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1 Introduction

2 Spatial models

2.1 ShellFunction

2.1.1 Small angle approximation

The shell function is a radial function f(6), where 8 is the angular separation between shell centre and the
actual location. In the small angle approximation sin € = 6, the shell function is given by

\/eout - \/012n -2 ifo S ein
f0) = fo 62, — 62 if Oin < 6 < Oout
0 if 6 > eout

is the radial function. fy is a normalization constant that is determined by

w/2
2w / f(Hodo =1
0
in the small angle approximation. Using

1
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we obtain
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2.1.2 Spherical formulation

The shell function on a sphere is given by

\/sin2 Oous — sin’ 6 — \/sin2 Oin —sinZ @ if 6 < 6,

£0) = fo \/sin? Ogye — sin? 6

0 if 8 > Oout

if ein <0 S eout

The normalization constant fy is determined by
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Using

. ; Vcos2x +2a — 1 -1
/smm\/a—sm2xdm:—cosm CO;\/gjL a _a2 In (\/icosm+\/cos2x+2a—1) (10)

and
2a = 2sin” fy = 1 — cos 26, (11)

we can write

. /. . \Vcos 2z — 26, 20 + 1
/smw sin? 0y — sin? z dz = _COSTVEOS ST 7 €08 270 + €05 200 + In (\/5 cos T + 4/ cos 2z — cos 200)
2v/2 4
(12)

For the special case of © = 0, the integral becomes

! —2\(3/25290 . cos2io+1ln (\/5+ /71—(:05200) (13)

while for the special case x = 6y, it reduces to

2 1
% In (\/5 cos 90) (14)

Using these equations, we can compute the required integrals:
I = /9‘“ <in 8 /sin2 0 _sn?gdd — V1 — €08 200y — €08 Bi,1/cos 20, — cos 2004t
1 o out 2\/§

€08 20put + 1 V208 0in + /€05 26, — 0S 20,4s (15)
4 V2 + 1 = cos 200u;

Oin — ) . .
L= / sin /si112 b —sin’0ds — V1 — cos 26;, . cos 26;, + 1 n V2 cos b, (16)
o 2V/2 4 V2 + /1 =cos 20,

I3 _ /0out <in g (Sin2 0 - Sin2 048 — CcOS ein\/COS 29in — COS 290ut
ou 2\/5

Oin
cos 20yt + 1 V208 0ot
In (17)
4 V2 cos Bin + 1/cos 26, — cOS 2044t

We thus obtain

1
27Tf0

= L-L+1I;

V1 = 05204t — /1 — cos 20;,
2V2
cos 20yt + 1 I ( V2 cos Ogut > _cos 20in +1 In ( V2 cos bip > (18)
4 V2 + /T = cos 204 4 V2 + /1 = cos 26,

The ratio in % between the small angle approximation and the correct spherical computation is shown in
Fig. ?? as function of 6y, for 6;, = %Qout.
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Figure 1: Ratio in % between the small angle approximation and the correct spherical computation as
function of 6., for 6;, = %OOM.

3 Spectral models

3.1 PowerLaw

The power law spectral model is defined by

I(E) =k <;>7 (19)

where

e k is the normalization of the power law (units: ph cm=2 s=1 MeV 1),
e p is the pivot energy (units: MeV), and

e 7 is the spectral index (which is usually negative).

Each of the 3 parameters is factorised into a scaling factor and a value, i.e. k = ksky, p = pspy, and 7 = Y57y
The GModelSpectralPlaw: :eval gradients returns the gradients with respect to the parameter value of
the factorisation. Note that for any parameter a = asa,:

oI 01 da oI
Sa, Eéav B Eas (20)

The parameter value gradients for the power law are given by

i = b (%)72155) @)
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3.2 PowerLaw?2

This flavour of the power law spectral model uses the integral flux f within the energy range E;, and
Eax as free parameter instead of the normalization k. The integral flux f is given by

Emax
f= /E I(E)dE

min

The power law model is then defined by

I(E)=kE"
where P
~ M By By 7T
k=
ﬁ else

is obtained from Eq. (?7).

(26)

Each of the 4 parameters is factorised into a scaling factor and a value, e.g. f = fsf, and v = v57v,. It is
assumed that E;, and Ey .y are fixed parameters, and GModelSpectralPlaw2: :eval gradients returns

valid gradients only for f, and ~,.
The flux value gradient f, is given by

oI SIof oI, Ok
57, " ofaf, of" T 57

The index value gradient 7, is given by

oI O8I 6y oI ok - 10k - 10k
- = =~ = | — B E'In E = | =4+ InFE E'~r. = | 2=+ InE | I(E
6’71) (5’)/(5’)/1, (5’)/73 ((5’)/ +k n >'}/s <k5’7+ n >k Vs <k6’7+ n > ( )’ys
(28)
where
0 ify=-1
- (29)
(5'7 B f (E%;; - Ervnfnl) - f(]- + 7) (E%;; In Epax — E::lrnl In Emin)
5 else
(Bt - B
Note that for v # —1
1 6]:3 1 (EI’IIZ; In Emax - E;Il—ltll In Emin)
Z@ = 1 + - ( %Jgi _ E’Ytkl) (30)



