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THEORY

L OF THR LUBGITUDIRAL AUTIVE DAMPIRG BusTme

POR OTEE CEEH OPY BOOHETER
¥, Pudeveon snd P. Sachevsy
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Longitudinal ipstebilicies have long been fvouble~
in the Boosbev™’. They are desovibed by the coupledw
musber uw = 0§ 3o & for five buschas, and by
roow i for dloole, v = 2 for

bunch
the withiv-busch mode
qusdrupeis, 8 e 3 for sexvupsle, aud so on (Fig. 13, The

mormal b sontrel aysd the rigid-bunch escilin~
gion {mw 1} when a3l five bumches wove together {um =3,
naw faedback &yg&&&§§ domps the othey cowlad-buneh
nom oo 4 for the thryee lowest ovdess, v w» 1ol
Wich the dempdng sveten off, one can display the svele
rion of any #l tha syole, vhich baelps in looag
ing coupling lupedences thar cause lnetebility. Ope cen
sise excize the varisus snd measure the { g
§ rospunss (BF heoskout spplied o s bunched bessd.
This gpives the fraguency spresd within the buseh, the
ctharent freguent shifts, plus the ususl siabilizy dis-
gram in the U~V plane.

Modas of Osellilation

Iz i svident fyros Pige. 1o and 1B thet she line
denaiey 213} of & bunch can be decvupound into owo pavis,
the stationsyy dlstridburion A.7%) plus an addivionsl
charge density Aeft) cseillsting st = tises the syachro~
rvon freguency™’ . The ssclllazing part luftd ie 2w ape
provimetely simwsoldal standing-wave patters with o fized
soder #loung the bumel:

hgind kﬁ{‘%ﬁ»}

wow 2

in sddizion, the 4iffereny bunches say be ocouplaed
togecher, ¥Yor¥bunches, there avs ¥ coupled-bunch wodes,
designated by the index n. ¥or ldenticsl, eyually spaced
bunches, 2oa/¥ is the phase 4ifferesce betwesn adiascent
bunches. The modes cun 2ine be ddentified by the lines
that ooour in the busch speotrun, ¥

g Mmoot emt ],  wwipes (D
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whare £ iz the vevelutlon freguency snd § is the syne
ehrorven fraguancy. These ave shown in ¥lg. 2 for M=3
busches., The lover sidebunde sve glves by negative wal~
ues of p. Flgure 3 shovs 2 sessured specivun, whers the
vendwidih (300 R¥u) is too large o resolve the syushyoe
wrom freynency sidebasds et nfy {fy » 2 WH2). The levge

>, 2 Uhserved spestyvus for mods new d, wed,  Swesp
spuet 2 mseofdiv, bendeldsh 300 W¥s, vange 0-30 ¥z,
lineay scale, bunch length 7r ow €8 nmewo.
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sron prriodd; b)Y Supevimposedy o) Phase spacs.

I withisebunch modes no# 1 2o &, coupladebunch mode patters o ow 4.
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lines st multiples of the vedic fvequency Sfy ave due o tion Freguenzy (Fig. &3, The effective inmpsdences
vhe siatlonsyy bumeh distyibuiion 342}, lev {oavity volvsge/besn current 5% the caviey) of fhe e
ymeguai~bunch 1dnes 2330 etouy at hevsonics of ¢he vevels Zravefey funcvions heve posivive vesistivee pavy fov vppay
wiion frequancy £ if che five bunchas avs vos identisel. sidebands segative vesistive pave for L sidebands
Fig. 83 o both upper and lower sideds s newi b
The suvelope of the speatrum is degernised by the sad 2,3, and & sufficleny wideh o inelude s g mw L
Fourier rrgnefors Aled of A{y}, iy Apiwl for the BF  wo 3. The cholee of 885 and 7% mupuvas thas the form
limes and Jedwd for the sidebend spectvs. The normalized  factors ¥, #ve velatively lsrge for wodes m = 1 to 3
BOWEY SPROLTUR {#ig. 33, zhat the vise delevs are mepagesblis, and thes
the lmpedsnes of the BY caviny tuped vo 58, i3 azill
123 sufficient. Typleal wessured dumping vetes svs a3
600 vt {

ie shown io ¥ig. 4 for the cmse wheye 3elf) iz sssmumed P P R
o bu & sine wave with ol balf-wavelengths aslong the fape=dy | {gaee?) | (see™h)
Buneh. The %m&&%i&g fastor By » busch lengeh 1o ivevelius
tien period 7 is imcluded so thav the nituds of ¥y w o= 1,4 370 050 &0
b length. The sovesl speciyen

suck se Plp. Sie ehown i Pig. 3, moe 2,3 146 (22 50
An ons oan 2ee, the sessured spactrum iz shifred dowsn
in Freuuency, and the vssson is evidead from ¥ig. i,
For
iw, the cosupols o 4 : puly % 3.5
half-wavelangthe., With &&i& servravtion, 8
shrained for the speotrun {dushed curve iﬁ Pig. 3.
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wrate Formals

The growth rvate is glven by «ln fug n where

) ) 4 2 2
Sayn " I BT HY cos ¢, & Tmp &
Four sddicional narvow-bund twvascking $iitare®) pi-
and the form factor ¥y and ¢§§§§§ﬁg lopadasce I are tow observation of the individusl wodes w = I te 4 and
avaivezed ap the ﬁ%&ga@gﬁi@& fp glven by B, {ir. Heza me 1 toé {(Pig. 7). Ap associated trasking drive syse
i is the poral currant in # %§§&§$$; Wy bs the synohroe tem is used bto drive up soy desived mode (m end 1), so
tros frequancy in g§§g§&¢;§ % is the BF harmonic B hat its growth ov demping vate can be messured upder
¥ sin ¢y e the vii i§§ % pak turn wéﬁ? the conven™  oyeu. comditions (Pig. B3, rasuits of these mess~
tion that cos $, iz positive below t tion dnd MERE™  ouiuenvs are shown in Fig. § for dipole sad guadrupole
tive sbove; the usual cooventics is uweed fov Z, nmmaly o400 during the last 250 weec of the cyele. The oode
inductive impedsnce jul has positive resctasce. The fraquascies fy ave also shown. The pradicred du

signa in Bg. {3 ave such thay sidebende sve ay antid A
Ha ng % vy fop &@y&x sud lowsy sidebands
sinbis beloyg trassivios, uppst ands ave stabls, {no» 1,4 and 2,3} is cleavly visible, as well as tha .

snd the opponite fs true sbove bramsielon. Povr e seveow
dunee Z, only one freguency gy &@%&X&%%ﬁ&& e the
s in g@» {3§a

sing vates for anadrupnle
B,

i&g of %&& gronethe
a5 due bo Landas

sutive Poudback g o+
drivin
angtrudinal plekeup iz fod back 13 ks
e the BY scoeleveddsg savidy dhrough tws frecking $il~
sevs cengred on the 658 and YN harsoniss of mhe vevolu- s
Bianle o

fon. stals
& 4B/div,
20 mean div,
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2 % % ® # # w
% dmesured fovs faectevs ¥y te & we growsh, end damplng
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?ig«'§ Growth and ing raves for dipele sud quadpy
poie modes (Bisg 4 with 3.2 x 18%°% provone)

The cousling impedances thal seuse the instabili~
sies sen be found from the growsh/ ng vetes and the
Fore factors {Plg. 3. Theps ls evidently & broad la-
pedance avound ¢ Mz thar drives the n = 4 dipols node,
and move weskly the n = & guadrupols sode {becauwss its
fors fsetor is smaller 4 883}, Supevimposed is the
#ffgut of & nervower vesonsnos arsud 16 HHz ther 4
n® & and drives n = 1, with about eyual sivengsh fuy
dipole and gusdpupele modes, siuee thely Zovw factors
are aboult seusl sy 8.

:

BY Excitvstion
The drive systen, vods analysey, and 8 network

sualveer avs wend o essure the Tigudewphase Tew~
sovse Allel for the vavious modss (Fig. 10). The ves~
ponas duvistes From that of # simple vselllavor, ase
pacially when the deive fregusney i§ within the bend of
inpeburent synchyotvon frequescien® . Cure is wwguired
7o ensure that the bumeh distribuiion s sob modified
by the dvive sigeal. The vespouse was messured &t
fimed frauuencies with drive lavels just shove the
noise level snd short dydve zimes of 30 mses ov lass.

Pie. 10 RBF knockout. Fhase
avound n» 3 dipole sideband,

. 1L Seebdiicy dlegres for w v § dipole mode wish

sy % 10 aversges) luproved the siguale
to=nuiss ravlo.

The fmverse funetlon 1/a{lsd glves the ususl sta
Bility disgrem’’ (Fig. 31, The ovigin is the cohevent
Frogusney, end the b on the curvs i the band of ine
coherent frsguenclies. In thils cass the damping wis o,
4o the svhevent fvsguency fs shiftad into the stable
rogion {balow the ourvel,

he wessurad incobavest fregumncy bands for dipole
snd gvadrupole wmodes ave ahown in ¥ig, 12 for diffevent
intesalitien. They ave shifved downby the siyong space~
charge forres. Por intansities above 2% 1077 protoss
per ving, dipele wodes sve no lougey Lendaw damped,
whizh Fize well with the ssasurad growih vates Flg. 134
Bighey intensivien {» 4.8 x 1852 provens/ving) srve ve-
gudrad vo shift the vohevent guadrupsls Ireguency out
of tha inechersnt band, beceuse 13 szavis lowey {lsrge
siivuds pavsiclies ave move importanit), sud bechuse
space charge ahifes fv down. In musmary, the vexy
targe spece-charge shifvs > 2000 sec™t) o e g
nerent Freguency out of the szeble wveglosn, so that sven
vetatienly smell resistdive lmpedunces of & faw hundred
s ave harmful {377 £ 50 see™)
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