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The Physics Program
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Spear points of NUSTAR Phase 1
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* High excitation energies

« Study of exotics
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MSV and consequences for NUSTAR
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Strategy
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Definition of NUSTAR experiment phases

e Phase0

R&D and experiments to be carried out with present facilities and FAIR/
NUSTAR equipment

Phase 1

Core detectors and subsystems completed

First measurements with FAIR/Super-FRS beams

» Carry out experiments with highest visibility as part of the core program
and within the FAIR MSV

e Phase 2

FAIR evolving towards full power

Completion of experiments within MSV
> Essentially the full program of MSV can be performed

e Phase 3

Moderate projects, which have been initiated on the way (outside MSV)
can be included (e.g. experiments related to return line for rings)

 Phase 4

Major new investments and upgrades for all experiments
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R°B
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I@B Start version for Phase 0 (Status 2018)

RIB from

Super-FRS\ NeuLAND (Germany,
Russia, Netherlands):
Si tracker (UK): 1/3 ready in 2018

ready in 2018

Proton arm (Russia) :
ready in 2022

Tracking system (Germany):
Reduced start version ready in
2018

Protons
GLAD (Germany, France):

CALIFA 22 ready in 2018

CALIFA (Sweden, Spain, Germany, Russia):
Barrel without backward part ready in 2018
Frontcap missing! -> part of the program delayed
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I@B Recent Achievements

Modifications in Cave C to accomodate R*B equipment for FAIR Phase-0

» Target area (CALIFA+ LT3)

* GLAD (including Vaccuum chamber)
* NeuLAND

* Tracking detectors (beampipe)

5 experiments approved by GSI-PAC (October 2017) for realization during the
2018/2019 period (85 shifts main beam + 34 shifts parasitic beam).
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I@B Recent Achievements

* Detection set-up implementation Magnet parameters:
* Large vertical gap + 80 mrad
GLAD - High integrated field of 4.8 Tm.
* Installation in Cave C 2016/2017 Fringe field at the target position less
* First cooling down started in Spring 2017 than 20 mT
e Present status: * Operational temperature 4.6 K

v verification of the cryogenic plant parameters completed
v identification and correction of different problems (small flow)
v Some open issues are still under investigation : limit in busbar
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3B Recent Achievements

CALIFA
* Construction phase 2017
* Demonstrator (20% detector) available for Phase 0 experiments
* Barrel stage 1&2 and Endcap expected for 2020
(Nustar-R3B JINR Contract, BMBF 2017 funds, Mineco 2017 funds )
* Nov. 2017 Successful test of Barrel prototypes: Efficiency and detector response
using '°O(p,2p) in direct knematics (@ Cracow proton cyclotron

Photo Peak Eff. 40% (up to Ey=15 MeV projectile frame)
Calorimeter for HE LCP 200-700 MeV in lab system

AE/E ~5-6% (FWHM at Eg=1 MeV), ~ 3% forward

LCP resolution ~2% (stopped particles), ~ 5% (punch through)
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I{B’B Recent Achievements

NeuLAND

* NeuLAND demonstrator back from RIKEN after participation in 9 experiments,
incl. studies of light exotic systems (4n) up to EOS of heavy tin systems

* Production ongoing => version for phase 0 (130 cm active depth,
2600 channels, >40% detector)

* Series production of GSI developed NeuLAND electronics underway:
multichannel FEE card TAMEX for high-resolution time and charge
measurements

Efficiency > 90%
0.2-1.0 GeV n

Multi-hit Up to 5 neutrons

Invariant mass resolution AE < 20 keV at 100 keV above threshold

= “
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I@B Recent Achievements

Tracking detectors

* Good progress on beam and fragment tracking detectors

e Beam tracking: Improved design of LOSS detector, good performances of
SSD detectors.

* Fragment Arm: Construction of a MUSIC detector for heavy fragment
tracking before GLAD. Feasibility tests of Scintillation Fiber detectors
construction. Construction of Plastic Scintillation ToF Wall in progress.

e Proton Arm > Promising preliminary results of a Proton Arm spectrometer
(Straw tubes) PAS prototype. Complete design of scintillator-based proton-
trigger PTOF (2 layer Plastic scintillators)
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HISPEC/DESPEC
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DESPEC in 2018-2020 (phase-0)

5 Approved experiments (58 main shifts, 22 parasitic):
Focus on heavy neutron-rich nucletr ~ ....._ g
208Ph and 238U beams _

Several detector systems will be used;= * T

AIDA, FATIMA, DEGAS. g~
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Mass abundances depend
on the detailed structureof
N=126 nuclei around the
3 r-process waiting point

DESPEC will measure:
-B-lifetimes
-neutron-branchings
-strength distributions
-level structure
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DESPEC (FAIR Phase-0) campaign at other labs

FATIMA fast-timing array in GANIL and Orsay, France

AIDA implantation and decay detector
and

BELEN neutron counter

in RIKEN, Japan
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PRL 117, 012501 (2016) PHYSICAL REVIEW LETTERS

week ending
I JULY 2016

First Measurement of Several f-Delayed Neutron Emitting Isotopes Beyond N =126

R. Caballcro-Folch,1~2 C. Domingo-Pardo,l;& J. Agramunt,3 A. Algora,'?’4 F. Amcil,5 A. Arconcs,5 Y. Ayyad,6 J. Bcnlliurc,6

: et al.
Relevant for the nucleosynthesis of heavy elements
® This work o FRDM+QRPA
® Prev. Experiment A.l. Morales, et al. (2014,2015) Z E?LSJ{{CORPA
B Prev. Experiment Z. Li, et al. (1998) 0O RHB+RQRPA
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Neutron number N
BELEN neutron counter used; DESPEC experiment at GSI
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AGATA@FAIR in 2025 e

R

* 5 % I

(Advanced GAmma Tracking Array) HGHTH

45 y-array for Nuclear Physics Experiments at European accelerators
providing radioactive and high-intensity stable beams

Main features of AGATA
Efficiency: 40% (M,=1) 25% (M, =30)
today's arrays ~10% (gain ~4) 5% (gain ~1000)
Peak/Total: 55% (M ,=1) 45% (M =30)
today ~55% 40%

Angular Resolution: ~1° >
FWHM (1 MeV, v/c=50%) ~ 6 keV llI

today ~40 keV
Rates: 3 MHz (M,=1) 300 kHz (M, =30)
today 1 MHz 20 kHz

- 180 large volume 36-fold segmented Ge crystals in 60 triple-clusters
- Digital electronics and sophisticated Pulse Shape Analysis algorithms allow
- Operation of Ge detectors in position sensitive mode - y-ray fracking

= pamy
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Resolving isomers with ion motional [ wars
phases in a Penning trap

Demonstration of isomeric cleaning with the novel
phase-sensitive PI-ICR technique at JYFLTRAP.
Isomerically clean beam of 12’Cd provided to post-trap

TASISPEC decay setup. gie];:%el;/l CP with
wi
127Cd and 127mCd: ~280 keV mass delay line anode

difference (T, ~300 ms). With 250
ms excitation pattern, a maximal 180°
separation achieved.

With subsequent excitation, the state
of interest is centered while unwanted
ones are pushed further out.

1 Clean Injections: 552 12‘7 ‘ ‘ B
1o lons: 273 Cd -6
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Merging of ion beams for collinear

laser spectroscopy e [ IVERPOOL

“_
MANCHESTER
1824

The University of Manchester

5 Demonstration of simultaneously-available ion beams from
Turbo pumps two sources (off line - stable reference; on-line fission fragments)
o . o]
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First online application of LaSpec’s
new detection region

[
Photomultiplier Tube
Resonance Signal of 35Ca, taken at NSCL
Adjustable Compound
Apertures Parabolic .| preliminary

Concentrator (K. Minamisono)

Signal Rate (Photons / Scan)

Relative Frequency (GHz)

Signal recorded with =~ 25 ions/sec

GEFORDERT VOM

Elliptical Reflector HIC - P

% Bundesministerium ,,...... ematinalConer & )
72 | fiir Bildung Pl *
SFB 1245

und Forschung
DFG Deutsche
Forschungsgemeinschaft-
23
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New masses around N=82

primauryubeam

production target —— /
‘Be

FRS N
with and without  —__ -
additional By, - determination ¢ F2
S
()]
=
E_l
Ei‘:

Knobel et al. EPJ A52 (2016) 138; PLB 754 (2016) 288
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ILIMA: CsISIPHOS (heavy-ion) detector for in-ring decay

2\
. , active
TDR submitted lIso with
FAIR/NUSTAR/ILIMA/TDR/DETECTOR )hOtO_
1d A.
The ILIMA ring detector for particle
identification, life time measurement and
beam diagnostics
31 Technical Report for the Design, ESR:
- Construction and Commissioning of
‘}\ The Heavy lon Detector 6 (2016) 1
mm -~
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Tome-of-Flight detectors

N. Kuzminchuk-Feuerstein et al. NIM A 821 (2016) 160

FAIR/NUSTAR/ILIMA/IMS/TDR dual TOF-Detector system

L=221.45m )
Bp=13Tm
vi= 1.67

— o
Technical Report for the Design, Construction Ap/p - 05 A) C R
and Commissioning of the Dual TOF-Detector gx = 100 mm mrad
System for ILIMA
October 9, 2017 TOF detector (2x)
Ay

homogeneity radius
200 mm

TDR submitted

Foil diameter 80 mm
Efficiency = 98%
Timing accuracy = 35 ps

ILIMA Name E-mail

first author Natalia Kuzminchuk-Feverstein 1. kuzminchukigside
Spokesperson Takayuki Yamaguchi

Deputy Spokesperson Yuri Litvinov

Project Manager Helmut Weick

Technical director Yuri Litvinov

Work Package Leader Wolfgang R. Plass

|
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Schottky pickups

142Pm60—l— _>142 Nd60+ + v
e

49T MA97] T2 QA9TY 249N QMG a9 aaem

. Technical Re
124" harmonic of the revokution frequency (MHz) Construction ang Commissioning of the

ort for the Design

Schottky Detector System for ILIMA
F. Nolden et al., NIM A 659 (2011) 69 , _
M.S. Sanjari et al., Phys. Scr. T156 (2013) 014088 i iieti’, 2 experiments (36 shifts)
M.S. Sanjari et al., Phys. Scr. T166 (2015) 014060 approved with CRYRING
X. Chen et al., NIM A 826 (20 1 6) 39 ILIMA «pukc-‘:lj:’]:: rifﬁﬁfn :'.:izil?iij.‘_i:ailmun-uAnc.jp

ILIMA deputy spokesperson:  Yu. A. Litvinov  ylitvinoviigsi.de

| Project manager: H. Weick h.weickigsi.de r
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Super-FRS
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N=14 shell gap found from measured proton radii of
neutron-rich N-isotopes

TPC TPC TPC ol — - e e
FRS I .FJC‘. Z identification in MUSIC -
F2 - I | behind target with selection
SC music Ve music ¢ : -
of nucleus of interest in front
Bp ToF F4 of target
=
1oF | 1 O Empty target |
o ¥ E .| —— Ctarget R ..
s E L { Empty target run needed to eliminate
3 ] g0 the effects of interaction of the beam
N 6 F 1 3 .
5| | 90y from non-target material (detectors,
o 1 windows,...).
3F =
i I T T liu‘mé S PR
22 24 26 28 3 32 34 0 1
A/Q Z
2T T T T I ) @ Rpof17‘20Ngraduallydecreases.
| B Shell model calc. with WS potential |
i ¢ R, from measurements i
261 } & scattering data -1 ¢ 1ds, orbital 1s filled up, which i1s related to
0 ’ ] the decrease in deformation approaching the
e 3 i
< st i +. .- N = 14 shell closure.
e ]
24 + -+ Increase in R within the uncertainty for **N
i i results from its extended neutron density for
2 [TV TV PP IAVO TP PETT VR FORTY PRVR PR PO valence neutron in the 2s,, orbital with a
12 13 14 15 16 17 18 19 20 21 22 23 24

Mass Number (A) closed-shell core of 2IN.
|

[ [ 3 [ _
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WASA@FAIR (to be installed first at FRS-S2)

antal Setup at FRS-S2
‘AlR-Phase 0)

WASA

[ central detector 0 1
|

Hvpernuclei:

Goals:  Short lifetime of 3,H and 4,H
Solve puzzle of nnA state

Combination of WASA with FRS provides unique
setup for exclusive measurements:

FRS for high resolution spectroscopy of
forward particles

WASA for decay particles

Strangeness

— T T T T
120 150 -
_ >
2100 >
g ! 2
80 o 100
S ol =
< 60 »
2 o e |
3 40F 3 50._
© il o
20
0 Lo .. =
297298299 3_3.013.02 3.03 Psi— 296 298 3 302 304
T Tmass (GeV) *He+n- Invariant Mass (GeV)
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Super Heavy Elements (SHE):

First Spectroscopic Investigation of Nobelium (Z=102)

»d
%

JG|u

ﬁ HELMHOLTZ

| Institut Mainz

Achievements:

=» First ever successful laser
spectroscopy beyond fermium

=» Production rates: ~ 1 atom/s
=>» Overall efficiency up to 10%

=>» First ionization potential of
nobelium precisely measured

=>» Nuclear spin and moments
extracted for the isotope 2°>>No
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Funding and TDRs

Exploring the extremes with NUSTAR@FAIR
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NUSTAR — The project 1.2

Super-FRS  RIB production, separation, and identification

PSP Experiment Description

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

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

iIsomeric states

1.2.10 Super-FRS High-resolution spectrometer experiments

1.2.11 SHE Synthesis and study of super-heavy elements
1.2.8 ELISe(*) Elastic, inelastic, and quasi-free e-A scattering
1.2.9 EXL(*) Light-ion scattering reactions in inverse kinematics

(*) NESR required — alternative/intermediate “operation” within MSV under discussion.
SHE physics case to be evaluated.

Exploring the extremes with NUSTAR@FAIR 35



Evolution of NUSTAR project funding (MSV)

¥ to be assigned
Eol

B secured external

secured/expected FAIR

50

S
o

Note:
«  GLAD with final cost
UK included in FAIR

Exploring the extremes with NUSTAR@FAIR
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Cost (MEUR 2005)

DEEEEEE
11.9 9.8 7.9

6.7
10.5 104 1238

RRB1 RRB2 RRB3 RRB4 RRB5 RRB6 RRB?7

36



Status of NUSTAR experiment funding (MSV)

MEUR (2005)
10 12 14 16 18 20 22

LEB infrastructure
HISPEC/DESPEC

MATS

LaSpec

R3B

ILIMA

Status: February, 2018

Exploring the extremes with NUSTAR@FAIR
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NUSTAR experiment funding (MSV, Day one)

MEUR (2005)
10 12 14 16 18 20 22

LEB infrastructure
HISPEC/DESPEC

MATS

LaSpec

R3B

ILIMA

Exploring the extremes with NUSTAR@FAIR
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NUSTAR MSV - funding status

* funding (secured and expected) from:
(FAIR members/associates in bold face)
Australia
Belgium
Bulgaria
Canada
Finland
France
Germany
Hungary
India
Netherlands
“secured/expected FAIR Poland
Romania

Russia
“ kol Spain

“to be assigned Sweden
Turkey

Status: February, 2018 United Kingdom
Exploring the extremes with NUSTAR@FAIR
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Status Technical Design Reports (33 TDRS)

* Approved TDRs (18):
HISPEC/DESPEC (9):
AIDA, BELEN, DEGAS, DTAS, FATIMA, LYCCA, MONSTER,
NEDA, Plunger
MATS + LaSpec (1): all subsystems
R3B (7):
ACTAF, CALIFA barrel, CALIFA endcap, GLAD, R3B multiplet,
NeulLAND, Tracking detectors
Super-FRS Experiment (1):
EXPERT

+ Submitted (4):
NUSTAR DAQ (just approved!)
ILIMA — Heavy lon Detector
ILIMA — Schottky detector
ILIMA — TOF detector
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Phase 0 program (2018/19)

Approved (highest priority: A) physics experiments <2C
No commissioning, equipment development, parastic beam, SHE experiments shown. 5
E121 Measurement of the bound-state beta decay of bare %7} jons :
E127 Measurements of proton-induced reaction rates on radioactive isotopes for the astrophysical p <
process A8
S465 Dipole response of the drip-line nuclei °He and #*'0

S442 Study of multi-neutron configurations in atomic nuclei towards the drip line (a
S467 Single-particle structure of neutron-rich Ca isotopes: shell evolution along Z=20 a2

S455 Fission investigated with relativistic-radioactive beams and the advanced SOFIA@R3B setup
S447 Studies of the d+p signal and lifetime of the *AH and *AH hypernuclei by new spectroscopy N
techniques with FRS %
S474 Detector tests with the prototype of the CSC for the Super-FRS and direct mass measurements of 5
neutron-deficient nuclides below '*°Sn o
S468 Search for new neutron-rich isotopes and exploratory studies in the element range from terbium to =
rhenium N
S452 The Oblate-Prolate Shape Transition around A~190 O
S460 Investigation of 220-A-230 Po-Fr nuclei lying in the south-east frontier of the A~225 island of aa
octupole deformation CQD-*
S450 Study of N=126 nuclei: isomeric and beta decays in 220s and “®Ir [0
-
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lon
UNILAC-m
UNILAC-p

Please note that the beam time schedule is
subject to a scheduled completion of the
shutdown (including construction measures and
machine recommissioning). Delays lead directly
to shifts of the beam time schedule.

lon

Jun.

commissioning without beam

beam commissioning

ESR B Operator Training
Ton K0 UNILAC machine beam time
UNILAC-m
UNILAC-p LT SIS machine beam time
g Ton B  ESR machine beam time
Remarks:

Sep.

Nustar blocks will include the following experiments
Nustar Ag-Block:S474

Nustar Pb-Block: $452, S468, S469

Nustar C-Block: S444

Nustar U-Block: S455, S460, S473, S469

23

contact:
Daniel Severin, 2715

Version 5, 13.12.2017
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Scenario for NUSTAR Phase 0 and 1
| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Super-FRS
construction and installaton

NUSTAR caves @

NUSTAR experiments
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Conclusions

NUSTAR 1is ready to GO!

Phase 0 at GSI experiments approved for 2018-19
R3B, DESPEC, ILIMA, SuperFRS, EXL, SHE experiments at GSI

Phase 0 MATS, LaSpec experiments at’Argonne, Jyviskyla etc.

Day 1:
higher beam. mnténsities (more exotic nucler)
higher energies: high-energy reactions, ‘exotics’

Phase 1. Starts with day one and completes the proposed program.

Physics case based on uniqueness/strengths of FAIR
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Thank you!
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