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Impedance budget
Antechamber for synchrotron
radiation absorbers and pumping
2 RF cavities
48 bellows units

2 transverse coupled-bunch
feedback kickers

4 longitudinal coupled-bunch
feedback kickers

DCCT (current transformer)

96 sets of 4 beam position
monitors

24 tapers
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Impedance determination

Most ALS components measured
Coaxial wire technique

Traveling-wave technique

Computation
URMEL
ABCI
MAFIA
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average, corresponding to Z/n=0.0015Q, (102 @ 10GHz).
Conclusions

Both methods are capable of measuning very small impedances
above the beam pipe cutoff; the wire method has the advantage that one

' seamless measurement can be made for all frequencies while the

waveguide mode method works only above cutoff but can be used in
siuations where it is impractical to use a wire.

The test resonator shows that either method should be able to detect
objects of the order of Z/n=0.00075%2, (Z=52@ 10GHz). Under labo-
ratory conditions it is possible to improve repeatability to a point where
objects as small as Z/n=0.00015%2, (Z=1Q @ 10GHz) can be resolved.

The broadband skin effect wall loss of the beam chamber is esti-
mated to be approximately Z/n=0.0015Q, (Z=10Q2 @ 10GHz) from the
waveguide mode insertion loss experiment.

The wire and traveling wave methods show that the increase in
beam impedance due to the antechamber is Z/n <0.001€2 and < 0.0005€2,
(Z <6.7€2 and <3.3Q) respectively. There is very little coupling to the
antechamber even above the slot TM cutoff frequency of 15GHz.

The total impedance budget for the ALS is Z/n<2Q2 . For twelve
chambers and an allowance of 10% for beam chamber losses this makes
the maximum tolerable impedance <0.017€2 (Z/n).
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Fig.5 Impedance due to antechamber, wireless method
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Feedback Kkickers

Measured impedance
Q=1 broad-band model

O fres()nant at cut-off = 3 GHz

Transverse

© k=066 V/pC @ R=170Q

Longitudinal

o k=044 V/pC @ R =47 Q
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Bellows units

Several weak resonances

1.4 GHz - 23 GHz
1-3Q
Q=<10

Trapped mode at cut-off
8.3 GHz, R = 250 Q, Q = 1200

May cause beam heating

Flexband damaged April 1995
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distortion of bellows shield (mm)

Approximate impedance of short bellows shield
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DCCT

Two resonances
1.23 GHz, R
1.38 GHz, R

40 Q, Q = 1000
18 Q, Q = 500



Real Part of Impedance (Q)
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Injection Kkickers

Low-frequency resonances
S50 MHz, R =20 Q,Q =1
190 MHz, R =12 Q, Q =1



Real Part of Impedance (£2)

ON BUMP MAGNET
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Injection straight ‘“cages”

Resonances develop as cage is

displaced
For 4.5 mm
2.34 GHz, R
2.47 GHz, R

displacement
=6 Q, Q =50
=5 Q, Q =60
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Beam Position Monitors

Two resonances
3.3 GHz, R = 130 Q, Q = 17
16.2 GHz, R = 63 Q, Q = 470



Introduction
It is desired that the position-monitoring clectrodes, as designed
for the Advanced Light Source (ALS), present an acceptably low
impedance to the clectron beam in order to avoid exciting coupled-
bunch instabilities or heatiag of the clectrodes from induced currents.
These concerns require that resonant responses of any oae of the 400

assumed identical electrodes have peak beam that arc less
than 2.5 ohm within the frequency range from 0.5-t0-20 GHz

Description of eloctrod

Each pickup is a coaxial structure as sketched in Fig. (1) having
a 7.6 mm diamcter exposed surface flush with the wall of the beam
tube and connected to a SO ohm cable. Further details of the electrode
are found in reference [1]. Measurements with a wire excited at
500 MHz have shown the coupling impedance of a single button to
the beam to be Zp = 0.05 ohm as a pickup driving a R, = 50 ohm
load. Atlow frequency the button has capacitance C = 20 pF.

XBL 89)-818

Schematic cross-section of ALS becam chamber with four
button clectrodes.

Fig. 1

Meihod

For measuring the beam impedance, we chose to avoid the
complexities of the wire method extended to 20 GHz, which is well
above the beam-tube cutoff frequency of 5 GHz. Instead, we
measured the impedance Z¢ presented at the face of a single button

and from that calculated the beam impedance.
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The measurcments covered the range 0.1-t0-20 GHz which is
well below the cutofY frequency of the first higher order mode excited
in the coaxial test fixture. For a higher resolution the frequency
range has beea subdivided into four intervals. As a typical result
Figs. (6) and (7) show the button impecdaace in two of thesc
intervals. In the range 0.1-to-5 Gllz (Fig. (6)) there is only one
resonance at 3.3 Gliz. Its unloaded Q is approximately 17. The
pcak button impcdaace is 130 ohm. With egs. (3) and (4) this gives
a beam impedance of 0.06 ohm for a single button. A resonance
with a higher Q factor can be seen in IAg. (7) which shows the
frequency range. At 16.2 Gliz the button resonates with a Q of 270

& peak impcdance of 63 ohm. This corres ds to a beam
impedance of 0.7 ohe poe
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Fig. 7 Real and imaginary parts of the measured button impedance

in the frequency range 15-t0-20 GHz.
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Impedance model

¢ Use measured or computed resonant
impedance of components as input

¢ 1Z/nl fgective

ol

%«ffecﬁve f b2 dn bofy) = —1 T y2m e-y2

m<+
and 2

Impedance Z/m (12)

Frequency a (@onmalised 10 1.5 MHz)

Predicted 1Z/nl ¢y, = 0.25 Q
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Betatron tune shift: E‘S @3‘-“1

o Relate transverse impedance.to;longitudinal

.= 2R’
Letter dated February ll,mﬂm i %‘ Qd|Cummings with the enclosed
“Proposed Verification Survey Plan for the Hot Cell Faci ity, General Atomics, San Diego,
California”

® Then Z’, effective ~ 157 k.Q/m, Zx, effective = 40 Wm

e Measure betatron tune shift as a function of current

dQ, R

dl 41&‘% O)
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e Measured tune shift
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¢ Zx, effective = 58 wm



Frequency domain

Letter dated February 11, 1994 from Timothy Vitkus to Rod Cummi e enclosed
“Proposed Verification Survey Plan for the Hot Cell Facility, Genera gm Diego,
California”

Coaxial wire impedance measurement

Current I is applied upstream of the impedance to be determined, Z. The coaxial wire forms a
~ lkine of characteristic impedance R with the vacuum chamber. A voltage V is generated at the
impedance, inducing currents V/2R traveling equally upstream and downstream. For a localized
impedance (small in extent compared to the wavelength of the applied current), the current that
excites the voltage V in the impedance is

L=L-L
The perturbation in wire current is

-L-L=Y _LZ
Al=L-L=7g=7R

and

B

S21 measurements without the impedance Z (reference measurement) and with the impedance Z
(obyect measurement) give

' Srefu'ence
Z=2R|=22l
Sobject
21
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LER beam position monitor buttons
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Transter Impedance (Q2)
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Transfer impedance measurement
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Figure 7: (a) Electric field; (b) magnetic field distribution at the button of the 2-cm BPM
at the center plane of the BPM along the vacuum chamber. :
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Real {Beam Impedance} (Q)

Transfer Impedance ()
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Beam impedance measurement
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Real {Beam Impedance} (£2) Real (Beam Impedance} ()

Real {Beam Impedance} (Q)
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