
Daniel Galaviz Redondo       CFNUL/Lisbon Halo nuclei breaup studies on a proton target around QFS conditions

Halo nuclei breakup studies on a 
proton target around QFS conditions

Daniel Galaviz Redondo

Centro de Física Nuclear da Universidade de Lisboa
Lisbon, Portugal

Nordic Winter Meeting on Physics @ FAIR 

Björkliden                          March 24th, 2010



Daniel Galaviz Redondo       CFNUL/Lisbon Halo nuclei breaup studies on a proton target around QFS conditions

Overview
 

 

 

Neutron halo breakup under QFS kinematical conditions:
Spectroscopic factors

Few-body reaction formalism: Faddeev/AGS

First case studies at present R3B:

15C and 11Be

Outlook at FAIR
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Halo nuclei

11Be

Few body systems

A = C + n

Study the breakup process of one neutron halo nuclei 
@ QFS using exact three-body reaction theory

A. Deltuva et al., Phys. Rev. C 71 (2005) 054005
R. Crespo et al. Phys. Rev. C 79 (2009) 014609  

Goal:

Tool:

Extract Spectroscopic factors (g.s.)
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Breakup @ QFS

A
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Breakup @ QFS

C
n

p

3 particles in the final state:

Semi-inclusive cross section: Inclusive momentum distributions:

9 kinematical variables

Considering momentum and energy conservation:

5 kinematical variables

Fully exclusive cross section:
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Faddeev/AGS formalism
Considering the interaction of three particles 

by means of 2-body potentials

Pair transition amplitudes:

with H0    Kinetic energy operator
E      Total energy of the system

Faddeev/AGS equations: 
Expansion series in terms of pair operators
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Faddeev/AGS formalism

1st order
Single Scattering

2nd order
Double Scattering

+ ...

3rd order
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Faddeev/AGS equations
solved in momentum space using partial wave decomposition

Calculation to the nth order or summing series using Padé
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Moving to QFS conditions
Fully exclusive cross sections

11Be(p,pn)10Be

SSA works for fully exclusive!

SSA: tpn(ωpn) x ϕnC(qnC) 
unambigous extraction of Spectroscopic factor 
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Comparison to DWIA

1st order
Single Scattering

2nd order
Double Scattering

+ ...

3rd order

+
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C
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Chant and Ross, Phys. Rev. C 15 (1977) 57

Full DWIA:  truncated incomplete series

Standard DWIA:  Full DWIA + factorization + on-shell
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Comparison to DWIA

Semi-inclusive p(14Be,13Be)pn @ 69 MeV/u

R. Crespo et al., Phys. Rev. C 79 (2009) 014609
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QFS @ GSI

Present R3B setup (former LAND-ALADIN) @ Cave C
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Present R3B setup

!
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Crystal Ball 4π
NaI -detector:

Proton
Spectrometry

Beam

Target

DSSDs: fragment + proton ID + tracking

Capability to measure all 
reaction products

Measurement of
Fully Exclusive breakup

Cross Section
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15C
|15C (1/2+)> = 1|14C(0+) ⊗ n2s1/2>

Very clean case for first 
fully exclusive breakup measurement

No excitation of the core expected

14C(d,p)15C
0.99
0.88
1.03
0.76

9Be(15C,14C)X
0.74±0.09
0.84±0.10
0.90±0.10

15C Coul. Breakup
0.73±0.05
0.97±0.08
0.72±0.05
0.91±0.06

Ground State Spectroscopic factor

U. Datta-Pramanik et al., 
Phys. Lett. B511 (2003) 63

J. A. Tostevin et al., 
Phys. Rev. C 66 (2002) 024607

T. Nakamura et al., 
Phys. Rev. C 79 (2009) 035805
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11Be

R. Crespo’s talk

Fully exclusive measurement at the R3B setup

Precise study of possible core excitation contributions 
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R3B @ FAIR

R3B
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R3B @ FAIR

CALIFA
calorimeter

gammas, protons

NeuLAND
ToF Neutron detector
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Summary

 Tool to extract Spectroscopic factors:
QFS @ R3B setup

 

 

Formalism: Faddeev/AGS

First case studies this Summer at GSI: 15C & 11Be
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QFS People @ Lisbon

R. Crespo

A. Deltuva

A. Fonseca

E. Cravo

A. Henriques

P. Velho

D. Galaviz
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Thank you!




