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We recall that the SR is created by charged particles, which are
moving with velocities v along circles of radius R in an uniform
magnetic field H,
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Here E is the particle energy, e is the charge, and m( the rest mass.
The radiation frequencies w, = vwy, v = 1,2, ..., are multiples of the
synchrotron frequency wy = ceH/ E . The spectral SR-intensity
(SR-intensity for a fixed radiation frequency) has maximum for
harmonics with v ~ ~3. Two limiting cases, the non-relativistic

(3 < 1, E ~myc®) and the relativistic limits (8 ~ 1, E > mgc?), are of
particular interest. In the non-relativistic case, only the first harmonic
w1 = wy Is effectively emitted. The SR-intensity has a maximum in the
direction of the magnetic field. In the relativistic case, the integral
SR-intensity (spectral SR-intensity summed over the spectrum) is
concentrated in the orbital plane within a small interval A0 ~1/ v <1
of the angle 6 that we have chosen to measure from the direction of
the magnetic guide field which is normal to the orbital plane. Thus, as
the electron energy increases, the integral SR-intensity tends to be
concentrated in the orbit plane. Any polarization component of the
integral SR-intensity has the same behavior. These results were first
derived in the framework of classical theory.



In the SR theory one introduces polarization components W, ,

1 = 0,=£1,2,3 of the integral SR-intensity. Here W, are the integral
SR-intensities of the right (+1) and the left (—1) circular polarization
components respectively, whereas W5 and W3 are the so called "¢ and
7' linear polarization components. The total integral SR-intensity W,
is defined as Wy =W+ W_; = W5 + W3. In the framework of the
classical theory of SR one can find:

Wi = Voi(9), 0.(9) = | FUB.0)sinbds. F(5.6) Zf@ .3:0).

fo(v,8;0) = f-1(v, 8;0) + f1(v, B;0) = fa(v, 5;0) + f3(v, 5;0), (2)
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Here 0 is the angle between the z-axis and the radiation direction. The
particle orbit is placed in the plane z = 0, which corresponds to

0 = /2. In some works a different set of angles is used for the SR
description. In particular, z-axis is selected to coincide with the

direction of the instant particle velocity.



The sum over v is just the sum over the spectrum, such that the
expressions inside the sum represent spectral distributions. The
functions f;(v, 3;0) have the form:
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Here J,(z) are Bessel functions of integer indices. The following simple
properties hold true:

fr(v,B;0) = fr(v,B;m = 0), k=0,2,3;
f—l(y76;0):fl(yvﬁ;ﬂ-_9)° (4)
Thus, it is enough to study the functions fi(v,3;0),k =0,2,3, at the

interval 0 < 0 < /2 only, and between the functions f1; it is enough to
study f; only.



Exact analytic expressions for the functions Fj(3,6),k = 0,2,3 have the

following form:
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Expressions for the functions F1; can be found in the form:

Fi1(8,0) = %Fo(ﬁ, 0) £ W(Bsinf)cosb,

1 d &

vJ2(vz).
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Figure 1: To definition of effective angle and deviation angle for the
function Fy(3;0)
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Figure 2: To definition of effective angle and deviation angle for the function Fy(3;0)

/ Fr(8;0) sinfdf = = / F.(06;0) sin 6 df.
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Fo(B; 04 sin 0% = F,(3;657) sinol™. (7)
0<% < o™ <n/2; Ap/2=0" — 0 ap=n/2-0 Kk =0,2,3;
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Figure 3: The effective angle Figure 4: The deviation angle
dependence of 5 and polarization dependence of 3 and polarization
component. component.
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Figure 5: The dependence Figure 6: The dependence of
of effective angle Ay(v,8) for deviation angle «ag(v,8) for
different harmonics v. different harmonics v.
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Figure 7: The dependence

of effective angle A;(v,3) for

different harmonics v.

Figure 8: The dependence of

deviation angle «;(v, )
different harmonics v.

for
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Figure 9: The dependence

of effective angle As(v,3) for

different harmonics v.
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Figure 10: The dependence
of deviation angle as(v,3) for
different harmonics v.
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Figure 11: The dependence
of effective angle Ajs(v,3) for

different harmonics v.
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Figure 12: The dependence

of deviation angle as(v,3) for

different harmonics v.



The phenomena of angular deconcentration of single harmonic
radiation is established in terms of classical theory.

It is known that the phenomena of the angular concentration of total
(summed up spectrum) SR consists in the following fact: when the
particles energy E increases all the radiation concentrates in the orbits
plane area and the effective angle Af, which contains main output of
SR, decreases down to zero as Af ~ 1/+. One considered that the
angular distribution of separate spectral components of SR acts the
same way in quantitative sense.

However, the attempt to show that the angular distribution of
separate spectral harmonic treats itself completely different was
definitely successful.

When ~ increases the maximums of the angular distribution move
away from orbits plane while the effective angle decreases and moves,
at the high value of y- characteristic, to its finite limit Af(v), which
depends on the number of harmonic v.

This is, in fact, the deconcentration phenomena of SR. It seems, that
the concentration and the deconcentration of SR contradict each
other. However, they are perfectly agreed. Indeed, the high value of
~v-characteristic corresponds with the fact, that the maximum in SR
spectrum accounts for the harmonic v,,,, ~ 73. But as for high
harmonic numbers, the approximation gives Ad(v) ~ v=/3 | Therefore,
A0 (Vimaz) ~ 1/7, and that is an expectant result.



13

1. V. G. Bagrov, V. A. Bordovitsyn, V. G. Bulenok, V. Ya. Epp. Kinematical Projection of Pulsar
Synchrotron Radiation Profiles. Proceedings of IV ISTC Scientific Advisory Commitee Seminar on
"Basic Science in ISTC Aktivities". (Novosibirsk, Akademgorodok, 23 - 27 April 2001.). Novosibirsk.
2001. P. 292-300.

2. B. I. barpos, I. C. bucHoBaTtbii - KoraH, B. A. BopgoBuubiH, A. B. Bopucos, O. ®. [lopodees, B.
Y. XKykosckuii, HO. J1. NMueoBapos, O. B. LLlopoxos, B. 9. 9nn. Teopus nanyyeHns pensatuBucTCcKux
yactuu. lNog pea. B. A. bopagosuybiHa. MockBa. Puamatnut. 2002. 576 c.

3. V. G. Bagrov, V. A. Bordovitsyn, V. Ch. Zhukovskii. Development of the Theory of Synchrotron
Radiation and Related Processes. CuHxpoTtpoHHsbii nctodHnk ONAN: nepcnektuebl nccnegosaHumii.
MaTtepuanbl BToporo mexayHapoaHoro paboyero cosewanus. (Oybna, 02 - 06 anpensa 2001 r.). MNopg,
peanakuyuvein 1. H. Mewkosa, B. B. MuxaiinuHa, I'. [1. LLinpkosa. ONAN. Oy6Ha. 2002. C. 15-30.

4. V. G. Bagrov, V. G. Bulenok, D. M. Gitman, V. B. Tlyachev, J. A. Jara, A. T. Jarovoi. Angular
Dependence of Synchrotron Radiation Intensity. arXiv:physics /0209097 vl 27 Sep 2002. 13 p.

5. B. I. bBarpos, B. I. bBynenok, 1. M. 'mtmaHn, B. b. Tns4des, A. T. dposoii. HoBble pe3ynbTathbl B
KJlaccm4eckoir Teopun cuHxpotpoHHoro nanydenusi. MOBEPXHOCTb (peHTreHoBsckue,
CMHXPOTPOHHbIE U HENTPOHHbIE nccneposarus). 2003, N 11, c. 59-65.

6. V. G. Bagrov, V. G. Bulenok, D. M. Gitman, Jose Acosta Jara, V. B. Tlyachev, A. T. Jarovoi.
Angular Behavior of Synchrotron Radiation Harmonics. Physical Review. E. 2004, v. 69, N 4-2,
046502(1-8).

7. B. I'. barpos, M. B. JonxuH, B. b. Tnades, A. T. YlpoBoii. IBontOLUSA YyrnoBoro pacnpegesieHus
KPYroBoOWi Mosisipu3aunm CUHXPOTPOHHOIO M3JlyHeHUs Npu n3MeHeHnn 3Heprum lsapsiga. Vsesectus
By30oB. ®@usuka. 2004, 1. 47, N 4, c. 68- 75.

http: //www.springerlink.com/content/v6v0242j55146542 /fulltext.pdf

8. B. I. barpos, 1. M. T'utmaH, B. b. Tnsades, A. T. flpoBoii. DBoNOUUSA YINOBbIX pacnpeaesieHni
KOMMOHEHT MoJiipn3aunm CUHXPOTPOHHOIO U3JIyHEHUS NP N3MeHeHUn 3Heprum 3apsiga. Hosenwne
npobnemsbl Teopun nonsa. Tom 4. Tpyabl XV MexayHapogHoi neTHeln wkonbl-cemuHapa "Bonra'"no
COBpeMeHHbIM npobsemam TeopeTuydeckoii n matematudeckoin pusukun. MNerposckue yteHnsa. (KasaHsb,
22 wions - 03 vronsa 2003 r.). Mop pea. A. B. AmunHosoii. I3g. OprkomuTterta MNMeTpoBckux YTeHwid.
Kazsanb. Xatep. 2004. C. 9-24.

9. V. G. Bagrov, D. M. Gitman, V. B. Tlyachev, A. T. Jarovoi. Evolution of Angular Distribution of



Polarization Components for Synchrotron Radiation under Changes of Particle Energy. Particle Physics
in Laboratory, Space and Universe. Proceedings of the Eleventh Lomonosov Conference on Elementary
Particle Physics. (Moscow, 21 - 27 August 2003.). Editor: A. I. Studenikin. World Scientific. New
Jersey London Singapore Hong Kong. 2005. P. 355-362.

10. M. B. JonxuH, A. T. YpoBoii. CpaBHUTENbHbIA aHaAU3 Yr0BbIX pacnpeesieHnii CUHXPOTPOHHOIo
N3NyHeHUsl, PacCHNTAHHbIX MO KJIAaCCUYecKoi n KBaHToBoW Teopuu. MIanyyveHne 6o3oHa. 3BecTus
By30B. Pusuka. 2005, 1. 48, N 8, c. 47-51.

11. B. I'. barpos, M. B. JosxuH, A. T. fpoBoii. KBaHTOBOe onncaHne 3BONOLNN YI10BbIX
pacnpeneneHnii CUHXPOTPOHHOIO U3JlyHeHUs NPV N3MEHEHUN 3HEPreTU4YecKux rnapamMmeTpoB 3apsaaa.
NMOBEPXHOCTDb (peHTreHoBckue, CUHXPOTPOHHbIE U HEWTPOHHbIE nccaeposanvust). 2005, N 9, c. 5-11.
12. M. B. JonxwuH, A. T. YpoBoii. CpaBHUTENbHbIA aHaANU3 Yr0BbIX pacnpeesieHnii CUHXPOTPOHHOIo
N3NyHeHUsl, PacCHYUTaAHHbIX MO KJlaCCUYecKoi n kBaHToBow Teopuu. MNonsprusoBaHHoe nsnyyeHue
6030Ha. M3BecTtus By3os. ®usuka. 2005, 1. 48, N 10, c. 53 -58.

13. V. G. Bagrov, D. M. Gitman, V. B. Tlyachev, A. T. Jarovoi. New theoretical Results in Synchrotron
Radiation. Nuclear Instruments & Methods in Physics Research. B. 2005, v. 240, N 3, p. 638-645.

14. B. I'. barpos, M. B. JosxuH, K. I'. CepaBkuH, B. M. LLlaxmaTtos. lNapymnanbHbie Bknagbl
OTAe/IbHbIX FTAPMOHUK B MOLLHOCTb CUHXPOTPOHHOro mnsny4denHus. MIasectna sysos. ®usumka. 2006, 1. 49,
N 7, c. 3-10.

15. V. G. Bagrov, M. V. Dolzhin. Dependence of Spectral - Angular Distribution of Synchrotron
Radiation from Spin Orientation. Nuclear Instruments & Methods in Physics Research. A. 2007, v. 575,
N 1-2,p.231-233. http://dx.doi.org/10.1016/j.nima.2007.01.076

14



