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Scope:and Summary

A LGED TDR Stage 1 (Commissioning experiments)
I E4: RABDM: SubkeV Dark Matter searches

I E7: RAB’PEX: Production (using LWFA electrohfgomers and Photoexcitation
(usinggamma beam

I R&D: RA%PC: Gamma Pol&ialorimeter, detector to measure energies and
degree of linear polarization of gamma rays

A Summary of this report:

| Status of project implementation

I Commissioning experiment in the E4 area

I The E7 experimental area

I The Gamma Pola@alorimeter (GPC) detector
I Theory and Numerical Simulations

| Biophysics an@iomedical applications

I NucleuProject phases of LGED in 2021

| Conclusions and plans
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Nuclear Physics

Implementatiorstatusc in anutshell

Completedthe installation and commissioning of the vacuum system in E4 area (VEBTY8040®019
Completed procurement of equipment and components for the E4 commissioning experiments
Installed full UPS protection/backup for the E4 experimental area (2020)

Biophysics Laboratory operational

Ongoing the delivery contract for the vacuum system in the E7 experimentat aqsected Oct 2022
Most of the components for the E7 commissioning setup already existing or in procurement

Gamma PolarCalorimeter detector developmeratprototype working, tested with cosmic muons. Test In
gamma beam proposed to take place at LISPHNng8, Japanpostponed (pandemic + low HR)
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LGED Personnel

Existing: 28 employees25 FTEs
15 researchers, 2 posiocs, ZEng 3 PhDs, 2 Tech, 2 Physicist€h2mists
16 permanent positions

3 Research groups:

A Theory and Numerical Simulatiogged by Stefan Ataman

A Experiments; led by Ovidiu Tesileanu

A Biophysics and Biomedical Applicatiaried by PauVasos
3 ongoing hiring procedures;2 pending applications
11 open positions online application rate low

" Very low HR in the Experiments graydoubling of personnel badly needed in view of operation
¢ and commissioning of E7
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Procuremenstatus

A E4 area:

I All procurement procedures (ENP) completed Estimated costs (Jan 2022)
I To be deliveredNd:YAR.5 J laser (delayed)

I UHV mechanical adaptation parts to be
manufactured, partly ifhouse

I Further developments ongoing from other projects
A E7 area:

I All procurement (EENP) completed, apart from the
following:

I Contracted: Vacuum chambers and system (MCSE),
to be delivered and commissioned in Séptt 2022

red = Contracted Ongoing procedure

Total LGED (ELI-NP): 3574 k EUR

6
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Implementation: status

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

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;

| 2y UNROdziA2Y F2N (i KSseandrtMNded SELISNAYSy(Gaé Ay 9n
IEGSYAaAPS O2yiNROdziAZY (2 GKS tL/ &AYdAfFGA2Yya F2I
S E LIS N Yeifoimied oin LGED GPU cluster; PIC simulations in collaborations with HMU, INFN LNF:

Theoretical work has continuethr several topics of LGED and broaderNHR interest (collaborations of the
Theory group with LDED and GDED);

Implementation of the E4 setup of the commissioning experiment; Completion of the first hie@®mtimesessions
for the commissioning experiment (JtDecember 2021), currently analyzing data and preparing fourth session;

GPC detector prototype completed with magnet and tested with cosmic muons; agreement to have it tested ir
PW laser experiment at KR@ET, Japan in 202@&ancelled due t&ovid intention to test at LERSPring8, Japan;
issue with HR no fulktime researcher in charge with GPC, for now;

E7 vacuum system in production; ongoing optical design for the commissioning experiment in E7 7
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Implementation: status

A Activities carried out in 2020021:

I Early experiments in E4 area completed (Mardhecember 20209 continuing with PIC simulations anc
paper writing in 2021

LIDT & loose focusJ'

Station 7/
Betatron
o radiation
iImaging
B X-ray cam

B Beamdump 8
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Implementation: status

A International collaboration of LGED recent developments

I Kyoto University; ICRg preparatory experiments for DM search performed (221&0) in the framework of the SAPPHIRES
collaboration; MoU

I JAEApresentlyQSTY, participation to experiments of electron LWFA &aren PW laser (with LDED and LSD); MoU
I KEK collaboration for detector development, MoU signed

I Collaboration (MoU) with Hellenic Mediterranean University, GreeP&ACE?2

I Collaboration with INFN LINFascatk particle-driven acceleration

I LanzhouJniversity,Chinac collaboration Nuclear physics, GDR

I Centre of Cancer Research, Cambridge Univeg$tnt project, Biophysics group

I University of Vienng joint project in preparationBiophysicgjroup

I Institute for Bioengineering of Catalonia (IBEGubmittedEUproposal, Biophysiagroup

I Univ. Twentec¢ submitted EU proposal, Biophysics group

I BrukerBiosping submittedproject, Biophysics group
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Commissioning-experiments:in-the:E4-area

Searchfor photoiphoton interactions at
sub-eV energies as possible candidates for
light dark-matter
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Dark Matter (Axion)-Search at-EIf w el

Nuclear Physics

W W4 w, = ,Wrli:Saphirdaser, 810 nm
2 w; : Nd:YAQ.,aser, 1064 nm
w, : Signal, expected 650 nm
>

1J in 103 nm3

Key points of our approach
Experimental Approach: DirectPr oducti on + fASti mul atedo Decay
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 11
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Dark Matter Axior) Search at ENP el

P Search for resonance states at very

A . i _ .
JiAg SIEEEEEET (2-u)w=] 01:12-’uu)
r “ 0 _

d-- Cn A A\ e b —HZ
1

AVAVAUR AN low energies. There are theoretical

[ Uo lo

rationales to expect sub-eV particles.

Search for sub-eV axion-like resonance states via
stimulated quasi-parallel laser collisions with the
parameterization including fully asymmetric collisional

i 11 . . t
Quasi-parallel colliding system (QPS) between two incident photons i

Signature is produced via the four-wave mixing process

The SAPPHIRES collaboration

Kensuke Homma,!? Yuri Kirita,”' Masaki Hashida,”“* Yusuke Hirahara,"
Shunsuke Inoue,”“ Fumiya Ishibashi,” Yoshihide Nakamiya,”? Liviu Neagu,?*
fOCUS Akihide Nobuhiro,” Takaya Ozaki," Madalin-Mihai Rosu,? Shuji Sakabe”* and
Ovidiu Tesileanu?

mixingtwo-c ol or waves with di euryamatvarce oé

“Graduate School of Advanced Science and Engineering, Hiroshima University,
1 . Kagamiyama, Higashi-Hiroshima 739-8526, Japan
SAP P H I R ES COI Iaboratl On - b Institute for Chemical Research, Kyoto University,
Uji, Kyoto 611-0011, Japan
. 1 H 1 “Graduate School of Science, Kyoto University,
A Japan: K. Homma (Univ. Hiroshima), S. Sakabe (ICR Kyoto) & students "G S v o e
4 Extreme Light Infrastructure-Nuclear Physics (ELI-NP) and
Horia Hulubei National Institute for RED in Physics and Nuclear Engineering (IFIN-HH),

A Romania: LGED Experiments group, local Pl Y. Nakamiya 30 Reactorului St P.0. Boz MG-6, Bucharest-Magurele, Judetul Iou RO-077125, Romania

Experiment currently in preparation for the fourth beamtime session in E4 >
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DM experiment at ICR Kyoto:-Recent Resul =

A Preparatory experiments have started 5 years
ago in ICR Kyoto (ELI-NP participation)

A Pulse energies up to 10mJ range

A In 2019 a UHYV interaction chamber was installed

A Nd:YAG and OPA tested, published results mJ

Sub-mJ experiment

FWM 2015

This work

LSW

10714 & QCD axion

10—1T | IIIIIII| 1 IIIIIII| I IIIIIII| | IlIIIlI| 1 IIIIIIII I Ll 111

107® 10°° 107, 1072 10"

i (eV)

1

PEP Prog. Theor. Exp. Phys. 2020, 073CO01 (19 pages)
DOI: 10.1093/ptep/ptaa075

Extended search for sub-eV axion-like resonances
via four-wave mixing with a quasi-parallel laser
collider in a high-quality vacuum system

Akihide Nobuhiro'!, Yusuke Hirahara', Kensuke Homma'*, Yuri Kirita', Takaya Ozaki',
Yoshihide Nakamiya®', Masaki Hashida*?, Shunsuke Inoue*?, and Shuji Sakabe??
'Graduate School of Advanced Science and Engineering, Hiroshima University, Kagamivama, Higashi-
Hiroshima 739-8526, Japan

2Institute for Chemical Research, Kyoto University Uji, Kyoto 611-0011, Japan

3Graduate School of Science, Kyoto University, Sakyouku, Kyoto 606-8502, Japan

*E-mail: khomma@hiroshima-u.ac.jp

"Present address: IFIN-HH/ELI-NP, Romania

Received January 21, 2020; Revised March 23, 2020; Accepted April 21, 2020; Published July 2, 2020

Target search area at ELI-NP

With increased energy per pulse and better

vacuum conditions (differential pumping)
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E4experimen

W
8]
=
T Q@
o =)
=% I
w '
2 =
© S
- =
m o
an ~H4 @]
U N
=
=
=]
=~
“_LL” @
Ub
-0
M
3]
> 5
- —
u =
EL=Z
> g X
C_.d_
S5~
e [ |
[+]
-
(=]
E
o S
u] S
o
JIVAH .- [aa}

@

Rack

electronics

Water

Workbench

14

—— e = e B ——— e ——————

2\




Overview of DMxperiment €l

Ti:Sapphire | 1o

Interaction Chamber (IC)

Nuclear Physics

Nd:YAG

| \ Interaction Point Dichroic Interaction Point (IP)
I (IP) Mirror 2
' | » (2-u)o
U I |
I i
I U U : Beam Dump >
I Wave Mixing Focusing Collimation (2-U)o I
1 (WM) I
___________________ p— _-— - J
my (= wey) < 2wsind
Signal Detection (SD)  Intensity Monitor (IM) A: Dark Matter

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

15



DM search commissioning experiment !

Experimental setup
A VEL1 high vacuum chamber:
A Overlap and focusing of the two laser beams
A Motorized linear stages and mirror mounts (>100 channels)
A Needle valve for fine vacuum level control
A Dichroic mirrors for signddackground separation

A Focus monitor (in vacuum camera with DM feedback)

251e-002

631e-003

3.98e-00 3.98e-007 3.98e-007
1.00¢-007 1.00e-007 1.00e-007 16
11:45 12:40:00 13:35:00 14:30:00



E4-SetuplasemDiagnostics el

17



E4-SetupSignal /detection » eh

mbBlack Curtain fir Light Shielding

e &
S

Filters on PMT
5 x Long Pass Filter > 550 nm
5 x Short Pass Filter < 700 nm

18
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Focusing optimization =

Nuclear Physics

Highest intensities needed for the experimental search

Aim: Achievebest focus and spatiaverlap of thetwo laser pulses

Large distance from the laser bay (>20m to E4 entrance) and 4 flat mirrors and one beam combiner
Deformable mirror in HPLS before pulse compressor

Nd:YAGheam expanded to a diameter comparable to the HPLS laser beam

Alignment withHe:Nelaser (633nm), overlap with HPOS:.$apphbeam (810nm) andld:YAGeam (1064nm)




Timing-adjustment €l

Nuclear Physics

Fast photodiodes used for timing measurement;

fast oscilloscope for data acquisition

Aim: Achieve temporal overlap of the fs pulse with

the maximum area of the ns pulse

Adjustment of the relative delay between the

triggers for the two laser pulses

HPLS pulse: 2P00fs, 800nm; short pulses of 30fs

duration were measured

Nd:YAGoulse: 10ns, 1064nm

Measurement of the timing jitter '"";'"f"““-j“@ “ﬂ“s H“: L
Setup of the laser diagnostics bench inducing ni | N ‘.‘f]iﬁfff C'“"“:m'




W el Background measureme

Nuclear Physics

Edit

Wavefarm View

i
(a) Blue: Ti:Sap Raw Signal
Ti:Sap ON (
ND:YAG ON Green: PMT output

20ns/div

Condition: mJ/ps Ti:Sap + 2.5 mJ Yag
Rapid component (Falling in a few ns )= Four-wave mixing
Slow component (Tailing up to > 100ns ) = Plasma from Ti:Sap

Teklronlx

A Fourwave mlxmg S|gnal at atmospheric pressure

(b)
Ti:Sap ON
ND:YAG OFF

(c)
Ti:Sap OFF
ND:YAG ON




Full-Aperture Beam of 2mJ Ti:Sap.
Shortpass < 700 nm + Longpass > 550 nm on PMT

Amplitude {V)

Amplitude (V)

Amplitude {V)

Fourwave'Mixing Signal Atmosphere el

Ti:Sap. PD output

Nd:YAG PD output

Time {ns

2 GJuulnnltwdnoiol
4

PMT output

Time (ns

Z G L L
4

Time (ns

2 uIIH T

Nuclear Physics

A Two component time structures
A Fast component < 5ns -> FWM
A Slow component > 30ns -> Air
breakdown
A Slow component remains when Nd:YAG off
A Fast component appears only when both
lasers are on

-> We reduce the energy of Ti.:Sapphire Laser
to see fast component only.

22
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Data Taking with-new setup:with BC2

Ti:Sap(1.4mJP-pol) +Nd:YAJ1.8mJP-pol)
A Pressure dependence (20 104 and 10° mbar)

-> No FWM Background was produced in any pressure. Some BGif8apvas
produced at 16 mbar

Ti:Sap(16 mJP-pol) +Nd:YAG~20mJP-pol)
A Pressure dependence (2@&nd 10° mbar)

-> Vacuum independent FWM was measured. BG ffoBapwvas small portion of
background.

A Measurement with ng-pass filter IN or Out
-> Average background signal does not chawgen we inserlLPFs

23



Progress and-Perspectives LI

A Firstbeamtimeended August 13: tuning of the system, first background measurements, acquired
data in analysis currently:
A Background study with 1:8J(Ti:Sap + 1.8mJI(Nd:YAG
A Test shots with 17.51J(Ti:Sap + 21.9mI(Nd: YAG
A Secondeamtimecompleted (Septembe®ctober): 4wm background identified independent of
vacuum levet search for ways of mitigation
A Thirdbeamtime(NowvDec): two mitigation methods for background implemented and tested: at
20mJ level there is still a background component persigfitigcussion on possible sources, data
analysis ongoing
A Fourthbeamtime(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
A Letter of Intent submitted to EINP by theSAPPHIRESIlaboration 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
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TheE7 Experimental-Area
Status-of preparation‘of the
Commissioning-ExperimenProduction
of Isomers PPEK

Laser %
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Combined:laser-and gammabeams (E7)

First stage: 1 PW pulses @ 1 Hz
Then Multi-PW pulses + Electrons or gamma pulses from VEG

Commissioning experiment endorsed by ISABEX Production
and photoexcitation of isomers

Radiationreaction

Paircreation in vacuum: EINPwhitebook Prof.Habs
Vacuumpolarization

All-opticalvacuum birefringenceS.Ataman,Phys. Rev. A 97, 063811

Ability to measure energy and polarizatiah highenergygamma
photonsc the GPCdetector (Gamma PolatCalorimeter)

meli

Nuclear Physics




E7.commissioning experiment (262223) .2 el

AGKS FANRG &Gl 3S 2F GKS ¢5w SELISNAIPPEY (i

A creating nuclear isomer levels in solid targets, through interaction with Jasetuced
secondary radiation (accelerated electrons or Bremsstrahlung radjation

A The experiment will start after the installation and commissioning of the E7 vacuum
chambersystem (foreseen in end 2022, production ongoing now) and installation of th
PW mirrors

Laser
1PW 1Hz or
1-10PW 0.016Hz

el E
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I Laser acceleration MeV electrons

fﬁ% Bremsstrahlung —y production

l

155Gd: 11/27, 121 keV, 31.97ms

K. Hommaetal, Rom.Rep.Phys .68, S233 (2016)
Exp. proposal at ELI  -NP by H. Utsunomiya
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E7.commissioning experiment (202223) e

omer production cross-sections forthe (0,00 ) ( t o p 9,n)o \

Calculations of isomer production cross sections performedﬁ,ottom row) channels

o Do Do Do

- 102 T r~~ oo r T T T T T g 102§ T T T T T T T El
with TALYS code 10 w2 S
PR Pr N 1L : 2
_ = = a, - Nd E| E i i
e LWFA PIC simulations, 100-PRW g0t /A 310
Bremsstrahlung gamma emission simulations with GEANTZ-*;
. 1098 104 E
and FLUKA (geometry effects included) ]
. R .. . 09020 80 4 50 %0 0 20 30 40 50
Various possibilities of optimizations under study E (Mev) E (o)
10— T3 W 5
10%= ] 10°E 4
10- 100 E
Label I o m I s 1t s 1F E
5 Ew'r E1w'g E
a 3 2 2 2 Bo?: 102F e
© 3t 3F 3
o Wi (pm) 20 60 66 120 s e In ERE I . '?ﬁ E
P (TW) 121 483.7 980 1980 :gsf SN E :gsf 1 R
2 E (1) 24 o7 39.2 792 10_55 ‘ ‘{'31;6' B R R 'jo 10_503 ‘ ‘32;;'0‘ B R R jo
n, (10%¥ecm=?) 711 125 4 4 E (Mev) E (Mev)
10 0 Qo (nC) 1.8 7.5 156 37.8 Number of isomers which can be produced per laser pulse via (, n) channel (in units of 10*) (g g) channel
w-s m !
940 945 950 955 e ] ] Nucleus I I1 I11 IV Half-Life (N+1) Nucleus | 1 11 I 1A%
Usmpy | 873.1 2084 3238 6134 14.10(3) s Wimpp 1277 7.5 119 224
I I 111 IV 138mpyr | 1413 325 493 90.6 441(4)h Bsmpr | 1303 05 09
: : — 39mNd | 66.8  14.8 224  38.6 3.37(2)d 139mNg [ 140 35 55 103
Netgas | LIX10Y  47x10"Y 9.8x10'" 2.4x10! s2mEy | 2622 148 1003 188.5 STABLE s2ngy | 190 53 84 16.1
N, 8 7% 10° 83%10° 1.6%x10° 4.1x%100 176my y | 13552 3267 5204 969.7 6.647(4) d YOmLu | 364 102 161 309
e, v ) 10 - 9 ’ 10 ' 10 182myf | 8.9 2.1 32 5.9 1.018(2) h B2mye | 0.1 0.02 004 0.06
Ny 1 29x107 73107 L1x107  2.2x10 190mRe | 17657 4274 679.1 1269.6  9.8(5)min Womge | 180 5 7.9 152
n (%) 257 15.5 11.8 01 196mye [ 4700 114.6 1829 341.3 5.8(5) min 196mpe | 362 103 163 314
197mpy | 1285 295 460 844 STABLE Wimpy | 07 02 02 04
Simulation results of the Bremsstrahlung radiation W04mph | 148 33 5. 9.1  173x107(7)y ™™ Pb | 0.1 003 0.04 0.07




Design:and implementatianE7 el

Gas jet/ Gas cell for LWFA
or Red: Main laser
Isomer target holder for L Pink: Probe laser for diagnostics
Blue: Electron
Yellow: X-ray

= (h)

(a) Alignment laser
(b) Shadowgraph&Wavefront (Plasma

diagnostics)
(c) Focusing monitor&Wavefront (Laser
—_ = diagnostics)
@) (b) (©) (d) (d) Imaging EO crystal (Electron charge)
(e) Electron injection monitor
(f) Low-energy spectrometer (E<50MeV)
(g) High-energy spectrometer (E>100 MeV)
(n) Upgrade space for Betatron X-ray detection




E7 Vacuum System MCSE

A Ongoing contract, TDR submitted

A Est. commissioning: Oct 2022

Ood
it o

—nt Y

MTRITY

o st
on i wakt

ToR.

NS LD S8 U6 AL LY
=2

AT SAWED R A

B % 1 s s ancs
THE VA OE AL ARG

=NTG=

NTG » Im Steinigen Graben 12-14 » 83571 Gelnhausen NTG Neue Technologien GmbH & Co. KG

Im Steinigen Graben 12-14
D-63571 Gelnhausen—Hailer
Telefon  +48 605160030
Telefax  +48 60516003 55
E-mail info@intg de

Gelnhausen, 06.06.2021

Technical Design Report (TDR)
Modular Chamber System for Experiments
(MCSE)

Your contact at NTG:

Thomas Franz

CEO

Mechanical Engineer
+49 (0)6051 6003 40
tiranz@ntg.de

Martin Silberhorn
Design and development
Mechanical Engineer
Project Manager

+49 (0)6051 6003 33
m.silberhom@nta.de

Date: 06. Aug 2021

Handelsregister Hanau, HRA 11457 Commerzbank AG VR Bark Main Kinzig Bidingen eG
Komgismentar: NTG Neus Technologien BLZ 500 400 15 BLZ 506 616 3
Bateligungs-GmbH, HRE 11047 Kio, 2402501 Kontor 15290 33

IBAN : DES4 100

: 16300001 8200 32
‘Swift-8IC; COBADEFFSD8

‘Swift-BIC: GENODEFILSR

Gesch; - Thomas Franz
Umsaizsteuer Id-Nr. DE 112482855
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TheGamm&olariCalorimeter (GPC)
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Detectordesign

Converter Magnetic field Tracking layers

.
©
/ Converter
o ‘ Geant4 model
4 /\\ Distribution of ¥ emphasizes the
(D Py, P XI y e* (px, py) polarization dependence of the cross
/ section

E) et
< % 0 = Gynpoll + P, - A - cOS(27¥)]
( e- e (px, py) A P,: degree of linear polarization
PX. B, Pz, AN of incoming photon beam
Projection in detector plane
- E) j J g A A: Analyzing power of setup

32
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A Prototype built and tested with cosmic muons

I 3 Silicon pixelated sensors (converter + tracking
layers)

I 7cm, 0.8 T magnetic field

I Data readout triggered from external fast detectors
(GM tubes, scintillators)

A 40 mm Al profile frame

I Helpful to hold sensor alignment (m pixels)
when installing magnet

A Development brought to the current stage by M.
Cuciug currently paused (lacking HR)

A In-beam tests to be performed




Trigger-and DAArchitecture

D

Fast Detector

Det. Sync out

Read event out (€]] =

g Busy 1 in
Busy 2 in SEABASRaster

Fast Detector

4 Read event in (€]e]=

I
I
I
I
|
M Fast Detector
I
I
I
I
I
I

Readout Busy ouSEABAS&ave
g Det. Sync in

Cosmic muon
coincidence
trigger

Readout Busy ouSEABAS&lave

meli

Nuclear Physics
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Event building and-data analysis

Background Find events with Reconstruct

= ' oy “EEN  its in ever muon trajector
subtraction & pixe! S oot hits file y J y

o1~ I
.root RAW file AUSET sensor and parameters

“F XY projection :: XZ projection ::_ YZ projection
: Muon
reconstruction, no
= magnetic field
. applied. For

| ST o g detector alignment

35



Event building and-data analysis

Background
—B subtraction & pixel p———

-root RAW file 1

.root hits file

el

Nuclear Physics

Find events with Reconstruct

e its in every

muon trajectory

clustering

XY projection

= 30

wof XZ projection

5 S PR PP FETE PR PR FEE P 1.,

0 02 04 06 08 1 12 14
X (cm)

_30F

wf YZ projectio

Sensor and parameters

Real muon
reconstruction with
magnetic field

E =155.3 MeV, g =
+1

36
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Theory-and Numerical Simulations
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Theoretical studies

Radiation reaction (TDR)
Pair creation in vacuum (TDR)

Vacuum polarizatioq VBirstudies (TDR)

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

Involving also external collaborators

¥, Gammagamma collider withaser+GBS

¥, Post-acceleration of electrons from GBS using u#thert laser pulses

¥, Catalyzed pair creation in vacuum (high+ gamma)

¥, Laserproduced gammdlash combined with VEGA for applications

\ >4
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