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Abstract .

The impedances of the Tevatron separators are revisit&t™
and are found to be negligibly small in the few hundred 85 G

o | ——— L
MHz region, except for resonances at 22.5 MHz. The late | " —————— | 25
are contributions from the power cables which may drive j :I ’7 '

head-tail instabilities if the bunch is long enough.

[. INTRODUCTION 275 m
Figure 1:The simplified separator used in MAFIA computation

Large chromaticities~ 12 units) were required to con- monopole and dipole wake potentials.

trol the transverse head-tail instabilities observed recent?)g
in the Tevatron. Application of the head-tail growth expres-

sion [1] reveals that the necessary transverse impedance to 10|
drive such instabilities has to be at least twice the amount
estimated in the Run Il Handbook. [2] This underestima- 05 ¢
tion becomes thrice when it was suggested [3] that the§
transverse impedance of the Lambertson magnets have,
been overestimated by ten foldlt was further suggested N s |
that most of the transverse impedance actually comes from
the static separators: the vertical transverse impedance

should be 5.33 M/m assuming 27 separators while the — _ . ‘
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Run Il Handbook estimation has been only 0.082/vh "Erequency (GHZ)
assuming 11 separatdtsThis 24 time difference for each R L
separator prompts us to review the impedances in detail - oenes: e

by numerical computation, theoretical reasoning, and ex-

perimental measurement. The conclusion points to thes
fact that the separators actually contribute negligibly when§
compared with other discontinuities in the Tevatron vac- .=
uum chamber, except for the rather large resonances af
22.5 MHz due to the power cables.

Il. NUMERICAL COMPUTATIONS by
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We model a separator without the power cables as two Frequency in GHz
plates 6 cm thick, 20 cm wide, 2.57 m long separated bgigure 2: The real and imaginary parts Zﬂ (top) andzj- (bot-
5 cm inside a circular cavity chamber of length 2.75 mom) of one separator as computer by MAFIA.

and radius 18 cm (Fig. 1). The beam pipe is circular ”?ire well below the cutoff frequency of 4.59 GHz and there-

cross section with radius 4 cm. The 3-D code MAFIA [4]

. L fore appear as narrow resonances. The separator can be
has been used to obtain the longitudinal and transverse . L .
: g X . viewed as two pill-box cavities joined by a coaxial waveg-
impedances shown in Fig. 2. We find, at low frequencies

7l ~ _0.019 O andZ, ~ —0.0075 MQ/m which agree uide. The coaxial waveguide resonates when its length

with the estimation given in the Run Il Handbook. equals to an integral number of half wavelengths. Thus,

In many cases, a 2-D approximation, assuming cyIindnt-he lowestmode has a frequencyg(2f) = 54.5 MHz and

cal symmetry of the 3-D problem, should give us a goo8uccesswe modes are separated also by 54.5 MHz, where

o X he velocity of ligh =275mis thel h of sep-
insight as to the physics of the problem. The advantage'FQét eve OC'ty.O 'ﬁ tand di Smist edengt r? sep- |
obvious; we can use more mesh points to better represéarg?tor' TO excite these standing TEM modes in the coaxia

’ . waveguide, electromagnetic fields must penetrate into the
the geometry. The first 50 resonant modes computed b

the 2-D URMEL code [4] are shown in Fig. 3 (top). Theys\épara_tor, and penetration is only efﬂmem when the frg—
guencies are near the resonant frequencies of the cavities

* ng@fnal.gov at each end of the separator. These pill-box-like cavities
TWork supported by the U.S. Department of Energy under contradiave a radial depth af = 18 cm with the first resonance at
No. DE-AC02-76CH03000. 637 MHz, and we do see coaxial-guide modes excited very

1The CO Lambertson magnet removed recently shows very large trang- : : :
verse impedance. The Run Il Handbook estimation has been rather rou%ﬁ,UCh stronger near this frequency. The next pill-box-cavity

but reasonable. mode is at 1463 MHz with a radial node a84 cm which
20.82 MQ/m quoted in the Run Il Handbook is a misprint is very near to the outer radius of 8.5 cm of the cylindri-



' ' ' ' ' [ll. COMPARISON WITH BPM

0.20 - . The Tevatron stripline beam-position monitor (BPM) is
similar in structure to the separator. Here, the striplines
- . play the role of the separator plates. The main difference
is that each end of the striplines is terminated with resistor
010 . Z: = 50Q, which is equal to the characteristic impedance
of the transmission lines formed from the striplines and the
] enclosing outer shield. As a pulse of protons crosses the up-
| ‘ ‘ “ i | strear_n gap, it creates on _the beam-side of theT stripline neg-
000 Lt b il Wl 2 ative image charges, which move forward with the beam
Freauencv (MHz) pulse. Since the stripline is neutral, positive charges will
> ' ' be created at the underside of the stripline. These positive
charges, seeing a terminatidg in parallel with a trans-
mission line of characteristic impedangg split into two

5240 r 1 equal halves: one half flows down the termination while
% the other half travels along the transmission line and flows
‘;\r
2

z,' (MQ)

down the terminatiorZ; on the other end of the stripline.
10} . When the beam pulse crosses the downstream gap of the
BPM, the negative image charges on the beam-side of the
‘ stripline wrap into the underside of the stripline; one half
00 1 ‘\‘ “ L “Lm.uﬂ“ Lot flows down the downstream termination while the other

00 " Frequency (MHZ) %009 half flows backward along the transmission line and even-

Figure 3:%62(! (top) andZe Zi- (bottom) as obtained from 2-D tually down the up.str.eam termlnat!on.. qu simplicity, let us
URMEL computation. assume the velocity in the transmission line to be the same
as the beam velocity, the current in the downstream termi-

cal plates. Thus a rather pure cavity mode is excited Witﬂation vanishes between one half of the stripline underside
very little contamination from the coaxial guide. This ex-POSitive charges and one half of the wrap-around negative

plains why we see a very strong excitation of this modinage charges. At the upstream termination, we see first
without many coaxial-guide modes at nearby frequencie@ POsitive signal followed by a negative signal delayed by
The third pill-box-cavity mode at 2294 MHz can also pdwice the transit time of traveling along the stripline. Thus
seen in the figure with coaxial-guide modes at surroundirfg© Potential across the upstream gap is

frequencies. Because excitation decreases with frequency, 1

the shuntimpedances are much smaller. VD) = EZC [lot) =lo(t —2¢/0)] , (1)

Due to the finite mesh size and rms bunch length usetherel is the length of the stripliney(t) is the beam cur-
in the computation, MAFIA broadens all these sharp resgent, and the facto represents the fact that only one half
nances. If all quality factors are broadenede= 15, the of the current follows down the upstream termination each
result looks very similar to that in Fig. 2, implying that ourtime. The impedance of one stripline in the BPM becomes
interpretation of the longitudinal impedance of the separa- 1 2 .
tor is correct. Zl(w) = >Z (%) (1_ elzm/c) 7 @)

2

Similar analysis applies to the transverse dipole mode\%’ . . .
h h le th I h

The lowest 50 resonances computed by URMEL are shown ereg,is the angle the stripline subtends at the beam pipe

S : axis. The factofg,/(2m))? has been added because only a
in Fig. 3 (bottom). The first two transverse resonanceﬁaction%/(zm of the image current flows across the gaps

in the p||_|—box_ cavities are 1016, 1860 MHz. We doi.nto the strip line and only a fractiog,/(2rm) of the image
see coaxial-guide modes enhanced near these frequenc&%sr.rent sees the potential across the gap

There is a special mode when one wavelength of the mag—F tor plate. th terminati ith
netic field wraps around the space between the cylindrical or a separalor piate, there are no terminations on either
d. As a result, while the negative image charges flow

I h i hield. Thi h
plate and the encasing outer shield 'S space has rada ong the beam-side of the plate, all the positive charges

fromr = 8.5 to 18 cm. The wavelength will b& = 27r .
and the frequency will be between 265 and 562 MHz. ThiQeeded to balance the neutrality of the plate flow along the
nderside of the plate. These negative and positive charges

explains the cluster of low-frequency coaxial-guide mode¥ L
in the URMEL result. There is no cylindrical symmetry in)ust annihilate each other when the beam pulse reaches the

the actual separator and this low-frequency cluster is ther: ownstream end of t_he plate. Thus there is no dissipation
fore not present in the MAFIA results of Fig. 2. Again' the plates are considered perfectly conducting. The only

if we broaden the sharp resonances until the quality factSPm”bUt'on to impedances come from the resonances in

reaches 15, the real and imaginary parts of the transvef{% ca.vr?f[t?aps. ts.'gct? thgs?hrefonint f(;qum_c'les are high,
impedance will look similar to the MAFIA results of Fig. 2. ere s littie contribution In the few hundre Zrange.




IV. MEASUREMENT andzﬂ ~ 4.10 MQ/m, which are rather large. The longest

L ','evatron bunch has beeasy = 95 cm rms. Considering
The coupling impedances of a separator have recentg\/6 the lowest head-tail mode will have a frequenc
been measured [5] via the attenuatf®y by stretching a % W : Wit hav quency

0.010 tin plated copper wire through the separator for th&f ¢/(4v/60,) =32 MHz. Thus this 22.5 MHz mode may

longitudinal mode and two wires for the transverse mod@©S€ a danger. There are ways to alleviate the effect. One
The impedances are derived from is to increase the length of the power cables so as to further

1 2Z.cInS, reduce the resonant frequency. A second way is to increase
Z(‘)‘ =27 (— - 1) = Tl ., (3) the damping resistors to about 500 [5] hoping that the
.le . w ) eak impedances will be damped by a factor of ten. The
whereA =1 cm is the separation of the two wires an(ﬁesigned Tevatron rms bunch length is oajy= 37 cm. If
Zc = 50 Q is the characteristic impedance of the cableg,s shorter bunch length can be achieved, the lowest head-

connected to the network analyzer, to which the wires haygi mode will have a frequency of 82.8 MHz, too high to
been matched. In Fig. 4, we pfathe measure(%’ezg/n be affected by the power cables. ’

d%eZ-. W that botz/l dzt tain th
an eZl e see al 0 O/nan 1cona|n e V.OTHEREST|MAT|ON

o2 Ref. [3] suggests the vertical transverse separator wake,

_ €2 50 gz—20)| 0
W@ =500 -0z-20)|35. @
c based on two plate separated by -2 5cm without any
L1l i outer shield, wheré&, is the free-space impedance. The
f vertical transverse impedance is
o
1 _ Z0C fl _ Riwl/c
Zl*znb212w<1 ¢ ) ®)
and becomes, at low frequencies,
Mo A
%% 02 c 04 é,;i_' 08 1.0 n Zl a3
requenc - _
y quency B2 IME =21 ©

which gives the estimation cited earlier in the Introduc-
tion. The wake resembles the stripline BPM wake [cf
Eq. (1)] with a reflected current at the downstream end of
the separator plate. As we have discussed earlier, there
is no reflected current because the positive and negative
charges created on the plate annihilate when the beam pulse
| i crosses the downstream separator gap. An outer shield is
very essential for an separator model, because a waveg-
EW uide/transmission line will be formed. For the BPM, the
%0 02 : 0.8 1.0 transmission line characteristic impedanteenters into
the impedance expression of Eq. (2). Without the trans-
Figure 4: %eZ/n (top) andeZz- (bottom) as measured by missjon line, here in Eq. (6), the much larger free-space
stretching wires. impedanceZ, enters instead.
resonant structures determined by MAFIA and are small
in the few hundred MHz region. However, we do see a REFERENCES
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