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MarHntoTopMo3HOe N3nyyeHue
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CnekTpanbHasi MOLLHOCTb MarHUTOTOPMO3HOTO n3nyyenus (npu nj = 1):
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HopmanbHbiil 1 aHoManbHbIl acpdpekT donnepa
Obnactn aHoMansHoro

YepeHKOBCKOE nfﬂH cos/ > 1 u HopmanbHoro
H3Tyderue A HOMATLHBI njf3)cos 6 < 1 acpcpextos [onnepa
sbpexr llonaepa ) 4 TOTOPMOZHOM M3NYYUEHNN

anekTpoHa B cpepe. KoHunueckas
NOBEPXHOCTb COOTBETCTBYET
4EPEHKOBCKOMY WU3JyYeHUIO

n;B cos = 1.

Vcnoerne nsnyyenus Basunosa-Yepenkosa:

HopManbHBIT N\
a¢dekT Honsepa

w=kv, wmm vy, =vcosl, vyn=c/n;.

Cneraanaﬂ MOLLUHOCTb HEPEHKOBCKOIo NU3Ny4HeHNA 3NE€KTPOHOM
NAa3MeHHbIX BOJIH paBHa:
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L|J|/|p|/|Ha anarpaMMbl CUHXPOTPOHHOIO N3NYyHEHNA
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CuHxXpoTpoHHOEe u3nyyeHue. [Anarpammbl HanpaBieHHOCTY
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CunxpoTpoHHas peabcopbuus

KoadbpuuneHT peabcopbumm CHXPOTPOHHOrO U3yYeEHUS:
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CunxpoTpoHHas peabcopbuus

YacToTHblli cnekTp
CUHXPOTPOHHOIO M3/y4YEHNS
CUCTEMBI PENATUBNCTCKUX
5/IEKTPOHOB CO CTEMEHHbIM
SHEPreTMYeCKNM CNEKTPOM

(npu yuete peabcopbuum u B
npeHebpeXxeHnn BAUSIHAS CPEAb!).
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CUHXpPOTPOHHAs HEYCTOWYNBOCTb

Mpwn ycnosmsx

w? £ \?
;é <m c2> >1, £€> 2mec2w2w3w[3 sin 6
e

peabcopbuus CTaHOBMTCA OTPULATENBHOW U CUHXPOTPOHHOE N3JyYEHNE
bymeT ycunumeaTbCs B CamMoli CUCTEME M3JYHAIOLWMX SEKTPoHOB. [ns
CNCTEMbl CO CTENEHHbIM pacnpefeneHmemM Buaa

N(E)=KE™, ecnn & < E < &y,

NE)=0, ecmé& <& nan € > &

cTeneHb peabcopbuuu ByfeT oTpuUATENLHOI, ecnu nHaeke v < —2.
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3aMeyaHunst 0 CUHXPOTPOHHOW HEeyCTORYNBOCTM

e VsoTponus pacnpeaenerus no umnynascam He obsisaTenbHa,
[OCTaTO4HO, 4TObbI f(p) Mano MeHanacb Ha MHTEpBanNe NUTH-YrNOB

e Ecnu pacnpegenerune pensTMBUCTCKNX 3EKTPOHOB CUIIBHO
aHN30TPOMHOE, TO CUHXPOTPOHHASI HEYCTOWYMBOCTL BO3MOXHA 1 MpK
OTCYTCTBUM "X0NOAHONR nna3mbl. Posib cpegbl MOryT urpaTth camu
M3/1y4atoLWmMe 3NEeKTPOHbI. YC0BUE TaKO HEYCTOWYNBOCTM

. 1/2
mec? 2 By sin® 6 /
— ] L | < 1.
& EoNs
@ Peyb wWna 0 HeyCTOMYMBOCTU B CUCTEMAX C MOKa3aTeeM
npenomaenns n <1, 1 —n < 1.
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Bbixon nsnyyerHusa ns nnasmbl. VIHTEHCHBHOCTD

VpaeHeHne nepeHoca:

d_
gl — o T M

PelueHne B cnoe ¢ OAHOPOAHLIM pacnpeaeneHneM a,, n i
aw
Lo (1) = Lo (lo) exp(—pi(1 = ho)) + ;(1 — exp(—p;(1 = h)))-
J

Pewenne B HeogHOpoaHOI cpege

T

J I

(1) = L(h) exp(—75) + / Z—j exp(&§ — tauj)dg, T = /,uj(/’)d/’.
0 lo
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Bbixon nsnyyeHusa ns nnasmbl. ApkocTHaa TemnepaTypa
NHTeHCMBHOCTL paBHOBECHOIO M3NyYeHUs

0 n?w?kT

@ (2m)3c?| cos ]|
Beegem sipkocTHyto Temnepatypy Tp:

n?w?kTy(w,s)

l(w,s) = m, S— HanpaeneHune ¢a3oBoi cKkopocTu.

VpaeHeHne nepeHoca

dT
—T-T
dTJ b7
W €ro peleHmne
Tj /
To()= e / T()eSde + e To(h), €() = / wid.

0 lo

ecm 7 <1 = Ty~ T1i+ Tp(h)(1 - 15).
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Hennnelinoe B3aumMopaeincTeme BOH

wh

® hwi + hwy = hw,
o hky + Rk, = hk.

" %
a b
Mpumep pacnagHoro(cnesa) u HepacnagHoro (cnpasa) CnekTpoB.
KpuTepuii pacnagHocTu:

w(ki) + w(kz) = w(ky + ka).

Ins HepacnagHoro cnekTpa 3anpelieHsl npouecchl: t+t« t, [+ [/
Pazpelenbl TpexsonHosbie B3aumogeiicteusi:/ +t «— t, [+ < t.
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KomburHaumoHHoe paccesiHue

o PaccesiHne Ha BCTpeyHbIX MNa3MEHHBIX BOJHAX € BAN3KUMY
3HaYeHnsaMmn ha30BOIA CKOPOCTK

V3

Boznukaer DM uznydyeHme Ha yLBOEHHOIi MAa3MEHHOI YacToTe.

Vph<< = klz—kgé

@ [1na3meHHble BOAHBI C BLICOKMMU (ba3OBbIMVI CKOpOCTAMN

C
Vph > —=

V3

HE MOTYT KOHBEPTMPOBaThCA B DM, T.K. He B COCTOSIHUM
yposneTtsoputs 3CU.
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Kunetnyeckoe ypasHeHue ans boTOHOB

oN d3kid3k:
87: = /W(Nk1 /\Ik2 — Nk1 Nk — Nk2 Nk)W7
N d3kid3k:
3:1 = /W(Nkzl\/k + Ni, Nic — NklNkz)W,
ONk C/3k1d3k2
81_‘2 = /W(NklNk + I\Ik2 Nk - Nk1 Nkz)w

Vuntsisas Ny = 873 W, /(hw), MOXHO 3anMcaTh nepeoe ypaBHeHue B BUAE
ypaBHeHUst nepeHoca

oW oW _ /ww (V\/k1 sz B VVk1 Wi _ sz Wk) d3k1d3k2

ot * Ver ol wWwiwo wiw Wow h(2m)3

Kouaposckuii Bn. B. (MNP PAH) JNekuns 6 LLICA'08 14 / 25



CJ'II/IFIHI/ISI n pacnadbl B I/I3OTpOl'IHOI7I nnasmMme
VpaBHeHNs nepeHOca MOXXHO MPUBECTU K BUAY:

i%—i- nj? d [ f|cosd| s
ver Ot | Jcosfjdl \  m2 ) 2w M

J
BeposaTtHocTb paccesiusa | + | < t B usoTponHoli nnasme:

s he? (K — K3)? [ki x ko]

w =21
2 2 212
miwy k ki ks

Torpa

_2(2m)  wik )
5v3 m2c5c2vivy, KU

_2(2m)® ePup ]
153 m2c3viv,,

(675)

§(k — k1 — k2)d(w — w1 — wa),

MnasmeHHbIl Npouecc reHepauuy pagMoBOH MOXET BbiTh 3(hhekTUBEH B

kopoHe ConHua m maruutocdepax nyabCapos.
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AHHUMMMALMOHHO-LIMKITOTPOHHBIN PE30HaHC

23
o _mc 13
7 hug/sin 6 =y 4~4e'10 I'e
me’ = h@, =——, mue-Macca 1 3apsai 3IeKTPOHa,
mc
. \
. 2me?sin 0 | ¢ — CKOpOCTB CBETA B BAKYYME
\\ hw,
\ / hwo = 2mc?/sin b
o huwg [sin 6 /
Puc. 1. OcHoBHO aHHHIHAAUMOHHENT W NEpBBIN
ZIHKHI'IL'IﬂullOHHO-ullK.'IOTPOHHHI-I peso-

HaHCHEIE TEpeXofill  MeXIy —YPOBHAMH
Jlaunay sekTpoHOB (€7) M MOSHTPOHOB
(et)

gij(w. k) =8 +4my; (.j=x,5.2)

cll.. V2mch anihar[n(ps — p1) + n(pr — p2) — 1]
(0, k) = —= = —m—m e (o — 212
TR o (0™ — c°k;)B moc-(w” — ck;)
i 2
4k B 2 (=1)5g,L, 1 xz0
- (=) ) — = n(x) =
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ho Y B 2B, (Tksing\’
_sﬁEexP B \2mge

_( fiew )3 Tik: (k. + 2p)e’
2= \noe?

[

(PE + Po) (k. — pr — plmic® + peps + pp(m} + pi/c)'7]
v =log |:(Pr — p)Bk: + pr — p)[mic? — pepg + ju(m3 + pglc%“fl]
[mic + (ik; + pe)pg+ig(md + p2/cHI e + pD)'2 — pg]
g[[mécJ + (hk; = pr)pe+p—(m3 + p2/c) R][(m3e? + p)/2 + pg]]

~

= (mdc* + picH? pa = [mde* + Gk, £ pp)* V2.

: G.8)
3,:[60]) ])112 = IIMITYJIBC SJICKTPOHA H ITO3HTPOHA, AHHHITTIIIIP VIOTIIIX

B (l)OTOH C YACTOTOII @ IT TIPOJOIBHBIM BOTHOBBIM “ILICIOM

kz = ]C cos 6. CorIacHO 3aKOHAM COXPAHCHILT SHCPITOIIL IIMITYIIBCA

1hk. % B B L ... ..l E
2= shK; = =
P12 =2t 2¢ R (e? — c2k2)

AHHHFI/IJ'J}ILIHOHHBIfI pe3oHance y, . —>

The extraordinary wave is polarized elliptically in the k, B plane (figure 9(5)).
Solution of its dispersion equation

@ = K — 4m (o, k) (@ — c:kgj (3.13)

shows that in a degenerate e”e™ plasma the extraordinary wave is unstable



PaccmoTpum nosipoGHee IMCNEPCHIO H IGKPEMEHTBI MIOCKHX HEOGH KHOBEHHOI (|| ) 1 oGbikHOBEHHOT (L)
BOJIH, NIOJIE KOTOPBIX NPONOPUHOHALHO eXp(iwt — tKr), ¢ nefiCTBUTENILHBIM BOJIHOBBLIM BeKTopoM k BOSM3H
NEPBOro AHHUMHASAUHOHHO - UMKJIOTPOHHOTO pe3oHanca, PopMalIbHO (KHHEMATHUECKH ) OTBEUAIOILIEro YacToTe

wi =me? [1+ (14 2B/Bo)"?]/(hsind) ~ wo + wp/sind 2)

1 BOJHOBOMY uncay ky = wy/e. Bo Bropoii uacti dopmynbl (2) Mbl HCnosb3oBaH HepasencTso B < By,
NOCKOJIbKY, KaK GyJIeT ACHO U3 J@AbHEMALICTO, TOJABKO STOT Calyuail o NPECTABAACT HHTEPEC 1 uecil, yka-
3aHHbIX BO BBEAcHIN. HopMHpyem MarnuTHoe nose wa KputhHueckoe snauchme, b = B/B., Boinosoii Bek-
TOp — Ha KOMNTOHOBCKOE 3HaueHue, k = hk/(me) = kA, M BBEIEM caie/lylolipe 0G03HAUCHNSA, HMEs B BIJLY
06J1aCTh UACTOT |w — wo 1| < wo 1!

Ro=$illig(‘\‘—f\'o)/’\'o. R1|| =Rll=$'lilzg(k—k|)/k1‘ (3)
absin® 6 2 (ksin® 4Q, 8Qg
Qo=——— VR e‘()I: ( D) ) :| Qy = b+ 20)A° QLJ.—(1+2b)1/4(1+ Ty (4)

e o = e?/(hic) — noctonnnan Tonkoi ctpykTypel. Toraa AcficTBHTEAbHbIC ' 0 MHHMbIC w” uacTH ua-
CTOT BOJIH BOJIH3H OCHOBHOTO AHHHTHJALMOHHOIO H NIEPBOTO AHHHIHJS LIHOHHO-LIMKIOTPOHHOTO PE30HAHCOB
HaXO/IATCSA H3 OJIHOTO H TOTO e MPHBEIEHHONO KyGHUECKONO YPaBHEHHSI € COOTBETCTBYIOUMMH Kostdu-

unentamn R u Q[17, 18]. Buytpu pesonancuoit o6nact |k —koa [/kon S Qg_’f/ sin? § < 1 npu6ménio
1

HMeeM -
w'(k) ~ wo sin® @ + ck C0529+ﬁ 1+ ARo 1 (5)
2 302/3
0.1
\/—Q2/3 R 2
WH(R) g 0L |1 - ) | (6)

u]
8
I
i
!




Bue ykasanuoii pesonancoii o6nactn, T. ¢. npu (k — ko) / ko1 > ng/sin? @, npUXO/MM K CTaH/1apTHO=
My GanaHcHOMY NPHOJHKEHHIO 1S KO§¢¢II UHEHTA NPOCTPAHCTBEHHOrO 3aTyXaHHA HHTEHCHBHOCTH MAOCKHX

BOJIH:
1

. q)
00,1 = 20" fc~ 2kg 1 Qo /\/ Roy - o p/in0
wifwo
,
Wo 0y w
T
1+ o)
Aag/asiss 0" -',\/
@
L
“ wy w
fant , »
Wiy
Puc. 2. Mucnepens neoGuiknosennoit poanbl w(k) =
= ' + iw” B6aN3N Nopora oAHOPOTOHHOTO
nornowennn ko = 2me/(hsinf); napamerp :
Q = aBsin®6/(8\2B:)exp(-2B./B). wo wy @
IMynktupom nokasano uspectroe Gananc- Pue. 3. KauecTseHHEIT BUAL CNEKTPa FaMMa-H3yueHUs
Hoe NPHOIIKeNHe, 3aBE/10MO HapyLIalollee- I, nenirabliero oaHodOTORHOE NOrOLeHHe B
canpue(k — ko) < 2max[w”(k))/ sin 8 HAMArHHUEHHOM BaKyyMe HEflTpOHHOI 3Be3 bl

¢ B ~ 310" [c, otaeanno a neoGhikno-
peroii (a) n obuiknonennoil (6) Boan i Beym-
sie ne obenm noanpusaunam (a)

[m] = = =




Y

to the observer by = 2/Infdaresind/(3e*Ac)] ~ 0,062,
B

2.7-108Tc<B<3.6-10"T¢

wsin(6,)h/drn 1t

0.96

T0w98_

CHCI\'Tp I ramma - II3IIYUEHIIA OT 3KBaTOPIATIBHOTO JIICKA,
I1I0CTIC IIOTTIOICHIIA B HAMarHII'ICHHOM BaKyyMe,
HOpI\HIpOBaHHBIﬁ Ha ero HCBO'H\[}"H_[&HHOC 3HAUYCHIIC, [0,
ANA PasHbIX G =40 (LiTpuXNyHKTUPHAA NUHNA)
6, =60" (wTpnxoBas nuHus) n G =80
(cnnotwHas nuHns). B =3.1-10" Tc



KonnekTueHaa aHHUMMNALNA B BbIpOXEHHON PENATUBUCTCKON €- et nnasve

VAHRY+ Q=0 y=—ilw/wg— 1" (3.16)

R=k/ko—1+ ®bysin’ 0 Q = bysin’ @ (2.17)

By iexp(_ﬂ) (3.18)
8v72 Be B

1f we assume that by < 1 and keep only the linear terms 1n the expansion of £, from (3.7)

1 a series in powers of B/mgc < 1. In this resonance approximation k. = |wy/c| cos & and

in(pr — p1) + n(pr — p2) — 1]sné
(wfwo — 1)

Since we are mterested in the solution to the dispersion equation in the case pr 2 |B|.

when the imaginary part of (3.19) is greater than the dispersion factor @, we will not give
the explicit dependence ®(pr, k:). For the transverse propagation, we have

@O =1/2) = /)21 + mic/ pd - 1]. (3.20)

b,
X o2 |¢(pp.k:)+ I (3.19)
X

(3.22)

W N304 _[ « B (_ﬂ)]-’” V3sin‘@

w2 82 B. P\7B 2



N

U2 T
Apr= (w ) hen
M

wy csmé

W, yis™)

10’

10%

Figure 10. The growth rate " (3.22) (curve 1) and the inverse delay time 'd_‘l (3.31) (curve
2) of collective annihilation m a sample of a degenerate e"e* plasma for pr > Apr =
(en /o) (@" /), @ = 1/2. 5 = Le. &1 = 10, and also the incoherent one-photon annihilation
rate (curve 3) for Ne = 4 x 10% em™ as functions of the magnetic field strength B/Bc.
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E(t,s) >~ Eo(O)?’—J (_’i) exp [E exp (—E)]
ot \2% o 330
(6 x 3V2)57? o=
_ 173
£= [L_] @D > 1.
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E;(t,s) = ExL(s/L)*Ea(€) = (/L) Ef /6" For s = L

2 = .2
- =2 _
Eyq = 2mhaxy sin” 0 AN, and B = B, the value Eg ~ 3 x 107*B..
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u-v;f:’r* \
Lo_f- g
S A
/’/ o ';'lz z
P
Y
(b f
l\ (-
]
1
) i
| F=="" Florveh
A RN P
o
OO
V'
Figure 11. § | evolution of the distrit function f (v,.#.z) of e~e* pairs flying
apart along the magncnc field: (a) at the mnitial moment of time ¢ = 0; (b) at the time of the
of the diation, t = fa. The boundary velocity v, = pr(m3+pg/c2)—}1.

[m] = =



(a) I Le~Le 8
(b) é

é’: 'f{.‘%-' 6D
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Figure 12. (a) Iuitial plasma bunch; (b) geometry of annihilation radiation, at different angles
@ and different frequencies ey = 2mc*/isin®, of groups of e~e* pairs flying apart from the
initial plasma bunch with different longitudinal momenta p, = fik./2 = mecot@ at the delay
time £ = 1q.

The power AW of the coherent y-radiation from each group of e~et pairs with sizes
Ly~ Ly~ Lcand L; ~ AL_ can be estimated by taking into account that in the time ~ 13
approximately half of the pairs annihilate:

Fay AN, L2AL, _ E} Ll (m")m

3.42
2t sinf wy G42)

AW
For B ~ B, and sin® ~ 1 we have AW ~ 10" erg s=!. The total radiation power of
the whole plasma bunch 1s greater than (3.42) by a factor equal to the number of groups
and by a length factor:
2 %
W~ Aaw2PE L (3.43)
Apr AL,
For pr ~ moc. when 2pg/Apf =~ 20, and L./AL. ~ 5. we obtain W ~ 10" erg s\
This value ponds, for le, to the ihilation of ~10% e~e* pairs of density
Ne ~ 10% cm~ in a volume ~1 A inatime fa~3x10"18s




= eB ¥ czp" dp:
Ry = r!yl = —_[ ol (P2)—= ok

2rnhe J_pp Eo(p )
_ 2amoc? ex _ B\ [P/ exp[—(Be/B)(1 +x° )“’]dx G.44)
ok Bk (1422172 :

Here we have used the well known expression for the cross section of one-photon
annihilation in the positron rest-frame [60]:

112
)= e el il (2 )| B (3.45)
1 Pe) =% p.B P moc Bl

For somewhat lower magnetic fields (B < B./4) the one-photon annihilation
rate decreases as compared with the two-photon rate: Ry, < R3,: however. for relatively
low densities, when Apr < pr < mqc, the collective annihilation growth rate can remain
greater than the rate of spontaneous two-photon annihilatien, Ry, < «”. Only with a
further decrease of the magnetic field (B < 0.1B.) does two-photon annihilation become
dominant.



