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• Dawn 
miss ion  o rb i t  
i n  Jun  2015

• Cou ld  be  
due  to  a  
t rans ien t  
a tmosphere

1 Ceres | Bow shock detected [1]

• F lyby  by  
Deep  
Space  
miss ion  in  
Ju l  1999

• Cou ld  be  
spacecra f t  
no ise

9996 Braille | ~ 2.00 nT [2]

• F lyby  by  
Ga l i l eo  
m iss ion  in  
Oc t  1991

• Cou ld  be  
so la r  w ind  
s igna tu re

951 Gaspra | ~ 0.01 nT [3]
No conclusive evidence of  
magnetic f ie ld on tradit ional  
asteroids

Granu la r  
ponds  on  Eros

cm-s ized  g ra ins  
on  I tokawa 

Granu les  on  
I tokawa a t  m-sca le

R ivu le ts  near  the  
edge  o f  Eros ’ ponds

Sanchez et al. (2021) [4]

An opensource  So f t -Sphere  D isc re te  
E lement  Mode l l i ng  (SSDEM)  
so f tware

Col l is ion:  Her tz ian  –  sp r ing -dashpo t  
sys tem

Cohesion:  Simp l i f i ed  JKR –  
Johnson-Kenda l l -Rober ts  (SJKR)  
mode l

Rol l ing  Fr ic t ion :  E las t i c  P las t i c  
Spr ing  Dashpo t  (EPSD)  mode l

No Magnet i c  Force  Mode l

Mutua l  D ipo le  Mode l  (MDM) :  D ipo la r  
magnet i c  moment  on  each  par t i c le  due  to  
every  o ther  par t i c le  [7 ]

Spher i ca l  Harmon ic  Approx imat ion  (SHA) :  
Trunca ted  spher i ca l  ha rmon ics  so lu t ion  to  
the  Lap lace  equa t ions  [8 ]

Inc lus ion  Mode l :  MDM fo r  fa r - f i e ld  
ca lcu la t ions  &  SHA fo r  par t i c les  w i th in  a  
cu to f f  d i s tance  [8 ]

𝐻!

𝜇"𝜇# 𝜇!Core of a
planetesimal [5]

0-500 nT 
magnetic fields [6]

Psyche Mission reaches  
orb i t  in  2029;  

with  magnetometer onboard

Three part ic le & eight  part ic le chain val idat ions also done

Force  compar i son  fo r  the  th ree  d i f fe ren t  fo rce  mode ls .
Inc lus ion  mode l  matches  w i th  SHA wh ich  p rov ides  exac t  fo rce  fo r  a  two -par t i c le  

sys tem.

Exper iments  per fo rmed us ing  Stee l  ba l ls  by  
Sunday  e t  a l  (2024)  [9 ]

Fr ic t ion  and cohesion proper t ies  ob ta ined  
by  match ing  Angle  of  Repose (AoR)  i n  no 
externa l  magnet i c  f i e ld  case

Resu l t s  p resen ted  fo r  40  mT ex te rna l  
magnet i c  f i e ld  us ing  MDM method

Simulation Box

Magnetic Susceptibility: 01

Magnetic Susceptibility: 40

AoR: 20.32° AoR: 20.26°

Magnetic clumps

Increasing Magnetic Susceptibi l i ty  ( therefore Magnetic Force)  
increases net  cohesion

Inc reas ing  Magne t i c  Force  resu l ts  i n  t rans i t i on  f rom granu la r  to  co r re la ted  reg ime,  
where  par t i c les  move  in  c lumps  ins tead  o f  f l ow ing  f ree ly.  

Di f fe ren t  magnet i c  f i e ld  s t reng ths  and  d i f fe ren t  
magnet i c  suscep t ib i l i t i es

Inc lus ion  mode l  s imu la t ions

Psyche  env i ronment  s imu la t ions

Aspher i ca l  g ra ins  by  va ry ing  f r i c t i on  p roper t ies
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A c k n o w l e d g e m e n t s

• T h i s  i n v e s t i g a t i o n  w a s  
f u n d e d  b y  N A S A  g r a n t :  
8 0 N S S C 2 0 K 0 8 6 5 .

• T h a n k s  t o  c o l l e a g u e s  f o r  
r e v i e w i n g  t h e  p o s t e r.

• A s t e r o i d  I m a g e s  f r o m  N A S A  
P h o t o - J o u r n a l .  

• P o s t e r  d e s i g n :  A n m o l  S i k k a .  

Cohesion plays a signif icant  role 
to modify surface morphology 

on asteroids

No Magnetic Field

Magnetic Susceptibility: 04

AoR: 21.66°


