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Laser Und XFEL Experiment

9 countries

= Based at DESY and European XFEL (Eu.XFEL) in ss,, 26 institutions

Hamburg and Schenefeld, Germany

= LUXE will collide Eu.XFEL electrons and
bremsstrahlung photons with a high-intensity laser
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= CDR donein 2021, TDR done in 2023, reached CD-1

ekdronen-Synchrotron = Physics goals:
M study strong-field QED and ALPs searches
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LUXE experimental setups
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LUXE laser parameters

= active medium: Ti:Sa
= wavelength (energy): 800 nm (1.55 eV)
" crossing angle: 17.2°
" pulse length: 30 fs
= spotsize: 23 um
— P FIEE = power:
Booster -l = phase-0: 40 TW (JETI40, Jena or new)
==y \ = phase-1: upgrade to 350 TW
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LUXE experimental area
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LUXE experimental area

(‘ H =] |

| | S = E l ll====NI§

LUXE uses high-quality 16.5 GeV EuXFEL e-beam before undulators
= #electrons/bunch: 1.5 - 10°

= Repetition rate: 10 Hz

Continuous data-taking with variable laser spot size (unique in LUXE)

Location at the annex for future second EuXFEL fan(~2030s+)
= LUXE can be built and operated before that
Extract 1 bunch (out of 2700 bunches) per XFEL train for LUXE

P LUXE exper »
= No impact on photon science program e area today
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Strong-field QED (SFQED)

= QED is one of the most precisely tested theories in
physics in the perturbative regime

= LUXE will probe QED in non-perturbative strong-
field regime

= QED is predicted to become non-perturbative

above the critical electric field, Schwinger limit

2.3
eC

S =
cr eh

= Creation of e*e” pair from vacuum in constant field

~ 1.32- 10 V/m

Efield < 2Tne
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Efieta > 2m,
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= In strong fields, electrons e Tnyi—e ¥ S o*‘iuf i ]
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= Compton edge shifts as a > o J,_"@\N

function of the laser Ok 2 | ?@\“\\\/
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Breit-Wheeler pair production ; T T
= Positron emission Yc +ny, - /-G - o - [Diodles ! | DRACO

probability depends on 0.001 L———@- 1' T R——r

the & (§<<1 perturbative,
¢>>1 non-perturbative)

¢ (Laser intensity)

= LUXE will precisely map parameter space (¢, y) in

= First experiment to transition region

measure Breit-Wheeler
pair production with real
photons
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https://arxiv.org/abs/2102.02032

LUXE-NPQOD project |

Phys. Rev. D 106, 115034

NPOD: New Physics searches with an Optical Dump Shysical dump

Collide a beam of 16.5 GeV electrons with the laser

e-laser setup
The laser behaves as a thick medium, leading to the |(Not in scale)

production of a large flux of hard photons O(GeV) Shiclding

Photons see the laser as a transparent medium and Seint. seeen

. Dipol t2
can reach the physical dump gm;;:;gm

Electron beam dump

y-converter

Compton 7's,

Lower background from gamma photons Calorimeter

Pixel tracker

Laser pulse

“Optical Dump” “ —— —. ___
== = Laser pulse

Beam Electron beam
electron g EEEEE =t Pt from the XFEL «

Laser repetition rate 1Hz
— 107 bunch-crossings (BX) per year
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New Physics (NP) production mechanisms

= Secondary NP production:

= Axion-like particles (ALPs) and scalar (X = a, ¢) production through
Primakoff mechanism with a displaced decay to 2 hard photons

a ~ LV ¢

Lop= EFM,,F“ + mFWF“”

Photons Magnet EMC al
= ALP mass up to O(1)GeV _ " Dum g
, . \ y .. :.<:; :
L Y e-laser inf. 5

VN ANAANANNNG e a chamber < LD>< LV s
. Photons produced in the e-laser collisions
i are freely propagating to collide with the

nuclei of the material of the dump
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NP production mechanisms

" Primary NP production:

= NP is directly produced at the e-laser interaction region
= X has couplings to electronsonly : ey, = ey + X
= X has couplings to photonsonly: e, = e, +y* - ey +y + X
= mCP pairs direct production: y(y*) » ¥+ + ¥~
= New particle mass limited to my , < 0(100) keV
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Signhal efficiency

LUXE-NPOD (work in progress)

= ALPs production within the first mm of the dump S| = T S
= Boosted T,/ randomly drawn from exp(—L/Lg /) distribution 30.3 s mm——
= ALP decay inside the decay volume :

= E,>0.5GeV

= No photon separation requirement yet o

= Shorter decay volumes require smaller detector surface °%0 02 o4  os 08 10

LUXE-NPOD (work in progress) LUXE-NPOD (work in progress)

LUXE-NPOD (work in progress)
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Expected results in phase-1

LUXE-NPOD (work in progress) = Ongoing signal efficiency simulation studies
o ; Rp=1.0m = LUXE phase-1 competitive with FASER2 or NA62-dump
%10‘ ; Lp=1.0m
2 ---- Ly=25m E ILE]ID - PrimEx ~':
- - Ly=20m o ?
S - Ly=15m 10730 5 N primx _ et Belle |
§ - Ly=1.0m N e ‘
10—4_ . : ,%?i( \ ; L
Longer decay volume No loss in - o g L e
mass — 104 : \ . ]
SenSItIVIty T> IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII GlueX, fb-l ]
@ ................ o iélclllllélnj
§ """ -N\\LUXE-NPOD
. - 10_5 ............. phase—1 LA
1077 -2 | - 19-1 | -
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ALP mass m,, 4 [GeV]

5x107!
Phys. Rev. D 106, 115034
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LUXE-NPOD background
Background Y
" Types of background: rrocction 4

o

" Fake photons: misidentified neutrons

" Charged particles: electrons, muons, hadrons

= Real photons: from EM/hadronic interactions at the end of the
dump or from meson decays in the volume

" Background mostly neutrons and photons
= Softer background effects in phase-0 compared to phase-1

" The expected results are obtained assuming zero background
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LUXE-NPOD background estimation ™ s

= Background estimated using GEANT4 simulations for phase-1

* First studies done with a simplified detector configuration

(Tungsten beam dump, Lp=1m, L, =2.5m, R,=1m) o o T T e T

10* Neutrons =

" Photons seem too soft to be a source of background

= Neutrons statistics in E > 0.5 GeV is extremely low

g at the detector per BX

= Simulated 10'° photons (~2BXs), need many more for proper :

le

estimate g E

= Computationally challenging 1 _

* Ongoing GEANT4 simulation studies for different dump- EGeV]
detector geometry to reduce background
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LUXE-NPOD background estimation

" Ongoing new GEANT4 simulations
including full LUXE setup

" Presence of low-energy particles due to
backscattering and particles escaping
through the sides of the dump

= not spotted by the previous simplified
experimental model

10*

LUXE-NPOD (work in progress)
Lp=1m, Ry(W)=20cm, RD(Pb)= 50 cm
Ly=1m, RV=1 m

LUXE-NPOD (work in progress)
Lp=1m, R(W)=20cm, RD(Pb)= 50 cm

L=1mR=1m
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(simulated 10BXs) —p, P et e

* New dump-detector design under study

= W dump + magnet wrap + concrete wrap

— Photons

—ph W ot
1 O3 H —— Neutrons

10% |
= W dump + Pb wrap + concrete wrap

= .. Good price-performance compromise

Particles arriving at the detector per BX
)

Particles arriving at the detector per BX

= Low energy background from charged

particles, can be handled with a magnet - A 008 1 s iGew
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BSM detector requirements

= Signal efficiency
= Photons shower separation (~1 cm)
= ALP invariant mass reconstruction
= Good energy and vertex resolution
= Background suppresion (photons and neutrons)
= Vertex resolution (non-resonant photons)
= Shower shape determination (neutrons)

= Good time resolution (< 1 ns) (neutrons)
= |deal candidate: CALICE SiW ECAL o crcion et 012020 ivsT 15 cos074
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Reconstruction

= General-purpose Geant4 simulation framework being
implemented at KIT to deal with different detector
Architecture layouts

Deep neural network with
408’000 parameters

Coarse learning {

Fine learning

= Use a neural network to reconstruct the two photons
momenta and vertex

Dense 64

ense 64

= Graph Layers: GravNet & GarNet arxiv:1502.07587

= Retraining on a new geometry is much easier than
with a classic algorithm

[ Batch Norm ]

Conserve
coarse
information
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Summary

1078 A
' N

= LUXE will explore QED in uncharted regime

- 104¢

¢K36V

" LUXE-NPOD acts as a background-free optical dump :

10—5_

1/A

allowing the production of light ALPs with

10—6_

large couplings

" LUXE-NPOD phase-1 competitive with FASER2 or NA62-dump LuxE webpage
LUXE CDR

= Exciting windows of opportunities and challenges ahead LUXE TDR
LUXE-NPOD
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Thanks!
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