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N-body + Vlasov Simulation
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Simulation Settings

@ cosmological parameters (Planck 2015 result)

Qo = 0.308, Q2,9 = 0.692, 2,0 = 0.0484
h = 0.678,ng = 0.96

@ neutrino mass

M, =) mi =00,01,02 03 04eV Q. = 0.0234 (1MV)
) e

2
® 3DDBEEEH/EFFUWVWEARE. M, < 0.2 eV TIEAIZFE SR,
@ simulation volume
Liox = 200~ Mpc, 600h~! Mpc, 1A~ Gpe, 10h~! Gpc
@ # of particles and mesh grids

N-body simulation for CDM Np _ 1283, Nv _ 643
Nepum = 10243 i



N-body + Vlasov Simulation of
Cosmological Relic Neutrinos

CDMODEELS

Seon = 0,970, £, =0.030 hybrid density redshift(z) = 9.885 Yo (Pt / Pryh)
T

i T T T 3
2
0.8 |

Bl 1

=
=

/L [x 200 Mpe/h]

=
-
T

0.2

0-0 L 1 1 L 73
0.0 0.2 0.4 0.6 0.8 1.0

/L [x 200 Mpgc/h]

—a1— b JDEES

Sepa = 0970, f, =0.030 neutrino density redshift(z) = 9.885 logi{ o/ P}

0.8

=
=

200 Mpc/h]

L[x

= 04

0.0
0.0 0.2 0.4 0.6 0.8 1.0

+/L [x 200 Mpc/h]

® “1— MU JDEENZ Vlasov > =1L —> 3> CHEUZERTYIH TOS =aL—>3>

Yoshikawa, Tanaka, Yoshida, Saito (2020)



NES =3 L —>3> DR

Vlasov=>=1L—>3> N KRS =aL—>3>
MEBRATEVURE(E
N,=1923, N,=643 S N, = 15363

M

NCDM=7683 NCDM=7683

ation

massive neutrinos massive neutrinos in N-body simul
- T T Foe] .

4 0.30 - ¢ Lo b L -:‘_;-_ _"'T".E:,
TR T I Sk
0.25 & : '-.
0.20 ,:.
0.15 Y B e
~ = <
S | 3
o '3 < Jj010 &
L— [ ] E:
g L : <
| N 0 | Ho0s
]
0.00 3 0.00
-0.05 -0.05
-1, — -0.10 E—— = e
=200 51 Mpd] L =200 [A~" Mpc]

® NMAS=3L—>23>TlEZa— NI JOHMNMEBEN> gy b A X(TIBEN
TUED>TLB, BFIC Void nAElE) 21



200 [~ Mpc]

L=

ERJZ TTEY

200 [~ Mpc]

L

>=3b

neutrinos velocity

L =200 [» ' Mpc]

neutrinos velocity dispersion

L =200 [» ! Mpc]

250

200

150

[km/s]

Uy

100

103

1.02

101

Ty

|
1.00

ou/

0.99

0.98

0.97

ay

—

200 [~ Mpc]

L

3> DL

L=200 [» "' Mpc]

250

200

103

102

1.01

|
1.00

0,5,

0.99

0.98

0.97

22



SE(CHITHEEL



AGAFX JOtvH

™, @ Core Memory Group (CMG)

I
000000

(2198) 2ZNgH

CIC LI

,-f-
e

vy

- | - -
(QING) ayded 21| . [ (8INS) 3Yded 21

I I
IO

(9198) 2ZINGH

—
gj g = ® 12 compute cores + HBM2(8GiB)
LI % ® 4CMGs per socket
LU | 2=ty
LI 8L =
i ) o : :
== 5 T @ 512 bit-wide SIMD instruction set (SVE)

—F ® 32 SIMD registers / core

( O s | ® 16 predicate registers / core
Ool|s| | fa
0|2 | [8 ® 2FMA units / core
:| : Qo
00| 5| B
10| 2| B @ Peak Performance
(] )

® (0.75Tflops (DP) / 1.5Tflops (SP) per CMG

24



Scalable Vector Extension (SVE)
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Strong & Weak Scaling Efficiencies

weak scaling efficiency

O total - S1-M8-L164 - H512
12F A Viasov
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BEISAIDVlasov>=1L—>

@ PIC (Particle-In-Cell) simulation
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3D PIC simulation of collisionless shock
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Gyro Motion
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