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Strong-Field QED in a Nutshell

Aim of LUXE: extend QED knowledge into “strong-field” regime
beyond “Schwinger limit” (increasing a,,, begin of non-pert. effects)

Important regime — role in astrophysical phenomena,

magnetars, atomic & laser physics, high-energy colliders ... mc?  m?c? -

Schwinger limit characterized by “critical field”
—> e*e~ pairs torn apart (real and observable) =1.3X10' V/ecm Efo1q < 2m,

Intensity parameter:
meEL

£ = » Relates laser field to critical field
Wi, Eor :
L erit » Measure of coupling between probe and
E,: Laser field laser field (also square root of laser
F.i : Schwinger critical field IntenSIty)'
wy, :  Laser frequency . f 21 non-perturbative regime

Only chance (and LUXE concept) to reach E_..: high-intensity lasers =2 1014 V/m

crit-

Eﬁeld > Zme

« Additional 10* V/m through collision with high-energy electrons or photons (Lorentz factor)
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Strong-Field QED in a Nutshell

Aim of LUXE: extend QED knowledge into “strong-field” regime
beyond “Schwinger limit” (increasing a,,, begin of non-pert. effects)

Important regime — role in astrophysical phenomena,
magnetars, atomic & laser physics, high-energy colliders ... mc?  m?c? -

Schwinger limit characterized by “critical field”
- e*e” pairs torn apart (real and observable) =1.3%10'® V/cm Efo1a < 2m, Efp1q > 2m,

-

Non-linear Compton scattering Search for Breit-Wheeler pair creation

(measure Compton e~/ y spectrum) (main measurement — e+ counting vs ¢)

16.5 GeV electron, 800 nm laser, 17.2° crossing angle

107" ‘ ‘ ‘
— §=001 — £=05
‘7;‘ 1072 — 6201 — &1
= — §=02 — £=2
L 107
8 1o
e"+ny—e +y
® 107}
Compton edge § o _
shifts with intensity N Non-pert. region: 5z <
parameter g’ W 1077 W expect deviation from -m — Locally Mf:nochromatic Approximation
measure eC + V 10-8 _0 é A.f é é 1b 1,2_ power |aW ~§2n; -- Perturbative
0.3 0.5 1. 2,
(spectra, rates) Photon energy (GeV) ¢

DESY. LUXE BSM Searches - LP23 Melbourne | 19 July 2023 | TS Page 3



The LUXE Experlment at the European XFEL
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The LUXE Experiment at the European XFEL

-1 Undulator/Photon Tunnels Bt Use electron beam before undulators
Bt ' NS SSEU DD e & extract bunch to ”second fan” area
' el > No i
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Exprient Hall
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Bl EUXFEL electron beam:

* Energy 16.5 GeV, rep rate 10 Hz

» Use 1 out of 2700 bunches per train
g ° Collide with 3.5/40 TW laser (“JENA”)
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Experimental Setup

magnet e*-e” pair

_&’beam Compton photon e-laser mode: Compton scattering
/ =~ (and some internal Breit-Wheeler)
A -> intense photon beam
e” beam dump
magnet magnet e*-e" pair
y 4 N

e” beam —/ photon beam ,\% —/ > y-laser mode: Breit-Wheeler

v — ~ " ./ (only low-rate Bremsstrahlung flux)

converter u— 'I @
target
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Experimental Setup

magnet e*-e” pair

_e'beam Compton photon e-laser mode: Compton scattering
> =~ (and some internal Breit-Wheeler)
‘I - intense photon beam
e” beam dump
electrons laser photons
- 10 Hz bunches -1Hz -3.5yle
-up to 17.5 GeV - 40 TW (phase-0) -1.7vyle (>1 GeV)

- 10° e’/bunch - 350 TW (phase-1)
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Experimental Setup

r________-_'l

magnet e*-e” pair
@ I photon dump

]
|
]
e bea Compton photon | I
/ =~ | |
~I ]
e"beamdump | detector ]
] |
electrons laser photons —— o ————— ]
- 10 Hz bunches -1Hz -3.5yle
-upto 16.5GeV - 40 TW (phase-0) - 1.7yle" (>1 GeV) Creation of “new” particles in dump,
- 107 ebunch - 350 TW (phase-1) measurement of their decay products
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Experimental Setup

new physics search

Primakoff produ;tlon :_ __________ -: photon decay channel
v |
! photon dump Y ]
Compton photon I a Y
| B .
Y
> > ' ! v
dump nuclei | detector |
L e e o 3
T , m,
a—
L, = FWF‘W v+N =2>N+a T 64mA?2

4A,

ALPs appear in any theory with a spontaneously broken global symmetry; they solve the strong CP problem
and can explain anomalous magnetic moment of the muon, and they serve as portal to the dark sector
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ALPS Scenario

Is it useful? Axion landscape — excluded regions (LSW, cosmology — SN1987a, colliders, beam dump ...)
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=> It is very useful to study new physics at optical dump (NPOD)
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Backgrounds
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Determination computationally challenging: so far simulated 101° photons, corresponding to only 2 BX.

Photon background too soft to bother, neutron statistics beyond 500 MeV extremely low (and timing cuts)
Charged particles bent away by 1 T magnet; muon veto detectors

Some low-energy particles (backscattering, escaping through dump sides) e
Di-photons from ALPS selected using topology cuts etc. Conclusion: < 1 background event / year!

. . . - di x
(shower shape against neutrons, vertex reconstruction, ...) Much more for e- directly on target (*500)!
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LUXE BSM Detector

Final layout to be defined

Detector requirements: Good energy & vertex resolution
« ALPs invariant mass reconstruction
« Background suppression (photon / neutron
discrimination using shower shapes and time of arrival)
« Timing resolution < 0.1 ns

Phase-0 (40 TW laser): reuse existing calorimeter, e.g.

spaghetti calorimeter (SpaCal) from H1.: TR
- Lead / fiber (2.3:1) with 4x4x25 cm3 cells 2 Scilc LALLM SRR
- Energy resolution 7.5%/VE+2% A e h e e 0 N
’ Tlme reSOIUUOn < 1ns "’ ] [EL:‘:J%%L:‘EJE[BJL“’;I tim:éja [L«L:ZJ I:L:;JJ_I[B»:;{,JEI
: : ~ %&%%%%” E% i ":‘ig%;:vz‘E{*;ﬁ%gé&% b
Phase-1 (350 TW laser): Design new system (ongoing) {7 e G e e
* Preshower and vetoes S S o s o S G 2 et |
. . . . . QY AN ElinG Efictn Chosls Che oD Chiens Chsen Chams !
« Tracking calorimeter, e.g. high granularity calorimeter , e b Ewﬂﬂ*mﬁ
(CALICE Si-W ECAL etc.) o . Sl H ol S 2 il s
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Phys

ICS Reach

Two NPOD optimisation strategies studied using Geant4
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(Assumption: no background)
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LUXE-NPOD (work in progress)

- Lr=0.5m, Lpy=1.5m, phase 1 primary |
Lr=0.5m, Lpy=2.5m, phase_1_primary |
—= Lyr=0.5m, Lpy=4.5m, phase_1_primary |
— = Lyr=0.5m, Lpy=9.0 m, phase_1_primary

\\—- arxiv:2107.13554 (Phase 1)

_)
\\
\\\ ) \"
|l { /‘!:
— T EEEmmaaL Lo
0.10 0.20 0.30 0.40

ALP mass m; (GeV)

If no signal observed ...
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Exclusion limits

. 95% CL for background-free search after one year of data taking —
projections for phase-0 and phase-1 compared to existing limits and other projections

. LEP PrimEx : §
10—3:"':"‘—5 : ‘-_,*"’]‘E’,c]lc—ll : g
SR I | ” S Exclusion bounds for pseudo-scalar &
GlueX. pb’ = scalar ALPS:

""""""" %> « Masses between 40 and 350 MeV
=7 107%EF 105 « 1/\between 10° and 103 GeV-1
T e NSk DT, R X Y ] g
e T Belle—11 | [iSa LUXE phase-1 can reach the
< N\ Luxe npop | naturalness bound for scalars! Also
B 10_5;'ié"l'l"";';“""" i D\ phase-1 3 shown: optimised LUXE phase-1.

[ T BASERY ) i Potential results comparable to NA62
BeamDumps . ' and FASER2 (>2029) reach
10-6 - . "-'~'{'\,3m~cf‘?}? IIIIIIIIII NAG2—dump_.- : -
5x1072 107! 5x107!
my 4[GeV]
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ALPs Production Photon Spectra

Also “primary” axion production directly in electron-laser interaction — but much lower rates!
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Outlook — NPOD Experiments Elsewhere ...

... €.g. at the International Linear Collider ILC?
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Summary

LUXE: started in 2017
» ~100 participants from ~20 institutes;
» Hosted at DESY using EU-XFEL beam

Searches for BSM signatures possible

thanks to large photon fluxes: LUXE NPOD

acts as optical dump allowing the production

of light ALPs with large couplings. Concept

applicable to other experiments

 LUXE phase-1 competitive with FASER2
or NA62-dump

A number of challenges for the detectors

« Final BSM detector system to be defined

 TDR out soon!

« Start of data taking in 20267 (relies on
XFEL shutdown period)

Open to new ideas and collaborators!

DESY. LUXE BSM Searches - LP23 Melbourne | 19 July 2023 | TS

OV QUEENS
M UNIVERSITY
) BELFAST N

1 -
N e
~ = - ¥ ,
- y — l '
N\, N

membership of Russian
institutes suspended

- .
e 4 e

S UNIVERSITAT
JENA

AGH Se==r~

- XIT

| oo

Page 17



Thank you

Contact

DESY. Deutsches
Elektronen-Synchrotron

www.desy.de

Thomas Schorner
DESY FH

E-Mail: thomas.schoerner@desy.de
Phone: +49 40 8998 3429

Thanks to G. Grzelak, F. Meloni,
R. Quishpel. Schulthess, M. Wing

CDR: H. Abramowicz et al.,

Eur. Phys. J. ST 230 (2021) 2445,
arXiv:2102.02032.

https://luxe.desy.de
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The LUXE Experiment

Two data-taking modes: electron-laser collisions (= high-rate Compton) AND photon-laser collisions via
Bremsstrahlung (low-rate Breit-Wheeler pair production, unique to LUXE)

y dump n—
YavLps detector (TBD) Backscattering calorimeter (.5
1

e~-laser setup y-laser setup

_ ALPs : hieldi

* high-rate Compton B dip Low-rate Breit-Wheeler Shielding 8 y-profiler
« some Breit-Wheeler Backscattering calorimeter s~ pair creation Scint. screen Je_ I

. . —..' 4
Shieldin ;
g .-"y-pro fler y-converter Dipole magnet 3
Scint. screen 1 |
- Calorimeter Calorimeter

Dipole magnet 2

Shielding Pixel tracker Pixel tracker

y-converter
Electron beam dump

Laser pulse

. Compton y’s .-
Calorimeter

1
B Cherenkov counter
behind a Scint. screen Photon beam

(Bremsstrahlung y’s) .«

Pixel tracker

Dipole magnet 2 y

A
X
R
" Electron beam du(m{i! Shielding
k z Dipole magn/et% "2 y5 monitor: Cherenkov counter behind a Scint. screen
X

Electron beam

from the XFEL . YB converter

Electron beam from XFEL

Need varied detector technologies to cater for varying fluxes of signal and background e*, e-, y

« Master large range of rates between ~104 (e*) and 10° (e~ and photons) per bunch crossing
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Data Handling and Systematic Uncertainties

Data handling — straight forward: Systematic uncertainties — particle detection:
« Low data-taking frequency < 10 Hz, 1 Hz « At low multiplicities (pair production):
collision data, up to 9 Hz background - Efficiencies for individual particles < 2-3% (cross-
« Maximum rate per sub-detector O(10 checks and in-situ calibration)
MB/s) - 1 PC per sub-detector - Linearity of response <2% (current tests)
All data are kept — no physics trigger - Background: statistical uncertainty based on 9 Hz
data, significant at low ¢
Should be able to use known / off-the- « High multiplicities (Compton):
shelf solutions for control, synchronisation; « Linearity of response <2% for Cherenkov and
use / adapt existing software for DAQ scintillator (test beam & experience)

« Calibration <2% (test beam)
« Background (for scintillators): constrain in situ
« Energy scales (all):
« Calibration / knowledge of magnetic field ~1%
« Alignment of <50 pum results in <0.5% uncertainty
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