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A trans\'ersc hcalll dampcr syslcm for proviJing bcam slabilily ag.aisl ground mol ion, resistive wal! instability. and wake I¡cld multibunch
instahility In hil=colliders is outline. The system uses lwo heam position monitors single "'-id,er. and a novel correction squcme "'o'hichpcrmits
almos! exact mhit compensation within two lurns.

K/'-,wonJs: Kicker; trailSverse damping syslcm

Se eshoza un sistema transversal amortiguador de un haz de partículas cargadas qlle provec es!ahilid;ld cn el haz respel'lo a movimiento de la
tierra. inestahilidad dehida a la resistencia en las paredes, e inestahilidad debida al campo cleclromagnélim residual en grandes aceleradores
colicionalcs. El sistema hace uso de monitorcs posicionales del ha/. un solo corrector (k/{'ka) y un esqucma lIovedoso de corrección que
permite una cOlnpcns¡ll'ióll casi exacta en la órhita del haz en dos vucltas.

/)l'Jui'1/0n'.c Kidcr; sistema transversal amortiguador

PAes: R4.71J.+p; R4.90.+a; R5.20.-1

1. Introduction

Thc maio goals 01" a transvcrsc damping feedback systcm
for a collidcr is 10 control lhe multibunch hcam instahilitics
which arrear tille 10 wakc ficlds [1] and rcsistivc \Vall, 3mJ (o
control possihly lhe bcam cmiltancc grows tille lo ground m04

¡ion {2j ami otller sourccs 01"noiscs. likc powcr supply ripplc
in supcrcondm:ting magncts. Thc control 01' these instahilitics
and lile cmitlancc grO\v are 01"fundamental importan ce for Ihe
nc\\' hig C()llidcrs 10 rcach thcir dcsircd luminosity ami opcra-
¡ion lime. Exalllplcs nI' thcsc machines are lhe Largc Hadron
Collidcr (lJIC), linda cOllslruclion in Europe, which \vill
work al supcrlluid hcliuI111cmpcraturcs, anO a possihlc higgcr
machines (200 TcV)undcr discussion 13Jwhich may work al
I¡quid Nitrogen tcmpcralures (resistive wal1 instability is crit-
ieal here). The minimal transverse damping system 14] (one
nr Iwo heam positioll monitors (BPl\1) plus one kicker (K))
has several v..'ell knuwn disadvantagcs [5]. A novel scheme of
two BP!,l-two K was !irst propuse hy Chen and López [GI
\Vho show its enonnous advantagcs. This schcmc was op-
timized later on (reference [5]). Despite the advantages 01'
Ihis scheme to control l11ultihuneh instahiJities and emittance
grow, il has the complication of signal prossecing (two BPM)
and hardware (1\\'0 K) for each plane 01' motian (horizontal

I

antl vertical). In Ihis paper a novel scheme using t\'.,'o BPM-
one K antl full correction inlwo turns is outline. This se heme
has the same ad\'antages of the scheme outlined un Ref. 5,
huI having simpler hardware [7J.

It is illlporlant lo poinl out Ihat there is a very important
reaSUr1 why il is necessary to have very fast damping (one
or two lurns) ollhe heam instahilities. This one is that fast
damping can reduce the emillancc grow 01"the heJm instahil-
ities which lTlay jeopardit.e lhe cxpcctcd performance 01"Ihc
high intensity-high cncrgy collidcrs [2].

2. Analytical analysis

A simplilicd diagram oj" Iwo BP1\1/s ami one K feedback sys-
lcm is shown in Fig. l whcrc a lúlly decoupled motion is
assulIled, and Ihe 1Il0lion is restricted lo a single plan e, say
hori/onlill. B's ,1Ild K represent the lucation of the t\Vo BPM's
and kickcr, Ó ami ~,','represenl the rclative rhases advanccs be-
twecll these elcments, (n's, ¡3's) are the Courant-Snydcr [8J
parallletcrs associaled with the location 01"each element, JI is
(he (une of the machine, and X's and XI/s represent the am-
pliluJe 01"Ihe o\cill<ltion ami the angle made by lhe hunch.
Using the Couranl-Snyder map, the coordinates of the hunch
al lhe Iminl H2 are givell in lefms 01"those at the point Bias

(x.,)X~ (1)
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Sincc the variables Xl and X2 are measured, using Eq. (1).
S; and X~ arc givcn hy

Thc coordinalcs al the kickcr location are connected with
Ibose al lhe B2 as

"' XI (eoS<I> )"\1 = -- -.-+(ll
{JI SlIl <1>

(2)

and

X~= ,_\,__ + _X, (_cO_S_<I> _ (l') .
- .,¡¡r.¡J:; sin <1> (J, sin rp -

(3)

(X,,)
'"'\.3 (

j!#;( cos ljJ+ (l, sin ljJ)

1 + 0'20'3 . 0'2 - 0'3

- ,¡¡;:;¡;:; SlIl ljJ+ ,¡¡;:;¡;:; eos ¡JI
, " (:, 3

,¡¡;:;¡;:; sin ¡j, ) (X,) ( O )
X' + UffJ 2 1

fIij(eoSI/I - n;¡ sio ¡j)V¡¡;
(4)

x

I
whcrc Ihe kick, VI. is lhe corrcction made by the kickcr
whicb at Ibis lIlolllcnt is unknown. Usiog Eqs. (2), (3) aoó
(4), and making someTe arrangcments, it follows

"' Xl cos I/J - (}3 sin 1/J
'\3 = - ., V1J3i1¡ S III <1>

.\, eos(1) + 1jJ) - (l, sin(1) + ljJ)
+ . +U¡. (5b).jlJ;¡T, SIIl<l>

s
2_---- .

BI B2 K K
• • • •

(a1, PI) (02. P2) 103. P3) 1"3. il:ll(~P ( ~~) (~) ( ~~)

I--~ '" I ~ I

"_ "1*13 sin1jJ • ~3 sin(1) + ljJ)
.\, - -'\1 ---+ '" -----. ¡JI sin <1> - {J2 sin 1>

and

(5a)

FIGURE l. t\1odcl fm Iw() turns cancelation of coherent motion. Thcn, a onc.lufI1 map is maJe in arder to effecluatc lhe scc-
ond tUfI101' lhe hunch. lts coordinates at lhe kicker location,
(}~1,}~{),are derivcd fmm lhe transformation

(
Y3) (COSJl+~3SiIlJl
l~1 = 1+ 0'3 .
" ----slIl/l

{J3

¡la Sillll )

('os li - 0;1 sinll (X
3
) (O)X~ + U2 '

(6)

I
The complele cancelation of the coherent oscillalion at this
second lmn is satisficd if lhe kicks UI and U2 are chosen such
that Y, = Oami Y{ = O. Dning Ibis in"Eqs. (7a) aod (7b), the
following cxpressions for the kicks are broughl about

whcrc U2 rcprcscnts (he ncw kick givcn lo the bunch. Us-
ing Eqs. (5a) anó (5b) in Eq. (6), lbc new coordinates of Ihe
hunch al the Idckcr location can be written as

, " 1Tit3" sin(/1 + ljJ) "j!#;3 sin(/1 + <1> + 1jJ)l3 = - ~\, . + .\, .
{J, SlIl <1> (J, Slll <1>

(7a)

aoó

X, sin(I' + ljJ)
VI = ------.----

~ SIII1>

and

X2 sin(l' + 1>+ 1jJ)
.jlJ;¡T, sin 1>

(8)

X, eoS(I' + ljJ) - n3 sin(I' + 1jJ)
~ sin <1>

" ~J:l ('ns(l' + <1> + ljJ) - (l3 sin(I' + <1> + ¡jI)+ .\') ---------------- ¡J, sin <1>

+ (eos l' - n;¡ sinl')U¡ + U,. (7h)

Ul = (- ('0:-; 11 + 0':1 siUll)U1

XI ('05(1' + 1/1) - 03 sin(l' + ljJ)+ ------------.jlJ;¡T, sin <1> .

X2 eoS(11+ 1>+ t/J) - o,sin(l' + <1> + 1/))
- ; ¡J:¡fi2 sin <1>

(9)
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qX2(COS 11 - 0:3 sin/!)+ . (11).,flJJJ; ,
whcrc Ihe paramclcr 9 has hecIl introduccd lo take ¡nto ac-
coun! the gaio oCthe feedback systcm.

Thcsc last two cxprcssions rcprcsent the new seheme for
dumping the transvcrsc bcam instabilities. They depend on
the firs{ tum rncasurcrncnts, and the rclativc phases phi and
psi are arbitrarics. If the rclativc phase advance hetwecn B 1
and B2 is </> = 1f /2, and belween B2 and K is ¡J; = 1f /2, the
corrcction schclllc is givcn by

gX, casI' gX2
VI = ---- + -- (10)

~ sin l' .,flJJJ;
and

V2 = (-COSIL+o3sinIL)V,
gX 1(sinlL + 03 cos 1')

.,flJJJ;

3. Comrnents and conclusions

Nurncrical simulation wcrc made in the past with the seheme
presented in this paper (see ReL 7) confirming Ihe excelent
charaClcristics ror damping the dipole moJe multibunch in-
stability ariscd from rcsistivc wall impcdancc in big super-
conJucting collider rings. Thc novel fcature is the schernc
which pcrmils exacl orhit compensation within two turns,
using Iwo heam posilion monitors and a single kicker, This
damping systcm could he lIscd for aH stages of collider ring
operation like injeclion, acceleration and collision if Ihe dy-
namic range 01' (he apparalLls is made wide enough, [rom mi-
cromelers lo millimitcrs. The powcr amplificr 10 makc lhe
correclion within Iwo IUfI1smay he a prohlcm for corncrcially
availahle kickers,hut Ihis powcr may he requircd ir crnittancc
grow !TIUS( he conlrollcd.
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