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Abstract: We study non-thermal emissions by relativistic electrons from suparremnants(SNRs) in

the presence of small-scale random magnetic fields. We construct jittenaarse Compton emission
models. We apply them to the multi-wavelength data of TeV gamma-ray e®@hRs RX J1713.7-

3946 (G347.3-0.5) and RX J0852.0-4622 (G266.6-1.2). Thesiphl fit parameters of magnetic fields
are discussed.

Introduction Within the framework of one-zone synchrotrc
plus IC emission models, there exists the difficu
The origin of the TeV gamma-ray emissions Of fitting multiband data. This difficulty is avoid
from the prominent shell-type supernova remnants able if an additional parameter, the magnetic fi
(SNRs) RX J1713.7-3946 [1], [2], [3], [4] and RX filling factor f5 [9], [10] are introduced. As the re
J0852.0-4622 [5], [6], [7] is the current issues. sultoffitting, very smallfilling factorgz = 0.1 ~
Two possible origins of TeV gamma-ray emissions 1 % are obtained: the emissions originate from t
are proposed: neutral pion decay gamma-rays fromregions, the synchrotron emission from very sir
inelastic interaction of relativistic protons with am- ~ confined regions with the magnetic fields of orde
bient matter, and inverse Compton(IC) scattering of 10 to 100uG, and the IC one from the rest
of the cosmic microwave background(CMB) and the region with much lower magnetic field. A
other target soft photons by relativistic electrons. though this two-zone model is based on the pict
On the assumption that synchrotron(in radio and that the magnetic fields amplified by the turbuler
X-ray energy regions) and IC(in TeV region) emis- in SNRs become very patchy, there is no physi
sions are produced by the same electrons, the mag{ustification for the values of the magnetic fillin
netic fields strength must be less than sevpfal  factor and strength.
for the explanation of the observed TeV gamma- Recent H.E.S.S. morphological study of the St
ray flux. If the value of the magnetic field strength  RX J1713.7-3946 has shown that there is a strik
at the particle acceleration site is expected to be correlation between the X-ray and the TeV gamn
larger than that of the interstellar medium, the IC ray image [4]. A simple explanation for this corr
origin is not favored. Through multiband approach |ation is not easy to be found in the two-zone le
and modeling based on a nonlinear kinetic theory tonic models. On the other hand, the hadronic s
[8], the proton scenario is found to be more favor- nario is promising, but it is not yet clear wheth
able. However, we have not yet reached any firm this model may gives us a natural explanation
conclusion that these SNRs are the cosmic-ray ac-the correlation. In this paper, we present an alter
celeration sites, because we do not know key pa- tive possible explanation, constructing jitter [1
rameters like the magnetic field strength and the [12], [13], [14] and IC emission model for thes
electron to proton ratio, which is difficult to mea- SNRs and determining the physical parameter:
sure directly. relativistic electrons and magnetic fields. One ¢
cial and underlying physical process in particle ¢
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celeration is magnetic fields generation. The jit- )
ter radiation model suggests that we can test the Pw) =72 (B >J(i ) @)
mechanism of magnetic fields generation. And this 2kp  w;

model implies that the correlation between the X-

ray and the TeV gamma-ray distributions might be

explained naturally because the jitter and IC emis-
sions are produced by the same population of elec-

wherer, = €?/m.c? is the classical electron re
dius,w; is the characteristic frequency of the jitt:
radiationw; = y*kpgc, which is independent of thi
magnetic field strengthy is the angle between th

rons. normal to the shock and the electron velocity, &
(B?) is the mean square of the small-scale rand

Emission Model magnetic fields.

Jitter radiation Radiation spectra

We consider photon emissions produced by rela- We assume that the total number spectrum of e
tivistic electrons with Lorentz factoy scattered  trons at the source follows a power law with il
on small-scale random magnetic fields. The spec- dex p and an exponential energy cutoff,.., =
trum depends on the relation between the deflec- £,,,,,./m.c?, whereE, .. is the maximum energy
tion angle of the electron and the beaming angle  of the electrons:

of the emissiom\d ~ 1/+ [12]. The deflection-to-

beaming ratio is defined as follows: Ne(v) = Neov P exp(—7/Ymaz):  (3)
s= 1 e eBids 2w where N, is a normalization factor. The flux o
kprp  rr mec? A jitter radiation can be calculated by
where\p is a typical correlation scale of random 1

magnetic fieldsk g the wavenumber;;, the Lar- flw)
mor radius of the electror3; the strength of the

magnetic field perpendicular to the electron veloc- \yhered is the distance to the source affel(w)) is
ity vector,e andm, the electron charge and mass, ¢ gngle-averaged jitter radiation spectral pow

andc the speed of light. Note that this ratio is in- . -
dependent of the electron energyand dependent we _r_lave the_ fc_JIIOWIng three fitting parameters f
the jitter radiation:

ononlyB, andkg.

— o | P@INOI. @

Whené > 1, an observer sees emissions from N foot (B2
short parts of the electron trajectory, which parts 5T re"B (B,
are almost parallel to the Ii_ne_ of sight. This case t = VkpEmas:

is like pure synchrotron radiation from large-scale p—3
magnetic fields with slight non-uniformity. When U o= —,

0 < 1, emissions from the entire trajectory are 2

observed. In this case, the electron runs almost the values of which parameters can be determi
straight along the line of sight and is scattered per- by fitting observed radio and X-ray data. The ¢
pendicularly as a result of the small-scale random rameters is essentially a normalization factor. Tt
magnetic fields. We call this emissions “jitter” ra- parametet governs the cutoff energy of the jitte
diations. In a real case, magnetic fields are ex- radiation spectrum. The larger valuetaheans the
pected to be a mixture of different scales. Then, higher energy cutoff of the radiation. The paran
the resultant spectra are obtainable by consideringter —u is the spectral index of the differential flu
emissions from different-scale magnetic field [12]. (multiplied by the squared energy of the photon)
However, for simplicity, in the present work we energy below the cutoff.

will focus our attention on pure jitter radiation. We assume that the observed TeV gamma r
The jitter radiation spectral power emitted by a sin- come form the IC scattering of the CMB radiatio
gle electron is given by by the same relativistic electrons which produ
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Figure 1: Multiband spectrum of RX J1713.7- Figure 2: Multiband spectrum of RX J0852.I
3946. The observed flux from radio to TeV 4622. This isthe same plot as in Figure 1.
gamma-ray band, except for the EGRET upper
limits, are indicated by the black circles and thick
solid lines for the X-ray band. In the TeV region,
the black circles denote H.E.S.S. data and gray cir-
cles CANGAROO one.

radiation overlap. IC emissions by the same el
trons which produce synchrotron emissions, .
shown by the dashed lines. These lines dem
strate that one-zone synchrotron plus IC emiss
models cannot fit data for both SNRs.

The one-zone synchrotron plus IC model has o

four adjusting parameters E,,q., Neo/4md?, and
B. On the other hand, the pure jitter plus IC em

jitter radiation. By fitting observed TeV gamma-
ray flux, we can determine the two parameters
Neo/4rd? and E, ..., assuming the value of the

electron spectrum index The expected value of
(oru) is determined by the EGRET upper limit and

the observed radio spectral index. And then, from band data can be fitted.

the values of andt determined as fitting observed

sion model has five parameters. With one ac
tional freedomkg in the latter model, the multi-
It is noticeable that t
parameterkp determines the characteristic fr

radio and X-ray data, the physical parameters of

uency of the jitter radiation;, and is indepen-
random magnetic fieldsz and(B?) are obtained. d y . y P

dent of the magnetic field strength. The val
of kg can be determined from the valuesioft

VEksE .., related to the energy cutoff of the jit
ter radiation, and®,,,..., related to that of the IC
one. Then, the value gfB?) is determined from
s = (Neo/4md?)kp"(B?), related to flux level of
the jitter radiation, N, /4md?, related to that of
the IC one,p(or u), andkg.The five parameter:

Results

We show the multiband spectra of the SNRs
RX J1713.7-3946(G347.3-0.5) and RX J0852.0-
4622(G266.6-1.2) in Figure 1 and 2, where the
solid lines represent the fitting results of the data . e
with pure jitter plus IC emission models. In Ta- of the pure jitter p]us IC. emission mpdel can |
ble 1, the resultant fit parameters for the two SNRs completely determined fitting the multiband dat
are listed. We can fit the multiband data of both We can fit the multi-wavelength data of two prom
SNRs by pure jitter plus IC emission models, de- nent TeV shell-type SNRs RX J1713.7-3946 a
termining the values of the paramet@rysEma’x, RX J0852.0-4622 by pure J|tter and IC emissi
andN.,/4rd? for the electron energy distribution models with several tens @fG strength and the
andkp and(B?2) for random magnetic fields. order of~ 107 cm correlation length of randor

In Figure 1 and 2, the fitting results of synchrotron magnetic field, as shown in Table 1.
emission models are denoted by the dashed lines,

although only the solid lines of the jitter radiation

are seen since the lines of jitter and synchrotron
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parameters | RXJ1713.7 RXJ0852.0 The necessary properties of random magn
D 2.1 2.42 fields for a pure jitter and IC emission model mi
Bz (TeV) | 12 25 be produced.
kg (cm~1) 9.0x107% 1.7x10°8
V{(B?) (uG) | 48 34
s (B} (G) 0.31 1.2 References
W, (erg) 1.1 x 10*® 2.4 x 10%7
[1] H. Muraishi et al., A&A 354 (2000) L57-
Table 1: The fitting parameters for the two SNRs. L61.
W, is the total electron energy, calculated using [2] R. Enomoto et al., Nature 416 (2002) 82:
the values ofV,, /47d? and assuming a source dis- 826.
tanced of 1 kpc for RX J1713.7-3946 and 0.2 kpc  [3] F. Aharonian et al., Nature 432 (2004) 75-7
for RX J0852.0-4622, respectively. [4] F. Aharonian et al., A&A 449 (2006) 223
242.
[5] H. Katagiri et al., ApJ 619 (2005) L163
. . L166.
Discussions [6] F. Aharonian et al., AGA 437 (2005) L7-
. . . L10.
We dls_cuss _th_ese properties of random magnetic [7] R. Enomoto et al., ApJ 652 (2006) 126¢
fields in collisionless shock of SNRs. Recently 1276

Medvedev et al. [15] show the magnetic fields [8] E. G. Berezhko, H. J. ¥k, A&A 451 (2006)
can be generated by collisionless shocks in clusters 981-990. A

of galaxies. Here we apply their results for non- [9] T.G. Pannuti et al., ApJ 593 (2003) 377-3¢
relativistic shocks to the case of SNRs. As a strong [10] J. S. Lazendic et al., ApJ 602 (2004) 27

shock expands into the ambient medium, bulk ve- 285
locities of electrons and protons are comparable to [11] | N.Toptygin G. D. Fleishman, Ap&SS 13
the shock velocitys,,. Then, the magnetic field (i9§7) 213248, ’

generated by protons becomes dominant becausellz] M. V. Medvedev, ApJ 540 (2000) 704~714.
the energy budget of protons is larger. The wave- [13] M. V. Medvedev, ApJ 637 (2006) 869—872.
length of the fastest growing mode, which deter- [14] G. D. Fleishman, ApJ 638 (2006) 348—353
mines a correlation scale of the magnetic field, is [15] M.. .V. Medv’edev L O Siva
Ap ~ 2me/wpp: M. Kamionkowski, ApJ 642 (2006) L1-
L4.

)

~ 8 p  y-1/2

Ap ~ 1.4 x 10°cm( 1cm*3)
where w,, = (4me’n,/m,)'/? is the proton
plasma frequencym, the proton mass, and,
the proton number density in the ambient medium.
The amplification of the magnetic field stops when
protons are confined in the field. This saturation
occurs when the Lamor radius of the proton be-
comes comparable to the correlation scale of the
magnetic field:rr, ~ v, /wep ~ Ap, Wherewvy,
is the proton thermal velocity vy, andw,, =
eB/myc is proton-cyclotron frequency. The satu-
ration value of the magnetic field is given by

Ush p  \1/2
B~ .
73uG( 103km/s)( 1cm—3)
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