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Motivation: The peculiarity of ogx(E) in ®He,5°Li+28Si

og(E) measurements by the 4r-method

6 (E) #68He, 678911 j 101112Be+28S;

Experiments at fragment-separator ACCULINNA@JINR
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or(E) of 468He 678911 j101112Be+28Sj have been measured at the region E, \g~5+30AMeV.
The peculiarity of og(E) in 8He,5°Li,1?Be+28Si were observed:

Local excess of 6(E) “bam

” at E=[10+20 AMeV] for 68He, %°Li 2Be+Si reactions were observed.




Motivation to study °Li ¢ spatial properties 2000

An argument to study the spatial properties of
°Liy is in a peculiarities of ox(E) °He,°Li+2%Si
reactions at E, g = (7—20) AMeV.

The values of ox(°He,°Li+28Si) exceed the
values of or('Li+28Si).

The values of ox(°He,5Li+28Si) exceed the oy
of empirical Kox model.

The values of og(*He,’Li+28Si) are close to the
og(E) predictions of Kox model systematics

“He, 5He, ’Li data from:
Bull. RAS 69 (11), p.1605, (2005);

6L i data from:
Bull. RAS 72 (3), p.356, (2008).
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The experimental values of the material radius of °Li ¢ vary significantly, ranging

fromR, .=

rms—

2.09+0.02 fm [I. Tanihata et al., Phys.Rev.Lett. 55 2676, (1985)]

to R, = 2.45+0.07 fm [A.V. Dobrovolsky, et al., Nucl.Phys. A 766, pp..1-24, (2006)].




Motivation to study ®Li,, spatial properties 2000
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Motivation to study °Li*(3.56MeV) spatial properties

18 2 53 o | ISOBARIC TRIPLET °He - °Li - °Be
I Aol 2
0.00 ¢ +
T = 0 LU One of the issues in the study of exotic nuclei is the
9 3 question of preserving the properties of the halo in
excited isobaric analog states (1AS).
000 1 The most accessible experiments for this are those with
5 He - 6\ beams of stable 5Li nuclei included in the isobaric triplet
Li SBe A=6 (°He-%Li-°Be)

Experimental data on the spatial structure of excited 6Li

[K. Arai et al., Phys.Rev.C 51(5), IAS are significantly limited.

(1995)]:

Rims ((Heg s )= 2.51fm, Data analysis based on data from various experiments showed [A.
R, (6Lig.s..).= 2.44Fm, S. Demyanova, &t 4/, ICPPA 2017, KnE Energy (2018)]:

R (CLI(356MeV)) = 273 | R CHey,) = R (BLi*(3,56)) = 2.49£0.16fm.

One of the newes theoretical studies of the properties of isobaric triplet A=6 are

calculations within the ab initio NCSM (no-core shell model) [D.M. Rodkin, Yu.M.
Tchuvil’sky, “Sizes of the Neutron—Proton Halo in Nucleon-Stable States of the 5Li Nucleus”, JETP Lett., 118(3),

153 (2023)]. NCSM ab initio calculations showed that the radius of 6Lig_s_ coincides
E within the error limits with the radius of the °Li*(3,56) state.




Motivation:

3 6081 431?0 - As the spin-parity of the deuteron is 1*, the
_—— 3.56 071 forbid)éen decay of the 0* 5L state into the a+ d
He+n+p _ channel is only possible if the continuum
2.186 |30 final state is J® = O-; thus this process
1.4737 violates parity.
AT
- He+d
61 : I
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The structure of 6Li can be roughly represented as two subsystems:

the “core” of “He and the (p-n) pair forming a “p-n” shell.

The excited level °Li"(0*,T=1,E=3.56 MeV) is the IAS of ®He, and due to the Isospin
symmetry of the strong interaction, the 6Li*(0*,T=1,E=3.56 MeV) state should have
similar spatial and spin characteristics of the wave function , the same as the

ground state of the ®He.

If the ground state of ®He has a 2n-halo of the “Boromian” type, then the state 6Li*(3.56)
should have a similar n-p structure, which has received a number of names in various
publications: “n-p halo” or “tango-halo” [I. N. Izosimov, Phys. At. Nucl. 80(5), 867, (2017)].




Motivation: for studying L, and SLi"(3.56MeV) spatial properties in 1-step reactions:

Most studies focusing on the structure of 6Li*(E=3.56 MeV) have examined multi-step
reaction channels like (t,p), charge-exchange reactions like *H(°He,%Li)n, etc.

The analysis of multistep reaction channels, unlike one-step processes (nucleon-
stripping and nucleon-pickup reactions) requires consideration of a greater number
of possible combinations, which complicates obtaining definitive results.

SAEPHAS @H3HKA, 2013, moa 76, No (2, c. 1542—1548
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p(°He,n)°Li(0T) direct reaction diagrams:
Li b) ¢c) OLi

d — °He stripping;
b — exchange of a virtual neutron with a proton:
c — sequential transmission of neutron and (- particle.




experiment: study He ¢ SLi, and °Li*(3.56MeV) spatial properties in 1-step reactions:

Measurement of differential cross sections of reaction products
10B+'Li (E,;,=58 MeV)

The experiment was carried out on the U-400 @ FLNR JINR, Dubna.
The aim of the experiment was to measure the differential cross sections
do/dQ of :

1) elastic scattering: 1°B("Li, ‘Li)'!B;

2) n -transfer reaction: 1°B("Li, 6Li)*B, °B("Li, 6Li*(3,56MeV))'B

3) p -transfer reaction: °B("Li, °He)C

and other reaction channels.




Details of the experiment:
study °He,, °Li,s and °Li"(3.56MeV) spatial properties in 1-step reactions:

Beam spot on the target
position: @ = 3,6 mm.
Beam angular aperture:

AG® = 0,2°,
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The measurements were carried out in a scattering chamber using two assemblies of
semiconductor detectors. Each assembly includes 4 AE-E telescopes.

Left: 4 telescopes (AE=30um, E=800um) with angular step ®=1°, angular capture of each detector
A®=+0.5° The distance to the target is - 25 cm. The range of measured angles - 17°<®<50°,

Right: 4 telescopes (AE=100pum, E=3000um) with angular step ®=3°, angular capture of each
detector A®=+10. The distance to the target is - 27 cm. The range of measured angles - 7°<@<30°.




Experiment:

* The energy resolution of the dE and E telescope detectors was no worse than AE,, = 60 keV,
which ensured the identification of particles in dE—E telescopes from hydrogen isotopes to boron

isotopes.
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* The energy resolution of the dE and E telescope detectors was no worse than AE,, = 60 keV,
which ensured the identification of particles in dE—E telescopes from hydrogen isotopes to boron
isotopes.
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Experi ment: study SLi, and °Li"(3.56MeV) spatial properties in 1-step reactions:

Energy (dE+E) spectrum °Li, @, 55 = 10°:
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Experi ment: study 6Lig_sl and 6Li"(3.56MeV) spatial properties in 1-step reactions:
(Preliminary results)
The angular distributions of differential cross sections do/dQ:
elastic scattering "Li+°B W - black squares
And one-nucleon transfer reactions 1*B("Li,%Li)1B:
to ground state 6Li(J"=1*; E=0.0 MeV;T=0) A - blue triangles
to excited state 6Li (J*=0*; E=3.56 MeV; T=1) @ - red circles.
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Analysis:

arXiv:2408.,09231v2 |[nucl-ex] 9 Oct 2024
The “Finite Range Distorted Wave Born Approximation” (FRDWBA) analysis of the
differential cross section of the °B(’Li,°Li)!'B for the °Li, and °Li*(3.56 MeV) transition

was performed.

study °Li, and °Li"(3.56MeV) spatial properties in 1-step reactions:

Phenomenological approach based on solving an approximate equation for the reaction
form factor was used to determine its radial dependence and empirical values of asymptotic

normalization coefficient (ANC).
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Analysis:

The “Finite Range Distorted Wave Born Approximation” (FRDWBA) analysis of the
differential cross section of the °B(’Li,°Li)!'B for the °Li, and °Li*(3.56 MeV) transition
performed.
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Conclusions: arXiv:2408.09231v2 [nucl-ex] 9 Oct 2024

« Li elastic scattering and 1n-transter reaction ‘*B(’L1,°L1)‘B
E("Li)=58MeV have been measured at U-400 @FLNR JINR, Dubna.

«  The angular distribution for reaction 1°B(”Li,°Li)!B with excitation state
SLi*(J"=0*,T=1,E=3.56MeV) is presented for the first time.
«  The “Finite Range Distorted Wave Born Approximation” (FRDWBA)

analysis of the differential cross section of the °B(’Li,°Li)''B for the °Li  and
°Li*(3.56 MeV) transition was performed.

« Phenomenological approach based on solving an approximate equation for
the reaction form factor was used to determine its radial dependence and
empirical values of asymptotic normalization coefficient (ANC). The obtained
values of ANC for the ®Lij and °Li*(3.56 MeV) states are in agreement with
the literature ones.

«  Comparison of the radial dependences of form factors shows that the wave
function of the °Li*(J™=0*,T=1,E=3.56MeV) state has increased spatial
dimension compared to the °Li .

« This result is an argument in favor of a halo existence in °Li*(3.56 MeV)
state, while the question of a halo in®Li still leaves open.
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