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‘I/IccneﬂyeMme CHUCTEMBI

> J1OHBI/aTOMBI C OJHUM aKTHBHBIM 3JIEKTPOHOM
(H%/H-, Li%Li*, Na*, KY)

> MeTajibl B IpUOIMKEHUHA CBOOOTHBIX
3JIEKTPOHOB (MOJEHB «GKEIC))

> MeTtamnsl ¢ 3anpemeHHoi 3000 (projected band
gap)

> HaHocucTeMsl (TOHKHE MIEHKH, OCTPOBKOBEIE
IIJICHKH )
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JTuckpernas cetka 107-10° Touek [0

JIByMepHas 3agada B KoopauHaTax (Z,X)
AnunabaTrdeckoe NpuOInKECHUE

> JIByMepHas cratmueckas 3agada (z, p) -> I'(Z)
> Kunermueckoe ypasaenne dP/dt = -P(1)*T'(2)
BxiroueHue TpaHCISIIMOHHOIO (pakTopa

> JIBymMepHas nuHamMudeckas 3agada (z, p) -> (0,2
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Figure 2. Lineutral fraction (®°) obtained in scatteringon Cu(111), Ag(111)and
Au(111)surfaces as a function of exit energy. The lines correspond to a calculation
within the jellium model (see text).

‘ é MHFY ,ég A.R. Canario, T. Kravchuk and V.A. Esaulov, New Journal of Physics 8, 227 (2006).
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Fig. 5 Left panel: H™ fraction as function of parallel velocity for scattering from Cu(110) surface with a
normal velocity component of 0.02 a, E,, ™. Calculations within the jellium model, (@) and (O) experimental
data for azimuthal settings close to (001> and {110} directions, respectively. Right panel: Same as left panel,
but for Cu(111) surface. ( ) Calculations within the jellium model, (@) and (O) experimental data for

azimuthal settings close to {110 and ¢121) directions, respectively.
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‘Hapannenbﬁaﬂ peaan3anus .
> Apxurexrypa MPI

> Onr HUMHU3aAlUA JOCTYIIA K IIAMSITH

> ACHHXpOHHas Nepejada JaHHbIX (0JJTHOBPEMEHHBIN
pacyeT OCHOBHOM 00J1aCTH U OOMEH I'paHUYHbIMU
3HAYCHUSIMH )

> BbrIpaBHHMBaHUE pACUETHOU CETKHU

> MuHAMM3aLIUs IEpEeaadu JaHHBIX (HOPMHPOBKA
BOJIJHOBOM (DYHKIIMH W BBIYHUCJICHUE CTATUCTUKH Ha

GPU)

> Xpanenue 3HadueHuii B float, mpomexxyrounsie
pacdeTsl B double

MI'Y 5 1K Gainullin and M.A. Sonkin, Comp. Phys. Comm. 188, 68 (2015); LK.,
ALBJIomenetoRal Gainullin, Comp. Phys. Comm. 210, 72 (2017).
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2 A
Y
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>
A X
\ 4 1 MPI-tiportecc= 1 GPU
MI™Y | K. Gainullin and M.A. Sonkin, Comp. Phys. Comm. 188, 68 (2015); K. 4

ALBJIomenetoRal Gainullin, Comp. Phys. Comm. 210, 72 (2017).
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BbICOKast IPOU3BOIUTEILHOCTD

TDSE Solver Calculations facilities, Problem size, [Number |Calculatio | Time for [Normalized
used number of processing units and its price | 10° points of steps [N time, 1 step, calculation
Sec. Sec. time, sec.
TDSE GPU Solver (cylindrical coordinates) |GSRV MSU, 0.0108 1000 4.7] 0,0047 0.17
TDSE GPU Solver GSRV MSU, 0.016 1000 8.7 0,0087 1.47
CPU version of TDSE Solver GSRV MSU, 0.125 1000 800| 0,8000 9.60
(this article, the numerical scheme equal to |1 Xeon E5-2670 8C * 1500 USD [49]
GPU version)
Y.-M. Lee, J.-S. Wu, T.-F. Jiang, Y.-S. Taiwan Center for HPC, 0.0025 400 9,5 0,0238 5.47
Chen, Phys. Rev. A 77 (2008) 013414 128 Itanium-2, 1C, 1.5 GHz
* 900 USD
Y.-M. Lee, J.-S. Wu, T.-F. Jiang, Y .-S. Taiwan Center for HPC, 0.007| 100000 45000 10,4500 9.26
Chen, Phys. Rev. A 77 (2008) 013414 32 Itanium-2, 1C, 1.5 GHz
*900 USD
S.X. Hu, L.A. Collins, B.I. Schneider, Phys. |Coyote supercomputer 3 8264 54000 6,5340 5.23
Rev. A 80 (2009) 023426 480 Opteron 2.6 GHz, Infiniband
* 1000 USD
B.I. Schneider, L.A. Collins, S.X. Hu, Phys. |LANL QSC, 0.027 1 0.46| 0,4600 7.09
Rev. E 73 (2006) 036708; 1D MPI 128 EV68 CB, 1.25GHz
decomposition * 650 USD
B.l. Schneider, L.A. Collins, S.X. Hu, Phys. |LANL Flash Supercomputer 0.54 1 7.6 7,6000 450
Rev. E 73 (2006) 036708; 2D MPI 256 AMD, 2.0 GHz
decomposition * 250 USD

Hmennry "'-:}x'-’ NCT :t : P rice 16
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& é ery % E.V. Chulkov, V.M. Silkin and P.M. Echenique, Surf. Sci. 437, 330 (1999).
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‘ ! Mry % PJ.Jennings, R.O. Jones and M. Weinert, Phys. Rev. B. 37, 6113 (1988).
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\ Cu(111) — projected band gap
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| Pacuer 3apsiJIOBOro OOMeHa
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Yuer moxyns ckopoctu - Doppler-Fermi-Dirac distribution
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1 keV H* -> Ag(111)/Ag(110)
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MI'Y | L Guillemot and V.A. Esaulov, Phys. Rev. Lett. 82, 4552 (1999). "
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Li* -> Ag(100); @, =450, @_ . = 90°
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Figure 2. Lineutral fraction (®°) obtained in scatteringon Cu(111), Ag(111)and
Au(111)surfaces as a function of exit energy. The lines correspond to a calculation
within the jellium model (see text).

‘ é MHFY ,ég A.R. Canario, T. Kravchuk and V.A. Esaulov, New Journal of Physics 8, 227 (2006).
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Li* -> Ag(111)/Cu(111)/Au(111); ®, = 45°, @, , = 90° i@
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‘Coz[epH{aHHe

» CoCTOsIHHE TIPOOIEMBI
> MeToIbl 1 TOAXOIbI

> TpexmepHsbIe 3PDEKTHI 3apsI0BOTO
oOMcHa

> MoaennpoBaHUe 3KCIIEPUMEHTAIBHBIX
JTAHHBIX

> CKOHBSﬂHlCG pacCeiaHnuC U a3UMYyTaJIbHAA 3aBUCUMOCTD

> 3AKJIIOYECHUE
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H* -> CU(lll); Viorm = 0,02 ar. en.
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Fig. 5 Left panel: H™ fraction as function of parallel velocity for scattering from Cu(110) surface with a
normal velocity component of 0.02 a, E, #~ . Calculations within the jellium model, (@) and (Q) experimental
data for azimuthal settings close to (001} and (110} directions, respectively. Right panel: Same as left panel,
but for Cu(111) surface. ( ) Calculations within the jellium model, (@) and (O) experimental data for

azimuthal settings close to (110} and {121 directions, respectively.
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H* -> CU(llO); Vhorm = 0’02 al. Cll.
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‘Coz[epmaﬂne

» CoCTOsIHHE TIPOOIEMBI
> MeToIbl 1 TOAXOIbI

> TpexmepHsbIe 3PDEKTHI 3apsI0BOTO
oOMcHa

> MoJIeIMpOBaHUE DKCIEPUMEHTAIbHBIX
IAHHBIX

> 3AKJIIOUCHUE
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‘OCHOBHBIC PE3YJIILTATHI "@

> MeTomoJI0rHs NPSIMOT0 TPEXMEPHOTO MOACINPOBAHMS
3aps10BOro 0OMeHa

> 3D morenmmans! gias Cu(100), Cu(110), Cu(111)

> O0hbheKT TOpMOKEHHU/3aICPKKU IJICKTPOHA

> AHmM30TpomHs pacupocTpaHeHus 3aekTpona B Cu(110)

> Dusznyeckas MOAEIb pacyeTa BEPOATHOCTH 3JIEKTPOHHOTO
nepexo/ia pacuera 3apsIoBOro 0OMEHa ¢ y4€TOM HAapPaBJICHUS
CKOPOCTHU HUOHA

> KonanuecTBeHHOE COBIAJICHUE C IIIMPOKUM CIIEKTPOM
IKCIIEPUMEHTOB

> OOBsICHEHHE HEMOHOTOHHOM 3aBUCUMOCTH Tiepe3apsaku Li Ha
nosepxHocty Cu(111), Au(11l) ot sHepruu noHa

> OOBsACHEHHE a3MMyTaIbHON 3aBUCHMOCTH niepe3apsaku H Ha
noBepxHoctu Cu(110)

LA MY G,
M.B.MloMOHOCOEQ 54
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