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NUM gs,;! * Nuclear Physics experiments to characterize laser — target
interaction

* Photonuclear Physics

* Exotic Nuclear Physics and astrophysics

complementary to other ESFRI Large Scale Physics Facilities (FAIR- Germany.,
SPIRAL2- France)

* Applications based on high intensity laser and very
brilliant y beams

ELI-NP 1n ‘Nuclear Physics LLong Range Plan in Europe’
as a major facility
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Nuclear |

NP laboratory building

~ccelorator Q civil construction
bays was commissioned
in September 2016
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laser rooms basement anti—vibration
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Platform supported on dampers

Anti—vibration platform
+1 um @ < 10 Hz

Thermalized building
22° + 0.5°

Clean rooms
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e Gamma Beam System

Nuclear Physics
- f?j: ‘
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low-energy accelerator section:
0.2-3.5 MeV
factory acceptance in Dec. 2015

high-energy accelerator section:
3.0-19.5 MeV B2
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el A r.t. RF linac vs pulsed laser source

Nuclear Physics

Energy (MeV) 180-750 z Ay _
Bunch charge (pC) 25-400 ?&) Ty
Bunch length (um) 100-400 y '

o 0.2-0.6 &
Bunch Energy spread (%) 0.04-0.1
Focal spot size (um) 15-30 h
# bunches in tl.me train > 31 ] —
Bunch separation (nsec) 16 Pulse energy (J) 0.2 0.5
energy variation along the train 0.1% : - oW
Energy jitter shot-to-shot 0.1% Wavelength (eV) 24 '
Emittance dilution due to beam <10% FWHM pulse length (ps) 2-4 2-4
breakup e Repetition Rate (Hz) 100 100
Time arrival jitter (R }& L6ne <0.5 -
Pointing jitter (Lum S " 1 M 21.2 212

, } Focal spot size w, (um) > 25 25
Bandwidth (rms) 0.05 % 0.05 %
| \ Pointing Stability (nrad) 1 1
Sinchronization to an ext. N <1 psec
N % % . S clock
l | } Pulse energy stability 1% 1%

10ms 10ms



) el] Experiments with high-brilliance gamma beams at ELI-NP

Nuclear Physics

S. Gales et al., Phys. Scr. 91, 093004 (2016)

separation threshold NP, a, ff
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Nuclear Resonance Fluorescence (NRF) — Rom. Rep. Phys. 68, 5483 (2016)

Giant/Pigmy Resonances (GANT) - Rom. Rep. Phys. 68, S539 (2016)

Photodisintegration (y,n), (v,p), (V,&) — Rom. Rep. Phys. 68, $699 (2016)

Photofission (y,ff) — Rom. Rep. Phys. 68, $621 (2016)

Applications — Rom. Rep. Phys. 68, $735 (2016), ibid 68, S799 (2016), ibid 68, S847 (2016)
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Rom. Rep. Phys. 68, S483 (2016)
el] ELI-NP NRF physics cases

Nuc ear Physics

* Self-absorption measurements (I,/T)

* Low-energy dipole response (e.g. Actinides)

* Dipole response and parity measurements for weakly-bound nuclei
* Investigation of the Pigmy Dipole Resonance

* Rotational 2* states of the scissor mode

* Constraints on the OvBpB-decay matrix elements of the scissors mode
decay channel: >%Sm
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o Rom. Rep. Phys. 68, S539 (2016)
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N?») sh GANT experiment at ELI-NP

ELIGANT-GN array

30 LaBr;or CeBr, D ay ONE:

20’Li glasses studies of GDR and PDR decay (°°Zr, 2°8Pb)
30 Lg. Scint.

 combine with information from (y,n)
experiments

combine with information from (y,V’)
experiments (e.g. polarization)
y-decay to gs and excited states as a
function of excitation energy

ELIGANT-GN O ELIADE
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Neutron stars, equation of state and dipole polarizability @ELI-NP

-Neutron stars (NS) properties depend sensitively on the equation of state (EOS) of nuclear matter

-EOS can affect many NS properties: mass-radius relationship, moment of inertia, cooling rates, Urca process, ...
-It has been suggested that the slope (L) of the symmetry energy term of the EOS is closely related to the dipole
polarizability thhmugh the neutron skin thickness [1,2,3]

o

1 - ' ' v T

; o %
a — — = Lineur Fit, r = 0974 -
. 0.20 { }I = R | ] !lj{mbuyfl;liﬁiuili-:unﬂdljs +ats t 3 i
E 0.18 = : o Relativistic models %
0.18 = A i
_§-' 017 = = e :
c s [ B :
2 018 5 02 .
D 0.15 : ]
" 014 B ]
c.,=0.98 1| - _
136 140 144 148 0.15 0.2 0.25 0.3 o W W e
dipole polarizability {fm3/MeV L
FIG | ¥ P kA ) FIG. 2 _R‘ (fm) FIG. 3 (color online). Neutron skin of "Pbh against slope
PHYSICAL BEVIEW C 31, 031303(E) (2010} PHYSICAL REVIEW C 83, 134319 (2011) of the symmetry energy. The linear fit is Ar,, = 0101 +

ool 471

mei T

Nuclear Physics

(- ELI-NP: experimental photo-nuclear reaction facility h

- The dipole polarizability is obtained from the photo-absorption cross section

he -0, 87 = dB(E
a, = H.J‘ dw= ,rr.[ L),
2r°N W b L |

-Strongly dependent on the low-energy strength, e.g. Pygmy resonance (see also FIG. 2)
-ELI-NP will provide (accurate and unambiguous) measures of E1 strength below and above the neutron-threshold
\:MDdEl independent results: pure electromagnetic excitation process

iy

[1]P.-G. Reinhard and W. Nazarewicz, Phys. Rev. C81, 051303® (2010) [2] J. Piekarewicz, Phys. Rev. C83,
034319 (2011) [3] X. Roca-Maza et al., Phys. Rev. Lett.106,252501 (2011)




)] el] RCNP Osaka vs. ELI-NP experiments

Nuclear Physics

RCNP ELI-NP
High-resolution (p,p’) measurement at 0° and forward angles High-resolution (y,Y’) + (y,n) measurement
A. Tamii, NIM A605, 326 (2009)
advantages: polarized (>99%) y beam
simultaneous (y,y’) + (y,n) measurement

2%Pb(p.p’) at E,=295 MeV
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Rom. Rep. Phys. 68, S539 (2016)

Nuciear $] (y,n) cross-section experiment at ELI-NP
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P-PROCESS NUCLEOSYNTHESIS FOR 18Ta AND
MEASUREMENTS OF THE PHOTO-NEUTRON CROSS SECTION

180Tq characteristics
» Lowest natural abundancy (0.012%)
» Short-lived (T, = 8.15h) J= = 1* ground state (180Taz)
» Very long-lived (T2 = 1015 yr) J== 9" isomeric state (180Tam)
» 181Ta(y,n)18Ta and 1%0Ta(y,n)17Ta photo-disintegration reactions

Transversal section of the
ELIGANT - TNH High Efficiency
41 Thermal Neutron Detector

el

Muclear Physics
NuPECC LOng Range Plan 2016-2020 — Astrophysics

%+ Correct prediction of the

180Tgm y1eld highly requires
both ¥1Ta(y.n}*®Ta and
180Ta(y.n)1™Ta cross section
measurements.

The measurements for the
(yv.n) eross sections related
to the p nuchides destruction
requires gamma ray beam
three orders of magnmtude
higher than the existing
ones.

Measurements of the
180Ta(y.n)1"Ta reaction are
foreseen 1n the Day 1
experiment at ELI NP
facility by using the
maximum available gamma
rayv energy of 19 MeV.




,)»») d.i ELITPC

Nuclear Physics flagship experiment: °O(y,a)**C

Readout plane PCB Front-end GET electronics

HV BNC connectors

Detector upside-down view

Mountable handles for
base-plate manipulation

Beam port

Vacuum port

The mini-eTPC detector with 256-channel
readout was built and successfully tested
in-beam at the IFIN Tandem in 2016

U. Warsaw, ELI-NP, U. Connecticut



el

nuclear astrophysics with ELISSA Nucdear Physics

ELISSA.

« 3 rings of 12 position sensitive X3
silicon-strip detectors by Micron

« 2 end cap detectors from 4 QQQ3

segmented detectors by Micron

« 320 channels readout with GET

electronics

‘Li(y,t)a

» reaction could still be a game changer in
resolving the “Li problem”

» experimental measurements below 1.5 MeV
are 30 yrs. old and disagree with theoretical
predications

» higher energy measurements can restrict the
extrapolation to astrophysically important
energies

C. Matei et al., exp. at HIyS approved by the 2016 PAC



DSSD testing at ELI-NP




el

Nuclear Physics

ELISSA (ELI-NP Si strip detector array)

X3 detector tests at INFN-LNS in Feb 2016
energy thresholds at 300 keV

measured energy, position resolution
responsible: INFN LNS and ELI-NP

Pos (mm)
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all 40 X3 detectors tested at IFIN 08-11/16
analog DAQ developed at ELI-NP
responsible: ELI-NP

geometry updated in GEANT4 by INFN LNS
GET electronics under development by INFN LNS

el

nuclear physics

INFN LNS Catania and ELI-NP



i . . Rom. Rep. Phys. 68, 5621 (2016)
N $l] Photofission: Physics goals =~

. High-resolution photo-fission studies in actinides as a
function of the photon energy

. Angular distribution measurements for the fission
fragments.

. Mass and charge distribution measurements for the
fission fragments

. Study of the ternary fission probability as a function of
the photon energy - direct proof for highly deformed
states

. Study of the true ternary fission. - clusterization




Experimental approach for study of fission barrier
Observation and study of transmission resonanses

EN gD

.\
— —
\ P

A. Krasznahorkay, in: Handbook of Nuclear Chemistiry, p.281 (2011)

Note: Nuclear structure correlations influence the fission probability

Investigation of Transmission Resonances as function of energy

4

- mapping the fission barrier
- Study of SD and HD states in these min
- fine str. in the isomeric shelf

see also ELI-NP White Book: contributions of P. Thirolf and D. Habs




) el'l Transitional Resonances: Status

Nuclear Physics
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) d‘i Setup-1 : ELl'l'HGEM

Nuclear Physics
v" Measurement of fission cross section

v Measurement of angular distribution of
fission fragments

Multi-target detector array consisting of
position sensitive gas detector modules based
on the state-of-art THGEM technology

THGEM l‘)o,ard




) & Setup-1 : ELITHGEM

Nuclear Physics Entire setup : Array of 12 detectors

Delay-line readout anode




) el] Set-up 2: The ELI-BIC array

Nuclear Physics

* Bragg lonization Chamber:
—Based on the design of a Frisch grid twin ionization chamber

—1 bar P10 gas mixture — 3.5 cm range for fission fragments (SRIM)
—Fissile sample in the center of the cathode

—Electrodes: d=8 cm metal disks and stainless steal mesh (Frisch grid)
—Field rings: stainless steal wires with a diameter of 0.5 mm

* AE-E array:

—DSSD (MicronSemiconductor Design W1) + small ionization chamber
—Dimensions: 50x50 mm2
—lonization chamber

DSSD W1




))»») - 'i In-beam Test Experiment of one Ionization Chamber coupled with 1

dE-E detector array [cold neutron beam on 237Np target]
Nuclear Physics prsmmsgivensyeiommal vl ) o Z T — =

Chamber
tilted at 10°

w.I.t. beam
direction




)] d’i Rom. Rep. Phys. 68, 5621 (2016)
Nuclear Physics Photofission experiments at ELI-NP

ELI-BIC
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’)»») d.i Feasibility test of dE-E detector with AMR-33 (***Pu + 2 Am + 2#Cm
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Nuclear Physics S Feo|
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Conclusion: The designed dE-E array is effective for the a detection



M el] Rare fission modes: Ternary fission

at ELI-NP detailed studies of rare fission modes will be possible
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&l ALTO, ARIEL, etc

Nuclear Physics

Electron-
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Nucﬂear Physics

ES

GEES==

JL D€ DCATtIC
BUBBLE/DSSD  TPC \\,\f\%
SH LEMP
E7
SURSA GAMMA },-"
L Z3G1 GAMMA SPURC |~
COLLIMATOR
L1 BDIG]
EHJN ::
UNFI
HE E 8 H L L30T SG G S
DI*’-\GI\ESTICS DIAGNOSTICS Gerps keak chereacterlsaton eqﬁen' —A‘ IGISO0
= [ ! . CoM3t M30 PECRN 28 CELL T
L‘unp BRAGG i | MET
- T
1
AV 4 1
&
D /\ Decay ‘
O U : :I MR-ToF
Station
na e s [y SURSA GAMMA
| Z8G1 £Q2 T JAMMA SDURCE
|
“ BDIGUE
EQL
0 ) A G01 o w
Gamma beam characterisation equipment [ RFQ o
. M31 M30 M29 J Mo8 T
¥ %5 1 BT L= 1l kY = = CSC
| — & ;

M27




el Next phases of ELI-NP

Nuclear Physics

2018-2020

i. beyond 2020
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Rom. Rep. Phys. 68, S621 (2016)

IGISOL facility at ELI-NP
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&\ Expected Rates

Nuclear Physics Rom. Rep. Phys. 68, S699 (2016)

Conservative “day-one”: beam 5-10%0 y/s, target release eff. 25% , CSC extraction eff. 50%
— ~107 photofissions/s and ~ (0.8-2)-10° extracted ions/s

Optimal estimate: beam 102 y/s, twice CSC extraction eff.
— expect ~2 orders of magnitude more!
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Physics

P. Constantin et al, NIM B 378, 78 (2016), ibid (2016) submitted



CSC Simulations:
Fragment Slowing Down in the Gas Cell

Geant4: He, T=70K, p=300mbar (p 0. 206mg/cm3) — >95% of fragments stop in

——
o e
40

24

pg = 0.120mg/cm?3 1
pc = 0.206mg/cm?

p -




) € '| CSC Simulations: Space Charge (1)

Nuclear Physics

Divide CSC in 1x1x1 cm? cells: 24x24x100 for p=0.21 mg/cm3, 40x40x100 for p=0.12 mg/cm?,
90x90x100 for p=0.05 mg/cm?3;
Cummulate dE/dx deposited in 1s of beam and divide by W,=41 eV.

p=0.05 mg/cm?
p=0.12 mg/cm?
p=0.21 mg/cm?

~700 cells

500 1000 61 500 2000
Q [1 0 Cm‘35-1] ...............

~2%o stop in saturated region
~10% stop in “dead region”
~5% ions not stopped
extraction efficiency < 85%



) €U CSC Simulations: Space Charge (11)

Nuclear Physics

Q is not the best parametetr. S. Purushothaman et al., NIM B 266 (2008) 4488
eQ
Vina = d* e

d = distance between parallel electrodes

¢ = electrical permitivity -

- .y o
H(T’p) - 1on mObIIIty E‘f —8— 77 K, 0.18 mg/cm?
Universal threshold at V;,,/V=1-2. & A- 10K, 0.18 mg/cm3
Field saturation sets in for V; ,/\V>1. e 10 K, 0.54 mg/cm?

Supported by theoretical calculations:
S. Palestini et al., NIM A 421 (1999) 75

Uinf;iuc-edf Va splied

However, for our CSC: Q(r,¢,z) inhomogeneous! — moving to SIMION!



o Rom. Rep. Phys. 68, S799 (2016)
)] L
N?)» $h NRF applications at ELI-NP

Industrial Radiography and Tomograph
Two tomography tables

with biaxial movement alignment system
and rotation :
Various collimators with
collimation holes between
0.2 mm and 5 mm.

;
i 6"Nal

High volume detector for
pencil-beam

2D detector for cone-
beam: CCD based gamma-
ray camera or 2D flat
panel




) eh EPS Topical Paper on Cultural Heritage

Nuclear Physics

NUCLEAR PHYSICS FOR

Physics
Division

CULTURAL HERITAGE

e The European initiative for Extreme Light Infrastructure laboratories in Romania (ELI-NP), will shortly
provide tunable energy y-rays from inverse Compton scattering of laser light on a high-energy electron
beam. This will allow Nuclear Resonance

: . - Object Witness foil
Fluorescence studies of isotope-specific
trace element distributions to be [\
performed with unprecedented
—

sensitivity. It is planned to use this

powerful tool for cultural heritage object
studies.

Transmission
detector




,))»)) d‘l Rom. Rep. Phys. 68, S849 (2016)
Nuclear Physics Medical radioisotopes at ELI-NP

test case

«195mMPt: In chemotherapy of tumors it can be used
to exclude “non responding’ patients from
unnecessary chemotherapy and optimizing the

dose of all chemotherapy
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feasibility study: Wen Luo et al., Appl. Phys. B 122, 8 (2016)
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Human Resources

Today
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