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Abstract guide equipped with a notch filter. Using the program ABCI[2],

we have estimated that the main body of the ARES cavity pro-

In this paper, we deal with impedances of various beamline 8l ces a loss factor of 0.529 VIpC at bunch length= 4 mm

ements in the KEK B-Factory. We will also discuss the power, . o L
deposition generated by a beam in the form of the higher-ordﬁ:e{thIS cavity is connected to the beam chamber (radius=50 mm)

. . o . &l both ends with 100 mm long tapers, the additional loss fac-
mode (HOM) losses by interacting with its surroundings. tor will be 0.363 V/pC. In total, the loss factor of one cell of the

ARES cavity is 0.892 V/pC.
. INTRODUCTION
B. Resistive-wall

The KEK B-Factory (KEKB) is an electron-positron collider )
with unequal beam energies (8 and 3.5 GeV) for study of B meson! e material of the KEKB beam chamber was chosen to be
physics[1]. The dominant issues in the KEKB in terms of beafPPPer because of its low photon-induced gas desorption coeffi-
instabilities and impedance are the very high beam current (816Nt its high thermal conductivity, and its large photon absorp-
Ain the low energy ring (LER) and 1.1 A in the high energy riné‘O” coefﬂme_nt._ Its hlgh_ electrical conductivity also h_elps to_ re-
(HER)) to achieve the high luminosity of ¥@m=2s2, and a ducg the resistive-wall |mpedarjce. Nevertheless, this is still the
short bunch, =4 mm) to avoid a degradation of the Iuminosit)fjom'n?‘_m source of transverse |mp¢d§1nce for_the coupled-bunch
by the hour-glass effect. Since the charges are distributed ofstability. The total transverse resistive-wall impedance of the
many (5120) bunches, the bunch currentis not unusually high. @lEcular pipe with an inner radiusis given by
a consequence, single-bunch effects are expected to be relatively SR
moderate: their stability limits are beyond the design values with Zrw(@) = Zo(SgNw) — i )5 (1)
comfortable margins. The main concern, in turn, is on coupled-
bunch instabilities due to high-Q resonant structures such as\RifereZ, (= 377R) is the characteristic impedance of vacuum,
cavities and the transverse resistive-wall instability at very lofus the skin depthRis the average radius of the ring, and &gn
frequency (lower than the revolution frequency). The shortbun@anotes the sign ab. For the LER vacuum chambeb & 50
can pick up the impedance at very high frequenicy{ 20 GHz) mm), Eq. (1) gives the resistive-wall impedance of 0.2/ at
and thus may create an enormous heat deposition by the higtieerevolution frequency 100 kHz, while the impedance decreases
order mode (HOM) losses. This heating problem requires seridas? k&2/m at the cutoff frequency 2.3 GHz of the chamber. The
efforts to reduce the impedance of various beam component$i&R chamber of racetrack shape may be approximated by a
eliminate candidates for trapping modes all together. circular one with a diameter of 25 mm.

II. IMPEDANCE OF COMPONENTS C. Masks atarc

In this section, we summarize our estimate of impedancesEaCh bellows has a mask (5 mm high) located inits front to be
and loss factors of various beamline components Amof ielded from the synchrotron radiation from a nearby bending

impedance-generating elements of the rings, the largest cont agnet. There are about 1000 bellows (one bellows on both

utors are RF cavities, the resistive wall, masks at arc, pumpiigeS Of €ach quadrupole magnet. There will be no mask for
slots and bellows (because of their large number). BPMs). The cross section of the mask in the medium plane is

shown in Fig. 1. For accurate calculations of wake potentials and
A. RF cavities loss factors, a 3-D program MASK30 has been developed which
solves the Maxwell equations directly in time domain. Using

Two types of RF cavities are under consideration for thgis -,4e we have found that the total longitudinal impedance
KEKB. The ARES (Accelerator Resonantly coupled with Enc-)f 1000 masks is

ergy Storage) cavity is a normal-conductive cavity with an en-

ergy storage cavity to reduce the detuning of the accelerating Im[M] —28%x10°2% © )
frequency due to a large beam loading effect. Another candi- n ’

datg is a superconducnve cavity with 'HOM absorbers. made\%eren expresses the frequenay divided by the revolution
fgrrlte matgrlal attgche_d to the beam pipe. Although a final deﬁ’équencya)o, N = w/wo. The total loss factor is

sion on which cavity will be employed in the KEKB has not yet

been made, we only deal with the impedance and loss factor of k. = 4.6 VIpC, (3)
the ARES cavity in this paper. The beam power of 5.2 MW wiill

be provided by 20 and 40 cells of the ARES cavities in the LE®Rhich corresponds the total HOM power of 62 kW in the LER.
(with wiggler) and HER, respectively. The impedance of the
HOM s in the ARES have been calculated using a computer cdde
MAFIA. Most HOMs are significantly de-Qed, typically much The current design of pumping slots adopts the so-called “hid-
less than 100, by the HOM damper consisting of a coaxial wasten holes” structure similar to those of HERA and PEP-II. A slot

Pumping slots



8 This value is about one-fourth of that obtained by ABCI using
the axis-symmetrical model. The ratio of the two loss factors
. coincides with the ratio of the opening angle of the IP mask from
the beam axis (about 90 degrees) to that of the entire circle. Based
. on this observation, we have learned that we can make a rough
estimate of the loss factor for a 3-D structure by multiplying the

. opening angle ratio to a result for its axis-symmetrical model.
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Figure. 1. Mask at arc
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has a rectangular shape with rounded edges, which is long in ~*°[ ]
the beam-axis direction (100 mm long, 4 mm wide). The slot is
patched onthe pumping chamber side by arectangular grid. They -
help to prevent the microwave power generated somewhere else - . . e -
from penetrating through the slots to the pumping chamber and Z-axis (m)

then depositing the energy in the NEG pumps. There are analytic
formulae for impedance and loss factor of such a narrow slot by

Kurennoy[3]. We found that the total inductive impedance of the

pumping slots (there are 8 slots per meter over the total Iengﬂ]to(j\‘Ot alldof the povvler ger;eratded at thf{“ Igt\;wltl be det[;osned lt<her'|?r.1
1800 m) with thickness correction is epends on Q-values of modes excited between the masks. The

beam chamber at the IP has the cutoff frequency at 6.04 GHz,
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Figure. 2. Mask at the IP

Im{ Z(w)] _08x 103 © @) and the tips of the taller masks creates another cutoff frequency

n ' ' at 8.202 GHz. If the wake fields between these two frequencies

The total loss factor was calculated to be are trapped, the deposited energy will be (using ABCI and the
translation law)

The annular gap (or groove) in 8 BPM between the bgtt%e corresponding power deposition at the IP in the LER is
electrode and the supporting _beam chamber can be approximajeq ;3 W, which is 70 % more than the design tolerance of 200
by a regular octagon. The impedance of a BPM can t_)e tW{Pfor the beryllium window. However, if one takes a close look
calculated from the same formula for a narrow slot conmdenr&gthe impedance of these modes, all the modes except the lowest
it as a combination of eight narrow slots (two transverse, Qe near 6.04 GHz have Q—valu’es much smaller than the one
longitudinal, and four tilted)[4]. Ifwe neglectsmallcontribution%letermmed by the finite conductivity of the beryllium window.
from the longitudinal slots, and consider four tilted slots as t is is because the radius of the beam chamber remains the same
transverse ones, the impedance of the BPM becomes equivaiglilie and outside of the IP region separated by the masks, and
to that of the four transverse slots. For 400 four-button BP Sus the modes can escape to the outside region by making a
.(rzd'u.SZG.'S mr(‘jn, gap=1 mm, and thickness=1 mm), the to dge over the masks. The only trapped mode at 6.04 GHz has
Inductive impedance Is a loss factor of 0.003 V/pC and will deposit 41 W of the power at

Z(w) 4 the IP. This amount of power deposition is acceptable provided
Im[ n ]=13x10" Q. (6) that the frequency of the trapped mode is carefully detuned so
that it will not resonate with the bunch frequency. The actual

The total loss factor of BPMs Is 3-D masks at the IP has a more open structure than the axis-

k. = 0.71 V/pC. (7) symmetrical model, and thus the power deposition might be even
smaller.
F. Mask at IP
There are four masks (two large and two small) on both si& 'R chamber

of the beryllium chamber at the interaction point (IP) to shield The experimental chamber at the IR makes two large shallow

it from the direct synchrotron radiation. Figure 2 shows theiapers. Its impedance has been calculated using ABCI and found

geometry. The loss factor due to these masks has been calculaidsk mostly inductive. They are

using the code MASK30 and was found to be 2@
w

k. =52 x 102 V/pC. 8) Im[==]=10x107 Q. (10)



The loss factor without the contribution from the IP masks is
k. =294 x 10t Vv/pC, (11)

which corresponds to the HOM power loss of 3 kW. This power
deposition must be taken care of by e.g., putting an absorber in
the chambers.

Table |
H. Y-shaped recombination chambers LER inductive impedance and loss factor budgets.
The LER and HER chambers are combined to a single cham-
ber on both sides of the IP (alioB m away). The impedance —
S Component Inductive impedance  Loss factor
and loss factor of two recombination chambers were modeled as
. ! Im[Z/n] (2) (V/pC)
axi-symmetrical structures, and the results by ABCI then were —
i X - . Cavities —_— 17.84
averaged proportional to the azimuthal filling factors. That gives o 3
alarge loss factor almost equivalent to that of two ARES cavities: Resistive-wall - & x 10" at 2.3 GHz 4.0
" Masks at arc Bx 103 4.6
k =16 V/pC. (12) Pumping slots ®x 1074 10.6
BPMs 13 x 1074 0.71
I. Bellows Mask at IP negligible 2 x 1072
3 1
As explained in the subsection for the masks at arc, there are IR chamber 10> 10° 4 2.9 107
. . . Y-chambers —8.0x 10 1.6
about 1,000 shielded bellows in both rings (one bellows on both 3
) . Bellows 423 x 10~ 25
sides of every quadrupole). We have adopted so called sliding Total 0.014 125

finger structure for bellows. These bellows produce predomi-

nantly inductive impedance. Their impedance has been calcu-
lated with use of ABCI. The imaginary part of the total impedance

and the total loss factor for 1,000 bellows in the LER ring are

|m[$] =423x10° Q (13)

and
k. =25 V/pC. (14)

Additional impedance is generated by the slits between the
sliding fingers of the bellows. Using the same formula for a
narrow slot, we found that their contributions are negligible.

. IMPEDANCE BUDGET

The inductive impedances and the loss factors of the individ-
ual elements in the LER are tabulated in Table I. The total lon-
gitudinal wake potential for the LER is plotted in Fig. 3. The .
total HOM power deposition in the LER (corresponding to the 50 |- ' B 8
loss factor of 42.2 V/pC) is P=570 kW. In the HER, the total ing K
ductive impedance would be comparable to that of the LER. The
total loss factor in the HER is larger than that of the LER by 1@ 0
V/pC due to additional 20 RF cavities, leading to 60 V/pC. Th§
corresponding total HOM power deposition is 150 kW. Thesg
numbers should be used in designing RF parameters.
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