XEEE TR
FRIGIRS

BRISA . XIEES
S1ESIM: &8 RR
SRS AT - IHRZE L




Hx

RWNL1)73]

» BIEATARIE R SRR

o T{EEMR
o NREE

KySnpdl

» IE T /EHAEIRYC




= 2009/9 -2013/6

m 2013/9 -2018/6 (Fuit)

o TERIFIEREIEARET, B
o NFYNESIRFIZYIIE, NIRRT
o BIf: FEXHARRA
= 2016/8 - 2018/3
o SCHMHRAERLRE, KSEFELIARE
o RMMNEFEZMARMESHRERGFT R
o S{FSIM: Ji Qiang




Hx

RWNL1)73]

= BIHATARIE R SR

o TFIEM

o IKERBE: 1BNIER, =R

K(Shpd

» E T /EEAIRIRY




FEHAFRSTIF

> RMRIES T &
o P-TOPOMFRIIFERF LT
o PICE;XECPUFIGPU_EAISCIT
o symplecticE;£EGPU_ERYSCIN
> ERRERIREI I F AR
o ZIBIFETarRIN
o ADS;ENEEITEHL
o HIREARIZENYE, HiRZFik
o EHfBT{E (BEPCIl, ADSEIHJEZR)




P-TOPORIFRINFZFIRIT

« Parallelize Trace Of Particle Orbits

. DRSS A T

« CPURRSS=sFHHT

s TRERNFHITRIE: OPENMP

- TRIBEIERHR: MPI

Initial&Input

Distribution

Lattice

Beam

Matrix
Method

Multi-Particle

Field

External Field
Internal Field
Leapfrog

RungeKutta 4

Xims [cm]

Orms [deg]

Xime [cm]

Zml

Z[m]

P-TOPO ——
TraceWin -------

;
P-TOPO ——
18 TraceWin -/

8
e NN /X7 N
: N\ NN TN
0

0 2 4 6

8 10 12 14 16
Z[m]

P-TOPOXYC-ADS;ENSEIHEY
RFQ () FIBSE: (T) HIR ey
REERWENERO15mA Soafil




PIC

HIZRNFITL

o RERIERPRZO. AR
HIERSD

- PICEIAEEGPU, GPULEE,
CPUSEEF_FRYSCIIANMERETAIN

 PICHESI R RO

3%
« EAGPUJMZEEL ~ 50
« EAGPU ~ 250CPU cores

Speedup (CPU cluster)

Speedup

o N b~ O

1 2 4 8 16 32 64
Number of CPUs

Speedup (single GPU)

.60
3
©40
3
20
0

64k 160k 640k 1.6
Number of Particles

Speedup (GPU cluster)

I depositor B poisson so

lver mmm pusher&kicker output ====total loop

7

6
5
4
3
2
L L
0
1 2

Time (s)

L L L

16 32 64 |

L. L

Number of GPUs




SymplecticE;AZEGPU_LRYSCIT

Speedup (Single GPU)

5OOISpeedup
- BEMRESHEPICELMW
RFEFNER 5 [FCAY A STE 400} o 10k
?'l:t\ o 300 - 20K
- ITRIREE, WIIFHTH o 40Kk
- EAGPUJMELL~400 200} » 80k
. QGPUHD %tlcﬂ,?é)%rét 100l v 160k
i o — N N (2

8 16 24 32 40 48 56 64

Speedup  Speedup (GPU cluster)

emittance growth (%)

128 F
64
3 | ——80k
ol e L ——160k
0 20000 40(')00 6()(.)00 80000100000 g | -=-320k
distance (period) 4L ——640k
SymplecticEiA5PICE IR 2 |
NRA=P Y 3 1 1 1 ! 1 1 1 1 1 Ly GPUS
WIS EIRY AR EXILL 1 2 4 8 16 32 64 128 256 5121024 F
*]. Qiang, Symplectic multiparticle tracking mo<_jel for self-consistent space-charge simulation, : "-.ﬁ ' o 'r‘
Phys. Rev. Accel. Beams 20 (2017) 014203. doi:10.1103/PhysRevAccelBeams.20.014203. i n. s 2 r




HHREFER A5

{EFAP_TOPOHZR
HiRE #_IE_I .5
IEW Tidtlﬁ

EEFS AR M
ez (&
HRtEfREF0 <57 ERE
EEZE{L)

RRAFEERS
HAEHIRESHAARY
iR[E1)37%5 95 S

= =
=t PJ
(=] (=]

=
o
=]

Phase Advance per period

90t

— o
-- =, -E
| — awverage s =
— designed = g
— designed = la
| stopband o
L)

i

=

m

=

=

<

a

%

m

L

cu

50 100 150 200 250 300 350 400

Period

=
kJ
o

T T T T —
— & — designed «

-—— & — designed o
110 — average » O slopband
100

0 50 100 150 200 250 300 350 400
Period

FI R PRIRATER

MNwWw B %] )]

Emittance growth ratio

=

@@ 95 — 75 Above crossing (4,)
L @@ 75 — 95 Below crossing (3,)

o

102 103

Period number (log scale)

;E IbEEj}_‘_ li;EI) i1t

7
Linear fit
T 0.01888 x + 0.9086

o e®e 95 — 75 Above crossing (A4,) Ay
E 5 e®e 75 — 95 Below crossing (13,)
o
E
o 4r
| .
o
Q 3L
93
c
o]
22
S
(11| 1L

0

10° 107 102 103
Period number inside of stopband (log scale) I i

e RIRE




Hx

RWNL1)73]

» BIEATARIE R SRR

o T{EEMR
o FNREE

KySnpdl

» IE T /EHAEIRYC




1)

» HEFISCE:

e 1, Liu Zhicong, and Qiang Ji, Symplectic multi-particle tracking on GPUs. Computer Physics
Communications, Volume 226, 2018, 10-17, htips://doi.org/10.1016/].cpc.2018.02.001

e 2, LiChao, Liu Zhicong, Zhao Yaliang, Qin Qing, Nonlinear resonance and envelope instability of intense

beam in axial symmetric periodic channel. Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 813, 13-18.

— =z,
" EEME:
e 3, Liu Zhicong, Li Chao, Qin Qing, Structure resonance crossing in space charge dominated beams,
Physical Review Accelerators and Beams. Under review.

e 4, Liu Zhicong, Qiang Ji, Implementation of a Beam Dynamics PIC Code on Hybrid Computer
Architectures, Journal of Parallel and Distributed Computing. Under review.

(LY =z,
n 2NN E:
e 5, Liu Zhicong, Li Chao, Qin Qing, Zhao Yaliang, Yan Fang, Beam Dynamics Study of C-Ads Injector-I

With Developing P-Topo Code. In 57th ICFA Advanced Beam Dynamics Workshop on High-Intensity and
High-Brightness Hadron Beams (HB'16), Malmd, Sweden, July 3-8, 2016 (pp. 195-198).

e 6, Liu Zhicong, Qiang Ji. Symplectic Multi-Particle Tracking Using Cuda. In 8th Int. Particle Accelerator
Conf.(IPAC'17), Copenhagen, Denmark, 14-19 May, 2017 (pp. 3756-3759).

e 7, LiChao, Zhao Yaliang, Liu Zhicong, Qin Qing, Space Charge Induced Collective Modes and Beam
Halo in Periodic Channels. In 8th Int. Particle Accelerator Conf.(IPAC'16), Busan, Korea, May 8-13, 2016
(pp. 3165-3166).

e 8, YuChenghui.,, Duan Zhe, ... Liu, Zhicong ... Qin, Qing. BEPCII performance and beam dynamigs ==

1014-1018).



https://doi.org/10.1016/j.cpc.2018.02.001

SN

2014,

Jt==, HF2014

e 55th ICFA Advanced Beam Dynamics Workshop on High
Luminosity Circular e+e- Colliders — Higgs Factory )

2015,

Ltig, ICAP

e 2th International Computational Accelerator Physics
Conference )

2016,

In#, HB2016

¢ 57th ICFA Advanced Beam Dynamics Workshop on High-
Intensity, High Brightness and High Power Hadron Beams |

2017,

FZ, IPAC17

e the 8th International Particle Accelerator Conference

= FriX

o
[H]

_|+ A Y
Erfs
%9

2%, 2017,

2015
o {fiFEEEN4E, 2013,

=%, 2010

CSCHEBZES, 2016, =iF=F4, 2013, 2014,

RERYS, 2012, ZER¥S, 2011, REDK




Parallel Track Of Particle Orbit (P-TOPO)

e A parallel 3D particle simulation code to study the high-intensity beam in linear

accelerators. The C-ADS Injector-l had been studied using P-TOPO.
ImpactZ Sympletic Cuda

e The symplectic multi-particle tracking model is implemented on GPUs, which can
reduce grid-heat noise in long term simulation.

ImpactT PIC Cuda

e Optimized parallel beam dynamics PIC code on the hybrid architecture computers
with multiple GPUs and Intel MICs.

GUI for ImpactT & ImpactZ

e A cross-platform GUI developed by Python tkinter. Data pre and post processings
are also included.

OpenMP implementation for BeamBeam3d

e The OpenMP is added to BeamBeam3D and turn it to a hybrid MP1/OpenMP code .
to improve both ef(] ciency and memory usage. b
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