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Motivation

Simulate heavy 1on collision, particullary
gluon plasma

Cpu code BAMPS was developed by C.
Greiner and Z. Xu from Frankfurt.

CuBA Is physically equivalent to
BAMPS, but recoded in CUDA

The code 1s benchmarked with the
relativistic Riemann Problem

Comparsion to the original BAMPS
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Considerations

| Number of particles per
| cell>10

Cell size:

Monte Carlo:
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Figurel: Dividing 3D-Space
Into cells
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The code in CUDA

Advantages of using CUDA.

CUDA has a fast shared memory region that can
be shared amongst threads.

Fast accesses to and from memory of the GPU
Calculations and data is GPU
Try to minimize tranfers

Memory accommaodates states of all particles
corresponding to each particle:

Cell number and particle ID
4-vector position
4-vector momentum
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The code in CUDA

Host Device

CUDA logic: e

Each block has until T RS S| S
1024 threads and each J
block has to be lower s os I e
than 1024x1024x64

Each block has 256 1 “'j
ironc = A

Each grid has about
65535x65535x65535 Y e
blocks for Fermi and
65535x65535x1 for
older architectures

Figure2: CUDA grid organization
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How to make the code work

Particles In
cells

New
position
and
momentum
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How to make the code work

Movement of particles:
Propagation
Collisions

Relativistic two body kinematics
With the wall

Find out new cell
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Propagation

Propagation is interesting for the particles without collision and

after collision occurred.
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Figure3: Propagation of a

particle in space
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Relativistic Collision Kernel

S-wave scattering

Assume energy-
independent Cross section

Random
generation of

Boost to the Boost back to

center of mass
HENE

the plasma
frame

the momentum
direction
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Relativistic Collision Kernel

1. Boost to the center of mass
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2. Random generation of the momentum direction
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c Figure4: Colliding particles
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Relativistic Collision Kernel

3. Boost back to plasma frame

Using again the Lorentz transformation

E\V"=E'—E" =~&'+ 5'3’3}‘-’5'1””)
epi”’ = epr)” = v(+BEL +ep”))
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Collisions with the wall

We have six walls, so we have six “ifs’:

}f z>zf For any of these conditions we reverse the perpendicular
if x < xb _
. momentum:
if y > yr
if y <yl b = —pa And the position:

pz = —pz y=—y+2yI

pz = —pz r=—z+2zu

x = —z+ 2zb
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Find out new cell
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Figure6: Scheme particles in a cell
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Our code structure
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Results

@ Testing the code with the Riemann Problem

Divide the system with a barrier, assuming
special initial conditions

Massless Boltzmann gas
Tleft= 0.4GeV and Tright=0.2GeV
Notice x Is lower than At

Objective: Comparsion BAMPS and CuBA:.
Compatibility and Time
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Results
Initial conditions:

CUBA ::
Number of CUDA dewvices: 2
0 : GeForce GTX 58O

1 : GeForce GTX 580
Device supporting CUDA compute capability: 2.0

Double precision is supported.

= Using Double Precision.

———————————— Initial conditions -------—---—-—--

Boxlength in X: 32.500000 GevA-1
Boxlength in v: 32.500000 GevA-1
Boxlength in Z: 32.500000 GevA-1
volume of Box: 34328.125000 GevA-3
cellLength in X: 0.084635 Gevi-1
cellLength in v: 32. 500000 GevA-1
cellLength in Z: 32. 500000 GevA-1
volume of cell: 89.396156 Gevh3
Total cells per side: 384 x 1 x 1

Total cells: 384

Initial particles left: 232927
Initial particles right: 29115

Total particles: 262042
TestParticles: 1

Temperature left: 0.400000
TemEerature right: 0. 200000

Number of iterations: 500

Time step: 0.010000 GevA-1/c
Total time: 5. 000000 GevAa-1,c
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Results

Observmg energy conservation:

writing file.
<> Iteration: 1
-> Time: 1.0000e-02 fm/c
collision Kernel
Propagate Kernel
sort Cells and Particles per Cell
start/End Cell
calculate Eﬂer?y and Meaﬂ velocity per cell
Calculate Total Energ
Total Energy: 2. 96’2099 e+05 Gev

YWY YYY

—

writing file....
<-> Iteration: 500
-> Time: 5.0000e+00 fm/cC
collision Kernel
Propagate Kernel
sort Cells and Particles per cell
start/End Cell
calculate Energy and Mean velocity per cell
Calculate Total Energy
Total Energy: 2.96720997e+05 Gev

WOV OV VWYY

Tlme Total time: 33.888449 (s)
" Time to initialize: 0.157593 (s)
Time spent in iterate: 33.730855 (s)
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The Riemann Problem

Energy (GeV)
] Tter: 1
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Video: Energy in function of y
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Comparison BAMPS vs. CuBA

Energy conservation Is present

Time : CuBA Is x times faster than
BAMPS

Improving : CuBA is still in evolution

Next step: More variabels to compare
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The Riemann Problem

BAMPS result:

ideal hydro
100 fez==1  RAMPS:n/s =0.001 —---
~ % BAMPS: n/s = 0.05 ---- --
0.50 4 BAMPS: /s =0.1 —-—:-
\} BAMPS: /s =0.5 -
0.80 1-,;:?“ S free sireaming — — -
=] N,
2 0.70 R
| G N
0.60 !
e
0.50 t=3.2fmfc i
"
0.40 e
a3 2 A 0 1 2 3
Z (fm)
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THE END
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