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TYPES OF GALAXIES

ASTRONOMERS SORT GALAKIES using the *tuning fork” classification scheme
developed by American astronomer Edwin Hubble in the 1920s. According to

ELLIPTICALS

this system, galaxies come in three basic wpes: elliptical [represented by the
handfe of the fork ar right], spiral [shawn as prongs] and irregular [shawn
below at feft). The smallest galaxies, known as dwarfs, have theirown
URCErtain taKenomy

‘Within each of the 1ypes are sublygpes that depand on the details of the MBg
galaxy's shape. Going from the top of the tuning fark 10 the hottam, the galactic E0
disk becomes mare prominent in aptical images and the central bulge less so
The different Hubble tupes may represent various stages of development,

Galaxies start off a5 spirals withaut bulges, undergo a collision during which
thoy appear irregular, and end up as ellipticals or as spirals with bulges
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Katz and Gunn 1992

dark particles

gas particles
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Saitoh et al. 2005
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#include <particle_simulator.hpp> //#0ZH
using namespace PS; //2— FZEERIC. ...

class Nbody{ //Z4HTE H
public:

F64 mass, eps; //%HilZHH

F64vec pos, vel, acc; //%HilZHH

F64vec getPos() const {return pos;} //#ZH
F64 getCharge() const {return mass;}//#ZH
void copyFromFP(const Nbody &in){ / /I

mass = in.mass,
pos = 1in.pos;
eps = 1n.eps,;

¥
void copyFromForce(const Nbody &out) { //40ZH
) acc = out.acc,
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void clear() { //#7H

y acc = 0.0;
void readAscii(FILE *fp) {//FDPSDI/0ff 9 75
fscanf (fp,
WAEVARYARYARYVALYARYAE YRS
&mass, &eps,
&pos.x, &pos.y, &pos.z,
&vel.x, &vel.y, &vel.z);
+

void predict(F64 dt) { //2—¥ —FIH

vel += (0.5 * dt) * acc;
pos += dt * vel,;

}
void correct(F64 dt) { //21—H% —F|H
, vel += (0.5 * dt) * acc;

+;
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template <class TPJ>
struct CalcGrav{
void operator () (const Nbody * ip,

const S32 ni,
const TPJ * jp,

const S32 nj,
Nbody * force) {
for(832 i=0; i<ni; i++){
F64vec xi = ipl[i].pos;
F64 ep2 = ipl[i].eps
*x ip[i] .eps;
F64dvec ai = 0.0;
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for (832 j=0; J<HJ j+e){
F64vec xj = Jp[J] pos;
Fodvec dr = X1 - XJ;

F64 mj = jpljl.mass;
F64 dr2 = dr * dr + ep2;
F64 dr1 = 1.0 / sqrt(dr2);

ai —= (dri * dri * dri
* mj) * dr;

forcel[i] .acc += ai;
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template<class Tpsys>
void predict(Tpsys &p,
const F64 dt) {
S32 n = p.getNumberOfParticlelLocal();
for(S32 1 = 0; 1 < n; i++)
pl[i] .predict(dt);

}

template<class Tpsys>
void correct(Tpsys &p,

const F64 dt) A
S32 n = p.getNumberOfParticleLocal();

for(832 1 = 0; i < n; i++)
pli].correct(dt);
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template <class TDI, class TPS, class TTFF>

void calcGravAllAndWriteBack(TDI &dinfo,
TPS &ptcl,

TTFF &tree) A
dinfo.decomposeDomainAll (ptcl);

ptcl.exchangeParticle(dinfo);

tree. calcForceAllAndY iteBack
(CalcGrav<Nbody> {

CalcGrav<SPJMonopole>(),
ptcl, dinfo);

T FDPS ORYEZE> TL\5,
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int main(int argc, char *argv[]) {
F32 time = 0.0;
const F32 tend 10.0;
const F32 dtime 1.0 / 128.0;
// FDPS #JHHAL
PS::Initialize(argc, argv);
PS::DomainInfo dinfo;
dinfo.initialize();
PS::ParticleSystem<Nbody> ptcl;
ptcl.initialize();
// FDPS |ZHHAEHBEEE Z ¢
PS::TreeForForcelLong<Nbody, Nbody,

Nbody>: :Monopole grav;

grav.initialize(0);

// W7 — 57n/uc77l17_\07f
ptcl.readParticleAscii(argv[1]);
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// MAAEMHEHE
cachravAllAndWriteBack(din{o,
ptcl,

grav) ;

while(time < tend) {
predict(ptcl, dtime);
calcGravAllAndWriteBack(dinfo,
ptcl,
grav) ;
correct(ptcl, dtime);
y time += dtime;
PS::Finalize();
return O;
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