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In a previous paperX(l) the effects of radiation on e
lectron oscillations were evaluated for a class of circular
accelerators satisfying the condition that all non linear
terms can be neglected.

Recently it has been shown by Hereward(Z) that the non
linearity of the expression for the radiated energy can be
important in strong-focusing machines and that it can be u
sed to avoid antidamping on the radial betatron oscillation
mode .

In view of this fact it seems useful to extend our
previous calculations so that™can be applied to this case
also.

Since a complete treatment of the problem is much too
difficult, we will essentially follow Hereward and make the
approximation that the zero order equations, i.e. those in
which radiation and the radio~frequency cavities (R.F.) are
neglacted, are linear while non linear terms appear in the
expression for the radiated energy, w .

These non linear terms will modify the damping con=-
stants only if the reference trajectory is displaced or,
what is same, if the frequency of the R.F. is shifted.

This second point of view will be taken here.

¥ In what follows this paper will be mentioned as I. We
will also use the same notations of I.
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The equations of motion are
f ¢c' = Kx
(1) ¢ x" + (k2 + A)x = - Kp
l z" - Az = O
where
A= - Kzn

in a magnet and

G
A = EET
in a gquadrupole.
(3)

Their solution is

= ;‘7% . = - 7
(2) X = X V"jr cos é/r Pl 73 pY
bz = zogﬂﬁv cos X& = zg
The expression for w is
2 i3 2 2 1
(3) Wz g, §0(1p) Y (Ax-K0 % + A%z

or, neglecting terms of third or fourth order in x, z or p:

33
2o, ¥ K - 2akx + 22(x%42?)
4)
2

T
K2p + uaKxp + KZp 21
Of three quadratic terms ﬁnlvﬁthét propertional to

Az, i.e. to the scuare of the magnetic field gradient,
can be impcrtant in practical cases, so Tﬂ:t from now on
onij this cne will be considered.

VSubstltuting (2) in (4) we obtain

W o= r, X3-§K2(1+29) + 2AKp% + A27b2p2}'+

(5) )

win  wiro

2', .
I’ ‘3{ H -QAKX,Q + A (X/b + Z,:‘?') - 2A 7DX,/3 P:%

Now we assume that the R,F. gives to the particles the
energy & _ lost on the closed orbit corresponding to the

energy ES(1+DP), i.e. that the synchronous particle is that



3)

with energy Eg(1+p).

Writing

(6) £ -0 ' °Vo
P T Eg(1+%) cosy = Eg(1+5)

os\;ﬂ +f6‘(lC)

our assumption is that

eV

' 3 g -
— £ K (1+2p) + 2AK# D +
(1+D) YS 3 r, & / p p

(7) > _
V PJ!> = CS<W5> ’

while usually

‘-—e'zl/'c')—-"'cos'yfr =c <%y 3:’31(2)' = C_<w >
Eg s sN3 e " s ~>"s” °

Hence 6% differs from & since it must measure the
shift with respect to the new syncronous pavtlcle, this
implies that, neglecting the betatron oscillations,

(8) ¥ = - K{p - DY .

Let us start by evaluating the synchrotron damping.We
neglect the terms giving rise to the equilibrium dimensions
of the beam since they are left unchanged.

Eq. (23) of I is now substituted by
D2(p - B) + YUp -T) = 0

the solution is:

where o
Y= )+ .
Xs S bs s

Introducing the notation

X=2n Xa
e

equation (45) of I becomes

Ap /{1 Ik2(1+2D)+2KA Y pHa’ ¥ p2_/>
- R.’ZK (1+29)+2AK'§I’p+A Y p_ZlZAsJ(s-si)



Now
-ﬁ-<p0>2 = 24 p(p - B)
and averaging we ob#ain
| 2 oy o2 , 24,2
D(p,)? = =p A/ 2K H2mik 4247 % p/>
so that

/,2’/ 22+ oAk +282 ¥ 25)5 = d“”

m:-

(9) S = -
s
The average must be performed on the closed orbit cor

responding to the energy Eg(l+p) and neglecting betatron
oscillatiocns.

The betatron damping, evaluated with the same proce-
dure used in I, is

,; = +%({ 2AKW +2A '%%)‘) -%‘(v‘a’s> =
(10) 7 ‘

i~ dw 3 ~
: <§E§:> Y W)

|
while for the vertical damping we obtain

- - %’<;Wé> :
¥

In writing (10), (11) we have neglected the small dif
ferences between the values of < w» on different closed
orbits, It is interesting to note that we have

—

EH

1 1 1 Py
Il S R S = = 2w > .
z;;’ ?;3 s 4;'3 % S

As we already said the results obtained are valid on=-
ly if the R.F. freqhoncy is shifted, otherwise the non 1i-
near terms would glve no contrlbutlon.

In fact, setting p = 0 in (7), we obtain

1 .
> = -z <X (2x? + 20K %) >

>
— =z - 3w S

G s

1

(¥ (oax¥ 4 2A2"¥/2p)> -3 <ws> .

i
pof=
.

~§
-
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Clearly the only term in which contributions of the

non linearity appear
that the synchrotron
can average 1/ %z o

is 1/%s, . However, due to the fact
and betatron modes are uncoupled, we
ver a synchrotron period so that the

term Azﬂbzp disappear.

For an isomagne

-K2I'1 [

A

magnets)?,

the synchrotron damp:

1
73
and this formula‘is
The coefficient % is

In the case cof
weak-focusing bendin

P

<

W=

A
d?k“

where_ G is quadrupcle

the rz

lengtl

and g 18
and thé magnet
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Y= RrR/IVZ, 2

, 2
= 1/ ¥ )
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ing constant (8) becomes

W (X 2T )

in agreement with that of Hereward.
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1 separated functions machine, with
> magnets, we have

=

R2
pU

4n

C N
SN -

1- A
M

gradient, H the guide magnetic field
ntic between the guadrupoles length.
1.

+ 2(8°
=

L
vl

PP PA AN

Prof. F, Amman for many useful di-

(1) - C. Pellegrini,

(2) - H.G. Hereward,
nergy Accelersg
(3) - E.D. Courant &

Suppl. Nuovo Cimento 22, 603 (1961)

International Conference on High E-
tors, Brookhaven 1961, pag. 222

nd H.S. Snyder, Ann. Phys. 3, 1 (1958)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


