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Comparison of the cross-sections

radiation pair
O(E, v)dv U (W, u)du
in matter X%)¢(E, v)dv Xiozp(W, w)du
in photon gas L) gy + ‘V”V%;z du
- P 1 ¢(Ew) 1 (W)
In magnetic field | <~ 77msmdv | 5 - mrm s du
where
w=W/E and v=FE/W
and

X, ! =4a(N/A)Z?r2 In(183Z271/3)
X;l = <30'T/4>710/Ii0

X}t = {3.9 x 10% (H/H,)*"? GeV1/3/cm} /WP with H. = 4.41x103G
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Homogenious functions, ¢(x, v) and ¢ (\, u), of the
cross-section for Inverse Compton (left) and photon-photon pair
production (right) are indicated below:
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Figure 1. « = weee =  FlIQUIre 2: X = wee, = 1,
1, .2, .5, ---, 100, from left to 2,.5, -+, 100, from bottom to
right. top.
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Homogenious functions, ¢( £, v) and (W, u), of the
cross-section for photon radiation (left) and pair production
(right) under the magnetic fields are indicated below:
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cascades in matter

cascades in magnetic field
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Fig ure 5: Transition curves of shower electron developing in matter (left),
photon fields (middle), and magnetic fields (right). Our results in matter (lines)
are compared with the analytical results in Nishimura, and our results in pho-
ton fields with kg = 103 and in magnetic fields with cascade length defined

2

by 3.9 x 10°(4-)s L (gz({/)% (lines) are compared with those indicated in

Aharonian and Plyasheshnikov (dots).
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Cascades in photon gas

Diffusion equation

d
dﬂ(/ﬁj,t):——/¢lﬁjvdv—|—/¢/€ 1— ()K
/iodt

V() dN
+2/¢)\/ / NN

Ko dt

d LN w(K) dk
Y I ,——/ S, u)du
\ k'R K Ao
for the differential energy spectra, 7(x,t) and (A, t), with

K = Wt and A = Woes,

where ¢, -, and w, denote the energies of the shower electron,
shower photon, and background photon in units of mc?, and x,
denotes ~ or \ of the incident particle.
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Approximating the homogenious functions
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Figure 6. ¢(x,v) ~ 1. Figure 7: y(\u) ~ 1.
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Applying Mellin transforms

(o) ae) (o)

we have the differential-difference equations,
M(s,t M(s—1,t
o (M) _p [ Mes=1D
ot N (s,t) N(s—1,t)

o) = (s/(s—l—l) 2/(s+1)> |

1/(s+1) —1

with

and the differential spectra of shower particles become

(e, t) ) _ 1 feree kg [ Mst)
Y(k,t) | 2T Jomico  BTTL L A (s, 1)
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We derive the approximated solution by dividing ¢ with n equal stepsizes,
At = t/n,

./\/lk<8> _ ./\/lk_1<8> m R(S) ./\/lk_1<8 — 1) Y
Ni(s) Ni_1(3) Ni_1(s — 1) ’
k=1,2,---,n,

with Mg (s) = 0 and Ay(s) = 1. Then we have

Ma(s) ) & £\ o [ Mols = k)
(Nn(s)) l;)”Ck(n) & <>(N0<sk>)’

where
RY%s)=1 and R¥(s)=R(s) - R(s—1)---R(s—k+1).
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Applying the inverse Mellin transforms, we have the approximated
differential electron spectrum =, (x, t) as

o+100

(22)" R (s)ds,

K

Kp (K, t) = Z Ck ’f27m

O —100

where R[llg(s) denotes the 1,2 element of R (s).
Rl(s) have poles at s = -1, 0, k-2, so we have the differential energy
spectrum of electron,

k—2 ke 2 K L
a1, 1) = 2 . k{(—) =2+ (0 + -1 |

K

using residues p[llf]z(s) at s.

S residuess p[llf]z(s)

-1 (=1)*12k(k+1)/3

0 (—=1)*2k(k—1)/3
k—2 (=1)*12k/3
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EXacCt solutions ftor the dirrerential
spectra and thetransition curves

At the limit of n — oo, we have the exact solution for the differential electron
spectrum (k. t).

The differential spectra and the integral spectra of electron components and
photon components for gamma-initiated shower so obtained are

2 t— 2 2 Kkt
I{)’T{'(K,,t) S <t . > te_t _|_ _K/_e—l‘éot/l{7

3 KO/KJ 3/%0
t t — 2 2 kit
kY(k,t) = K6(k — Ko )e * + 5 <t _ KO/,«;) ot _ g:_oe—not/,{7

2 t
(k1) = -t {(2 (1 — ’%)e_t +te~tln % + By (t) — %Eg(%)} |

_ t K . _ _ Ko 2K Kot
F(k,t)=e "+ =3 2-8)(1— —)e " +te'ln—+2F5(t) — —Eo(—
rt) = e g 2= 00— Sy vte % g 2Ea() - 2B ],

where Es(z) denotes the exponential integral function,

o0 e—zt
E2<Z> = 5 dt. .
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pliterential spectra or electrons and
photonsfor cascadesin photon gas
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Figure 8: rs-weighted dif-  Flgure 9.  A-weighted
ferential energy spectrum of differential energy spectrum
electrons for gamma-initiated of photon for gamma-initiated
showers of energy k. showers of energy k.
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Figure 10:  Transition
curves of electrons with
ko/k = 10, 102, 103, 10* for
gamma-initiated showers of
energy kg. Analytical results
(linrs) are compared with
numerical results(dots).

| ransSItion CUurves or eiectrons ana pno-
tonsfor cascadesin photon gas

15 i _2 25 3 4.5
radiation length (t)

Figure 11: Transition
curves of photons with ko /A =
10, 102, 103, 10* for gamma-
Initiated showers of energy «g.
Analytical results (linrs) are
compared with numerical re-
sults(dots).
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Cascades in magnetic field

Akhiezer equation

0 W E. w(E't) dF
EW(ENS) (E/WO 1/3/ ¢ d?)—|— . ¢( /)(E/W0)1/3 Jol
Wo (W/ ) dW’
+2 ’ w< )(W/WO)1/3 T
0 Wo W m(E't) dE'

30 = [ G E B~ o , v
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We approximate the homogenious functions as

d(v) = P(u) =a
0 — e
g 2

0.4 0.6 0.8 1 0 0.2 0.4 0.6
\ u

Figure 12: ¢(v) =2. Figure 13: v(u) = 2.
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The differential-difference equations for cascades in the

magnetic fields are
9 M(s, 1) R(s) M(s—1/3,t)
ot \ N(s,t) N(s—1/3,1)

m$a(g@+n y@+n)’
1/(s+1) —1

with
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Then we have the Mellin transform functions,

M(s—k/3,0)
N(s—k/3,0)

— k13
ZER[ /3] ()
k=0

where
ROV (s) =1, and RM/3l(s)=R(s)-R(s—1/3)---R(s — [k —1]/3).

Applying the inverse Mellin transforms, we have the differential electron
spectrum 7 (£, t) for gamma-initiated shower as

tk 1 o+100 S
En(E,t) = / < > R[llfél/:g](s)ds,

k' i

where R[k /31 () denotes the 1,2 element of RIF:1/31(s).
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residues p;'y'” () in magnetic fields

R[ffél/?)](s) have polesat s = —1, —2/3, ---, 2/3 and
s=(k—-6)/3, (k—5)/3, (k—4)/3.
S residues p[1 5 /3]( )
—1 (—=1)**1(2/3)a*k(k +1)--- (k +5)/360
~2/3  (=1)"(2/3)ak(k — Dk (k +4)/72
—1/3 (=1)*1(2/3)a*(k —2)(k—1)--- (k+3)/36
0 (—=1)*(2/3)a*(k —3)(k —2)--- (k+2)/36
1/3 (=1)*1(2/3)a*(k —4)(k —3)--- (k+1)/72
2/3 (=1)*(2/3)a*(k — 5)(k —4)---k/36
(k—6)/3 (=1)"*1(2/3)a"k(k — 1)(k —2)/6
(k—-5)/3 (=1)*(2/3)a*(k + 1)k(k —1)/3
(k—4)/3 (=1)**1(2/3)a"(k +2)(k +1)k/6
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EXacCt solutions ftor the dirrerential
spectra and thetransition curves

The differential spectra and the integral spectra of electron components and
photon components for gamma-initiated shower so obtained are

En(E,t)

2/3)(Wy/E) ™ 2(720 — 1800z + 12002 — 3002° + 30z* — 2°)e”* /360
2/3)(Wo /E)~2/322(360 — 480z 4 180x2 — 242 + z*)e /72

2/3)(Wo /E)~323(120 — 90z + 1822 — 23)e~* /36

+ + + + 4+ + +
S
~—
=
%
=
|
=
Q!
!
—~—
\]
(N

where we define = at and y = at(Wy /E)/3,
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+ + + + 4+ +

W~(W, 1)

~12(720 — 1800z + 12002% — 3002° + 30z* — 2°)e™* /360
—2/342(360 — 480x 4 18022 — 2423 4+ z1)e /72
~1/323(120 — 90z + 1822 — 23)e™ /36

4 (30 — 122 + 2%)e™ " /36

N N N e N N N SN
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+ + + + 4+ +

II(E,¢t)

(2/3)(1 — E/Wy)z(720 — 1800« + 12002* — 300z° + 302* — 2°)e™* /360
{1— (E/Wy)?/3}22(360 — 480z + 18022 — 242° + z*)e =% /72

2{1 — (E/Wy)*/3}a®(120 — 90z + 1822 — 23)e~ /36

(2/3) In(Wy/E)x*(30 — 122 + 2% )e™ /36

2{(Wo/E)/? —1}a5(6 — x)e 2 /72

{(Wy/E)?/? —1}28%¢=%/360

(12 — 122 + 202° + 112° + 2*)e™ " /18

(E/Wo)x(2 + 22 — 4y + 2° /3 — 22y + 5y° — 2%y/6 + 22y° + 2%y*/6)e Y /3
4(30 4+ 122 + 2%)(E1(x) — Ei(y))/18,
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+ + + + 4+ +

_|_

(W, t)

e—at

(1/3)(1 — W/Wy)x(720 — 1800x + 1200z* — 300x° 4 302" — 2°)e™* /360
(1/2){1 — (W/W;)?/3122(360 — 480z + 180x2 — 24a° + z1)e™* /72

{1 — (W/Wy)Y/31 22120 — 90z + 1822 — 23)e /36

(1/3) In(Wo/W)z* (30 — 12z + 2% )e* /36

{(Wo /W3 —1}2°(6 — 2)e™* /72

(1/2){(Wy/W)?/3 —1}x8¢% /360

r(12 — 122 + 202° + 112° + 2*)e™" /18

(W/Wo)x(2 4 22 — 4y + 22 /3 — 2zy + 5y° — 27y /6 + 2xy* + 2%y*/6)e ¥ /3
4(30 + 122 + 2%)(E1 (x) — Ei(y))/18,

where B (z) = [, t~te~*'dt denotes the exponential integral function.
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plirerential spectra or eectrons ana
photonsfor cascadesin magnetic field
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Figure 14: E-weighted
differential energy spectrum of

Figure 15: w-weighted
differential energy spectrum

electrons for gamma-initiated
showers of energy Wj.

of photon for gamma-initiated
showers of energy Wj.
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Figure 16:  Transition
curves of electrons with
Wy/E = 10, 107, 10°, 10* for
gamma-initiated showers of
energy W.

| ransSItion CUurves or eiectrons ana pno-
tonsfor cascades in magnetic field
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Figure 17:  Transition
curves of photons with
Wy /W = 10, 10%, 10°, 10*
for gamma-initiated showers of
energy W.

Sep., 2010 - p.25/36



IAC TS

o [ IO OOODODDODOODODODOUOOOOOOOOO OO
0000000000000 0DOO000O =5/300000
e 100 s=2/3000000000

o [ IO OOODODDODODODODOLOUUOOOOOOOOO O

ICRC2011 0 0000000000000 O00O00O0O00O0OO
00000000

o P.Colin0 1d:1092 0 O OO O

e F. Aharonian O Invited review talk O O O O O

Sep., 2010 — p.26/36



1ES1218+304 SED: 1GeV - 1TeV

- 3ED of 1ES51218+304 , 2010-2011 -

—a— Fermi - 2 years
—=— Magic 2010-2011
—a— Magic deabsorbed
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The intrinsic spectrum between 1 GeV and 1 TeV
can be well described by a pure power-law (index ~-  1.9)




RXJ1713.7-4639

TeV y-rays and shell type morphology:
acceleration of p ore in the shell to
energies exceeding 100TeV

T

e H.E.S.S.data

— Fit 17h12m

Fit 2004

can be explained by y-rays from pp ->rn°® ->2y

dN/dE (cm?s1TeV')

T HESS: dN/dE=K E~* exp[-(E/Eo)P ]
a=20 Eo=179TeV p=1
a=1.79 Eo=3.7 TeV p=0.5

T T T T

Ll Lol | IHIII‘|\‘ L
" Energy (Tev) with Just right” energetics:
Wp=10"" (n/Icm™)" erg/cm

(e.g. Berezhko et al, Blasi et al 2007+)

but IC models generally are more preferred... because of TeV-X correlations (?)

IC origin of g-rays cannot indeed excluded, but this is not a good argument
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