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extend the work for 1n decay

First excited 2+ already studied 
looking at C S(2+)/C S(0+) 2 2
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s509 experiment, R B at GSI3

Incoming ID
Ar primary beam 600 MeV/u40

Be target (4g/cm ) for secondary beam 540 MeV/u2
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Incoming ID detectors
Music: charge, angle
LOS: charge, position, time
MWPC: position

The R B setup 3

LH   target2 FOOT:stripped Si
tracker for LCP

Zoom in target area

CALIFA: energy and
angles for γ and LCP

GLAD dipole

NeuLAND:
neutrons

SciFibers: xy position of
outgoing fragments

ToFD: ToF
and charge

RPC: position and
charge of forward LCP

7



Fragment identification
Outgoing fragments 
N incoming + Z=6 cut19Charge correlation N incoming19

C18

C17

C16
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1504 CsI(Tl) crystals
        22º- 88º

QFS (p,2p) reaction

Califa detector

beam
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Inclusive cross sections N chain
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Inclusive cross sections N chain

C halo nucleus19
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Inclusive cross sections N chain
Expected quenching
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Inclusive cross sections N chain
Expected quenching



N(p,2p) C bound19 18

populated levels?

NNDC
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N(p,2p) C bound19 18

exclusive cross sections results, including γ-ray efficiency

C S(2 +)/C S(0+) = 19.1 (22) %2
1

2 18.75 % (I. Syndikus)
PLB 809 135748
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C S from WBT int. 2

A. Brown courtesy



N(p,2p) C*-> C+1n 19 18 17

C17
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217 keV
332 keV

0 keV 3/2+

1/2+

5/2+



N(p,2p) C*-> C+1n 19 18 17
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S. Murillo PhD thesis



N(p,2p) C*-> C+1n 19 18 17
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N(p,2p) C*-> C+1n 19 18 17
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Gate on the 317 keV transition 
+      -multiplicity < 3γ



N(p,2p) C bound + unbound 19 18
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A. Brown courtesy



N(p,2p) C bound + unbound 19 18
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A. Brown courtesy

Energy centroid of the 1+ and 2+ statesPRELIMIN
ARY



N(p,2p) C bound + unbound 19 18
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Energy centroid of the 1+ and 2+ states
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MeVPRELIMIN
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N(p,2p) C bound + unbound 19 18
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Energy centroid of the 1+ and 2+ states

MeV

MeV

Estimation from TBME 

from momentum distributions

MeV



Tracker

Fibers

ToFD 

Study the filling of the
neutron 1d   and 2s  orbitals5/2 1/2

Momentum reconstruction
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orbital
dependant



Momentum reconstruction
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neutron 
occupancies

s-wave 0.604(90)

d-wave 3.66(55)

compatible with 
estimations from C S2

Y. Kondo et al PRC 97 (2009) 014602

s-wave 0.707(44)

d-wave 3.292(88)

Theoretical distributions courtesy 

of E. Cravo and R. Crespo

C(p,pn) C18 17
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N(p,2p) C bound + unbound 19 18
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Energy centroid of the 1+ and 2+ states

MeV

MeV

MeV

Estimation from TBME 

from momentum distributions

C. Yuan et al., 
PRC 85 

(2012) 064324

MeV
Y. Kondo

This work
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Summary

Special thanks to: 
A. Barrière, N. Mozumdar, J. L. Rodríguez-Sánchez, O. Sorlin

QFS reactions on the neutron-rich N region are being sucessfully studied
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Outlook
2n decay

C?20

Momentum distributions are good observables to determine neutron 0d  and 1s  fillings5/2 1/2

Systematic inclusive σ along the N chain
confirms the 1n halo structure in C19

quenching is compatible with previously observed trend at high proton-neutron
asymmetry 

Exclusive N(p,2p) C study observe unbound states compatible with previous works and
hints a quenching of the Z=6 gap towards the neutron dripline
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Collaboration


