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Super-FRS RIB production, separation, and identification

PSP Experiment Description

1.2.2
HISPEC/
DESPEC 

In-beam γ-spectroscopy at low and intermediate energy, n-decay, high-

resolution γ-, β-, α-, 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

1.2.6 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

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: Conceptual Design Report (CDR) in preparation.

NUSTAR – The project 1.2
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• particle identification

• time of flight (8-12 m flight path)

• deflection angle

� relativistic four momentum vectors

R³B/LAND Setup evolves to R³B/NeuLAND Setup + GLAD
(kinematically complete)
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Target detector:

• Gammas

• Recoil Protons (p,2p)

• Recoil Neutrons (p,pn)
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2 (x,y)

R3B Status NUSTAR Week 2017



New intermediate R³B setup @ Cave-C

R3B Status NUSTAR Week 2017



Schedule and first experiments

2014 Installation of 20% detectors NeuLAND and CALIFA

Commissioning run in Q3/2014

2015/16 Construction and installation of detector components

2017/18 Commissioning of R3B setup (Cave C)

2018-202x      Physics runs at GSI (Cave C) (phase 0)

202x-202x+1  Move to High-Energy Branch building

202x+1 � Commissioning and first experiments at Super-FRS

Experiments will make use of uniqueness of R3B:

- Reactions at high beam energies up to 1 GeV/nucleon

- Tracking and identification capability even for the heaviest ions

- Multi-neutron tracking capability, high-efficiency calorimeter

Experiments possible for the first time:

- 4 neutron decays beyond the drip-line and for heavier n-rich isotopes

- Kinematically complete measurements of quasi-free nucleon knockout reactions

- Electric dipole and quadrupole response of Sn nuclei beyond N=82,

and of neutron-rich Pb isotopes (polarizability, symmetry energy)

- fission barriers from (p,2p) reactions (� r-process)
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Dipole strength Distributions in 

neutron-rich nuclei (e.g. simple case 6He)

• Excitation of core vs. neutron skins / halos 
� density / asymmetry

• Heavy systems in reach (no charge states)

@ 240 A MeV

���� high energy ~1 A GeV

S. Bacca et al.
PRL 89 (2002) 052502
PRC 69 (2004) 057001
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Experiments proposed in phase-0
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First round
approval:



Components get installed
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NUSTAR Status – JSC meeting June 2017 – H. Simon

R3B (Status Phase 0)

Tracking 

Si tracker

� TDR pending

ACTAF 2 (1st stage)

CALIFA barrel and fwd

� >75% secured

� additional funding expected
GLAD

+ vacuum chamber

NeuLAND

� 13 out of 30 double 

planes secured

� 3 more expected

Tracking
R3B infrastructure

� TDR pending

Proton Arm

Spectrometer
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GSI    304  MeV/u

Yu. Aksyutina et al., 

Phys.Rev. C 87,064316 (2013)

RIKEN 69 MeV/u

Y.Kondo et al.,  

Phys.Lett. B 690, 245 (2010)

MSU   71   MeV/u

B.R. Marks et al.,  

Phys.Rev. C 92, 054320 

(2015)

GANIL 35 MeV/u

G. Randisi et al.,  

Phys.Rev. C 89, 034320 (2014)

GSI                  400  MeV/u

G.Ribeiro, PhD thesis  2015

Gamma  spectrum !

B. Jonson
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CALIFA : Calorimeter in-flight detection for γγγγ-rays and LCP

Design dominated by the kinematics of particles emitted by relativistic sources

Detector split in two sections : BARREL and ENDCAP
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TDR's  approved 2013 and 2015

Intrinsic photopeak efficiency 40% (up to Eγ=15 MeV PF)

Gamma sum energy resolution
D(Egsum)/<(Egsum)> 

< 10% for 5 γ rays of 3 MeV

Calorimeter for high energy

LCP

Up to 320 MeV in lab system

Gamma energy resolution ~5-6% (FWHM at Eg=1 MeV)

LCP resolution ~2%

Proton-g ray separation For 1 to 30 MeV

USC-IEM

UVigo

GSI-TUM

EMMI-TUD

Chalmers

Lund
CFNUL JINR 

NRC

Physics imposes the scientific requirements
•Huge dynamic  range
100 keV γ-rays – 700 A MeV charged particles
•high efficiency, good resolution
•high granularity � Doppler correction
•particle identification 

D. Cortina
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CALIFA : Calorimeter in-flight detection for γγγγ-rays and LCP
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2464 units

Polar angle 20-1400

LaBr/LaCl+PM

• CsI (Tl) range between 15-22 cm long

• Packed in groups of four (VM2000  and Carbon fiber) 

• APD collecting area 10x20 mm2

• LaBr 6 cm  and LaCl 8 cm long

• Packed in groups (Al cane) 

• PM 1.5 ¨ diameter

96 units

Polar angle 7-200

• Good ∆E/E   ~6% @ 1 MeV for g 
and 2 % for p up to 320 MeV

• PID and E determination based on 
two different intrinsic times of CsI

up to 700 MeV ∆E/E ~ 5%
• Background rejection 

CsI(Tl)+LAAPD

• Very good ∆E/E ~  3% @ 662 keV
for γ 

• E determination based on two 
different  time decay of LaBr/LaCl

∆E/E ~ 5%
• Good timing
• Background rejection
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CALIFA : CEPA4 Prototypes
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CALIFA : Calorimeter in-flight detection for γγγγ-rays and LCP

�Preamplification for the CsI(Tl) : mounted

directly at the detector level (optimized for low

noise and low power consumption and simple 

mechanical access)

�Digitizers modules located on the movable

support of the detector. They perform full signal

processing and provide buffer memory for an

asynchronous data collection.

�DAQ based on MBS and GOSIP protocol.  
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CALIFA : Calorimeter in-flight detection for γγγγ-rays and LCP

Full detector:

The construction of 12 petals (~ 768 Barell detection channels) is foreseen to be

completed within 2017

R3B Status NUSTAR Week 2017

Support structure

not yet funded
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R3B – CALIFA funding status

secured 
int

74%

EoI 
Germany

15%EoI int
11%

CALIFA fwd endcap

secured 
Germany

38%

EoI 
Germany

11%

secured int
51%

CALIFA barrel stage 1+2

Forward endcap

iPhos (Germany, Russia, Spain)

Forward endcap

CEPA (Sweden)

Barrel stage 1+2

(Germany, Spain,

Sweden)

additional funding

from Germany 

expected (BMBF-VF)

214 kEUR

246 kEUR
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R3B – CALIFA funding status

Endcap Front view Barrel Azimuthal section

Funded

EoI

to be assigned
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The R
  
 

The R3B-UK Collaboration:

University of Birmingham

University of Edinburgh

University of Liverpool

University of Surrey

STFC Daresbury Laboratory

STFC Rutherford Appleton Laboratory

The R3B Si Tracker

12C

beam

400MeV/A

R3B Status NUSTAR Week 2017

δe-

132Sn

beam

400MeV/A

(p,2p) kinematics

Challenging

background contribution
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12C(p,2p)11B
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Si-tracker (UK, fully funded) in laboratory tests 

Electronics 

rack
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7H ↓ and 4n →

p(8He,pp)7H

61.3 AMeV

PRL90(2003)082501

PRL 99 (2007)

062502

12C(8He,7-5H   �3H + x)13N
15.4 A MeV

EPJA 32
(2007) 261

2H(8He,3He )7H

42 A  MeV

PRC81 (2010) 
064606

• Improvement
by exclusive
measurements

K. Kisamori et al.
4He(8He; 8B)   
@ 186 MeV/u

PRL 116 (2016) 052501 

4n@100keV

600 A MeV, 35m

>60% 4n recog.

NeuLAND Simul.

• Missing mass analysis
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Novel Neutron Detector: NeuLAND

Fully active neutron detector based on scintillators 

(calorimetry & tracking)

30 double planes

2 x 50 paddles each

5 x 5 x 250 cm³

RP408 / R8619ASSY

FPGA TDC readout

Previously < 50%

Previously <5%  !

K. Boretzky

� 4/5n decay

channels in reach
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• NeuLAND demonstrator (40 cm depth with only
4 double planes and 800 readout channels)  at RIKEN 
up to end of 2017, participation in various beam 
times

• at GSI continuation of production (4 more double 
planes ready), production scheme dominated by
funding profile, 13 out of 30  d.p. in 2018

•

Experimental equipment on the way …

NEBULA

NEULAND

SAMURAI

March 2015

4 double planes @ RIBF

… e.g. to RIKEN

See talk of

D. Rossi
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Next Step: Novel neutron detector for R³B
- NeuLAND demonstrator performance 

6 Double planes in test (August and October 2014) 
(full detector 30)

HV system

PNPI: Site Acceptance Test

week before X-Mas 2014

FPGA TDC 

based

Readout 

Electronics

Bar number

Neutron hit patterns in 4 double planes

T
im

e
 d

if
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2
P

M
T
s

1st

dpl

2nd

dpl
3rd

dpl

4th

dpl

Timeresolution : 140 ps (σ) Timeresolution : 140 ps (σ) 
Improve multi neutron detection

efficiency down to low energy
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Preparations for 2018ff
- NeuLAND demonstrator back at GSI 

20170921 Return from RIKEN via FRA to GSI
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R3B – NeuLAND funding status

secured 
Germany

44%

EoI 
Germany

14%
secured int

15%

EoI int
24%

to be 
assigned

3%

NeuLAND stage 1+2

• 13 out of 22 double planes for NeuLAND
stage 1+2 funded

• 3 more double planes expected from

German funding (BMBF-VF)

Full system = 30 double planes
• 2 x 50 paddles each
• 5 x 5 x 250 cm³
• RP408 / R8619ASSY
• FPGA TDC readout

503 kEUR
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Large-acceptance superconducting 
dipole magnet GLAD ���� System study for FAIR

Magnet parameters:

• Large vertical gap ± 80 mrad

• High integrated field of 4.8 Tm

• Fringe field at the target position less 

than 20 mT

• Operational temperature 4.6 K

• The overall size of the conical cryostat: 

3.5 m long, 3.8 m high and 7 m wide.

Challenging Magnet design:

• Collaboration CEA Saclay/GSI

• Tilted coils, ironless design

• Correction Coils

• Lightweight design 

• Indirect coil cooling 

• Thermosyphon cryo distribution
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All Infrastructure and magnet installed 2013-2016 
Commissioning started
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Status in brevity .....

Cooling
down 
(since 06/2017)

Coils have 
all been 
superconducting

Busbars still to
be commisioned

Revision 11/2017
New cooldown

12/2017 



Tracking detector overview

LOS PSP

FIB (3x) TOFD

PAS PASTOF

T

GLAD

Possible tracking 
detector configuration

+ small FIB 
for high-rate 
exp.

D. Rossi TU-Darmstadt 



New LOS detector (Start detector) 

• PMTs not at the side but on top of scintillator.

• This leads to more light for thin foils.

• Easy way to hold thin scintillator foils.

• Measurements with laser ongoing (position and time resolution).

GSI



FIB prototype 3

GU Frankfurt / GSI



Performance goals:

• Time resolution  σt/t = 2E-4 

(⇔ σt =20 ps for 20 m flight path at 1 AGeV)

• Energy resolution σE /E = 1%

• High-counting rate capabilities (~1 MHz) 

• Large dynamic range (up to Pb-U).

• FPGA based TDC readout (∆E via ToT Techniques)

Detector

layout

Prototype 

studies

@ Cave-C

08/2014

10/2014

Excellent time

and energy

resolution at

high rates

ToF wall 

• Size: 120 x 100 cm2

• No light guide, PMT R8619 coupled 

directly to scintillator

GSI  M.Heil



Front-end electronics

HV & Gas supply

The first plane (x) will contain 

mylar or kapton straws, all others 

will be thin Al tubes.

Proton Arm Spectrometer 

Efficiency
500-1000 MeV p 

>95%• Large area detectors:  2.1 x 1.0 m²

• 2000 straws of 10 mm diameter

• 4 planes, 2 x, 2 -y-oriented. 

Read-out

• Basic requirement: TDC with time resolution 

better than 1 ns 

• Must fit into R3B DAQ concept � GSI 

developments

PNPI Gatchina



R3BRoot: Simulation and Data Analysis for R3B

R3BRoot inherits basic framework functionality from

FairRoot, extending it with all R3B-specific detectors

and their reconstruction algorithms.

R3BRoot has a modular design with shared libraries, 

which are loaded on demand.

The simulation part is based on the Virtual Monte 

Carlo (VMC) concept using Geant4 and Geant3.

A flexible scheme using UCESB for the data 

unpacking and sorting allows a modular construction 

and makes possible online extensions.

It also includes parameter handling, event display, 

ROOT file and data management...

R3B Status NUSTAR Week 2017
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R3BRoot: Simulation and Data Analysis for R3B

R3BRoot management and development tools:

GitHub version control repository:

https://github.com/R3BRootGroup/R3BRoot

Instructions, documentation, howto’s, …

https://www.r3broot.gsi.de/

Automatic compilation and benchmarking:

https://cdash.gsi.de/CDash/index.php?project=R3BRoot

Activity tracker, calendar, issues, for developers (redmine):

https://www.r3broot.gsi.de/redmine/projects/r3broot

FORUM. The main discussion and information reference:

https://forum.gsi.de/index.php?t=index&cat=40&
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Toolchain:  R3BRoot  UCESB  Nustar DAQ 

R3BRoot describes the simulation and performs the analysis of the following detectors (Aug 17):

R3B Status NUSTAR Week 2017

… � Nustar DAQ TDR just
in the last step of being accepted
(Q3/2017)

UCESB versatile unpacking tool

http://fy.chalmers.se/~f96hajo/ucesb/



GSI Helmholtzzentrum für Schwerionenforschung GmbH R³B Status Report

Summary

FAIR construction !

• Phase-0 physics
program (@GSI) for R³B

viable and in preparation
���� GPAC just passed

• All major components

become operational

• Switching to operation mode

• Essential to keep collaborating

institutes active
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