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Abstract Let's evaluate the broad-band impedance contribution

In the framework of the Spanish Light Source CEI_Lgntroduced by various parts of the ALBA vacuum chamber.

project [1], an analysis of coupling impedance of th .
ALBA storage ring has been carried out. Broad-ban esistive Wall

impedance has been evaluated using the MAFIA code andFor a round vacuum chamber of raditisand length
analytical formulae, for various components of the ALBAL, contribution of wall resistivity to the total broad-band

vacuum chamber, such as cross-section transitions, bghpedance can be evaluated using the formula [2]:
lows, button-electrodes, strip-lines, high-order modes of

o L wZyd, 2 L Zys
RF cavities, etc. Z = (1+i)%w2c0b( , Z| = %(H’i)ﬂ 23‘ , (2)
IMPEDANCE AND INSTABILITIES where Z,=120r Q! is the free-space impedance and

An intensive particle beam moving in a vacuum cham?s = V 2p/ v 1s the skin depth.
ber induces quite strong electromagnetic fields affectin For the ALBA stainless steel vacuum chamber
the beam itself. The most significant results of collectivfp =073 pm, - pu=pio, L =268.8m, b=14mmy,
effects are various instabilities of beam motion, which Caﬁe3|st|ve wall - impedance . at the cui-oif freguency
lead to beam losses or beam quality deterioration. we=c/b=2m-341GHz is Z)/n=01(1+17)%,

To describe the beam-environment interaction, each paft- — 36(1 + 1) k2/m.
of a vacuum chamber can be represented as frequen

depended coupling impedance. The real (resistive) part gross-section Transitions

the impedance results in energy loss of beam particles, theFor a cylindrical vacuum chamber, there are formulae of
imaginary (reactive) one produces a phase shift of particlégw-frequency impedance of untapered cross-section step
oscillation . from radiusb up tod [2]:

For almost all cases, impedance of a vacuum chamber
section can be approximated by a resonant RLC-circuit for 2 _ . Zo (d—b) | d Zo (d—b) d*—b?

In-, Z,=1 .
each oscillation mode: n 2TR nb’ L=t wb2  d?24-b2

®)

_ R Tapering with a slope afand = -, wherel is the taper
Z(w) = ; Yy : &b ,
1+iQ (i _ ﬁ) length, reduces the impedance roughly by factosiod.
wroo v For a small-angle circular tapered transition, there are for-

: . 5 .

whereR, is the shunt resistance of the longituding)or  Mulae [3] valid at frequencies < C?/_b . If the taper is

transverse (2/m) mode;, is the resonance frequency andlinéar tanf = const, the impedance is:

Q is the quality fagtor. N . o Zy  Zowotand Zotanf /1 1
Because damping (rising) time of an oscillation mode — =i——— (d—b), Z, =i ——=.

. "0 - n 4dme 2 b d

is 7 = =, we can separate the narrow-band impedance @)

(Iong—t|me wake ,ﬁeld) and the broad-bgnd Impedance yanqyerse impedance of a rectangular taper with the

(short-time wake field). The narrow-band impedance leaqg, i nta half-sizer and the vertical half-sizé (h > b)

to bunch-by-bunch interaction and can result in multiis oo hajf of the impedance of a flat tapered collimator [4].
bunch instabilities, whereas the broad-band one leads 9 a linear taper, it is:

intra-bunch particle interaction and can cause single-bunch
instabilities. Zohtan® (1 1
Z, =i——— = — = |-
8 b2 d?

®)

ALBA IMPEDANCE BUDGET L :
Longitudinal impedance of a rectangular taper is roughly
For a whole ring, sum of broad-band impedances of all /b larger than the impedance of a circular taper with the
the vacuum chamber components, generally called "broadame size.
band coupling ring impedance”, is used as a global stability Formulae (3-5) are used for rough impedance estima-
criterion for intra-bunch particle interaction. Since longi-tion of a taper with complex geometry, for more accurate
tudinal broad-band impedance is inductive for almost almpedance evaluation, the MAFIA code is used.
practical cases, the normalized impedaugen is used, Regular part of the ALBA vacuum chamber has an oc-
wheren = w/wy is the revolution frequency number. tagonal cross-section with the aperture of 72x28%nm
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In the bending magnets, the vertical size decreases frddutton-electrode BPMs
28 mm down to 22 mm, in the narrow gap vessels for inser- To estimate broad-band impedance of the ALBA

tion devices (ID) it decreases down to 8 mm, and in the RE , .
. : : utton-electrode BPM, let's take the following parame-
cavity sections the vacuum chamber cross-section chanqes

. . €rs: r,=6 mm is the button radiusC}, =0.5 pF is the
e e i g o L Cn-elecode Capactanc—r (12012 s e
Lon. itudinal impedance of the IgF cavity taper e?nd the | flective semi-angular aperture. At frequencies lower
9 peda . y taper anc han w.=c¢/r, =27 - 8 GHz, the impedance of a button-
taper calculated using MAFIA is presented in Figure | S . .
. . . . ectrode is inductive [6]:
in comparison with the formulae for a circular taper amf

for a rectangular one correspondingly. Sum broad-band Z 271y (0 2R Z|
— =i | = ) ZJ_ = 75 > (8)
n R T b2 n
6 i T y " . TP
—e— RC 21m whereZ, = 7t is the characteristic impedance.
-~ cres Lo At frequencies higher than,, the impedance has reso-
af| = — rect: 2.8m nance peaks at the frequencigs= ;> (2k — 1):

(o]

£

o I Py 7 wo 22 (0

e’ ‘ | () = 0(> ©)

. )
*************** n Wi L \ T

‘ ‘ ‘ whereZ; =50 2 is the termination impedance.

0 2 4 6 8 Figure 2 shows longitudinal impedance of one 4-
button ALBA BPM calculated using (8,9) in compari-
son with the MAFIA simulation. There are 120 button-

Figure 1: Impedance of the ALBA tapers.

impedance 082 bending magnet tapers§ /n = 18; mS, E—rrey
Z 1 =9.6i kQ2/m, the impedance o RF cavity tapers is 10
Z)/n=12i mQ, Z; =4.1ikQ2/m, and the impedance of  , | - - - -

16 ID tapers isZ /n=48i mQ, Z, =44.1i kQ/m. E 10"
N
Bellows 10°
The ALBA bellows have the length=48 mm, the inner T ‘
radiusr; = 51 mm and outer one, = 66 mm. The cor- 10° 10"
rugation depth i$r =r,—r; =15 mm and the corrugation f. GHz

period isw = 2.824 mm. At frequenciesw < c¢/w, the

impedance of unshielded bellow is inductive [5]: Figure 2: Impedance of the button-electrode BPM.

Zy . Zol (1 n 6r) 7 2R Z) electrode BPMs in ALBA, so their broad-band impedance
= =7 | L= 75
n 2R

=i ; = © sz /m=32mQ, Z, =13.9i kQ/m,

Total impedance of 48 ALBA bellows &37: (2, this value ~ Strip-line BPM
is too big, so all the bellows should be shielded. According . . - )
to experience of other facilities, shielding reduces drasti- Low-fre_quency |mpedancg of a pair of strip-lines is cal-
cally the broad-band impedance of bellows. RF shield Oqulated with the formulae [2]:

the ALBA bellow has 30 narrow slots of 2@mn?. At

2
frequencies lower than/27l = 2.4 GHz, the impedance Z|=2Zr (d)) <2 sin? w—l—z‘sin M)
of a slot is inductive [2]: 2m ¢ ¢
Zyc (4\ ¢
2 _ . Zowo e + 7 iy Qetam ) Zl:?bﬁ <¢>) S (10)
n ¢ 4m?p? L=

where Zr is the termination impedancéjs the strip-line
where «. is the electric polarizability anda., is |ength, and is the angle subtending to pipe axis. Figure 3
the magnetic susceptibility. ~ For a rectangular slotghows the impedance of the ALBA strip-line BPM, cal-
e+, =w?(0.1814-0.0344%). Total low-frequency culated using the following parameters:Z; =50 €,
broad-band impedance of 48 shielded bellows calcy— 178 mm, p=m/4. Broad-band low-frequency

lated with (7) is small enough: Z/n=-7.8i M, jmpedance is Zy/n=26imQ, Z, = 21.5i kQ/m.
Z, =—6.8i kQ2/m.
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10 Table 1: ALBA broad-band impedance
Zy/nl 121
1& mQ  kQ/m
% Resistive wall @ cut-off frequency 140 50.3
F L ID tapers (16) 47 441
1 Bending magnet tapers (32) 18 9.6
RF cavity tapers (6) 17 4.1
107 Shielded bellows (48) 8 6.8
107 10" 10 10" Button-electrode BPMs (120) 32 13.9
f. GHz Strip-line BPM 26 21.5
. ) . RF HOMs (6 cavities) 300 27.6
Figure 3: Impedance of the strip-line BPM. Other (flanges, antechamber, etc) 50 10.0
Total 530 103.3

High-order Modes of RF cavities note:|>> Z| # > | Z|

High-order modes (HOM) of RF cavities usually intro-
duce a considerable contribution to the broad-band ring
impedance. Although the impedance of each HOM is

narrow-band, a broad-band component appears due to in-

tegral effect of all the HOMs. Broad-band impedance of
a RF cavity is a sum of impedances of all the high-order
modes [7]:

M
Zipr =) Zn M. (11)
m=1
The impedance of:-th HOM can be written as (1), at low
frequencies this impedance is inductive:

. whRy
B Qmwm-
In Figure 4, there are longitudinal and transverse
impedances of the ALBA RF cavity high-order modes,
calculated using the MAFIA code. The fundamen-
tal mode is subtracted from the longitudinal impedance.
Numerical integration of the MAFIA data in the frequency

Zp M () (12)

7 ke

12,1, ke/m

(1]

f. GHz

(2]
Figure 4: RF cavity HOM impedance. 3]

range of0.6 — 5.0 GHz gives the low-frequency broad-
band impedance of one cavity(Z/n|Eg" =51mQ,
|Z | HOM = 4.6 kQ/m.

(4]

(5]
Broad-band Impedance of the Ring (6]

A summary of the ALBA broad-band impedance is prer,
sented in Table 1. Figure 5 shows the relative impedance
contributions.
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Figure 5: Broad-band impedance contributions.

REFERENCES

J.Bordas, J.Campmany, D.Einfeld, S.Ferrer, M.Munoz,
F.Perez and M.Ponf Concept for the Spanish Light Source
CELLS Proc. of EPAC 2004, Lucerne, Switzerland, 2004
A.W.Chao, M.TignerHandbook of Accelerator physics and
Engineering World Scientific, 1998

K.Yokoya, Impedance of Slowly Tapered Structyr€ERN
SL/90-88 (AP), CERN, Geneva, Switzerland, 1990
G.V.StupakovGeometrical Wake of a Smooth Flat Collima-
tor, SLAC-PUB-7167, SLAC, Stanford, USA, 1996

E.Keil, B.Zotter, Particle Accelerators 3, 11, (1972) eq.2.8.

A.G.Ruggiero et al., CERN ISR-RF-TH/69-7, CERN,
Geneva, Switzerland, 1969

E.Karantzoulis, The Coupling Impedance of the ELETTRA
Storage Ring, ST/M-TN-90/14, Sincrotrone Trieste, Trieste,
Italy, 1990



