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Abstract

We investigate the amplification of turbulence through gravitational contraction of the primordial gas in minihalos.
We perform numerical simulations to follow the cloud collapse, assuming polytropic equations of state for
different initial turbulent Mach numbers and resolutions. We find that the turbulent velocity is amplified solely by
gravitational contraction, and eventually becomes comparable to the sound speed, even for small initial turbulent
Mach numbers (M, 2 0.05). We derive an analytic formula for the amplification of turbulent velocity in a
collapsing cloud, and find that our numerical results are consistent with the formula. These results suggest that the
turbulence can play an important role in collapsing clouds for general cases.

Unified Astronomy Thesaurus concepts: Population III stars (1285); Early universe (435); Hydrodynamics (1963);

Collapsing clouds (267)

1. Introduction

Cosmological simulations based on the ACDM model
predict that minihalos with M ~ 10° M, host the first genera-
tion of stars in the universe at redshifts z 2> 10 (Haiman et al.
1996; Tegmark et al. 1997; Nishi & Susa 1999; Fuller &
Couchman 2000; Abel et al. 2002; Bromm et al. 2002; Yoshida
et al. 2003). It has been believed that the first stars are largely
mass1ve (~10—1()OO M@) due to 1nefﬁc1ent coolmg in the

negligible effects on the dense cores. Thus, the turbulence should
be amplified by another driving source than the anisotropic gas
accretion flow.

Robertson & Goldreich (2012), Birnboim et al. (2018), and
Mandal et al. (2020) showed that the turbulent velocity could
be amplified by the contraction of isothermal gas clouds. This
can be explained in the analogy of the inversely expanding (i.e.,
contracting) universe. In contrast to the cosmological perturba-
tion theorv. where the amplitude of velocitv fluctuations decavs
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Figure 2. Density-weighted density projection plots (upper panel) and radially averaged profiles of the density (lower panel) for the model with My = 0.1 when the
peak density reaches 10~* g cm . In the upper panel, the side length of each plot is set to 8L; and the black circles have a radius of L; /2. The red dotted lines in the
lower panel indicate L;/2. The black dashed lines in the lower panel denote ocr=2/~ %), where r is the radius from the center of the gas clouds.
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#include<stdio.h>
#include <stdlib.h>
#include<math.h>

int main(void)

{
double X,f,ff; 390)%@%1&%&%@&[/(*%
x=-3.; f=x-exp(-X); xD P EAE (x0) & —3IZEXTE
while( fabs(f) > le-6 ){ FDEAF S INENDE R E
f=x - exp(-x); fDEZFE
ff=1.+ exp(-x); DS DIEZHE
x=x-1/1f; HFLLODEEHE

printf("%e %e %e ¥n",(float)x,(float)f,(float)ff); mEm—Z=HL
h

e l) = LA
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e *
[* FAS—ETRARSFZHES */
e *
#include<stdio.h>
#include <stdlib.h>

#include<math.h>

#define g 9.8 /* EANMERE */
#define p1 3.141592 /* &t */
int main(void)
{ . .
Int 1,num;
double x,y,vx,vy,dt,t;
double v0,theta; /* FIREAE */
FILE *output file;

output_file=fopen("output.dat","w")

x=0.; y=1.7; t=0.;

theta = 60./180.%pi;

v0 =100.* 1e3 /3600. /* 100km/h */;

vx = v0 * cos(theta); vy = v0 * sin(theta);

dt=1e-3; /* BRI R Ty */

[ DR EDY J
— BERIAESY - g
while(y > 0.){

x=x+vx*dt; y=y+vy*dt;
vy=vy-g*dt; /* vy [(FEHET. vxIE—F */
t=t+dt;

HAIL—F>
fprintf(output file,"%f %t %f %t %f
¥n'",(float)t,(float)x,(float)y,(float)vx,(float)vy);
§
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