
“TERRA Incognita” 

in 

International Workshop on Future Plan with Radioactive Ion Beam,  
Saha Institute of Nuclear Physics, Kolkata 

April 16, 2012 

TERRA  INCOGNITA 





Charts of nuclides shows all known forms of stable matter. Between the heaviest 
atomic elements and neutron stars, which are giant nuclei, lies a vast, unpopulated 
nuclear desert. This void may actually be filled with strange quark matter.  
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Big Bang 

Today 

~300‘000 years 

Experiments in Astrophysics & Cosmology 

WMAP (2001) 

COBE (1989) 

LHC:   ~ 10-12 seconds (p-p) 

           ~ 10-6  seconds (Pb-Pb) 







Neutron rich nuclei 

Proton rich  
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Strongly interacting  matter in neutron stars 

F. Weber  J.Phys. G27 (2001) 465 

neutron star 

“Strangeness" of dense matter ? 
In-medium properties of hadrons ? 
Compressibility of nuclear matter? 

Deconfinement at high baryon densities ? 









Vyom  

(Vacuum) 







Searching for “SHE” 













 RIB beyond Nuclear Physics  

1.  Medical Application 

2.   Condensed matter physics  

      and related areas 

3.   New horizon for security 

4.   Biophysics Research 
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Radioactive Ion Beam project at VECC 

RFQ 

Schematic Layout of RIB Facility 

RIB site 
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A photograph of Linac-3 installed 

downstream of Linac-2 for beam test;  

Eventually will be moved to adjacent cave 

 414 keV/u (5.8 MeV) 14N4+ beam accelerated through LINAC-3  

Linac-3 with front cover open 

Parameter Unit Linac-2 Linac-3 

Frequency MHz 37.8 75.6 

q/A >= 1/14 1/14 

E(in) KeV/u 186.2 289.1 

E(out) KeV/u 289.1 413.9 

Peak Vol.  kV ±107.8 ±75.8 

Length m 0.871 0.913 

Inner Dia m 1.72 0.8 

Accln. Grad. MV/m 1.79 1.99 

Power (Calc) kW 9.84 11.5 

Linac-3 

Linac-2 
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Layout of the Isotope Science Facility,  
Michigan States proposed next generation RIB facility 
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 It is expected that such a facility will 

allow for the first time, any experimental 

measurements on many isotopes that are 

very far from stability. For the first time it 

may explore experimentally isotopes that 

are relevant to the r-process and explore 

near the neutron drip line for heavy mass 

systems.  
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 This facility will also provide much 

large production rates for isotopes near 

stability, which will enable many more 

types of experiments than were previously 

possible. 
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How radioactive ion beam facilities  
could impact medical isotopes  

 
G. Beyer et al., conducted an experiment 

using to study the effectiveness of using the 

alpha emitter 149Tb (Terbium) in treating 

lymphoma in mice. 149Tb has a 4.12 hour 

half-life and was made at the ISOLDE 

radioactive ion beam facility in CERN.  
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 The 149Tb was attached to an antibody that is 

specific for the infected cells. Thus, the 149Tb was 

delivered in close proximity to the infected cells, 

necessary for the alpha particle to affect those cells. 

The study divided the effect mice in the four groups. 

One received no treatment, the other two received just 

the antibodies, and the fourth received the antibody 

doped with 149Tb. All the mice in the first three 

groups died. While, only 11% of the mice died in the 

group that received the 149Tb.  
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This was the first in vivo experiment to 

demonstrate the efficiency of alpha target 

therapy using 149Tb. It is exactly this kind of 

research that would be greatly expanded 

when the next generation radioactive ion 

beam facilities come on line. 
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What about 

 Colliding RIB’s  

and  

the discovery of 

 new happy islands 
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QCD Phase Diagram 

What does the theory expect?             
→ mainly predictions from lattice 
QCD:  

• crossover transition from partonic 
to hadronic matter at small B and 
high T 

• critical endpoint in intermediate 
range of the phase diagram  

• first order deconfinement phase 
transition at high B but moderate T  

The Compressed Baryonic Matter (CBM) experiment : Exploration  of the phase diagram at very 
high baryon densities and moderate temperatures to look for : 

•De-confinement phase transition at high temperature & baryon density 

•In-medium modification of hadrons – signal of the onset of chiral symmetry 
restoration. 

•Location of the critical end point 

 

LHC 

GSI 



CFL -> Colour flavour Locked 
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Manas electronics 
‘Made in India’ 

PMD 

Muon Chambers 
~ 100 m2, > 106 channels 
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Detector: 

Size: 16 x 26 meters 

Weight: 10,000 tons 

Collaboration: 

> 1000 Members 
> 100 Institutes  
> 30 countries 

ALICE 

Technologies:18 

 Tracking: 7 

 PID:   6 

 Calo. :  5 

Trigger, Nch:11 



=  0.08 

Perfect fluid 



Classical Nuclear Physics 

Collective Phenomena 

1. Giant Resonances/proton & neutron fluids 
Hydro dynamical model => widths of 
resonances to the viscosity of the proton – 
neutron fluids 

 

in Finite Nucli  



2. Fission  process 
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What about Giant dipole resonances on highly 
excited state  
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Giant Resonance in  

Radioactive Nuclei 



The values of η found in  

the studies of the fission  

process agree generally  

with the ones found from  

the work on  

giant resonances.   
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Ultra Cold  

Quantum degenerate  

Atomic Fermi Gas 

RHIC, Flow, QGP 

PERFECT Fluid 

Finite Nuclei 

Giant Resonances 

Microsecond 
Universe : QGP 

String Theory 
Graphene 

Neutron Star ? 
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Strongly interacting 
System 

LHC ? 
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Hic sunt Leones ! 

 LHC is a fantastic ‘Big Bang’ machine 
 even for LHC standards, quality of first ion run was outstanding 

 very powerful and complementary set of detectors (Atlas/CMS/Alice)   

 physics looks to be even more interesting than anticipated  

There is plenty of  

exciting physics (and fun)  

at the LHC 

exploring QCD in a new domain,  
where the strong interaction is 

really strong ! 

  RIB (TERRA INCOGNITA)  

 Looking forward to the  
‘terra incognita’ of HI at LHC 

EXOTIC COGNITA 

G. Blaeu (Dutch School) 


