
 
 
The R3B  (Reac+ons for Rela+vis+c Radioac+ve Beams) collabora+on at 

FAIR (Facility for An+proton and Ion Research 
 
 
R3B is an interna,onal sub-collabora,on of the FAIR-Pillar NUSTAR, formed by more 

than 200 scien,sts from 23 different countries. The sub-collabora,on was created as a 
strategic alliance for the design, construc,on, and exploita,on of a versa,le 
experimental setup with unprecedented efficiency, acceptance, and resolu,on for 
kinema,cal complete measurements of reac,ons with high-energy radioac,ve beams. 

 
The R3B setup enables an extended scien,fic program comprising nuclear structure 

and dynamics as well as astrophysics. New possibili,es of measurements of ground-state 
proper,es and nuclear excita,ons, for the understanding of the reac,on mechanisms, 
for constraining the symmetry energy of the equa,on of state in asymmetric nuclear 
maNer, for determining the role of nucleon-nucleon correla,ons including short-range 
correla,ons (SRC), for the inves,ga,on of hyper-nuclear maNer, and for determining 
astrophysical reac,on rates. 

 
The R3B experimental setup is op,mized for the kinema,cally-complete 

measurement of reac,ons at high beam energies up to around 1 GeV/u. Compared to 
compe,ng projects worldwide, which are the SAMURAI spectrometer at RIBF at RIKEN, 
and a similar setup at the future FRIB facility, R3B will be unique in the foreseeable future 
due to the combina,on of high-energy beams, large acceptance, high resolu,on, and 
large efficiency including mul,- neutron detec,on. Already in its present state of 
upgrading, R3B has reached a performance level beyond any other comparable setup 
being planned. The major part of the R3B physics program builds on the availability of 1 
GeV/u beams. The concept of magne,c beam separa,on and magne,c analysis a[er the 
secondary target requires fully stripped ions. This implies that the compe,ng projects at 
RIBF (SAMURAI, typical secondary beam energies around 250 MeV/u) and FRIB (similar 
to RIBF) will, in contrast to R3B, not be able to provide kinema,cally-complete 
measurement of reac,ons with heavy beams (Z>50). Moreover, due to the higher beam 
energies employed by R3B, thicker targets can be used and the acceptance is generally 
larger as compared to the compe,ng projects at RIBF and FRIB. The detec,on efficiency 
of R3B for mul,-neutron decays is unprecedented in comparison to any other running 
facility or planned project. It is worthwhile to men,on the performance of the TRT Si-
tracker setup based Si Pixel detectors that will allow to perform (p,2p) experiments in 
full kinema,cs. This configura,on is currently being developed and already in use during 
the R3B Phase-0 experiments, and provides an intermediate step towards the realiza,on 
of the full- fledged system with 4p solid-angle coverage expected for 2028. 

 
 
 



 
 
 
 
 
Research program with R3B at GSI/FAIR and complementary facili+es. 
 
The use of rela,vis,c radioac,ve ion beams for reac,on experiments in inverse 
kinema,cs was introduced into the GSI scien,fic program approximately 30 years ago. 
From the beginning, it became evident that this technique offers excep,onal 
opportuni,es to elucidate the structure of extremely exo,c nuclei near and beyond the 
dripline.  
 
Our interest has primarily focused on light nuclei in the range Z=5 to Z=9, conduc,ng 
experiments under kinema,cally complete condi,ons. In par,cular, reac,ons induced 
on proton targets in quasi-free scaNering regimes, such as (p,2p) and (p,pn) studied in 
the S393 experiment, have been crucial for studying single-par,cle proper,es (Pan16, 
Pan19, Rib18, Syn20), understanding nuclear Shell evolu,on through inves,ga,ons of 
the quenching of spectroscopic factors (Ata18,Dia18,Hol19, JM Boillos PhD) and 
exploring the halo characteris,cs exhibited by certain isotopes 
(Leh22,Mar15,Mar16a,Mar16b, War18,War23, War24 and G. Ribeiro PhD). 
These studies have also provided valuable insights into the structure of unbound 
isotopes, opening pathways to explore the nuclear con,nuum (Rev18,Van17). 
Addi,onally, we have conducted systema,c inves,ga,ons of projec,le fragmenta,on 
involving light exo,c projec,les (Boi22,Thi16), which hold relevance for various 
applica,ons. 
 
We have also systema,cally inves,gated the proton and neutron knockout cross 
sec,ons using ,n isotopes covering a wide range in isospin. These measurements 
showed that the proton knockout cross sec,ons in neutron-rich nuclei were significantly 
smaller than expected from realis,c model calcula,ons. This quenching was explained 
as due to the presence of neutron-proton short-range correlated (SRC) pairs (Rod17, 
Dia20, J. D.az PhD).  The previous results were obtained using inclusive measurements 
of the nucleon knockout. Using R3B we can now perform exclusive measurements of 
quasi-free (p,2p) and (p,pn) reac,ons.  
 
R3B has also proposed a dedicated research program to inves,gate SRCs. A first 
experiment, S522, was performed in 2022 to inves,gate the presence of SRC pairs in 
different carbon isotopes. We are involved in the analysis of these data and results 
should be published soon. SRCs can also be inves,gated on the basis of the presence of 
clusters of nucleons in the ground state of nuclei. The existence of these clusters can be 
proven by using quasi-free cluster knockout reac,ons, as (p,pd) or (p,pa), but also by 
means of transfer reac,ons. In 2024 R3B ran the S091 experiment aiming at 
inves,ga,ng (p,pd) reac,ons on different carbon isotopes. Also in this case, we are 
involved in the sor,ng of the data obtained in these measurements.  
 



We have been part of the research program on fission using inverse kinema,cs at GSI 
since its concep,on almost 25 years ago. In the last 10 years we would like to highlight 
our contribu,on to the SOFIA setup, which for the first ,me provided access to the 
complete iden,fica,on in atomic and mass number of both fission fragments 
(Mar15,Mar21,Pel17). Using this setup, we coordinated the S393 experiment to study 
the dynamics of fission using spalla,on-induced fission reac,ons. This experiment 
allowed us to constrain the value of the dissipa,on parameter that determines the 
fission ,me in model calcula,ons of the fission process based on transport equa,ons. 
Two PhD theses were carried out on this topic (J.L. Rodr.guez and M. Feijo.) and five 
papers were published (Rod15a, Rod15b, Rod16a, Rod16b, Rod17). We also par,cipated 
in the inves,ga,on of shell effects measuring fission yields in Coulex induced fission 
reac,ons (Cha19,Cha20,Cha22). 
 
More recently, we have proposed to merge the SOFIA and R3B setups to obtain 
complete kinema,c measurements of the fission process. This new setup allows us not 
only to fully iden,fy both fission fragments, but also to measure the gammas and 
neutrons emiNed by chance. We can also use quasi-free scaNering (p,2p) reac,ons to 
induce fission and determine the excita,on energy of the fissioning nuclei by measuring 
the momenta of the two outgoing protons. This new technique was the basis of the S455 
proposal led by our group. The aim of the experiment was to study the evolu,on of the 
fission shell effects with the excita,on energy. 
Contrary to the current understanding that fission yields are dominated by deformed 
nuclear shells, the results obtained in this experiment allowed us to demonstrate that 
both types of nuclear shells, spherical and deformed, determine the fission yields. These 
results have been included in two doctoral theses (A. Graña and G. García) and will be 
published shortly. 
 
Addi,onally, as members of the R3B collabora,on, we ac,vely par,cipate in its 
experimental campaigns. In par,cular, throughout 2025, we will be involved in two key 
campaigns: one focused on studying the nuclear maNer equa,on of state, specifically its 
asymmetric term (ASY-EOS II), and the other dedicated to the first study of hypernuclei 
produc,on and characteriza,on. In this second campaign, we aim not only to gather 
data on the produc,on cross-sec,ons of various light hypernuclei but also to determine 
the maNer radius of the hyperhalo candidate 3ΛH through interac,on cross-sec,on 
measurements in heavy-ion collisions. 
 
Contribu+on to the design and construc+on of the R3B experiment at 
GSI/FAIR. 
 
Since the incep,on of R3B, we, the signatories of this project, have made clear our 
commitment to the development of advanced instrumenta,on for this versa,le but 
complex experimental setup. Our main contribu,on is the CALIFA calorimeter, the key 
detector in this experiment, which will be used to study most of the physical cases 
presented in R3B. The PI of this project, DCG, coordinated the R3B calorimeter working 
group un,l 2018 (since then, she has been the spokesperson of the R3B experiment) for 
the period 2017-2025.) The main results of this working group are summarised in the 



approved Technical Design Reports for the CALIFA Barrel and Endcap sec,ons (DCG as 
convenor of the documents). We have had a leading role in the tasks related 
to the general design of CALIFA, the selec,on and characterisa,on of the detec,on units 
necessary to meet the requirements of CALIFA, the selec,on and characterisa,on of the 
readout, the construc,on and commissioning of the different demonstrators and the 
decisive contribu,on to the design and construc,on of the internal (the en,re 
produc,on of the carbon fibre moulds of CALIFA were built in UVigo) as well as the 
external mechanical and support structure, both completely manufactured in Galicia.  
 
In the last years, our main contribu,on has been the comple,on, installa,on and 
commissioning of the detec,on units covering the most forward angles, which were 
installed in CALIFA in January 2024 and performed excellently during the 2024 campaign 
.  
 
Some publica,ons related to this work are (Gar24,Kny19,Kny20,Kny21,Pie16). 
All these achievements have been made possible thanks to the funding secured 
through various projects: PID2021-125771NB-C2, PGC2018-099746-B-C2, FPA2015 -
69640-C2-1-P, FPA47831-C2-1P, FPA2012-39404-C02-01, FPA2009-14604 -C02 -01). 

 

 
Fig.3 - Pictures showing the implementa,on of CEPA-CsI @ R3B cave 
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