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Physics at the drip line

Charity, R.J. Eur. Phys. J. Plus 131, 63 (2016)

Stable            β-unstable     β-unstable     p-unbound

For fluorine isotopes the proton drip-line
is reached for N = 7:

Valérian Alcindor 1/11Nuclear physics at the edge of stability - 28/06/2021 - 01/07/2021



The unbound nucleus 15F
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• Expected to be measured as a broad
resonance

• Excited states with increased width as
a function of excitation energy
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J! Ex (MeV) ! (keV)

1/2+ 0 500

5/2+ 2.8 270

1/2- 4.8 40

• Expected to be measured as a broad
resonance

• Excited states with increased width as
a function of excitation energy

Ø Not true in 15F

1 order of
magnitude
narrower!
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Ø The structure of this state changed by the nearby threshold: understood at
99% as a 13N core + 2p
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E (keV) Γ (keV) Jπ T (s)
1270 500 1/2+ ~10-21

4757 40 1/2- ~10-20

1 order of
magnitude
narrower!

Ø The structure of this state changed by the nearby threshold: understood at
99% as a 13N core + 2p

Ø Can the longer half-life make the measurement of the gamma emission
possible?
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Near threshold clusterization
The Hoyle state:

Ø Most ”famous” nuclear state
Ø 3⍺-cluster
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Near threshold clusterization
The Hoyle state:

Ø Most ”famous” nuclear state
Ø 3⍺-cluster

Ø Ikeda conjecture: the structure of states near their Nα decay
thresholds should lead to the formation of Nα-cluster states.
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Near threshold clusterization
Generalization of Ikeda’s conjecture 

Jacek Okołowicz et al. Progress of Theoretical Physics Supplement, Vol. 196, Oct. 2012
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Near threshold clusterization
Generalization of Ikeda’s conjecture 

Ø Does Ikeda’s conjecture hold for all near threshold states ?

Jacek Okołowicz et al. Progress of Theoretical Physics Supplement, Vol. 196, Oct. 2012
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Motivations
Predictions of other narrow states:
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Ø Large differences for the width of the
3/2- state between Canton et al. and
Fortune and Sherr.
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Three goals : 
q Measurement of the excited negative parity states of 15F: 1H( 14O,p) 14O
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Three goals : 
q Measurement of the excited negative parity states of 15F: 1H( 14O,p) 14O
q Measurement of the two-proton decay branching ratio and decay

mechanism : 1H( 14O,2p) 13N or 1H( 14O,p) 14O(*)(p) 13N
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q Observation of the gamma branching ratio: 1H( 14O) 15F(*)(ɣ) 15F(p) 14O
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Experimental method
To fulfill those goals:
• The thick target technique was used
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To fulfill those goals:
• The thick target technique was used
• A 14O beam at 7.5 MeV/u
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To fulfill those goals:
• The thick target technique was used
• A 14O beam at 7.5 MeV/u
• Three different CH2 targets, a on-resonance (~100 μm), a off-resonance (~70 μm) and a 

thick target (~200 μm) as well as a carbon target for background measurement
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To fulfill those goals:
• The thick target technique was used
• A 14O beam at 7.5 MeV/u
• Three different CH2 targets, a on-resonance (~100 μm), a off-resonance (~70 μm) and a 

thick target (~200 μm) as well as a carbon target for background measurement
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Experimental setup

Ø Measurement of the 1p excitation function.
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z-spectrometer
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0.08 mg/cm2 carbon stripper
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A
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First experiment (May 2018):
• At LISE
• Spiral1 7.46 MeV/u 14O8+ RIB
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Magnetic field

Mugast
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13N/14O 
or p??

p

14O

ɣ

Experimental setup

Ø Measurement of the 1p excitation function. Ø 2p excitation function and 2p correlations measurement.
Ø "-emission measurement 

CSS1CSS2CIME
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z-spectrometer
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0.08 mg/cm2 carbon stripper

Experimental hall D6
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First experiment (May 2018):
• At LISE
• Spiral1 7.46 MeV/u 14O8+ RIB
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Second experiment (April 2019):
• With MUGAST VAMOS and

AGATA
• Spiral1 7.42 MeV/u 14O8+ RIB
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Results: 1H( 14O,p) 14O and 1H( 14O,2p) 13N

Dalitz plot helped us study the correlations
between the protons and the fragment

0.5

1
1.25

0.75

0.25

1.5

σ
(m

b)

0 1 2 3 4 5 6 7 8
Er (MeV)

0

0.02

0.04

0.06

0.08

0.1

0.12

dσ
/d

Ω
(b

/s
r)

Outside
target

Outside
target

x0.1 3-

25-

2

1-

2

5+

2 ?

Ø State at Er ~ 6.3 MeV consistent with both a 3/2-
and 1/2+ state
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Ø The two states above 6 MeV are both
decaying sequentially by 2p emission

Dalitz plot:

Ø State at Er ~ 6.3 MeV consistent with both a 3/2-
and 1/2+ state

Results: 1H( 14O,p) 14O and 1H( 14O,2p) 13N
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Second proton

First proton

Reconstructed 14O(1-)

Ex(14O(1-)) = 5.2 MeV

14O +p ->15F->14O(1-) +p -> 13N + p + p 
E14O + Ep = E14O* + Ep
E14O* = E13N + Ep
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and 1/2+ state
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Previous work This work
J! Er (MeV) !1p (keV) J! Er (MeV) !1p (keV) !2p (keV)

1/2+ 1.270 (20) ~500
5/2+ 2.794 (16) 300 (16) 5/2+ 2.81 (12) 251 (26)
1/2- 4.757 (16) 36 (19) 1/2- 4.88 (21) 30 (15)

5/2- 5.93 (10) 3 (2) 0.04 (2)
5/2- or 3/2- 6.4 (2) 200 (200) 3/2- 6.33 (13) 28 (13) 0.33 (8) Ø Consistent with the mirror nuclei 15C

Results: 1H( 14O,p) 14O and 1H( 14O,2p) 13N
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Ø Very good agreement with the energies predicted by Fortune
and Sherr

Ø The 3/2- state is one order of magnitude narrower than Fortune
and Sherr prediction, similar to Canton et al.
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Scaling down by ~ 830 keV

Ø Very good agreement with the energies predicted by Fortune
and Sherr

Ø The 3/2- state is one order of magnitude narrower than Fortune
and Sherr prediction, similar to Canton et al.



Results: 1H( 14O,p) 14O and 1H( 14O,2p) 13N
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Scaling down by ~ 830 keV

Coulomb
Barrier

Ø 3/2- is ~ 4 times narrower than the mirror state in 15C!
Ø Many nearby thresholds: GSM and GSM-CC calculation

on the way (A. Mercenne, N. Michel and M.
Ploszajczak)

Ø Very good agreement with the energies predicted by Fortune
and Sherr

Ø The 3/2- state is one order of magnitude narrower than Fortune
and Sherr prediction, similar to Canton et al.
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Ø No events compatible with the expected gamma transition

Ø #ɣ < 4.4 (1.5) eV -> BR < 0.019 (10) %

Results: !-decay between unbound states?
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Ø No events compatible with the expected gamma transition

Ø #ɣ < 4.4 (1.5) eV -> BR < 0.019 (10) %

Calculation of the reduced transition
probability:

�calc
� = 3.25eV ⌘ �exp

� < 4.4(1.5)eV

<latexit sha1_base64="Ybv/dBZhWQwOofvCCrMQ4VBOJSk="></latexit>

hr2i = 8.3fm2

<latexit sha1_base64="FUuMfN7Pi9UqnonMKAT0zxKFRQo=">AAACFHicbVDLSgNBEJyNrxhfUY9eBqMgCGE3RvQiiF48RjAqZGOYnfQmQ2Znl5leMSz5CC/+ihcPinj14M2/cfI4+CpoqKnqZrorSKQw6LqfTm5qemZ2Lj9fWFhcWl4prq5dmjjVHOo8lrG+DpgBKRTUUaCE60QDiwIJV0HvdOhf3YI2IlYX2E+gGbGOEqHgDK3UKu76kqmOBKpvssqA+nr8OqKH5T3qI9xhFkZbQ29r0CqW3LI7Av1LvAkpkQlqreKH3455GoFCLpkxDc9NsJkxjYJLGBT81EDCeI91oGGpYhGYZjY6akC3rdKmYaxtKaQj9ftExiJj+lFgOyOGXfPbG4r/eY0Uw8NmJlSSIig+/ihMJcWYDhOibaGBo+xbwrgWdlfKu0wzjjbHgg3B+33yX3JZKXvV8v55tXR8MokjTzbIJtkhHjkgx+SM1EidcHJPHskzeXEenCfn1Xkbt+acycw6+QHn/Qtymp0x</latexit>

B(E1) = 0.11 e2fm2

<latexit sha1_base64="3giUSkHkEVK7RIl5xoqUXBhqTiY=">AAACCXicbVA9SwNBEN3z2/h1ammzmAixOe5E0UYIEcFSwaiQnGFvM5cs2ftgd04MR1ob/4qNhSK2/gM7/42bmEITH8zweG+G3XlBKoVG1/2ypqZnZufmFxYLS8srq2v2+saVTjLFocYTmaibgGmQIoYaCpRwkypgUSDhOuieDPzrO1BaJPEl9lLwI9aORSg4QyM1bVotn3q79Ji6jufRBsI95hRKt3ulMBr0ftMuuo47BJ0k3ogUyQjnTfuz0Up4FkGMXDKt656bop8zhYJL6BcamYaU8S5rQ93QmEWg/Xx4SZ/uGKVFw0SZipEO1d8bOYu07kWBmYwYdvS4NxD/8+oZhkd+LuI0Q4j5z0NhJikmdBALbQkFHGXPEMaVMH+lvMMU42jCK5gQvPGTJ8nVnuPtOwcX+8VKdRTHAtki26RMPHJIKuSMnJMa4eSBPJEX8mo9Ws/Wm/X+MzpljXY2yR9YH9+OaJZ6</latexit>

Results: !-decay between unbound states?
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Results: !-decay between unbound states?
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Conclusion

Ø Measurement of the excitation function of the 1H( 14O,p) 14O in the first experiment:
• Confirmed the properties of the 5/2+ and 1/2- states
• Precise measurement of the new 5/2- and 3/2- states found to be very narrow despite

being 3 MeV above the Coulomb Barrier

Ø Interpretation of the structure of the measured states:
• The coupling to the nearby thresholds might explain the narrow width of the 3/2-

Ø Measurement of the two-proton decay in the second experiment 1H( 14O,p) 14O(*)(p) 13N:
• Two-proton decay correlations deduced from the use of Dalitz plot showed that the 5/2-

and 3/2- states decayed sequentially through 14O first excited state

Ø Gamma branching ratio:
• Determination of an upper limit
• The experimental upper limit is compatible with the calculated gamma width
• Insight on what makes a good candidate for gamma transition between unbound states
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Conclusion

Thank you for your attention!
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