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We consider the radiatfve instability in the charged beams of :
high den51ty rotating. in- the magnetlc field, Investlgatlons of this ‘
problem are of some interest for the new methods of acceleratlon
as well as for generation of microwaves, Radiation by such beams

[1.2,3]

One can -assume that the ¢oherent synchrotron: radiation - on'* *

‘has been observed in a number-of papers

long waves much larger than the cross section: dimensions of the
‘ring might be the. most dangerous - one, In this case it is p0551b1e
to use the kmetlc method/ 5/ suitable for thin. beams, Due to the
hlgh 1nten51ty of the radiation the non-linear effects which -can
,str'ongly r'estr'lct the - ﬂuctuatlon : amphtudes must be consu:ler'ed

T As to: the :linear- theory it can estimate the initial increments cor- -
r'espondmg to the transition time of the system into the non-linear
stage. .
| We' are. interested in the. longitudinal instability of the relati-.
A\nstlc electr'on ‘ring: placed m51de the - mfm1te1y long and perfectly
conducting tube. To descrlbe the particle motlon in the 1n1t1a11y

uniform ring Wlth ﬂuctuatlon appearmg there we use the kinetic-
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approach developed in papers/4’5/ . The motion of particles is exa-
mined in thél phase spacé of the azimuthal angle and the canonical
moment, Perturbations are supposed to be small enough, ‘Thel linear
appfokimation is used in the equatidr_l. The field is averaged over
the cross section of thle ring, i.e. only the pgrturbations with the
wave lengths much larger than the small dimesnions of the ring are . .
" regarded, ‘ |
The electromagnetic fié}d connected with the fluctuation‘is’

presented as a supérposition of chamber natural oscillations with
the ‘separation of the waves into longitudinal and transveréels/. As .
a result of the solution of the self-consistent equation the dispersi-

on formula is obtaine_d:
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where e is _tl"le electron charge, -Q , n-is the frequéncy aﬁd (
number, of, perturbation harmonic,. @ (w) s the . frequency of 'ea'r'—
ticle ‘rv'otating' in a ring, w- is'the canonical moment, ¢, is _the" iﬁiti,,—-‘
al function of the distribution offpar.ticles' in a beam,' N.'is :t.he.total

number of particles, value Z.{Q,n) is the chamber impedance with the

beam and it is equal .to: . ; B , .
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In the formula-for 'therimpedance -'c is the veloc1ty of llght in the .

t‘ree space, 'R ‘is the mean rad1us of a ring, a, is the small. -

d1men51on of a ring along the tube axis, b is the tube rad1us, Aog

and )\np corresponding roots of the Bessel: functlons _] . and -
< szz
¢

2
2 =Aap

and’ ¢(A° ) is determined analogically, Investigations of eq.(1) to-

J. - angle ¢( ) is therargument of the complex number
~gether with - (2) make it poss1b1e to dxstmgulsh various ‘types., of. in-
stab111t1es with "the wvarious distances between the ring and the wall, .
. F‘lrst ot' all there mlght appear the case where the - cond1t1on of the
‘ transverse wave rad1at1on does not take place, -thenthe 1nstab111ty
of the negatlve mass only appears" to be under discussion, In this*
case a certain selected harmonic of a mean rotation t'requency
'approx1_mate1yv comc1dmg ‘with: the frequency .ot' a per'turbatlon wave
‘d'iffers greatly from any natural frequency of the chambercorres- '
.pondmg to this harmon1c. In particular this: condltlon takes .place -
when the ring is near to the wall. In the nonrelat1v1stlc case the
1mpedance appears to have always the capacity character Z=lA
“and’ the ' instability of the negative mass type can appear at any .
.'dlstance from the wall, In the relatwlstxc case the. 1mpedance can
fbe both capac1ty impedance and 1nduct1ve one ( Z..-nA ), in the
latter case the 1nstab111ty does not appear at all, ‘For the ring
'w1th_d1mens1on R much 1argerx than theh d1stance t‘rom' the ring to -

_the wall ( b-R<«<R ) even in the case of capacity impédanc‘e':a sub-
bR

. b
occurs, F‘or the th1n rlng the 1nc1*ement addltlonally decreases in”

v ba =R t1mes as compared with E layer. When flxlng a harmo-

nic number of perturbatlon and changmg the dlstance between the

'stantlal decrease of the mcrementlproportlonal to the value v

‘ring and the wall it is possible to note'that alternation of the regions
.where the’ 1mpedance possesses a clearly seen character of capa—

city, mductlon and activity,
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_ ‘ ’I‘.hevt;egions with ‘active. or complex impedance with ‘a large
t'eal ’par't.'cor.'respond" to .the -resonances on- the natu_ral frequencies
ef “the .chamberiand the radiation- of the ,electremagnetic energy, |
Here we can dxstmgwsh two cases: . - o .

K "1, Radiation occurs practically at one natural oscxllatlon when
| the ring is close ‘enough to.the -wall and the time of the instability
development'is‘much larger than the time the signal passes from
the ring to the wall | '

2 The ‘resonances: combine all together into-a contmuous
spectrum and: the radiation' occurs in: the same way as m the free
space with the corresponding condition of time opposite sxte to the
first variant. _

In: the first case the. solution of the dxspersmn equatlons for
the rmg with .a small - spread of energies in the uniform magnehc

field 'gives the instability increment

mo oy 2006))Y p. (g
now, ) Y n? . ‘
f(n)-‘ is the functton growing as n4/3A. to n =y _and then expe-
nentlally decreasmg. W1th the 1ncrease of the spreed the mcremente
decrease substantnally. The .resulits keep unchanged m a w1de class
»4of dlstmbutlon functlons.v ’ ‘
th:«.In the free space the real part of the 1mpedance corresponds '
“to the well—known expressmn for the - synchrotron radlatlon, 1.e. ge-
nerahzatxon of the Shott formula. A thershold of the rad1at1on in-

stab1hty can be seen m the analysxs of the dxsper‘smn equatxon' »
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Here a - is the Lmity coefficient; ¢ = Aw“.’. is .the relative. spread

4of‘the"rotating péiftiéle frequeﬁcies in a beam, Occurance: of the:

instabﬂity threshold for the initial harinonics is connecfed with the

- collective radiative' Landau dampihg ‘competing’-with the ‘hydrodyna- 1
mical radlatlon mstablhty Because of the ‘threshold the mstablhty

_"Mdevelopment increases the spread of the energijes and the-instabir

lity dxsappears. Estimation of the tlme characterizing the spread-

' increase . at the initial stage can be obtained from the hydrody- .

namical *. equations, averaged over the -particle orbits, Hence:

R 1. ' N‘ 2 Aw 2 .
en’ Ty .'~'[ n (AN S s ; e

max n © np

AN, is the initial fluctuation of the particles on the maximum har- S
monic, n is the maximum number of harmonic, satlsfymg appro— ‘

max
: x1mat10n of -the 'thin beam. R
"~ However time (5) determines only the. intial rate of the instal
bility growth, Non--lmear effects appear to be essential long®before
the approach of the crltlcal spread, . Considering non—lmear inte~ ‘
ractions of the harmonics the ma_x1mum field amplitude of n. har—

 monic is this:’
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As € <<e, ‘; . then it is possible to conclude that at the ‘non-li-‘l
near stage the beam parameters change 1ns1gn1flcant1y and the ra -

"dlatlon mstablhty is not of a great. danger for the rmg. ,

\ In conclusion we should remark that in the ex)aemments the co~
herent synchrotron rad1at1on “quickly dxsappears without signi-

ff.1cant changes in the beam. parameters. This fact is in accordance »
lw1th the. ideas given above. ’ A '
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