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Survival(of(substructure 

Tidal&evolu+on&of&
*low*mass*(<109*M)*dwarfs*

Due&to&

*'dal*stripping*around*MW*

Using&

*controlled*NHbody*simula'ons*



Tidal*stripping*of*satellites 

Hayashi et al. 2003!

'me*

density*profiles*

•  'dal*stripping*
impacts*outer*

regions*

•  central*slope*
unchanged*

•  satellite*destroyed*



Tidal*stripping*of*satellites 

Hayashi et al. 2003!
circular*velocity*

•  vmax*decreases*

systema'cally**

•  profile*retains*
shape*

•  satellite*destroyed*

'me*



Tidal*stripping*of*satellites 
Peñarrubia et al. 2010!

Colors*for*different*inner*densi'es*

Core*vs*cusp*density*evolu'on*

mass*loss*with*'me*

including*MW*disk*
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Ini'al*condi'ons*by*spherIC*

Two*dwarfs*

*M
vir
*with*108*and*109*M*
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NHbody*simula'ons 

Np
eff
*=*54*Million*

ε*=*12*pc*

M
min

*=*13*M*

t
orbit

*=*6*Gyrs*
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M=108 M*

Isolated*dwarf 
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Isolated*dwarf 
M=108 M*
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Arraki*et*al.*2012*

h\p://arxiv.org/abs/1212.6651*
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Orbi'ng*the*MW 

•  Orbit*MW*with*NFW*

halo*and*disk*

•  Range*of*pericenters*

•  All*orbits*have*1:6*
ellip'city*

•  Orbit*for*6*Gyrs*
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Orbi'ng*the*MW 

&&How&do&the&satellite&profiles&evolve&with&+me?&

&&Can&dwarfs&be&destroyed?&

&&What&are&the&implica+ons&for&DM&annihila+on&
boost&factors?&

&&Can&we&make&predic+ons&for&dwarf&galaxy&futures?&
&If&so&based&on&some&simple&parameters?&
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Orbi'ng*the*MW:*one*case 
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50*kpc*

10*kpc*
radial*distance*

mass*loss*

Orbi'ng*the*MW:*one*case 
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50*kpc*

10*kpc*
radial*distance*

change*in*max*

circular*velocity*

Orbi'ng*the*MW:*one*case 
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Orbi'ng*the*MW:*many*cases 
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Evolu'on*of*density 

outer*regions*reduced*

central*slope*unchanged*

rs(rt(
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Evolu'on*of*density 
huge*mass*loss*

not*completely*destroyed*

rs(
rt(



previous*work 

Kenza Arraki - NMSU!

Arraki*et*al.*2012*

h\p://arxiv.org/abs/1212.6651*
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Each*orbit*

Predic've*power 

One*object*
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Orbit*1*

Predic've*power 

two*different*M
vir
*

satellites*behave*in*

the*same*way!
*
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Predic've*power 

not*completely*

destroyed
*

can*predict*

'dal*evolu'on
*

each*line*

indicates*

a*new*

orbit*
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Predic've*power*H*V
max 

Similar*behavior*



Examined*'dal*evolu'on*of*low*mass*satellites*

1.  Lots*of*mass*loss*and*v
max

*reduc'on*

2.  Dwarfs*are*not*completely*destroyed*

3.  Annihila'on*boost*factor*is*not*removed*

4.  Tidal*stripping*can*be*predicted*based*on*r
t
/r

s
*

and*number*of*orbits*
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Summary:*survival*of*substructure 


