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HccaenoBanue CHJIbHOHEPABHOBECHBIX
KBAHTOBO-IMHAMMYECKHUX MPOIECCOB B 0030HHBIX
cucremMax ¢ nomoinb0 nmnakera MCTDHB

B pamkax corpynHu4ecTBa MEXAy TIPYIION IO Te-
OpUH MHOTOYACTHYHBIX 0030HHBIX cucteM [1] Ilentpa
KBaHTOBOH auHamMuku [elnens0eprckoro yHHBEpCHUTETa
(I'epmanwust) u Jlaboparopueit nHPOPMAMOHHBIX TEXHOJIO-
ruit OVIAU nponomkeHs! paboThl IO TEOPETUIECKOMY HC-
CIIEZIOBAaHHUIO TUHAMUYECKUX CBOMCTB KBAHTOBBIX CHUCTEM,
peann30BaHHBIX Ha OCHOBE CBEPXXOJOAHBIX aTOMOB H MO-
JIeKyJl, HaXOAAILIMXCS BO BHEIIHMX MarHUTOONTHYECKUX
MOTeHIManax (JIOBYIIKax).

B CcOBpeMEHHBIX DJKCIEPUMEHTAX CO CBEPXXOIO-
HBIMH aTOMaMi OCHOBHOM HaOJIOaeMON BEIMYMHOHN SIB-
JsieTcs TUIOTHOCTh YacTHIl, COOTBETCTBYIOIIas MHOrova-
CTUYHOW BOJIHOBOW (DYHKIIMH, MOJHOCTHIO OIHCHIBAIOIIEH
HCCIEIYEeMyI0 KBAaHTOBYIO CHCTEMY. JTO INPEUMYILECTBO
(U3UKKM CBEPXXOJIOAHBIX YaCTHI[ MO3BOJISIET MPOBECTH

IpsSIMOE CPaBHEHHE IKCIIEPUMEHTANIbHBIX JAHHBIX C TEO-
PETUYECKUMH TPEACKa3aHUIMHE, TOIYICHHBIMH ITyTEM pe-
MICHUS HECTAlMOHAPHOTO MHOTOYACTHYHOTO YpPaBHCHHS
Ipenunrepa, ONMMUCHIBAIONIETO CTATHYECKHE CBOWCTBA ATHX
CHCTEM, a TaK)Ke KBAHTOBYIO HEPaBHOBECHYIO JUHAMUKY.
Perrenne MHOrO4aCTUYHOTO HECTAIMOHAPHOTO YPABHEHUS
Ipenmarepa, 0COOCHHO B MHOTOMEPHOM CiTy4ae (IByMep-
HOM M TPEXMEPHOM), SIBIISICTCS PECYPCOEMKOM BBIYHMCIIN-
TENIBHOM 3a/1aueid, TpeOyromeld pa3pabOTKH YHHKaJIbHBIX
MapajuIeIbHBIX aJITOPUTMOB, CYIIIECTBEHHO COKPAIIAIOIITIX
BpEeMsI KOMITBIOTEPHOTO MOJICITUPOBAHHS.

Bbut mpooimKkeHs! paboTEI 110 JabHekel pa3padoT-
ke u ontumusanuu nakera MCTDHB (Multiconfigurational
Time-Dependent Hartree for Bosons) [1], peamu3ytoriero
omHouMeHHBIH Meton MCTDHB [2,3] umcieHHoro pe-
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Investigation of Highly Non-Equilibrium
Quantum Dynamics in Bosonic
Systems with MCTDHB Package

In the framework of ongoing collaboration between
Many-Body Theory of Bosons group [1] at the Centre
for Quantum Dynamics, Heidelberg University, and the
Laboratory of Information Technologies, JINR, we contin-
ue theoretical investigations of the highly non-equilibrium
quantum dynamics implemented in trapped systems of ul-
tra-cold atoms and molecules.

In modern experiments with trapped ultra-cold atomic
clouds, the density of the many-particle quantum system
is the main routinely detected observable. This unique ad-
vantage of the physics of ultra-cold atoms and molecules
allows us to compare directly the experimentally detected
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evolution of the quantum many-particle system with theo-
retical (numerical) solutions of the respective many-particle
Schrodinger equation governing this dynamics. Numerical
solution of this equation, especially in higher dimensions
(2-3D) is known to be a difficult problem requiring consid-
erable computational efforts and resources. To make these
computations feasible, inventions and developments of nov-
el efficient methods and algorithms are unavoidable tasks.
We continue to develop and optimize the Multi-
configurational Time-Dependent Hartree for Bosons
(MCTDHB) package [1] designed to solve the many-body
Schrodinger equation for bosons. We plan to utilize new-
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LIEHUs] MHOTOYAaCTUYHOI'O HECTALMOHAPHOIO YpPaBHEHUS
pennnrepa. Pazpaborannsie aust nakera MCTDHB mpo-
rpaMMHBIE MOIYJIM TpeIHa3HaueHbI U npoBeeHus 1D,
2D, 3D pacueToB Ha THOPUIHBIX BEIYUCIUTEIFHBIX CHCTE-
Max, BKJITIoYaromux B ceds maorosaepuasie CPU u rpadu-
yeckue yckoputenu. IlapasenbHble MOAYIH peann3oBa-
HBI HA OCHOBE COBPEMEHHBIX TE€XHOJOTMH MapaielbHOr0
nporpammupoBanus MPI+CUDA (MPI+PGI CUDA).
[Tnanupyercst BkitoueHne pa3pabOTaHHBIX MOJYJIEH B HO-
BYIO Bepculio mnakera. Pa3paborka, onTumuszanus U npen-

BapuTEIbHBIE DPAcUeThl IPOBOJMINCH Ha TETEPOTCHHOM
BerurcauTensHoM kiaactepe HybriLIT (JIUT OUSN) u ru-
opunaoMm knactepe K100 (MIIM mm. M. B. Kenppima).
PazpabareiBaembrii maker MCTDHB mo3Bomsier uc-
CJIe0BaTh OO30HHBIE CUCTEMBI B PA3JINYHBIX PEKUMaX JU-
HaMHMYECKH M3MEHSIEMBIX BHEIIHMUX MOTeHImanoB V(r, 1) u
MOTEHIUAJIOB MEKYACTHYHOTO B3aWMOJICHCTBUSI OO30HOB.
CueHapuy TakMX PEXHMOB MOTYT OBITh pealn30BaHbI B
COBPEMEHHBIX dKcIepuMeHnTax. OJHUM U3 TaKuX UCCIeN0-
BaHWH SIBISIETCS] M3y4YEHHE HEPaBHOBECHOH AMHAMUKHU 0O-

Busyanusanus KOHIETIMY HHAYIMPOBAHHBIX 3aBHCHMBIX OT BpeMEHH 0aphepoB B IByMEPHOM ciTydae. DBOMIONHS (PparMEeHTHPOBAHHBIX 00-

30HHBIX CHCTEM, aKTHBHPOBAHHAsI PE3KUM CMEIIIEHHEM BHEIIHET0 rapMOHUYeCKOro roTenuana (nosymkn) Vix, y) - Vix — 1,5,y —0,5)
C OJJHOBPEMCHHBIM M3MEHEHHEM TTapaMeTpa MEKYaCTHYHOTO B3aMMOJICHCTBHUS: () CHIIBHOE YMCHBIICHUE MEKYACTHIHOTO OTTAIKHBAHHS
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Visualization of the concept of interaction-induced time-dependent barriers to interpret the two generic dynamical regimes of strongly
interacting trapped bosons; a 2D case. Evolutions of a two-fold fragmented initial state induced by a sudden displacement of the harmonic

trap V(x, y) — V(x — 1.5, y — 0.5) with a simultaneous quench of the interparticle repulsion: @) strong decrease A, = 0.5 — 0.1, snapshot
at t = 12; b) moderate increase 4, = 0.5 — 0.7, snapshot at # = 8 ¢) stronger increase 4, = 0.5 — 0.8, snapshot at t = 14

est parallel technologies available within the graphical
accelerators GPUs+CUDA as well as within modern co-
processors, e.g., Intel Xeon Phi, and adapt and integrate
them into the sophisticated numerical methods and algo-
rithms used in the existing MCTDHB package [2, 3]. Some
preliminary developments, implementations and computa-
tions have already been performed on the HybriLIT (LIT,
JINR) and on hybrid K100 clusters (the Keldysh Institute
for Applied Mathematics, RAS).

The MCTDHB package has been developed for inves-
tigations of quantum dynamics in trapped ultra-cold bo-
sonic systems, e.g., induced by quenching the interparticle
interaction and external trap potentials. These scenarios
are realistic and can be realized in modern experiments.
As an example, in the figure we depict results of computa-
tion done for trapped 2D bosonic system with strong finite-
range repulsive interparticle interactions. The non-equilib-
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rium dynamics has been activated by a sudden displace-
ment of the trap origin accompanied by a sudden quench of
the repulsion. The strength of the interparticle repulsion is
controlled by A4,. The one-particle density and trap poten-
tial are depicted in the lower parts of the figures. The upper
parts show the density I¢,, (r, )% of the left (right) frag-
ment and the time-dependent barriers V£ (r, 1) induced by
the complimentary right (left) fragment. Depending on the
quench of the repulsion, two different dynamical regimes
of the evolution can be observed — non-violent under-a-
barrier evolution, conserving the form and structure of the
fragments (b), and an explosive over-a-barrier dynamics,
leading to drastic changes of the density (a, ¢).

The results obtained within the ongoing collaboration
have been reported by A. 1. Streltsov on 8 July 2014 ata LIT
seminar and published as a Rapid Communication in “Phys.
Rev. Journal” [4].
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30HHOW CHCTEMBbI, WHJIyLIIUPOBAHHOW PE3KMM H3MEHEHHEM
BHEIIHEr0 MOTEHIHANA (MarHUTOONTHYECKOW JIOBYILKH),
HAIlpUMED, €r0 PE3KUM CMEIICHHEM, COPOBOXKAAIOIIIMCS
MI'HOBE€HHBIM U3MCHCHHEM CUJIbBI MCKYACTUYHOI'O B3aMO-
JefCTBHU, XapaKTepu3yeMoro napameTpom A,. Ha pucys-
Ke TPEACTABJICH PUMEpP MPOBEACHHOTO MOACIUPOBAHUS B
JBYMEPHOM CJIydyae JUIsl CHUCTEMbI C OCHOBHBIM COCTOSIHH-
€M B BUJI€ JBYX (pparMeHToB, C(HOPMUPOBAHHBIM CHIIbHBIM
MEKYaCTUUHBIM B3auMojelicTBueM. [lnotHoCTh yacTuil u
(opMa BHEIIHEro MOTEHIHANa NPEICTaBICHBI B HIDKHEH
YaCTH PUCYHKOB, B BEPXHEH 4acTH IOKa3aHbl IUIOTHOCTH
I, (r, )1 % nmeBoro (1paBoro) GparMeHToB 1 GOPMBI 3aBH-
CHMBIX OT BpeMeHH 3 dexTnBHbIX Oapbepos Vi (r, 1), nH-
TYLIHUPYEMBIX COOTBETCTBEHHO IPABBIM (JIEBBIM) (pparMeH-
TaMu. B 3aBHCHMOCTH OT pexxrMa U3MEHEHHs I1apameTpa
Ay MOXHO HaONIOJATh /IBA COBEPUICHHO PAa3HBIX JIMHAMU-
YECKHMX PEKHUMa IBOJIIOLUH — MEUICHHYIO JUHAMUKY, CO-
XpaHIonyo GopMmy GparMeHTOB (6), WK OBICTPHIN HAT-
OapbepHBIN TIEPEXO0]l, MPUBOIANINN K «B3PHIBOOOPA3HONY
HEPaBHOBECHOM JAMHAMUKE (a, 8).

Pe3ynbrarbl TPOBEICHHBIX COBMECTHBIX HCCIIE0Ba-
Hult 661umn nipeactaBieHsl A. M. CTpenbloBsIM Ha ceMUHA-
pe JINT 8 utons 2014 r. u omyOIMKOBaHBI B COBMECTHOMN
paborte [4].
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CECCUA YHYEHOIO COBETA OUNAN
SESSION OF THE JINR SCIENTIFIC COUNCIL

25-26 ceHTAOpsA cocToAnach 116-a ceccus YueHoro
coeta OUANU nop npeacemaTenbCTBOM AupeKTopa
UHctutyTa B. A. MatBeeBa n npodeccopa UHcTUTyTa
anepHon ¢usnkm mm. . HeBogHuuaHckoro u LleHTpa
oHkonoruu M. Banurypckoro (Kpakos, MNonbLua).

Y4eHbIln COBET NOYTUI NaMsATh BblaaroLlerocst puanka-
TeopeTuka, Hay4dHoro pykosoautens OWAW akagemwuka
PAH Brnagumunpa lNeopruesnya Kagpeiwesckoro. Kak gupek-
Top OMAM B 19922005 rT., OH BHEC BblgatoLmiics BkNaza
B ycCrnewHoe (YHKLUMOHNPOBaHME WU AanbHelllee pas3sBu-
Tme OOGbeaVHEHHOro MHCTUTYTa S4EPHbIX UCCNenoBaHWUN
Ha OCHOBE LUMPOKOrO MEXAYHAapOOHOro COTpyAHMYecTBa.
B. I. KagblweBckni OblT UCTUHHBIM CTOPOHHUKOM hyHaa-
MEHTarnbHON Hayku, BEpUI B €e OFPOMHYIO porb B conmxke-
HV1M HapoaoB. ImeHHo Bnarofaps ero yeunmsm Y4YeHsiin co-
BeT OUAN cTtan no-HacTosileMy MexayHapoAHbIM, COCTO-
SLLUMM He TONbKO U3 npeacTaBUTENEeNn rocyaapCTB-4YIEHOB
OUAN, HO 1 y4eHbIX U3 BEAYLLUMX HAayYHbIX LEHTPOB APYrnx
cTpaH, cotpygHudawwmx ¢ OUNAN. Ero mncknrountenbHas
npefaHHOCTb Hayke, BHUMaTenbHoe 1 obpoe OTHOLLIEeHne
K MoasiM HaBcerga CoXpaHATCs B NaMsATy KOnrer.

B. A. MaTtBeeB nponHdopmMupoBan y4acTHUKOB CeCCUN
0 X0Ae BbINOMHEeHNs1 pekomeHaauun 115-n ceccmm YueHoro
coBeTa u pelueHnn KomuTeTra MOMHOMOYHBLIX NpeacTaBu-
Tenen npaBUTENbLCTB rocygapcTe-dneHos OUAN (mapt
2014 r.).

The 116th session of the JINR Scientific Council
took place on 25-26 September. It was chaired by JINR
Director V. Matveev and Professor M. Waligorski of the
H. Niewodniczanski Institute of Nuclear Physics and
Oncology Centre (Krakéw, Poland).

The Scientific Council paid tribute to Professor Viadimir
Kadyshevsky, an outstanding theoretical physicist and
the Scientific Leader of JINR. As Director of JINR during
1992-2005, he made a great contribution to the success-
ful operation and development of the Joint Institute for
Nuclear Research based on broad international coopera-
tion. Vladimir Kadyshevsky was a true advocate of funda-
mental science, strongly believing in the role of science in
bringing nations together. It was thanks to his efforts that
this Scientific Council of JINR became truly international,
composed not only of representatives of the JINR Member
States but also of scientists from leading research centres
of other countries collaborating with JINR. His extraordinary
dedication to science, amiable and kind attitude to people
will be sorely missed.

V. Matveev informed the Scientific Council about
the progress in implementing the recommendations of its
115th session and of the decisions of the session of the
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