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1. ELI-NP facility
- current status
- overview of physics program at ELI-NP

2. Nuclear Physics studies with brilliant y beams at ELI-NP
- Nuclear resonance fluorescence (NRF) studies
- Gamma above neutron threshold studies
- Photodisintegration reactions for nuclear astrophysics studies
- Photo-fission studies
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The construction will be
finished in 2016.

The facility will deliver
the first gamma ray
beam in 2018.



ELI-NP — Laser and Gamma Beam systems
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Gamma Beam System — Layout
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ELI-NP y-ray beam

E, AE, [%] L
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Photonuclear Reactions
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Nuclear physics studies with brilliant y beams

Nuclear resonance fluorescence (NRF) studies
Rom. Rep. Phys. 68, S483-5538, 2016

Gamma above neutron threshold studies
(ELI-GANT) Rom. Rep. Phys. 68, $539-5619, 2016

Photodisintegration reactions for nuclear astrophysics
studies Rom. Rep. Phys. 68, $699-5734, 2016

Photo-fission studies
Rom. Rep. Phys. 68, S621-5698, 2016

http://www.rrp.infim.ro/inpress.html



Nuclear physics studies with brilliant y beams

Nuclear resonance fluorescence (NRF) studies

Gamma above neutron threshold studies
(ELI-GANT)

Photodisintegration reactions for nuclear astrophysics studies

Photo-fission studies



Nuclear Photonics

Electromagnetic dipole response of nuclei

Nuclear structure
 Modes of excitation below the GDR

Impact on nucleosynthesis
« Gamow window for photo—induced reactions in explosive stellar
events

Understanding exotic nuclei

« EI1 strength will be shifted to [dWwér energies in neutron rich system
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NRF experiments
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HlyS @ Duke U.
- bandwidth — few%
- spectral density — 102 ph/s/eV

ELI-NP
- bandwidth — 0.3%
- spectral density — 104 ph/s/eV

Primary observables of NRF processes are
the energies, intensities, polarizations,
and angular intensity distributions of the
fluorescent -radiation.



--- An access to the equation of state and to neutron rich

NRF physics cases

matter: investigation of the Pygmy Dipole Resonance

--- Parity violation in nuclear excitation: The case of 2°Ne

Parity doublet in 2°Ne
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J. Beller, N. Pietralla et al., Physics Letters B 741, 128 (2014).
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NRF physics cases

--- Constraints on neutrino-less double-beta (0vff)- decay matrix
elements: A novel decay channel of the scissors mode of °°Sm.

--- Proton-neutron symmetry breaking in nuclei: Rotational 2*
states of the nuclear scissors mode.

--- Electric and magnetic dipole moments in atomic nuclei: The
low-energy dipole response of heavy radioactive nuclei.

--- The origin of matter: studies of the photo-response of weakly-
abundant nuclei near the N=82 shell closure.



Search suitable doorway states in (y, y’)
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For some spin isomers, certain doorway states

are already known.
G. D. Dracoulis et al. Phys. Rev. C 81, 011301(R) (2010)

Possible doorway states for resonant photo-
excitation of isomers need still to be found.

For the example 1°°Pt(y,y’)1>>™MPt, it is likely they
exist and the lowest doorway state could be
found between 1.1 and 2.5 MeV.

A search for doorway states by activation
experiments could be initiated at ELI-NP.

J.J. Carroll et al. Phys. Rev. C 43 (1991) 1238.



y-ray spectroscopy

« 8segmented clover HPGe
detectors @ 90° and 135°,
8totalg 6%

 Anti-Compton shields (back-
catchers)

* Inaddition, 4 LaBr; detectors @ 90°, mounted at 45° with respect to the
CLOVER detectors in the standard configuration, but not shown here.



Potential NRF applications

Energy [keV]

2464
Tunable 2423
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Absorption| | Emission
0+ 0 52 0 527 0 124 Yo 7271 Yo
Flux of 244 243 237 239 235
gamma-rays Cm Am Np Pu 9]

---- Detection of radioactive isotopes

---- Nondestructive assay of plutonium and minor actinide in spent fuel
---- Detecting clandestine material

---- Nuclear waste imaging and assay

NIMA 621 (2010) 695-700; Applied Physics Express 2 (2009) 036502 o



Nuclear physics studies with brilliant y beams

Nuclear resonance fluorescence (NRF) studies

Gamma above neutron threshold studies
(ELI-GANT)

Photodisintegration reactions for nuclear astrophysics
studies

Photo-fission studies
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ELI-GANT — Physics program
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ELI-GANT — Physics program

High-efficiency 4w neutron

detector (ELIGANT-TNH)
uuemmmmn | Flat-efficiency 4w neutron
s detector (ELIGANT-TNF)

o
[-J
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Physics cases

[
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Array of LaBr,:Ce, Liquid, and Li glass
scintillation detectors (ELIGANT-GN)




Physics cases addressed by the ELI-GANT
group

List of physics cases addressed by the ELIGANT group. Given 1n the parenthesis 1s the section in
which the corresponding subject of Physics Cases and Technical Proposal 1s presented.

Physics cases Day I experiments Instrumentation
180T a(y,n)"Ta
133 a(v,n)¥"La
2%8Pb(y,v0)***Pb: ground-state
Nuclear structure of GDR gamma decay of GDR in ELIGANT-GN

p-process nucleosynthesis ELIGANT-TNH

208pp:
New compilation PTb(y,xn) (x=1-2) ELIGANT-TNF
Nuclear structure of PDR and . .
MDR ELIGANT-GN

The 8%Ta(y,n)’°Ta cross section cannot be estimated from experimental data

using the reciprocity theorem, the radiative neutron capture cross section on the
unstable 17°Ta being unmeasured.



Gamma decay of GDR in 2%8Pb

Epeamn =7 MeV Epeam =9 MeV
E*=7 MeV
cC——— c—————
e c————
0+ ‘i ¥ ¥ 0+ i ¥ ir

Ground state

Ground state

Epeam = 12 MeV
E* =12 MeV

E*=9MeV

J/ Dipole Excitation

C——— Low Lying states

Ground state

It shows in a schematic way the proposed experiment, namely the
measurement of the branching ratio of the gamma decay in 2°®Pb to the
ground state in an energy interval between 7 to 12 MeV. For the excitation
energy of about 12.5 MeV a branching ratio of about 1% is obtained for GDR

by calculation.



Gamma decay of the PDR

Ebeam =9 MeV Ebeam =9 MeV Ebeam=9 MeV

E* =9 MeV E* =9 MeV E* =9 MeV
O c—— —————
Dipole Excitation
——— C————— c———— Low lying states
| e—— ———————— | ———

Y C /7 S

Ground state Ground state Ground state
207pp 208pp 209B;

Scheme of the ground state decay for 2°8Pb, 2°’Pb and 2°°Bi. The comparison
of the branching ratio in the three nuclei can provide a solution of the highly
disputed question on the collective character of the PDR.



Neutron decay of GDR
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It depicts complex branchings of the neutron decay of GDR in a nucleus.
New compilation of total and partial Photoneutron

cross sections for GDR!



Purpose of study on neutron decay of GDR

* Most of the photoneutron cross section measurements were performed
using quasi-monochromatic annihilation — QMA photons using positron in
flight annihilation at two major facilities:

— Saclay (France)
— Lawrence Livermore National Laboratory (USA)
* Large discrepancies in (y,xn) c.s. measured at the two facilities:
— (v, 1n) c.s. are generally noticeably larger at Saclay than at Livermore
— (v, 2n) c.s. are generally larger at Livermore than at Saclay.

Other - 10

No systematic way to
resolve the discrepancies:
New and reliable
measurements are
required!

Livermore - 84 Saclay - 80

Many bremsstrahlung

[ Main problem




For (y,1n) cross sections — measurements using LCS y-ray beam and the

high efficiency neutron detector developed at GACKO offer the required precision
and reliability

EY<SZI’1 — (y,ln) 240 - ., ;i.hifi.'t "Nd(y,n) .
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For (y,2n), (y,3n), ... cross sections

Example:

E'y<s3n - (len) + (YIZn)

Neutrons from (g,1n) reactions Ez-Jz™
Average energy E; EY, )iy
Energy range: 0 to E,-S 0,]Jo g

Neutrons from (g,2n) reactions emitted by the:

- AX'nucleus

- Energyrange: ¥(0to E,-S,,)
- AlX nucleus

- Energyrange: ~(0to E-S,,)
Average energy E,

E,#E, = €(E,;) #€(E,)

3, J3T3

E, Jom;

|
|
|
Ey Jimy

- ——————]

0,]°

— — — —|— — —




Let us assume E,<S,, = (v,1n), (y,2n), (y,3n) induced reactions

N, N, Ny= number of (g,1n), (g,2n), (g,3n) induced reactions

E, E, E;=average energy of (g,1n), (g,2n), (g,3n) neutrons

N, N, N,=number of single, double and triple neutron events

Adjust experimental conditions to have maximum one reaction per y-ray beam pulse

Single neutron events:

2
Ng = Ny *e(Ey) + Np - ,C; E(Ez)(l — E(Ez)) + N3+ 5(; - E(Ez)(l — 5(53))
Double neutron events:

Nag = Ny - €(E2)? + N3 - 50, '5(53)2(1 — E(Ez))
Triple neutron events:

Nt = N 'E(Ez)g

N, N, N, -we measure directly
N N N - we must determine to obtain the cross sections
E, E E - ? Can not be determined using the ring ratio method. PROBLEM!

A neutron multiplicity sorting technique with
a flat efficiency neutron detector is required!

2,



Considering a flat efficiency neutron detector and E <S,, we have:

Single neutron events:

Ng=Ny-&e+ Ny ,Ci-e(1—¢€)+ N3-,C-e(l—e)?
Double neutron events:

Ng = Ny-e*+ N3 ,Cp-*(1—¢)

Triple neutron events:

Ny = N3 - &3

N, N, N.- we measure directly
€ - known by direct measurement and by simulation
N, N, N,-we determine to obtain the

(v,1n), (y,2n), (y,3n) cross sections



High efficiency neutron detector array

Inner ring 4 3.8cm
Neutron detector array installed at the Middle ring 8 7.0cm
gamma beam line GACKO. Outer ring 8 10.0 cm

Total 20



Flat efficiency neutron detector array

Configuration

Inner ring 5.5cm
Middle ring 9 13cm
Outer ring 18 16 cm
Total 31

Moderator size: 46 cm



Preparatory experiment - Photoneutron measurements of Sm
and Nd isotopes at NewSUBARU

Participated to the measurements

- Electron energies between 573 and
850 MeV

Q-switch Nd : YVO, laser INAZUMA
5.87 — 13 MeV y-ray beams

High efficiency 4t neutron detector
LaBr3 detector for energy monitor
80% Nal-Tl detector flux monitor

enriched samples of 1#4Sm, 14/Sm,
1485m’ 149Sm, 1505m, 1525m’ and
154Sm in oxide form (Sm,0;)

¥ ]
e . Collimators

1847cm G
- & 878cm

‘ [ - ‘—:3

o . Hutch 1
oS =Ll 5
P1 300cm | [

Z =
o lasers
Shielding Wall

/
- /

Hutch 1 Hutch 2 (GACKO)

- T e

0
= LaBr,y(Ce) HPGe Nal(Tl)




Preparatory experiment - Photoneutron measurements of Sm
and Nd isotopes at NewSUBARU
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209Bj(g,xn) cross sections measurements has been performed
In Japan July 2015

S3n SZn Sn
22.45 MeV 14.35 MeV 7.459 MeV

Bi
(g,1n) measurements: (g,2n), (g,3n) measurements:
7.5 to 14.35 MeV y-ray beams 14.5 to 28 MeV y-ray beams
Nd:YVO, laser INAZUMA — 15t harmonic Nd:YVO, laser INAZUMA — 2"¢ harmonic
Electron energies - 600 to 900 MeV Electron energies - 640 to 900 MeV
High efficiency 4m neutron detector Flat efficiency 4m neutron detector

LaBr; detector for energy monitor
100% Nal-T| detector flux monitor
Monoisotopic thick 2°°Bi target

Efficiency calibration of the flat-efficiency detector at NIMJ (National
Institute of Metrology of Japan) in Tsukuba.




Last November, (y,n) cross section measurement for y-ray strength functions
of 83Y, 203T| and 2°°T| nuclei has been performed at NewSUBARU facility
S. Siem A.-C. Larsen et al. University of Oslo, Norway
And (y,xn) measurement for giant dipole resonance of °Be have been

performed.
H. Utsunomiya, Konan University of Kobe

A new Coordinated Research
Project (CRP) of the International  &(y,2n)
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Proposals for future measurements using The ELI-NP monoenergetic y—quanta
source with energies up to ~ 19 MeV.

The new measurements for isotopes for which we found out the most prominent disagreements
between experimental and evaluated reaction cross sections are of great interest on the first stage.

1-st priority: 159Tp (B2n = 14.9 MeV),
- 181Ta (B2n = 14.2 MeV),
208Pp (B2n = 14.1 MeV).

2-nd priority: %Zr (B2n = 14.9 MeV),
186,188,189,190,1920g (B2n = 14.9,14.3,13.9,13.7,13.3 MeV).
3-d priority
(measurements would
be possible for narrow 1151n (B2n = 16.3 MeV),
energy range (~ 2 - 3 MeV)) 1165n (B2n = 17.1 MeV).
4-th priority new data will be evaluated further.

Because the correspondent final nuclei (1"18Th, 179T4q, 200207Pp, 92937, 184Qs, 113]n,
114.1155n) are not suitable candidates for activation measurements.



Nuclear physics studies with brilliant y beams

Nuclear resonance fluorescence (NRF) studies

Gamma above neutron threshold studies
(ELI-GANT)

Photodisintegration reactions for nuclear astrophysics
studies

Photo-fission studies



(v,a) and (y,p) reactions for nuclear
astrophysics g

* The *0(y,a)*C reaction Best illustration of the

«  The 2*Mg(y,0)2°Ne reaction anthropic principle:
glv.a) Observations in the Universe g

* The *Nef{y,a)™0 reaction must be compatible with the [EEEEEEERR
* The °F(y,p)'®0 reaction conscious life that observes [EEEEEIEEEA
« The 2INe(y,a)'’0 reaction them.
UA(XafY) . O'B(%X)
Instrumentation: Ay Aj

(i)  ELISSA: Large-area Si SD array
(ii) ELI-eTPC

SSX3 detector + QQ3 + Chamber
Tests of 40 strip Si detectors are underway




Nuclear physics studies with brilliant y beams

Nuclear resonance fluorescence (NRF) studies

Gamma above neutron threshold studies
(ELI-GANT)

Photodisintegration reactions for nuclear astrophysics
studies

Photo-fission studies




Energy (MeW)

Photo-fission studies

Studies in the 2" and 3" minimum of the fission barrier:
transmission resonances

Rare fission modes: ternary fission, Pb radioactivity

Structure of neutron-rich nuclei: the A = 100 Sr-Zr and rare-
earth neutron-rich deformed regions

schematical description
of the occurrence of
transmission resonances

33 . 2 Deformation (c/a) P.G. Thirolf et al., EPJ Web of Conferences 38, 08001 (2012)
: 95 2.
@) O o)



ll el] Radioisotopes for medical use

Nuclear Physics

» New approaches and methods for
producing radioisotopes urgently needed

« Mo0-99 and other medical isotopes used
globally for diagnostic medical imaging and
radiotherapy

o 195MPt: In chemotherapy of tumors it can be
used to exclude ”non responding” patients from
unnecessary chemotherapy and optimizing the

dose of all chemotherapy

43
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Medical radioisotopes

Rom. Rep. Phys. 68, S847 (2016)
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Wen Luo et al., Appl. Phys. B 122, 8 (2016)
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Thank you for your attention!



