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The R3B experimental concept 

R3B Letter of Intent (April 2004) 
R3B Technical Proposal (Dec 2005) 

Ø  Large-acceptance mode: ΔBρ/Bρ~10-3, -5 to 41 degree, ±80 mrad vert. acceptance 

Ø  High-resolution mode: ΔBρ/Bρ~10-4, ±2.5% mom. acc., ±80 mrad vert. at 0 degree 
 



Possible layout of R3B with high-resolution spectrometer 

Figure 8. R3B detector setup, the large-acceptance dipole magnet and the proposed high-resolution 
spectrometer HRS (one-stage dispersive system).
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3. Technical layout and performance of the  R3B setup and the proposed High Resolution 
Spectrometer.
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Figure 7.#The in-flight fragment separator Super-FRS and the R3B reaction setup with the proposed high-
resolution magnetic spectrometer (HRS). The complete experimental scenario will be used to study nu-
clear structure and reactions with relativistic exotic nuclei.#

3.1 The R3B reaction setup 
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Summary of R3B physics programme 

R3B 
!

A. Introduction and overview 

A.1. Introductory remarks 
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A.2. Experimental concept 
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Deviation from the independent-particle picture: 

Correlations: Configuration mixing,  

                     Coupling to collective phonons  

        Short-range and tensor correlations  

           → high momenta 

→ reduced single-particle strength  

         (occupations, spectroscopic factors) 

Single-particle structure and correlations 

Ingo 
Sick 



Single-particle cross sections  
Quenching for neutron-proton asymmetric nuclei  
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nucleons 
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Figure from Alexandra Gade, Phys. Rev. C 77, 044306 (2008) 
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Benchmark experiment: 12C(p,2p) in inverse kinematics 
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Reconstructed excitation 
energy of 11B 

Eγ (MeV) 

Jon Taylor, PhD thesis, 

Univ. of Liverpool 

Valeri Panin, PhD thesis,  
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Momentum Distributions 
 12C(p,2p)11B CHAPTER 4. ANALYSIS AND RESULTS
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Figure 4.20: Transverse recoil momentum distributions of residual 11B from 12C(p, 2p)11B

reaction. The distribution of Px has been fitted in limited range because of acceptance losses

in NTF along the dispersive X-axis of the magnet.

correlation with the second proton, one can determine the transverse Cartesian component

of the internal momentum applying the formula taken from reference [9]:

Py = Qk × sinθksin(ϕk − ϕi), (4.11)

where k and i denote respectively “knocked-out” and “incident” protons in the outgoing

channel, Qk is the total outgoing momentum of k-proton in the lab, θ and ϕ are measured

polar and azimuthal angles of the protons. Figure 4.21 presents the momentum reconstruction

for the QFS protons when 11B is observed in the final state.
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Figure 4.21: Total momentum of one proton (left figure) is measured at polar angle above

40◦. It is used for the reconstruction of the internal momentum (right figure). The obtained

momentum width is in a good agreement with the measurements of the recoil fragments.
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Figure 4.21: Total momentum of one proton (left figure) is measured at polar angle above

40◦. It is used for the reconstruction of the internal momentum (right figure). The obtained

momentum width is in a good agreement with the measurements of the recoil fragments.
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Fragment recoil momentum Reconstructed from proton measurement 

4.4. MOMENTUM DISTRIBUTIONS

 [MeV/c]fragment yP
-500 -400 -300 -200 -100 0 100 200 300 400 500

 [M
eV

/c
]

pr
ot

on
 yP

-500

-400

-300

-200

-100

0

100

200

300

400

500

0
20
40
60
80
100
120
140
160
180
200
220

 [MeV/c]fragment yP
-500 -400 -300 -200 -100 0 100 200 300 400 500

 [M
eV

/c
]

pr
ot

on
 yP

-500

-400

-300

-200

-100

0

100

200

300

400

500

0

2

4

6

8

10

12

14

Figure 4.22: Correlation of the internal momentum measured via QFS proton pairs against

the recoil momentum of 11B fragments from the same reaction. Left and right figures present

the kinematical simulation and the experimental measurements respectively. The fact that

protons are indistinguishable particles gives rise to the correlated and anti-correlated com-

ponents of the cross-like distribution.
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Figure 4.23: Internal momentum distribution of deeply bound protons reconstructed via

measurement of QFS proton pairs, when anything but 11B is observed in outgoing channel.

The resulting internal momentum width of 105.3±0.4 MeV/c (figure 4.21b) agrees well

with the direct measurement of the recoil momentum (compare to figure 4.20) and reflects

the internal motion of protons occupying the p-shell in 12C. Both types of measurements

can be cross-checked by plotting the recoil momentum of 11B against the internal momentum

measured via the proton pairs (figure 4.22a). A clear correlation between the two measure-

ments is also in agreement with the simulation. This validates both approaches as well as
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Simulation Measurement 

Valerii Panin, PhD thesis, TU Darmstadt (2012) 
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Figure 10 Achievable momentum resolu-
tion with the proposed detector setup for
a 1 GeV/u 132Sn beam. Shown are the
reconstructed momentum distributions
for a mono-energetic beam limited  (i) by
angular scattering only, (ii) by the in-
trinsic detector resolution of x=0.1mm
for each of the four tracking detectors,
(iii) by the energy-loss straggling in the
matter. The convolution of all contribu-
tions is represented by (iv). 
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Figure 11. Momentum spread 
resulting from energy loss strag-
gling in 3 x 100 m silicon calcu-
lated by the energy-loss code 
ATIMA for different fragments as 
a function of incident energy. 
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R. Zegers, H. Geissel, T. Aumann et al., ‘A high-resolution spectrometer for 
advanced nuclear structure and reaction studies at relativistic energies’ 

•  1 GeV/nucleon 220Pb: P=370 GeV/c 
•  Recoil momentum resolution: 37 MeV/c 
•  Recoil momentum width = 75,100,140,200,270 MeV/c (l=0,1,2,3,4) 
•  Thick lH target: location straggling unimportant due to vertex measurement (p,2p)  



(p,2p) and (p,pn) at R3B with high-resolution spectrometer 

Figure 8. R3B detector setup, the large-acceptance dipole magnet and the proposed high-resolution 
spectrometer HRS (one-stage dispersive system).
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3.2 Precise momentum measurements of projectile fragments 
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For heavy nuclei: 
Excitation energy from invariant mass (HF+xn), 
plus 2p kinematics 
Precoil from HF )spectrometer) + 2 p kinematics 



Reactions to be studied at R3B 
R3B 

A.4. Overview on subsystems 
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ç Intensity ! 
ç Invariant mass ! 



Physics and reactions with large acceptance or high resolution 

Ø  Large-acceptance mode 
ü  mostly reactions with light ions  
    (acceptance of all fragments with very different rigidity / A/Z ratio) 
ü  mass resolution also for heavy fragments 
ü  longitudinal momentum measurement only for light ions 
ü  coincidence with neutrons, protons, tritons, alpha, …. 
ü  bending 18 degree for 15 Tm, 15 degree for 18 Tm 

     è QFS, elm. excitation, unbound nuclei, fission, spallation, multi-fragmentation….. 

Ø  High-resolution mode 
ü  recoil momentum resolution also for heavy fragments 

     è knockout, spectroscopy (determination of angular momentum / spatial extension) 
     è quasi-free knockout reactions with heavy nuclei 
          also in coincidence with neutrons (deeply bound shells in heavy nuclei) 

ü  selection of reaction channel (spatial separation of fragments) 
     è high-rate measurements  
         (thin targets, small cross sections, elm. excitation, QFS, …) 
     è trigger on fragment (e.g. knockout to bound A-1 ground state) 

ü  very good mass separation  
     è elastic scattering, total-absorption measurements for heavy nuclei 

ü coincidence with neutrons       è invariant mass, QFS, charge-exchange,… 
 
 
 



Summary 

Broad physics programme for a high-resolution spectrometer at R3B 
	

Ø  ΔBρ/Bρ~10-4, max Bρ=15 Tm (e.g. 1 GeV/nucleon 220Pb) 

Ø  Coincidence with neutrons  
 e.g. QFS, elm. Excitation with high intensities / thin targets 

Ø  Measurement of recoil momentum for heavy nuclei  
 e.g. knockout, QFS 

Ø  Spatial separation of fragment 
 allows trigger without other detectors, basis for high-intensity measurements 

Ø  Achromatic target focus after three-stage separation of Super-FRS 
 placement of high-efficiency gamma and particle detection around the target 

 


