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Halo nuclei 21A1| 2241 23A1 244l 2541 28Al
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Exotic nuclear systems formed by a core and some 19Mg|20Mg|21Mg 22Mg 23Mg ~' 5Mg

weakly bound valence nucleons:

18Na|19Na [20Na 21Na 22“‘“2“‘ 25Na 26Na 2TN: @ 2n
« Extended mass distribution and large radius ~ 1oe | “ 23Ne 24Ne :

25Ne 26N
“halo”

» Large reaction cross sections

* Narrow momentum distributions following fast
fragmentation reactions

* Concentration of dipole strength at low 8¢
energies close to BU threshold ‘ =
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Helium isotopes n Gudveen Sawhney et al., J. Phys. G:
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I. Tanihata, et al. Phys. Lett., B289:261, 1992.



Searching for di-neutrons and tetra-neutrons

Scattering of ®He +2%8Pb at Coulomb barrier energies

8He is the most neutron-rich bound nucleus, with a ratio of N/Z =3 = excellent test bench for multi-neutron transfer.
Spherical, well known double-magic target nucleus 2%Pb
Coulomb barrier = large probability of neutron transfer
Existing *He + 298Pb elastic scattering data at similar incident energies ~ 22 MeV (Coulomb barrier).
Comparing °He and 3He scattering is interesting:
- Rms. matter radii of *He and ®He are very similar (2.33 fm, 2.49 fm), but they are halo and skin nuclei, respectively

- Remove “geometrical” effects due to differences in size = better understanding of structure/dynamics of the reaction process

N. Keeley et al., PLB 646, 222 (2007).
SIn (MeV) | S2n (MeV) | Qln (MeV) | Q2n (MeV) | SF(1n) SF(2n) F. Skaza et al,, PRC 73, 044301 (2006).
‘He 1.771 0.973 +2.07 +8.15 1.6 1.0 L.V. Chulkov et al., NPA 759, 43
2005).
8He 2.140 2.574 +1.35 +6.98 2.9 1.0 ( )

S, and S,,: higher in 8He = smaller coupling to the continuum in 8He ~ smaller breakup yield.
S, smaller in SHe = larger 2n transfer and 2n-breakup

Q,, and Q,,: 1n and 2n better Q-matched in 8He ~ larger 1n and 2n transfer yield.

SF(1n): higher in 8He ~ larger 1n-transfer yield.

o 1 ?
SF(2n): Similar values ~ similar yields for 2n transfer. LGN R O RB DU G A G

: : % Sequential or direct?
4-neutron transfer. Unique mechanism for 8He. * q

** Di-neutrons and tetra-neutrons?




Scattering of 3He +2%Pb at 16 and 22 MeV

@Y

GLObal Reactlon Array (GLORIA) ;0 oiated

: o~ target
\’L O 6 x DSSSD Si particle telescopes %
laboratoire commun CEA/DRF CNRS/IN2P3
Caen, France -40um DE & E, ]| mm
- i -6 °
«  Proposal E587S (2010) Total solid angle: 26 %

- Angular range: 15 -165 deg.
* Measure the angular distribution of the elastic channel and - Angular res. ~ 3 deg.
the yields of He and *He from 15° to 165° Lab.

PIP detector
+ collimators

3 slits rotary L PIP detector
collimator + collimators
208PhTarget
Exotic beam [
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GLORIA silicon array

G. Marquinez-Duran et al. Nucl. Inst. Meth. A 7585, 69 (2014). 4



Particle identification
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Elastic cross sections
OM calculations: Vr, Wi Woods-Saxon

T T T~ T = T = T
Elastic cross (a)
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" ‘_ sections —‘ PI'OjCCtilC Vv ry ay W rw aw  OR (mb)
i O6He (LLN) - *He 143.7 1.631 0.587 37.1 1.481 1.148 1529
® 3He (GANIL) He 147.4 1.237 0.618 19.8 1.090 1.766 1425
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« Larger total reaction cross section for 8He than for SHe

Ratio to Rutherford
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0.21- - larger neutron transfer as compared to °He. EXOGAM Ge-array
ooL—L— 1  Consistent results of Z. Podolyék, et al., in ®He + 1= 32 ds /;
30 60 90 120 150 180 208ph @ 26 MeV —I— ‘
6., (deg) © 577 A
1A Flabtic cross 1] - v decay of low-spin states in 2Pb = suggests 10;*__ —4!; =
i . ! (b) i strong one-neutron stripping process, 358 5/2% c
T sections | 8" ¢ 5/2
9 : erer
o 1.0 ¢ o= T —> Strength comparable to fusion-evaporation 4+223
=L —-'—
£ Ry 1 4 v | channel 2%Pb(®He,4n)?!*Po 405
% - ié ' 0 6He (LLN) Llf 1567
:é 0.9¢ ||/ i ® sHe (GANIL), Z. Podolydk, et al., Nucl. Instr. Meth. A 511, 354 (2003). i S
| 4 % | ] ot § 0 9/t § O
0.8 % | S S Y S S Jo/2

I'min (fm) s
parameter _" e 6



“‘He and SHe yields
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Clear separation between breakup/transfer

500¢ - 160° from neutron transfer reactions
200 - 402 , from °He — “He + 2n breakup

Z

(1) 2n transfer: 2°%Pb(®He, *He)?'°Pb
(2) In transfer: 2°%Pb(®He, "He — ®He + n)?%°Pb

Moderate separation between
breakup/transfer and fusion-evaporation
a from fusion-evaporation events 21?Po
60° - 160° from neutron transfer reactions

- 20°-40°, from *He — “He + 4n breakup

(1) 4n transfer: 28Pb(®He, “He)?!°Pb

(2) 3n transfer: 2°Pb(®He, "He — “He + n)?!'Pb
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(3) 2n transfer: 2°Pb(®He, *He*1.8 — “He + 2n)?!°Pb
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Kinematics consistent with neutron transfer channels

G. Marquinez-Durdn et al., Phys. Rev. C 98, 034615 (2018).
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Cross sections
6.4He cross sections
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64He: The shape of the angular distributions
consistent with a transfer reaction mechanism.
He:
*  Competition of 1n and 2n transfer
“He:

Reaction mechanisms

6He Reaction Q (MeV) Qopt (MeV)

2n transfer > 208pp8He ‘He)*'"Pb +7.00 —08

In transfer > ***Pb(*He, "He — °He + n)*”’Pb +1.40 —0.4

2n breakup = 2%pPh(3He, *He  — “He + 2n)*%Pb -2.14
1He Reaction 0 MeV) Qg (MeV)
4n transfer 2> 208Pb(8He 4He) 212py, +14.99 —1.7
3n transfer > 208pp Spe SHe 5 “He + )2 !Pb +9.12 —-1.2
2n transfer 2 208Pb(8He, (’He’i‘_8 — ‘He + 2n)210Pb +5.20 —0.8
4n breakup > " Pb(*He, *He* — “He + 4n)***Pb ~3.11

4n breakup - “"Pb(*He, "He" — (6HeT.8 — *He +2n)+2n)**Pb  —-3.94

« Small spectroscopic factor for the (3He| SHe*| s + 2n) overlap = expected 3n or 4n transfer to 2!'Pb and 2!?Pb, respectively.



Total cross sections

Eyp (MeV) o6y, (Mmb) 04y, (mb) o (mb)

16 2031  26+£5 254460

22 8714+31 3937 1529 £40
Assume:
OTrans = O6He + O4te OFus = OR™ OTrans

Good overall agreement between ®He + 2%8Pb and ®He + 1Y7Au.

A. Lemasson, et al., Phys. Lett. B 697, 454 (2011).
A. Lemasson, et al., Phys. Rev. Lett. 103, 232701 (2009)
G. Marquinez-Duréan et al., Phys. Rev. C 98, 034615 (2018).
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Probing transfer of neutron clusters with Coulomb barrier reactions induced
by *He

Objective. Measurement of the angular distributions of transfer cross sections for

SHe and “He yields in coincidence with neutrons and gammas, in the scattering of
8He+208Pb at the energy of 22 MeV.
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Summary and conclusions

» Sequential In-transfer to low-energy levels in 2°°Pb seems to dominate the ®He angular dsitribution.

« The data on *He is well reproduced by including a direct tetraneutron transfer component to highly
excited states in 21?Pb.

* However, model uncertainties are too large to withdraw conclusive results.

e New proposal at SPIRALI/GANIL to measure *He exclusive data in coincidence with gammas an
neutrons.

* Everybody welcome to join the new proposal, just send me an email to imartel@uhu.es

Thanks!!


mailto:imartel@uhu.es
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Zs. Podolyak et al. | Nuclear Instruments and Methods in Physics Research A 511 (2003) 354-359
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Fig. 2. The effect of using lead shielding on the beam tube. (a) y-ray spectrum without Pb shielding, (b) with Pb shielding, (c) the (b) E (keV)
difference spectrum of spectra (a) and (b). The (a) and (b) spectra are normalised to the 1461 keV intensity. The beam intensity was 4

~4 x 10* ions/s. The setup with the position and thickness of the Pb shielding is also shown. Fig. 1. Singles y-ray (a) and y—y coincidence matrix projection,

(b) spectra from the *He + 2% Pb reaction (see text for details).




