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struct Output {
floatd coler : COLOR;

}:

I[[[[
ot

Ttput main(

7 D:"jjd)*ud)g‘l»g miferm int mx,
miform int my,
unifore eamplerRECT tertara) : COLOR

Output OUT;
float r,rr.k.l;
fleat2 j;
fleatd ri,rj,rij,force;
comst float epsl=le-f;
: - farce=0;
i :

l-_] i‘i? ri = texRECT(texture,il;
f for(1=0.5; 1 =my; ++1)}{
dmepr for(k-0.5; k <ax; +E}

j=float2(k,1);
r] = texRECT {texture,jl;

ij =

rij= rj-ri;
rr = epal+dot(rij.rijl;
r = sgrtirr];
force += rijf(r*rr) ;
b
};
OUT . color . xyz=force;
return OUT;

}
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MD-GRAPE & @) L &%

Data CF7800C TX|MDCGRAPE-2]3] MDGRA PE-3[4]
# of pipeline 32 4 ap =20
clock (MHz) 100 100 460 250
peak (Gflops) 150 16.4 300 165

peak (Gpair/sec) 6 0.4 9 5

sustained (Cfops) 15 3.75 NA (165)

sustained (Cpair,/sec) 0.6 0.00 NA (5)

¥ [3] R. Susukita et al., Phys. Commun. 155, 115 (2003).

% [4] M.Taiji et al., in Proceedings of SC'03, November 15-21,
2003, Phoenix Arizona, USA.

http://mdgrape.gsc.riken.jp/?easiestml lang=xlang:ja



Why a GPU?

GPU
-high parallelism (pipelining!)
-very fast floating point calculations Geforce 8800 GTX
-CUDA programming (GPU board ,
, GPU chip
language for GPU’s  Fost ) SIVD Block
Computer
Stream Processor
cPu f ) -
Thread registers
—— Device Memary ream Processor
S?S?t:’ﬂ 5 = (YGBMB) ¥ ’ x8 : Shared Memoy
Memory Siream Processor Hake
Thread registers || * |
\ J B
%
Instruction Unit -
1
Stream processor g
SIMD Block x 16

~ CPU \

= Comparable with a factory assembly line with threads being the workers




Chamomile scheme

e Calculating gravitational interactions on a Graphics Card via the Chamomile
scheme from Hamada and litaka (in 2007).

p
Host GPU board
.
e 4 3 2
CPU Device Memory GPU chip
el Stream Processor
R L. i-particle|| Pipeline force
p y ——p J-BAG registers Pipeline registers [
o = D
/

Host
SyStem SIMD block

Memory /_ 1_ Stream Processor |
ﬁ force memory J-BAG >4
N

. »

T i-particle memory —11

"1" Stream Processor |

. / L%

i-particles piece available for each ‘assembly line’
j-particles piece presents itself sequentially to each line

force is the output of each line _ ,
[7]: T. Hamada and T. litaka, arXiv.org:astro-ph/0703100, 2007

http://arxiv.org/pdf/astro-ph/0703100v1.pdf



Chamomile scheme: practical usage

e Function provided by Hamada and litaka:
cunbodyl force(xj, mj, xi, eps, al, nmax, hmax)
e Gravitational force = Coulomb Force

Mm ~ Qq ~
|:grav - G 2 r |:coulomb = I(e r 2 r
e Conversion coefficient: M ‘ ‘
2
q°k, _..
aCoulomb - me al,

Needed: - 64 bit linux
- NVIDIA Graphics Card that supports CUDA
- CUDA environment v2.3-5.0

Not needed: -CUDA knowledge
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Antiproton Decelerator
AD replaces (AC +AA+PS + LEAFH

Caplum Accumulahnn D soration Cuxrlng E

26 GaWt protons 45 10"
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INJECTICN (5 107 antiprosans}

ons A machine cycle [N

CRT Invariance
- Gravitational effects

Antiproionic Aloms

EXTRACTION (2 - 167 ariipratans)

http://athena-positrons.web.cern.ch/ATHENA-positrons/wwwathena/graphics/AD_OVERVIEW.gif
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=lon Trap Simulation

http://www.riken.go.jp/en/pr/press/2010/20101206_2/



SIMBUCA:

Simon van Gorp

lon Trap Simulation



Simbuca overview

Simbuca is a modular Penning trap simulation package. [manw

The only program (except for force_gpu.cpp) that the user has to use.

Reading external fieldmaps

Parser.cpp

CO m S O I Responsible for importing and exporting simulation data
SIMION

lonFly.cpp

=Controls the whole program
<Al the functions in ionfly.h can be used in main.cpp

—

Trap excitations
Ode.cpp
. - *Heart of the program, performs the timesteps
3 different integrators “””D"{j”
3 buffer gas routines BHE ot

*Retums the acceleration

Can run on CPU and GPU ~
1 1 1 Coll.c loncloud.c Fieldmap.cj
CO m p I I e W It h g++ O r I C p C -Ca\cu\a?e‘s)oo\\sim chance «Consists ofavzgor ofions *Reads e\ecll)ricalpfgldmaps (E.E.)
+If randnr > chance. Performs the collisicn +Creates outputfiles from Comsol output bt

*Reads magnetic fieldmap (B,,B.)

)

Several analysis tools are provided (f
A Makefile is provided
Support by me ©

lon.cpp
+Particle class extended
+Can retum o4

. i iki Mirand.h | | Globalsh Trapparameters.h Particle.c ‘Matrixh
http://sourceforge.net/p/simbuca/wiki/ sie | || | Partclecpp Maiich
generator | o Y,Z VW Nz, mass ] m—— =

[5]: T. Hamada and T. litaka (2007), arXiv.org:astro-ph/0703100
http://arxiv.org/pdf/astro-ph/0703100v1.pdf



Why ?

Understanding the effect of Coulomb interaction where calculations are not possible
Initially created for the WITCH experiment (Energy and position of the ion cloud or
35A|"1+).

How ?

Using a timestep integrator (f.e. Runge Kutta adaptive 4" or Gear or Dormand-Price 5t
order) to calculate the particle tracks due to the presence of Electric and Magnetic
fields. Initially written for Penning traps — now also used for Paul traps, RFQs, MR-TOFs,

Coulomb interaction is calculated on a Graphics card (GPU) which is much faster than
the conventional CPU (see later).

Example

Test of Simbuca by comparing it with the equations of motion of a dipolar excitation at
the eigenfrequency . Perfect correspondence between Simulation and theory is found

[1].

[1]: S. Van Gorp, et al. (2011), Nuclear Instruments and Methods in Physics research A, 638, 192-200



Other space charge effects examples:

without Coulomb with
When trapping a large amount of $33Cs*, «  Coulomb “
the cloud’s own electric field will create ¢ ; i Ad

an E x B drift force for the ions which
scales with particle number
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