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NUSTAR — now and future
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NUSTAR — on paper

Eosdpe Super-FRS  RIB production, separation, and identification

HISPEC/ In-beam y-spectroscopy at low and intermediate energy, n-decay, high-
1.2.2 :

DESPEC resolution y-, B-, a-, p-, Spectroscopy
1.2.3 MATS In-trap mass measurements and decay studies
1.2.4 LaSpec Laser spectroscopy
1.2.5 R3B Kinematical complete reactions with relativistic radioactive beams
126 ILIMA Large-scale scans of mass and lifetimes of nuclei in ground and

Isomeric states
1.2.10 Super-FRS  High-resolution spectrometer experiments
1.2.11 SHE Synthesis and study of super-heavy elements
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NUSTAR — very active

22 proposals 10 proposals 3 proposals 14 proposals 6 proposals
A: 5 (+3 dev.) A: 4 A:1 A: 4 (+3 dev.) A:5
A-:1 A-:1 A-:1
SIS shifts: SIS shifts: SIS shifts: SIS shifts: UNILAC shifts:
108 (main) 108 (main) 6 (main) 73 (main) 232 (main)

30 (second.) 18 (second.) 46 (second.) 149 (second.)

UNILAC shifts:
27 (second.)

NUSTAR: 19 A ratings
SIS beamtime shifts: 295 (main) + 94 (second.)
UNILAC beamtime shifts: 232 (main) + 176 (second.)



NUSTAR —in , real live“

MATS/
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‘ NUSTAR — HISPEC/DESPEC

SPEC .r NUSTAR

Super-FRS
Experiment

HISPEC: High-Resolution In-flight SPECtroscopy
DESPEC: DEcay SPECtroscopy
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NUSTAR — HISPEC/DESPEC
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SPEC ,.r NUSTAR

NUSTAR — HISPEC/DESPEC

First “rea
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DeSpec experiment
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\
"aﬂfffi NUSTAR — MATS+LaSpec

HISPEC/
DESPEC

Super-FRS
Experiment

MATS: Measurements with an Advanced Trapping System
LaSpec: Laser Spectroscopy of short-lived nuclei at FAIR



MATS

Aiming at single-ion super sensitivity
* |dea: measure mass of unknown ion via
guantum logic techniques with 9°Ca* sensor ion

« optical detection using a laser-cooled 4°Ca* ion

* motional and internal frequency measurements
through 397-nm photons.

« status: axialization (squeezing the radial motion)
accomplished in a 7-tesla Penning trap

Vre = V. (4°Ca*)=2.689 MHz.

¢ | (Unresolved) ion " -

“crystal
l 3" o

M. Gutiérrez et al., New J. Phys. 21 (2019)
D. Rodriguez and the TRAPSENSOR collaboration

RF ON

NUSTAR — MATS

Towards single-ion mass measurements

Signal in dB

=105

electronic detection circuit with quartz resonator

proof-of-principle mass measurement of 206-207pp
with TRIGA-TRAP

sensitivity: tens of ions with prototype at room
temperature

206ph resonance detected with quartz resonator

1107
1157

1207

-125 i T T T T T T T T T T T T T T T T T T ]
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Frequency in Hz

S. Lohse et al. Rev. Sci. Instrum. 90, 063202 (2019)
S. Lohse, D. Rodriguez and the TRIGA-TRAP collaboration



NUSTAR — LaSpec

Current

465F data

FAIR
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Nuclear shape evolution and shape coexistence in Zr and Mo

isotopes

Pankaj Kumar®!, Virender Thakur', Smriti Thakur', Vikesh Kumar’,

Shashi K. Dhiman?

!Department of Physics, Himachal Pradesh University, Summerhill, Shimla 171005, India

76 80 B34

FAIR

arXiv:2007.07491v2 (July 2020)



R3B NUSTAR — R3B

MATS/
LaSpec ¢

¥ HISPEC/
DESPEC

Super-FRS
Experiment

R3B: Reactions with Relativistic Radioactive Beams



NUSTAR — R3B
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RB NUSTAR — R3B holi

S467 Single-particle structure of n-rich Ca: shell evolution along Z=20

Goal: probe the quenching of spectroscopic factors as a function of isospin
asymmetry, and establish the evolution of the shell structure at Z=20 and around
N=28,30 and towards N=32

86Kr @ 580 MeV/u Preliminary (online) results
Excellent performance of gas- Excellent CALIFA performance in a huge dynamic range
tracking detectors (PID) 47K (p,2p)*eAr p-p correlation

Mean 84 68

30 Std Dev  20.08
£ 1140 keV state

1570 keV state

12E- 2322 keV state

1 120
oy + B, (deg)



NUSTAR — ILIMA

MATS/
LaSpec

P HISPEC/
DESPEC

Super-FRS
Experiment

ILIMA: Isomeric Beams, LIfetimes and MAsses



NUSTAR — ILIMA

E121: Bound-state beta decay of 29°TI8* jons

The half-life of secondary ions of about 100 d is addressed
Successful production and separation in the FRS
Successful cooling and accumulation in the ESR
Breeding times of up to 10 hours
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FAIR



NUSTAR — Super-FRS

MATS/

P HISPEC/
DESPEC

Super-FRS
Experiment

FRS: Fragment Separator



NUSTAR — Super-FRS

Super-FRS

NUSTAR caves

civil construction

NUSTAR experiments

construction/operation ,outside” FAIR (GSI and ext.)

Phese 0



NUSTAR — Super-FRS o

High-resolution spectrometer experiments at the
border line of nuclear, atomic and hadron physics

Physics Letters B 807 (2020) 135565

Contents lists available at ScienceDirect

FRS lon Catcher (2020)

Physics Letters B

sl

o A BT
ELSEVIER www.elsevier.com/locate/physletb

Study of A excitations in medium-mass nuclei with peripheral heavy m

ion charge-exchange reactions s

J.L. Rodriguez-Sanchez a.b.ck J. Benlliure ", I. Vidafia ¢, H. Lenske®, C. Scheidenberger©,
]J. Vargas 1, H. Alvarez-Pol %, ]. Atkinson®, T. Aumann®', Y. Ayyad®2, S. Beceiro-Novo??,
K. Boretzky©, M. Caamafio *®, E. Casarejos ¢, D. Cortina-Gil*-®, P. Diaz Fernindez ?,
A. Estrade ™4, H. Geissel ¢, E. Haettner %, A. Keli¢-Heil ¢, Yu.A. Litvinov %, C. Paradela®”,
eelf D. Pérez-Loureiro?, S. Pietri®, A. Prochazka®, M. Takechi©®, Y.K. Tanaka®', H. Weick®,

L. J.S. Winfield©

o |

Cryogenic Stopping Cell Prime example for
High-level publications in conjunction with theory

at FRS...



NUSTAR — SHE

Linearbeschleuniger Ringbeschleuniger
UNILAC s1518

lonenquell =t

3

— ' x : ; Fragmentseparator
/ FRS

Experimentier- und
Speicherring ESR

Experimentier- und

Hauptkontrollraum Speicherring CRYRING

Experimentierhallen

100 Meter

SHE: Super Heavy Elements

FAIR

TASCA
2019/20




NUSTAR — SHE =

2019/20

Element 114 (flerovium) U310
First nuclear structure studies of even-Z element near the island of stability

March 2, 2020, 08:55

ER | 33k "\'1:35' 3 e+ 32 candidate decay chains observed at TASCA with
2(1476138)3 E 0 - upgraded TASISpec detector setup
- hel 3 | ]
288 © . .
1 Z 393 « new isotope 22°Ds observed via 224Cn a branch,
2iams =3k B providing first Q -sequence across Z=114 [1,3]
CZZP S 9.33(1) o
n — . . .
© 4 2 ot o excited 0 state in 282Cn: shape coexistence [1,3]
518us @ OKF[141\+ 27 . . .
Fona| & e nuclear structure information via a-decay fine
0 .
sF_4 0 20 40 60 structure along 289Fl chains [2,3]
Time (us)
Experiment U310 [1] A. Sdmark-Roth et al., PRL, in press.
D. Rudolph et al. [2] D.M. Cox et al., PRL, in preparation.

(Lund University) [3] A. Samark-Roth et al., PRC, in preparation.



NUSTAR — nutshell FAIR

DESPEC
Phase 0 Super-FRS Experiment

\_FJJ:
":" < Phase 1
Very broad physics program o —
Large variety of methods and approaches [tfssoe

Very active with forefront physics in FAIR-Phase O

On track for phase 1!
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