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The HVEC FN Tandem 9MV Accelerator of IFIN-HH

HV High Voltage Engineering Corporation

https://www.highvolteng.com/

1973 — installation and reception of the 7.5 MV FN Tandem accelerator \
1977 — 7.2 magnitude earthquake destroys the acceleration column

1983 — upgraded to 9IMV

1986 — A second 6.2 magnitude earthquake affects the acceleration column
1990 — installation of a seismic protection system

(o e oo e o)

2006 — 2012 The accelerator enters an extensive modernization process /
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The HVEC FN Tandem 9MV Accelerator of IFIN-HH

Negatively charged beams
for use in the Tandem are lonzer ;
Cathode Extractor

produced by ion sources
outside the accelerator. poniel

Cesiumn

Reservoir

SNICS |l Schematic Diagram

the Cs Sputter Ion Source: Cs vapors coming into contact with the ionizer is positively ionized and accelerated\
to 6 kV and sputters atoms from the cathode material. The sputtered atoms from the target material passing
through the neutral Cs layer forms the negative ion beam which is pre-accelerated by the 50 kV voltage and
injected in the accelerator, after filtering it through the injection bipolar magnet.

The Duoplasmatron Source: delivers positive ion beams from the gases injected into the duoplasmatron head.
The ions are extracted from the source under a 20 kV potential and passes through a Li/Na charge exchange

section, resulting in the negative ion beam. The duoplasmatron is mainly used for the delivery of the deuterium

Qnd **He beams.
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https://tandem.nipne.ro/9MV_Pelletron.php
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The HVEC FN Tandem 9MV Accelerator of IFIN-HH

Beam Exits the
Stripper Foll

A thin carbon foil is
placed in the beam
tube at the center of
the termlina}ll. As 'Elhe
negatively charge 2
beam strikes the foil 3 pg/em

(at fairly high energy), Carbon
electrons are strlpped Stripper Foil
from the ions, leaving

them positively
charged. Negatively Charged Beam

Enters the Stripper Foil

Positively Charged

AU
1 N\— =

K The terminal is supported by a structure known as the column, which is a sandwich of glass\
blocks and metal planes. The column is held in place by compression supplied by a huge
spring. The beam tubes are mounted along the side of the column.

» The steel pieces are linked with resistors (300 MOhm) and this represents a voltage divider
from the maximum terminal potential to the ground potential (the ends of the tank).

« The entire accelerator is housed inside a large steel tank that is pressurized to
approximately 11 bar with an insulating gas (SFg and N, mixture) to help prevent electrical
discharges and to protect lab personnel.
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The HVEC FN Tandem 9MV Accelerator of IFIN-HH
Pelletron Charging System / \

Positi figuration sh .
. S The charging system known as a “pelletron” uses charged metal pellets

Terminal Shell : " : :

e C‘;aefl%l‘ef;f S “:“" = connected by nylon links, rather than the traditional charging belt. Each link
UPPIESsor .

- ,aga;a;a;agags;a,agaga.; | of the chain is slightly charged, and as the chain travels from the end of the

— Pmkoffpuneys (o e oule accelerator to the terminal, charge is carried to the terminal.

S siseaisisisisassrininihat, | -

+

Charging

) HALA TANDEM
i $=415.36mp
! HTAVAN=6.75m

AR

0

% il
% | @ DAQ Room
Experimental g Y Experimental ¢ D |
] Room 2 Room 1 # = )
) ) ; O




The HVEC FN Tandem 9MV Accelerator of IFIN-HH
\

Beam transport and selection
*  Einzel lens and Quadrupoles (focusing)
* Analysing dipole electromagnet (selection)

*  Switchyard dipole electromagnet (sending beam to the desired
beamline)

* Faraday cups (diagnosis)

K. Slits (collimation and HV control) /
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The HVEC FN Tandem 9MV Accelerator of IFIN-HH

ROSPHERE - ROmanian array for SPectroscopy in HEavy ion REactions . 6 ™
Multidetector gamma-ray spectrometer

4rt array with three configurations: dedicated to fundamental research in:
*Full HPGe configuration (25 detectors)

*Mixed fast-timing configuration with .
LaBr,(Ce) * Nuclear Reactions

- | *High energy ELIGANT/ROSPHERE *  Nuclear Astrophysics
; x Evaluation of Nuclear Data

* Nuclear Structure
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IFIN-HH 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
Examples of targets:

)

Fully equipped target laboratory: Methods: -
> magnetron sputtering

- PVD - Physical Vapor Deposition
resistive heating
electron beam-based systems
- Cold rolling
- Tablet pressing

Characteristics of targets:

- material (natural/isotopically enriched)
- self-supported or backed electron bombardment
- thickness in units of pg/cm? - mg/cm? evaporation

- backing characteristics

resistive heating

44

Physics Letters B 834 (2022) 137398

e = B

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)
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Wide-range lifetime measurements with ROSPHERE

The transition matrix elements give fundamental information
about the structure of the states involved and are benchmark
tests for the predictions of nuclear models.

ROSPHERE can access a wide range of nuclear lifetimes
through a combination of methods and configurations:

Blocking * \
f !
,—"‘--~\
{ DsaMm J
' LT Ty 1 J— Direct
« s " method
v\ RDM methods
‘ N ——
X incidences * ¢ ‘Iglectronic timing )
-ray coinci
t y i [ = e — _=—‘— )
107 107" 107" 107" 107"° 107° 107
1as 1fs Tps 1ns THS
T (s)

x Exotic techniques applicable to specific cases £ General techniques available at ROSPHERE

P.J. Nolan and J.F. Sharpey-Schafer, “The measurement of the lifetimes of excited nuclear states”, Rep. Prog. Phys. 42 1 (1979)



Wide-range lifetime measurements with ROSPHERE

The transition matrix elements give fundamental information
about the structure of the states involved and are benchmark
tests for the predictions of nuclear models.

ROSPHERE can access a wide range of nuclear lifetimes

through a combination of methods and configurations:
+0.01-1 ps via DSAM (Doppler Shift Attenuation Method)

Recoiling ion

Backward shift

No shift

Forward shift:

Detector array

Gamma ray spectrum
P.J. Nolan and J.F. Sharpey-Schafer, Rep. Prog. Phys. 42 1 (1979)

Counts

E;(0) = Ey (1 + gcose)

where:

E — photon energy emitted at rest

E 5 — average photon energy emitted wile stopping
U — average velocity of the recoil nucleus

6 — photon emission angle wrt the

direction of the nucleus

“Ni("°c,"?C)*Ni at 28 MeV, E. = 846 and 1168 keV
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Wide-range lifetime measurements with ROSPHERE

The transition matrix elements give fundamental information
about the structure of the states involved and are benchmark
tests for the predictions of nuclear models.

ROSPHERE can access a wide range of nuclear lifetimes

through a combination of methods and configurations:
+0.01-1 ps via DSAM (Doppler Shift Attenuation Method)

+1-100 ps via RDM (Recoil Distance Method)

. Stopper support Target support
In-flight decay of a nucleus:

Sliding bearing

detector

Piezoelectric

4 actuator

" Micrometer | | Driving rod |
Piezo crystal

9\ ;< L=814mm >;

stopper

beam The Bucharest plunger device:

t, - flight time

. _ ® was developed based on a design developed at Institute for Nuclear Physics (IKP)
t, - slowing-down time . 3
in the stopper of the University of Cologne

k\\k\k\\{\\ Y
i

! ® a piezoelectric actuator and a piezoelectric crystal move the target. They are

connected to a feed-back loop that maintains the target to stopper distance

o

t,
t, t ot

P

A. Dewald et. al., Progress in Particle and Nuclear Physics 67 3, 786—-839 (2012)



Wide-range lifetime measurements with ROSPHERE

The transition matrix elements give fundamental information

1T 1T T 1T 77

4= = 9.3(5) ps 2" state
about the structure of the states involved and are benchmark S ]
tests for the predictions of nuclear models. fg’lo- 'I r -
ROSPHERE can access a wide range of nuclear lifetimes B T
. . . . S e N s B —
through a combination of methods and configurations: I |
+0.01-1 ps via DSAM (Doppler Shift Attenuation Method) I
+1-100 ps via RDM (Recoil Distance Method) 100~ [+ 5-Componen T -
o = U-Component L~ A
80— T+ 4
In-flight decay of a nucleus: 2 60 [ e 7
Chl ]
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A. Dewald et. al., Progress in Particle and Nuclear Physics 67 3, 786—-839 (2012)
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. Turturica et al., PHYSICAL REVIEW C 111, 044305 (2025)



Wide-range lifetime measurements with ROSPHERE

The transition matrix elements give fundamental information
about the structure of the states involved and are benchmark
tests for the predictions of nuclear models.

ROSPHERE can access a wide range of nuclear lifetimes

through a combination of methods and configurations: Slope mEthold (>100ps)

500, : : :

+0.01-1 ps via DSAM (Doppler Shift Attenuation Method) S S @
+1-100 ps via RDM (Recoil Distance Method) S o T
. . . O B
+10 ps-10 ns via fast-timing ey
10 -15 0 5 10
Jf E,
Centroid shift method (10-100 ps)
Y, LaBr, | PMT START - | ] '
n 3000  E@)=2866kev __| | 2T/ -
JZ Ez B2] T T,,=89(9)ps ®)
gZOOO— -
8 L
1P LaBr, | PMT STOP TAC 1000 =
J 17[ E, 2 ! :0 ! :
GATE * 3000_— E(G;) =585.3 keV _“: @z/m _—
Y, HPGe 2 4
Y/ S 2000 i _
Iy 0.0 S o ]
A i !
E [keV] o 5 | :
z X N ) ' Time(s) 1

N. Marginean, et al. "In-beam measurements of sub-nanosecond nuclear lifetimes with a mixed array of HPGe and LaBr5:Ce detectors”, Eur. Phys. J. A 46, 329-336 (2010).



Wide-range lifetime measurements with ROSPHERE

The transition matrix elements give fundamental information
about the structure of the states involved and are benchmark

tests for the predictions of nuclear models.

ROSPHERE can access a wide range of nuclear lifetimes

through a combination of methods and configurations:
+0.01-1 ps via DSAM (Doppler Shift Attenuation Method)
+1-100 ps via RDM (Recoil Distance Method)

+10 ps-10 ns via fast-timing

+10 ns- 10 us via fast beam-pulsing

Pulsing systems

1. Milisecond pulsing system.

The millisecond pulsing system was built by Dr. Sorin Papureanu and Dorin Moisa and it is
practically an electrostatic deflection unit used to chop the continuous beam from millisecond
range to hundreds of seconds. The system was mainly used for activation measurements,
when decay time of the studied nuclei was in the range of pulsing system. The control module
made by Dorin Moisa was able to control the acquisition system in order to start writing the
data between two pulses or during one pulse.

2. Nanosecond pulsing system.

The nanosecond pulsing system was installed in 2009. The system is manufactured by NEC and
it uses a system for chopping the beam and a system to bunch the already chopped beam. The
system uses a 5 MHz RF generator for making the bunches. Typically the bunches are 200 ns
apart, but a system called sweeper allows to make this difference bigger to 400, 800 and so on.
The efficiency of bunching is around 25% of the continuous beam.

7000

6000

5000

4000

3000

2000

1000

Happy spokes

person” with ~2.5 ns wide beam pulses

gIHHIH

ga

| UHJ}“ Bl il

Gamma vs Neutron

discrimination based
on Time-of-Flight

rompt

neutrons

%)
o
N
o

el i
150

I
160

Ll
170

| I
180

P i
190

200‘ :

L
210

*O. Wieland, “Search
for HOT PDR in neutron
rich %Nij at finite
temperature”, 2024



ELIGANT+ROSPHERE campaign

ELI-NP, IFIN-HH, and Tandem — ELIFANT ROSPHERE performance .
> F
» Combining the large volume E’ i
~-ray detectors with the » Two example configurations: =7
ROSPHERE anti_CQmpton Camera+Wieland - 21 LaBr3 6
shields » Camera+Wieland - 21 i
: : LaBrs, no collimators 4
» In-beam experiments using the > Constantin - 23 LaBrs, 3
9MV Tandem at IFIN-HH T — of
» Collaboration between ELI-NP > Efficiency ~ 1% at 10 MeV 13 - /
;’Ld Department of Nuclear » ACS peak-to-total ~ 10% at 20 J 8 i 2 g
¥l MeV (>1.5 MeV background) 28, Firat Generation
» Clean measurements of . <105
high-energy ~-rays 2 b | 3 29
- % 500? é Ll.l>< 8: ¥
°© 4522; Without ACS E 7;-35‘
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Courtesy of P-A Soderstrom



Heavy Ion Transfer Reactions

Heavy ion equivalents of “classical” transfer 5% below Coulomb barrier
reaction:
. -~ (13BC 12
°E?5)<<>> (58 g 6 (()j)) <> The heavy partner is going in the forward direction
(t,a) <-> (11B,12C) '2C angular distribution for different '°C incident energies
Advantages:  ®Ni("®c,"?C)®Ni 28 MeV 5% below Coulomb Barrier
*Clean data if performed below the Coulomb barrier
‘High recoil velocity

100
*Recoil velocity distribution is forward focused

*Selective population of states in the residual
nucleus

Heavy ion transfer reactions can be used at
ROSPHERE to measure the lifetime of 0* states
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A dedicated detector for sub-barrier transfer

SORCERER v1 (6 cells)

Counts

25000
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Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,

Detectors and Associated Equipment
Volume 951, 21 January 2020, 163090

ELSEVIER

SORCERER: A novel particle-detection system for
transfer-reaction experiments at ROSPHERE

T. Beck ? & =, C. Costache °, R. Lic3 °, N. Marginean b, C. Mihai b, R.E. Mihai ®, O. Papst ?, S. Pascu b N. Pietralla ?, C.
Sotty b L. Stan ®, A.E. Turturici ®, V. Werner ?, ). Wiederhold ?, W. Witt ?
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Access policy

https: / /useroffice.nipne.ro/

+ Open-access facility, proposals are evaluated by a Physics Advisory Committee (PAC)

based on scientific merit.

¢ PAC members:

Primoz Pelicon (JoZef Stefan Institute, Slovenia)
Norbert Pietralla (IKP, Uni-Darmstadt, Germany)
Georgi Georgiev (IJC-Lab Orsay, France)

Silvia Leoni (Uni-Milano, Italy)

Timo Sajavaara (JYFL, Finland)

Anna Mackova (Nuclear physics Institute of the Czech Academy of Sciences, Czech Republic)

Zsolt Podolyak (University of Surrey, UK)

The 9MV Accelerator together with the 3 and 1 MV Tandetrons of .
IFIN-HH are part of the EURO-LABS project. EUR® . LABS

FOR ACCELERATOR

J EUROPEAN LABORATORIES
BASED SCIENCES


https://useroffice.nipne.ro/

Access policy

¢ Beamtime schedule for 2025 at the 9MV Tandem Accelerator

~ 4500 hours of beamtime (190 days)

-
= 19 experiments
= User community: 20% local, 80% international
L1 setup legend
Fasttiming IFIN-HH 9 MV Tandem Accelerator Schedule
= January - July 2025
15a | 1Sa 5
2 | 2
3Mo | 3Mo | K.Gladnishki (L1)
4 P. (L1) 4Tu 13C+122,124Sn
5 12C+176Yb 5 47 MeV 5 P, (1)
Mo 6 60 MeV 6Th 6 + 170Er 69 MeV (test)
7 7 7 Mo
8 8
9Su 9
10 Mo “pm 10 T. Krdll (L1)
11 17 MeV 11
12 180 + 50Cr
13 13 42 MeV
06 M. Luciani (L1)
4 Me 141 118+ 87Rb, 89Y 141M°
DP 25 30 Mev 5
16 16
) 17 Mo
18
19 We 19
20 20 M. Luciani (L1) 0 O
21 21 Mo
22 22 11B + 87Rb, 89Y
23 K. Gladnishki (L1) 23 30 MeV
13C+122,1245n
24 Mo | 47 MeV 24 Mo
25 25
26 26
27 Mo 27
28 P. Vasileiou (L1) | 28Fr D 0
29 12C + 176Yb 9
30 60 MeV 0 p
31Fr 0 0

R. Lica (L1)

36S + 180
56-60 MeV

180 + 30Si
26 MeV

L1 setup legend

Fast-timing
HPGe+SC/DSSD
Plunger

https: / /useroffice.nipne.ro/

IFIN-HH 9 MV Tandem Accelerator Schedule
August - December 2025

14
15
16

17
18

20 Mo
21

23
24
25

27 Mo
28

30Th
31Fr

H. Mayr (L1)

180 + 144Sm
65 MeV

P. Koseoglou (L1)

1Sa
2
3 Mo

| (N|o |

10 Mo

14

17 Mo

18

19

20

21

23

24 Mo

25

26

27

P. Koseoglou (L1)

180 + 170Er
69 MeV

S. Pascu (L1)
6Li + 147Sm
33 MeV

S. Lalkovski (L1)

13C +100Mo
59 MeV

Ble|g|N|o|v|s

J. Pandey (L1)

d +55Mn
16-18 MeV


https://useroffice.nipne.ro/

Publication highlights

¢ 10 publications in 2024 and 2025 (July):

« Phys.Rev.C 4
« Phys. Rev. Lett. 2
«  Phys. Scr. 2
« Nucl. Phys. A 1
- NIMA 1

0P Publishing
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Nuclear level density of 12%Te from (p, p’~) scattering and
complementary photonuclear data

P-A Séderstrdm' @ , A Kusoglu'*®, S Aogaki' ©, D L Balabanski' @, S-R Ban', R Borcea’, M Brezeanu',
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2 Department of Physics, Faculty of Science, Istanbul University, Vezneciler/Fatih, 34134, Istanbul, Turkey

Department of Nuclear Physics, Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), Str.
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° Institute for Nuclear Physics, Department of Physics, Technische Universitit Darmstadt, Darmstadt 64289, Germany
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Keywords: nuclear level density, constant temperature model, fermi gas model, gamma-ray detectors
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Figure 3. (Left) Experimental y-ray strength functions of 128Te obtained from this work (ELI-NP /IFIN-HH), the photoabsorption
cross-section from Reference [43] (TU Darmstadt/HIAS), and (, n) cross-section data from Reference [44] (Saclay). For comparison,
three typical parametrisations, as implemented in the TALYS code, are shown as solid lines for electric dipole strength and dashed
lines for magnetic dipole strength. (Right) Nuclear level density of '**Te. The shaded region shows the range for fitting to known
spectroscopic states. The transparent bands correspond to the statistical and systematic uncertainties. Three phenomenological
parametrisations discussed in the text and one microscopic model implemented in TALYS are shown for comparison.



Publication highlights

PHYSICAL REVIEW LETTERS 134, 092501 (2025)

Increasing Octupole Collectivity across the Z =64 Isotopic Chain: B(E3) Values in %Gd

S. Pascu ,1’2‘* E. Yiiksel ,1 Abhishek ,1 P. Stevenson ,1 G. H. Bhat ,3 R.N. Mao,4 K. Nomura ,5‘6 C. Costache ,2
Z.P. Li,* N. Mirginean®,” C. Mihai®,” T. Naz®,’ Zs. Podolyak®,' P. H. Regan®,"® A.E. Turturici®,” R. Borcea®,’

M. Boromiza ,2 D. Bucurescu ,2 S. Cilinescu ,2 C. Clisu,2 A. Coman ,2 I Dinescu,2 S. Doshi,9 D. Filipescu ,2

N.M. Florea,2 A. Gandhi ,2 I. Gheorghe ,2 A. Ionescu,2 R. Lica ,2 R. Mirginean ,2 R. E. Mihai ,2’10 A. Mitu ,2

N. Nazir®,"" A. Negret®,” C.R. Nigi,” E. B. O’Sullivan®,"® C. Petrone®,” S. E. Poulton®,"* J. A. Sheikh®,"?
H.K. Singh®,? L. Stan®,> S. Toma®,> G. Turturic4,? and S. Ujeniuc®?
YSchool of Mathematics and Physics, University of Surrey, Guildford GU2 7XH, United Kingdom
2“Horia Hulubei” National Institute for R&D in Physics and Nuclear Engineering, R-77125 Bucharest-Magurele, Romania
3Department of Higher Education (GDC Shopian), Jammu and Kashmir 192 303, India
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An enhanced electric octupole (E3) strength of 45(5) W.u. has been measured for the 3= — 0 transition
in 19Gd, providing direct evidence for large octupole collectivity in this nucleus. The value was determined
following two sensitive experiments, to measure the mean lifetime of the J* = 3~ level and the weak E3
decay branch direct to the ground state. The systematics of the E3 strength across the Gd isotopic chain
reveals that enhanced octupole collectivity is obtained for %Gd. The increasing low-lying octupole
strength in the Gd isotopes is analyzed with five state-of-the-art theoretical models. It is found to be best
reproduced by quasiparticle random phase approximation calculations, providing a good understanding of
octupole collectivity in the rare-earth region.
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FIG. 1. Shifted (“s”) and unshifted (“u”) components of the
496 keV y ray (3~ — 27 transition), measured at 37° relative to
the beam axis, at 60 pm [panel (a)] and 200 pm [panel (b)];
(c) Relative intensities of the shifted and unshifted components of
the 3= — 27 transition and their corresponding fit with second-
degree polynomials; (d) Mean lifetime of the 3~ level as a
function of the plunger distance.
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Direct Observation of Competing M1 and M3 Transitions in °B
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Excited states in '°B were populated with the '°B(p, p'y)!°B* reaction at 8.5 MeV and their y decay was
investigated via coincidence y-ray spectroscopy. The emitted y rays were measured using large-volume
LaBrj; : Ce and CeBrj detectors placed in anti-Compton shields. This allowed the observation of weak y-ray
transitions, such as the M3 transition between the J*, 7 = 0T, 1 isobaric analog state (IAS) and the J*, T =
37,0 ground state and the E2 transition between the J*, T = 21+,0 state and the IAS, i.e., performing
measurements of branching ratios at the level of 2 > 10~*. For the first time in !°B, the competing M1 and
M3 transitions from the decay of the IAS have been observed in a y spectroscopy experiment. The
experimental results are compared with ab initio no-core shell model calculation using the newest version
of the local position-space chiral N>LO nucleon-nucleon interaction. The calculations reproduce correctly
the ordering of the bound states in !B, and are in reasonable agreement with the observed branching ratios
and reduced transition probabilities.
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FIG. 1. A partial level scheme of the bound states of '’B. Arrow
widths are proportional to the branching ratios (in %) observed in
the present experiment. Spin, isospin, and parities have been
taken from Ref. [33].
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Development of a plastic scintillator based and SiPM readout detector for
high-precision fast-timing measurements at rosphere array

Catalin Neacsu'”, Andrei Turturicd"” ", Ruxandra Borcea, Cristian Costache, Rdzvan Licd"”,
Nicolae Marginean'”, Constantin Mihai'”, George Pascovici, Alexandru Stoica,

Gabriel Turturica, Sorin Ujeniuc
H. Hulubei National Institute for Physics and Nuclear Engineering - IFIN-HH, R-077125, Bucharest, Romania

ARTICLE INFO ABSTRACT

Keywords: We report on the development of a custom particle detection system that aims to improve the detection
Nuclear instrumentation capabilities of the ROSPHERE array. The detector is designed specifically for lifetime measurements using
Silicon photoMultiplier the in-beam Fast-timing method for nuclear states in nuclides produced in nuclear transfer reactions. An

SiPM s N s e N
Blela detector 80 x ,3'6 mm disc of BG400 pl?stlc sdntillatar was coupled to a spamse SIPM array readout connected to Fig. 4. Top panels: the setup used to test the detectors. Bottom panels: zoomed in picture of the detectors. On the left is the sparse SiPM array, and on the right is the full SiPM
Low power a dedicated Front End Electronics board. The detector was tested versus a conical LaBr;(Ce) coupled to a array placed off-beam at an angle of 45°.
Vacull’;n Hamamatsu PMT readout. The timing measurements resulted in a resolution of 896(5) ps. The detector design,
Fast-timing characteristics, and performances are presented in this paper along with future improvements. ] 150
Transfer reactions 100
100
50
50
Table 1 X §
Time resolutions obtained in the transfer reaction induced by a beam of "B on a '¥!Ta
target for the BC400 plastic coupled to a Sparse SiPM and a full SiPM respectively. Both me
sets of data were obtained versus a 1.5-inch conical LaBr;(Ce) scintillator coupled to an \E AN
R9779 Hamamatsu PMT readout with a tested time resolution of 130 ps. Is important to . . Charged - R ;:‘:{fﬁ‘:
. . . . . . 2 articles e arcoy
note that the in-beam time resolutions were obtained without an energy gate condition = i <4 \
on the LaBr;(Ce) peaks, while for the®Co data we used an energy gate. E = :
Detector Charged particle y photons (in-beam) y photons (°°Co) ¢ Photons ! 6 G
array resolution (ps) resolution (ps) resolution (ps)
Sparse SiPM 896(5) 480(4) 472(1) 8 8
Full SiPM 454(4) 390(2) 278(1) 0 1000 2000 3000 0 50 0 1000 2000 3000 O 50
Energy (channel) Energy (channel)

Fig. 6. The Particle — TAC coincidence matrix obtained in the transfer reaction induced by a beam of ''B on a '*'Ta target, at incident energy (47 MeV) below the Coulomb
barrier. In the left graph, we have the data obtained with the sparse SiPM array, and on the right, we have the data obtained with a full SiPM array.
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Shape coexistence

® Historical overview
Nuclear deformation and shape coexistence have been hot topics in nuclear structure for more than 60 years
® 1956: First case - 0,* state in 160 (H. Moninaga, Phys. Rev. 101 (1956) 254.)
® 1970: Regions of deformation start to be unveiled by the advance of experimental techniques and availability of RIB. (heavy
odd-A nuclei near proton shells Z=50 and Z=82)
® Theoretical approaches:

® Spherical shell model: particle-hole excitations (mp-nh) across shell closures (Large Scale SM, Monte Carlo SM)

¢ Mean-field model: two-body nucleon-nucleon force as a starting point to obtain energy surfaces for
different nuclear shapes using the Hartree-Fock theory (HF)
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Spectroscopic fingerprints of shape coexistence

* Direct:

* Diagonal E2 matrix elements -
<Ji|E2|Jf> (multistep Coulomb
Excitation)

* Transition Probabilities - B(E2)
(lifetime measurement, y yield from
Coulex)

* Indirect:
* EO strength — p?(E0) — (conversion
electron spectroscopy)
* Particle-core coupling (systematics of
bands with coupled (4/=1) or
decopled (4/=2) spin sequences)

* Hints:
* First 2" state excitation energy — E,,
¢ Mean-square radii — 6<r?> (isotope
and isomer shifts using laser
spectroscopy)
e Changes in masses (S5, - two-nucleon
separation energies)

K. Heyde and J. L. Wood, Rev. Mod.Phys., vol. 83, 14671521 (2011).
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N=20 “Island of Inversion”

Name “Island of Inversion” given in Warburton et al. PRC, vol. 41, pp. 1147-1166 (1990)
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inversion = ground states have deformed (np-nh) configurations and the
first excited states have spherical (0p-0h) configurations.
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Shell model interpretation
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Shell model interpretation

Mg NUCLEI
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spherical mean field and shell structure
evolution. Influences the shell-gap

Multipole term — responsible for the

onset of deformation and disappearance of
magic numbers far from stability. Influences
the correlation energy

N. A. Smirnova et al., Phys. Rev. C 86, 034314 (2012)
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The SDPF-U-MIX interaction

® Developed by the Strasbourg-Madrid collaboration

® Itis based on the SDPF-U interaction [1] which was used to g
describe N=28 nuclei. 8,

* The SDPF-U-MIX interaction [2] - using a core of '°O allows  :
the valence neutrons in the sd-pf shell and, most importantly, s
neutron excitations across the sd-pf shell gap. Describes N=20 0
nuclei together with N=28.

® Calculations performed using the ANTOINE code

[ )

Good reproduction of signature observables:
disappearance of N=20 magic number in Mg and Ne

np — nh configurations give rise to collective excitations with 1arge
values of B(E2)
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1999 vs 2014
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Nuclear structure at the border of the N=20 “Island of Inversion

Identification of the crossing point at N = 21 between normal and intruder configurations
The island of inversion

around 32Mg
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1IS530: 3*Mg B-decay at IDS

Nuclear structure at the border of the N=20 “Island of Inversion Normal and intruder configurations in Hgj populated in the 8~ decay of ‘“Mg and ¥Al
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325j - Scientific motivation
Testing the Shell Model at the outskirts of the lol
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325j - Scientific motivation
Testing the Shell Model at the outskirts of the lol

Nho 0*,(*Mg): 07, (**si):
5702 s . W. Schwerdtfeger, PRL2009 F. Rotaru, PRL2012
2ho 0%, (32Mg): 2ho
: e < 271
178 K. Wimmer, PRL2010 /9
Ohw Ohw S 1088 Oho Ohw
28Mg 3°Mg 2ho 345
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I NN
Ohw @ U SY 49839 <03ps
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Intruder configurations should arise in 32Si in a
similar manner as it happens in 28Mg



Previous experimental results L Gecay (8510 mmg

0Si(t,p)
ENSDF =) |  30Si(tpy)

Coulomb excitation
208Pb(37C1,X)

The 30Si(t,py) DSAM [1] study reported:

32A1 B~ decay (33.0ms)  1986Du07,1984Gu19,1982Mu08

- an upper limit, Ty, < 0.3 ps, for the 4.98 MeV 0* state

.+_
- alower limit, T,, > 0.8 ps, for the 5.78 MeV (0,1,2)" state, ! O 330ms2
Q =13020 90 %B =100
32
13A119
18
4
. 6170 1B~ Log ft Nhw &9 o
2000} <
[ 30 (1,p)32si 1.7 4.85 Q012D P 2 ey 57857 > 0.8 ps
o rie £y =2.8 MeV & iy
2 1soo]- Fonrs 8,2173° 43 466 LS 49839 < 0.3 ps
. 1% ?%3%,'{5290 30 5.00 2+ Ohw bkl 4230.8
& 1
i 1000 <
3 I [ 5222 >
s00|- apes 4 a2 47 529 \2+ > 1941.4
ol L1 1 IWH—A
0 200 300 600 800 1000
CHANNEL 85 4.36 \0+ Ohw 0
Proton spectrum measured in time coincidence with all rays
observed by the Ge(Li) detector following the 3°Si(t,py)32Si. 1
[1] J.G. Pronko and R.E. McDonald, Phys. Rev. C6 No. 6 (1972). 145113



Reaction:

Detection:

Experiment at IFIN-HH 9MV Tandem (July 2019)

Spokespersons: Rdzvan Lica (IFIN-HH), Maria Jose Garcia Borge (IEM-CSIC)

Sub-barrier 2-n transfer reaction

305i(180,160)32Si @ E,= 26 MeV

RoSphere array of 25 HPGe with SORCERER
(2% efficiency at 2 MeV)

Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,

ELSEVIER Detectors and Associated Equipment
Volume 951, 21 January 2020, 163090

SORCERER: A novel particle-detection system for
transfer-reaction experiments at ROSPHERE

T. Beck * @ &, C. Costache °, R. Lic3 ®, N. Mirginean ®, C. Mihai ®, R.E. Mihai °, O. Papst 2, S. Pascu ®, N. Pietralla ? C.
Sotty ®, L. Stan ®, A.E. Turturici ®, V. Werner 2, J. Wiederhold 2, W. Witt ®

Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,

ELSEVIER Detectors and Associated Equipment
Volume 837, 21 November 2016, Pages 1-10

The ROSPHERE y-ray spectroscopy array

D. Bucurescu ?, |. Cata-Danil ?, G. Ciocan ?, C. Costache ?, D. Deleanu ? R. Dima ?, D. Filipescu ® €, N. Florea ?, D.G.
Ghit3 % T. Glodariu ?, M. Ivagcu 2 R. Lica ?, N. Marginean ?, R. Marginean ? C. Mihai & =, A. Negret ?, C.R. Nit3 ?,
A.Olacel , S. Pascu ®, T. Sava ?, L. Stroe ? A. Serban ', R. Suvaila %, S. Toma ? N.V. Zamfir ® ¢, G. Cata-Danil b .
Gheorghe €, 1.0. Mitu ¢, G. Suliman ¢, C.A. Ur ¢, T. Braunroth d,A. Dewald d, C. Fransen ¢, A.M. Bruce ¢, Zs. Podolyak
f, P.H. Regan fig Q.. Roberts h




Experiment at IFIN-HH 9MV Tandem (July 2019) DO 10.100710567.014.38995

Spokespersons: Rdzvan Lica (IFIN-HH), Maria Jose Garcia Borge (IEM-CSIC)

Sub-barrier 2-n transfer reaction The status of the Target Preparation Laboratory
30Gi(180,160)32Si @ E,= 26 MeV at IFIN-HH Bucharest, Romania

* Reaction:

N. M. Florea - L. Stroe - R. Marginean - D. G. Ghita -

. . D. Bucurescu + M. Badea - C. Costache + R. Lica - N. Marginean -
e Detection: RoSphere array of 25 HPGe with SORCERER C. Mihai - D. V. Mosu - C. R. Nit - S. Pascu - T. Sava

(2% efficiency at 2 MeV)

Fig. 2 A TEI18-High Vacuum
Deposition System produced by
Intercovamex Company;

. H B interior of the deposition
* Targets: produced in-house — 39Si chamber, showing: & sotafing
substrate holder; b thermal
evaporation; ¢ electron-beam
evaporation system; d sputtering
deposition system; e quartz
crystal monitor; f shutter

=

30Si (pressed powder)
117.4 mg/cm?

Ti backing (3 mg/cm?)
30Sj = 0.2 mg/cm?

electron bombardment magnetron sputtering resistive heating
evaporation

Ta backing (13 mg/cm?) 888
30Si = 0.2 mg/cm? =




T,/,, measurement — stopping power

‘Standard’ RDDS or DSAM cannot be employed

* Technique: variation of the RDDS technique — 30Si(180,160)328i @ E,= 26 MeV — v/c(32Si) = 3.5%
the ‘flight time’ is changed by using backing E B8MeV,0=57) > 60 keV 11!
: L o N AN » eV !
materials with different stopping times.
where:
A/1 — 52 v E o — photon energy emitted at rest
Es (9) = E() ~ EO (1 -+ —COSQ) ) E s — photon energy emitted in-flight
1— 6 cos 6 C v — velocity of the recoil nucleus
@ — photon emission angle wrt the

direction of the nucleus

detector

stopper

beam

t. - flight time

I

t. - slowing-down time
in the stopper

~+
~+
~4_t

[l Sp—
s /

~
o
~
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T,/,, measurement — stopping power

Technique: variation of the RDDS technique —
the ‘flight time’ is changed by using backing
materials with different stopping times.

Analysis: measure only stopped (unshifted)
components. The 3563 keV transition
populated from the long-lived (T;,,=27(2) ns)
5581 keV level was used for the normalization.

0,1,2)* 5786 2%Pb(C’CLX) 1997Fo01

5581 R b
g 27ns?2 N
5502 **emans*®

D)

< 29

N

Gz

1942

32qQ:
14913

B. Fornal et al., Phys. Rev. C 55, 762 (1997)

0,5
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JTassignment — angular correlations

Spins of cascades

When an excited nucleus decays by emitting multiple y rays, an — 4—>2—>0
anisotropy is generally found in the spatial distribution of the — 0—>2—>0
. . 2—>1—>0
second y ray with respect to the first. {2220
General formula: 2L _ — 3—>1—>0
W) = Z ar Py (cosd), 2—>2—>0
k=0,k=even .
Specific case L=2 (quadrupole transitions) "7 7 To(degrees)

MSc Thesis, Andrew Dale Maclean, March, 2016

W(0) = agPo(cost) + as Py(cost) + a4 Py(cosd)

G. Goertzel, Angular Correlation of Gamma-Rays, Phys. Rev. 70, 897 (1946).



JTassignment — angular correlations

Spins of cascades
When an excited nucleus decays by emitting multiple y rays, an — 4—>2—>0
anisotropy is generally found in the spatial distribution of the — 0—>2—>0
second y ray with respect to the first. o ?:z;:zg
General formula: 2L — 3—>1—>0
W) = Z ar Py (cosd), 2—>2—>0
k=0,k=even
Specific case L=2 (quadrupole transitions) "7 7 To(degrees)
W(@) _ CLOPO(COSQ) 4 CLQPQ(COS@) 4 CL4P4(6039) MSc Thesis, Andrew Dale MacLean, March, 2016

G. Goertzel, Angular Correlation of Gamma-Rays, Phys. Rev. 70, 897 (1946).
Angular correlations using ROSPHERE (25 HPGe)

32Si 3844-1942 keV (0+ - 2+ — 0+)

2.50

a—N > 0.8 ps /
Gate on 1941 keV (2* = 0%) SRS ;
a o+ ~ 0?908‘?‘ 4983.9 <0.3ps 500 /
N /
200 2+ Al 4230.8  0.26(9) ps ;
150 _ 1.50 ',"{
i =
o 3845 g — ol — b ;F )
[ 2+ 1941.4 0.63(17) ps 1.00 ‘“}\\
50 — ~d -3 i/
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i | N 0
0.00
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14918 cos(6)



Experimental results

Theoretical calculations

The 5786 keV level in 32Si:

* Spin-parity assignment: JT=0"

« Half-life measurement: T, =2.6(6) ps

B(E2; 3042.3 keV; 0," — 2,7) > 1.2 W.u.
B(E2; 3844 keV; 0,7 — 2,%) = 0.043(10) W.u.

IN
h
N (.L) » ™
N W
So
— " P am_ 57857 2.6(6)ps
A Q\v\
< +> S
Ohw 0 (\(39@}8\ 4983.9 <0.3ps
2+ Nl 4230.8 0.26(9) ps
N
»
¥
2+ > 1941.4 0.63(17) ps
+
Ohw 2 0

32q;
1495118

* Preliminary USD-based Shell model calculations [A.
Poves] predict:

B(E2) ~ 4 W.u. from the normal (Ohw) state
— expected Ty, ~ 140 fs

B(E2) ~ 0.1 W.u from the intruder (Nhw) state
— expected Ty, ~ 1.5 ps

V&

* These predictions are comparable to experimental data
available for 2*Mg:
B(E2)(0," — 2,7) =2.6(4) W.u.
B(E2)(05;* — 2,7) = 0.077(12) W.u.

Nho 0*,(*Meg): Nhw
5702_\\ W. Schwerdtfeger, PRLZOOQ‘_/,—’ 5785.7
B o B R
Oho Oho Ohw
28M9 3°Mg 326




Outlook

H ” H V24
e Expand the study to other candidates near the N=20 "Island of Inversion” —38S
(experiment scheduled between 7-19 July 2025)
— Proposed experiment
F. Rotarzu, PRL.2012
5702&_\ W Schw(:;é(tgfihgsszRL2009 i ..z.h.(ﬁ’., Rt 2hw __z_h_(:’-l Inverse kinematics sub-barrier 2-n transfer reaction
T e e Zhw * Reaction:  18Q(365, 385)160 @ E, = 56-60 MeV
ho Oho . 2hw Ohw OhW . v * Target: Ta,'80; (0.8 um oxide layer on 7 um Ta foil)
ZBMg 30Mg 3zsi 3dsi 3GSi 385 5 . ct-
* Detection:
e Angular correlations: 24 HPGe + 1 LaBr + Plastic scint.
S S ? Fast-timing: 10 HPGe + 15 ELIGANT LaBr,(Ce)/CeBr + Plastic scint.
A 35 Kl 3738
WP P|PIP|P[P
321 33 | 34 Adal 36 LaZ
Si[si|Si[Si|Si[S i | .

ol 31|32| 33|34 35)36 " k. r g

Al[AI[AI[ATTAT|A A 365 beam l R . ‘

29(30(31]32[33]34]|35 s | N\

Mg| Mg |Mg| Mg |Mg| Mg | Mg bayer 3 : _—
29 31[32]33[34 \ Suitale orpunger measuremercs I
s

4

HPGe detectors
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Unveiling the intruder O0* state in 32Si near the N=20 'Island
ROSPHERE Acknowledgements: of inversion’
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. . C.Costachel, D. Filipescu?, N. Florea?, L. M. Fraile®, A. lonescu?, C.E. Jones>, C. Mihai?, R.
-Mlhal’ C. Costache, S. P_asc-u, Gh. Clocanf D. M. Marginean!?, R.E. Mihail, C.R. Nital, S. Pascu?, P. Petkov?, C. Petronel, C. Sotty?, L. Stan?, A.
Filipescu, R. Borcea, S. Ujeniuc, G. Turturica et al. Turturical, S. Ujeniuct, S. Vinals?

ELI-NP: D. L. Balabanski, P-A. Soderstrom, A. Kusoglu,
M. Cuciuc, S. Aogaki, et al.

1Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania
?Instituto de Estructura de la Materia, CSIC, Madrid, Spain
9MV Tandem staff: D. Mosu et al. 3Departamento de Fisica Teorica, Universidad Autonoma de Madrid, Madrid, Spain
4Instituto de Fisica Teorica, UAM-CSIC, Madrid, Spain
5University of Brighton, Brighton, UK
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Thank you for your attention!



