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TASKS OF THE EXPERIMENTS

1. Conducting experiments on reactions of YCa + " Au, *Ca + ""Au at
energy 400 MeV.

2. Comparison of the influence of the structure of 1sotopes “°Ca and “*Ca on
a heavy target under conditions of elastic scattering.

3. Analyzing experimental data in terms of the classical model for elastic
scattering.

4. Conclusions about the structural differences of the *°Ca and **Ca nuclei
based on experimental data and interaction parameters.



EXPERIMENTAL STUDY OF REACTIONS 44Ca + 17Au

Operating conditions for measuring elastic
scattering:

semiconductor
telescope

reaction chamber

* Angular resolution considering beam

consumability at target £0.6°, recording of

target

beam of o
Au

products in the range 0, = 19°—67° 40Ca, Ca
0., = 13°-53° for 4Ca. This will allow to
go down the section of elastic dispersion in

5 orders

* The 1% energy resolution will provide an
opportunity to separate elastic peak Ca Fig.1. Schematic of the experimental setup

- ¢ AE-E semiconductor telescope
from non-elastic 1ons;

* Intensity of the beam 50 nA.



EXPERIMENTAL DATA
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SEMICLASSICAL APPROACH

The criterion for classical approach is usually the dimensionless Zommerfeld

parameter [1]:
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where V — Initial relative velocity of nuclei (with their endless removal), e —

electron charge.

For ¥Ca: n =79, for ¥Ca: n =87

This corresponds to the condition of application semi-classics

n>>1

In this case the distance of closest approach is related to the scattering angle in

the following way [2]:
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ANALYZING DATA FOR REACTIONS "**Ca + " 'Au

The ratio to the Rutherford’s

10
1 LR s ' s
* 4
84 ol : For **Ca
M L _ O .
\b eglrazing egrazing o 40 m
0,01} ' center of mass
: system
0,001 Y
10 20 30 40 50 60 70
0., deg

10
1 _ & A A, .
‘ 40
0,1 0 For "Ca
grazing ‘A . o :
0,01k * egrazing =45%1n
: * center of mass
Fy
0,001 system
A
1E_4 1 1 1 1 1
20 30 40 50 60 70
0., (deg)

The ratio /oy, as a function of the distance of closest approach for Coulumb trajectories. R, , — interaction radius [3]
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SEMICLASSICAL PARAMETERS OF THE Ca**
NUCLEI
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Calculated parameters: 1E-4
8 10 12 14 16
D, fm
Beam Target Lab energy | D, (fm) A (fm) R,
(MeV) Comparison of 6/cy relations depending on the
distances D for **Ca (open digits) and Ca™ (closet
BCa | Au 400 12.46+0,03 | 0.334+0,09 12.12 digits). Continuous lines are defined by the
approximation of points below D,
VCa | 7Au 400 11.77+0,02 | 0.27+0,07 11.36

4. Nuclear Physics A303 (1978) 259-264



CONCLUSION

1. For the first time, two reactions were compared in experiments studying elastic scattering on*’ Ca, **Ca beams at an
energy of 400 MeV on a Y7 Au target under the same experimental conditions.

2. The angular distributions of elastic scattering were measured in the angle range for “Ca: 6 = 19° - 67°,
for **Ca: 0 = 13° - 53°, and it was possible to descend by 5 orders of magnitude in cross section.

3. In the experiment studying the reactions “°Ca + ®’Au and “*Ca + "’Au, the experimental data were analyzed and the
following key semiclassical parameters were obtained:

Distance of closest approach for Ca nuclei to Au:
e “Ca: D,=11.77 fm,

¢ %Ca: Dy=12.46 fm

Diffuseness for Ca nuclei:

e Jlna *°Ca: A=0.27 fm

e Jlms *Ca: A=0.33 fm

4.  *Ca interacts with '”Au more softly and at larger distances than “°Ca, as shown by increased D, surface diffuseness
A, and earlier deviation from Rutherford scattering. This smoother interaction likely stems from the neutron-rich, diffuse
structure of **Ca and is crucial for enhancing nucleon transfer and fusion, especially in reactions forming heavy “and
superheavy nuclei.
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COBpeMEHHI)Ie NCCJICA0BAHUA, UCITIOJB3YIOIINEC KBA3HUKIACCHYCCKUEC METOAbI

* Systematic study of the surface diffuseness of nuclear potential with high precision large-angle quasi-elastic
scattering
Nuclear Physics A, 2010
B 3TOM HccieqoBaHUM U3MEPSIIUCH (PYHKITMU BO30YKICHUST KBAa3UU3YTIPYTOTO PacCesiHUsI MPU OOJBIINX YIVIaX JJIsi CUCTEM
16 , 208p1. 1965, 184 154,152
O+ ""Pb, "Pt, "Wwmu Sm npu SHEPrusX HUXKE KyJIOHOBCKOTO Oaprepa. [Tapamerpsl audPpy3HOCTH SaEPHBIX
MOTEHIIMAIOB ObUIM U3BJICUYCHBI KaK U3 OJJHOKAHAJIBHBIX, TAK U U3 MHOTOKAHAJIbHBIX PACU€TOB.

* Nuclear surface diffuseness revealed in nucleon-nucleus diffraction
arXiv preprint, 2018
ABTOPBI 00CYKJIAIOT B3aMMOCBSI3b MEX Y UMD PY3HOCTHIO SAESPHON MOBEPXHOCTH U AU PEepeHIIMaIbHbIM CEYEHUEM
YIPYTOro paccessHus MpU MEPBOM TUPPAKIIMOHHOM IMHUKE B BBICOKOAHEPTETUYECKOM PACCESTHUM HYKJIOH-SIIEPO.
Hcnons3yeTcst MUKPOCKOIIUYECKas TEOpHs peakiiuu, Mmoaeib [1ayoepa, 71 OmucaHusi BHICOKOIHEPTETUUECKUX PEaKIIUH.

* The role of surface energy coefficients and nuclear surface diffuseness in the fusion of heavy-ions
arXiv preprint, 2010
B at1oii pabote 00Cykaaercs BIUsiHUE KOA(DPUIIUEHTOB MOBEPXHOCTHOUN SHEPTUU U TU(PPY3HOCTH SIICPHON MOBEPXHOCTH
Ha MOTEHIIUAJ CONM>KEHUS U, B KOHEYHOM UTOTE, Ha CIUSHUE TXKEIBIX HOHOB. ABTOPHI UCIIOJIB3YIOT Pa3IMUHbIE BEPCUU
K03 (PUIIMEHTOB MOBEPXHOCTHOW SHEPTUU U AaHATIM3UPYIOT UX BIMSHUE HA Oapbephl CIUSHUA.

« Elastic o transfer in the '°0 + *C scattering and its impact on the nuclear rainbow
The European Physical Journal A, 2020
Hccnenyercs ynpyroe o-nepeHOCHOE PaCCEsIHUE B CUCTEME "0 + "*C u ero BnusiHue Ha AIEpHYIO panyTry. Mcnomb3ytores
MOJTYMUKPOCKOTIMYECKHUE MOJIEIH, BKITFOUasi noTeHunansl Bynca-Cakcona, 1Sl aHalin3a SKCIEPUMEHTAIbHBIX JAHHBIX.



IlepcneKTUBBI NPUMEHEHUA PE3YyJIbLTATOB

ITonyuennsie napametrpsl D, A, Rint 1 yron 1/4 sBnstoTcs IKCHIEPUMEHTAJIBLHO ONpede/IsieMbIMU XapAKTEPUCTHKAMH
npoguisa B3auMOAEHCTBUA MEXAY TSOKEIBIMU SIPaAMU.

*IJTH BEJIUYHMHBI MOTYT ObITh HCIOJIL30BAHBI KAK BXOJAHbIE JaHHbIE [TPU:

* MOCTPOCHHUH ONTHYECKUX MOTEHIIHAJIOB,

* MOJEIMPOBAHUY pPeaKIMid MepeaavYu U CIAUSHUA,

* oueHke 3QPPEeKTUBHOCTH MMYUYKOB (HAIIPUMEDP, B CHHTE3E€ CBEPXTHKEIBIX SJIEMEHTOB).
*Oco0eHHO BaxHBI pe3ysibTarhbl 1o Ca-48, KOTOPhI OCTAETCS OJHUM U3 KIIFOUEBBIX ITYYKOB B UCCIIEAOBAHUAX IK30THUECKUX
U HEUTPOHOOOTAThIX CUCTEM.
] IpakTHueCcKas MoJib3a PE3yJabTATOB — B BO3MOXXHOCTH MPEABAPUTEILHON OLEHKH ""MATKOCTH' 00MOapaAMpyO1Iero
siipa 6e3 He0OXOAMMOCTHU MPOBOAUTH MOJIHBIM CIIEKTP peakiuii (mepenava, Bo30yKaIeHUE, PparMeHTaIMs ).

[TapameTp YT10 nmokassiBaeT

D, C KaKoro pacCcTosIHUSl HAYMHAETCA 3aMeTHOe B3aUMOJleHCTBUe

A Hacko/1bKO pe3KUM UJIM NJIaBHBIM SIBJISIETCA CIaJ, CeYeHUs

R [1e BiepBble NOABJIAETCA BKJIAJ A/ €ePHBIX CUJI

Yron 1/4 ['paHuIia Mex/y YUCTO KYJIOHOBCKMM U CMelIaHHBbIM paccessHHueM

n, ?\,a 3HepI‘ETI/I‘{eCKI/Ie U reoMeTpru4eCKHre lapaMeTphbl BBaHMOAeﬁCTBHH



CeueHnue

do N

dQ o Nbeam'th'dw,

N — 4ucio 4acTuil — NMPOAYKTOB peakinu, Nypq;y — YHACIO YACTHIL ITYUKA,

Nty — 4MCII0 YACTHUIl MUIIEHH, AW — TEJIECHBIA yTroJl, 3aBUCAIINN OT YCTaHOBKHU.
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