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INTRODUCTION: WHAT IS LUXE AND WHAT ARE WE GOING TO DISCUSS TODAY?

® Luxe: Laser Und XFEL Experiment
®* New experiment planned in Hamburg using
®* European XFEL electrons accelerator
® High-intensity laser
® Synergy between particle physics and laser physics!

Laser
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INTRODUCTION: QED AND VACUUM

® Quantum Electro Dynamics: the most well-tested physics theory!
® Calculation in QED based on perturbative theory of agm.
®* Anomalous moment of electron (g-2) as a precision better than 1 part
in a trillion and data in agreement with theory.
® Interesting tension in the measurement of muon g-2, but sensitive P, . A 1\ - =
to new physics (and outside scope of this talk)! | Nobel prize 1965

® The vacuum:
® State with the lowest energy.
® (quantum fields): average is zero, but variance is not!
® vacuum consists of virtual particles that can be charged and couple to fields.
]

Coupling to virtual particles affects physical particle processes

r ‘ll' QQ
Q@ Q

‘ Vacuum, pre-1900 4 k Vacuum, post-1900




INTRODUCTION: STRONG FIELD QED

® If one apply a strong electromagnetic field on a vacuum:
y g g
® Efield <2 me Efiela>2me

» / ‘(‘\

Euler and Heisenberg Schwinger
Z.Phys. 98 (1936) no.11-12, 714-732 Phys. Rev. 82 (1951), 664
(translation at arXiv:physics/0605038

® Vacuum boils if field large enough to create real pairs:

® “critical field” = Schwinger-Limit: m2c’ 18
€ = —— =1.3-107V/m

crit —
e

® QED becomes non perturbative above Schwinger-limit = Strong field QED (SFQED)!

® Experimental consequences: Strong External Field
® Field-induced (“Breit-Wheeler’’) Pair Creation: = S %, =
C»2¢ @
@@ﬁﬁ@

®* Modified Compton Spectrum: @@@@

® Effect on Compton edges position. @@ﬁQQ@
® Electrons obtains (significantly) larger effective rest mass. % Q@

Virtual dipole screen

® Non-perturbative and strong field QED have never been reached in laboratory, accessible by LUXE!



LUXE: ELECTRON-LASER COLLISIONS

. High-intensity LASER
High-energy electrons (Tera-Watt, 800nm)
(16.5 GeV XFEL beam) - large E-field

note: in reality, LASER
crossing angle 6=17.2°

Lorentz boost:
electrons “see” larger
E-field of the LASER

in their rest frame:
E* =y,&;(1 +cosb)

electron-positron
pair production

+
Physics processes:

° Non-linear Compton Scattering: ¢~ +ny, — e+,

e Non-linear Breit-Wheeler pair production :*yc+nyL —et+e”

LUXE main goal: Measure positron rate as function of LASER intensity



LUXE: GAMMA-LASER COLLISIONS

=)

High-energy electrons
(16.5 GeV XFEL beam)

AN

High-intensity LASER
(Tera-Watt, 800nm)
— large E-field

Target:

electrons produce GeV
Bremsstrahlung photons

electron-positron
pair production

Physics process:

Non-linear Breit-Wheeler pair production : y,+ny, > e™ + ¢~

LUXE: first SF-QED experiment to probe directly photon-photon interaction



INTRODUCTION: SFQED PREDICTIONS

® Parameters used in SFQED:

o ILaser Ebeam
Ecrit

¢ & = Measure of e-Laser coupling and Laser intensity. ee,
® X2 = fraction of Laser energy transferred to electron beam. §= M., C R
e
Xy
0.075 0.1 0.2 0.3
perturbative prediction /,;,’;”;::"/
g

10_10’ //’ -

probability _—P

of Breit-Wheeler process

O plane-wave QED
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¢ et X Xy p( 3,

§
Perturbative regime, rate follows power law

)' Non-perturbative regime, departure from power law

(LMA) Locally Monochromatic Approximation
valid at low §

[ —————— (LCFA) Locally Constant Field Approximation

valid at high §



INTRODUCTION: SFQED STATE OF THE ART

¢ Hlstorlcally SFQED studied first in 1990’s at SLAC E144 (experiment)

1TW laser with lLaser=1018 W/cm?

e- beam: 46.6 GeV

®* Nowadays multiple experiments proposed worldwide:

reached £<0.4, x =0.25
observed multi-photon interaction: e~ + ny; — e ete™ process
observed start of the &2n power law, but not departure

® SLAC-E320 (US), Astra Gemini (UK), ELI-NP (RO), LUXE (DE)
¢ Summary of parameters needed to reach non-perturbative regime

e- Beam ILaser [W/cm?Z]
1eV 1029
1 GeV 1022
10 GeV 1020

(Not currently achievable)

(corresponds to 10 PW laser)

(corresponds to 100 TW laser) -

® Luxe allow to measure with precision large part of £ vs X phase space.
® Might be the first one to report observation of non perturbative regime.
® Only experiment proposed to directly explore photon-laser interactions.
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EUROPEAN XFEL

® European XFEL.:
® Running since 2017.
® Provide X-ray photons to 6 experimiciico.
¢ Electron through undulator:
¢ SASE (self-amplified spontaneous
emission)
® 0.25 keV to 25 keV.
¢ Linear electron accelerator.
® 1.9 km long.
® Upto 17.5 GeV.
® 2700 electron bunches at 10 Hz.
® Aimto run at 16.5 GeV with
1.5e9 electrons/bunch.

Electron
Energy [GeV]

electrons from
accelerator

to electron
dump

0.2

Injector

] o ] [ | ]

1.3 GHz module

= 150 MeV

3.9 GHz 3@ harm.

=25 MeV

1 Module

0

European

SASE3

Soft X-rays 0.25 — =3 keV Hard X-rays 3.0 — ~25 keV

5
Photon Energy [keV]

L2 L3
4 modules 12 modules 80 modules
(1 RF station) (3 RF stations) (20 RF stations)

300 kw

9k 300 kW
n.c.Gun LH, Dogleg, BCO BC1 BC2 Collimation
1.3 GHz 300kw
6 MeV 130 MeV 600 MeV 2.4 GeV 6t017.5GeV
I T T T T T T I |
o 2 % 2 %% % 7, % %%,
% ” % % % % % %



LUXEQEUROPEAN XFEL
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® Experiment will be located in annex of XS1 shaft
building in Orsdorfer Born.
¢ Built for XFEL extension (after 2029).

® Experiment will have no impact on photon science,
® Only use 1 of the 2700 bunches.

] s \ﬂ Injector at %
& Experiment Hall 5SS A &9 DESY campus @

in Schenefeld :
Linear Accelerator

% 1.9 km - 17.5 GeV
1 s ’ v 4

S clcctron tunnel € electron switch
photon tunnel @ clectron bend

I - undulator I electron dump

()
\\\\\\\\\\\\\\\\’

||||||||||||||||_.‘
iy,
III:.

linear accelerator




FROM THE ACCELERATOR TO THE EXPERIMENT
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® Construct dedicated new extraction line at the end of the LINAC.
® Reusing magnet design from XFEL.

® New fast kicker magnets (2 ps: kicks bunch at end of bunch train).

® Independent machine CDR released in 2019 (not public).
® More information can be found in (or in our CDR):
https://accelconf.web.cern.ch/ipac2019/papers/tuprb008.pdf

'I'li1 )
'I TLD
b gt o '"'-
lm—l‘lhl.l'. |
h lh TDZ0
Kicker Magnet = \ "l

XTD20 Electron Beam Transfer Line
Conceptual Design Report

Editors: Florian Burkart, Winfried Decking

with input from: R. W. Assmann, R. Brinkmann, F. Burkart, W. Decking,
H. Eckoldt, N. Golubeva, B. Heinemann, M. Huening, L. Knebel,

M. Koerfer, B. Krause, D. Lenz, L. Lilje, C. Martens, M. Scheer, M. Schmitz,

F. Obier, R. Platzer

August 2019
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LUXE IN XS1 BUILDING

S - p—
Versinier  pulsar

1
!

|

2 Verstickersie strecker Puliar

solater

Kompressor

Figure 22. Schematic of the JETI system highlighting major assemblies. Current Installation of JETI-40 at the University of
Jena. Front-end is shown in centre and power amplifiers right.
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ULTRA INTENSE LASER - CPA TECHNIQUE

Initial short pulse A pair of gratings disperses

the spectrum and stretches

j\_ / the pulse by a factor
/ of a thousand

Short-pulse oscillator

The pulse is now long l

and low power, safe

for amplification

2 -

High energy pulse after amplification n

Power amplifiers

- J L

Resulting high-energy,
ultrashort pulse

A second pair of gratings
reverses the dispersion of the
first pair, and recompresses the pulse.

® Use Chirped Pulse Amplification (CPA) technique
® Half of the NP 2018 shared by Gerard Mourou and Donna Strickland

® “for their method of generating high-intensity, ultra-short optical pulses.”
® Technological leap to reach very-high intensity with laser!

© Nobel Media AB. Pho

Mahmoud
Gérard Mourou

Prize share: 1/4

o:A

Nobel Media AB. Photo: A
Mahmoud

Donna Strickland

Prize share: 1/4
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LASER IN LUXE

® Use Ti:Sa laser with 800 nm wavelength (E=1.55 eV).
® Energy focused strongly in both time and space to obtain high intensity. . JETIa00
® Two phases:
® In phase 0 uses JETI40 (Jena custom 40 TW laser). _
® In phase | will use commercial 350 TW laser. 2, Verstirker
® Laser parameters:
® Repetition rate: 1Hz.
® Pulse length 30 fs

\" 3. Verstirker "

Parameter Phase 0 | Phase O | Phase |
Laser power 40 TW 350 TW
Laser energy after compression [J] 1.2 10
Percentage of laser in focus [%] 50
Laser focal spot size wo [um] >8 >3 >3
Peak intensity [1019W/cm2] 1.9 13.3 120
Peak intensity parameter § 3.0 7.9 23.6
Peak quantum parameter X 0.56 15 45
Ebeam=16.5 GeV
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LASER BEAMLINE AND IP CHAMBER

® Laser guided from laser clean room to Interaction Point (IP) via 40 m
long pipe and six mirrors.

Laser clean
room

® Final focusing done just before IP in dedicated chamber:

Microscope ,
and fiducial 1\ i
pos.itioning\3?9’%‘1'}*"’i

stage A Off axis

parabolic
o mirror
17.2 . | ff—

Off axis : \ flat

parabolic Nmifor
mirror
N

N 974 7 local
Y. .
it laser

N
2T flat diagnostics
A mirror

Laser out l tLaser in



LASER DIAGNOSTICS

16

Beam

P ccD

focus spot
microscope

autocorrel
ation+2w
spectrum

INSIGHT

CCD
pulse length
(Wizzler) o
energy uence .
. f . . Contrast gas microchannel
diagnostics diagnostic . |
(a) calorimeter+CCIJLimage of IPJ CLIUE noze plate(MCP)

® Laser characterisation quantities: energy, pulse length, spot size
®* many (partially redundant) measurements planned
® Laser is not perturbed by e- beam allow multiple diagnostics
® In IP chamber and back in laser clean room.
® Laser intensity uncertainty has a large impact on sensitivity
® goal: = 5% uncertainty on Laser intensity, 1% shot-to-shot uncertainty



PAIR PRODUCTION MODES
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® 3 methods to produce pairs, that allow to probe different regime:

¢ Compton scattering with interaction between Compton photon and laser.

® Largest rate.
® e-laser mode

® Bremsstrahlung photons produced upstream (with target).

® Highest energy available.
® gamma-laser mode.

¢ Compton photon produced upstream.

T LI L

LUXE CDR

_____

® Monochromatic photon source: E=9 GeV.
® gamma-laser mode via Inverse Compton Scattering

CET
------------
................
........

CET
.........
.....
......

Trident e Breit-Wheeler

[
I T T I’]

rTr[rrr[rrr[prrr[prrrprrrrr

— e-aser5um, £=31)
---- e-laser 10pum, (£ =1.55)
— Yg laserSum

—— 1, laser

---- y;- laser 10um

Photon
energy

0 2

4

6 8

10 12 14

16 18
E (GeV)

nTe

CLTTTTTEEEL LT T (Y

—_—
e beam

analyser

removable
focus diag

@ beam for timing

with hole removable
gamma
target

3@ beam for ICS

Comptol
photons




DATA TAKING MODES

electron - laser set up

(a)

Compton

‘e beam

A

nverter

target

magnet o
- —
fa

e beam
dump

et e pair
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RATES PAR BUNCH CROSSING

YaLps detector (TBD) ‘m|

e-laser setup ALps A/

(NOt m scale) Backscattering calorimeter ;,;-.{ c

Shielding P——
vl photon system
Scint. screen .
Dipole magnet 2
y-converter & Profiler Shielding
Compton y’s, e~ dump
e* calorimeter S

> Cherenkov counter .
} e~ system e S|de

Scint. screen

® Electron-laser: g
® Signal pairs created: 102 to 104.
® Background particles flux and detectors used:
® e side: up to 109 particles, Cherenkov, and scintillating screen.

®* Gamma-laser:
® Signal pairs created: 103 to 1.
® Background patrticles flux and detectors used:
® e side: up to 10 background particles, calorimeter and tracker.

® Brem target: 106 particles, Cherenkov, and scintillating screen.

® In both setups: Photon detection system up to 10° photons to detect uses:

® scintillating screen, beam profiler, backscattering calorimeter.

Brem system

number of positrons / BX

19

photon system

Laser pulse . ¢ :
Dipole magnet 2
Photon beam
(Bremsstrahlung y’s) <~

y dump

1 " Backscattering calorimeter C}
v- as?r setup Shielding v
(Not in scale) -
Scint. screen l
e,
y-converter & Profiler Dipole magnet 3
e* calorime!
o
e* pixel tracke/r/ e~ detector (TBD)
e~ pixel tracker
+,

s
e

e- side
y

L

y-converter

- & dmmp Shielding
Dipole magnet 1 )/ . i
Scint. screen & Cherenkov counter(ys monitor)

/ Electron beam from XFEL

10" g1

1
10%f ® e, phase-0 N ‘
10°[r 4 e, phase-1 . .
L ]
10°F » Yy phase-0 Lo
3
10°F Y., phase-1 A ¢
102 ® L4 A
10 o Yes' phase-1 A A A
A A g
1 . 4 5 © ©
10 A le)
a
102 Ao
-3 A
10 ° o LUXE CDR
104 A @&
1075 Bt hd . . . s ol
8x107" 1 2 3 4 5 6 7 8910

&
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WHAT WILL IT LOOK LIKE?

top view of experimental area

CAD:

side views of experimental area

Bremsstrahlung Interaction

Target Point Gamma forward
IP detectors
spectrometer

Full Geant4 simulation:

NikE



CHERENKOV AND SCINTILLATOR SCREEN (E-LASER: IP DETECTOR ELECTRON SIDE | N
GAMMA-LASER: BREM TARGET)
¢ Scintillator screen with camera: >< | N 7
® Position of particles on screen determine energy (thanks to the magnetic field). D 10 ,uxe CDR .
¢ Signal/background ~100 3 ] 067 IP Scintillator - e-laser -
® Used for instance at AWAKE at CERN £ F msonsmutum
O {0°L — Backgrounde
« Cherenkov detector: e ]
* Developed for ILC polarimetry.
» Use low refractive gas index (such as Ar) and optical filter to reduce light yield. 10°
* Fine segmentation (1.5mm) to resolve Compton edges 10%E
 Signal/background>1000 10L
* Not sensitive to electron <20 MeV. =L T AR,
800 500 -400 -300 -200 -100 O
photo detectors (a) x position[mm]
é 107?"‘[""{""[”"["‘w"“
~ [ LUXE CDR -
%‘o: 10°- IP Cherenkov - e-laser E
g 107 Dpmae
104; —— Background y
Scintillator screen 10°:
> + camera E
e-trajectories F
o
S dipole magnet B

kll\lllll\llllllllllllllll11:
—(1300 -500 -400 -300 -200 -100 O

X position [mm]



COMPTON EDGE SHIFT
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® Need to measure Compton edges, as they will be shifted to lower energies in SFQED!

T T T T 1
10° 4 6x109, 17.5 GeV electrons. 800nm laser £=0.01 —
102 ] 17° crossing angle, square pulse. E:g:; —
3 §=0.5 —
J =1.0
ﬁ 10t 4 £=2.0 —
R
Q o0
o 10° 4
c
% 1071 o
[- 102 4
[+)]
[=}
— 102
10+
1075
0 2 4 6 8 10 12

Radiated photon energy (GeV)

dN/dE [1/GeV]

LUXE CDR

2 8 38 3 3 &8 %

10 12 14 16
Energy [GeV]

Eedge = E(1 -

Strong External Field

Virtual dipole screen

1+2E)

2
myc

® Electron energy spectrum used to reconstruct Edges using Finite Impulses Response Filter (FIR) technique developed for

SUSY-ILC search.
® Compare result to theory prediction in phase 0:

Compton Edge [GeV]

17 e e

L LUXE CDR 4 Reconstructed
16~ Phase-0 — Calculation ]

- --- AE=5% 2
15 == &
14 -
13f -
12__ i -

ol I P I P
0 02 04 06 08

1

A N T D B
12 14 16 18 2

Exom



PHOTON DETECTION SYSTEM (END OF BEAMLINE IN BOTH MODES)

® Three detector technologies
x 1 R e e o e e R ) L e s R
0 105 = signal, £=0.31 o
" . P . - LUXE CDR — photons =
® Spectrometer with scintillator screens behind converter % . SRi ]
® Measure flux and energy spectrum. E‘ o w ]
® Alternative way to reconstruct Compton edges! Lo E
® Backscattering calorimeter using lead glass blocks from HERMES. 10° M i
® Measure flux. - -
® Gamma profiler (sapphire sensors) 10° [H“IH ” H H ” .
° . H . ) ﬂﬂlﬂﬂﬂ | PP | M. . . .3
Measure location. 100 0 100 200 300 500 600
® If use polarized laser, expect angular spectrum of photons to depend on &, S Ll
12009 OO = 5000 . e gm&;
v E LUXE CDR - i : LUXE CDR : %; - LUXE CDR —e— Simulation Input Spectrum
1000:_ LI.I% 4000— . Sum ] (\3 107 = ~@— Reconstructed Spectrum
800k L+ 10um ] g -
__ r + 20 . ] = C
I 3000 | S0 e | g_ i
600 w1085
» 4 (1] =
- 2000F . v — glo 2
400 C g N I
C C a ' J 5L
200 1000F , : 10°,
100 pm L . =
OE L L _X108 Oof L 1 1 | coe b Ly | _X106 :
0 50 100 150 200 50 100 150 200 250
. N, 2 3 4 5 6 7

Photon Energy (GeV)



TRACKER (E-LASER: IP DETECTOR POSITRON SIDE |
GAMMA-LASER: IP DETECTOR BOTH SIDES)

® Use four layers of ALPIDE silicon pixel sensors.
® Developed for ALICE tracker upgrade.
® Pitch size: 27 x 29 um.=> spatial resolution ~5 um

\

Pixel Chips

® Using tracking algorithm:
¢ Background: <0.1 event per bunch crossing
¢ Good energy reconstruction

HIC
FPC

> T T T T T T T T
7 T T T T T T T T T T T m
é 10 T T T T | T T T T I T T T T | T | ) | tﬂ ; 1 CP T T T T | T T T T | T T T T I T T T T I T T T T | T T T T E 102 __ LUXE CDH Si nal Sﬁlons __:
5 106 LUXE CDR — v, Bkg, Inner stave —— e., Bkg, Inner stave 8 105 LUXE CDR — 7, Bkg, Inner stave —— ¢, Bkg, Inner stave s E e+laser {5 um) gnal por E
% 1 05 Tracker layer 1 - ==, Bkg, Outer stave =-- - ", Bkg, Outer stave = 1 04 e v - —- v, BKg, Outer stave - - - &, Bkg, Outer stave ': - —~— Reconstructed tracks
b= — ¢, Bkg, Inner stave &', Sig, Inner stave é o —— e°, Bkg, Inner stave e*, Sig, Inner stave L _
0(? 10* - == &', Bkg, Outer stave - e, 8ig, Outer stave L 10° --- ¢, Bkg, Outer stave [l &', Sig, Outer stave - + _+_+_++++ + -
10° W1 +'4
10 10 t 3
102 r + ++ + .
e e e 1 C + + ]
10 L - C ]
1 1 0_2 T e i -1 I * i
bl i 107 1 e J[ + E
107 104 F ]
1078 107 ' B -
10—4 P T DI T T S SRR PRI SR L 10—6 PRI TS NN N SR (N SO T TN [ I T T T T I VIS RO B
0 100 200 300 400 500 60 0 100 200 300 400 o 2
N L5 +
(a) x position [mm] (c) x position [nm] & | H%*Hﬂﬁ'#ﬁ%u ,+."
05
G2 % F 0 2 4
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HIGH GRANULARITY CALORIMETER (E-LASER: IP DETECTOR POSITRON |
GAMMA-LASER: IP DETECTOR BOTH SIDES)

® High granularity Calorimeter developed for ILC FCAL Asplon-copper anout.
® 20 layers of 3.5 mm thick tungsten plates
¢ Silicon or GaAs sensors (5x5 cm2 pads, 320 um thick), Moliere radius 8 mm

Silicon sensor

® Readout via FLAME ASIC (developed for FCAL) _-tiahotegeapten
® Resolution:
® Independent measure of energy via position and calorimetry => Nuarice Oarber Wber suppert
% 103§|||| R —— |' — L e e || —T ? bwlLu 0‘2~Y ] : ; . I = ’ ] —r— l ; ; i I — 2 ] Yﬁ § 1CEIIIIIIIII|IIII|IIII|IIII|IIII|I||||||||
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BSM PHYSICS? (DETECTOR TO BE PLACED AT THE END OF THE BEAMLINE)

- _ ~y ¢ a arXiv:2107.13554
® Explore sensibility to BSM theories.
¢ Axion-like particles (ALPs) produced in dump. ’
. ; /L
* New neutral particles produced at IP. Primalof ’ /
° i . ’ p/ S
Milli-charged particles e A PrIP”
target/dump detector
® For ALPs: L “ Lp
® sensitive to masses m(a)~100 MeV. 2R S
¢ decay to photons after some lifetime . 10-3L A
®* Place detector behind dump. SRR W :
¢ Could use calorimeter with good pointing resolution to Z . . S
constrain decay point. ' P, IR et
vLI_‘ 10_4 """""""""" } s H E
> e, NAS U, R , EERELS
Y (2 [ e 5"'.:'....'::53-' """""""""""" chucfu ]
- afmy) 3 . .
"""""" - < . N\ LUXE-NPOD
Dk | T 07 I LUXE-NPOD\ "\ phase-1
"""""""""""" phase—0 RN ‘_‘_‘-\“'
BSM Detector e AT
(with pointing) [ BeamDumps e, e e ;‘
o : T e 1076k M‘“ﬂ\“ ----- NA62-dump_. 4
First sensitivity show very competitive results! T W T
® Afterjust1yearofdata. L -
51072 107! 5x107!



ONE WORD ON THE PLANING
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® CDR recently released.
® Concept of the experiment
endorsed by DESY directorate. Semie frawe cen
® Under scrutiny of technical

2021 2022

Infrastructure installation
Beamline installation

grOU pS Commission beamline
° . Laser Clean room installation
Working toward TDR. Finalize design

install diagnostics

JETI 40 installation

JETI40 & diag. commission
350 TW laser installation

® Experiment has to
be installed in XS1 by 2024.

350 TW laser commission

2024 2025 2026 2027 2028 2029
Ql 02 02 04 Q1 Q2 O3 04 Q1 Q2 03 04 Q1 02 O3 G4 Q1 02 O3 04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

-

Detectors  Finalize design & prototyping
® Long shutdown of the XFEL. Construction & . estig
m ng
i Only moment Where the Install & commission

upgrades installation (tbc)

beam-line can be installed. Commission
® Data taking to start in 2024. e e oot

¢ Start with e-laser.

® y-laser to start in 2025.

® Laser upgrade (350 TW) in 2026.

® Run until XFEL want to construct new fan (2029 for now).

® In parallel of review continue detector R&D, and experiment planification.
® Plan to perform multiple test-beam campaign in the future.

N W RN AN D N /4

Das europ g projekt XFEL =
Planungsstand Oktober 2003 1
— XFEL-Lage £50m

«« =+ Ausbauoptionen
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CONCLUSIONS
® The LUXE experiment will allow to measure QED in uncharted regime!
® Might expect some surprises there!

® Synergy experiment between particle physics and Laser physics!
® Experiment is planing to function on established detector technology to cope with challenging rate
of particles to measure!
® 102to 10°.
® Innovative development for Laser control system, and Laser diagnostics underway.

®* LUXE CDR is now out, allowing the review of this exciting experiment!

® Still lot of works to do before the experiment can be running in 2024.

& !
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PARAMETERS

Range accessed in LUXE

Theory Parameter Definition phase:0 phage1
. : . mg (531_
E Classical non-linearity parameter E=— <6 <19
O Eor
L€,
i Energy parameter ' FE i, (14+PcosB) n; <0.2
X Quantum non-linearity parameter y; = — —(1+ B cos® <] =3
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COMPTON EDGES
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BLACK HOLE EQUIVALENT

Virtual
e particle
pairs

Hawking
radiation
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LASER STABILITY

10Hz electron bunch trains

600 ps
# # :
LOI Luxe requirements: 100me | 100 me |

2-100 fs
FEL

Photon pulses
process t

35 fs laser pulse width

130 fs electron pulse length

machine (electrons) stability

Figure 1: X-ray burst structure at the European X-ray free electron laser.

— BAM diagnostics & feedback, last BAM at end of LINAC (1932m) — 10-15 fs (rms)

laser oscillator stability

Parameter | Value XFEL.EU | Assumed Valves for LUXE

Beam Energy [GeV]
. . . Bunch Charge [nC]
— optical synchronization — <10 fs (rms) Number of bunches/train
Repetition Rate [Hz]
Spotsize at the IP [pim]
Bunch length [ptm]
Normalised projected emittance [mm mrad]

laser stability

amplification stages — additional drift measurement and compensation recommended!

beam transport to IP (mainly drifts) — option: additional fiber link to IP for drift measurement and
compensation

<175
<10
2700
10

30-50
1.4

16.5
0.25

1

10

5
30-50
1.4
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LASER

Oscillator spectrum,

>100nm bandwidth * Typical set up involves dispersive elements like prism or grating
Arer L \ [75.
AL \ g

W o1
\ 7 4 #Order
\}'\“" fh‘ /omn

* This implies that larger

the bandwidth, shorter is . Lr; the S.trlftcher, basic |de; is :‘o delral'y t'hedfrequl)enc:;'compon:n.ts (eg' reld anlc-i|
the pulse length! l..le) with respect to eac .ot er: This Is done by adjusting their optical pat
using geometry of the grating/prism
* Compressor is the reverse of the stretcher P AR
s S\
* Spectrum after amplification-70nm, = 32

* This is the spectrum going in the compressor

Compmessed pulses



