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The R³B/FAIR experiment

Nuclear structure and dynamics
Reactions of astrophysycal 
interest 

Reaction with Relativistic Radioactive Beams   700 MeV/nucleon
Nuclear structure far from stability
Reactions of astrophysical interest
Equation of state of asymmetric nuclear matter

Technical Proposal
December 2005

IMoU 2008

~ 250 scientists
40 Institutes



  

R3B: Reactions with Relativistic Radioactive Beams

New calorimeter based on CsI(Tl) crystals 
(1x2x13-20 cm3, 5025 units) and APD:

εγ ∼ 80 %  @ 15 MeV
∆Θ ~ 0.018 rad
Eγ = 1-30 MeV, ∆E/E ~ 4-5% @ 662 keV
Ep < 300 MeV, ∆E/E ~ 1% or better

 USC (Spain), LU (Sweden)
JINR and Kurchatov Inst.  ~3.2 M€



  

EXL: EXotic Nuclei Studied in Light-Ion Induced 
Reaction at the NESR 

Completely new setup:
Si shell (~ 700 items)
CsI shell (~ 2000 items)

 PTI (St.Petersburg) – silicon detectors
VNIIEF (Sarov) – mechanical support & 
                       temperature stabilization system
JINR and Kurchatov Institute – CsI shell 
JINR – in-ring instrumentation

Gas-jet target

Ion beam

~2.6 M€



  

EXL conceptual mechanic design



  



  

●High energy resolution
●High lightcollection linearity
●High stability
●High efficiency
●High granularity
●High counting rate
●Low threshold
●Wide dynamic range
●Low cost welcome
●Magnetic field insensible
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Requirements from experiment simulationRequirements from experiment simulationRequirements from experiment simulationRequirements from experiment simulation

●5% @ 662keV for 1 detector
●1% @ total lenght
●<1% or continius control
●Lenght 150-250 mm
●Relativity small 20x40 mm2
●Up to 50 000 Hz each
●100 keV
●1000-10000, γ and LCP
●Limited budget
●Location near magnet
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Comparing typical Crystals

!?

R3B/EXL meeting Milan Oct-06

EXLR3B



  

What`s wrong in long cristal?

● Big length refer to cross section make the great 
difference in light collection from different 

interaction positions
● Loses of light in absortion and reflections
● Differnce of concentration of activator Tl

Summary:
● Total low lightoutput collection

=
bad energy resolution for low energy

● Great nonuniformity on lenght



  

This year activity:
●BGO, CsI(pure), Prelude, Brillance: Is it alternative or not?
●Temperature down to -40 °C: New quality or problems?
●PMT Hamamatsu R7600U-100:  best candidate PMT
●APD: Thermal stability or thermal control for APD by Mesytec
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Far perspective:
●Calibration procedure and control of stability

●Principal scheme of measuring electronic
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CsI(Tl)CsI(Tl)CsI(Tl)CsI(Tl)

Lenght: 130 — 200 mm
nonlinearity blur total resolution

60Co
5.6%@1.37 MeV

137Cs
7%@662keV

Energy resolution 

acceptable

Non linearity is most 

critical
Long decay time



  

Technology for CsI(Tl)Technology for CsI(Tl)Technology for CsI(Tl)Technology for CsI(Tl)

Parameters to check:
●Energy resolution at low 
energy
●Non linearity of lightoutput in 
reference of position
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Degrees of freedom:
●Surface modification
●Wrapping

Degrees of freedom:
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Avalanche
photodiode

Candidate from
PMT partyPin-diode not

suitable



  

BriLanCe 380 (LaBrBriLanCe 380 (LaBr33(Ce 5%)(Ce 5%)BriLanCe 380 (LaBrBriLanCe 380 (LaBr33(Ce 5%)(Ce 5%)

241Am, 60keV

137Cs
<3%@
662keV

Total volume

Al container

10 ns
front

120 ns totalContainer limits minimal 

dead layer between 

detectors.

 Too expensive

Selfcount
 <0.25 Hz/cm3

195 euro/cm3



  

PreLude 420PreLude 420PreLude 420PreLude 420  PreLude 420 (LuPreLude 420 (Lu1.81.8YY.2.2SiOSiO55:Ce):Ce)  PreLude 420 (LuPreLude 420 (Lu1.81.8YY.2.2SiOSiO55:Ce):Ce)

Perfect surface

Self count ~25 Hz/cm3
Without source

137Cs

10 ns
front

250 ns totalSelfcounting exclude 

threshold <2 MeV,

rate is too high

70 euro/cm3



  

  CsI(pure) (China)CsI(pure) (China)  CsI(pure) (China)CsI(pure) (China)
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OutlookOutlookOutlookOutlook

●Candidate scintillator materials are tested.

●Optimal condition for preparing CsI(Tl) is found.

●Two solution for light readout is found.

●Measuring procedures are defined.
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●Measuring procedures are defined.

Resolution 
662keV

Threshold, 
keV

Deadlayers, 
mkm

Signal 
duration

Selfcount, 
Hz/cm3

Price, 
euro/cm3

CsI(Tl) 7,00% 200 150 10 mks <0,25 2

BrilLanCe 
380

3,00% 100 2000 120 ns <0,25 195(155)

PreLude 420 7,00% 2000 150 250 ns 25 70(55)

CsI(pure) n/a n/a 150 200 
ns/mks

2

No one tested sci
ntilla

tor m
aterial has 

necessa
ry complex of parameters.
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