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The construction of large laser institutes with ultra-intense laser systems has been approved by the
European Commission for a structural fund of about 850 million euros for 2011 ~ 2012, to be built in the
Czech Republic, Hungary, and Romania. This challenging proposal is the result of the invention of
chirped-pulse amplification by Dr. Gerard Mourou (France) and Prof. Donna Strickland (Canada) [1].
Based on recent technological advances toward the realization of ultra-intense laser fields, their focused
intensity 7, ~ 102 W ¢cm™2 or more is expected to be reached. With the aim of making a broad contribu-
tion to the national, European, and international scientific community, Romania has initiated the con-
struction of the Extreme Light Infrastructure -Nuclear Physics (ELI-NP) in Magurele near the capital is
established under Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH). The
mission of ELI-NP is to cover scientific research at the frontier of knowledge, including two areas: the
first is the study of nuclear photonics, high-field quantum electrodynamics, and lasers related to vacuum
effects using the high power laser system (HPLS) of 10 PW output. The second is the establishment of
inverse Compton backscattering phenomena and unexplored nuclear physics phenomena by the high en-
ergy gamma system making use of collisions of high-brightness, intense y-ray beams (£ = 19.5 MeV)
with intense lasers.
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Fig. 1 ELI-NP Experimental Building.
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Fig. 2 High Power Laser System and Experimental Areas. El, E2, E4, ES, E6, are dedicated laser irradiation areas; E3 is a
positron irradiation area; E7 is an area for simultaneous laser and gamma-ray beam irradiation; and E8 and E9 are the

gamma-ray irradiation areas.
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Table | HPLS Main Parameter. Energy, central laser
wavelength, spectral bandwidth, pulse duration,
beam diameter, Strehl ratio, pointing stability and
beam height are shown.

min  max unit
Energy/pulse 150 225 J
Central wavelength 814 825 nm
Spectral bandwidth (FWHM) 55 65 nm

Spectral bandwidth (at nearly zero level

. . 120 130 nm
of intensity)

Pulse duration (FWHM) 15 225 fs

FWHM beam diameter/Full aperture

beam diameter 4507550 mm
Repetition rate 1 pulse/min
Strehl ratio 0.8 0.95

Pointing stability 2 5 urad
Beam height to the floor 1500 1510 mm
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Table 2 Experimental area, Exp. theme, Diagnostics, and Laser parameter.

Experimental Area

Experimental Theme

Typical Diagnostics

Laser Parameter

HPLS 10 PW (+1 PW)

El Solid target Thomson parabola & Gamma spectrometers  f/2.7
Nuclear Physics Electron/positron spectrometer Spot size = 3.5 um
High brightness, high energy ion Csl Spectrometer a, =220
E6 Gas target 1154
QED, Nuclear Physics GeV Electron spectrometer Spot size = 60 um
High energy electron (> GeV) Laser optical probe a,=16
HPLS 1 PW
ES Medical application Thomson parabola & Gamma spectrometers /3.5
Nuclear Physics Electron/positron spectrometer Spot size = 5 um
10 PW prelimary test Csl Spectrometer ay,=50
E7 Laser + Gamma collision VAN
QED, Nuclear Physics Gamma polari calorimeter Spot size = 18 um
Isomer production ay=12
Pair production (electron/positron)
HPLS 100 TW
E4 Fundamental Physics Electron spetrometer 16

QED, y-y scattering

High sensitive detector for scattered light

Spot size = 8 pm

Dark matter search

a,=10
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3 WMAP website by NASA: https:/map.gsfc.nasa.gov/

4 SAPPHIRES collaboration: C. Chiochiu,! M. Cuciuc,! G. Giubega,' T. Hasada,> M. Hashida,* K. Homma,? F. Ishibashi,> T. Kanai,? Y. Kirita,’
A. Kodama,? S. Masuno,’ T. Miyamaru,” Y. Nakamiya,' L. Neagu,"> VRM Rodrigues,' MM Rosu,' S. Sakabe,® J. Tamlyn,' SV Tazlauanu,'
O. Tesileanu,' and S. Tokita,¢. 'Extreme Light Infrastructure-Nuclear Physics (ELI-NP), Horia Hulubei National Institute for R&D in Physics
and Nuclear Engineering (IFIN-HH), 2Advanced science and engineering, Hiroshima University, Institute for Chemical Research, Kyoto
University, *Research Institute of Science and Technology, Tokai University, National Institute for Laser, Plasma and Radiation Physics
(INFLPR), ®Graduate School of Science, Kyoto University.
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Fig. 6 E4 Experimental Area for 100 TW Laser
Experiments.
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Fig. 7 Spatial Profile and Positioning of Incident Laser
Pulses. (a) Ti:Sap laser at focus, (b) spatial profile
of Nd:YAG laser at focus, and (c¢) simultaneous
measurement of spatial profiles and positioning of
Ti:Sa and Nd:YAG laser at focus.

304

(b)

?

Normaiized Signal (a.u.)
T

&b bbb
2 g
bk M M MMM M R |

I |
-10 -5 [] 5

|ID 15 1b 15
Time (ne) Time (ns)

Fig. 8 Incident Laser and Observed signals. (a) Laser
pulse shape from Ti:Sapphire laser (red solid line)
and Nd:YAG laser (green dotted line), and (b)
waveform signal of the light from four-wave mix-
ing mechanism.
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b, FD XD BRI K o TTIRA F ViIEOR#E L))
fee ), ENEGHIHT S 2 & CHRTEWE7E S &
DIEHIZD %A%, FRENDERIESNILE, 60
SE DL ERTIC Veksler AEE LT Wz & 9 7%, IR
DI LVEPHE L L1274 5.

WEEA T Y OMBENERIIEMETH 2720, —HD/s
T A=FIZ X o TRBIEND LR A F  IERERE AT
1£9 %. HPLS O¥pe, TOHEE L, B#ET 2790 X
Wz, 7OV A 707 7 4 VDS A F R L
BEL T2, By —7y MIET2RDEELR/$T
A—=F, FTOBRTHEEn, LIRS I 5. 204
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M, WL O OINERERE DS EEBRI R S Nz 72,

PICYIal—2a |l&l), E512H L WHEEBOEE
LTFUWENTVWE, ==& [ &, EETL —F—
?inﬂlg a T%éﬂ%

o = _\/IL(W sz)%z(”mz) (1)
o m.cw - 1.37x10"

ZIT, el m \IEBTOENEHE, c TEZEFON
OMEERT. S5, Ey A, ol ZZFNEnL —¥—
DEKBEFRIRIG, FE, ARERERTS. LN
X5 =7y FOEE [ F2IERICHEE 6 = n, Ii/ngA
EHWT, A=) Y JHITRATE S, Fig.8 1%, 3
BRI COMEE I 2 b—3 3 YIZED N#ERE %
RLTW5,

ELI-NP 12 B W CHE R NEERE L, ¥ -7y ME#
T — Z N # (Target Normal Sheath Acceleration: TNSA),
7 — 1 ¥ %% (Coulomb Explosion: CE), B L U, L —H'—
i 4% £ I K (Radiation Pressure Dominated Acceleration:
RPDA) 1920 & 72 %

CNETOPT, TNSA IR FNHNIHIZE SN TS
MHEEHECTH D, ZoFETIE, L—H—kidsy -7y
O EAHEAER L, RS AR R &2 B8
¥ =y P L CEMICBETA5Z L TAELL ST
AR Y —ADFECERTEIIZH LA 4 2 2 MES 5

ERE L — - #EEY — 7y MR T 2561
RPDA 25 EE AR & LCER L, SA—VF—-1)»
7" (Hole Boring: HB) ¥ 721%F 1 b - A )V (Light Sail: LS)
MREHEHSEL. Zo%E, 3L - —EmHEC

Lo THRADOL —HF—H A4 7 VORMICHFIZH LS,
4 F IS OBMEN L FIUIEED) BWEFRICST 5.

CHUCkY, BTEAFUPREBILCERL, -7y

N ARAT L — = B i B A L S A, AR Ry
WIS FE CTET L MXmIORAE). S0k &, L——
IANVE—=DIZEAENY =7y M F 2 OMMEIZR)ZE
Ll & 51920

oS =7y FPIERICHEC, L= =R LD B/
SWIAICIE CEIC L 2 MEAFHESNE T, 540
BEOL—F—BETHEFPLITXTORF BT
EDRTENL, BTLDIEVIEENA 4 23221
5. ZOLE, BRENTAF L OENHEDCE &
FHET LD, HAEH CEMEE, KRV AT oy bTE
SNDLNER Y TG AT =1L —F—BE§ 2 2 & THY
WREE e b, I 2 TR L2 NENONIEE O 5
EHHIETIEZ <, W DD OINEFRE ANRIE S 5 $HIAS
FHETHZEICIEEILETH L.

Btr/ A—bromEHEO Y =7 v b TL >
102 W/em? @ 35 &, Al x5 B9 3% 2 5% B9 4 (Radiation
Induced Transparency: RIT) % & &3 5 L EA5dH 5. RIT
BENTHLE, L—F— VAN L S —7y bR
NOEFEFEATIZNL D B AR ORI E OA B DS Vs
PCh L0, MMBHREEREEE L7244+ v nsgh=
W23 H D FEOHIRMEN D 5. Iill, 20 &9 7 MEDE
WSz H 2T, TNSA-RIT OFKT 5 FFT 100 MeV

5551 B 5

TR L —H =Bk 5e i OV —~ = 7) OBUK

% b Db TS FEBRIYITHERR S 7z,

10PW L =% — S 22 L TR L L —H —Tf
FE L = 10% W/em? (ay~ 220) O FERES T2 68 72 B 1
IANVF—DOREY 217o 72, JEE 800 nm DK S —
Ay MZHLTCPIC2D Y I 2 b —Ya vy 2 FERL
(Epoch T — F2V & i f[f]). Z O F, ELI-NP THEERT
13K 400 MeV F TR F-OIIEATEETH Y, BT o
IANF =AY MBI Ry 7 2T 2 - Ry
VRS RIRT ZEARIBE NS OB TOL —
P =25 T RN B ORI 14% & LR
Loz, ZORHETIE, T TIRARICESE TSI AN
FUOFMITE TN TV W,

4.2 A R TN

L — ¥ — it BF 35 I 2 (Laser Wake Field Acceleration:
LWFA) |2 X % @AM ST O LKL, QED i % i
SET A= NELT, FhLT N it EaTn
HELT, TIATYHEOEE LTI EL>TWS,
HEBKE F— ¥ KON L —F =g hngEo 7 1
TT R L CLRY, fre RBETIMEA S =X LD
Wi S T & 742, HIE, 13L& A& D LWFA %
BRix, H % WIS AS S 5 Wave Breaking, T 7213
Self Injection 22D NWT WA, Wb} B[ /N7 )V [FHIE %
Awg e, #BE-TAVF—ETE-2%2T 74
BN FTHERTESLZEIRENT. T 5N
EHHL100GeVm™! OF =¥ —TH Y, HAEEHOKME
PHENTHIUL, BFIIEEr FoRBExET 2
ESIRET, #RELTHGeVOETF N FHELN
LEEZLNTWS, EEBRT) T E6TlE, £3ETM
HWOMFEE A5 — b &84, FD% QED EERZ1T) T
THAhH. HPLS D2 AERD L ==V A%, f54 DEHE
M2 m) BRI S 2 B IEICH, 3.5 oFHESQCm)
WIS % QED EERIZHWA. E6 TOaI v a=
TEBIL, GeVA—F —ITANVF-OMBHELET L —
D ERNEMCEEIERT AT LI L2b DIl % 5.
T 5L —% =V AL Table 2 12/RT X H 12, /%)L
AL ANF—225] % 2251 £ TIHEAMEL T 10PW I
L72boThsd E£XIT—Np540846, wi#E%
LWFA 1213 100 fs DL EOEW L —HF—750 AR
h. B AETIE, 10 cm FEEEOE I HE T 5 GeV
AR DHIANF—DOBEBFE—LTEWTHIENTE
HEEZTWEL, BTIMEEZE) TALVATOT T X
~ T v FOVERIIEBE OV A L —HF— 2 L 2 FEH &
Ty R 7S A GERE)IZL > TREMICTO—T S,
ZOWREBNEING, F/2, BTAXZ O A—% L
X MR X ) BN F OB EN—F o 2
PHES NS, BFINHEOE, FTALVEEBLZL—
=7V ZNEFERE AN T =B ), HAY—=7 v b
NH10ecmBEN 7L 2T A TIOSWem2 D F — 5 — D
L —HF—FERRENH 5. ZOfEIX, £ XD RS
ML CHEHLEWHEZBZ CWAEZD, L—F—E—
DY N —THREL —HF— S VAW 52 8125,
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43 L—F—h oD ik

L—F— VA% Y =7y MIRET AL, ASR
L =Y =T AT =21 F Uik, EFME, LT
YRR XIS AT SN THE S NS, ZoHAIEL —
W — BRI ao \IKFE L TEAL T 5. HRioH v~
HERIZOWTHEZ DL, mlEL —F— %2R Sh/:
=y ML, B CHAEETFEZHEASES. HHE
TFIEERL—F—EHSEMHEER L TR N &Y~
HELE B L, BIDLT AV F —ho, = 0.3 hoag 1273
T =AY PO — 7 R FEOBERNE R D, HPLS @O
W, bbb hwo=15eV & ay=200(10% W/em? #Z12
4, (DRX2ZH) O%E % 51X o, 377 >~ FLFEE
THY, NRT—=ART MUVOBIALVE—ANEIEE
MeV ONT- b HEHET S, BT L DG ST — HYER
TERWVITIERELS R D, BEEINIIHET O KB
DIEEBF % 5. WEHGT-SETIRE) O/ & &
B & Fo 720, Mo KR 1 258E TREN 3 L
THMEIZEE, BETEHOLIY ZMAARTT. 2
D& REFBHRORKE, ZoBEBRITITTS e -1
Y AEL L, AT MVISIRHBIEC R 5.

37 < ELINP THE & 15 FEERTIE, I = 103 W cm?
DL —HF—BEEHWVLEHET €— 7 HE
=10% ps™' mm™2 mrad2(1% BW)™! T 15MeV O > < #i
E—ADZbN2EFMENTYS. 1I0PW DL —H—
INVAHRBRA TV =7y MCBET L &, o<
DOBEBNFTRIL30% IETHIENPICY I 2L -3
YEBUTTM SN, Zo7) 10 PW EEE D HPLS
TS y BEANDOERNE G BRI T L Ao .

4.4 R VTN CELGEL U o KER

O L ORI O/ TIEEEN2 S BRET 2 729 F
WExEA, ZZTCEBIANT-ET LEBEEL —
P —DEHZ2IZ L LI QED RFE - Y T h v
BELE L CETOWRSREZZ 2 CA L. a7
b LI 1960 45 25 2 HEERAYICE R I N T W27,
REMOERE L —F— 3 AT ADEHT LD R ER
TREE %o 572728, TAETEISICIIZE S LTV 2 P LR L
Thb. ZoPHEET LIE LIRS KR & IR
NTW5E, R ORIEH &) SEIEE T2 ERRA T
W, ZoEHEBITS 2T IERANFET 5 &) &
IWCHEA SN —HIEREa Y 7 b o HELE 7 7 4 >~
XY AT T T ATHMICEFRTE S, ELINP Tl
IR 2 > 7" b 2 HEL 7 S O BV o BERE Y 2 i &
/D700 FEREEBIRE L C&Z. —D20FZ BRI
WZilkRB &, <Y AT A OMIEETHINERD &
HUY L 72 600 ~ 800MeV FREDE /N T %, EFH
LRTI55° A bR->T< % L5sum FTEBE N
I1PW L —HF— OV 2 (L —HF —#F1E 102 W/em? #) &
HESECHEF T 7 v HELEEH S ARTE DD
52 HELHBROBEF - L—F—%F - BEEF O
WMz BT 5 28T, B o5 iR AR O
FUWERET S, oty b Ty I THNT 105 HD
L= =T BL T L GV IERIEN), F7-1H
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FHFDOART MM SO0 TFMmle b
DIZBITT 5 LHERIICTHEEIN TV S, ZOIERIEE-
O BBUIIE RO FR T EHZEERTIIHE L 220720
DT, FHEL — =2 HRERICHH T L Z L OFH
E A EBRICAZMET L EMANRN—ADARY b1
A= THEBROBT /N F O F =457 &g
4. % 72, ELINPT B % L 72 Gamma Polari-
Calorimeter® THAGI LT T ANV EF =717 TR L, ke
V) B OFRIZE % EBFE RS SIS T 2H D MA D R S
T, RGN RIS S 2 BRI E 2213 26) TR
L7z, ASHRTEH & ERE ORI R EEER 2 5 2
SIS L o THERICBIEPLEPHEH TEL L) ICh 5.
I AV EF =T & AT 5 FEERD ELINP TIEHRE
ENTBY, ZoXFEE LTI 7 U EELRE
LEZoNDL, ol BPTREC FTL -
Jex T HE QED HEZW S i U, HEDFEE
BRI BRI R KA L - e b EZEE
JEHTATL — =851 £ 2 BZEOIFRILISED—FITH 5.
B2 TR AT S B\ ARG L 72 ok L F T
BT EFOIREDNET A2 L TREINTVHE. 2
@ QED HEZEMEATN A S KM E L WHEHAFETH ), F
BEELIEEmEL —F— S AV F—CRBED
FEFICENT O =TT PR L 72520 NS VWEZLE
HiEhR 2 FEREre LT ra—73 57201213,
ELINP ICEEFEDOH VYT AT A0t T X 208
FIZ AN F—(~20MeV F2E) LD b, BT ALF— (¥
GeV BEZME) BB THAH. ELINP TlF, L—H—
ALERS INE D T 10 GeV ODEF NI FEERL, TDE
R T EBIOEERE L —F— %I 7 b U EELE
TGV DT 2 ERT L2 EREREL TV 5.
S5, ZohT R EEERNERO 70— I
LHFEER->TWDL, ZOLHIZ, FhEH#EshEmT
ANF=TO—THTEELE VI ST, D
VTN VEELEEE R T Y EWR D,

5 bhhIZ

) —~< =7 @ ELI-NP (1 [R L — " — BB} =W 72 ) B
FEAT DREERRIL, WRMNEA D5 ORKEIFEHZT Szt
ELI-ALPS (/N %)) —), ELI-Beamlines (F = I 3L1[H)
WFZer & ZITFEBICBMA S /2. ELINP Tld, L—4—
FEOBEE - FEESHDY), 33y a =y IERR
VR — W — FEER A 5l L Z-AREE T T A b OBEREIC A -
Tw5b, BT, LY —RHEBEOME, £KkT) 70
FEE, FESN TV LEROMBA%ITV, IIva=
VITFEBROH) B L= —EFMEL ¥ — 7 v F =R
B9 2 PFERRE M L7z 2023 4E121E, 10PW L —
P—DREHREHICALFEE > TWVD.
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