








General equations
Continuity-, momentum-, and energy edu
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V= fluid velocity
pi = fluid density
e = internal energy

uid

Scr = sources and sinks
R = cooling function

5_: heat flow
S/ = sources and sinks
A; = ambipolar diffusion

s and neutrals

B = magpnetic field




Modeled structures: Assumed parameters

Model | 1-D, no relative motion
Lambda-Cephei 2-D,.relative motion
Inner boundary conditions:

Model Lambda-Cephei
M [M./yr] 1062 162. 108
Vs [km/s] 1500 2500
T [K] (assumption) 10* 108
Interstellar parameters (outer boundary‘conditions, assumed):

Model Lambda-Cephei
Nism [part./cm—3] 20 14
Vism [km/s] 0 80
Tism [K] 100 9104



Hydrodynamic shock structure vis, # 0

, RS reflected




Modeled structures
Pure hydrodynamic Mach number M: 0 < M < 2




Cooling functions A(T)

log (A) [erg cm®s™]




Cooling functions A(T)

Estimate (stationary, E< P):
Vel EvtP)iz=, —n2N(T) =
Pv kTv

L ~ =
W BNT)  neN(T)
and
. . Lcool
Cooling time: 7coor = =
Estimates:
T[K] v[km/s] ne[#/ Cm_3] B8oo0! Teool [YI]
ISM,:  10° 20 40 7400 AU~0.035 pc 44
AP:  10° 103 103 9-10°AU ~ 46kpc  5-107

Important for shocked ISM,, negligible inside the astropause
Model: v = shock Speed, (Tmodel/ T/\—C)ISMg ~1,
(nmode//n/\fC)ISMg ~ 1
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Heating function I'(T)

Heating by: UV, photoelectric heating by dust, dissipation of
turbulence, or coulomb collision with cosmic rays (Kosinki &
Hanasz 2006):

M= n2Go + nG;y

with Gy = 10-%*ergecm®s~', Gy =10 ®°erg s’
Analogously to the cooling length:
) o= kv
nGg + Gy
Lot Thot

ISMo: =~ 760 kAU &.37pc 44.2kyr
AP =~ 95GAU ~ 46kpc 43.9 Myr

Not important in nose direction, but in the tail (> 6 pc)



Some model results

The number density (including heating and cooling):




Some model results

The Mach number (including heating and cooling):

Mach disk with tangential discontinuity closing in the tail, sonic
lines can bee barely seen. Needs higher resolution.



Lambda-Cephei model and observation




Cosmic ray propagation (1 GeV)
Model (no cooling) and cooling after 60 ky (1D-SDE, adibatic cooling)
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With cooling the BS and AP distance shrinks, and builds a modulation

barrier. The modulation starts further out than in the “no cooling” case.




Cosmic ray propagation (1 GeV)

Lambda Cephei:
Differential intensity vs r
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The structure is more compressed, and the modulation already
starts in the ISM.

= Can O(B) star (associations) “cool” the galactic cosmic ray
spectrum ?



Conclusion

@ The shock structure of a purely hydrodynamical flow is
different to one including heating:and cooling.

@ The model can be fitted to H-o observations.

@ The areas where the Mach number is higher than one
(supersonic flow) are different from a'pure HD flow, which is
important for the cosmic ray flux (running project)

@ Can O(B) star (associations) effectively “cool” the galactic
cosmic ray spectrum ? (running project)



