B NABOPATOPUAX MHCTUTYTA
| L
AT THE LABORATORIES OF JINR

Jla6opaTtopus MH(OPMALIMOHHBLIX TEXHOOrMA

B nmocrenane necatuneTus 60pU1 cHOPMYITHPOBAH P
CBUACTCIILCTB U MEP HCKJIACCUYHOCTH KBAHTOBBIX CUCTEM.
BonbmmHCTBO M3 HUX OCHOBAaHBI HA MPHHININAIBFHON He-
BO3MOKHOCTH KJIACCHUYECKOTO CTATUCTHUYECKOTO Omuca-
HUS KBAaHTOBBIX cucTeM. B wactHOCTH, QyHKINSI Buraepa
oOnajaeT BCEMH CBOWCTBAMH TPABUIIBHOTO CTATHCTHYC-
CKOTO DAaCHpeAeCHHs, 3a WCKIIOYCHHEM CBOWCTBAa HE-
orpurarenbHOCTH. C QU3HICCKOI TOYKH 3pEHHS TOTI0KHU-
TETBLHOCTH PACTIPEICTICHHS BEPOSTHOCTH SIBJIsIeTCs DyH 1A~
MCHTAJIFHBIM 3JICMEHTOM KJIACCHYECKOW CTAaTUCTHUYCCKON
napaaurmbel. CienoBareabHO, HECYIIIECTBOBAHUE TTOJIOKH-
TEJTHHO OTIPEICIICHHBIX PACTIPEICTICHI BEPOSTHOCTH CITy-
JKUT HEKOTOPBIM MHAUKATOPOM HEKJIACCUYHOCTH (1)I/I3I/I‘-Ie'
CKOM CHUCTEMBI.

Oynkius BurHepa mNpHHUMAET —OTPHUIATCIIEHBIC
3HAYEHUs, MTO3TOMY BO3HHKAET HEOOXOAMMOCTH HM3Mepe-
HUSl OTKJIOHCHHUSI KBa3UBEPOSATHOCTHOIO PACIPEICICHUS
Buraepa KBaHTOBOTO COCTOSIHHS OT UCTUHHO CTAaTHUCTH-
YECKOTO pacmpeneicHus. il KOJMYCCTBCHHOW OLCHKU
CTETICHH COOTBETCTBHUS «KJIACCHYHOCTH-KBAHTOBOCTH»
B BuAc (DYHKIIMOHAJA, 33JaHHOTO Ha IMPOCTPAHCTBE Op-
6utr O[Py] npucoenunernoro aeicteus rpymmsl SU(N)
Ha MPOCTPAHCTBE COCTOSTHUNA Pp N-ypOBHEBON KBAaHTO-
BOW CHCTEMbI, BBOIUTCS INIO0ATbHBIA HHAUKATOP Q.

Laboratory of Information Technologies

Over the past decades, a number of witnesses and
measures of nonclassicality of quantum systems have been
formulated. Most of them are based on the primary im-
possibility of a classical statistical description of quantum
systems. Particularly, the Wigner function possesses all the
properties of a proper statistical distribution except for the

non-negativity of the latter. From a physical point of view,
the positiveness of probability distributions is a fundamen-
tal element of the classical statistical paradigm. Therefore,
the non-existence of positive definite probability distribu-
tions serves as a certain indication of nonclassicality of a
physical system.

Since the Wigner function attains negative values, one
should measure the deviation of the Wigner quasiprobabil-
ity distribution of a quantum state from a proper statistical
distribution. So we introduce the global indicator Qy for
quantification of the “classicality—quantumness” corre-
spondence in the form of a functional on the orbit space
O[Py] of the SU(N) group adjoint action on the state space
Py of the N-dimensional quantum system.
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Wunukarop Qu onpesenieH Kak OTHOCUTEIbHBINA 00b-
eM moamnpocrpancTea O P,Er) 1= O[Py], thme kBasuse-
POSITHOCTHOE pachpesieliecHne Buranepa mMoNoXHTEIBHO.
Anrebpanueckas crpykrypa Of P,Sr)] packpbIBaeTcst |
WLTIOCTPUpPYETCs Ha puMepe Kyourta (N = 2) u KyTpuTa
(N=3). Jdus ancambns xytputoB ['mibbepra—Ilmunra
HaliJileHa 3aBHCUMOCTH II0OaJbHOTO MHIUKaTtopa Qu oT
rapaMeTpa MpOoCTPAHCTBA MOAY/IEH KBa3UBEPOSITHOCTHOTO
pacnpenenenust Burnepa.

Abgaryan V., Khvedelidze A., Torosyan A. The Global In-
dicator of Classicality of an Arbitrary N-Level Quantum Sys-
tem // Zap. Nauch. Sem. POMI. 2019 (in press); https://arxiv.org/
abs/1910.11220.

Kak 0Obut0 mokasano koiutabopanueii NA61/SHINE,
SKCTIEPUMEHTAJIbHBIE JlaHHble 0 pokaenuu pl-, o- u
K0*-me30H0B B 7 C-B3aMMONEHCTBHAX OpH P, = 158
n 350 I'sB/c minoxo ONMUCHIBAIOTCS CYyIIECTBYIOMINMHU
MOHTE-KapJIOBCKIMH TeHepatopamu coOwithii. CoTpyn-
Hukamu JIUT u JI®BD npeanoxeHo yinydilieHUE MOH-
TE-KapJOBCKOW OIIEHKH, YTO MOXET OBITh pEalM30BaHO
B MOHTE-KapJIOBCKUX TeHepaTopax, Takux kak Los Alamos
QGSM, QGSJet-II u momenu QGS (makera Geant4), a Tak-
K€ TIO3BOJINT YITyUIIUTH OTMMCAHWE HKCIIEPUMEHTAIBHBIX
JTAaHHBIX B MOJIEJISIX M, B YACTHOCTH, OMHCAHHE TOCIIETHUX
JTAaHHBIX KOJIJTA0OPAIHH.
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Vorcunckuit B., Fanosn A. // Tlucema B DUAZL. 2019. T. 16,
Ne6. C.985.

Haiinen nabop mapametpoB mozaenu HIJING (Heavy
Ion Jet INteraction Generator), ITHPOKO HCITOTB3YEMOH IS
MOJICITUPOBAHUS SAPO-SIACPHBIX COYIAPCHHIIA, U TIPEIIIOKE-
HBI U3MEHEHUSI MOJIENH, KOTOPBIE MO3BOJISIOT OMHUCATh 3KC-
MepUMEHTAJIbHBIC TaHHbIe Koytabopammii NA49 u NA61/
SHINE mo mpoTOH-TIPOTOHHBIM B3aUMOACUCTBUSAM IIPH
MMIYIIbCaX HAJICTAOMINX TPOTOHOB B CUCTEME TTOKOS TIPO-
ToHOB MuIieHu ot 20 mo 158 ['3B/c. MoaudunupoBanHas
MOJIeJIb IPUMEHEHA K aHajM3y JaHHBIX O SPO-SACPHBIX
COYIapeHUSAX TIPH BBICOKUX SHEPTHAX, W MOKAa3aHO, YTO
MOJICITh TIO3BOJISICT OIMUCATh OCHOBHBIC XapaKTCPHCTHKU
9TUX B3aUMOJCHCTBHIA.

Vowcuneruii B., Tanosan A. // U3s. PAH. Cep. ¢us. 2020.
T.84, Ne4. C.577-581.

IIpe3enTanusi MOAePHU3UPOBAHHOIO
cynepkomnsiotepa «'oBopyn»

14 Hos10pst B JTabopaTopru nH(HOPMAITMOHHEIX TEXHO-
soruit OMAN cocTostmuch npe3eHTanus U JeMOHCTpalus
MOJICPHU3UPOBAHHOTO  CyNepKoMIbioTepa «lOBOpYH».
OOHOBIIEHHBIN CYNIEPKOMIBIOTEP, HA3BAHHBIA B YECTh
H.H.ToBopyHna, o0mamaeT COBOKYIHOH TeOpeTHUECKOMH

The indicator Qy is defined as a relative volume of the
subspace O[ P,S,Jr) 1< O[Py], where the Wigner quasiprob-
ability distribution is positive. An algebraic structure of
o[ P,Sr) ] is revealed and exemplified by a single qubit
(N =2) and a single qutrit (N = 3). For the Hilbert-Schmidt
ensemble of qutrits, the dependence of the global indicator
Qy on the moduli parameter of the Wigner quasiprobabili-
ty distribution has been found.

Abgaryan V., Khvedelidze A., Torosyan A. The Global In-
dicator of Classicality of an Arbitrary N-Level Quantum Sys-
tem // Zap. Nauch. Sem. POMI. 2019 (in press); https://arxiv.org/
abs/1910.11220.

As shown by the NA61/SHINE collaboration, the
experimental data on p° « and K% meson productions
in ©C interactions at P, = 158 and 350 GeV/c are bad-
ly described by existing Monte Carlo event generators.
Scientists from LIT and VBLHEP proposed an improve-
ment of Monte Carlo simulations, which can be imple-
mented in Monte Carlo event generators, such as Los
Alamos QGSM, QGSJet-II and QGS models (Geant4
package), and will also improve the description of experi-
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mental data in models and, in particular, the description of
the latest collaboration data.

Uzhinsky V., Galoyan A. // Phys. Part. Nucl. Lett. 2019.
V.16, No.6. P.985.

A set of parameters of the HIJING (Heavy lon Jet
INteraction Generator) model widely used for simulations
of nucleus—nucleus collisions is found, and some improve-
ments, which allow one to describe the NA49 and NA61/
SHINE collaborations data on proton—proton interactions
at momenta of projectile protons in the rest frame of tar-
get protons from 20 up to 158 GeV/c, are proposed. The
modified model is applied to analyze nucleus—nucleus col-
lisions at high energies, and it is shown that the model can
describe the main characteristics of these interactions.

Uzhinsky V., Galoyan A. // 1zv. Akad. Nauk, Ser. Fiz. 2020.
V.84, No.4. P.577-581.

Presentation of the Modernized “Govorun”
Supercomputer

On 14 November, a presentation and a demonstration
of the modernized “Govorun” supercomputer took place at
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MTUKOBOM MPOU3BOIUTEIBHOCTHIO 860 Tduorc ast onepa-
LMA ¢ JTBOMHON TOYHOCTBIO, YTO TMO3BOJIMIIO €MY 3aHSTh
10-e mecTo B criricke TOM-50 CaMbIX MOIIHBIX CYIIEPKOM-
netotepoB Poccum u crpan CHI.

B mpeseHTanun mpuHANTHA yYacTHE COTPYIHHKH Jia-
6opartopuii MHCTHTYTa, @ TaKkKe POCCUHCKUX BBIYUCIH-
TenpHBIX 1eHTpoB — MCI[ PAH, UBMuMI' CO PAH,
CIIGITY, Ululr CO PAH, BT CO PAH, cnemuaincTsl
xommannii Intel m «PCK Texnonorum». C mpHUBETCTBEH-
HBIM CIIOBOM K yYaCTHHKAM IIPE3CHTAIIUH, TIPOXOIUBIICH
B MaITHHHOM 3a;1¢ MHOTO(QYHKINOHATBHOTO HH(OpMAIIH-
OHHO-BBIUHCIUTENRHOTO KoMIutekca (MUBK), obpatmics
nupextop JIMT B.B.KopeHbkoB, KOTOpPBIA OTMETHII, UTO
IKCIUTyaTalus MEePBOH OYepelr CYMEepPKOMITHIOTEpA B Te-
YEeHHE MPOLIEANIMX IOJIyTOpa JIET MO3BOJIMIA MPOBECTU
LENbIA pAJ CAOKHEHIINX PEeCypCOEMKUX BBIUUCICHHN B
o0Js1acTi KBaHTOBOI XPOMOJIMHAMHKH Ha PEIIeTKax, Ipo-
BECTH pacyeThl PajHallMOHHON 0E301MacHOCTH SKCIIEpH-
MEHTalbHBIX ycTaHOBOK OIS, cyliecTBEHHO yCKOPUTh
HCCIIEJIOBaHUSl B OOJAacCTH paJvallMOHHOM OWOIOTHUH |
JIpyTUX Hay4HO-MIPUKIIAHBIX 3a/a4, pemaembix B OVSN.

C BBOJIOM BTOpOH 04epe Iy CYyTIepPKOMITBIOTEPA KOJIIEK-
tu JINT nozapasun sutie-gupexrop OUAN P. Jlennuniku:
«be3 OOoNpUIMX BBIYUCIUTENLHBIX MOIIHOCTEH CErojHs
HEMBICIIUM TIporpecc HayKH. AHaJIN3 JaHHBIX C HOBOTO
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KoJIalzepa 0e3 CynepKoMITbIoTepa OyleT HEBO3MOXKEHY.
Koopaunatop npoekra MPD (JI®B3) O. B. Porauesckuit
OTMETHJI, YTO BBIYUCIUTENBHBIE PECYPCHI CYNEPKOMIIBIO-
Tepa yXXe aKTHBHO HCIOJIB3YIOTCS Koiutaboparmeit MPD
B pamkax Meracaiienc-poekra NICA st reHepanuu u
PEKOHCTPYKLIMKM COOBITHH, a BBEJCHHUE BTOPOI ouepenn
MO3BOJIMT KaUE€CTBEHHO IOBBICUTH ONEPATUBHOCTh MOJE-
JIUPOBAHUSA IUHAMUKH CTOJIKHOBEHHUH pEISTUBUCTCKUX
TSDKEJBIX MOHOB M YCKOPHUTH MPOIECC T'€HEpaluul U pe-
KOHCTPYKIIMM cOOBITHI 11 sKkcnepuMenToB Ha NICA.
B cBoem BbICTYyIUIEHHH peKTOp yHUBepcutera «JlyOHa»
J1. B. ®ypcaes no3apasui koyuiektuB OVSU ¢ 3tum 60i1b-
IIMM YCIIEXOM M OTMETHJ BaXKHOCTb OOYyUCHHUS CTYAECHTOB
TEXHOJIOTHSIM BBICOKOTIPOM3BOANTEIBHBIX BBIYUCICHUN Ha
CaMbIX COBPEMEHHBIX BBIUHCIHMTEIBHBIX APXUTEKTypax.
C TeXHWYECKNMH XapaKTEePUCTHKAMH OOHOBICHHOTO CY-
MIepPKOMITBIOTepa coOpaBmmxcs Tmo3Hakomua 0. Murams
(PCK, Mocksa), a H. C. Mecrep (Intel) pacckazai o HOBBIX
THIIEPKOHBEPTCHTHBIX MOIX0AAX, BHEAPEHHBIX BO BTOPYIO
o4epeb CyNepKOMITBIOTEpPA U MTO3BOJISIOIINX CYIIECTBEH-
HO YCKOPHUTH paboTy ¢ OOIBIIIMH 00bEMaMU TaHHBIX.
[locne mpeseHTaUMM COCTOSUICS CEMHHAp, IOCBS-
IIEHHBI HOBBIM IPOTPAMMHO-ANIAPATHBIM PEIICHUSIM
cynepkomnbroTepa «[0BOpyH» M HTOraM €ro sKcIulya-
tanuu. Ha cemunape BeicTynun Bune-gupextop OMSAU,

the Laboratory of Information Technologies of JINR. The
updated supercomputer has a joint theoretical peak perfor-
mance of 860 TFlops of double precision, which allowed
it to take the 10th place in the Top-50 list of the most pow-
erful supercomputers in Russia and the CIS.

LIT staff members and employees of other JINR labo-
ratories, as well as Russian computing centres such as ISC
RAS, ICM&MG SB RAS, SPbPU, ICG SB RAS, ICT SB
RAS, specialists of the “Intel” and “RSC Technologies”
companies, participated in the presentation. In the first
part of the presentation, which was held in the computer
room of the Multifunctional Information and Computing
Complex, LIT Director V.Korenkov addressed the partic-
ipants of the event. He noted that over the past year and
a half, the JINR supercomputer named after N. Govorun
in its first modification had made it possible to carry out
a number of complex resource-intensive calculations in
the field of lattice quantum chromodynamics, to calculate
radiation safety of the JINR experimental facilities and to
significantly accelerate research in the field of radiation
biology and other scientific and applied problems solved
at JINR.
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JINR Vice-Director R.Lednicky congratulated LIT
team on the launch of the second modification of the su-
percomputer: “Nowadays the progress of science is un-
thinkable without great computing power. The analysis
of data obtained at the collider will be impossible with-
out a supercomputer”. O. Rogachevsky, the coordinator of
the MPD project (VBLHEP), observed that the comput-
ing resources of the supercomputer were already actively
used by the MPD collaboration of the NICA megascience
project to generate and reconstruct events, and the given
modernization would qualitatively increase the speed of
modeling the dynamics of collisions of relativistic heavy
ions and accelerate the process of generating and recon-
structing events for the NICA experiments. In his speech,
Rector of Dubna University D.Fursaev congratulated the
Laboratory staff on this huge success and paid attention to
the importance of students’ training of high-performance
computing technologies on the latest computing architec-
tures. Yu. Migal (RSC, Moscow) introduced the technical
characteristics of the updated supercomputer to the audi-
ence, and N.Mester (Intel) talked about novel hypercon-
verged approaches implemented in the second modifica-
tion of the supercomputer allowing one to significantly




B NABOPATOPUAX MHCTUTYTA

nupektop JI®BD B.JI. Kekenuasze, KOTOpbIl OTMeTHI
BaXXHOCTH CymHepKomIbioTepa «[ 0BOpyH» Ui BCcex 3aad,
pemaembix B OV, ocoGeHHO A MeracaieHc-Tpoek-
ta NICA. B.B.KopeHbKOB MO3HAKOMUII COOPaBIINXCS C
tenaeHusMu pa3sutus MUBK kak 6a30Boil ycTaHOBKU
OUSIN. B cBoem noxnaze /. B. [Toaraiiuerii pacckaszan o6
OTIBITE JKCIUTyaTaIlH CYHNepKOMIbIOTEpa U, B YACTHOCTH,
OTMETHJI, YTO Pe3yIbTaThl HayYHBIX HCCIIeOBAaHUI, MOTy-
YEHHBIX C HCIIOJIB30BAHNEM BBIYHCIUTENIBHBIX PECYPCOB
CYIepKOMITbIOTEpa, ObUIM OITyOJIMKOBaHBI B Oosiee uem
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50 Bemymux MUpPOBBIX HayuHBIX nm3maHusax. H.C.Mectep
(Intel) mo3HAKOMHJI YYACTHHUKOB CEMHHApa C COBPEMCH-
HBIMH TEHJICHIMSAMH Pa3BUTHUSI HOBEHIINX BBHIYUCIUTEINb-
HBIX apxuTekTyp ot Intel. Corpymankn xommannu «PCK
Texnonoruu» A.lllmene u Il.JlaBpeHko mnpenctaBuin
0030p pemennit gt HPC-rutarhopm Ha KOHTaKTHOM >KH -
KOCTHOM OXJIQXKJICHNH, a TAK)Ke HOBBIX MIO/IXOI0B K paboTe
¢ OonmpIIMMU 00BEMaMH JIAaHHBIX, PEaIH30BAHHBIX B TOM
Yrciie Ha CynepKoMIibioTepe «I oBOpyH».

JlaGoparopust HHOOPMAIMOHHBIX TEXHOJIOTHH, 14 HOSIOPSI.

IIpe3enranus Bropoii ouepenu cynepkoMinsrorepa «loBopyn» B MamuHaoM 3aie JIUT

speed up work with large amounts of data, which is partic-
ularly relevant for the NICA megascience project.

After the presentation, a seminar on novel software
and hardware solutions of the “Govorun” supercomputer
and on the results of its operation was held. JINR Vice-
Director, VBLHEP Director V.Kekelidze, who noted the
importance of the “Govorun” supercomputer for all tasks
solved at JINR, especially for the NICA megascience proj-
ect, opened the seminar. V.Korenkov enlarged upon the
development trends of the Multifunctional Information
and Computing Complex as the basic facility of JINR.
In his report, D.Podgainy spoke about the experience of
operating the supercomputer. He noted in particular that
the results of scientific research using the computing re-
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The Laboratory of Information Technologies, 14 November.
The demonstration of the second modification of the JINR “Govorun” supercomputer in the LIT computer room

sources of the supercomputer had been published in more
than 50 leading world scientific journals. N. Mester (Intel)
introduced the current trends in the development of the
latest computing architectures from Intel. Representatives
of the “RSC Technologies” company A.Shmelev and
P.Lavrenko presented an overview of solutions for HPC
platforms on contact liquid cooling, as well as novel ap-
proaches to working with large amounts of data imple-
mented on the “Govorun” supercomputer.
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