual pair - tunneling - real pair
(local constant field approximation)
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FACET-II IP area

picnic
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* Experiment will be installed
in the FACET-II “picnic basket”

e Challenge: ~ 10 experiments
will run “simultaneously”

e After LCLS-II is online: limited
access 8 hours in 2 weeks

2" OAP: recollecting for shot-to-shot laser diagnostic
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FACET-Il spectrometer beamline
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Dump table diagnostics

* Initial measurements
with common electron
& gamma diagnostics

on the dump table

Positron: Electron 1
tracking « — — _ detector |

New beamline (D. Storey): detect single positrons
and low-energy electrons with low background

Next update: FACET-Il PAC Meeting, 26-29 October 2020
https://facet.slac.stanford.edu/proposals/pac2020

Meuren & Reis, Strong-field QED, June 4, 2020



Beyond E-320

Peak laser intensity Iy [W/cm?] — optical laser, laboratory frame

Sebastian Meuren (for the E-320 collaboration)

ol A >
o b M\
o L Classical intensity parameter a
>
53 025 0.5 10 32 100 182 358 575
) == | | | | T u | |
25 10° |k Yakimenko, Meuren et al., = NPQED Collider B
I PRL 122, 190404 (2019)  (125GeV, 100nm) 5
c © N ]
o< § < | Halavanau et al., J. Synchrotron '
- _ | Rad. (2019). 26, 635-646
*J’E) £t 10" F  SLAC Double-Bunch FEL (2020 SLAC 10 PW £
B 3 : 24 2 Meuren et al. (2020 a
m  m (4keV, 1024W /cm? + 6.6 GeV _ , SEL 100 PW.m ]
c 3t | ) arxiv:2002.10051  >-rc3PW H ;
o 8 g . Rochester 30 PW '
£ = - LWFA
32 @ WE CLIC(3TeV) el DESY0.3PW ( ) .
c - » u = :
S - | BELLA 1 PW ]
V1 : FACET-1130 TW_ (DWRA) -
o S =20
o e lUE ZEUS 3PW E
£ : SLAC E-144 (LWFA) :
(5] - n 3
B - / il
:'E 10_1 1 ] 1 IIIII 1 1 1 [ IIIII [ 1 [ 11 IIII 1 1 [ IIIII 1 1 [ || IIII [ [ 1 [ IIIII [ 1 [ 1 1 111l
_§ 1017 1018 1019 1020 1021 1022 1023 1024
j perturbative relativistic nonperturbative QED plasma
< regime threshold laser field — (laser-laser)



To be continued...
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Thank you for your attention

Sebastian Meuren (for the E-320 collaboration)
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