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Detector R&D for R3B
Relativistic Neutron Detector based on tRPCs

2015 JINST 10 C02034

b)

a)

Figure 1. a) A sensitive module consists of a plastic (PMMA) tight box enclosing the HV and glass elec-
trodes. b) Detail view of one of the gas tight box corner showing the HV electrode (black surface), glass
electrodes and spacers to hold the stack inside the box.

and the glass and High Voltage (HV) electrodes. Inside this box, the gas gaps, are defined between
2.85mm thick float glass1 electrodes of about 2000×500 mm2 separated by 0.3mm nylon mono-
filaments. The HV electrodes, made up of a resistive surface layer2 are applied to the outer glass
surface with airbrush techniques. The plastic box is only equipped with feed-throughs for gas
and HV.

A RPC layer is composed of two identical sensitive modules, read out by a pick-up electrode,
made from FR4 Printed Circuit Board (PCB) with a thickness of 1.5mm, equipped with 15 copper
strips, 29mm wide and spaced at a pitch of 30mm, located between the modules. Each layer is en-
closed in an aluminum case to guarantee the electromagnetic isolation from the environment. The
prototype consists of four of such RPC layers, L1, L2, L3 and L4 (see schematic illustration in fig-
ure 2.a.) Half of the layers, L1 and L2, are built from modules with two gaps (4 gaps in total), while
L3 and L4, are built from modules with five gaps (10 gaps in total), all in multigap construction [5].
They are operated in the vertical position (see figure 2.b) with a non-flammable gas mixture com-
posed of 90% C2H2F4 and 10% SF6, under a continuous gas flow of 15 cm3/min/module and at a
pressure slightly under atmospheric pressure to define correctly the gap width.

The 60 strips of the prototype are read out at both ends by timing Front End Electronics (FEE)
with a timing accuracy of approximately 40 ps sigma [6]. The later, together with the corresponding
Low Voltage Power Supply (LVPS) and service boards [7, 8] were borrowed from the RPC-TOF
Wall [9] group of the HADES collaboration [10].

The Data Acquisition System consists basically of a TRB (Trigger Readout Board) [11], while
data gathering is performed by standard HADES event builder software. Additionally, the RPC
DAQ has been synchronized with the MBS-based (Multi Branch System) [12] NeuLAND DAQ by
means of a synchronization message from a VOLUM4 [13] module to the TRB. This allows the
offline synchronization of both data streams for later data analysis.

1Bulk resistivity of approximately 1012Ω cm at 25◦C.
2Based on an artistic acrylic paint.
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Figure 2. a) Schematic of the prototype consisting in four RPC layers. L1 and L2 (4-gaps RPC), are built
from two sensitive modules with two gaps, while L3 and L4 (10-gaps RPC) are built from two modules
with five gaps, all in multigap construction. b) RPC prototype standing up in the vertical position in the
experimental hall.

Per layer, the prototype measures the following quantities: the time (calculated as average of
times at both ends of the strip with highest charge corrected by charge and position walks), position
along the strips (calculated as difference of times at both ends of the fired strips), position across
the strips (calculated as mean of the position of the fired strips weighted by charge) and depth of
interaction (calculated as the fired layer). In order to provide an accurate timing from the prototype,
a precise calibration of the individual time of each strip was performed.

Figure 3 shows the response of the prototype to 800MeV protons (1.75 times more ionizing
than Minimum Ionizing Particles (MIPS)) as a function of the HV/gap. This figure is a compilation
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Figure 3. Prototype characterization a) mean charge, b) cluster size, c) efficiency and d) timing resolution
as a function of the HV/gap for 800MeV protons. Compiled from [14].
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Tested at GSI
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Table 1. Time of flight jitter between the POSI detector and the ith RPC layer, σ(nTOFi), and the different
contributions for the four energies and two distances L measured, σ(Tn(En,L)), σ(TPOSI) and σ(TRPCij).

Deuteron L σ(nTOFi) σ(Tn(En,L)) σ(TPOSI) σ(∆(TRPCi j))/
energy

√
2

i= 1 i= 2 i= 3 i= 4 i j = 1,2 i j = 3,4
(AMeV) (m) (ps) (ps) (ps) (ps) (ps) (ps) (ps) (ps)
1500 6.03 337 338 274 255 165 91 150 143
800 6.03 482 473 438 405 391 171 178 138
500 6.03 733 680 635 668 709 226 176 148
300 6.03 1247 1331 1151 1194 1298 221 159 131
1500 12.97 473 514 371 368 355 84 152 144

of the distance L for 1500AMeV. The agreement between σ(nTOF10−G) and σ(nTOF10−G)cal
in figure 7.a is quite good pointing to the contribution of the RPC is at a level of 140 ps indepen-
dent of the energy of the neutron (average values of all σ(∆(TRPC34))/

√

(2) from table 1). The
extrapolation of the σ(nTOF10−G) at L = 0, σ(Tn(En,0)) = 0, taken from figure 7.b, dashed line,
is 173 ps, that when subtracted quadratically the contribution of the POSI detector gives a value for
the σ(TRPC10−G) of 147 ps.

5 Conclusions

A prototype composed of four resistive plate chamber layers has been exposed to quasi-
monoenergetic neutrons produced from a deuteron beam of varying energy (300 to 1500AMeV).
Each RPC layer, with an active area of about 2000× 500 mm2 is made of modules built entirely
from float glass electrodes. The particular aspect of this concept is that the glass electrodes that
define the gas gaps within the RPC act also simultaneously as converter material to detect the re-
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Figure 7. Time of flight jitter between the POSI detector and the average of 3th and 4th RPC layers
σ(TRPC10−G) a) as a function of energy, with the RPC at 6.03m from the target, together with the three main
contributions, and b) as a function of distance for a 1500AMeV deuteron beam. The error bars correspond
to 95% confidence interval.
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Built in Coimbra 𝜎(TRPC) ~ 150 ps

A. Blanco et al. , JINST 10, C02034 (2015)
J. Machado et al. , JINST 10, C01043 (2015)
J. Machado et al. , JINST 8, P07020 (2013)
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Exploring the extremes with NUSTAR@FAIR 

Ground-breaking ceremony, July 4 

19 

Events 

adopted from N. Kalantar
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Exploring the extremes with NUSTAR@FAIR 21 
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Exploring the extremes with NUSTAR@FAIR 

G-PAC meeting, September 19-21 

22 

Events 

Granted Proposals (G‐PAC43, 19.‐21. September 2017) (category A) Ranking:

(26.9.2017) A  granted

S CRYRING standalone

main parasitic main parasitic

ESR / CRYRING

E138 CRYRING Weber, Günter  Helmholtz‐Institut 
Jena
Fröbelstieg 3

Lestinsky, 
Michael 

The Ground‐State Lamb Shift in the Heaviest Hydrogen‐like Ion (U91+): 
High Resolution X‐ray Spectroscopy at the CRYRING electron cooler 

54  ‐ 2018 /19 A 39 0

E137 ESR  Braeuning‐
Demian, Angela

GSI, Planckstrasse 
1
64291 Darmstadt 

Braeuning‐DemianEnergy determination of the 1s2 2s1/2 → 1s2 2p3/2 radiaƟve 
transition in Li‐like uranium ions via resonant coherent excitation in 
crystal

18  ‐ 2018 A 18 0

E129 CRYRING Rothhardt, Jan Institute of Applied  Lestinsky, 
Michael 

Photoionization of C+ ions at CRYRING  30  ‐ 2018 /19 S

E130 ESR  Quint, 
Wolfgang

GSI Litvinov, Yury  Cooling and precision spectroscopy of 209Bi82+ ion ensembles with the 
ARTEMIS and SPECTRAP experiments at the HITRAP facility 

30  ‐ 2018 /19 A 10 0

E128 ESR  Nörtershäuser, 
Wilfried

Technische 
Universität 
Darmstadt

Litvinov, Yury  Dielectronic Recombination‐assisted laser spectroscopy: A new tool to 
investigate the hyperfine‐puzzle in Bi80+,82+ 

30  ‐ 2018 /19 A 10 0

E131 CRYRING Schippers, 
Stefan

Justus‐Liebig‐UniverLestinsky, 
Michael 

Precision collision spectroscopy of Be‐like ions at the CRYRING@ESR 
electron cooler 

27  ‐ 2018 /19 A 27 0

E132 ESR  Hagmann, 
Siegbert 

GSI Litvinov, Yury  Electron Emission following 1s Adiabatic Ionization and Quasi‐
resonant 1s‐1s Charge Transfer in Symmetric Heavy‐Ion Atom 
Collisions 

48  ‐  2018 A 48 0

E121 ESR Litvinov, Yuri GSI Darmstadt  Litvinov, Yuri Measurement of the bound‐state beta decay of bare 205Tl ions  21  ‐ 2018 A 21 0

E127 ESR Reifarth, Rene Uni Frankfurt Litvinov, Yury  Measurements of proton‐induced reaction rates on radioactive 
isotopes for the astrophysical p process 

45  ‐ 2018 /19 A 15 0

303,0 0,0 granted (A): 188,0 0,0
SIS18
HADES / CBM 
S471 SIS18 Herrmann, 

Norbert
Physikalisches 
Institut
Raum 1 107

Sturm, Christian  mCBM @ SIS18 ‐ A CBM full system test‐setup for high‐rate nucleus‐
nucleus collisions at GSI / FAIR 

6 81 2018 /19 A 6 81

S477 SIS18 Stroth, Joachim in house room in KBPietraszko, Jerzy  Properties of hadron resonances and baryon rich matter  177  ‐ 2018 A 88 0

183,0 81,0 granted (A): 94,0 81,0
NUSTAR: R3B 
S444 SIS18 Gernhäuser, 

Roman
TU‐München
Physik‐Department 
ZTL 

Simon, Haik R3B ‐ 2018 COMMISSIONING (CALIFA, L3T, GLAD, NeuLAND & 
Tracking) 

25 5 2018 A 16 19

S465 SIS18 Aumann, 
Thomas

TU Darmstadt
Inst. für Kernphysik
Schlossgartenstr. 9

Simon, Haik Dipole response of the drip‐line nuclei 6He and 22,24O  39  ‐ 2018 /19 A 12 0

S442 SIS18 Sorlin, Olivier  GANIL, 15 Bd Henri  Simon, Haik Study of multi‐neutron configurations in atomic nuclei towards the 
drip line 

22  ‐ 2019 A 22 0

S467 SIS18 Paschalis, 
Stefanos

University of York, USimon, Haik Single‐particle structure of neutron‐rich Ca isotopes: shell evolution 
along Z=20 

14  ‐ 2019 A 14 0

S455 SIS18 Taieb, Julien CEA DAM IdF
Bruyeres le Chatel
92297 Arpajon

Simon, Haik Fission investigated with relativistic‐radioactive beams and the 
advanced SOFIA@R3B setup 

30 15 2018 A 21 15

130,0 20,0 granted (A): 85,0 34,0
NUSTAR: S‐FRS
S447 SIS18 Saito, Takehiko  GSI, Planckstrasse 1,Scheidenberger, 

Christoph
Studies of the d +S‐ signal and lifetime of the 3/H and 

4
/H hypernuclei 

by new spectroscopy techniques with FRS 
36  ‐ (18) 2019 A 27 18

S474 SIS18 Plass, Wolfgang GSI Helmholtz CentrScheidenberger, 
Christoph

Detector tests with the prototype of the CSC for the Super‐FRS and 
direct mass measurements of neutron‐deficient nuclides below 100‐
Sn 

21  ‐ 2018 /19 A 21 0

S468 SIS18 Pietri, Stephane GSI Scheidenberger, 
Christoph

Search for new neutron‐rich isotopes and exploratory studies in the 
element range from terbium to rhenium 

27  ‐ 2018 A 14 8

S469 SIS18 Purushothaman
, Sivaji 

GSI 
Helmholtzzentrum 
für

Scheidenberger, 
Christoph

Accurate slowing‐down measurements of heavy ions in gases and 
solids in the kinetic energy range of (30 to 300) MeV/u with the high‐
resolution magnetic spectrometer FRS

9 18 2018 A 0 12

93,0 18,0 granted (A): 62,0 38,0
NUSTAR: DESPEC
S452 SIS18 Witt, Waldemar  Gerl, Jürgen The Oblate‐Prolate Shape Transition around A~190  48  ‐ 2018 /19 A 24 0

S460 SIS18 Morales López, 
Ana Isabel 

Instituto de Física 
Corpuscular (CSIC‐
Universitat de 

Gorska‐Ott, 
Magdalena 

Investigation of 220‐A‐230 Po‐Fr nuclei lying in the south‐east frontier 
of the A~225 island of octupole deformation 

16  ‐ 2018 /19 A 16 0

S450 SIS18 Podolyak, Zsolt Department of 
Physics
University of 

Gorska‐Ott, 
Magdalena 

Study of N=126 nuclei: isomeric and beta decays in 202Os and 203Ir  18 6 2019 A 18 6

S470 SIS18 Pietri, Stephane GSI Gerl, Jürgen Test of an HISPEC TEGIC detector for Low Energy Branch experiments 0 6 2018 A 0 6

S451 SIS18 Katrik, Peter GSI
Planckstrasse 1
64291 Darmstadt

Scheidenberger, 
Christoph

Depth profiling of activity induced by lost heavy ions  0 10 2018 /19 A 0 10

82,0 22,0 granted (A): 58,0 22,0
UNILAC / SHE
U308 UNILAC Yakushev, 

Alexander
GSI 
Helmholtzzentrum 
für 

Yakushev, 
Alexander

First chemical study of element 113 behind TASCA  84 72 2018: 72 
paras. 
beam;

A 84 72

U310 UNILAC Rudolph, Dirk Department of 
Physics
Lund University

Yakushev, 
Alexander 

Spectroscopy of Flerovium Decay Chains & Discovery of 290Fl 75 24 2018 /19 A 42 24

U312 UNILAC Block, Michael GSI Block, Michael Direct mass measurements and investigations of isomeric states in Lr 
and Rf isotopes around the deformed neutron shell closure at N = 152 
with SHIPTRAP 

42 30 2018 /19 A 42 30

U313 UNILAC Laatiaoui, 
Mustapha 

KU Leuven, IKS, 
Celestijnenlaan 
200d, 

Block, Michael Laser spectroscopy of nobelium and lawrencium  84  ‐ 2018 /19 A 84 0

U314 UNILAC Raeder, 
Sebastian

GSI 
Helmholtzzentrum 
für 

Block, Michael  High‐resolution laser spectroscopy of nobelium isotopes and isomers  42 21 2019 A 42 21

U316 UNILAC Kraft‐Bermuth, 
Saskia

I.Physics Institute
Justus‐Liebig‐
Universitaet

Gerl, Jürgen Test of calorimetric low‐temperature detectors (CLTDs) for detection 
of HI at low and inter‐mediate ion energies for application in NUSTAR 

 ‐ 27 2018 /19 A 0 27

327,0 174,0 granted (A): 294,0 174,0

CRYRING standalone: 
30

Ranking
Shifts recommendedShifts requested Beam time 

preferred in
Proposal 

ID
Accelerator Spokesperson Affiliation

Local Contact 
Person

Proposal Title

Proposal for experiments at 
SIS18 during FAIR Phase-0 

 
The HADES Collaboration   
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Halo nuclei
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11Be

Cluster structure + halo particle(s)
Extended mass distribution

Low separation energy (< 1 MeV)
Low angular momentum state (s-wave)
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Halo nuclei: 11Be & 15C
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Sn (MeV) g.s.  
(Jπ) g.s. conf.

11Be 0.5 1/2+ α[10Be(0+) ⨂ 1ν (2s1/2)] ⊕ 
β[10Be(2+) ⨂ 1ν (1d5/2)]

15C 1.2 1/2+ 14C(0+) ⨂ 1ν (2s1/2)

Suitable cases for the verification of the reaction mechanism 
studying its break-up on a proton target at relativistic energies

11Be

U. Datta Pramanik et al., Phys. Lett. B 551, 63 (2003)

15C
J. A. Tostevin et al., Phys. Rev. C 66, 024607 (2002)

T. Nakamura et al., Phys. Rev. C 79, 035805 (2009)

T. Aumann et al., Phys. Rev. Lett. 84, 35(2000)

J. A. Tostevin et al., Phys. Rev. C 66, 024607 (2002)

N. Fukuda et al., Phys. Rev. C 70, 054606 (2003)
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Nucleon knock-out contributions
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Motivation S393 experiment at GSI Analysis Results Conclusions

Study of the 1-n halo nucleus 11Be

11Be(p,pn)10Be
Study the knockout of valence and inner shell

neutrons.
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S393 Experiment @ GSI
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11Be(p,pn)10Be
Motivation S393 experiment at GSI Analysis Results Conclusions

Cross Sections

 (MeV/c)yP
-400 -300 -200 -100 0 100 200 300 400

 (m
b/

(M
eV

/c
))

y
/d

P
σd

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8  = 32.0 mbVa
theoσ

 = 23.3 mbIn
theoσ

 = 55.3 mbtheoσ

Particle Inclusive Knockout

 (MeV/c)yP
-400 -300 -200 -100 0 100 200 300 400

 (m
b/

(M
eV

/c
))

y
/d

P
σd

0

0.1

0.2

0.3

0.4

0.5

0.6
 = 29.3 mbVa

theoσ

 = 7.0 mbIn
theoσ

 = 36.3 mbtheoσ

Particle Exclusive Knockout
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(valence) 32 (58%) 29 (81%)
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(inner) 23 (42%) 7 (19%)

Totaltheo 55 36

Totalexp 52±5 37±15

Motivation S393 experiment at GSI Analysis Results Conclusions

Study of the 1-n halo nucleus 11Be

11Be(p,pn)10Be
Study the knockout of valence and inner shell

neutrons.
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Analysis by A. Henriques 18

Theoretical 
analysis by  

R. Crespo et al.
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Reactions with Relativistic Radioactive Beams

R3B Start Version 2018

R3B Start Version 2018
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More Information under  
http://www.ctn.tecnico.ulisboa.pt

http://www.ctn.tecnico.ulisboa.pt
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128 CsI(Tl) crystals +  
Electronics / DAQ
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Individual Crystal response

60Co Source
27Al(p,p’)27Al

27Al(p,α)24Mg40K (bgd)

19F(p,α)16O

Analysis by P. Teubig
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Populating the 14199 & 14208 keV 
resonances of 28Si 

Analysis by P. Teubig
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Populating the 14199 & 14208 keV 
resonances of 28Si 

Analysis by P. Teubig
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Populating the 14199 & 14208 keV 
resonances of 28Si 

Analysis by P. Teubig
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Introduction to the LERHI research line

Past joint efforts and future perspectives  
(Phase-0 @ FAIR) 

Study of nuclear halos via knock-out reactions 

Benchmark of CALIFA prototypes with  
high-energy photons


