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R3B Overview

Tracking 

L3T Si tracker

ACTAF 2 (1st stage)

CALIFA barrel and fwd start version

 >75% secured

 additional funding expected
GLAD

+ vacuum chamber

NeuLAND

 13 out of 30 double 

planes secured

 3 more expected

Tracking

NUSTAR-DAQ (TDR accepted 02/2018)

-Time stamps (first implementation)/local trigger logics/readout libraries

-Online analysis R³B-Root  FAIR-Root

Proton Arm

Spectrometer

Courtesy of H. Simon
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GLAD: Installation in Cave C in 2016
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GLAD Commissioning

neutrons

heavy fragments

Tracking 

Detectors

Open issues:

• Current lead foot cooling insufficient (20171115)

 new cl design

• current tests 20180222 with 3.5 kA

 outcome in agreement with calculations (cl ok !)

• Modification in Satellite foreseen (decision on new cl‘s within next week…)

• GLAD expected to be ready in Q2/2018!

February 2016

TT41aTT31a

TT36a

isolatedisolated

Not modified

Not isolated Not isolated

Not isolated

Not isolated

Not modified
Not modified

Not modified

Additonal wires
Electrical

shunt

20180208

Courtesy of H. Simon
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Target Area

Si - Tracker

CALIFA calorimeter

TARGET

Courtesy of D. Cortina
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Liquid Hydrogen Target

• Pure LH2 target for Quasi-Free scattering program at R3B

• 4 cm diameter, 1.5 to 15 cm length

• Granted by French Research Agency (COCOTIER grant, 2017)

• Construction started in Oct. 2017 at CEA/IRFU

• Ready for 2019 campaign at GSI

Needed for 2019 R3B experiments!

Courtesy of A. Corsi
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Si Tracker

Two layers of trapezoidal DSSSD with 50 mm 

stereoscopic strips:

• Inner layer:

• 6 ladders  (+ 3 spares) delivered at DL, ~3k strips 

per ladder, 300mm thick.

• Outer layer:

• 12 ladders (+ 3 spares) delivered at DL, ~4k strips

per ladder, 300mm thick.

Readout Electronics + Cables:

• Asics Readout

• All ready to mount 6 inner ladders + 

12 outer ladders
(Assembly of 2 outer ladders - 2014)

(Assembly of 6 inner ladders - 2017)

Courtesy of M. Labiche
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Si Tracker

Inner layer tests at DL:

• Test with Mixed-Alpha source is ongoing

• Resolution (FWHM) ~150 keV on short 

strips but a noise issue for longest strips 

still to be solved !

Outer layer:

• Foreseen to be assembled in March

Both layers to be tested with cosmics in March/April.

+ Still lots of fine tuning to do ….

Courtesy of M. Labiche
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CALIFA

Courtesy of J. Cederkall

Califa End-cap Phoswich Array

Intrinsic PHOSwich detectors
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CALIFA: Barrel

Full detector:

Start version:

Courtesy of J. Cederkall
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CALIFA: CEPA and iPhos

Courtesy of J. Cederkall
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CALIFA Demonstrator Experiment in Krakow

• 16O(p,2p)15N with a 

water target and

200 MeV protons

• Normal kinematics

• Measure g in 

coincidence

Silicon 

detectors

Petal 
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Target

Ground State

Excited State

Courtesy of R. Gernhäuser / B. Heiss

6.3 MeV 

(3/2-) 

SE

Condition on excited state

0.46 mm 

Diameter
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NeuLAND

double plane 11 during bar mounting

NeuLAND detector parameters:

full active detector using RP/BC408

face size 250x250 cm2

active depth 300 cm

3000 scintillator bars + 6000 PMTs

32 tons

σx,y,z ≈ 1cm & σt < 150 ps

Design goals:

>90% efficiency for 0.2-1.0 GeV neutrons

multi-hit capability for up to 5 neutrons

invariant mass resolution down to 

∆E < 20 keV at 100 keV above thr. 

Courtesy of K. Boretzky
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NeuLAND

neutrons

heavy fragments

protons

light fragments

Tracking 

Detectors

simulation prediction: reconstruction 

efficiency of the order of 20% for 3 n, 10 

% for 4 n  (600 MeV, preliminary)

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

SAT test of in-house 

developed NeuLAND

electronics underway:

• multichannel front-end 

electronic card TAMEX for 

high-resolution time and 

charge measurements

NeuLAND Phase 0 

Ok Q2-2018  

• 130 cm active 

depth

• 2600 channels     

>40% detector

Courtesy of K. Boretzky
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Status of tracking detectors
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Tracking Detectors: LOS

• Scintillator foils read out on rear surface instead of edges

• Better light collection

• Use of thin foils possible

• Better stability

D. Körper

Z separation sE < 1%

A separation st < 10ps

Rate 1 MHz
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Tracking Detectors: LOS

Correction of saturation effect of PMTs.

Walk corrections now included.

Correction for light transport (E=sqrt(E1E2)  

does not work).

Achievements with laser for illumination of 

a point / full detector: 

 Time precision of σt = 7.1 ps / 16 ps

-> σt = 6.8 ps / 8.3 ps

 Position precision σxy = 150 μm / 380 µm 

-> σxy = 150 μm / 230 µm

 Charge precision σQ = 0.12 % / 0.6 % 

-> σQ = 0.09 % / 0.1 % 

after walk

correction

Courtesy of M. Heil
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Tracking Detectors: PSP X5

• 32-strip (resistive), double-sided Si detector, 10 x 10 cm2

• All strips read out on both ends

• 1x 200um (+1x 200um + 1x 300um) detectors 

available

Z separation sE < 0.5%

Position x y sx < 100mm

Rate 0.1 MHz/strip
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Tracking Detectors: Fiber Detectors

• 1 GFI to be refurbished for 2018 experiments: new MAPMT + new 

read-out electronics (PADI + FPGA-based TDC) (GSI development)

• Various prototypes in construction/test phase:

• 50x50 cm² 500um round fiber

• 25x40 cm² 200um square fiber

• 50x50 cm² 200um round fiber

• Sensors:

• Hamamatsu H13700 16x16 

Multi-Anode PMT

• SensL 1x1 mm² SiPM
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Tracking Detectors: Fiber Detectors

• 500um round FIB: test with 90Sr source

• Collimated source scanned automatically

across detector surface

• Correlation between fiber and event no.
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Tracking Detectors: TOF Wall

• Size: 120 x 100 cm²

• Total of 176 paddles, arranged into 4 layers

• No light guide, PMT R8619 coupled directly to scintillator

• Movable holding structure to sweep TOF wall across beam

Z separation s E < 1%

A separation s t < 38 ps

Rate 1 MHz

Courtesy of M. Heil
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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

• Front-ends to be produced by PNPI

• Digitizers to be provided by GSI

Funding status:

• In-Kind contract with PNPI ready to be signed

• Sub-contract with GSI for digitizers also ready
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PASTOF

• 1 cm thick plastic scintillator, 10 cm wide, arranged in 2 layers

• Use of unused scintillator (initially for LAND) and PMTs

• Will provide trigger for PAS
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Active Target

ac t iv e t ar get -
det ec t or

beam  
heav y  r eac t ion  
pr oduc t

m agnet ic   
s pec t r om .

X, Y 
dr if t  
c ham ber

r ec oil

light  par t ic le 
det ec t or

dec ay  p

 well suited as alternative technique to EXL for:

• short lifetimes (T ≤ 1 sec)

• low RIB intensities (≤ 105 sec-1)

 advantage:

• low threshold

• high detection efficiency (rel. thick target)

Active Target: Target = Detector

Courtesy of P. Egelhof

Active Target  Type 1:                                 

 for (p,p), (α,α`). (3He,t), (d,2He) etc. measurements

Active Target  Type 2:                                 

 for  (α,α`γ) measurements

(to be used in coincidence with CALIFA)

Current status:

• TDR passed Council in 12.2017

• FAIR-PNPI In-Kind contract in preparation

• Prototype used in e-p scatt. at MAMI and m-p scatt. at CERN

• Prototype ready for FAIR phase-0
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Data Analysis and Simulation

Courtesy of H. Alvarez-Pol
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Data Analysis and Simulation

• R3BRoot: ~ 300 000 total code lines (88880 lines in implementation files, 65670 lines in header files, 

112920 total lines in C macros (mainly geo generators), 11793 lines in txt files, 20439 lines in root 

files, ...). Unpacker stage using UCESB + Readers.

• Active development in GitHub, 35 commits since July 2017 by 8 developers.

• Still many automatic procedures for calibration and parameter containers not ready for production. 

Tests required for software tools.

Courtesy of H. Alvarez-Pol



02.03.2018 |  NUSTAR Annual Meeting 2018, GSI  |  Dominic Rossi  |  28

Summary

• Minimal R3B setup is expected to be ready for start of FAIR phase-0 in 

2018:

• GLAD: crucial system for R3B operation

• CALIFA barrel: partially

• NeuLAND: >10 double-planes

• Tracking detectors: minimal set of detectors, no redundancy

• Additional systems expected to be ready for 2019:

• LH2 target

• Si tracker

• Manpower problems in all R3B Working Groups
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