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Editorial

Dear Colleagues,

this report is aimed to be available for the JulylB, 2016 EMMI workshop on High Energy
Density Plasma Physics at FAIR/GSI. During this kgtiop many scientists interested in
High Energy Density Plasma Physics will convenediscuss the possibilities of intense
heavy ion beams for this field.

This report starts with an overview on facilitieendwide that are engaged in High Energy
Density Physics and where at the same time thergaeest to collaborate in this field with
FAIR/GSI. These facilities include LLNL (Livermore)LMJ/Petal (Bordeaux), NICA
(Dubna), NDCXIl (Berkeley), KUMGANG Laser and Larggcale accelerator facilities
(Korea) and the planned high intensity acceler&doility (HIAF) in China, just to name a
few. The report continues with the traditional topi Beam-Plasma Interaction Physics and
diagnostic methods for High Energy Density Matfercelerator issues and theoretical issues
complete this report. It may be interesting to haveok at the list of contributing institutes.
Most of them are already member of a plasma physiliaboration at FAIR.

Scientific committees of FAIR and GSI have monitbtbe scientific program of the FAIR
collaborations for many years. Most of the collatimns have adapted their scientific
program towards the FAIR modified start version.n dddition, the plasma physics
collaborations have continuously adapted their g towards the modifications of the
FAIR project. However, we still have a long waygo. The proposal of a FAIR phase 0,
which is aimed to prepare for the start of the FAdRIlity during the years 2018-2022, is a
new challenge for our collaboration. The task ahefds, namely to secure the necessary
resources and to formulate an excellent scienpfiegram for plasma physics at FAIR,
requires the consistent and unified action of thele plasma physics community. During
this workshop we also have to discuss our pridatyexperiments during the coming years as
well as for the day one experiments. The envisigmrededure is that collaborations submit a
priority list of experimental programs. A scientitommittee of FAIR/GSI will then evaluate
this suggestion and the available beam time wildlstributed with respect to the assigned
scientific priority. We therefore have to act asréfied collaboration and we call upon you to
start the founding procedures for a “Plasma PhySataboration at FAIR” during the EMMI
workshop at FAIR/GSI in July. Finalizing this pracee may take some time, but we have to
give a strong signal to the FAIR/GSI managementva as to the respective funding
agencies.

With kind regards,
Dieter H. H. Hoffmann

June 2016
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1 New Facilities for HED/WDM Research
and special FAIR related Issues






First Experiments at FAIR: HIHEX - Heavy lon Heating and EXpansion

V.B. MintseV, V.V. Kint, I.V. Lomonosoy D.N. NikolaeV¥, A.V. Ostrik, N.S. Shilkih, A.V. Shutoy;
V.Ya. Ternovdi D.S. YurieV, V.E. Forto, A.A. Golube¥, A.V. Kantsyre¥, D.V. Varentso¥, and
D.H.H. Hoffmanf
1IPCP RAS, Chernogolovka, RussidTEP, Moscow, Russia®GSl, Darmstadt, Germany*TUD, Darmstadt, Germany

Early experiments at FAIR in 2018-2022 suggested bsameters from the table we will have high values of energy
the HEDgeHOB collaboration in the eld of non-ideal and entropy in the target.
plasma physics are discussed. Specic energies of 5—

—— phase regions

10 kJ/g, pressures of 1-2 GPa and temperatures of 1-2 eV
are expected to be reached in the substance at the rst ex-
periments with a &** beam with the energy of 0.2 AGeV
and maximal intensity 30 per impulse. It will provide

the possibility to investigate the two phase region including
the critical point of several metals in HIHEX (Heavy lon
Heating and EXpansion) experiments with the plane and
cylindrical geometry, realizing regimes of quasi-isochoric
heating, isentropic expansion and compression when the
ow strikes the target. Analysis of thermal radiation trans-
fer will give information on the vaporization dynamics.
Measurements of electrical conductivity and optical prop-
erties on the supercritical adiabat will disclose information
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on the insulator to metal transition under these conditions.
We propose to use the HIHEX experimental setup to
study thermophysical and transport properties of matter
heated by intense beams of heavy ions and expanded adiar, fyture HIHEX experiments we propose to use the
batically. Our goals are the determination of critical pointgreviously developed setups, diagnostic tools and intense
(CP) for a number of elements, investigation of materigheams of uranium ions providing for the highest energy
properties and the metal-nonmetal transition in the neageposition. The preferred beam parameters afé* ions,
CP region, including hot liquids and nonideal plasmas ang 2 AGeV, 4101ions/bunch, the time duration 100 ns. The
the domain of high-pressure high-temperature vaporizatiqfaterials for study should be Pb and other elements. We
along with kinetic effects in the two-phase liquid-gas regxpect to access and to detect the critical point, and to in-
gion. vestigate the near-critical-point electrical properties in this
Comprehensive numerical modeling of HIHEX setupgjomain of the phase plane. This information on the electri-
corresponding to ion-beam parameters for FAIR 1st-dayal properties of expanded substance is important for un-
experiments has been carried out employing a novel 3krstanding the effect of metal-nonmetal transition. We

gas-dynamic code [1] accounting for realistic propertieg|so plan to use this setup for studying dielectric materials.
of matter and energy deposition by intense beam of ions.

The setup corresponds to heating of the cylindrical metal-

lic wire with a diameter of 0.6 mm along the axe.
According to the evaluations of the critical point param{1] V.E. Fortov, V.V. Kim, LV. Lomonosov, A.V. Matveicheyv,

eters based on the multi-phase equation of state for met- A.V Ostrik, Intern. J. Impact Engineering33, 244-253

als [2], in a HED experiment with the highest energy de- (2006).

position for super-critical states for Pb with complete vaf2] I.V. Lomonosov, Laser and Particle Beam5, 567-584

porization in the expansion isentrope will be accessed on (2007).

the phase diagram. In the case of Cu and Ni, sub-critic@8] D.H.H. Hoffmann, V.E. Fortov, I.V. Lomonosov, V.B. Mint-

states of liquid will be accessed while the expansion isen- sev, N.A. Tahir, D. Varentsov, J. Wieser, Phys. Plasmas,

trope corresponds to the partial vaporization and is close 3651-3655 (2002).

to the critical point. These results are illustrated in Fig-

ure 1 for lead. The earlier evaluations [3] are also plotted

in this gure. We may conclude that the project's goals can

be successfully achieved because with the use of beam pa-

Figure 1: Pressure—density diagram for lead.
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High energy density experiments at FAIR

S. Neff and D.H.H. Hoffmanf
IFAIR, Darmstadt, Germany?TU Darmstadt, Germany

The Facility for Antiproton and lon Research (FAIR) A delay in the civil construction work for FAIR has re-
will offer unique research opportunities in the elds ofsulted in a delay of the construction and commissioning
compressed baryonic matter, hadron physics, nuclear struwd-the facility. After a review by an external expert panel,
ture, atomic physics, materials research, biophysics amdnew timeline has been determined with the experiments
plasma physics. In the eld of plasma physics, the focusf the Modularized Start Version (MSV) scheduled to start
of the research program will be the study of high energin 2022. Currently several phases are planned for experi-
density matter generated with heavy ion beams. ments: "Phase 0', which covers the time up to the start of

The equation of state of high energy density matter is inthe MSV; "Phase-1', which refers to initial experiments at
portant for many scienti ¢ elds, ranging from studying the FAIR which do not require the full beam intensity; "Phase
interior structure of giant gas planets and the metallizatio®', which refers to experiments using the full design inten-
of hydrogen to the dynamics of laser-driven capsules faity of FAIR; and "Phase 3', which refers to experiments
inertial con nement fusion. To better understand the relebeyond the MSV which require further upgrades.
vant processes, a knowledge of the equation of state, thatThe interim science program ('Phase 0) at GSI (using
is pressure as a function of density and temperature, aRtHELIX, UNILAC and SIS-18) and at other facilities is
of the relevant transport coef cients, for example thermaéssential for further R&D work, and to keep up with tech-
conductivity and opacity, of warm dense matter (WDMhological and scienti ¢ progress until the start of FAIR in
samples close to solid density with electronvolt tempera2022. Our activities in this phase will focus on further de-

tures) is essential. velopment of PRIOR and further work on diagnostics, such
Static measurements using laser-heated diamond angf laser particle acceleration.
cells can only access pressures of up to aBobar and Experiments at FAIR will take place in the so-called

temperatures of up to abo@600 K and therefore cover APPA cave, with a dedicated beamline for high energy den-
only a small part of the states relevant for warm dense magity experiments. This beamline will be used for experi-
ter. In order to overcome this limitations, dynamic meaments with protons as well as with heavy ions. Originally,
surements, using for example shock compression or laseidedicated second proton beamline directly from SIS-18
heating of small samples, are necessary. was also planned. To reduce costs, this second beamline
For FAIR, dynamic measurements that use high envas notincluded in the MSV. However, there is an option
ergy heavy ion beams to generate warm dense matter é@eadd this beamline later on. In addition to the beamline,
planned. Two main approaches will be used. In th@ diagnostic laser system (100 J, 0.1-20 ns, 532 nm) will
rst approach, the energy deposition of the heavy ions ipe available to drive laser diagnostics (e.g. x-ray backlight-
used to isochorically heat macroscopic (mm-sized) sanf?g) and as a secondary driver for PRIOR experiments. The
ples and turn them into warm dense matter, for exampl@itial experiments at FAIR (‘Phase 1') will concentrate on
in the HIHEX[1] (Heavy-lon Heating and EXpansion) ex-HIHEX and PRIOR, since these experiments can already
periment. Heavy ion beams with up%o 101U?%%* jons start with beam intensities well below the design speci ca-
with 2AGeV in a50ns bunchs allow to heat the sampledions of the SIS-100 accelerator. Once the accelerator is op-
to temperatures of several electronvolts. In a second aptating close to its design speci cations ("Phase 2'), it will
proach, which will be used in the LAPLAS[2] (LAboratry be possible to start the LAPLAS experiment, which needs
PLAnetory Science) experiment, the heavy ion beams afégh beam intensities in order to compress the cryogenic
used to indirectly compress cryogenic samples. By using@mple to megabar pressures. The main possible upgrade
an annular beam pro le to heat a payload, it is possibl@ptions for our experimental setup are to add the second
to quasi-isentropically compress hydrogen to a pressure @gdicated proton beamline and to add a high energy laser
5 Mbar at a temperature of on§000 K. to the setup. Coupling this laser with the intense ion beams
In addition to these experiments, it is also planned t§om FAIR would open new elds of high energy density
use high-energy protons available at FAIROGeV in en- Physics and provide new research opportunities.
ergy with up to2:5 10 protons per bunch) to diagnose
dense samples using a proton microscope with a resolution References

of 10. m. This can be useq to either study .hlgh_enerQY:g V. Mintsev et. al. Non-ldeal Plasma and Early Experiments
density matter generated with secondary drivers (e.g. at FAIR: HIHEX - Heavy lon Heating and EXpansioGon-

laser or a gas gun) or for other applications such as imaging iputions to Plasma Physic&ebruary 2016.

biological samples for the PANTERA project. [2] B.Y. Sharkov et. al. High energy density physics with intense

ion beamsMatter and Radiation at Extremg3anuary 2016.

For the HEDgeHOB collaboration.



Design of a 5 GeV Proton Microscope for FAIR

M. Schan¥?, D. Varentso%, and D.H.H. Hoffmanh
1TU Darmstadt, Darmstadt, German§GSI, Darmstadt, Germany

The PRIOR-I (Proton Microscope for FAIR) proto- of the individual magnets QL- QL4 as well as the dis-
type facility has recently been commissioned at GSI| withiances between the magnets-LL 4 (see Fig. 1) in order to
3.6 GeV proton beams delivered by the SIS-18 heavy ioobtain a compromise between the resolution and the con-
synchrotron [1]. The design of this microscope is based astraints of the construction process. The shape of the yoke
compact high-gradient (120 T/m) NdFeB permanent magvas chosen to guarantee an overall eld deviatioB=G
net quadrupole (PMQ) lenses which can facilitate imagingf less thard 10 # and to suppress higher multipole or-
with protons up to 4.5 GeV. This system is capable of proders 8,=B, < 4 10 4), especiallyn = 6;10; 14, be-
viding a magni ed image of a dense object and correcttween 80% and 90% load. The two layered coil with just
ing the most signi cant terms of the chromatic aberrationsl4 turns per pole will provide high eld gradients up to
which led to the achievement of micrometer-level spatiab= 43:3 T/m (30 mm pole tip radius) while being driven
and nanosecond-scale temporal resolution with a remarky 1.7 kA current [4].
able density sensitivity during the beam time commission- When PRIOR-II will be installed at FAIR utilizing
ing. Despite the success of the rst experiments, a contirb GeV protons, a magni cation of 7.98 with a micrometer-
uous degradation of the image quality and spatial resollevel spatial resolution (CR=7:26 m, CR, =3:83 m)
tion due to a severe radiation damage of the PMQ lensasd the maximum eld of view of 26.9 x 21.5 nfcan be

has been observed. [1, 2]. It was concluded that PM@rovided (see Fig. 2).

lenses are not an appropriate choice for a radiographic fa-

Therefore the nal design of the PRIOR proton microscopt

(PRIOR-I1) will employ small but strong and radiation- WH m AL /
sure high imaging quality for future experiments at GSl an m m )

cility with high-energy and high-intensity proton beams x-plan
resistant normal conducting electromagnets in order to a S m= e ——
0 oo™ ————

————

FAIR. \
y-plane \

Since the PRIOR-II microscope has to fulll a lot of ) i

different requirements which will mainly be determined Figure 2: lon optical layout of PRIOR-II.

by the future experiments, new simulation tools were de- , .

veloped to estimate the performance of the new systemIt IS foregeen 'that during the construction of FAIR,
[3]. The respective ion optical simulations were based oﬁRlOR'”_W'” be mstglleo! rst at the HHT cave at GSl
COSY In nity 9.1 taking into account high order image 21d Provide a magni cation of 2.5 (GR= 9:67 m,
aberration effects which determine the image quality of gR = 6:5,1 m). ) , )
radiographic setup. By the observation of the geometri- 1 € design of PRIOR-Il will offer simultaneously a vari-
cal moments of a point spread function an entirely new a@ble geometry and a variable eld gradient, enabling a wide

proach to the calculation of the spatial resolution perfor:a"d€ Of proton energies to be used for various investiga-
mance of radiographic facilities was introduced [3]. tions on high energy density states in matter as well as on
medical applications with an impressive image quality.
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Figure 1: Geometrical layout of the PRIOR-II setup.




Short-pulse laser-driven x-ray radiography for FAIR

E. Brambrink, S. Baton, and M. Koenig
LULI - CNRS, Ecole Polytechnique, CEA : UniversRéris-Saclay : Sorbonne Universités - F-
91128 Palaiseau Cedex, France

In the context of HEDP experiments planned at FAIR X-ray signals were recorded with an imaging plai (
x-ray radiography is an important diagnostic torekter- type “MS” with a x24 magnification. To block ligtand
ize matter at extreme conditions. It allows for rapée low energy x-rays, a 13 pm Al foil was placed iorit of
measuring precisely mass densities or charactgrigia the IP. Step wedge targets of different materiatzew
temporal evolution of hydrodynamic instabilitiesader placed onto the detector to appreciate the dynaesialu-
driven x-ray sources can deliver short high-fluxay- tion.
pulses well adapted to this task. The simplestigard- Figure 1 shows a typical radiography obtained utieg
tion is the point-projection geometry. We studiegn frequency doubled beam. The grid is well resolvad a
experimental configurations to optimize this diagtim comparing the contrast (see fig. 2) with a MTF iatls a

Former experiments [1] have shown that high-qualitgpatial resolution of less than 25 pm. The plastep
radiographies require a close to normal incidericthe wedge at the bottom of the image is clearly reshive-
laser on the x-ray source target. Due to the sfzth® dicating the majority of the signal originating finoV K-
backlighter laser and HEDP driver beams their ggnme shell radiation.
has many constrains, often limiting the possileitiof Radiographs using frequency doubled laser compared
incident angle. To overcome this limitation, we @éaho- to the fundamental wavelength exhibit less backggou
sen a radiography axis perpendicular to laser aing d and stronger signal. However, even at the fundarhenta
beam. This approach is technically challenging lds t wavelength, we obtain similar spatial and dynarasoiu-
axis is used for the target manipulator and lasanbpath tion.
in many large laser facilities.

The experiments have been performed at the LULI2000
laser facility. The short pulse laser deliveredta0 J in
1.5 ps at 1053 nm wavelength or 25 J in 1.5 pRa@trén
(frequency doubled). While we used the laser at fues
cus (~10 pm) for the frequency doubled shots, it Wa-
focussed to 50 um diameter at the fundamental wave-
length to reduce noise produced by hard x-rays.

Targets were Vanadium, Copper, Tungsten and Molyb- p P ST Y T a—
denum wires of 10-20 um diameter. To estimate fie s Distance (bixels)

tial resolution we used a 400 Ipi gold grid as seshple. Figure 2: Lineout of the signal in the grid region

Gray Value

In conclusion, by using a vertical radiography axie
were able to obtain high quality radiographiesthaslaser
incident angle could be optimized independentlythodf
laser beam axis.
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Construction, characterization and optimization of a plasma window based on a
cascade arc design for FAIR*

B. Bohlende¥, J. Wiechul&, Marcus Iberlet, O. Kestet?and J. Jacoby
'Goethe University, Frankfurt, Germar?ﬁSl , Darmstadt, Germany

For many different applications at GSI and for the new According to Hershkovitch two main effects are domi-
FAIR project, it is important and necessary to extract theant as working principle for plasma window as vac-
ion beam from the high vacuum of the accelerator into tum-atmosphere interface. The main effect is due to pres-
gas filled target chamber. In order to prevent the gas insidare equalization between arc discharge and atmosphere.
the chamber from flooding the accelerator section, usually pressure equilibrium the density is reduced when the
thin metal membranes or differential pumping systems atemperature is enhanced. To match atmospheric pressure at
used. In order to improve these systems, concerning tr@om temperature, the arc plasma and gas density needs to
lifetime and the length respectively, a plasma window, siniee a certain factor of the room temperature gas density.
ilar to A. Hershcovitch’s [1] design, is being built and in-This factor is given by the ratio between room temperature
vestigated for the requirements at FAIR. Especially for thia the low pressure part and arc discharge temperature.
transition to the gas stripper system, where the pressureliserefore, a reduction in the vacuum chamber pressure by
significantly higher than inside the accelerator section thhais factor is expected. The second effect is due to the fact
plasma window would be a benefit as a sealed off systahmat the viscosity in a plasma is increased at higher temper-
between vacuum and high pressure. In regard to the adapires. Thus, a backflow of the gas from the high pressure
tion of a plasma stripper system [2] the plasma window i=ell into the low pressure cell is reduced. In addition the
also thought as an improvement and alternative conceptpgiasma window may act as a plasma lens due the Lorentz
conventional differential pumping systems. Moreover #&rce [1].
plasma window is requested at FAIR because of the high
ion beam intensities where a metal membrane as vacuum
atmosphere interface bears the risk of being destroyed.

Experimental setup and working principle

The plasma window mainly consists of a certain number
of cathode tips, an anode plate and several free floating.
electrode plates. Similar systems are well known since th
mid-50s as wall-stabilized cascade arc discharges [3]. Th
plasma arc is initialized between the negative cathode tip
and the grounded anode plate. For first investigations, thg

is d=2.5 mm, the effective discharge length is about 1=63
mm. Stepwise the diameter will be adapted to the require-
ments of FAIR. The high dissipation of heat is encountered ~ Figure 2: Present status of the plasma window.
with a water cooling system (fig.1).

Status and outlook

The present setup is shown in fig.Fst investigations
are directed to estimate the breakdown voltage as well as a
stable burning voltage as function of the gas pressure. Next
tests will include an estimation of the U-I-characteristic,
the determination of the pressure gradient as well as an op-
tical analysis for the plasma parameters density and tem-
perature. In addition the influence of the number of cathode
tips will be studied. The long term goal is the implementa-
tion of the plasma window into an accelerator section at
GSl and FAIR.

Cooling Plates Cathode
i
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Cylindrical cryogenic targets for the LAPLAS experiments at FAIR
E.Koresheva®* I. Aleksandrovy E.Koshelet, A. Nikitenkd', T. Timashevaand S.TolokonnikoVy

1LPI, Moscow, Russi&National Research Nuclear University MEPhI, Moscow, Russia

The subject of the joint research is development onthe SS-tube play a role of forming element. We also ad-
specialized setup for fabricating and delivering multivice to use capsule from magneto-active material for tar-
layered cylindrical cryogenic targets. Such targets aget protection because at the stage of target electro-
required for the LAPLAS (Laboratory Planetary Sciencmagnetic delivery this element play a role of the driving
es) low-entropy compression experiment that will be corpody.
structed and run by the HEDgeHOB (High Energy Densi-+ A target fuel core bibliography analysis has shown that
ty Generatedby Intense Heavy lon Beams) Collaboratiggarameters combination related to fuel core in the
at FAIR [1]. The targets are hydrogen or deuterium iceAPLAS targets (i.e. length to diameter ratio in the range
which is enclosed in a cylindrical shell of a high-Z mateef 5.0-t0-6.25) was never realized before. Two methods
rial like gold or lead. of the cryogenic core formation are promising: in-sutu

method and extrusion one. The specifics features of the

The Lebedev Physical Institute (LPI), as a member difi-situ method are: (1) short time of target fabrication
the HEDgeHOB collaboration, considers different apl5 min, (2) simple mechanic and electric contrdhere
proaches for preparation of cylindrical cryogenic targetgre almost no movable parts, (3) possibility to make a
for the LAPLAS experiments (Fig.1) [2-4]. Main direc-cryogenic core with faces of the required shape. The ex-
tions of the LPI research are: (1) target fabrication, (2jusion method features are: (1) short time of target fabri-
cation— 112 s, (2) ability to supply cryogenic targets in
real time, (3) minimal consumption of the liquid helium

> mm » as cryogenic targets do not need a long-term storage, (4)
prospects for a rep-rated target production.
4 « Module for cryogenic target fabrication and assembly
£ (FAM) based on the extrusion method is shown in Fig. 3.
E £ H D The physical layout is as follows:
o g L 1. Pb-shell loading under gravity (Fig.3, pos. 2),
0 5 2. Solid Dy core extrusion into Pb-shell (pos. 3),
) Pb 3. Cutting off the upper & the lower parts of Pore us-
ing tungsten wire (pos. 3),
Fig.1. Cryogenic target for the 4. D, core face formation (pos. 4),
LAPLAS experiment 5. Target characterization (pos. 5),

) ] ) 6. In accordance with characterization results, the target is
target manipulation, (3) target survival. The key results of

this research are as follows: §mk

e Target shell made at LPI from Pb is shown in Fig. 2.
Softness, plasticity and malleability is the features of Pb,
therefore a key moment is the shell surface survival dur-
ing target transport to the experimental chamber.

Side view Top view 1b- stationary
disk

-

Fig. 2. Target shell made from Pb b
mold pressing

Fig.3. Draft design of the FAM

The LPI expertise has shown that a tube from stainless

steel (SS) can be successfully used for Pb-shell surfag@ved to the delivery module (pos. 6), or to the collector
protection. In addition, at the stage of Pb-shell formatio@f the rejected targets (pos. 7),

“elena.koresheva@gmail.com



7. Target loading under gravity to the corresponding unit
(pos. 6 or 7),
8. High quality target delivery to the experimental cham-
ber.

 Our calculations have shown that using the cryogenic
holder for target positioning inside experimental chamber

SmCo
magnet

one can protect the target from the thermal radiation of Fig.6. HTSC sample aligns inside the

the chamber wall and fix target temperature in the re- PMG with the line of minimal magnetic

quired ranges (T <y, where T, is a triple point tempera- induction. The HTSC samples have be

ture of a fuel) [2,3]. made at LPI from YB#ZuO ceramics
* We have considered two options for target delivery (Tc~91K,Hc~5.7Tat0K)

from the FAM to experimental chamber: gravitational and . .
electromagnetic. It is important that for both of these apYSt€M (SCS) were defined. The SCS conception was

proaches the contamination of the experimental champioPosed aiming the potential risks minimization during
with foreign gas is impossible. Gravitational injector'® Systém designing and functioning [2-4].

seems as the most economical delivery means which rel— lusi d lik hasi
quires small delivery time (112 s). To protect the outer I" conclusion, we would like to emphasize some open

target surface from the mechanical destruction due to friguestions, which havg to be solved at the next stage of the
tion we have proposed to apply a stainless steel tube [FFVElopment, namely:
Using an effect of quantum levitation of high temperaturé: First of all: Is it possible for the LAPLAS to use the

superconductors (HTSC) is another protection meari@rget enclosed into the protective element (SS-tube,
HTSC-shroud, etc.) ?

2. Concerning the quality requirements to the cryogenic

core:

! What is the permissible size of a structure inhomogene

ty?

! What is the permissible roughnesktbhe faces?

3. Another urgent question: whether the cryogenic core

Fig.4. LAPLAS target with protecting faces degrade before completion of target positioning?
HTSC shroud If yes, is it necessary to perform a special face shaping

in the stage of the core formation? In this connection, the

problem of thermal degradation of the cryogenic core

faces requires a thorough analysis at the next stage of

development.

4. The LPI proposes to discuss once again the require-

ments to the rate of the target delivery:

I'If the delivery rate is more than 1 targetrpgay, one

must work with free-standing targets: application of FAM,

delivery by gravitation or electromagnetic injector are

required.

I'If the delivery rate is less than 1 target per day one can

consider a traditional method of target fabrication and

) T ) delivery: in situ method using Pb-shell pre-mounted on
Fig.5. Target motion under gravity over the holder.

the PMG: there is no contact between ti
target & the guiding tube
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Status of Indirect Drive ICF Experiments on the Natonal Ignition Facility*
The ICF Program Collaboration®™**

! Lawrence Livermore National Laboratory, Livermo@A, USA
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In the quest to demonstrate Inertial Con-pends on the ICF design, i.e. capsule ablator
finement Fusion (ICF) ignition of deuterium- (CH, HDC, Be) and laser pulse (High Foot,
tritium (DT) filled capsules and propagating Low Foot, adiabat shaped-AS, Fig. 1a). Studies
thermonuclear burn with net energy gain (fusionto mitigate low-mode asymmetries and investi-
energy/laser energy >1), recent experiments omate alternatives to the tent mount are ongoing.
the National Ignition Facility (NIF) (Fig.1a) a) b)

have shown progress towards increasing cap ° S
2,83.14(&
5&
I(#)& capsule <

1"#1S%HE&

ooonEm
BEY
E
g
>

sule hot spot temperature (Tion>5 keV) and fu- ™
sion neutron yield (~16), while achieving ~2x

yield amplification by alpha particle deposition.
At the same time a performance cliff was g
reached, resulting in lower fusion yields than 3

6<|

012*%+i#,,-

h N
expected as the implosion velocity was in- (\
creased. Ongoing studies of the hohlraum anc )
capsule physics are attempting to disseminate . e 61‘2:‘23!“‘(;.275 e
possible causes for this performance ceiling. PSR %0t 1, ibatas M SN

Experiments to understand the effect andrigure 1. a)Lawson criteria Pof NIF DT fuel implo-
mitigate potential sources of fuel preheat whilesions vs hot spot temperature (Tion) for variousaabl
improving the radiation symmetry in hohlraums tors (plastic-CH, diamond-HDC and Be) and hohlraum
are ongoing. Recent results show that highefills (1.6 mg/cc for High Foot-HF and 3-Shock HDC,
energy preheat x-rays !(h2 keV) are reduced 0.96 mg/cc for Low Foot-LF and 0.03 mg/cc for near
in alternative hohlraum materials to pure Au vVacuum hohlraums-VAC). b) The tent holding the cap-
such as uranium or by applying mid-Z liners to sule inside the hohlram and low mode radiation flux

. asymmetries are potential culprits of performare |
the inner wall surface. Furthermore, lower den-.."- : : .
its; they are observed at peak implosion velocity

sities or near vacuum hohI_raur_n fills have £R20'3 mm capsule radius) and are simulated to have
demonstrated a strong reduction in the amoun egative impact on hot spot stagnation (R=0.05 mm).

of preheat hot electrons generated by laser- . . .
plasma instabilities. These experiments have In upcoming ICF experiments with CH, HDC

also shown that the laser energy coupling into°" Be capsules low mode asymmetries and hy-

x-rays is improved by ~20% by reducing Iaser?hro'rsrt]?b”ities W”(Ij tl)e mitigalted bty optin;}izing |
backscattering from the target. e hohlraums and laser pulses to reach nearly

High resolution 3D simulations, validated by 1-D implosions that are well understood. These

inflight capsule radiography data, have alsomOLe ro_buslt d_eS|gns|W|!It_ be then_sudbj(icted to
shown that the tent holding the capsule and |OV\PIg eL _|m;_:3[_03|0n velocities required 1o ap-
mode radiation asymmetries have strong negaproa_C 'gnrtion. _

tive impacts on implosions by the hydrodynam- *This work was performed under the auspices of the
ic instabilities they cause at stagnation (Fig. 1b) Xéfgfﬁggﬁ;ﬁff Energy by LLNL under Contract-DE
The relative importance of these factors de- '

Contact E-maildewald3@IInl.gov




Development and academic opening of the LMJ/PETAL laser factly

D. Batant, J.E. Ducret G. Boutou, S. Hulirt, K. Jakubowskg J.L. Duboi$, E. d’'Humiere} N.
Rabht, V.TikhonchuR, L.Serarfi, J.L.Miquef, I.Thfoin®, B.Ross& C.Reverdif, L.Lecherbourg

N.Blanchot, D.Raffestirt
ICELIA, Université Bordeaux— CNRS - CEA, Fraf@ENBG, Université Bordeaux, Fran¢€EA, DAM, DIF, F-
91297 Arpajon, Francé CEA-CESTA, 33114 Le Barp, France

A new laser facility is under construction at the
CEA/CESTA (Centre d’Etudes Scientifiques et ity. The PETAL beam is in the equatorial planetdd t
Techniques d’Aquitaine) site in Le Barp, near Banae target chamber.

This will couple the Laser Megajoule (LMJ) and thePETAL design is based on the chirped pulse amatifi

short-pulse high-intensity system PETAL (PETawat{CPA) technique combined with optical parametrigfm

Figure 1: Implementation of PETAL in the LMJ Facil-

Aguitaine Laser). The combination of long ns-pulaes
short high-intensity pulses will provide a uniqueeifity
at the European and also at the world scale (theather
similar facility being NIF in the US). LMJ/PETAL Wibe
open to the European researchers for academicti§icien
experiments starting in 2017. Several subjects b4l
studied on LMJ/PETAL including in particular therelit

fication (OPA) [2]. Furthermoret takes the benefits of
the laser developments made for the high-energy LMJ
facility allowing it to reach the kilojoules leveFig. 1
shows the implementation of PETAL in the LMJ Fayili

2. PETAL+ Diagnostics: PETAL+ is a specific project
to develop diagnostics [3] adapted to the charietion

drive approach to Inertial Confinement Fusion foe t Of the interaction of the PETAL laser with targetainly
production of energy [1]. In parallel, the scieiatif used as backlighter for X-ray or proton radiographshe
community is working on the construction of advahce-MJ plasmas. Also PETAL+ diagnostics must enabée th
diagnostics for the facility, so-called PETAL+ peof, Measurements of the fast electron transport through
which includes the study of induced radiation (and’lasma targets in experiments in connection witst-fa
activation issues) and of the generation of giaMPE ignition and shock-ignition

(Electromagnetic pulses) once PETAL is fired orgear The charged-particle diagnostics [4] include:

inside the LMJ interaction chamber. A box installed close to the LMJ chamber center,
which will contain a stack of RCF films to provide
plasma radiography (CRACC);

A two-channel electron, ion and proton spectromete
called SEPAGE, corresponding to low- and high-
energy ranges (0.1-20 and 10-150 MeV), based on

1. The PETAL laser system:PETAL is funded by the
Region Aquitaine, the French Ministry of Researcid a -
the European Union. The Region is the contractingey
of PETAL, the CEA is the manager and the prime

contractor of the project, and the scientific dasise is
provided by the ILP (Institut Lasers et PlasmassoA
PETAL is part of the opening policy of the French

Commissariat a I'Energie Atomique et aux Energies

Alternatives (CEA). PETAL is a short-pulse (50Qds10
ps) high-energy beam (3.5 kJ compressed energyghwh

Thomson parabolas for ions/protons discrimination
and energy spectra measurements with detectors for
ions, protons and electrons;

A set of two identical magnetic spectrometersechll
SESAME attached to the LMJ chamber wall to detect
electrons above 4-5 MeV, one & @&nd one at 40

will be coupled to LMJ. LMJ, developed by CEA, and  With respect to the PETAL axis.

under construction at the CEA/CESTA site, will hay The hard photon spectrometer SPECTIX is intendezeto
beams and deliver 1.3 MJ at 0.35 um on target. li$1J complementary with spectrometers that will be wogki
designed to provide Capab“ities to Study H|gh @Ner for the first LMJ shots. SPECTIX is based on the

Density Physics (HEDP), and the physics of igniton ~ transmission Cauchois-type optics [5, 6] and uses t
combination of a cylindrical crystal used in transsion/

diffraction and a mechanical collimator. The specteter
has been designed to measure the energy range 500
keV with a signal dynamics from 10to 10 photons/sr.
Special care in the design has been devoted tciragu
the noise on the detector [7].

All diagnostics will use passive detectors, essdti
Imaging Plates (IP), in order to ensure a good ptiate
against the effect of the giant electromagnetic euls
(EMP) launched by the interaction of the PETAL beam
with its target. A systematic effort has been utalem to
calibrate such detectors with respect to X-rays, [8]
protons, electrons [9].

©CEA 2011

Compressor stages
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The BM@N set-up combines high precision track
measurements (12 planes of GEMs, 2 drift chambmeds a
4 planes of silicon strip detectors at the secaadey with
time-of-flight information (two sets of RPC’s) fparticle
identification and total energy measurements (ZEdZ)
the centrality definition. The TO detector will pide a
start signal for the RPC’s and trigger. The Xe bewith
be available in 2017 while the Au beam with intgnsit
1077 per second in planned in 2019. The first texin






Recent Results with Short-Pulse, Compressed lon Bea at the
Neutralized Drift Compression Experiment*

PA. Seidl”, JJ. Barnard, R.C. Davidsori, A. Friedma#, EP. Gilsor?, D. Grot&, Q. Ji,
I.D. Kaganovich, A. Persaud W.L. Waldrort and T. Schenket

Y awrence Berkeley National Laboratory, Berkeleyiif@eia, USA
’Lawrence Livermore National Laboratory, Livermo@glifornia, USA
® Princeton Plasma Physics Laboratory, Princeton, Bensey, USA

Intenseion pulsesin the MeV range enable new studiesforms and the solenoid field strengtlmair nea-term do-
of the properties of matter ranging from low intiyns jective is to achieve a pulse duration e2 hswith higher
(negligible heating, but active collective effeatse to corresponding dose ratef! 10 nC/ns/mrh
proximate ion trajectories in time and space), ighhin- Presently we arecarrying outradiation effects exper
tensity where the target may be heatedthte feweV mentsandareprobing aspects ahtense beanand beam
range. By choosing the ion mass and kinetic entydpe plasma physics We arealso exploring opportunities for
near the Bragg peak, dE/dx is maximized and atdrget materials processing with intense, pulsed ion beahag
may be heated with high uniformity [1], thus enabli examplesareasare color center formation in diamond and
high-energy density physics (HEDP) experiments in th&iloring of the spin properties of doped silicdh [LO].
warm dense matter (WWD) regime. The Neutralized Here, conventional thermalnnealing of specially g
Drift Compression Experiment (NDCK), an induction pared materialsisually occurson a timescale omilli-
accelerator with plasma neutralizatianthe exit to coo- second4o minutes With NDCX-II, we seean opportuit
teract the high space chargeas designed with this met ty to excite materials with intense ion pulses onago-
vation [2,3. Intense ion beams from induction accaler secondimescalefollowed by rapid quenching in order to
tors have complementary advantages (ebgnign rada-  stabilize novephase®r to optimize spin properte
tion environmentand low energy spreaccompared to
beams derived &m lasefplasma acceletion [4].

The first target experiments used beam pulses bf Li
accelerated to 1.2 MeV and focused to a beam radlus
1mm and duration of 2 ns FWHNpeak current ~18
Alcm?). These conditions were used, for example, to
characterize dose rate effects on the ionolumimescef
yttrium aluminium perovskite (YAP). These and other
results are dseribed in Red. [5,6].

Since last yearOs reposte have installed and used a
new multicusp, multipl@perture plasma ion sourfg8g].
The source can generate high purity ion beams af, f
example, protons, helium, neon and argon. To dae,
have used it solely for thgeneration of Heions, where
the source injects significantly greater chargenttfid the
lithium ion source. Furthermore, helium at aboué&Vv
is nearly ideal for highly uniform volumetric engrgep-
osition, because particles enter thin targets siigibove
the Bragg peak energy and exit below it, leadingriergy
loss in the targghat isuniform within several percent.

In Fig. 1 theHe" beam distribution is peaked with 80%
of the integrated charge within a radius of 1.2 riviarp
PIC dmulations irdicate that the focused charge s e
pected to ultimately reachver 30 nC per pulshile References
maintaining a small focal spot size amdnanosecond [1] L. R. Grisham 200#hys. Plasma$15727
bunch durationsince muchmorecharge is now available [2] J. J. Barnard, et al. 20Nucl. Inst. MethA733 45
from the new helium sourc&oward that goal, we hate  [3] W.L. Waldron, et al. 201&lucl. Inst. MethA733
date measured 15 nC (9x1Dions/pulse) in a fewmm  [4] S. Busold, et al. 201Scientific Reports, 12459
focal spot with the Hebeam, in a pulse duration b0  [5] P.A. Seidl, et al. 2018lucl. Inst. MethA80098D103
ns and 3 ns (FWHM) pulses with 2 nC.By modet [6] A. Persaud, et al., 201Phys. Procedi®6 604
derived tuning of the acceleration and bunching evav[7] Q. Ji, et al. 201®&ev. Sci. Insi87 02B707
[8] P.A. Seidl et al., http://arxiv.org/abs/16017/32

* This work was supported by the Office of Science of tBeDépart- [9] J. Schwartz, et al. 2014 Appl. Phys116, 214107
ment of Energy under contract no. DE-AC02D05CH11231. . o
PASeidi@Ibl.gov [10] A. Bienfait, et al. 201®lature 531,74

Figure 1:The transverse (x, y) distribution of thée
beam is shown with a colaalibration bar indicating the
relative intensity. With the new helium source, NO@Q
can provide AMeV helium ion beams with an energ
deposition greater than 0.7 joulesfam40 Alcnf).
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Recent Progress of the Kumgang Laser :
a High-Power, High-Repetition Rate Beam Combination Laser*

Hong Jin Kong* Sangwoo Park Seongwoo CHaHwihyeong Le& Jungsuk Oh Kilsung
Churrt, Soungwoong ChéiBong Ju Leg and Jom Sool Kifm

IKAIST, Daejeon, Republic of Kored1andong Global University, Pohang, Republic of Kpfeaser Spectronix,
Seoul, Republic of Korea.

In this article we report the current status of the process. The wave-front distortion of each sub-beam
Kumgang laser: 4 kW coherent beam combination la- be compensated for by SBS-PCMs.
ser combining four 1 kW beams using self-phase con- The main amplifier stage is composed of a diode-
trolled stimulated Brillouin scattering phase conjugate  pumped Nd:YAG rod amplifier chain and an SBS-PCM.
mirrors (SC-SBS-PCM).

A coherent beam combining is one of the most primmgis
techniques to achieve a high energy and a high regetit
rate laser. It has been demonstrated experimenteltyie
coherent beam combination using self-phase-coattoll
SBS-PCMs (SC-SBS-PCM) is the simplest coherent beam
combination method [1-2]. For an average output paer
a kW range, the experimental verification of cohéfam
combination is now underway by the Kumgang laser [3-4]Figure 2: The rotating wedge self-phase-controB&s-
The Kumgang laser system is a coherent four beanbieom PCM.

nation laser of 1 kW modules using SC-SBS-PCM. For high average power operation of the SBS-PCM,

thermal effect at a focus point should be releasddep
high reflectivity [5]. In Kumgang laser, the rotatimgdge
is used to reduce the thermal effect at its focatip&iigure
2 shows the schematic diagram of the rotating weedfe
phase-controlled SBS-PCM (RW-SC-SBS-PCM). The in-
put laser beam is refracted by the rotating wedgd, re-
flected by the self-phase-controlled SBS-PCM.
After the reflection at the SBS-PCM and after pagsin
through the main amplifier module (MA) again, thés
) o beams will be combined by the coherent beam di-
Figure 1: the schematic diagram of the Kumganglase yjiger/combiner. The MA module can amplifies the tase
Figure 1 shows the schematic diagram of the Kumgagam from 128 W (12.8mJ@10kHz/8.5ns) to 640 W (64mJ
laser system. The front end (FE) consists of a CW Jase®10 kHz/8.5ns) for single-pass amplification. listtase,
diode master oscillator, an acousto-optic modulga@M) the M of the output beam is 1.9. The reflectivity of the
for 10 kHz pulse generation, Yb doped fiber-basegla SBS-PCM is 56.9% at the input power of 500 W (50
fiers, and a regenerative amplifier. The FE producsm- MJ@10kHz/8.5ns). The coherent beam divider/combiner
gle-frequency seed beam of 1064 nm at a repetititen10 and main amplifier stage will be completed in Yygs.
kHz. The average output power of the FE is 11 W
(1.1mJ@10kHz/8.5ns), and the? M the output beam of References

the FE is 1.31. _ - [1] H. J. Kong, J. W. Yoon, J. S. Shin, D. H. Beakd B.

The seed laser beam from the FE is amplified bydthe j Lee, Laser and Particle Beams 24, 519-523 (2006)
ode pumped Nd:YAG rod amplifiers in the pre-amplifierz] J. S. Shin, S. Park, H. J. Kong and J. W. Ydkpplied
(PA) from 11 W (1.1mJ@10kHz/8.5ns) to 128 W (12.8m hysics Letters 96, 131116 (2010).

@10kHz/8.5ns), and the Mf the output beam of the PA [3]'H. J. Kong, S. Park, S. Cha, and J. S. Kim,dktey/Sta-
is 1.8. o tus Solidi (c) 10(6), 962-966(2013).

After the double pass amplification process by RAe [4] H. J. Kong, S. Park, S. Cha, H. Ahn, H. LeeQ#, B.
the laser beam will be divided into four sub-bedigsa 3 Lee, S. Choi, and J. S. Kim, Optical MateriatpiEss,
coherent beam divider/combiner for its main amgéifion 4(12), 25512558 (2014).

[5] H. Yoshida, A. Ohkubo, H. Fujitah, and M. Nakalta,
Review of Laser Engineering 29(2), 109-114 (2001).

* Work supported by Republic of Korea, Agency for &efe “Dual-
Use Technology ProgrdniuM12012RD1)
*hjkong@Kkaist.ac.kr
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Kuibedd, B.B. Chalykh T.V. Kulevo}

MEPhHI, Moscow, Russ
Introduction

Experimental setup at IMP

The first experements were performed on i
accelerator in collaboration with Institute
Modern Physics (IMP CAS, Lanzhou, Chi

Fig.1 (a) Gas-discharge plasma target, (b) Curnet
linear electron density curve example.

The scheme of experimental setup at IMP pres¢
in fig. 2. The measurements of energy losses
carried out using bending magnet and MCP+(
detector. Energy losses of projectile ions',
He™ He™, 0" 0™ with energies 100-500 keV/q
cold gas and plasma were obtained [3].

Fig. 2 Experimental setup scheme.

Since the beam current after passing thrd
plasma target is quite low (about several nA)
difficult to achieve high precision. The long ti
intergation method with several beam shots
used to achieve reasonable accuracy. The sa
experimental results are shown in fig.3.

New experimental setup at TIPr accelerator

To increase the accuracy of the energy
measureents and to use more heavy ion
projectiles

National Research Nuclear Univer

Fig. 3. Example of beam shots integration methog

a new experimental setup (see fig. 4) on a beas
of the linear accelerator TIPr at ITEP is u
construction now. It will provide measurement
energy loses of heavy ions (AICU™ Cu"™ Ag*™)
with energies 100kev/n in ttgas-discharge plas
target The time of flight (TOF) method will k
used for such experiments. The FC detector,
scintillator with PMT and FCT detectors will
used to measure the micro-bunch structure o
beam (27 MHz). TOF method may provide b
quality of energy loss measurement. In additid
bending magnet with scintillator and CCD ca
is planned to use for the measurements of c
state of particles after its interaction with plasm

Fig.4 (a) Scheme of experimental setup at TIPr
accelerator; (b) Modeling of experimental setup; (d
Beam dynamics calculation.
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X-ray emission induced by highly charged heavy ions

Xiaoan Zhang*, Cexiang Mei, Chuanghui Liang, Yaozong Li
School of Physics and Electronic Engineering, Xy Normal University, Xianyang, China

The investigation of the X-ray emission is usefdthod of M of Au, but 129Xe26+ with kinetic energies from
to study the mechanism of ion—solid collisions. d@te 1.8 to 3.9 MeV can excite the characteristic X-spgctra
measurement of the inner-shell ionization crossiaeés of M , M , M and M . The characteristic X-ray intensity
essential for the development of ion-atom collistoad- probably increased with increasing projectile epekXy

els and moreover significant to complete atomiadat ray yield was not related with the ion kinetic e;yerThe
brary for science research. kinetic energy threshold of L X-ray of Xe emitte¢ b
The experiment was partly performed at the can@yath Xe26+ is 3.0 MeV.

py terminal, which was specially designed for tleavy

ion tumor therapy, at the national laboratory ofiiAelon  The X-ray spectra produced by the impact of Xeq+=(q
Research Facility in Lanzhou (HIRFL). The highly10, 15, 20, 26) with 2.4 MeV kinetic energy on Aur-s
charged C6+ ions, produced and extracted from lége e face was also measured[2]. Results showed that thias
tron cyclotron resonance (ECR) ion source, werelace different broadening of Au M X-ray owing to multipl
ated by the main cooling storage ring (CSRm) witkre ionized effect in the collision with heavy ionsettegree
gy of 292.7, 343.3 and 423.9 MeV/u, and the beaali-qu of ionization mainly depend on the distribution thie
ty was improved by the new generation electron eool electronic states in the ions’ outer shell. Thddyief X-
The C6+ ion beam pulses impacted on Au taget seirfacay was calculated and compared with BEA. The BEA
the L and L X spectra of Au atom were measured[1]Jmodel can give a better prediction of the experit@en
Results showed that the production cross sectioh of results after taking into account the effectivenuiltiple
was larger than that of L The production cross sections ionization on the fluorescence yield as shown mFi
increase with the kinetic energies of the projestile

Tablel. Target atomic L-shell X-ray production crossisas induced by €.

C%*energy/Mev/u La Lo
PWBA ECPSSR Exp PWBA ECPSSR Exp
292.7 3.75E+03 3.81E+03 3.30 E+02 1.17E+03 1.18E+03 1.91 E+02
343.3 3.33E+03 3.39E+03 3.69 E+02 1.04E+03 1.05E+03 2.47 E+02
423.9 2.84E+03 2.88E+03 4.26 E+02 8.82E+02 8.91E+02 2.59 E+02
(J —A—BEA

The PWBA and ECPSSR theoretical models were com- § ——EXP. = *

pared with the experimental results as was showable g —

1. & 100

Results showed that theory calculation was smaé o z

order of magnitude than experimental results. Tigeifs Z N :

cant difference between experimental data and d¢tieat Z w0

models was studied. It can be seen from the asalliai 2 A :

the relativistic effect made the 2p electron reraliza >

tion process be delayed and the L2 & L3 subshelza S

10 15 20 25

tion effect became very small. Moreover gamma eaj-r
ation is an important way of the projectile enetg@nsfer
in high energy region.

Another experiment was performed at the 320 kV hig
voltage experimental platform at the institute obdarn
physics, Chinese academy of science in Lanzhou. The
characteristic X-ray spectra produced by the impct

129Xe26+ with kinetic energies from 350 to 600 ka\d [1] Zhang X A, et al, Acta Phys. Sin. 62 173401(20@n
from 1.8 to 3.9 MeV on Au surface was measureudalé Chinese) ' ' .

found that 129Xe26+ with kinetic energies from 360 [2]Liang C H et. al, Acta Phys. Sin. 64, 05320118D(in
600 keV can excite only the characteristic X-ragapm Chinese Y T

the charge state of projectile

ig. 1. X-ray yields are shown for both experita¢and
eoretical results.

References
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Multiscale description of the laser plasma interagbn, application to
the physics of Shock-Ignition in Inertial Confinement Fusion

A.Colastis, G. Duchatealy Ph. Nicola®, X. Ribeyré, S. HYllef, D. Pesmg& D. Batant, and V.
TikhonchuR
'CELIA, UniversitZ de Bordeaux ® CNRS - CEA, France
*CPHT, Ecole Polytechnique, CNRS, UniversitZ Pasisks/, France

The state-of-the-art description of laser propagatn large
scales relies on reduced approaches compatible tiwéh
performances of modern computers. The most commen o

The physical processes that were considered arehéi)
nonlinear energy transfer between crossed lasemdbea
arising from the light diffraction on density fluttions

is theRay-Tracingmodel [1], that describes laser beams by excited by the ponderomotive beating of the waeaes, (ii)

bundles of needle-like rays following th&eometrical

the nonlinear coupling of the wavefield with EPWsatt

Optics (GO) propagation laws and characterized by a power generate hot electron populations.

density. In situations where collective effects amhlinear
couplings are unimportant!@! 5x10°W" m%cn¥), GO-

based models are sufficiently precise and compmrtaliy

efficient. They describe the laser refraction ardsma
heating due to collisional energy absorption. Cosely,

modelling of the Laser-Plasma Interaction (LPI)h&her

interaction parameters requires knowledge of qtiasti
such as the electric field amplitude and directmithe

wavefront, which are not readily described by GO.

The physics of linear and nonlinear
hydrodynamic scales
limitations of the maximum electron thermal flux by

adjusting the energy deposition of laser beams sdoa
reproduce experimental results. Such approacheehihe
understanding of the physical processes at playliandthe

predictive capability of existing numerical toolBhis is a
strong motivation for the development of alternativodels
to study and design experiments at high laser gities on
the nanosecond timescales.

1. A novel laser propagation model The description of
nonlinear LPIs relies on the knowledge of the laser
intensity distribution in plasma. In order to accabis
quantity at the large scales of hydrodynamics codes
have adapted the method of Paraxial Complex Geaaktr
Optics (PCGO) to the case of plasmas. The resultiange
front equation includes information on the radiusda
intensity of a wave field described as a fundanlenta
Gaussian mode in the paraxial approximation, which
propagation axis is a Geometrical Optics ray. Our
formulation includes the effects of collisional alygtion in

the under-dense corona and at the critical dermitythe
skin-depth length. Furthermore, by pseudo-randomly
focusing PCGO beamlets in a region of the beam sfocu
where the speckle radius varies slowly, we are able
reproduce the main features of the intensity distion of

2.1 Cross-Beam Energy Transfer Our formulation of
Cross-Beam Energy Transfer (CBET) relies on
discretization of the interaction region by mangreéntary
energy exchanges between Gaussian PCGO rays. Each
exchange is assumed to occur within a plasma withlly
constant parameters. The set of elementary eneaggfers

is resolved chronologically in order to be consisteThis
inline model based on PCGO and implemented in ChHE
been validated against a time-dependent convemntiona

the

LPIs at these paraxial propagation of smoothed laser beams cduple
is usually addressed by usinghydrodynamics code. Both approaches were compared i

well-defined plasma configuration, with density- dan
velocity- profiles corresponding to an inhomogerseou
plasma, including a resonance zone in which theciirag
conditions for a resonant coupling between the taser
beams are fulfilled. A very good agreement was ¢bun
between the PCGO simulations and the fully time-
dependent paraxial-type simulations carried outhwhe
code HARMONY [4]. The comparison showed that the
code based on the PCGO approach correctly desdfiees
CBET in situations where a resonant energy exchange
occurs, past a transient period on the picosecomal ¢cale.
The PCGO-based CBET model was applied to the
hydrodynamic simulation of a CBET experiment. The
results are in overall good agreement with the erpmtal
data. Based on these results, the PCGO approacbBlil

has proven to be a reliable method to be implendeie
hydro codes for mm-scale modelling.

2.2 Hot Electrons generated by nonlinear Laser-Rias
Interactions The description of electrons heated to supra-
thermal temperatures by nonlinear LPIs has beeluded
into the PCGO framework. This inline model has two
components. First, it describes the transport anergy
deposition of high energy electrons in the plasElactron
beams are modelled in the Angular Scattering

a beam transformed by a Phase Plate. The model Approximation, derived from the kinetic Vlasov-Fakk

performance was confirmed using theoretical modeld
standard paraxial wave solvers. This model, spgcial
formulated for the framework of a Lagrangian codeas
implemented in the radiative-hydrodynamic code CHIC
[2,3] of the CELIA.

2. Large-Scale description of nonlinear LPIs Building
on the novel formulation of the laser propagatioe, have
proposed several models to account for the nomih@a.

Planck equation by considering the diffusion ofcélens on

a background of electrons and ions. This formutatie
adapted to two-dimensional, transversally Gaussiaulti-
group HE beams of arbitrary angular distributioac@ndly,

this transport model is interfaced with HE sourcesiputed
from the laser optical module (PCGO). Considerimg ¢ase

of Hot Electrons accelerated by EPWs excited byoRast
Absorption at the critical density, Stimulated Rama
Scattering (SRS) and Two Plasmon Decay (TPD) at the



quarter critical density, we proposed various foatians
for computing the hot electron fluxes, temperatuses
angular distribution with respect to the pump wavhese
formulations are based on theoretical models amadyais of
the most unstable modes, experimental observatiaiheo

investigated [10,11]. Two targets were considetid:pure-
DT HIPER target and a CH-DT design with baselinikesp
powers of the order of 200-300 TW. In both cases,
accounting for the LPI-generated HEs leads to mmiting
targets when using the baseline spike powers. WHits

scattering angles and competition between processeswere found to increase the ignitor shock pressiey also

experimental scaling laws and Particle-In-Cell dimions.
Additionally, backward propagating electrons frora ffPD
and backward scattered light from SRS are accouioteith
the energy balance. Results obtained with this mhacdein
good agreement with various experimental in diffiere
interaction geometries and across different intgnsigimes
[5,6,7].

3. Applications to the physics of Shock Ignition I&
Shock Ignition (SI) in Inertial Confinement Fusida® an
alternative ignition scheme where the compressiod a
ignition phases are separated: the target compressi
conducted at a low velocity using lasers of modeeatergy
and the ignition is achieved at the end of the casgion
phase with a dedicated intense laser pulse. WHike t
compression phase is less sensible to nonlinears LPI
compared to the standard hotspot ignition, therlapike
employed for the generation of the strong shock lie a
strongly nonlinear interaction regime. Consideriygical
spike durations of 500 ps at peak intensity, n@amLPIs
have ample time to develop and (i) drive copiouams
of high energy supra-thermal electrons, notably the
excitation of EPWs from the SRS and TPD instabkt#itiand
(ii) significantly reduce the laser-target couplifigr the
strong shock generation through CBET.

First, we have studied the CBET in the context néa-
drive ICF for a laser beam configuration correspogdo
that of the OMEGA laser facility [8]. We conducted
simulations of a capsule implosion in which certhBams
are allowed to interact through CBET, following tlke-
planar beam angles of the OMEGA chamber. It wasidou
that (i) Deuterium-Tritium ablators are more probhe
CBET-induced deformations than plastic ablatorg, tfie
CBET decreases the laser-target coupling by dismlac
intensity maxima away from the critical density,ush
decreasing the target convergence ratio by up %, 45i)
the CBET causes significant low-mode deformatiohthe
target.

The effects of Hot Electrons (HE) generated by the
nonlinear LPI on the properties of shocks in plag®a]
and on the dynamics of shock ignition targets hasnb

preheat the bulk of the imploding shell, notablysiag its
expansion and the contamination of the hotspot \lith
dense shell material before the time of shock cogesmce.
The associated increase in hotspot mass (i) inesedse
ignitor shock pressure required to ignite the fosieactions
and (ii) significantly increases the power lossheotigh
Bremsstrahlung X-ray radiation, thus rapidly coglithe
hotspot. These effects are less prominent for theDT
target where the plastic ablator shields the loweergy
LPI-HE spectrum. Simulations using higher laserkspi
powers of 500 TW suggested that the CH-DT capsule
marginally ignites, with an ignition window width
significantly smaller than without LPI-HEs, and wihhalf
of the baseline target yield. The latter effectesi from the
relation between the shock launching time and thell s
areal density, which becomes relevant in preseheeldl-
HE preheating.

4. Conclusion A significant effort has been made in
including the basic features of the nonlinear LRIthe
context of a large scale hydrodynamics code. Thissical
model has allowed to identify key mechanisms in
experiments conducted in the context of Sl at high
interaction parameters. These mechanisms havedbesm

to be of great importance in the understandingdesign of

S| experiments.
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6XUIDFH SDUDOOHO HOHFWURQ DFFHOHUDWLR
VXE SLFRVHFRQG SXOVHV

- < ODR 5RVPHM+ /L- S8UEDQFLFHUWQHUWP LWSWUEDHKWHU
SVOLWXHUEN7DR % UDBHWDIQRX®IQH%®W =LHOBDXHXIP DSH U
ODWWODMHVFKOULPD @QEXHQ .XHKO
8QLYHUVLW\RI.DLVHUVODXWHUQ D QGHHWGIDXW K &8 QWMIDEP B RX) W6 H DW U X
'DUPVWDGW *RIWWBESQLYHUVLW\ )WoHIN XQ W1DMULRD@O /DERUDWRU\ IRU
3K\WWLFV ,QVWLWXWH RI3K\VLFV &$6 PHRONDQVWLVEXWEHRK@D QHYD *H
*XWHQEHUJ 8QLYHUVLW\ 0DLQ] *HUPDQ\

,1752'8&7,21

$V D FRQWLQXDWLRQ RI WKH
LQYHVWLIJDWH WKH RSWLPL]DWL
VXUIDFH HOHFWURQ 76( EHDPV .
DQG PROQRHQHUJHWLF SURSHUW\
EXONWDUJHW LUUDGLDWHG E\ DQ
ZKLFK FRXOG PDNH LW SRVVLEOI
*DPPD UD\V IRU EDFNOLJKWLQJ R
3E

(:3(5,0(17
7KH H[SHULPHQWYV LQ -XQ y
ZRUNLQJ DW WKH IXQGDPHQWDO :
D SHDN SRZHU RI DURXQG 7: 7k
EHDP ZLWK D GXUDWLRMVRIRF XV HC
RIl D[LV SDUDERORLGDO PLUURU
RQWR D &X EXON WDUJHW ZLWK Wk
DGGLWLRQDO SUHSXOVH ZLWK DG
WR 1 ZDV DSSOLHG QV QV LQD
SXOVH $ VFKHPDWLF SLFWXUH R
VKRZQ LQ )LIXUH $OVR OHDN
ZDV IUHTXHQF\ GRXEOHG DQG DS
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HOHFWURQ MHW ZDV PHDY:XOHGQXR EH D
WKH FRUUHVSRQGLQJHOHFWURQ VSHFW
LQ )LJXUH E &RPSDUHG WR WKH ODV
HOHFWURQ HQHUJ\ EHFRPHV ORZHU ,W F
JHQHUDWHG 76( EHDP TXDOLW\ GHSHQG
SRZHU WKDQ WKH ODVHU LQWHQVLW\

JLIXUH D 6SDWLDO DQJXODU GLVWULE
LQ WKH FDVH ZLWK WKH SUHSXOVH LQW
JLIXUH E &RUUHVSRQGLQJHOHFWURQ
LQDGLDPHWHU RI PP

35263(&7
,Q WKH QH[W VWHS ZH ZLOO FRQWLQ
DERYH DQG WR GHHSHQ RXU XQGHUV\
HOHFWURQ DFFHOHUDWLRQ

SHIHUHQFHYV

> @ - < ODR / 0 &KHGIW BED®IZK\V
/HW W S

>@ : 0 :DQJ / 0 &KHQ HW D@IK
(QHUJ\'HQVLW\ 3K\VLFV S






26

Ultrahigh intensity laser interactions with dense targetsjn, with the material density, by assuming a perfect
stand out as an effective way to produce high-curreptirrent neutralizatiop=-j,, the rate for the resistive ener-
relativistic electron beams (REB). In this context, it igy oss is around.j,’, with  the material resistivity. This
important to understand the REB transport, at higast process has been recently experimentally auite
electron current densities and through warm dense afidhe warm dense matter regir. To quantify the re-
highly resistive plasas To investigate this topic, we Sistive losses, we performed hybrid PIC simulatifsis
studied the interaction of the PHELIX lasef €620 J on Our simulations are able to reproduce the ¢mission
target, $=500 fs, =1064 nm) with a free-standing mass-ntensity profile along the_ww_e, see F|g.1(a)._Tmed|ct-
limited Ti-wire (experiment P-077). In this repome ©€d €lectron current density inside the wire is uf
consider a laser shot with a ns-contrast up t&°1and A.cm~ (time-averaged), which is higher than[#]. Re-
with a focal spot size down to @m, leading to a laser sistive effects are found to be dominant in thetfRQQ
intensity on target of £7.1G°W/cn?. The REB, acceler- M Of the target, where the electron current deniity
ated during interaction between relativistic laselse and Important. In total, resistive losses exceed dolfial
short scale length preplasma, penetrate the widedan 0SS€s by a factor 2.35, hence justifying the olesire-
posit energy therein. In [1,2], we have alreadyuised duction of t_hg electron stopping range. Fig. _1U_t1}sirates
how isochoric heating due to laser-acceleratedtreles e competition between collisional and resistivesés as
can generate Warm Dense Matter (WDM) in depth arfd function of the wire depth. As expected, thestess
how we can diagnose this extreme state of matiethis  10SS€s, proportional to the square of the curremtsity,
report, we focus on hot electrons and how they toser- &€ QOmlnant near the Iasgr—plasma mt_erac'uon negio
gy in WDM. When electrons propagate the wire, theyet' in comparison to experiments on foils, e.g. e
ionize it and subsequent K-shell and Bremsstrahlu llective effects remain dominant over a relagMarger
emission occurs, making the electrons propagatipere  distance.

imentally traceable. To characterize their enengjridu-
tion as well as their transport, we used two maagos-
tics and acomprehensive set of simulationBirst, a
“Bremsstrahlung cannon” acted as a hard X-ray spe
trometer. It was made of a stack of image plateé¥ énd
differential filtering at the front and rear sidddonte-
Carlo modelling of the Bremsstrahlung dosimetry wa
then used to infer the internal hot electron eneligiribu-
tion. Both experimental data from this diagnostitd a
from dedicated “Particle-In-Cell” calculations (ugitthe
code PICLS-2D [3]) demonstrate that hot electroiith w
temperature of about 2 MeV were generated. Secpadly
Focusing Spectrometer with Spatial Resolution (FSSH
enabled highly spatially and spectrally resolved ay-r Figure_ 1: (q) Experimental Kemission intens_ity profile__along
spectroscopy. In particular, the Kemission intensity € Wiré using the FSSR compared to hybrid PIC sitiuuia

. . . . : . and a standard Monte-Carlo simulation in cold maft®rResis-
profile along the wire gives rather direct inforioat an tive and collisional density of deposited energyadsinction of

the REB propagation. The Ksignal was surprisingly e depth predicted by the hybrid PIC code.
found to decrease exponentially up to ~0.8 mm deep,

though a stopping range of 1.8 mm was expectedlth ¢ Raferences

Ti, see Fig. 1(a)Energy losses of an electron beam prop-

agating within a material are commonly associatéth w [1] GSI Sci. Report 2014, APPA-MML-PP-11, p. 285
inelastic collisions with bound and free electronshe [2] GSI Sci. Report 2014, APPA-MML-PP-08, p. 282
matter. However, this process is insufficient a¢ #x- [3] Y. Sentoku et al., J. Comput. Phys., 227, 68298)
tremely high current density, achieved in relativistic [4] X. Vaisseau et al., Phys. Rev. Lett. 114, 0950L5)
laser-plasma experiments, where resistive lossiscad [5] J.J. Honrubia et al., Laser and Particle Beah)227 (2006)
by the neutralizing return current, of densjty become

important. Indeed, while the rate of collisionakegy loss

by the electron beam per unit volume is proportidoa
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Figure 1: Energy spectrum of TNSA uorine ions

ure 2 shows the comparison of TOF data of a phase fo-
cused uorine ion and proton beam, converted to energy
per nucleon. The central energy of the transported uo-

Figure 2: Diamond detector signal of phase focused ions

rine ion bunch was 0.85 MeV/u with an energy spread of

0.3 MeV. The relative energy spread of the uorine ion
bunch is much bigger than that of the proton bunch. There-
fore the uorine ion beam is longitudinaly much longer at
the entrance of the rf cavity than the proton beam and ex-
ceeds the cycle duration of the rf cavity. This leads to the
formation of multiple phase focused ion bunches. Simula-
tions with TraceWin suggest, that the uorine ion tof data
in gure 2 stem from E* and F* only, because the particle
numbers of the other accelerated charge states are strongly
suppressed at the selected energy range.
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New elements of data acquisition system for PRIORnal HHT experiments*

A. KantsyreV”, A. Bakhmutova, A. Bogdanov, E. Ladygina, N. MarkoV}, V. Paryushkirt,
D. VarentsoV, L. Shesto%
YTEP NRC Kl, Moscow RussiaZGSI, DarmstadtGermany

Control units for HV generators Synchronization scheme for PRIORand HHT
High energy proton microscopy facility PRIOR (Pmto In frame of experiments at PRICahd HHTfacility is
Microscope for FAIR) has been designed, constryctedequired to ensure accurate synchronization of bslaot
and successfully commissioned at G§J. For dynamic pulse with the start ofexperimental equipment such as
comissioning of PRIOR was developed dynamic targetbscilloscopes, CCmaging sytem, dynamic target (e.g.
basedon underwater ektrical wire explosion UEWR]. UEWE). The minimum duration of théunch beam in
The pulsed power generatéor UEWE (10 uF, up to experiments at the PRIOR proton microscope at GSI i
50kV charging voltage and 12.5 kJ stored energy)-co about40 ns, which requires the accuyaof timing at the
sists of four modules andan drive currents of about level of ~1ns.Existing synchronization schemleadsyn-
200kA in amplitude and 1.8s rise time through load at chronization error (jitter) at20 ns, due to using afyn-
charging voltage of 30 kV. Main capacitorset and chro pulserom kicker extraction magneto improve the
capacitors otrigger generator (MarX5 kV) arecharged accuracy of timing was developetww synchronization
by two highvoltage (HV) generaterTDK-Lambda 402 scheme(fig. 2). It is provides synchronization of such
50 with output voltage up to 50 kV. events: beam request, triggering a€ker magnethigh
To effectively control(in frame of data acdsition sys- frequencyof acceleratoiand operation of # virtual a-
tem(DAQ) of HHT and PRIOR facility2]) of HV gene-  celerator machinesf SIS-18. The output triggesignalis
atorswere developed two independent automateds  formed with accurate timing relative to a high fueqcy
Each unit are based on IDRS pPac7186 microcontto  of acceleratorControlling of scheme provided by Ap
ler with 10 modules: i7021 (DAC), i7017 (ADC), i7063D mar2] softwae client of existing DAQ system or man
(discrete 1/0), i7520 (communication) and TPD280WAlly from front panel.
touchpad. Fig. 1 shows a photo of developed urdse
of the units, equipped with input voltage divider witl-r
tio of 67.5kV/V, is used for measure of chargeltage
level of capacitors, atler unit used to control of trigger
HV generator. Software for uPac7186 microcontroller
was written in the Borland C ++ V5 in frame of M%7
Studio V1.07 software environment. Communicati@ b
tween the microcontroller and touch panel carriedugh
Modbus RTU protocol via the RS232, RS485 interfaces
with conversions by i7520 module. Data transfer leetw
pPac7186 and modules i7021, i7017, i7063D occurs via
DCON protocol and RS485 interface.

Developed unitare providesautomatically charging
of external capacitors with control and stabiliziog
chaging voltage level, control of emergencidself
discharge of capacitors, lack of charging capasitor
shortcut in the capacitorsjynchronization with the beam  Tne scheme is basesh two RSD-T flip-flops 7474
extraction system and PRICBAQ sysem, controlling of - chips with a setof logic circuits Communication and
main functions and settingsrétugh towhpanel. control between new synchronization scheme BA®

provided by ICPDAS 17055D moduke and MOXA

NPORT 5450 interfaces converter RS4d&hernet.

Transmis®n is produced in frame of TCIP/ Sockets and
DCON data transfer protocols.

Figure 2! The photos of the front panel (left) and elec-
tronic board of new synchronization scheme.
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longitudinal direction of the fibers it is equal to 175 MPa,
for
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This report is also submitted to the GSI Scienti®c Report 2015.

tungsten  yer plate
600 m

PE

400 m
23]
10 ns
532 nm

T

plasma
<—— expansion

270 m

Figure 1: Schematic setup of experiment: The shock wave
is driven with thenhelix laser (with23J, 532nm, 10ns,
spotsize400!'m and intensity homogenized at top) into
270'm thick PE samples. A streak camera determines the
shock breakout on the PE rear side. The “yer plate is ob-
served with twdDICAM Proin a side view con®guration.

Figure 2: DICAM Pro measurements show the temporal
development of the impacting plasma expansion on the
“yer plate and the reaction of the plate.

Simulation

Simultaneously, hydrodynamic “uid simulations are pre-
pared to further study possible target designs. In a ®rst
step, the FEOS code has been analysed and is now used to
produce the equations of state (EOS) for tungsten and PE
which are required for the simulations. These simulations
will be benchmarked with the already received experimen-
tal results.
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increased. In ex-
periment on Z6 Area during beam time 2014, the initial
state of the ion beam Auwas increased to the final state
of Au*t.The measurements made with the spherical Theta-
pinch during the beam time showed, however, a negative
impact in the beam optic due to distortion of the magnetic
field at the ends of the coil. The reason is an asymmetrical
current flow at the connecting elements of the coil. There-
fore a maximum ion transmission of about 58% was
achieved. A modified form of the Theta-pinch is being de-
veloped to increase the electron density and the transmis-
sion.

A new stripper cell with cylindrical coil and symmetrical
power connection was designed, in order to eliminate
asymmetric magnetic fields. Through the diamagnetism of
the plasma along the entire z-axis, the ion beam will be suf-
ficiently protected from the influence of asymmetric mag-
netic fields.

Because of the cylindrical design of the coil, the effi-
ciency of the energy transfer will be decreased from 85%
to a maximum of 50%. Due to the new coil design the en-
ergy storage system has been increased from 3.6 kJ to 49
kJ. Thus, the energy deposition into the plasma is expected
to be increased by a factor of 8. Within this configuration
the expected plasma densities are of 3%h¢B.
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Status of the F8SR Project

M. Drobd, A. Ates', H. Niebuht, D. Noll}, O. Meusel, U. Ratzinget and J.F. Wagnér
1Goethe University Frankfurt, Frankfurt am Main, majny,zcERN, Geneva, Switzerland.

The present investigation on the design of Rigure-8
high currentstoragering (F8SR) [1] focus on the beam
injection part and diagnostics. The research aneldpv
ment include particle tracking simulations as wellan
experimental investigation of the beam dynamics and
beam manipulation in a scaled down version of thecin
tion channel.
An optimized adiabatic magnetic channel, startiognf
a moderate magnetic field up to a maximum of 6 &es|_. ] .
(main field level in a storage ring), with a re#tisfield Figure 2: Further development of the non-destrectip-
model of the toroidal coils was proposed and irigastd tical beam diagnostics.

for the superconducting F8SR under full space &harg An optical detector (Fig. 2) with photodiodes artbp
condition (Fig. 1). totransistors was developed and successfully téstsitu
with beam and at magnetic field levels up to 0.6T.

In parallel, a scaled down experimental set-up (Blg.
was built and first investigations with beam are pleah
this year. The upcoming tasks are the evaluatiothef
diagnostics system, the ion species filtering, béajec-
tion and the comparison between beam dynamic simula-
tions and experiments.
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Figure 1: Beam tracking simulation through the pisHIb cow.org

adiabatic injection channel and ExB kicker [2].

Figure 3: Design of the scaletbwn, room temperature (B ~ 0.6T) experimentalugetat IAP (Goethe Universi
Frankfurt) for low energy ion beam injection andbredynamics investigatiorelated to F8SR.
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Bright X-Ray Source from a Laser-Driven Microplasma Waveguide*

L. Yi*?* A. PukhoV, Ph. Luu-Thanh and B. Shef®

Ynstitut fiir Theoretische Physik I, Heinrich-Heibaiversitat Disseldorf, Disseldorf 40225, Germany;
“State Key Laboratory of High Field Laser Physidsaighai Institute of Optics and Fine Mechanics, €binAcademy
of Sciences, Shanghai 201800, China
3Collaborative Innovation Center of IFSA, ShanghaoJrong University, Shanghai 200240, China

We have demonstrated, via 3D particle-in-cell (PICacceleration (i) is due to the transverse magnetM)(T
simulations, when coupled with a readily availabl8 J modes in the channel, the maximum electron energy can
laser, a microplasma waveguide (MPW) may serve asba reached before dephasing [2] is 300 MeV anddtaé t
novel compact x-ray source [1]. Electrons are extdictecharge attained is 2.4 nC as shown in Fig. 2.
from the walls and form a dense helical bunch inskae t
channel. These electrons are efficiently acceldrated
wiggled by the superluminal optical modes in theWIP
results in a bright, well-collimated emission ofskro-
tron x rays in the range of 1 ~ 100 keV.

The sketch of our simulation setup is shown in Ei@).

A circularly polarized laser enters the MPW from tag

side, extracting the electrons from the skin layeec-

trons with proper phase can be accelerated withak pe

acceleration gradient of 4 TV/m. The map of longitadin  Figure 2: The electron spectrum at different times.
fields in the MPW [Figs. 1(b)-1(d)] shows an interfece

between different optical modes excited in the MPw, Meanwhile, since part of the laser energy is codijpte
which overtake the accelerating electron bunches af@ the longitudinal field, the transverse electitd mag-
W|gg|e them eff|c|ent|y As a resu't’ br|ght Synoh‘on netic fields become asymmetl’ic. As a I’esult, atragts-
radiation is generated in forward direction [Fi¢e)]l. The Verse Lorentz force (ii) exerts on the ultra-refiatic
waveguide modes slowly separate from each othengwielectrons, which can be estimated [3] to be onegerof
to the different group velocities, some pure higdeor the laser electric force. X-rays are generated (fify8
mode patterns are observed in the rear of the stiomla Synchrotron motion of the electrons with small diverge

box behind the main laser pulse as shown in Fig.1(d) ©oWwing to this relatively-small transverse force. Eera
high brilliance can be achieved.

Figure 3:(a) Angular dependence of the emitted photon
energy, and dependence of radiation intensity dairthle
and (c) photon energy. (d) Total photon yield aadia-

Figure 1: (a) Sketch of x-ray production by laseeiact- tion energy.
ing with a MPW. (b-d) Longitudinal electric & magneti
fields at different cross-sections, black dotshrc) de- References

notes the position of electrons. (e) Typical radiatpat-

tern and divergence. [1] L. Yi, A. Pukhov, Ph. Luu-Thanh, and B. Shen,

“Bright X-ray Source from a Laser-Driven Micro-
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of electrons by a CQaser in a curved plasma wave-
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Figure 2: The harmonic polarization state as a function of
the laser incidence angle.

also demonstrate that one single isolated attosecond he-
lical XUV pulse can be generated using few cycle laser
pulses with pulse duration of 5 fs (FWHM). In addition, by
switching the helicity of the incidence laser, the handedne

of the harmonics can be easily reversed. Moreover, para-
metric studies show that the present scheme works for a
wide range of laser and plasma parameters. The ef ciency
is comparable to that using LP laser pulses.

In summary, we numerically demonstrate a promising
new procedure, which provides a straightforward and ef-
cient way to obtain bright attosecond XUV source with
desirable ellipticities, and holds the potential of enadpli
a very large avenue of research more accessible within a
number of laser laboratories worldwide.
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Figure 3: Damage thresholds calculated with the nTTM in
comparison to experimental data obtained in Refs. [3, 4].

by Allenspacheet al.[3] and Pronkeet al. [4] over a wide
range of pulse durations ranging frob®fsto 6ps We
have shown that the density-dependence of the optical pa-
rameters plays a crucial role in our simulations [2].

Conclusion

We demonstrated that the highly transient free carrier
density in laser-excited semiconductors has to be taken into
account in theoretical models as it strongly in uences sev-
eral processes like carrier-phonon coupling and optical ab-
sorption.
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n by the laser pulses wéalis
tic shapes has been studied by Berezleamil [1].

. Considering super-Gaussian beanilg

In the present analysis, the excitation of lordjital,
electrostatic wakefields produced by a linearly pnéd
super-Gaussian laser pulse propagating througtom

plasma has been studied using two-dimensional
simulations. The study proceeds by consideringnpéas
be cold as well as underdense. In order to validae
results obtained via simulations, we have studiedgen
eration of wakefields by one-dimensional numerioald-
el. Further the trapping and acceleration of anreaity

injected test electron, by the generated wakefi
been studied.

In order to study the generation of longitudinadatto
static wakefields via passage of super-Gaussiaa
pulse throug 3

e have performed 2-D simulations using VORI
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z(cm)

SUMMARY AND DISCUSSION

In the present paper, nonlinear propagation of in-
tense, short, two-color laser pulses in homogenptass
ma has been studied. The two-color laser pulsepdae-
ized along thex-direction Using the variational tech-
nique, the simultaneous equations describing theuev
tion of laser spot size have been obtained fortéine
color pulsed laser system and compared with theltees
obtained for a single pulse case. The initial spo¢ for
the two-color pulses is considered to be the savhde
pulse length is considered approximately the sdtnis.
seen that the spot size focuses significantly fer tivo-
color system as compared to individually propagatin
pulses.
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