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 Physics objectives  
 Test experiments and detector development
 Future experiments and developments
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The IdeaThe Idea

RELATIVISTIC 
COULOMB 
EXCITATION

LOW ENERGY 
COULOMB EXCITATION

Slow down short lived beams provided by 
FRS/S-FRS to coulomb barrier energies with a 
thick degrader
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High-spin physics:
 Multi-step coulomb excitation
 Fusion-evaporation

SDB experiments at S-FRSSDB experiments at S-FRS



  

Experimental ProblemExperimental Problem

                 64Ni BEAM (ΔE ~ 9 MeV/u)
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80% of the 64Ni nuclei “survived” 
the slow down

Ions created in secondary 
fragmentation



  

Experimental ProblemExperimental Problem
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Δ  = 25 mradϴ



  

Proposed SolutionProposed Solution

 Beam tracking before and after slowing down.

 Measure the beam velocity after slowing down, 
neglecting  the contaminations.

DEGRADER β , X,Y

FRAGMENTS

THIN TARGET

β’, E, X,Y

~ 250 MeV/u ~ 5 MeV/u
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Comenius University Bratislava
GSI Darmstadt

Helsinki Institute of Physics

238U ions at 1 GeV/u
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Tracking before slowing downTracking before slowing down
X,Y: TPCX,Y: TPC

R.Janik et al, NIM A640 (2011) 54



  

T [25 ns/ch]

Tracking before slowing Tracking before slowing 
downdown

Z: MUSICZ: MUSIC
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  δE=(Π∆Ε
i 
)1 / 8 ~ z2

Can operate at ~200 kHz

Future: digital 
readout(SIS)



  

Estimated upper limit for the Doppler 
shift due to energy+angular straggling

 Scintillator, 100 micron   
dEγ/ Eγ= 0.02

 Diamond, 40 micron, no energy loss information
                      dEγ/ Eγ= 0.05

 Si, 40 micron, 100ps time resolution, energy loss added back
dEγ/ Eγ= 0.017 (1% energy resolution)

 Secondary Electron Detectors, 150 ps time resolution
dEγ/ Eγ= 0.0075

E=10 MeV/u L=1.5 m
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4 x 6 cm, 1.5 µm Mylar foil
∆T(FWHM) ~ 140 ps
∆Xα(FWHM) ~ 3 mm
∆Xfr(FWHM) ~ 1.5 mm
εα~ 85 %
εfr~ 100%

Electronics:
Phillips 715 CFD: 
             walk +/- 75 ps
CAEN V1290A TDC, 
             Resolution 25 ps

∆X(FWHM) ~ 1 mm
Design: N.A. Kondratjev
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Tracking after slowing down X,Y, TOF: MCPTracking after slowing down X,Y, TOF: MCP



  

Slowed Down Beams (SDB) test at FRSSlowed Down Beams (SDB) test at FRS

   S4: TPC, MUSIC, 
   two SC41: 5mm(BC410),10mm(BC422)
   2xMCP, 2xDSSD 

6 4Ni
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Simulation Simulation 
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Results from the test performed in 2008 Results from the test performed in 2008 
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BEAM AT ENERGY ~ 10 MeV/u

“Z” CONTAMINANTS

SCATTERING  DUE TO MCP 
GRID



  

Results from the test performed in 2008 Results from the test performed in 2008 

64Ni beam

simulated background
 

 80 % of the beam particles survived slowing down.
 

 Energy spread after slowing down to 
  10 MeV/u is 8 MeV/u. 
  The predicted energy spread is 9 MeV/u.
 

 Contaminants due to the reactions in the degrader
  are of the order of 2% 

The quality of the SDB is as 
expected!
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F.Naqvi Ph.D. Thesis (Cologne, GSI)



  

Coulomb excitation of Coulomb excitation of 6464Ni and Ni and 6363CoCo
and test of large tracking detectorsand test of large tracking detectors
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Counts in 10 days of parasitic beam 
time from the 2+ → 0+ transition in 64Ni

 
 Demonstrate that Coulomb excitation

   experiments can be performed with SDB at FRS.
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MCP lifetimeMCP lifetime
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  △E/E ~ 3% △T ~ 150 ps
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 Si fast timing

DSSD: 40 m 5x5 cm2 
            16x16 strips
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 Si fast timing in Aug 2007

Estimated time 
resolution 
△T(FWHM) ~ 100 ps

Coulomb scattering of 4 8Ca beam, 12.6 MeV/u at 20o
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16 ch Fast pre-amp + 16 ch Level discriminators + 
16ch ECL converters 
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 Fast timing with Si-detectors
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 Fast timing with Si-detectors
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 Delay across a strip



  

Development of slowed down beams Development of slowed down beams 
around the worldaround the world

High-spin states in 4 8Ca, using 5 MeV/u 4 6Ar beam 
slowed from 30 MeV/u to 5 MeV/u

E. Ideguchi, et al. EPJA 25, 429 (2005)

Fusion enhancement with neutron-rich RIB,3 2, 3 8S+1 8 1Ta, 
slowed from 9 MeV/u to ~ 4 MeV/u 

K.E. Zyromski, et al. PRC 55, R562 (1997)
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EURICA Work Shop,RIKEN, May 2011



  

ConclusionsConclusions

 Development of new 16ch pre- amplifier to be 
used with thin DSSSD  
 Coulomb excitation experiment with SDB 

Future
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 MCP detectors needed to perform Coulomb 
excitation measurement with SDB were build
 The suggested technique to produce SDB for 

coulomb excitation measurements was 
successfully demonstrated
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Development of the  Slowed Down Beam setup for Development of the  Slowed Down Beam setup for 
HISPECHISPEC

 Shifts requested: 17 days of parasitic beam time
 Accepted 10 days or 30 parasitic shifts

Tracking
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P.Boutachkov, F.Naqvi, M.Górska, J.Gerl, H.J.Wollersheim, 
G.Pascovici, M.Pfeiffer 

for the PRESPEC collaboration
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