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7~ MURA NOTES . . May=June, 1954 |

L. Jackson Laslett
Iowa State College

The following notes deal (i) with the possible supplemsntary damping
of oscillations in a synchrotren, (ii) with the energy tolerance required
at injection, and (iii) with cextain aspects of coherent radiation. These
provisional notes do not represent a complete analysis of these subjects,
but were begun in preparation for the May 22-23 meeting of the technical
group and to a small extent reflect the discussion at that meeting.

I. DAMPING OF OSCILLATIONS

1. Introductian‘

At recent meetings of the technical group attentlan has been given
to the possibility of damping synchrotron oscillatiens, through the use
of a radio~frequency E.M.F, per turn which varies across the radial ap~-
erture of the accelera or.i This possibility has alse r ceived attention
by the Princeton group< and in an early Berkeley reﬁort recently called
to the writer's attention. Since it appears from t g analysis that one
may expect an undamping of betatron oscillations if the synchretren 05~
cillations are damped in this way, the arguments are outlined hereunder

| (i) as a review, (11) as a challenge to devise {if possible) an acceptable
’_\damping mechanism, (iii) as an indication of the tolerances required in
| cavity construction, and (iv) with the thought that in some¢ accelerators
some additional damping of one of the oscillatigns may be desirable, even
at the expense of a certain undamping of the other.

2, The Phase-ﬁguatian*

The equation governing the phase oscillations may bé abtained in
'a manner suggested by the werk of Twiss and Frank,4 recently reviewed by
Livingeod,® by writing the equatéons for a general particle and for the
synchronous particle as follews:

We consider the E.M,F. per turn to vary in a substantially linear manner
across the useful aperture of the accelerator

ElHrFr - vo (‘ - 7“ ?-s——') Sin d/
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where ., represents 2 for a hypothetical particle
— T : .

" perTed of vevelutlen
moving on the radius r,  with the speed of light.

In the traversal of several cavities (or of a single cavity several
times), we write in the usual notation, :

Qv Arlay A -~ __ .
Y. = Erj = & ;B = h.¢ = Y.d}:wavﬁ

Y‘s 5
and obtain; |
ﬁ_(%é) ° "“’9;“‘% (""““’ -Singe) + 9’-§:‘,‘-’-ua -;7% g sin g,
which is of the form: . R T e

') %E(Hé) s -A (sin‘“/ -singl) + a.; sin 43 o ‘ _ ;

eV,

2, '
with M=§7‘-’.) A = _."3.‘..1’_‘.!2‘ a.r-g'é‘:(ﬂ"_“o -

This result appears concordant with the non-relativistic eq. (15) of
ref. 3 for a conw#fitional synchrotron in which R increases linearly

. with time, whgre»
C

; T T s L)
*= j,i:'n o 9"‘“'(\.5
Y = -%-:_Y—\ jiL, . ...1 ¢“ ¢s

L Sh ,

amrry E‘/=5 % O ands

4w ew AV (AE/at),  (dpfdt)
= Yo - . > s
Fs ® 7w °" ¥ »‘EJ:‘ “;5’ = s ds - szs- o .

The conclusions of ref. 3 concerning the damping of the resultant
motion will thus be found to be consistent with ours for this case,
as will also the results stated for the extreme relativistic situation.

3. Solution of the Phase

To facilitate solution of the phase equation we replace sin 2
by sin ¢s in the damping term and, rather then proceed directly with
the differential equation, note that the motion may be derived from a

Lagrangian
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L. (w2) [exp (-sinBg [B-t!)] 4% +A[exp (-sin kf%awjf'?m- vik)],
where U(F) =cos @ + ¢ cing,. .

The motion ac.cerdingly may he characterized by the Hamiltonian
H = _;_A_[exp (sin dsjﬁ"d*')JPa' - Afexp (—;;,, fsf%‘**"]ﬁ’(ﬂ)'uﬁs)J
>~ 1 3 8 4/ A oy _ , 2
Llexp Gings [Srat!)[p? + & [exp Coin g, [ ar) Joos s (¢~ £5),
with the canenically canjugate momentum p = M foxp (~sin dy [&r-cit ') 7¢.
In adiabatic changes of the roughly perisdic motion, the invariance

of the action integral insures that p,.. . (#-4, D o remains coenstant:
thus () M[exp (-s/h gg j %’-d‘b’)j CEX o | |

remains constant, or ‘ , o L T
- Fdpax 0 oo ) W expltipycoing,) fHat'],

The factor (AM cos ¢ ) ‘4 represents the customary d,a%ing of
synchrotron phase oscillations and leads to the familiar £~ - damping
at energies such that Y 1is substantially constant. It is of interest,
therefore, to estimate the exponential factor which is intreduced by the
variation of E.M.F. with radius. R

2. ——-—-n- wa _;:-rgr— Giﬂ ¢§ = -‘a_o“n ‘@ﬂdJ—'in

. acoc
-Fl—iﬂ‘) ¢S . - @Es

(fo)(sin &) JFE#' = - arnja) 1n L&

fy | |
and  axplCi/2)(ein #)) & dt] = (ﬂ/ﬁ.)‘“’"/” [ in agreement with the
» | , L7 results of ref. 3 when
e O , .
- (e lp )L [ O
= ( . -2 W PRt ‘ )
Re/P:) for an alternate-gradient

synchrotron operated near the center of the stlabiii{:y diagram,

In a typical example an increase of momentum from that corresponding to
an injection energ{ of 50 Mev (pc = 0.31 Gev) to an energy in the neigh-
borhooed of a transition energy such that pc = 9,70 Gev then leads to
the additional damping factor o :

-2 .4 -Q.4c

(9.70/0.3t) = (31.2) ,
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or approximately 0.18 for o = IH.8. It is noted ’that.‘ the sense of
-/ the damping is unaffecthd by flipping the phase at the transitiamn energy.

It appears from the foregoing that, from the standpoint of the
synchrotron oscillations, this damping mechanism would be desirable in
reducing the difficulties associated with traversal of the transition
energy, since the increase of amplitude resulting from an inexactly-
timed change of phase would start from a lower level of amplitude. It
is necessary, however, to consider the effect of this mechanism on the
radial betatron oscillations. o

4. Associated build-up of Betatron Oscillatiens:

It appears that consideration should be given to two ways in
which the mechanism suggested ma{ in,flu,enc% the magnitude of the radial
betatron oscillations. The first of these’/ involves the e[-\;xgj

forces arising from the magnetic flux-leakage within the cavity, and
presumably a similar radial Iimpulse would be expected in case a reson-
ater with an oblique gap were employed. The seceond effect3 is that
resulting from the abrupt change in the equilibrium orbit at each tra-
Xer;s:al of the acceleration cavity., We proceed to consider these effects

5. Evaluation of Im iu‘ly% from Leakage Flux-De

7~ Writing the E.M.F. pet cavity as V, E.»li - 0"\?4;6 3 5‘“ (}‘ ‘*’9”: o

we haye‘ . vl E[ -a-n%icjo 5\-0 (hw‘*) - _ff_é dS iy |
- (e §(rne)drdo

:'.{

V:‘__a'n sin(hwet) = /(" B(r,6)d e
3

v . re)
o EDeosd -Jr B(re)de

= - fB(ne) ’4‘5, ' _i.nteg’ra‘ted through
- the cavity.

rIt is realized.that the R.F. electric and magnetic fields must constitute
a self-consistent solution to Maxwell's equations and that difficulties
could in fact arise if one attempted to achlieve an E.M.F. which over an
extended region were strictly independent of the path. The statements
made herein appear to be satisfactory, however, for an E.M.F., of the form
assumed, and considerations based on'curl ¥ = & su%g,arst that neglecting
the mH so implied by a spatially constant E.M.F, affects the amplitude
Av @ ANAr' by an amount negligible (5 to 30 percent in a typlcal case)
|in comparison with the term -a(—é—se-) cos y considered later.

f\We thus obtain for the impulse
VS ,_de.t : e fpgEdt |
V .
= efBds = - ZZL 2n g0s
o Toy T ¢

we
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a(ds) - - (eVi)on .5 4

s
& | - -5 geesd
A(_J.L:L/ér_*s_)) - %;;A(%E)=—evi %Q-c.osﬂ.— "—E'é Q’F"Lc,os 4
= (AE.) &0 ctn g, = ._(___ez_)s etn g

If this impulse were-the mlg mchanism affecting: th& betatron
oscillations, it would be reasenable to cdnsider the use of cavities
in pairs, spaced by a half-wavelength of the radial batatron escillatioens.
The maximum extra relative displacement which muild then be expected
to arise in this way- _k;gbm the members cf a cavity-pa weuld not exceed

2 |a )] = 2 '(_fl) SO cAn ¢y -

(The factor 2 is that estimated by Cauxant, Livingston, and Snydex8 to
allow for the non-sinusoldal character of the esc _-t,atians in an A.G.S. )

With w. cavities in all, each excited to a simllax R.P. l&vel,
( ) or ( "i__) equals s

~ :mrsti +f;$';:;] d ) | Sl ;m‘r [_‘1 4-;-};@-.-— B,
‘ L - (&) or §ubsvtantially, 3 67!?.! (&cc .&,m&3 e

in additien we may takef "k/r*s = z/fﬂ' ,rédians and nb,_ta;;m-

1< g() / - s [2 +3m. F=— Jotn "_s.. Egp from a s"“gt
Y.

c- accslarati.on time p%Eg cav

Ar

Typically, with. n = 400, he = h = 16, accelaratian from an injection
energy of 50 Mev (kinetic) to a final energy of 25 G&v, and a rise-time
of one second,

n[é-*-‘- ]< 4 x fooco w L%_L_LE_
Pg [maox]|™= e X 1L 2 %\|o Q7% 1o
= d. | M o ak \»n \bﬁk‘a"‘:

which is considerably less than unity (for the harmonic numhar assumed)-
with any reasonable choice of o

The impulse from the leak: ge field of such cavities alsa will
imply an accumulative displac#mént in the case of particles for which
the betatron wavelength is not exactly twice the separation of a
cavity-pair. For estimating th%s effect ws presume that through care-
ful control of the magnet perfompance n is net permitted to wander

7 more than from the center of a small stability diamond half-way to the

edge. We accordingly consider [8k| = V'Ti 75, oc |&n) = 0.27TH,




- 2,62 times larger ,Aét.i:ll-, if we stay away from
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-

(where k enters..as,.ek;a(:fk) in the characteristic selutions for

traversal of a s,,ec‘,tur-paf&:»r_;}‘.}g . §ince the increase of relative amplitude
| PO ) AL AR ’

from traversal of aﬁséé-%or—;iair 'sl;'i'aced by —5— will not exceed

200, R T
kl= 205 , Trs
s \Sk| = =

and. typically (A Al = A-18Kl=
typically (A = %-|6K| Trop

A d (r/r
A& )

‘“ AE
~ @{_\mw‘] < A (d(\"/r':)) - T _é_E;iE)s %.@%ﬂ ¢5

sL
= on . 2TM7s L+ Bt d etn ds _Fo
bhg ¢ degeleration Lime p"E s
2T % B6:50X ., 2 x VB ab__zs_i_g_i
= 444;_? o
AL 2 x 108 w | T x 10%
= 0.0084 ¢,

" The increase of amplitude-per revolution would,

at the worst, be %—Q " tiﬁe&—#héh above result

and after several rewslutions migh‘t be about -

resonances by no less-thar-the-amount suggested,
We accordingly write

£l ‘
Ar arr, B FZRE, | cbn ¢ 4
n |=— &L At S S s £
Cs |max |overall ™ " ¢ . accebetobion time Pzes

= 0. W\ o, Hor the example coneidered.

Ch =1b, 50 Mev in{eskom _Zf‘b?ea).;...

With ¢ somewhat less-thar unity, thils result does not appear to be

excessive in a magnet whose-radial semi-aperture is comparable with *rsfn

6. Ihe Growth of Oscillations from ste '

It has beea-pointed--out-in the Berkeley report3 to which reference

has been made earlier-that-im-traversal of a R.F. cavity the instantaneous

equilibrium orbit is suddenly displaced by an amount

op A
(%sr—>¢%u-'\b. = °""‘"p"'L = e (’;J‘>s (1 —en ‘%E')

With this displacement there is associated an increase of the square of
the relative amplitude xw, of the betatron oscillations which, for sin-
usoids, would amount to ‘ ’

-wise Shifts of Equilibrium Orbits.
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4
A(me') > -2 AX, Cos tp (1 —on Xy cOS \I/) (..f—l)s .

the phase-of the oscillation at the time of traversal.
¥?e§§ ggkei;ver tgis expression as roughly indicativequ the bghaviour

in an A.G.S., we .note-that

A
<AXmQ>Av= aon (—tgl)s *mav

and hence there.results-a-growth of amplitude on this account:

The growth-factor. so.found: for the betatron oscillations is thus as
rapid as the attenuation factor found in section 3 for the synchrotron
oscillations. L SR : ,

The effect just deseribed appears definitely to detract from
the utility of .a.system-in which the E.M.F. decreases as one moves
radially outward acress-the-aperture. In some circumstances, how-
ever, the radial betatren oscilllations may be of somewhat secendary
importance to the-synchrotron oscillations -~ in such a situation
consideratian. might be-given to the use of cavities for which o=
is such that the effect-im question 1s just sufficient to cancel the
custemary 1/ p adiakbetic damping of the betatron oscillations:

o< Mg = 02

£

As has been remarked.asé-thesMay 22-23 megking of the mid-west tech-
nical group, however, a more adequate traptment of these effects would
consider the betatron .and synchrotron mot%ons together in a general
unified analysis.

It may be noted that Kerst has pointed outlQO that a betatron
inherently involves an induced E.M.F. which increases with radlus.

Although "gaps" may in a sense be present, due to the shielding effect
of the conducting sections of the vacuum chamber wall, phase s%ability

és ng; ;nzo:ved and the-effect on the betatron oscillations may be
enericlal,

7. Possible Statistical Grewth of Ipduced B

In section 6 it was indicated that, when o = 0, the betatron oscil~
lation amplitude changes upon traversal of a cavity by ‘

A (xe?) = —2 ax, (_l_\_f;__l_)s ace YV

or Dx, = ‘Q‘Cf-;i“)s eco= "1/',
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Although as previously stated, the values of cos ( may be presumed to

average to zero, there could conceivably be random variations of n such
that the values of y are distributed in a substantially random way sta-
tistically. In such a case we have a situation similar to the projection

of a two-dimensional *ramdom walk® problem and may wiite for cavity
traversals -~ : £
. o3 a
d<(Ax a2 > N [ NN [(AEI ]2‘ a2 (AE ) E
d v =z > ( r )5 2 E)s = 2 (E,’z_g'o Z)R
dSBxm)2> | oPAE £
4E = (g 2-E 2%
Integrating, 2 E
. o 4Ey [t -1 Er 4 wlE EiJE, _ Ep]E,
Laxan)'? L [etoh ™ eth Tl e (B¢ /Eo) -1

qE
2 AF,
o & gt (for B-E, << Eoy B3> Eo)
aa

<
21trg E"“Iﬁbﬂ;j Eg

he - (ace. time) E"—Eo
= (4',,8')2' _i_» 27 x84 Lo % 1.3 26 x 10T
?C— BXIOrxl 503(!0”
2 -y '
= (A8 = sz x o
Ay . H.8I
<{(Bxp,) )/7‘——-—-vhhi s ladx 0%
. _0.006
nhc"/a'

©.00 —~ -
(lax )R>V 27— % 0018,

In Ehe case of the electron synchrotron described in an earlier

report,-* we similarly write
2
2 ~ Oo&TAE '
<,(Axm) 7= 2E; * (Eg >> E; »>E,)
- (dEy* 4 0.892 % 10®
n 2h o x 10®
&

= /-/,g/ 2N __:‘;._— ‘o~
(45L) - o892 %10

Llax e 2>!2 . 4.8 x 0.094
n hi /2

= ©o.458
nhe /2,

n{(ax,)3> /a2 . 455 . 5 08 (since he = 3R),

he /2
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8. QOpexation with a Single Cavity:

The effect considered in the preceding sections do not appear

to preclude operation of a high-energy proton synchrotron with a single.

cavity, since even with random phases we find from the results of page 8
that n<(Axm)2>‘/z ¥ o.06 when h = 1; due to the non-sinusoidal char-

acter of the oscillations, we might consider that this result ceuld be as

- great as a little over twice the value found there -- say 0.14.

In a single traversal of such a cavity

In.Ax = g AEA
m | 4.8) 5 ] cos ¢

< 4.8 AL
PTE |g

yg| E8.06 % 103
47.5 % 0%

= 0.0029 .

Again, due to the non-sinusoidal character of the oscillations we‘may
better write '
o hléxm| & oc.oo7 .

II. REQUISITE ENERGY TOLERANGE AT INJECTION
l. Motivation:

The question has been ralsed concerning the requisite energy
tolerances at injection and whether there exists a disparity between
the Linac requirements as specified at Brookhaven and those currently
conceived in the mid-west group attd elsewhere.

2. Acceptance into Stable Synchrotron Oscillatimns:

\ One approach to this problem has been given by K. Johnsenl? in
the CERN proton-synchrotron lectures. 1In this approach the requirement
considered has been that the initial momentum spread shall be'no greater
than that acgeptable into synchrotron phase osclllations. For the case
of no frequency error Johnsen cites [cf. his eq. (3)7 the result

ap ., af e, tmrebyLetng, - (4, /a7
5 = * p'¢€§3& S

=+ 2 [eVofart [fcosd, - (g, -T/a)sin 4]
- p N -
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which is consistent with eq. (16) of a reporté by th& present w,riterls
if |v( 1in this latier equation is regarded as substantlially unlty.

For the similar accelerators considered in the CERN and MAC reports
we list the following parameters and find

Inj. Energy, Kinetic
#

“. Total
B
1Yl |
: : A 3 ev
ev,/am 23,1 x 103 18.7 x 10 —=3Tan
. o B PKsec () ¢
. . e 1/2 , 2 /hl/2
+ 1.80x10"2/h +1.73 x 10=2/h
e T-dozoxmoe® TE'35.287x 102
AE g% N -2 . )
Frr - T (48 + 0.56 x 10 2 0,85 x 10

”

These results may be compared with what would thﬂa be a satisfactory
expected performance of the linac, as reported by L. H. Johnston:l4

EKiH =50 £ o2 Mev, e AE/EK‘V) n+o,a~l X \O;Q’.

The momentum spread tabulated above appedars to wnstitutf the basis of
the CERN design specificatimns [p.6 of the CERN report 127  For the
Brookhaven design a higher harmonic number may be under gonSideration
I- .ghg foregoing example with the harmenic number change& tg» 88 would
ea 1) : ' :

A -2 _ ,
= £ oia xo Note added in proof:

} - The Brookhaven Accelerator
AE . % 0.37 % |0~ % Development Division minutes (#57)

Eim. of their March 16, 1954 meeting
suggest the requirement S
| . #1/2% in energy, #10-3 radian, and

3. Avoidance of Resonances: a width of 1/2 inch.

The change in effective n due to momentum errgr should for
safety be no greater than that which will displace the operation point
from the center of a small diamond, bounded by 27~ and -7 -resgnances,
half-way to the edge. The mmarntgm spread which is tolerable on this
acount has been estimated earlier® as #0,20/¥7 for operation near
the center of the “"necktie diagram® (o =m/2), or +0.31/YR for a point
situated on the diagonal but closer to the origin Te = 0.37 ), For a
field index (n) in the neighborhood of 400, these censiderations
‘hecgssitate a tolerance of about 1l per cent in momentum or +2 percent
in ggergy and are evidently -less-demanding than the-requirements dis-




*..

cussed previgusly’ cf,.. Fid, .9A, p. 111 of the GERK:repurtlz and the
p~ accompanying disc¥ssion by Adams (Sect.Ill-4, esp. p. 102) .

4. Clearance of Inflsctor Electzode:

An additional and more severe limitation of the tolerable energy
spread may arise if the bsam is obliged to clear the electrode of an
electrostatic inflector structure as it spirals inward during the in-
jection interval. It should be-neted that such an arrangement presents,
possibly, serious difficulties-in-machines of the types presently under
consideration, due to the very-small pitch of the spiral in the presence
of a linearly-rising magnetic field -~ about 0.6 mm per turn. If it is
intended to inject at the start of the injection interval particles whose
trajectories have initially the scplloped appearance of the repetitive
orbits illustmgated by Courant, Livingston, and Snyder [ref. 8, Fig. 4],
it may be noted that for some particles an excess momentum will require
the superposition of a betatron oscillatien (6f an initially negative
sign) of amplitude (6.39/n) {Ap/p). In the course of a revelutien, this
betatron motion may come to represent a positive displacement at the
inflector location. The-radial error from this effect can then amount to

Aar 6.39 A :
reo2x 25— 5B

and would restrict the permissible excass momentum‘§§3hwv‘f““
g i o | | e
P 2 x 637 T -

/\With, for example, Ar = 0,6 mm = 0,6 x 10™3 M, r
r = 86.50 M as before, we thus find the comparitivel

: , -3
ap 4o o.-bx 1077 -3
P 2 % 6,39 S, 50 = oeaxiorn,
- ¥
or EAB = O.43 x 00‘3 = o.043 —‘ae\-ceh‘b .
Kivy, S - :

The discussion of this sectlon presumablznleads only to a rough estimate
of the desired energy tolerance when an inflector is used -~ to sbtaln a
more definitive idea of the requirements it would seem appropriate to study
in some¢ detail the individual trajectories of representative particles ‘
injected with various amounts of momentum~ and angular-error at various
times within the injection interval. :

III, COHERENT RADIATION
1, Introduction: '

Since there has been within the mid-west group some expression of
interest in the constructien of a circular electron accélaxigcr, the atten-
tion of the Technical Group was directed to a recent report'® by Nodvick
and Saxon *Qn the Suppression of Coherent Radiation by Electrons in a

/Synchrotron®, Since some general discussion of coherent radiation resulted
at the May 22-23 meeting, the following comments are appended for whatever
interest and reference value they may have., The mathematical notes are
somewhat crude but may have the merit of affgrding a simple feel for the
phenomenon, : : R




where F(w) -

o~
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P (w) dw per electron,

If the power radj.atad mnwcohsmntl{
the coherent radiation powar from a smal bunch of N,arlectrons charac~

terized by a sym&tri.cal distribution density p is
5 .

fp(x)¢os %d-—x
S (x) aAx

L4

3. List of _ Fn:mnFaciﬂISf  ‘
We cansid.er.i.haz f&llawiagufemﬁfactgs;'

(1) For a uniform bunch of length ta,
g $|Y‘) .l.'.:.(ﬂ-—-

($1) For a Guassi,an humh, af width L hstwge 1 'a puints-

“Pf 5277

(:Lii) For a gmup of garticl&s nwving with 8. H.M. and with
amplitudes uniformly distributed from to L/2: In this case

F(x) cC/ ,,Ls/(sz 2)1/‘2 =¢osh %“;‘— | ondl
F’a%/c:csh—i—.—,&li; cos-“%:’—‘-clx
o 4 ‘
= —1%' ‘! ¢"°\"_i -3',— cos L"_J.’. dy-

4. Introduction of the Incohexant Spectral mstributmn. Pq ()

1f, for the 1aw«-fm«qmmy radiation i.nqmrtant 1n the ol
effects, we write : :
Ty (w) Kw 1/3 '

the coherent rad’latisn in the cases considered becoms

(1) For a unifam bunch, +

2 rcy4/3
Pl - _-————ﬁr”(é’/s) KNZ (&)

= doa w Na' (%)4/~3 .
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(11) For a Gaussian bunch,
, , , 4
- P 3T (£) x V2 (g)"5
= 2.7/ ® N2 (“)4/3

(111) For S.H.M, oscillations with uniformly-distributed
amplitudes the in:teg::at on.-is mx& complex, but it appears safe to take

Te) £ 6K M‘z (c)4/3

.The factor of 6 .represents a -(pessxmistic) estimate of the integral

: oo 1
(1-%-)2' (2.:)4/3 /'Z 1/3 .d.'z._ [/ cosh -1 (—%—). cos zy dy]'z .

(&

5. Resultant F,} mulas foo - the Goherent Radiation:
From €q. (11,2&) af a paper by &hwinggrlﬁ we find (E >> E,)
i/3  _1/3
Toles) des = (%) Cha ) d.co oc
: '7/6 _ 4 ,
~ K K '(%)_—— (‘i‘) (5) /3 | es-u. beins weed .

‘We then find

(1) for a uniform bunch

aw () MoeZ (RyYP o

- The E.M.F. loss per turn is, accordingly,

ey =

2/3 Ne 4/3
Vo) = 2T () (
) ¢ R (£) statvelts/turn
= Goorr(s )2/3 % ('E) Ve
7 velts/turn
_ o3 Ne R 4/
= J.94m x| - ( h) : volts/turn,

with e still in e.s.u.
and R in cm.

_ This result may also be expressed as a ®radiation resistance®:

2/3
Reea, = meg = (_“’2-%@2—— (R)“ statohms

2 4/3 ohms, in agreement with a
= 120 ¥ (EE)  result statgd by Schwinger,l7
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(ii) For .a Gaussian bunch 2y
N2 ®
Tlay= 4 (Ve [ng)T* 7=
in agreement with Eq.w(m of a paper bY_ Schiff.18
e fR a2 Me SR 4
Vay =4 @) (7% % (E) ¥/s

4
(&)/3,%&

statvelts/turn

= 2,,[.4x lo volts/turn, again with

5 Ne /Ry 4/3
R ‘I _ ,

¢ in e.s.u. and R in cm.

(1ii) For.the S.H..jl.wc\ase«f'with distributed amplitudes we estimate

éxlo"? Ne- (ﬂ) /3 volts/turn, with e and R
in the same units
as before,

Vz) =

_. .Les:

. By way af an axample, -first considar a single bunch of electrons
for which i
Vo= 10

R =2 &40 em, and
L/R = 08

then V,, & & 10! X‘/fxm e vg_J;ts
(3) XIo x J’/‘/x,o ' 0777 = 75 .

1f, on the other hand,
N = 3 x 10}l per bunch,

R = 700 cm, and

IL/R. = 0,087, as might be expected with operation
in a high hamnic,

. 1
o~ 3 3x10 . - 2
then V() = ¢4 x 102 x fw’i‘? x 1o "o,;ms= 10° v/éum,

For comparisen,. the- incoherent loss, for electron-energies of
10 Gev and 2 Gev icorrespand in these respective cases to:

V. Hoomn A-8 x 1071° 1000044 = 17x10é V/ﬂu-m'

incoh, ~ 5140 0.5
-10
A& x 10”' 2000 A 2 S v/tur
. : = X 10 r.
vmco\n, = Hoo T 700 o.&57 ' /

_,-\7“ Effect of Sb.ie’ldi ng:

8

The caharent radiaticm, which is ¢of relatively long wavelength,
may be reduced considerably by suita%& shieldihg. By use of a suitably
modified Green's function, Schwingerl? has cpnsidered the case of a uni-
form bunch between infinite parallel conducting shields, of separatien a,
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/~ and obtained a shielding. factor (1/2)(1/3)X® (a/R)(R/1)%3, for L> a.
Saxon has reviewed the derivetion of this factor, which he considers may
assume the value 0,071 in a typical case (R/a = 50, L/R = 0,04), to in-
clude an estimate of the shielding effect for parallel conducting sheets
of finite width. .
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