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» Lorentz factors up to
few 100

— relativistic compression

« Quasi isotropic outflow

remnant * Energetics:

I
afterglow | — observed up to: Ej5,~10°*erg

Q

g
N\\/\i, — Eior = EEiso"'lOSlerg
VA%

core collapse
— comparable to SN !

o efficient converters of
Kinetic energy to radiation

. | One Zone Basics and Effective Descriptions | M. Klinger, 16.05.2022 2



Main Progenitor: Shock

shock rest frame

Blast wave shock CBM
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Shocks redistribute upstream ram pressure

shock rest frame

downstream upstream

pd. P fa § Pu Pu iy cold

h_

Blast wave shock CBM

pth
pram IBu l_‘ZWu — <

pram

cold case:
enthalpy density w, = p,
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Non-relativistic shocks

shock rest frame

downstream upstream
Pa: P Ju Pu iy cold
Blast wave shock CBM
€th —
pth
2
pram ﬁur Wy >
B 1 pram
gram -
cold case:
enthalpy density w, = p, d
e — Px
X =
Pram
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« non-rel. fluid (y = 5/3)

* non-rel. shock speed

« strong shock (pg,/pu K 1)
- &p = 3/4



Relativistic shocks

in shock rest frame

shock rest frame 1.0
downstream upstream
d Ba Bu Pu, cold
Pd: Pth - ¢ xl
Blast wave rel. shock CBM
d 2
pth th — §
d
u Pram €ram =
Pram —>
d |
Penon—th ¢&e =few %7? 0-2 T
pd ' — V=473
Ex = uX pgnon—th €p =few %7 — y=5/3
‘ 0.0 e
Pram 103 102 10! 10° 10' 102 103
&g = 10_4 — 10_2 ?7? Buru

P

(can also define ¢ via energy density)
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One Zone Modelling

electrons drive shock injects
expansion of box relativistic particles
electron number
a,N a[( oo Bk >1v ]+Q (E,t) N e + 0, (E, t)
tiVE el = UE E el inj\t, L) —— "3 pa\t,
. T E,t Tic(E,t T,qi(t T, (E,t
|nject|on Q syn( ) lC( ) adl( ) pp( )
f 1 i | e"et > yy
inverse
Compton _ 1
SynChI’Otron Scattering Yy —e e
“ X
03¢
turbulent magnetic
P fields B _ photon number
® @ NE NE
ONg, = ——2—+ 0. (E, 1) + +0Q,,(E,t) ——X—
1 1 I By = T (o T et T (B D)
photons can
eSCape Tgq, escape from box
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IS It motivated to model the
electron spectrum as an effective
smoothly broken power law?




Relevant time scales

tdyn time scale at which parameters of one zone change
(= same for B, V,...)

Lcool time scale at which particles loose their energy
(“lifetime in system”)
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Steady state case

© logt

Y

tdyn time scale at which parameters of one zone change
(= same for B, V,...)

steady state: parameters of the one zone are const

[tCOOl « tdy“] — const steady state spectrum Nz~ Qr min(t;)

S

Lcool time scale at which particles loose their energy
(“lifetime in system”)
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Time dependent modeling

...
L]
L4
L4

.. inverse Compton

.
N .
~~~~
............
----------------
‘%

t dyn e B B B A R RN R R RN R A A EEEEEEEEEEEEEEEE adiabatic

teool = MIN(Tyg;, Tsyn» )

synchrotron

logE
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Time dependent modeling (quasi-steady state:

~

parameters of the one zone are approx.
const during lifetime of particle in system

logt
g ., _)NE(E't)N QE(E't) T(E,t)
................ inverse Compton
tdyn T tanseemsrnnneennnenaneanntrnnntannnennnranns adiabatic
teool = MIN(Tyg;, Tsyn» )
synchrotron
logE
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Time dependent modeling (quasi-steady state:

o

parameters of the one zone are approx.

| - const during lifetime of particle in system
OgT.., ) - NE(E' t)N QE(E' t) T(E' t)
.......... inverse Compton
tdyn T ........................ adiabatic
teool = MIN(Tyg;, Tsyn» )
synchrotron
logE
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Adiabatic cooling regime (t,4; < T;)

E
Tadi(t)

—> 0Ng ¢ = 0g ( NE,el) + Qe (E,t) (PDE)
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Adiabatic cooling regime (t,4; < T;)

E
Tadi(t)

—> 0Ng ¢ = 0g ( NE,el) + Qe (E,t) (PDE)

For intuition:
cooling term
~ effective escape term

NE,el D NE,el
Taqi(t) Teff(t)

~—(p—1)

{atNE'el + NE’el QE(EI t)J (zODE)

Terf(t) -
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Adiabatic cooling regime (t,4; < T;)

E
—> 0;Ngo =0 ( _ NE,el) + Qe (E,t) (PDE)
Tadi(t)
_ N * T44;(t) Only a function of time
For Intultion: « injection power law in E, Qz~E~P
cooling term © Ng~E7P
~ effective escape term o o Nee Ngg
~—(p—-1) L=
Tadi(t) Terr(t)

NEel _ ~
0¢Ng e + (D) Qr(E, t)J (=ODE)

__ Green’s function in time?

— how does Ty = ;‘i"li scale with time?
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One Zone Parameter’s time dependence

* it's all about the deceleration of the shock: r(t,ns), [(tops)

1. conservation of energy: initial E, = I'*M,,,(r)c? heated swept up material

3—w

2. assume density profile n(r)~r=" >|I'(r)~r 2

1

. d —w
3. from Doppler boosting t,,s = f_zﬁcrr‘z > r~t Y

1

1
— 7 (tobs), '(Eobs)~ (%)2(4_W) - ISM (w = 0):| r~t 1% | F~( = )8

obs
obs
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One Zone Parameter’s time dependence

it's all about the deceleration of the shock: r(t,ns), [(tobs)

1. conservation of energy: initial E, = I'*M,,,(r)c? heated swept up material

3—-w

2. assume density profile n(r)~r=" - I'(r)~r 2
1

. d —w
3. from Doppler boosting t,,s = f_zﬁcrr‘z > r~t Y

1 1

E 2(4—w) 1/4 E 8
— 7"(tobs)» l_‘(tobs)"' (ﬁfow) - ISM (w = 0): TNto{)s , I'~ (t3_0)

obs

magnetic field (B~+/egI" ) and injection of non-thermal electrons (¢,)
from upstream ram pressure
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One Zone Parameter’s time dependence

it's all about the deceleration of the shock: r(t,ns), [(tobs)

1. conservation of energy: initial E, = I'*M,,,(r)c? heated swept up material

3—-w

2. assume density profile n(r)~r=" - I'(r)~r 2
1

. d —w
3. from Doppler boosting t,,s = f_zﬁcrr‘z > r~t Y

1 1

E 2(4—w) 1/4 E 8
— 7"(tobs)» l_‘(tobs)"' (ﬁfow) - ISM (w = 0): TNto{)s , I'~ (ti*l_o)

obs

magnetic field (B~+/egI" ) and injection of non-thermal electrons (¢,)
from upstream ram pressure

adiabatic cooling from size A~% (in “comoving” frame)

6 5—-w . . y
—>[Tadi(tco) = =oo, tco] — Green’s function in time?
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Green'’s function for power law 1

Ng

t \4T
Toa

¢ atNE —_

— for a; = 0: exponential decay k=1
— for a, = 1: power law decay s}@\l Zif
E a=0.5
* relevant to see if early/late | o
injections dominate = | L LN T
spectrum
o3
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Green'’s function for power law 1

Ng

t \*T
To :;6

¢ atNE —_

* relevant to see If early/late
Injections dominate
spectrum

* a; — Shape

caution: a; # a; *  @gq; — Slope fora, =1
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1003

— for @, = 1: power law decay \O\

10_33
10_43

1075 ——

k=1
a=?2
a=1
a=0.5
a=0
a=—1
t \ adi
"N _—
6e.t) = ()
1o o T BES

t/to
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(Quasi) steady state

R ‘ol 2
1 NS T a=
10 \‘\\\\\::‘: \\\\\ a=1
VNN T a=0.5
1 “ \ \\\ \\\\\ =0
= 10—2-; ‘\‘ NN T §= -1
* recap: steady state: = / NG T
— parameters constant (a,; = 0) - oy
1074 4 1 \ \
— NE o _t T 4 ‘l ‘\‘ \\\
atNE__T-I'QE - Ng=0Qg7-(1—e /) 1o-s L A o |
10° 10t 107 103
t/ty
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] 10°-§ \,\‘5 _______ k=1
(Quasi) steady state N I o
Zolo—zé “\“ \‘\ N T a= -1
* recap: steady state: s/ ~~~~~~~~~~
— parameters constant (a,; = 0) b
N - '
0¢Ng = _TE+QE - Ng=0Qp71-(1—e t/T) 10-3 L T >

* time-dependent case: a, =1

~ 0.7

N(8) = [, dlog t' £'0:(t) G(6,t) 4 Q(O)Taai(®)

ag+tagqi+13(5-w) to

[

x t'%Q o t'~%adi
B 1 9—w
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numerical factor ¢(1)  convergence term

guasi steady state
0.7 (steady state with
Instantaneous parameters)
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Effective Electron Spectrum

pinj = 23,W =0

1049E
1048
L 1047
&
3 — smoothly broken
— 1046
L
2 power law!
O 10%
QE_
Wy
1044_: ——— num. adaptive
? --- analytic
] —-=— num. QSS
1043 I I T T T T
108 10° 10%% 10't 10%? 10'* 10'* 10> 10
E [eV]
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Radiation processes: SSC

 Just another example of convolutions

electron spectrum kernel

A A
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photon spectrum
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Radiation processes: SSC

 Just another example of convolutions

[Synchrotron/]
Thomson

kernel

[KIein-Nishina]
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Radiation processes: SSC

photons, Esource [eV]
103 108

1079 10°° 1073 100 10° 1012
100 i
electrons (source) 10714
0]
10 \ 10—2 i
S 10714 \ S 10731
L AL
w 10721 \ W 1074
kS kS
§ -3 § 0—5_
S 10731 S1
™~ ™~
Ly 10_4_ Wy 10—6_
0_5 10—7 i
10% 107 108 10° 10%° 101! 1012 1013 1014 10%5 g
10781
E [eV]
1079 — . A S S |
10~° 10-° 103 100 103 106 10° 1012 1015
Eops [eV] (BT =0.001, Bops=0°->D=1)
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Reduced SSC Model

« smoothly broken PL electrons
from quasi steady state (N~Qt)

— break from magnetic field &g
— maximum energy set vian
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106

105_

T [s]

1011 1014 103 104 105

E [eV]

E2dN/dE / max(E2dN/dE)
o

— weak

=
9
v

107

108

10°?

"o

E [eV]

o

1012 1013 101 108

28




Reduced SSC Model

« smoothly broken PL electrons
from quasi steady state (N~Qt)

— break from magnetic field &g
— maximum energy set vian

« photon spectrum of these electrons

— Synchrotron component
— SSC component

— Andrew’s talk, ...
— MWL fitting on Wednesday
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1033§ -
—— Synchrotron Y
1032_' IC Thomson approx. ‘\\
i —— IC including KN \
—— p=3 Vo
1031+ \
] \ ;
@ 10%; Vo
y \
= 1 :
< 1029- :
3 1073 5
1028—§ Y
1 \
] \\
1027 - / \
3 \
] v
1026- T T T T T T \\ T T
10— 102 10! 104 107 109 10'* 10'® 10%°
E [eV]
29



Summary

* relativistic shock partitions pressure/energy into fractions ¢g, &,

* even In time dependent modeling, the smoothly broken power law Is a
reasonable effective description of the electron spectrum

— guasi-steady state
— reduced SSC model focusses modeling to essence
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Where this picture is very simple

 homogeneous box of width A
— blast wave has a profile

* magnetic field strength distribution
— only §-like strength

* Injection

— Spatially homogeneous

— power law with exponential cutoff, what about thermal particles?

« pair-production?

* Jet structure? Viewing angle?
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