STOPPING OF RELATIVISTIC CHARGED PARTICLES IN ELECTRON-POSITRON

RELATIVISTIC PLASMA IN PRESENCE OF A STRONG MAGNETIC FIELD
Nersisyan H. & Hovhannisyan A.
Division of Theoretical Physics, Institute of Radiophysics and Electronics NAS RA
Theoretical investigation of the stopping power for a relativistic test particle moving in a magnetized electron-positron
mllhwshcphlmludwelupedmbmsofﬂm Vlasov-Maxwell cquations, mdthnmnnmhsmprumhd.'l‘hemllymlubaled

on the assumption that the magnetic field is classically strong. The stopping power is computed numerically and compared for

different values of beam/plasma parameters.

Ulipufuyual <., <ofbwlbhupeb U, Obpumnhmnohl dweGhlh wpgbpolmip GhinmG-ungh-
wpnfuyhl nbyumnp]nnhl wpouqiuym! mdtn swqGhuulut muymh wnluympyunip: dwon-Usp-

ybih hunjunnupnuiGph bBniwG dpw noowplywd b obyunpjhnhy SwuGhyh wpobjwipiwl hqopmpymGp tbynpnGw-ungh-

wpnbughG §wqGhuwmipnh] piyyunh]hnmbl wegqiuns: Bipunpuno k, np dweGhuwlpnt quznp guuwlpopbG mdbn E:

uhmmﬁlghﬂ hqnpmpymp hwajjwd t Gwk prwyhG wbupm] L hmdhﬁu:mﬂwbr b6 1hlgh L u;Lu.\qﬂm 1h wwpunibopbph wwp-

php pGbpp:

Hepcucan I., Ozanecsrn A. TopmMoKenHe pPe/ISTABACTCEON YACTHIE! B 3JIEKTPOHHO-IIO3HTPOH-

HOH pe.lmmnmxoi Iia3Me NPH HAIHYHH CAILHOIO MATHHTHOIO N0J8. Ha ocroBe ypaBHcHuH Bna-

copa- Maxcaesnna paccMOTPEHA MOIIHOCTh TOPMOECHHA DEIATHBHCTCKOR qaﬂmm B MATHHTOAKTHBHOH 3/IEKTpPOH-

HO-TIO3NTPOHHON PEJIATHBHCTCKOM IUiaaMe. Ilpenmonaraercs, YT0 MATHHTHOE TOJE KIACCHYCCKH CribHOE. IIpoBe-

JEHBl YHCJICHHEIC PACHUETH U MOITHOCTH TOPMOXEHMH, H IIOJYICHHEHE DE3YILTATH CDABHEHH UM PAVIMYHEX ITA-

PaMETPOB ITYYKA H JaCTHIEL.

In this report we Gonsider the deceleration of a relativistic charged particle in electron-positron relativistic
plasma placed in a strong magnetic field. This problem is important for the construction of models of X-ray pulsars [1]
and the study of processes in the atmospheres of magnetic white dwarfs.

The process of electron-positron pair creation and annihilation occurs in relativistic plasma at high temperatures,
when the temperature of the plasma exceeds the rest mass of electrons [2]. In [3] it was shown that the positrons can be
used to probe the particle transport in tokamak plasma.

A uniform electron-positron plasma with temperature 7' (which is measured in energy units) and electron
concentration o is considered in the presence of a homogeneous magnetic field B, which is assumed sufficiently strong
sothat , « (@,) « (W) (where , is the plasma frequency and {(@_), (W) are respectively the mean values of elect-
ron cyclotron frequency and kinetic energy). Because of this assumption, the perpendicular cyclotron motion of the test
particle and plasma electrons and positrons is neglected. The test particle’s velocity parallel to By is taken as u. The
Vlasov-Maxwell equations to be solved for the perturbation to the electron distribution function, f;, and the electromag-
netic fields E, B, are as follows: !
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where Ze is used to denote the test particle’s charge, b is the unit vector parallel to By, f, is the unperturbed electron
distribution function which is taken to be uniform and
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with ¢ = mc*/T and K,(x) is the modified Bessel function of order . 'l'heclasswalappmachmounmdcraﬂonofanergy
losses in plasma placed in a strong magnetic field limits the value of magnetic field, plasma temperature and
concetration. From these conditions we can obtain
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By solving eqgs. (1)-(3) in space-time Fourier componmts, we obtain the following expression for the component
of electric field parallel to b:
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is the tensor of magnetized electron-positron relativistic plasma placed in a strong magnetic field, and.
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A=clop Fi=1- B B=ulc and W(x)=AX) + iB(x) is the dispersion function of electron-positron relativistic plasma
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= |adfk.c, is the Heaviside unit step function.
Whm,'crmlcom L of the force acting on the particle located at s can be easily carried out by evaluating the

electric field component parallel to By at the particle position. For an electron-positron relativistic plasma, placed in
strong homogeneous magnetic field, the stopping power takes the form
2
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where s:k:'m;tz [ 2¢ with Kuex = 1/7min, Where 7, is the effective minimum impact parameter. Here ke, has been
introduced to avoid the divergence of the integral caused by the incorrect treatment of the short-range interactions
between the test particle and the plasma electrons and positrons within the linearized Vlasov theory. The value of kg,
willbe 1/ {a,) (where (@, ) is the mean value of plasma electrons® Larmor radius) for plasmas since the magnetized
plasma approximation which neglects the perpendicular motion of the electrons and positrons ceases to be valid for
collision parameters less than {a, ) . Since,

s 2 o 2
s(g) = ﬁ—[ €5 J Llas [1 + l] : (12)
8 \meca,) ¢| K\ ¢

The first two terms of eq. (11) is a contribution to the frictional drag due to collisions with the plasma electrons
and positrons. It is incomplete because the analysis treats the background electrons and positrons as a continuous fluid
and there is no allowance being made for the recoil of the test particle due to each collision. The other terms is that
associated with the resonance giving waves emission.

When a test particle moves slowly through a plasma the electrons have much time to experience the particles
attractive potential. They are accelerated towards the particle, but when they reach its trajectory the particle has already
moved forward a little bit. Hence, we expect an increased density of electrons at some place in the trail of the particle,
This negative charge density pulls back the positive particle and gives rise to the stopping power.

The Taylor expansion of eq. (11) for small u (B«1) yields the “friction law”
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with the “friction coefficient” : oo ,
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Note that the Coulomb logarithm in eq. (14) is the leading term.

The most important property of the stopping power at small velocities is S~ u provided that the density is not too
high (@, < {@,)). This looks like the friction law of a viscous fluid, and accordingly R is called the friction
(:Peﬂﬁr_:ient However,inﬂlecaseofanidealplasmaitshouldbenotedthatﬂﬁslawdoesnotdependonthcplasma
viscosity and is not a consequence of electron-electron or electron—positron collisions with small impact parameter.
'I'hosecp]hs:onsareneg.lecmdinthe\flaswaquaﬁon. As described above it is rather the fact that the dressing of the
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In case of ultrarelativistic test particle (8= 1) eq. (11) becomes
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Fig. 1 shows the stopping power of an electron as a
function of parameter £ for different values of plasma
temperature. In Fig. 1 T = 5 keV for dotted line, T = 9.3
kel” for dashed line and T = 50 kel” for solid line (such
conditions are possible on the surface of a neutron star).
As shown in this figure the stopping power increases

. when the temperature decreases.
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Fig. 1. Smppin§power (in keV/em) of a electron in
plasma with B,=10°%G and 11=10"cm > as a function of
the parameter 4. Dotted line: T=5ke}”, dashed line: 7=9
keV, solid line: 7=50 keV'. .
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O CTALIMOHAPHBIX COCTOSIHMSIX KAHAJIMPOBAHHOM YACTHUIILI B IIOJIE
THITEP3BYKOBOW BOJIHBI

- Xavampsan I .
Huemumym npuxnadnsix npobnem ghusuxu HAH PA

OnpefeNiena BonHOBAA (PYHKUHA CTAHOHADHOIO COCTONHHS KAHAMHPOBAHHOrO NOHTPOHA B IOie TETEp3ByKoBOH BOMHBL
Ouepraa nosuTpoEa 10<E<100MsB, HanpamneHHs pacnpocCTpaHeHEN [HNep3BYKoBoH BONHH H ABHXCHHS MOAHTPOHA MERLy
ATOMHBIMH IUTOCKOCTAMH Kpilm COBHAIAIOT.

TowsunnppuG <., {putpéwyGuhf wihph quywn juGwpugjwd Swulhlh wnughnGwp
yhiwlGtph dwuhG: Dpnaby & bhuybpéw)GmhG wihph quynns wlwpugyws wnqmnpnbh wihpuwshG PoLGyghwG:
MognpnGh EGpghwG 10<E<100UTL L: {pubpdwjbh mwpwinfub nmpnpymip hudpGiGnos © pynpbnh unnniiuyhl
hwppnipynuiGhph Ghel wnghnpnGh ywpddmb nuynngejwi hbo:

Khachatryan H. The stationary state of canalized particle in the field of hypersonic wave.

The wave function of a stationary state of canalized positron in the field of hypersonic wave has been determined. The energy of

positron was taken to be 10 < E < 100 MeV, and the direction of hypersonic wave propagation and that of positron flight berween

the atomic planes of the crystal coincide. X

BBENEHHME. BemecTso OKa3hiBaeT CYIIECTBEHHOE BO3NEHCTEAE HA 3MEKTPOMATHATHEIS NpouecckL. [Ipamepa-
MH MOTYT CITyKHTh HITy4cHHA Bagmnosa-JepeHkosa [1, 2], peRTreHOBCKOE Nepex0oqHOE H3y4erue [3-5], minydeHue
MPH KAHATAPOBAHHH YACTHI B KpPECTAAX [6-8] & apyvrae asnerns. IIpH 3TOM BasKeH ONTHMANBHEDT BEIOOD YCIOBHI,
IPH KOTOPHIX HETEHCHBHOCTE M3Ny4eHHA HamOonsmad. HMerommecs pesyNsTaTsl CBHACTENLCTBYIOT O BO3MOKHOCTH
CO3ZAHMA AOCTATOYHO MHTCHCHBHBIX MCTOMHHKOB HANPABICHHOTO SNEKTPOMATHHTHOrO M3IYYEHHS B OINPEACIICHEEIX
JHATIA30HAX YACTOT.

MoxHO ZOOHTECA HONONHHTEIBHOTO YCHICHHS H3AYYCHHS, BO3ACHCTBYS BHCINHHM IIONEM HA HPONECC HNY-
YEHHA B YCIOBHAX PE30HAHCA. PoNh BHENTHEro NOJE MOTYT HMIPaTh, HANDHMED, YIBTPA3BYKOBEIE HIA IHIEP3BYKOBEIS
KOJieOasus Cpe/Isl, BHEIIHHE 3/ICKTPOMATHATHEIE TOJIA.

B nanBO# paGote OGCYXNASTCA BO3AEHCTBHE IHIIEP3BYKOBBIX KONEOAHME KDPHCTANNA Ha JBMKCHHE KAHATH-
posarno# yacTamel. ITono6GHas 3anava mccnenosanack B [9, 10] u ap. paborax npH smeprusx E>1/3B. Hamu pac-
cMoTpeH cnyuail 10<E<100A/5B, xorpa JBWKCHHME KAHANMDOBAHHON YACTHLE! ONMCHIBAETCH KBAHTOBOM MEXAHMKOL.
Hafinens! CTanEOHAPHBIE COCTOAHES KAHATHPOBAHHOTO MO3HTPOHA IIPH HATMYHY IEIEP3BYKA B KpECTALIE (§2).

1. OCHOBHOE YPABHEHWE. PacCMOTPEM PENSTHBACTCEYX) 3aPEKECHHYIO YACTHIY, ABKYINYIOCH MEXKIY
KpHCTAIIorpa)HaecKaMHE IIOCKOCTAME KPHCTAUTA (Cay4ai IIOCKOCTHOI0 KAHANHMPOBaHHA). Jid MO3HTPOHA (HMEHHO
3TOT CIy4ail MBI pACCMaTpPHBAEM B JAHHONA paboTe) MEXMIOCKOCTHOM MOTEHIMAN MOXHO aNINpPOKCAMHDOBATH BEIpaKe-
HHEM

U(x) =bx?, @.1)
rae b — m3BecTHas [6-8] mocTOSHHAS, a X — KOOPAMHATA, OTCYMTHIBAEMAS OT CEPEIHHEl MEKATOMHEIX PACCTOSHMEH. MEl
OTPaHEYHMCH 3TOH MpocToH (OpPMyIOi, MOCKOABKY HAC HHTEPECYIOT JHINL OCHOBHBEIC OCOOEHHOCTH BO3ACHCTBHA I'H-
IEp3BYKa HA NPONECC KARATMPOBAHKA. [IpH HANHYHMA IANEP3BYKOBOH BONHK NOTCHIHAN (2.1) H3MEBIETCA Ha_npmep,
B pacCMATPHBAEMOM HAMH CIIy4YA€ NPOJOJLHEIX THICP3BYKOBRIX KOneGaHHY, pacHpOCTPAHAIOMMXCA BAONE HANDAB-
JIEHHA KAHATMPOBAHNWA, MEKIUIOCKOCTHOM NOTEHIHAN 3aBHCHT OT ABYX IICPEMEHHEIX:

' U(x,z) = U, cos(k,z) + bx* (1 + pcos(k,z)), (2.2)
rae k=2m/h, ),— ONHAA BONHE! rENEp3ByKa, a Uy H |L — aMIVATYAB, OMHCHIBAOXIHE MOZYJIAIMIO IIOTCHIANA THANED-
3BYKOM (0Ch X MIEPNEHIHKYIMPHA KPHCTAIOrpad)HIecKM II0CKOCTAM, 4 0Ch Z HANPABJICHA BAOIE ABIGKEHAS KaHAIH-
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