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Quasi-free scattering in light neutron-rich nuclei   Motivation

Quasi-Free scattering reactions Evolution of shell structure for valence and 
deeply bound nucleons

Spectroscopic factors
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Kinematical complete measurements of (p,pn), (p,2p), (p,pd), (p,pα), ... reactions

Redundant information: kinematical reconstruction from proton momenta plus gamma 
rays, invariant mass, recoil momentum

Not only sensitive to the surface (knockout from valence and deeply bound states)
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identification and tracking incoming/outgoing

level scheme 

angular correlations in (p,2p), (p,pn)

Selection of the reaction channel: Observables: 

excitation energy

momentum distributions 

spectroscopic factors

N=14
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Quasi-free scattering in light neutron-rich nuclei

(p,pn)      n-shell closure N=14

(p,2p)      bound, unbound states

carbon, nitrogen, oxygen
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POS: used as start (stop) detector for the ToF measurements. It’s a quadratic plastic scintillator (2.5 cm x 2.5 cm)

ROLU: Four movable plastic scintillators, used to define the accepted beam spot size

PSP: Position Sensitive silicon Pin diode, used for beam tracking and energy loss (Z) 

XB: 4pi gamma-spectrometer, 162 NaI crystals

SSD’s: 8 Silicon Strip Detectors, 4 in-beam and 4 surrounding the target. Used for tracking and energy loss (Z) 

ALADIN: A Large Area Dipole magNet

GFI’s: Grosse Fiber Detector, tracking (horizontal position)

TFW: Time Flight Wall, time of flight and energy loss measurements 

POS
ROLU

PSP

XB

ALADIN
GFI’s

TFW

8 SST’s

Quasi-free scattering in light neutron-rich nuclei      Setup

R3B/LAND setup at cave C
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Time of Flight between S8 and POS => β

From the FRS => Bρ

Energy loss in PSP => Z

Setting 5, brho=9.4631 Setting 6, brho=9.8814

A , Z

Primary beam 40Ar                                      Cocktail Secondary Beam: ∼500 AMeV

CH2 922 mg/cm2 (9.81 mm)
C 935 mg/cm2 (5 mm)

targets

Quasi-free scattering in light neutron-rich nuclei   Incoming
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Time of Flight between target and TFW => β

Deflection in a magnetic field (ALADIN + GFI) => Bρ => A/Z

Energy loss in TFW and in SSD’s => Z

Bρ∼β A/Z

A (u.m.a.)
ASY-EOS 2012 International Workshop on Nuclear Symmetry Energy and Reaction Mechanisms

Quasi-free scattering in light neutron-rich nuclei    Outgoing
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Quasi-free scattering in light neutron-rich nuclei   Signature

θ1

θ

φ1

φ

J.Taylor  PhD Thesis

Angular distributions 
calculated in simulation 
using L.Chulkov code

2 2
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Quasi-free scattering in light neutron-rich nuclei  
Some previous results of the R3B collaboration using the LAND/R3B setup

F. Wamers PhD thesis

17Ne(p,2p)15O+p 12C(p,2p)X

J.Taylor PhD thesis V.Panin PhD thesis
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Gamma rays

Preliminary results 
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Preliminary results: 23O(p,pn)22O                   Gamma rays

Our results Previous results
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Preliminary results: 23O(p,pn)22O                   Gamma rays

experimental

simulation

Reproducing the real data with r3broot

experimental gamma ray spectra simulated peaks: 3199, 1383, 1710, 
2354, 3310, 3710

+

MINIMISATION
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Level scheme
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Preliminary results: 23O(p,pn)22O                   Gamma rays
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0 keV

1600 keV

S393 Previous results

Preliminary results: 21N(p,2p)20C                    Gamma rays
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1600 keV
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Angular distributions
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23O(p,pn)22O                    Angular Distributions CH2 target
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23O(p,pn)22O                   Angular Distributions CH2 target

θ1

θ 2

θ1

θ2

φ

φ

1

1

φ
φ 2

2

ASY-EOS 2012 International Workshop on Nuclear Symmetry Energy and Reaction Mechanisms

EX
PE

RI
M

EN
TA

L
SI

M
UL

AT
IO

N

Si
m
ul

at
io
n 

co
de

 b
y 

L.
Ch

ul
ko

v

martes 4 de septiembre de 12



Results: 21N(p,2p)20C         Angular Distributions CH2 target
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Results: 21N(p,2p)20C          Angular Distributions CH2 target
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Momentum distributions
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Preliminary results: 23O(p,pn)22O     Momentum Distributions 
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Analyse the selected cases => QFS to bound states of interest

Compare the information obtained for the same nuclei using (p,pn) and (p,2p)

Extract single-particle strengths from the momentum and the cross sections

Complete the excitation energy in (p,2p) reactions 

Summary and Outlook

Complete tracking of the fragments before and after the reaction

Momentum distributions for all the reaction products 

QFS: (p,pn) and (p,2p) on 23O and 21N were identified via angular distributions

Gamma rays spectra for the 22O and 20C in good agreement with previous 
experiments 

OUTLOOK

RESULTS
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Thank you for your attention!
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