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Motivation

Understanding drastic change in neutron dripline between Z=8 and Z=9 

Z=9 dripline Z=9 dripline >> 3131FF
>> 22 neutrons bound22 neutrons bound

26O
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Baumann et al. Rep. Prog. Phys. 75, 036301 (2012).

Z=8 dripline: Z=8 dripline: 2424OO
16 neutrons bound16 neutrons bound



Motivation

Experiments show 26O to be unbound:

σlimit = 0.7 pb σlimit = 3.0 mb
σlimit = 7 pb
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Tarasov et al. PLB. 409, 64 (1997). Schiller et al. PRC. 72, 037601 (2005).D. Guillemaud-Mueller et al. PRC. 41, 937 (1990).



Motivation

Predictions for 26O:  Bound or Unbound?
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S2n = M26O – M24O – 2Mn

S2n > 0 unbound

S2n < 0 bound



Motivation

Predictions for 26O:  Bound or Unbound?
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Otsuka et al. PRL. 105, 032501 (2010).



Experiment

82 MeV/u 27F
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1316 mg/cm2 Be production target



Experiment

n1

n2

24O

27F 
14 pps

Be rxn target
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Single proton-knockout reaction:  
27F(-p) � 26O(g.s.) � 24O + 2n

Reconstruct 26O from momentum 4-vectors of frag+n+n



Experiment

2-body: 1st hit in MoNA
Edecay = M24O+n – M24O – Mn
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3-body: 1st and 2nd hit in MoNA
Edecay = M24O+n+n – M24O – M2n



Experiment
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Previous MoNA Experiment:
Hoffman et al. PRL 2008
Measured g.s. of 25O @ 770 keV

Current work:
Presence of low-energy neutrons

Dashed-lines CSM predictions
Volya & Zelevinsky PRL 2005



Simulation

Decay Mechanisms:

• Direct population of 26O(g.s.) � 24O + n + n 

Monte Carlo Simulation includes:
• Reaction and decay mechanisms
• Geometrical acceptances
• Energy/positions/timing resolutions
• Transport of charged particles through magnet
• Geant4 + MENATE_R[1] simulation for neutron 
interactions in MoNA
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• Direct population of 26O(g.s.) � 24O + n + n 
• BW + 3-body phase-space decay[2]

• Indirect population of 25O g.s. through 1st

excited state of 26O.
• Sequential Decay: 26O(2 MeV) �
25O(770 keV) + n � 24O + n + n

• Direct population of 25O(g.s.) � 24O + n
• BW: Er = 770 keV

[1] B. Roeder EURISOL Design Study, Report: [10-25-2008-006-In-beamvalidations.pdf, pp 31-44] (2008).
[2] F. James, CERN Yellow Report 68-15 (1968); ROOT - TGenPhaseSpace class



Results and Discussion

2-body
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χ2 minimization 26O(g.s.) resonance

Edecay = 150+50
-150 keV

Γ = insensitive (5 keV shown)

3-body



Results and Discussion

- Cross Talk: 1 neutron can interact twice within 
MoNA producing a false 2n signal.

- Multiple neutron interactions included in simulation.
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Results and Discussion

Confirm 3-body signal through removal of false 2n events.
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Results and Discussion

Confirm 3-body signal through removal of false 2n events.
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Causality cut: D12 > 25 cm  &  V12 > 7 cm/ns

Applied to both exp. and sim.

Efficiency decreases by ~50%
Cross-talk reduced by factor of 3.



Side Note: Validation of Simulation

Used a “clean” 1 neutron reaction to compare simulation:

Compared “standard” G4 physics classes to custom 
MENATE_R neutron interaction code

Reproduce causality cut observables
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Manuscript submitted to NIMA, Z. Kohley et al. (2012).



Outlook

True 2n emission conditions: Possible candidate for dineutron emission.
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Outlook
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Grigorenko et al. PRC 84, 021303(R) (2011)



Summary

Observation of 26O ground state, which is unbound by < 200 keV.
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S2n = M26O – M24O – 2Mn

S2n > 0 unbound

S2n < 0 bound

Hagen et al. arXiv:1202.2839v1 [nucl-th] (2012)
Accepted to PRL.
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