OU3HUKA DJIEMEHTAPHBIX YACTHL] U ATOMHOI'O SPA
2022. T.53, Bbin. 2. C. 178-179

DEEP NEURAL NETWORKS
AND THE PHENOMENOLOGY
OF SUPER-HEAVY NUCLEI

A. Bobyk, W.A. Kamiriski
Maria Curie-Sklodowska University, Lublin, Poland

In recent years, several successful applications of the artificial neural networks
(ANNs) have emerged in nuclear physics, high-energy physics, and other fields
of science. These works have already shown that modeling of nuclear data with
ANNSs provides a valuable complementary approach to theory-driven models of the
systematics of nuclear data. A significant effort to exploit these novel methodologies
is motivated by aspirations toward experimental and theoretical exploration of nuclei
far from stability.

In our work, we aimed at predicting the binding energies (B/A), as well as the
two-proton and two-neutron separation energies (So,, Sor) of heavy and super-heavy
nuclides, specifying only their proton and neutron numbers (Z, N) together with
their numerical parity. Given a body of training data, the iRPROP (improved resilient
backpropagation) and Adam (adaptive moment estimation) learning algorithms have
been used to adjust the parameters of the deep ANN, determining (without any
further theoretical assumptions) the mapping from the proton and neutron numbers
to the properties of the nuclear ground state.

The predictive power of the neural network emerging from simulations done
within the Keras+ TensorFlow framework is compared with that of traditional
phenomenological models. The obtained results show not only excellent learning
performance of our network (with the MSE deviation between the ANN output and
2498 experimentally known binding energies at the level of 70 eV), but are also very
promising in predictions of various properties of both super-heavy nuclei and nuclei
far from stability. It is found that the purely phenomenological models, based on
deep ANNSs, can match or even surpass the predictive performance of conventional
models for nuclear systematics (without, however, grasping the existence of shell
structure) and accordingly should provide a valuable additional tool for exploring the
expanding nuclear landscape.

B nocsientue roast 6bJI0 CAEMaHO HECKOJIBKO YCIEIIHBIX MOMBITOK UCI0/b30BaHUS
UCKyccTBeHHBIX HelipoHHbiX cetedl (MHC) B sinepHo# dusuke, GpUsHKe BBICOKMX SHEP-
TMH U OPYTUX 006JIacTAX HAyKH. DTH pe3y/bTaThl 10Ka3ajd, YTO MOJEJUPOBaHHe NaH-
HbIX siiepHOU (u3uku ¢ nomolnbio MHC MoxeT GbITb LIeHHBIM HOMOJHEHHEM K HCCJle-
JOBaHUSIM C TIOMOLILbIO TEOPETHYECKUX Mofesell. Haubosee HHTepeCHBIM TpUMeHeHHEM
JAHHOTO HOBOTO MOAXOAA MOXET OKa3aTbCsl IKCIEpPUMEHTaJbHOe U TeopeTHYecKoe
UcceloBaHUe siiep, HaXONSILIUXCs NAJeKo 3a MpefesaMd 006/1acTH CTaGUIbHOCTH.

Llesb npencrtaBieHHOH paGoThl — NpeacKasaTh IHePruu cBsisu (B/A) u sHepruu
OTHEJIeHHUsI ABYX NMPOTOHOB U ABYX HEHTPOHOB (Sap, S2n) TIAKENBIX M CBEPXTSKEBIX
HYKJ/IHJ0B, 3ajaBas TOJbKO HX MPOTOHHOEe M HeHTpoHHOe uncaa (Z, N), a Takxke
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4eTHOCTb MX 4Hcsa. Mmeromuiics mMaccuB JaHHBIX OblJ HCHOJB30BAH AJf TPEHHPOB-
ku anroputmoB iRPROP (¢ ynydimeHHBIM ynpyrum oOGpaTHBIM PaclnpoCTpaHeHHeM)
1 Adam (oueHKa afganTHBHOTO MOMEHTA), KOTOPBle 3aTeM ObLIM HCIIOJb30BaHbl JJIsl
HacTpoiiku napamerpos ray6okoit MHC, onpenensiooiedt (6e3 kKakux-au6o AOMONHU-
TeJIbHBIX TEOPETHUECKUX MPEeNIONOoKeHHH) 0ToOpaxeHHe YHCesl MPOTOHOB U HEHTpO-
HOB Ha CBOHCTBA OCHOBHOI'O COCTOSIHHS Jpa.

[IpenckasatesbHasi cula HEHPOHHOH CeTH, OCHOBAHHOH Ha MOJEJNHPOBAHUH B PaM-
kax ajnroputma Keras+ TensorFlow, cpaBHHBaeTcsi ¢ pe3ysbTaTaMH TPafHLIHOHHBIX
(heHoMeHOMOTHUecKUX Mogeseld. [losydyeHHble pe3yJbTaThl MOKA3bIBAIOT HE TOJBKO
OTJIMUHYIO CIOCOGHOCTb K 0GYUEHHIO MpesiaraeMoi aBTOpaMH CTaTbH CeTH (CO cpej-
HEKBaJpaTHUHbIM OTKJOoHeHHeM Mexay AaHHbiMM MHC u 2498 skcnepumenrasbHO
U3BECTHBIMH 3HaUeHHSIMH 9Hepruil cBsi3u Ha ypoBHe 70 3B), HO u MHorooGeuamouye
BO3MOXKHOCTH IPE€ACKAa3blBaTh pas/jMiHble CBOHCTBA KaK CBEPXTSXKEJbIX flep, TaK U
s1ep, HaXO[SIIMUXCS NaJeKo 3a NpeaesaMu octposa cTabusnbHocTu. [lokasano, 4to 4yu-
CTO (heHOMeHOJIOTHUeCcKHe MOfe/H, 0ocHoBaHHble Ha riaybokux MHC, moryT coBnanarb
10 NnpejcKasaTe/bHOH CIIOCOGHOCTH C OOLIENPUHATHIMH MOJE/ISIMH ONHCAHUSI CBOHACTB
sfep (ogHaKo Ge3 0OBSCHEHHS CTPYKTYPHl 000JI04eK) U Jaxe MPEBOCXOAUTb UX, 4TO
SIBJISIeTCS LIeHHbIM [OMOJNHUTE/bHBIM UHCTPYMEHTOM HCCJ/Ie0BAHHS PACIIUPSIOLLErocs
sIepHOrOo JaHamadTa.

PACS: 07.05.Mh; 21.10.Dr; 21.10.Gv; 21.10.Hw



