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Extreme Light Infrastructure

.
e ] delivery consortium

CZECH REPUBLIC

ELI-BEAMLINES: High-Energy Beam Facility - application of
primary and secondary sources of high-energy radiation and

particles (Prague, CZ)

ELI-ALPS: Attosecond Laser Science - new regimes of time

resolution in broad spectral ranges (Szeged, HU)

ELI-Nuclear Physics - Nuclear Physics Facility: high-power lasers
and brilliant gamma beams (up to 19 MeV) enabling novel

nuclear and photonuclear studies (Magurele, RO)

eaction Nuclear Data Evaluations and Data Needs Testov Dmitry




ELI-NP facility

High VEGA
Power Delayed to 2026
P; eter [units Value
Laser ]
S t Photon energy [MeV] 1-19.5
YS em Spectral density [ph/s/eV] >5.0x10°
Operational Bandwidth <05%
# phot >1.0x 10"
100 TW 1PW 10 PW photons /s X
# phot FWHM bdw. 2.0-8.010%
Pulse energy (J) 2.7 25 242 photons/sec W
i 3
Pulse duration (fs) <25 <24 23 ?‘\)lsﬁie] diametral at FWHM of beam | <1.5x 10
Repetition rate (Hz) 10 1 véo Source rms divergence [urad] <150
Calculated Strehl ratio from >0.9 >0.9 >0.9
measured wavefront Radiation pulse length [ps] 07-15
Pointing stability (urad RMS) <34 <1.78 <1.27 Linear polarization >95%
Pulse energy stability (rms) <26% | <18% | <1.8% Repetition rate [MHz] 71.4




Extreme Light Infrastructure: gamma-beam experiments

1 PW areas

10 rPW
experimental

areas
y-beam

experimental
area P

100 TW areas

ELIADE y-ray spectrometer (NRF)
8 clover HPGe (32 fold) detectors in CS
4 CeBr, detectors

E7 10 PW +y/e’ ERA positrons
High Field QED Material Studies

ELIGAN-TN *He long
neutron counter
detector

Active gas detector |
ELIGANT y-ray spectrometer (y,xn) (TPC)
15 LaBr3(Ce) and 19 CeBr,

33 liquid and 22 Li-glass scintillator

d Technical Me on (alpha,n) Reaction Nucle;




ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge

ELIGANT-TN: array of *He filled counters

~ Physics cases

To take home

o Nucleosynthesis in the rare astrophysical
proton-capture process (p-process)

o Compilation and verification of (a,n), (p,n), (v,n)

cross sections for next generation nuclear reactor
applications
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3He+n — 3H + p + 765 keV

High efficiency

Zero energy threshold

*He (n,p) cross-section as a
function of neutron energy

Zero cross-talk(multiplicity)

Cross section [barn]

Low internal background Table of Nuclides, http://atom.kaeri.re.kr/, Nuclear

Data Evaluation Laboratory, Korea Atomic Energy
Research Institute (2007).

Perfect gamma separation

Neutron Energy, MeV

10 Tl vl cvod vt oo oot ot ol ool ol

10° 10® 107 10°  10° 104 10° 102 10" 1 10
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Easy in use/ geometry




ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge To take home

ELIGANT neutron detector

> 0.5¢
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L eeeeeessamemneeennenret — ]
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10 107 102 107 1 10
> C T T |
2 ool pa= 765 keV ] — o Moderated 28 x *He tubes
£ T 1 (proportional mode)
o0l 1 o Pressure in the tubes 12 bar
r FWHM=12.4% i o Efficiency simulated in Geant4 and
Noise 1 MCNP
2000 — . . . .
E l o Simulations confirmed with a PuBe
E=191kev 1 neutron source (blue)
% 200 400 500 800 1000 Qo Average of neutron spectrum can be

E V) extracted from the ring-to-ring ratio

e ~37% (for 22Cf)

Clisu et al.,EPJ Web of Conferences 284 , 01015 (2023)



ELI-NP

ELIGANT-TN Facility Experiments 27Al

19F 13C Proposals: 10B and 76Ge To take home

DELILA data acquisition system at ELIADE

Digital Extreme Light Infrastructure Listmode Acquisition

DAQ-Middleware

Qo

Qo
Qo

© 06 0 o

Developed by KEK (High Energy Accelerator
Research Organization)

Used many experiments at KEK, J-PARC

Based on a robotics system, good real time
operation and reliability

CAEN digitizers PHA, PSD, waveform impleme
QDC (soon)

Using ROOT to plot and store data
Browser-based GUI

v1725 CAEN 14 bit 250 MS/s 16 ch digitizers

RAW DATA
RECORDER

MONITOR

DISPATCHER

READER

DELILA at ELIGANT

@ One event in HPGe channel:
Channel number: 1 Byte + digitizer number: 1
Byte;
Energy (ADC value): 2 Bytes; Time stamp: 8 Bytes
@ Waveform (250 samples): 500 Bytes

O Total: 512 Bytes
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While waiting for y-beam till 2026...
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(«, n) program at ELI-NP / IFIN-HH

Target
Laboratory
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ELI-NP ELIGANT-TN Facility Experiments: Proposals: 0B To take home

3 MYV Tandetron

|. Burducea et al., NIM B, Volume 359, 15:12-19, 2015
G. Velisa et al., Europ. Phys. J. Plus 136(11):1171, 2021
M. Straticiuc et al., NIM B, Volume 528: 45-53, 2022




ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge To take home

3 MYV Tandetron

(* ) Courtesy of M. Stratuciuc

lons for Applications &
3 MV Tandetron™

Lo
9. Electrostatic quadrupole
¥ magnet

11 Nuclear micro-probe
12. IBA target chamber
13. Implantation chamber

358 “Duoplasmatron” 860% Sputter

860 Cs 358 Source .. ource
Sputtering B >40 uA
lon source Duoplasmatron 1H- >40 pA 12C- >80 uA
‘HefHe >3 UA 160- >80 A
Na charge exchange canal | SR = 285 >80 A
f . 3IP-  >40 UA
; .

U >

Sl
» VOL. 305, 197Au" >80 pA

15: 12-19, (2015)



ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge To take home

ELIGANT-TN @ 3 MV IFIN Tandetron

~10cm ~100 cm ~50 cm

1-100nA
target Beam
Dump (FC)
Beam Beam

integrator #2 integrator #3

‘“}m

i
,mgf\"

E. ~0.6-7 MeV
., ~50-200 enA




ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge To take home

ELIGANT-TN @ 3 MV IFIN Tandetron

~10cm ~100 cm ~50 cm

-

|3mm 1 ~100 nA
»

target Beam
Dump (FC)
Beam Beam
integrator #1 integrator #2 integrator #3

On-line monitoring:
InfluxBD, Grafana

zso;

zoo;

150; Beam Current,

100; 10 minutes

50;

OE“‘\“‘\“‘\“‘\ww x10%
0 200 400 600 800 1000

Time, ps



ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge To take home

The 9 MV Tandem accelerator

Built by High Voltage Engineering Corporation (HVEC) in
1973, upgraded from the original terminal voltage of 7.5
MV (FN machine) to 9 MV. Major upgrades during the

last years.
lon sources:

- SNICSII sputter negative ion source source for

negative helium ions
- MC-SNICSII sputter negative ion source dedicated

for AMS
HV generator: pelletron system; Voltage: 9 MV

Available beams: p (2 — 18 MeV), a (3 — 27 MeV)
a broad range of heavy ions

Pulsing systems: * 2 experimental halls

* milliseconds: chopper
* nanoseconds: chopper + buncher |* 7 beam lines

PAC for 3 MV / 9 MV, each
November distributes time
[March-February]




ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge To take home

ELIGANT-TN @ 9 MV IFIN Tandem

~10cm ~100 cm ~50 cm
5mm I
beam 3 mm I ~100 nA
I I target Beam

Beam ‘ Beam ‘ Dum:ea(: C) ‘ / l 1\ g ‘

integrator #1 integrator #2 integrator #3

-
~ B8 »

-4

E. ~6-25 MeV
l, ~5-10 enA




Target Preparation laboratory

http://tandem.nipne.ro/target lab.php

Research services: Preparation and characterization of targets for nuclear structure experiments for IFIN-HH 9 MV Tandem
Accelerator and international research facilities collaborators

Fully equipped target laboratory: Methods: Examples of targets:
2 . - PVD - Physical Vapor Deposition N
resistive heating
electron beam-based systems
- Cold rolling
- Tablet pressing

s

Characteristics of targets:

- material (natural/isotopically enriched)
- self-supported or backed

- thickness in units of ug/cm? - mg/cm?
- backing characteristics

Elements featured in the nuclear targets

1

H @ in2023

3 [ O since 2013
Li | Be

11 12

Na || Mg

19 20 | 2t 2 |24

B
K sc| Ti| v |cr
37 39 40 41 42 44
Rb Y | zr | Nb Mo Ru
55 57 72 73 74 76 78

Cs .‘ La || Hf || Ta | W 0Os Pt Bi | Po | At||Rn

87 |88 |[ 89 |[ 104 |[ 105 |[ 106 ][ 107 |[ 108 ][ 109 |[ 410 |[ 31 | 122 |[ 133 ][ 14 |[ a5 |[ 116 |[ 217 ][ 118
Fr ||Ra||Ac || Rf |[Db| Sg||Bh||Hs |[Mt || Ds |[Rg | Cn | Nh| FI |[Mc|/Lv|[Ts | Og
58 |[ 59 ][ 60 |[ 61 o5 |[ 66 |[ 67 || 68 |[_69 71
AERE B BRARR -

20 91 92 93 94 95 96 a7 98 99 100 |f 101 102 || 103

Th|Paj U Np‘ Pu |[Am Cm‘Bk Cf || Es ||[Fm Md‘ No || Lr
Journal of Radioanalytical Nuclear (2015) 305, 707 EPJ Web of Conferences (2020) 229, 03001
Journal of Radioanalytical Nuclear (2018), 316, 725 Vacuum (2023) 215, 112250

Vacuum (2019), 161, 162 INTDS Newsletter (2023) submitted



ELI-NP ELIGANT-TN Facility Experiments: 27Al 19F 13C Proposals: 10B and 76Ge

The experiments

Reaction Energy Accelerator  status

©F(a,n)?Na  ~3-7 MeV 3 MV analysis
~6-17 MeV 9 MV analysis

3C(a,n)*0  ~5-7 MeV 3 MV analysis
~7-17 MeV 9 MV analysis

7Al(a,n)*P  ~3-7 MeV 3 MV analysis

0B(a,n)=N  ~0.6-3MeV ~ 3MV 2024
©Ge(a,n)?Se <7 MeV 3 MV 2024~

* Spokeperson G. Lorusso



ELI-NP ELIGANT-TN

Facility

Experiments:

First motivation: °F

232Th 242 Pu

Probability per disintegration, %

~L averaged Eo. ~L

241
Am

1

|

ZSZCf

4,0 4,5

50

55

6,0

a-particle Energy (MeV)

6,5

27Al

0.4

0.2

9F 13C Proposals: 10B and 76Ge To take home
Nuclear fuel management
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w
0 Cross-sections
o (En)
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ELIGANT-TN Facility

Experiments:

27Al 19F

13C Proposals:

10B and 76Ge

To take home

Neutron background in different underground laboratories

neutron flux

Probability per disintegration, %

80—
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ol N

K total neutrons =]
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Cross-sections (a,n) reaction on *V, 59Co, 27Al and “F

900 — ] 900 g
wol O\ 51VG@n) o Singh 1995 ki wb  2°Co < Zhukova 1972
E = Al 2018 1 E 59Co(an) o Budzanowski 1967
E o Hansper 1993 | £ o Skulski 1992
700 T Chowdhury 1995 [] 700 Dauria 1968
[ / Hansper 1993 |] E . s;‘:,zmny] 2002
L oof < Ismail 1993 [] 5 O0F - Tims 1988
el Sonzogni 1993 |1 N " tendl 2021
= s00f < Levkovski 1991 [1 = 500 | =
2 Singh 1993 1 £
g + Bindukumar 1998 | g
g 0 tendl 2021 A g 10 J
s f = Tsmail 1993 B g F
[SHUNS b (SN iR
3000 e 300F % }
200~ B 2000 _%
100 - B 100~
S oF T i === NN (W
50 0 20 30 40 50 60
Incident nergy (MeV) Incident Encrgy (MeV)
WU ]
w27 E ’ = Williamson 1960 |1 E 19 ]
r Al T o Flymn1978 | 0sf cross-section data 'F(a, n) F .
r o Sahakundu 1979 | E ]
350~ Howard 1974 |7 £ ° 2016 Peters N
[ — jendl 5.0 ] E 2016 Peters B
F — tendl 2021 B 2041 2000 Wren H
L B £ C - ladun |
E R g [ + 1978 Balakrishnan |
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r ] 2 1977 Van Der Zwan
L E 2t 1978 Balakrishnan |
r ] 2 F 1960 Williamson ||
[ ] :r o 1993MlIsmial |1
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F 1 £ — jendI5.0
100 - = 5 — oo
[ ] =
50— B £
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Pre-equilibrium processes in a nuclear reaction

Direct process (~10722 s)
t . . .
Y oo O particles emitted in the
i L % o @%/. direction (forward) of
& {“&: projectiles at similar energy
Projectile § o Pl éf” o 0 elastic (optical model)/
Target E:::ﬂ:';gm“m e fb inelastic scattering (DWBA,
Progrsiotion Distorted Wave Born
Approximation)

Compound Pre-equilibrium  Direct

Compound process (~10716 s) MSC  MSD
e

O particles emitted isotropically ,
maxwellian energy distribution

w

&'O/AQIE
>

&0/dQAE
&'O/dQIE
//U

@ Hauser-Feshbach theory for
particle emission probabilities

Pre-compound process

@ Intarnuclear cascade models
(1CS)

O hybrid and exciton models

@ Geometry Dependent Hybrid
Models (GDH)

\
Compound\\
N

— By Eoy —
<« reaction time
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Nuclear reaction codes specific for «-induced reactions

Since («, n) reactions are in paramount of importance for fundamental science and numerous
applications in the applied science there are at least 3 nuclear reaction codes available for users
to describe/predict neutron production yield up to several tens of incident energy.

TENDL JENDL EMPIRE

Optical Model:

O Shape elastic angular distribution

@ Cross section

O Inelastic process using either coupled channels (deformed nuclei) or DWBA (spherical nuclei)
@ Transmission coefficients for compound and pre-compound processes

Compound:

@ Hauser-Feshbach approach

Pre-Compound:

O Two-component exciton models
O exciton model with angular momentum conservation and ~-ray emission (EMPIRE)



Nuclear data for plasma diagnostics (a detectio

D + T - “He (3.52 MeV) + n (14.1 MeV)

U The ITER design relies on a particles delivering their energy
into the plasma to achieve ignition

U« loss causes radiation damage in plasma facing components

U aloss needs to be well understood (in the range 1 - 3.5 MeV)

U Foils activation measurements:

* Needs y-signal above neutron activation background
* Mechanical constraint

» Half-life of activation products needs to be right

* Reaction threshold < 3.5 MeV

* Accurate cross section data are key to identify the right
materials
Courtesy of Giuseppe Lorusso

Packer et al. Nucl Fusion 58 (2018) 096013



10B(a,n)3N cross section for plasma diagnostics

% Key features of 1°B(a,n)**N reaction
251 ffjﬁ,",";jjfi:ﬁ;“" . Q Boron carbide B,C is an extremely hard and high
' Zwan 1973 (differential) . temperature ceramic material
204 ® Liu 2019 (differential)
= Liu 2020 (differential) . O commercially available with high purity
£ 154
c ,*“\\ Y
'ff’,; o0 AN s O its activation product 13N has a convenient half-life (9.9
g 10; \‘ ° ° ..o.. min)
5 5('_ ) ® '.'o °
\ [ e P ¢ Q g-rays from 3N decay are not expected to suffer
ol o ab® 8% i i significant interference from products of neutron
15w 15 o7 2 25 3 35 4 activation.

Ea (MeV)
O reaction has recently been used at the National Ignition
Facility (NIF) for al monitoring
Need more data
O One of the very few reactions with no threshold,
sensitive to ~1 MeV alphas

Courtesy of Giuseppe Lorusso



10B(a,n)**N astrophysics motivation

2H(a, y)bLi(at, y)1°B <

Contribution to C and N element in
primordial stars, additional to the main 3 a

10B(q, d)12C

IOB(a,n)IBN

Laboratory differential cross section

0°F T T T
E 10, 13
E o “Blom) N M«'J
A i ]

W' g, =00
; z‘\a 'Nx
AL -
o 0F
50F
= f
S
10°E 3
F Van der Zwan and Gﬂ';\yf( 1973)
£ Pmﬁ'nwork
10'g E
”}-N- \ Il
0.0 1o

Courtesy of Giuseppe Lorusso

2 3.0
Laboratory et-Particle Energy (MeV)

4.0

Differential S factor (MeV b/ sr)

10 T T T T L
Prsenl measurermert _ q
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o 10 I /! % ER
& if l R
1 10

-: i i E iI 14
1 ! 1

g '

10 Hi f% m% -
igﬁiﬁﬁﬁ iﬁl‘l\; i ;”

1055 0 0% T 1{2
Centre of Mass Energy
(MeV)

Goals of the proposed measurement
« Validation of Q. Liu 2020

* Address the discrepancy with Vand der
Zwan 1973



mSe for plasma diagnostics

79mGea

95.7 3.92M IT:99.944 % 11

Simulated y-spectrum from ITER-exposed Ge 2. =

10
79150 5.7 TGe |sa,e\)(
9.5%

T'Ge, "MGe 215~

v

75Ge 6.0
TGe 156.4

2i2e 0.0

7 H 79,
Ge 211 Jaseas

Spectrum count/bin

;1 7Ge(a,n)”mSe
*mSe T,,= 3.9 min

TGe 1948

> Plasma simulation shows that this reaction can

o s 80 10 12 1o 10 w80 20 20 provided a good signal-to-noise ratio

Gamma-ray energy (keV)

> No cross-section data exists!!

G. Bonheure et al., Fusion Engineering and design 80 (2013) 513 > We are only sensitive to (79mse+7gse) yields

Courtesy of Giuseppe Lorusso
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