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One of the longest isotopic chain in the continuum: systematics
Extreme N/Z: test field for n-n interaction
"H: most exotic nuclear system
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In general, theory goes for a narrow, low-lying, di-neutron system in 7H
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Or not?
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Experimentally, the “easiest” way is to jump from 8He
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Experimental information is not conclusive but slowly amounting to something...
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Experimental information is not conclusive but slowly amounting to something...

Hints of an excited state at 6.5 MeV!!
with do(10-45deg) ~ 30 plo/sr
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Ex,y (MeV)

Events/0.8 MeV
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Experimental information is not conclusive but slowly amounting to something...
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d (8He, H) 3He at 26 AMeV

Emax ~2.2(5) MeV
FWHM ~[0 - 0.4] MeV
do3-18deg) ~35 pb/sr
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More excited states
at 5.5(3), 7.5(3), 11.0(3) MeV!!

And... afirst look at a
possible angular distribution:
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Or not?
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But no sign of 7H...
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Overall, the situation is not yet quite closed:
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Overall, the situation is not yet quite closed:
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But it already hints at basic properties of "H

Binding energy (MeV)

Width (MeV)

- The lowest binding energy of the chain: possible 4n decay directly to SH+4n
- The smallest width: longest-lived of the chain
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But it already hints at basic properties of "H
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- We can see a similar behaviour in the He chain, driven by neutron pairing.
- If the H chain follows a similar pattern, "H would be the least unbound of the chain.
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A new attempt with a (classic) active target
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19F (8He,7H) 20Ne , 12C (8He,”H) SN at 15.4 AMeV  E620S @ GANIL
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Target-like recoll analysis with MAYA and event selection
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Observables: - Range (or~20 mm)
- Angle (0p~1.5 deg)
- Reaction plane (oo~1. deg)
- Charge deposited (0q~30%)
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Reconstructed track + Scattered 3H

Selects binary-like reactions with a heavy
recoil (/>4) and a XH scattered.
Other channels are strongly suppressed.
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Range - Angle matrix and kinematics
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No isotopic identification on the recoil: we must rely on the Range
An excess of counts appear along the kinematic line of the one-proton transfer
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Range - Angle matrix and kinematics
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No isotopic identification on the recoil: we must rely on the Range
An excess of counts appear along the kinematic line of the one-proton transfer
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Simulation and fitting

We produce a simulation with the experimental resolution and constraints applied to
the production of the different phase-space components and the resonance
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E7n=0.73 038547 MeV  T'7u = 0.18 +0-47 5 16 MeV

The results depict a low-lying, almost bound resonance with a relatively long half-life
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In context:
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The basic properties of "H are confirmed
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- The lowest binding energy of the chain: possible 4n decay directly to SH+4n
- The smallest width: longest-lived of the chain
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calculations by
We also have the angular distribution A. Moro (U. Sevilla)
N. Itagaki (U. Kyoto)
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- The channel with 19F displays an oscillation pattern, suggesting the formation of a well-
defined system.

- Calculations with FRESCO and AMD wave functions with a 1/2+ state reproduce the
features of the measured cross section. But they need to be scaled by a factor ~8.
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We also have the angular distribution
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The slight displacement towards lower angles in c.m. suggests that the size of the
resonance might be larger than the predictions by AMD
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However...
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There is a huge discrepancy between our diff. cross-sections and previous data.
Although the different experiments cover different angular regions, energies, targets, etc,
there seems to be a dependence on the target size.
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Influence of the target”
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- Weighting each result by its Rutherford cross-section, the dependence on the target
mass flattens, but we also see a huge dispersion on the d(,)°He data.
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“In-medium’” effects?

2H - 3He 19F - 20Ne

- The overlap between the target and the outer neutrons is much more pronounced in the
case of “heavy” targets. Can this help the formation of the resonance?
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Experimental bias?
A virtual resonance”
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- The heavy-target channels seem to give higher cross-sections and smaller "H mass.
- But, coincidentally, they are measured with the same experimental technique.
- —> Ccross-technique measurement?
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A possible picture of the most exotic system of the nuclear chart

- We have an almost bound, low-lying system,
probably the least unbound of the whole chain

- With the longest half-life of the H resonances (?)

- With a unique 4n decay
(probably in the form of 2n? "pseudo-Borromean’)

Built on a 1/2+ 3H core and
with an extended 4n halo

- Theory suggests a dilute di-neutron boson
condensate, with a size of ~6 fm

S. Aoyama, N. Ttagaki PRC 80, 021304(R) (09)

6 fm
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A new attempt with a (classic) active target

track imaging
SR aapabité&éas -----------
(MAYA)

1970s 1980s 1990s 2000s 2010s
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The missing channels

We don't see the population of the 1st or 2nd state in 20Ne even though they are
expected to be more probable

, He + 'F @ 15 MeV/u
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Simulation and fitting

We produce a simulation with the experimental resolution and constraints applied to
the production of the different phase-space components and the resonance
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E7n=0.73 038547 MeV  T'7u = 0.18 +0-47 5 16 MeV

The results depict a low-lying, almost bound resonance with a relatively long half-life

ECT* 2022 33 M. Caamano (USC), T. Roger (GANIL)



Some checks

The measurement of the scattered light product imposes some limits on binary

reactions:
12 13
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The "H peak from 19F disappears beyond its kinematic limit,
whereas the phase space and the 2C channels are still there.
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Some checks

f coming from "H, the energy of the SH should have a distribution around 43 MeV
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The SH energy distribution is very consistent with the formation of
the "H peak from 19F targets
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A game-changer

Hydrogen 7 & Tetraneutron: tiny ‘neutron stars’ (
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= = Ambiguous and contradictory signals:
5 Z‘ 1’% ‘ ‘ N ‘ ‘ > g y slg — total events: ~ 50k !!!
| X low statistics & resolutions — still 1-2 years : calibrations ...

X backgrounds (targets, binary channels)

X missing mass: no neutron detection

Gordon Research Conference on Nuclear Chemistry / New London (USA) / June 19, 2019 “Probing nuclei with (too) many neutrons” / F.M. MARQUES
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A word about phase-space
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- The measured phase space is mostly isotropic and well reproduced
by a 3-body partition, with 4 neutrons emitted with a high correlation.
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Resolution
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Contaminants
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Recoil range (mm)
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About elastic scattering
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- The measured elastic scattering is strongly affected by the
experimental resolution, and both 12C and SF channels are mixed.

- However, FRESCO calculations for both channels need a similar
factor of 0.9+0.1 to match the experimental data.
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Simulation and fitting

We produce a simulation with the experimental resolution and constraints where
we calculate the production of the different phase-space and the resonance as:

B
O'7H(E) — 0 F7H\/; 5
(Bm — E)° + 5 (Fm\/%)

Multi-step process:

oo deg O frezsurement o 3033 deg ® mogauremert 1-FitEr anq [ er 45<B6<54
20 - 3-body PS | 3-Dody PS Also varying bin offset.
""" 4-borly PS of ~ 2 - Check for systematic
¢ 2| dependences
S Saof *7 3 - Calculate Er and I' considering
| 4 *{ uncertainties and covariance.
1 i, ._ 4 - Fix Er and I" and fit the
003 00014010180 contributions of each channel for
Range (mm) Range (mm) 18<B<5hH7.

Also varying bin offset.
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Study of "H with one-proton transfer reactions

Simulation and fitting

We produce a simulation with the experimental resolution and constraints applied to
the production of the different phase-space components and the resonance

2-body ("H+2°Ne)

3-body (3H+29Ne+n4) 4-body (3H+20Ne+2n2) 6-body (3H+29Ne+4n)
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Study of "H with one-proton transfer reactions
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Study of "H with one-proton transfer reactions
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Study of "H with one-proton transfer reactions
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Study of "H with one-proton transfer reactions

Two *He telescopes
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FIG. 3. Charged particle detector telescopes used in experiment 1.
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FIG. 4. Charged particle detector telescopes used in experiment 2.
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FIG. 1. Experimental setup.
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