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Electrons combine 
with protons to make 

a neutron star:

Escaping neutrinos 
interact with infalling 

matter, heating it:
&" ' " '%$ ! ! " '#

Explosion in ~7 second, 
or a BH will form.
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! %
B-field forces wind to corotate to 

Alfven point R! .

Increases ! ! "and #"& $"loss rates.
Efficient spindown. Energy is 

extracted from rotation.
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Schatzman 1959,1962; Weber & Davis 1967



! % R"  = c/Ω bounds R! .
As R!  !  R"  ,  V#  !  c.

The flow becomes relativistic, 
Poynting flux-dominated

:
 σ(R" ) = B$/(4πρc$)  >  1
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?$@A$*B(.5&+4.0$>C>7+*0.54-4'54: neutrino-heated magneto-centrifugal 
wind from a proto-magnetar: spindown rate, mass loss rate, kinetic power 
(monopole field!). Thompson+04; Metzger+07, 08, 09,11

?$DA$./4'#22*5+4:$+*0.54-4'54:$EFA, but NO microphysics Bucciantini+ 
06, 07, 08, 09, 12;  or with FIXED field geometry Vlasov+17,18

?$DA$./4'#22*5+4:$>C> 7+*0.54-4'54:$EFA$with neutrino heating/cooling 
and general EOS Thompson & ud-Doula 18 
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Ultra metal-poor halo stars 
exhibit Solar relative r-
process abundances

Suggests a “universal”
r-process site.
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Magnetosphere 
dissipation or
reconnection.

High pressure 
region P@F of 

size ΔR@F 
shocks the 

outer NS 
crust.

Inward shock 
propagates to ! !" "
#"! #$ $"heats crust, 
dissociates nuclei. 

Outward shock 
moves at ~ %.

Shock-heated 
n-rich matter 
expands and 

cools, then ! - 
and r-process 
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Pressure of the SGR 1806 flare:

P%& ~ E%&/V ~10$'  –10$(  ergs/cm) .

! Corresponding Mass: ~ 10$'  g
! Electron Fraction: ~ 0.375

! ~100 meters.
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I. Proto-magnetars can spin down rapidly. E%)3)&&)FGG7G=

# 5.9&-+1 !@-&+:>B%9.3#N>&T`#2##LL#2$%

# 01:C.3#C.9&-+.:$`#M1+-&+>.33]#d-:]#:.M>T#$M>&T1N&4
# K2I$`#D#U#VC$8#I#L#FH!( #K8#:-3.+>d>$+>@#B31N8#e-+$8#$M>&T1N&4
# ! #0--T#2-3.+>d>$+>@#567f#g=-- #D$3)2FGHGI*)&5*'1+$%3fh

II. Proto-magnetars can produce heavy nuclei. E%)3)&&)FG;7GJ

 ^B#b-#U#H4G8#9-&-:>@.33]8#1&3]#F)?#M-.\#g=:8#b8#c:h4
# " 6-#M-.\#>&#M3.$C1>T$4
# ^B#b-#Q#H4G8#,>9,#=#N>33#]>-3T#518#DT#d>.#M!M:1@-$$
#
III. Magnetar flares eject baryons. K$+"0)FG;7*E)1$0FGJ)L

# i-31@>+]8#C.$$8#.&T#-&-:9]#M:1T%@-T#a]#FH&@-:9#-d-&+4
# ! #j &>_%-#&%@3-1$]&+,-+>@#$>9&.+%:-$4#
# ! #K.CC. !:.]$#B:1C#:!M:1@-$$#M:-T>@+-T#.&T#C.+@,#3.+-!+>C-#

# -C>$$>1&#B:1C#=K2#FZHk#B3.:-4


