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Symchrotrovx MASER E.vv(tssiovx
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is positive (Flux (J.t’cemu(l’cton, ‘(\/L/d+1963‘) For the standard syvxchrotrow emissivity
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synchrotron MASER emission in vocuum This résult, however, tdoesw ",:/d true in

the range of efectron energies / photon Frequevxcnés whereo the (,MPCLO!; of the

medium is important, Le, the condition J1 g, E 4~ mc2 Fculs (e eg Zhe/ezwakov
196F). Here g, is diefectric permittivity ( strictly speaking, temsor)
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Diefectric permittivity
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dielectric perwittivity tensor is the treo‘q}
Limited to wumerical experiments? s
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the treatment is much simple in the range of
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Frequencies @ >> wy ¢ Eqpig (11— —0;—)50{'3 and one can advance with

However, if AT Dpes

analytic treatment.



Syvxchr‘otr‘ow MASER Emission
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Syvxchrotrovx MASER Emission in Relotivistic Plosma

In refativistic plasma, le, then wot only efectrons that produce radiation, but
also the packground particles have reflativistic energies, dielectric permittivity
tensor depends on the energy awnd angufar distribution of Parttct’qs The
simplest cssumption s, of course, @ mono—anergetic dtstrtbuttovx oF *parttc/es
Sazonow (19FH) shown that in this crse a stmp/e substttutnsvx é"
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for plosma FreunV\Cy oy, Y. Q
provides the correction for relotivistic p/asw\a 5a9tvg(‘(\/axw\avx( 2@'”2) have
also shown that this substitution provides am estimate for the per_wfcttvcty of
refativistic plasma with accuracy of 1% i particles have a powef;-/aw
distribution of index 2 above E. It means that one can direct/y use the resuft

by Zheleznyakov (1967), synchrotron MASER emission is generated for

E Q < 8
RS [—,)i]l/2 if the Fo//owi\/\g conditions are fulfilled: v >> _e and
2mc“ ooL’e 27T
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Cold pulsar uind parameters:
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— Bulk Lorentz factor I 2

— Magnetization o
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Syvxchr‘otr‘ow MASER Emission ot Shock P u/'s.dr'.‘(\'/ivd ilig

Rankie=Hugoniot condition gives
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e \/ 8oLy Ow! y kitz ra.vxge! It requires unredson=

" mec g2 able tuning of the parameters..



Synchrotron MASER Fmission at Maguetar F(are

Key parameters

~ Lorentz FO.Cto{ "
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Syvxchrotrovx MASER Emission at Magnetar Flare

Rankie—Hugoniot condition gives tuwo sets of paraimeters (For the foruard cnd
reverse shock), which alfou obtaining the Frequevxcies at which synchrotron

MASER emission can be generated

e :4:
At the reverse shock = At the forward shock ‘?
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~ Synchrotron MASER emission at the forward shock can be generated ot
{ow requencies (unfike! 3?)

— Synchrotron MASER emission at the reverse shock can reach Gitz band,
but one needs to check iff the parameter normalization is reasoncble

~ Most critically the termination chock radius and magentar flare

W\agv\ettzatiom



Syvxchr‘otr‘ovx MASER Emission at the Relyer'sé' Shock o

— Flare magnetization shou/d be sma// O'{:/

aLssumptions (return to this {ater)

— The termination shock radius is determined by the exterwal pressure, p, .

and “averaged” pulsar wind luminosity, Ly
s "D 47TCP>xc d34p ="



Termination shock radus (ENR evolutionary phase)

Is that a reasov\able ‘estimafe‘?

— The external pressure Ca.vx

— For isolcted mognetars L’(\e PWW
state of the SVR i
= During early phase, the SVR revelf’l
cewnter, and the wagnetar wind ma.g""expa'v\
e, no GHz MASER emission P
~ After ~ 1 03 yr the reverse shock reaches the centers, ';.vxc(' the wind

shock is established ot

75 72 .%/5



contribution from the s a. %
the flares if the shock rece

Thus, for magnetars reside insider a SNR, the time span during the

J

radius the vind TS is fimited to 7075 am is apout 3 kyr. ‘(\/htch e s Cohelatent

with the age upper (imit of 1025 yr derived by Worsimonl 2017F) For persistent
radio source associated with FRB 121142



How many Magnetars and FRE in the Universe?

Mumber of wagnetars is proportional to the star formation rote:

(1+2)°7
(2) = IQ1 G-
>z 1+1(1+2)/2.9156
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Flare energies obey a power—(aw distribution: dN = AE_S .dE‘;f;, ﬁhere A is

048 er‘g (For‘ ] "‘thed
‘ceec(tv@_,t,he /met
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normafized by the total energy refease of 1

E 6 10%). One con detect FRBs from magmetar‘ F/are 3
(FRB takes 1% of energy)
S, ) evxe 83 7040( Slm )( ) (

0.13y 471' er
This predicts ~ 55 70 detectable FRBs per day The reaf rode s < 704

thus this estimate overshoot the wumber by a Factor of 10 ’ If the typical

) erg

active (ife—time of o magnetar is 30 kyr, then only 107 of them can produce

FRB because of SR evolutionary phase. The remaining 704 factor is

R T
3R, 10 Pg 7 ‘(\/eak/y

consistent with the pofar cap relative size: ~
c
megnetized flares?



Syvxchr‘otr‘ovx MASER Emission at the Reyer‘s,é 5hockl'

assumptions. However, flares whose origin at the po/ar 1p o .ma.gvxetar
mcly escape the magnetosphere vithout accumuleiting /arge magwettc field.

Le, owly 0= T o e generate FRBs
— How to make a FRB at R ~ 70’5 cm? Duration? Energy spread?



{é} is dgetected at Té

geometr‘_\j glves . £
the signal spread:
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flare g=1Ur
origin

observer



What are the under! ying cissumptiovx? "

The comslder‘a.t(ow in the previ%(,sﬁ'
- Geovv\etry V"w =
- Speaa/ r‘e(attvtty V_"'
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— Emission is Lso‘tr‘optc;"

Syvxchrotrow MASER i stimula ',
Pr‘opor"ctovxaj to the V\uvnbe?‘ ’Qi: hbtgn
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generate exponenticlly aw\pltf:ted ‘cndta_tco

Fol” G_V\Lsotropy?

— Production r‘egiom geometry ( extensioy

{arger that in other) ¢

— Strongly awisotropic source of external photons 7



{arger that in other) l/ ¢
It is vatural expect tha_’c t’he_ o
radial direction compared
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approximation to descrtbe quam:uw\ pr e
occupation numbers are determined }
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te, it doesn't depend on the distance to the sotrcBl e e process

might be highly anisotropic n,.. »>n, >>n,,,



- {é} is dgetected at Té
— Qgeometry gtves - ﬁ
the signal spread: :
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How to get ropust! y distripution of MASER emission

If the efectron coofing is not important, one can simply wmultiply the distribution
of external stimulating photons by the exponential term that depends on the
( V\egattve) absorption coefficient and the (inear extension of the production

. X

region. However, it (= clear (exponential Foctors are too (b.r'gej:.ﬁthat this

- % FE- . K s
doesnt provide a reasonable description and one weeds to cowsider . processes
requ/ating the efectron coofing Using the stawnderd Jp/.ethodg of ’q&aﬁigw,ﬂ :

. wl, 3 P $ Il Pt St
statistics one con obtatvx o sys’cem o‘F equa‘tlovxs \’:or‘.-.'_ avgra;lv}ed‘f occgpa_;tﬁg\w

et T s
nambers. Under the semi—classical approximations these equations are rejucedr to
V2R st TRk & A

dn(kd) iy P a3k oR0 -
¢ a(lk)) [ d ores m(lpr))
dm(p)) _ p 3, -y 1, 0 Omllp))
T kR ke

ftere A(lk)) and m(|p)) are averaged occupation numbers for corresponding
singfe particle states; and W( is determined by the probably of corresponding

elementary transition.



SummaLry F Py, A
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mognetized refativistic plasme

— While the MASER em’tssic;y_\ From she
Frequewcies (kitz), the i revé;sg
condition For gewera.ttovx o é

that this mechanism con 3>e r’esﬁéf
if one assumes that weakly mogne f.-»

polar cap region

anisotropic in the p/o_sma comoving frame, which can be cause& by bright
external sources of stimuloting photons or farge aspect ratio of the

Productiow regiom



