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Scope and Summary
ÅLGED TDR Stage 1 (Commissioning experiments)
ïE4: RA5-DM: Sub-eV Dark Matter searches
ïE7: RA5-PPEx: Production (using LWFA electrons) of Isomers and Photoexcitation 

(using gamma beam)
ïR&D: RA5-GPC: Gamma Polari-Calorimeter, detector to measure energies and 

degree of linear polarization of gamma rays

ÅSummary of this report:
ïStatus of project implementation
ïCommissioning experiment in the E4 area
ïThe E7 experimental area
ïThe Gamma Polari-Calorimeter (GPC) detector
ïTheory and Numerical Simulations
ïBiophysics and Biomedical applications
ïNucleuProject phases of LGED in 2021
ïConclusions and plans
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Status of Implementation



Implementation status ςin a nutshell
Å Completed the installation and commissioning of the vacuum system in E4 area (VEBTVS100) ςend 2019

Å Completed procurement of equipment and components for the E4 commissioning experiments

Å Installed full UPS protection/backup for the E4 experimental area (2020)

Å Biophysics Laboratory operational

Å Ongoing the delivery contract for the vacuum system in the E7 experimental area ςexpected Oct 2022

Å Most of the components for the E7 commissioning setup already existing or in procurement

Å Gamma Polari-Calorimeter detector development ςprototype working, tested with cosmic muons. Test in 
gamma beam proposed to take place at LEPS-SPring8, Japan ςpostponed (pandemic + low HR)
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LGED Personnel

ïExisting: 28 employees, ~25 FTEs

ï15 researchers, 2 post-docs, 2 Eng, 3 PhDs, 2 Tech, 2 Physicists, 2 Chemists

ï16 permanent positions

ï3 Research groups:

ÅTheory and Numerical Simulations ςled by Stefan Ataman

ÅExperiments ςled by Ovidiu Tesileanu

ÅBiophysics and Biomedical Applications ςled by Paul Vasos

ï3 ongoing hiring procedures, 2-3 pending applications

ï11 open positions online ςapplication rate low

ïVery low HR in the Experiments group ςdoubling of personnel badly needed in view of operation 

ςand commissioning of E7
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Procurement status

ÅE4 area:
ïAll procurement procedures (ELI-NP) completed

ïTo be delivered: Nd:YAG2.5 J laser (delayed)

ïUHV mechanical adaptation parts to be 
manufactured, partly in-house

ïFurther developments ongoing from other projects

ÅE7 area:
ïAll procurement (ELI-NP) completed, apart from the 

following:

ïContracted: Vacuum chambers and system (MCSE), 
to be delivered and commissioned in Sept-Oct 2022
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Delivered Contracted Ongoing procedure

Total LGED (ELI-NP): 3574 k EUR



Implementation status
Å Activities carried out in 2021 (and second half of 2020, for consistency):

ï Full CAD design of the setup in E4; CAD design of the mechanical adaptation parts for the commissioning 

experiment, then manufactured by the Technical Division;

ï/ƻƴǘǊƛōǳǘƛƻƴ ŦƻǊ ǘƘŜ άŜŀǊƭȅ ŜȄǇŜǊƛƳŜƴǘǎέ ƛƴ 9п ςsee next slide;

ï9ȄǘŜƴǎƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ tL/ ǎƛƳǳƭŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƻƴ ŀŎŎŜƭŜǊŀǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ 9п ƛƴ нлнл όάŜŀǊƭȅ 

ŜȄǇŜǊƛƳŜƴǘǎέύ ςperformed on LGED GPU cluster; PIC simulations in collaborations with HMU, INFN LNF;

ï Theoretical work has continued, for several topics of LGED and broader ELI-NP interest (collaborations of the 

Theory group with LDED and GDED); 

ï Implementation of the E4 setup of the commissioning experiment; Completion of the first three beamtimesessions 

for the commissioning experiment (July-December 2021), currently analyzing data and preparing fourth session;

ï GPC detector prototype completed with magnet and tested with cosmic muons; agreement to have it tested in a 

PW laser experiment at KPSI-QST, Japan in 2020 ςcancelled due to Covid; intention to test at LEPS-SPring8, Japan; 

issue with HR ςno full-time researcher in charge with GPC, for now;

ï E7 vacuum system in production; ongoing optical design for the commissioning experiment in E7 7



Implementation status
Å Activities carried out in 2020-2021:

ïEarly experiments in E4 area completed (March ςDecember 2020) ςcontinuing with PIC simulations and 
paper writing in 2021
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Å International collaboration of LGED ςrecent developments

ï Kyoto University ςICR ςpreparatory experiments for DM search performed (2016-2020) in the framework of the SAPPHIRES 

collaboration; MoU

ï JAEA (presently QST) ςparticipation to experiments of electron LWFA at J-Karen PW laser (with LDED and LSD); MoU

ï KEK ςcollaboration for detector development, MoU signed

ï Collaboration (MoU) with Hellenic Mediterranean University, Greece ςPRACE2

ï Collaboration with INFN LN Frascatiςparticle-driven acceleration

ï Lanzhou University, China ςcollaboration Nuclear physics, GDR

ï Centre of Cancer Research, Cambridge University ςjoint project, Biophysics group

ï University of Vienna ςjoint project in preparation, Biophysics group

ï Institute for Bioengineering of Catalonia (IBEC) ςsubmitted EU proposal, Biophysics group

ï Univ. Twenteςsubmitted EU proposal, Biophysics group

ï Bruker Biospinςsubmitted project, Biophysics group
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Commissioning experiments in the E4 area

Search for photon-photon interactions at 
sub-eV energies as possible candidates for 

light dark matter 
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w1= w2 : Ti:SaphireLaser, 810 nm
w3   : Nd:YAGLaser, 1064 nm
w4   : Signal, expected 650 nm

Key points of our approach 

Experimental Approach: Direct Production + ñStimulatedò Decay in Lab.

Controllable initial condition 

Direct measurement of decay products; Observable: Wavelength shift -> Blue light in our case

Advantages: High photon density against small coupling -> Laser Intensity + Repetition Rate

Challenges:  Suppressing Atomic four-wave mixing  -> Control of Ultra-high Vacuum

High statistics data ->  Control of high-intensity laser system

Dark Matter (Axion) Search at ELI-NP

v v
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Å Quasi-parallel colliding system (QPS) between two incident photons

Å Signature is produced via the four-wave mixing process

Å mixing two-color waves with di erent frequencies 1ɤ and uɤin advance of 

focus

Å SAPPHIRES collaboration: 

Å Japan: K. Homma (Univ. Hiroshima), S. Sakabe (ICR Kyoto) & students

Å Romania: LGED Experiments group, local PI Y. Nakamiya

Å Experiment currently in preparation for the fourth beamtime session in E4

Search for resonance states at very 

low energies. There are theoretical 

rationales to expect sub-eV particles.

Dark Matter (Axion) Search at ELI-NP



DM experiment at ICR Kyoto: Recent Results
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Sub-mJ experiment

Target search area at ELI-NP

Í (eV)

'

Å Preparatory experiments have started 5 years 

ago in ICR Kyoto (ELI-NP participation)

Å Pulse energies up to 10mJ range

Å In 2019 a UHV interaction chamber was installed

Å Nd:YAG and OPA tested, published results mJ

With increased energy per pulse and better 

vacuum conditions (differential pumping)



E4 experimentalarea
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Overview of DM experiment
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Interaction Point

(IP)

Aims for the first beamtimes in E4, which took place in 2021

1. Establish spatial overlap and timing synchronization between Ti:Sapphire and Nd:YAG

2. Measurements with 2mJ (Ti:Sap.) + 2mJ(Nd:YAG) for system calibration

3. Measurements with 50mJ (Ti:Sap.) + 50mJ (Nd:YAG) for systematic background studies

A: Dark Matter

Interaction Point (IP)



Experimental setup

ÅVE1 high vacuum chamber:

ÅOverlap and focusing of the two laser beams

ÅMotorized linear stages and mirror mounts (>100 channels)

ÅNeedle valve for fine vacuum level control

ÅDichroic mirrors for signal-background separation

ÅFocus monitor (in vacuum camera with DM feedback)
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E4 Setup:  Laser Diagnostics
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E4 Setup: Signal detection
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Filters on PMT

5 x Long Pass Filter > 550 nm

5 x Short Pass Filter < 700 nm

Black Curtain for Light Shielding



Å Highest intensities needed for the experimental search

Å Aim: Achieve best focus and spatial overlap of the two laser pulses

Å Large distance from the laser bay (>20m to E4 entrance) and 4 flat mirrors and one beam combiner

Å Deformable mirror in HPLS before pulse compressor

Å Nd:YAGbeam expanded to a diameter comparable to the HPLS laser beam

Å Alignment with He:Nelaser (633nm), overlap with HPLS (Ti:Sapph) beam (810nm) and Nd:YAGbeam (1064nm)
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Å Fast photodiodes used for timing measurement; 

fast oscilloscope for data acquisition

Å Aim: Achieve temporal overlap of the fs pulse with 

the maximum area of the ns pulse

Å Adjustment of the relative delay between the 

triggers for the two laser pulses

Å HPLS pulse: 22-100fs, 800nm; short pulses of 30fs 

duration were measured

Å Nd:YAGpulse: 10ns, 1064nm

Å Measurement of the timing jitter

Å Setup of the laser diagnostics bench
20

Timing adjustment



ÅFour-wave mixing signal at atmospheric pressure
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Background measurements



Four-wave Mixing Signal in Atmosphere
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Full-Aperture Beam of 2mJ Ti:Sap.

Shortpass < 700 nm + Longpass > 550 nm on PMT

ÅTwo component time structures

ÅFast component < 5ns -> FWM

ÅSlow component > 30ns -> Air 

breakdown 

ÅSlow component remains when Nd:YAG off 

ÅFast component appears only when both 

lasers are on

-> We reduce the energy of Ti:Sapphire Laser 

to see fast component only.



Data Taking with new setup with BC2 

Ti:Sap(1.4 mJP-pol) + Nd:YAG(1.8 mJP-pol)

ÅPressure dependence (10-3 , 10-4 and 10-5 mbar)

-> No FWM Background was produced in any pressure. Some BG from Ti:Sapwas 
produced at 10-3 mbar 

Ti:Sap(16 mJP-pol) + Nd:YAG(~20 mJP-pol)

ÅPressure dependence (10-3 and 10-5 mbar)

-> Vacuum independent FWM was measured. BG from Ti:Sapwas small portion of 
background.

ÅMeasurement with Long-pass filter IN or Out

-> Average background signal does not change when we insert LPFs
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ÅFirst beamtimeended August 13: tuning of the system, first background measurements, acquired 

data in analysis currently:

ÅBackground study with 1.6 mJ(Ti:Sap) + 1.8 mJ(Nd:YAG) 

ÅTest shots with 17.5 mJ(Ti:Sap) + 21.9 mJ(Nd:YAG)

ÅSecond beamtimecompleted (September-October): 4wm background identified independent of 

vacuum level ςsearch for ways of mitigation

ÅThird beamtime(Nov-Dec): two mitigation methods for background implemented and tested: at 

20mJ level there is still a background component persisting ςdiscussion on possible sources, data  

analysis ongoing

ÅFourth beamtime(Q1 2022, last one for commissioning experiment), expectations: supplemental 

methods for identification of the background sources and background measurement sessions at 

20mJ and maybe 100mJ level

ÅLetter of Intent submitted to ELI-NP by the SAPPHIRES collaboration for the continuation of the 

DM search experiments at the 100TW and then at 1PW areas at improved vacuum (UHV chamber 

in E4) / increased energy per pulse conditions 24
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The E7 Experimental Area
Status of preparation of the 

Commissioning Experiment ςProduction 
of Isomers (PPEx)



Combined laser and gamma beams (E7)
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Å First stage: 1 PW pulses @ 1 Hz

Å Then: Multi-PW pulses + Electrons or gamma pulses from VEGA

Å Commissioning experiment endorsed by ISAB: PPExςProduction 
and photoexcitation of isomers

Å Radiation reaction

Å Pair creation in vacuum: ELI-NP whitebook, Prof. Habs

Å Vacuum polarization

Å All-optical vacuum birefringence: S. Ataman, Phys. Rev. A 97, 063811

Å Ability to measure energy and polarization of high-energy gamma 
photons ςthe GPC detector (Gamma Polari-Calorimeter)



E7 commissioning experiment (2022-2023)

ÅǘƘŜ ŦƛǊǎǘ ǎǘŀƎŜ ƻŦ ǘƘŜ ¢5w ŜȄǇŜǊƛƳŜƴǘ άLǎƻƳŜǊ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǇƘƻǘƻŜȄŎƛǘŀǘƛƻƴέ όPPEx)

Åcreating nuclear isomer levels in solid targets, through interaction with laser-produced 
secondary radiation (accelerated electrons or Bremsstrahlung radiation)

ÅThe experiment will start after the installation and commissioning of the E7 vacuum 
chamber system (foreseen in end 2022, production ongoing now) and installation of the 
PW mirrors

K. Homma et al, Rom.Rep.Phys . 68, S233 (2016)
Exp. proposal at ELI -NP by H. Utsunomiya



E7 commissioning experiment (2022-2023)
Isomer production cross-sections for the (ɔ,ɔô) (top row) and (ɔ,n) 

(bottom row) channels
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Å Calculations of isomer production cross sections performed 
with TALYS code

Å e- LWFA PIC simulations, 100TW-2PW

Å Bremsstrahlung gamma emission simulations with GEANT4 
and FLUKA (geometry effects included)

Å Various possibilities of optimizations under study

Parameters and results of the LWFA PIC Simulations

Simulation results of the Bremsstrahlung radiation

(g,g) channel



Design and implementation ςE7
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(a) (b) (c) (d)

(e) (f)

(g)
(h)

(a) Alignment laser

(b) Shadowgraph&Wavefront (Plasma 

diagnostics)

(c) Focusing monitor&Wavefront (Laser 

diagnostics)

(d) Imaging EO crystal (Electron charge)

(e) Electron injection monitor

(f) Low-energy spectrometer (E<50MeV)

(g) High-energy spectrometer (E>100 MeV)

(h) Upgrade space for Betatron X-ray detection

Red: Main laser

Pink: Probe laser for diagnostics

Blue: Electron

Yellow: X-ray

Gas jet/ Gas cell for LWFA

or

Isomer target holder for 

PPEX



E7 Vacuum System MCSE

ÅOngoing contract, TDR submitted

ÅEst. commissioning: Oct 2022



The Gamma Polari-Calorimeter (GPC)



Detector design
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Distribution of ɤemphasizes the 

polarization dependence of the cross 

section

ů = ůunpol[1 + Pl · A · cos (2ɤ)]

Å Pl: degree of linear polarization 

of incoming photon beam

Å A: Analyzing power of setup

e- (px, py)

e+ (px, py)

Projection in detector plane

ɤ

x
y

Geant4 model

Converter

Magnetic field

Tracking layers



Detector hardware

Å Prototype built and tested with cosmic muons
ï3 Silicon pixelated sensors (converter + tracking 

layers)
ï7 cm, 0.8 T magnetic field
ïData readout triggered from external fast detectors 

(GM tubes, scintillators)

Å 40 mm Al profile frame
ïHelpful to hold sensor alignment (17 m˃ pixels) 

when installing magnet

Å Development brought to the current stage by M. 
Cuciuc; currently paused (lacking HR)

Å In-beam tests to be performed
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Trigger and DAQ - Architecture
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DAQPC
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SEABAS2master
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Read event out
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Event building and data analysis
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.root RAW file
Background 

subtraction & pixel 
clustering

.root RAW file
.root RAW file

Find events with 
hits in every 

sensor

.root hits file
.root hits file

.root hits file

Reconstruct 
muon trajectory 
and parameters

Muon 

reconstruction, no 

magnetic field 

applied. For 

detector alignment



Event building and data analysis
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.root RAW file
Background 

subtraction & pixel 
clustering

.root RAW file
.root RAW file

Find events with 
hits in every 

sensor

.root hits file
.root hits file

.root hits file

Reconstruct 
muon trajectory 
and parameters

Real muon 

reconstruction with 

magnetic field

E = 155.3 MeV, q = 

+1



Theory and Numerical Simulations



Theoretical studies

�¾ Radiation reaction (TDR)

�¾ Pair creation in vacuum (TDR)

�¾ Vacuum polarization ςVBirstudies (TDR)

�¾ Search for new experiment ideas with combined laser and gamma/electron beams, 

involving also external collaborators

�¾ Gamma-gamma collider with laser+GBS

�¾ Post-acceleration of electrons from GBS using ultra-short laser pulses

�¾ Catalyzed pair creation in vacuum (high-Z + gamma)

�¾ Laser-produced gamma-flash combined with VEGA for applications
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