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1.0 INTRODUCTION

The collider ring for the Superconducting Super Collider (SSC) requires 6000 bellows to con-
nect magnets and allow movement due to contraction of the magnets during cooling. Bellows have
unacceptably high impedances in the collider ring and must be shielded. The original impedance
budget (which was based on an older design) for 6000 rf joints was estimated at Z/n = 0.12 ohm for
the longitudinal and Z¢t = 10 Mohm/m for the transverse impedance. With the new design it was
hoped to lower these numbers to Z/n = 0 .075 ohm and Z¢ = 2.8 Mohm/m.

2.0 DESCRIPTION OF RF JOINT

At the SSC we adopted a design based on 1f joints used at CERN. Figure 1 shows the if joint
designed at SSC. The solid pipe side tapers to a larger diameter at the joint end. The other side,
which is terminated in long narrow beryllium-copper strips, slides over the tapered end. The taper
ensures that the rf contact is at the end of the solid pipe. A spring fits around the strips away from
the contact plane, ensuring good pressure at the rf joint.

Figure 1. Photograph of rf Joint Mounted in Measurement Assembly.

3.0 MEASUREMENT PROCEDURES

Figure 2 shows the budgeted impedance per joint and the measurement threshold for both the
longitudinal and transverse impedance measurements. The measurement threshold numbers
indicate that the measured transmission (s21) is accurate within 1% for measuring small imped-
ances which is indicates the measurement sensitivity. The actual measurement errors are actually
closer to about 20% for impedances several times higher than the threshold level and may be
closer to 50% near the threshold or at very low frequency for the transverse measurement.

The wire measurement method!™ was used. Because the rf joint is not a well-defined length a
sliding measurement fixture was designed that could lock down over a range of lengths. The
measurement procedure is as follows. A reference pipe of fixed length representing the length of



the joint warm (or another pipe representing the cold length) was measured and its s-parameters
stored. Then the joint was installed in the fixture which was locked to the length of the reference
pipe, and its s-parameters were measured. Then s21 of the joint was d1v1ded by s21 of the
reference pipe, yielding the impedance information.

Longitudinal and transverse measurements were performed for both the cold and warm lengths,

and for the center conductor centered and offset. The total offset for the final measurements was
2.7 mm.
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Figure 2. Measurement Thresholds and impedance Budget (Original) for rf Joint.

4.0 MEASUREMENT RESULTS

Figure 3 shows the measured longitudinal impedances of the joint at its short range of length
which represents the operating (cold) condition. For both the centered and offset cases the reactive
impedance represents a Z/n of about 0.03 €2 The resistance results indicates only the noise level
(or measurement threshold) of the measurement. For the offset case, however, there is in addition a
narrow resonance at about 1300 MHz with an impedance of about 2 ohms. This peak would most
likely not change greatly with temperature since the strips are made from an alloy and alloys do
not change resistivity significantly with temperature. This resonance would be due to the strips,
and would probably occur at slightly difference frequencies for each rf joint, since there would be
mechanical differences for each magnet interconnect. Figure 4 represents the longitudinal
impedances for the warm length, which is not really pertinent for operation, but is interesting to
show the changes in impedance as the rf joint expands and contracts.
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Figure 3. Longitudinal Measurement Results for Cold Length of Joint. The data in (a) and (b)
represent the real and imaginary parts of the impedance for the centered beam, and the
data in (c) and (d) are for the offset pipes, with all of the offset produced at one side of
the joint relative to the beam.

Figures 5, 6, 7 and 8 show the measured transverse impedance. Figures 5, 6 (cold and warm
lengths, respectively) are the initial measurements, which had a 20-mm spacing between center
conductors and had the entire 2.7-mm offset on one side of the fixture, rather than equally
distributed on both sides. Because the results looked rather strange, with what looked like a very
broad resonance at the low frequency end, several variations on the measurements for the cold
lengths were performed. First we decided to make new end fixtures which distributed the offset
equally between the two ends (Figure 7); then to check the results, the measurement was repeated
with the wire spacing reduced to 10 mm (Figure 8).
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Figure 4. Longitudinal Measurement Results for Warm Length of Joint. The data in (a) and (b)
represent the real and imaginary parts of the impedance for the centered beam, and the

data in (c) and (d) are for the offset pipes, with all of the offset produced at one side of
the joint relative to the beam.

In Figure 5, as in the longitudinal measurements, the resonances showed rather large peaks in
the offset position. Also there was the curious broad-band structure at low frequency which
seemed to vary noticeably with different assemblies (e and f show the same measurements as ¢ and
d but on a subsequent day with a reassembly). We decided to refine the measurement by splitting
the offset between the two ends (Figure 7). This lowered some of the resonant peaks in the 1300-
1500 MHz region. Yet we still had the odd low-frequency behavior and decided to check once
more by reducing the wire spacing to 10 mm. The original spacing, 20 mm, which is approxi-
mately half the pipe diameter, was chosen to maximize the sensitivity of the measurement since we
were looking for impedance values near the measurement threshold. Although having a large wire
spacing increases the signal, it can have the effect of increasing errors in the measurement since
one then couples to higher modes of the pipe. Figure 8 shows the results with the 10-mm spacing
(offset is still split between the two ends). The impedance of the mode near 1400 MHz is thus
reduced to about 20002500 £/m, which means that the apparent impedance had been increased
by having the wire spacing too large. There remains an apparent large, variable broadband low-
frequency impedance which appears to be real but needs to be investigated further, perhaps with
simulations and beadpull measurements since the measurement measurement accuracy decreases
drastically below 500 MHz for the two-wire measurement (see Figure 1).

4



We observed that the current design, when assembled at the warm (short) length, failed to have
the fingers make contact all around the joint when offset by 2.7 mm. However, when lengthened

to the cold position, good contact was achieved.

—~
L
~—

1000

Transverse reactance in Q/m
o

IR AR ER R RARLN ERARN RAREN LARRE AR

Ad

LALS LALRR LEARN LLLLS

T
[TEPTE PURTYIREVY PTVRY L YVE RYTYY IYUTI IUCTINey

een

'ENY FERTY FNEWE RYRYE FNUTI EVETE SRSNY CRRTNE SNENTE FETE

I
-
(o]
8
A
O [T

845 1645 2445 3245 4045
Frequency (MHz)

Transverse reactance in Q/m

L AR AN RN RARENRRREE RRRES RARRN ERRNE L LARRF

TTTY

ATIREETS FIRTISIETL RRATA O]

RAALNRARANEARIS Ra R Ry AR RN RRRASRS)

o daadg

TTTY

AN REERI ARRUI FEREE AR E NI RURRY ANREY ERRRY KRWSE INA N

6000
5000
4000
3000
2000
1000

845 1645 2445 3245 4045

Frequency (MHz)

AT SRR TS EERNI CURNE RARNARANT)

0

Transverse reactance in /m

-1000

sl

-2000

T T T T T 7T T

[ARNENNNT] FNUTY SRR FERTIRRRRARREV) AERVE FRTSE AR AN

45

Figure 5.

845 1645 2445 3245 4045
Frequency (MHz)

—~
o
~—

Transverse resistance in &/m

Transverse resistance in &/m

-~
-
~—

Transverse resistance in /m

1400

lllllllllllllvlllll‘llllllil11’llllIIIIIIIIIIIIIII

1200
1000

T VEETTRR ARRNS ENRTU FUTY FERUY FAT

V=

Y

N W T PR DS RUNTY RRWRE FPRTE PRI SUNTE PO
845 1645 2445 3245 4045
Fregquency (MHz)

(e A R AR RANLE EARRE LARRE AL RER

[«2}
S
o

R I N M M RN RS RRRRE AR LA

U L0 AL UL AL AL L L L L

£~
S

P P NN PURTY RYUTE FUTEE FETTE . /0 FEUTE P

845 1645 2445 3245 4045
Frequency (MHz)

Rl

AL A L

1
s
Q
=]
y

LR R R RN AR RS RS RN RENR LA RN SRR R R

>||||||i||n|||||l|l||lnl|||

AN

e

realine

TR FERTI ERETE PN FERT] FARRI RERER ARRRA ANETE FRUTY

845 1645 2445 3245 4045
Frequency (MHz)

TIP-05657

Transverse Measurement Results for Cold Length of Joint (wire spacing 20 mm). The data
in (a) and (b) represent the real and imaginary parts of the impedance for the centered
beam, and the data in (c) and (d) are for the offset pipes, with all of the offset produced at
one side of the joint relative to the beam. The data in (e) and (f) are repeated (hardware
reassembled) measurements of the same configuration as for (c) and (d).
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Figure 6. Transverse Measurement Results for Warm Length of Joint (wire spacing 20 mm). The
data in (a) and (b) represent the real and imaginary parts of the impedance for the
centered beam, and the data in (c) and (d) are for the offset pipe, with all of the offset
produced at one side of the joint relative to the beam.
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Figure 7. Transverse Measurement Results for Cold Length of Joint with Offset (wire spacing
20 mm). The hardware has been changed to split the offset so that both sides have
half the total offset (1.35 mm) relative to the beam.



)
~

800
600
400
200

1000 prryrpr T T T T e

-200
-400
—-600
-800
-1000

Transverse reactance in /m
o

[T T T T T O T TR

FRRANUER SENT] ERNSS SURTE ANRNE SRREA SRR VY FRETY FAW)

vl oeln

>
P

—
(2)
~—

845

1645 2445
Frequency (MHz)

3245

o
& STSTLITIRINTIY

6000
5000
4000
3000
2000
1000

0

T T T I T T T T [T T T T T T

-1000

Transverse reactance in /m

-2000

T T A T [T T [T [T T Ty TS

I YRS RRTRL ERTE RORY,:

—3000 Eren i bbb e b i 1o A
45 1645 2445

) Frequency (MHz)

=
)

6000
5000
4000
3000
2000

1000

845

3245

4045

YN ANRTUNET,

0

Transverse reactance in /m

-1000

AR R RN R RS AR RN RRALE RRARS

~2000,—--

IS NERTE REUNI ARUTY FEUTI FRAUE IR WS AN FURTE R TN =

[ER1 RERTN FRRTE FEFNE A,

45

Figure 8.

845

1645 2445
Frequency (MHz)

3245

4045

—
o
-~

Transverse resistance in /m

_—
(=X
-~

Transverse resistance in &/m

=
—

Transverse resistance in &/m

1400@{..,....]..nl-.--I-...Inn]..ul....|un|..u
1200 [

1000

800

T T T P AT T T T T T

! 4 v

T INETI ANRUL ATERE ERET] ARUTE FRNT] FRRNE KNEWE FRUE:

[3,]

845 1646 2445 3245 4045
Frequency (MHz)

T T T T T r T [T T [T T T T [ T T T T or T ors

LLELNRKERS

wolero bl b bea Dol el

LLUAT LAY LAALY Laa) AAAE! BALA LLLLL LEAE) ALY LaLs

-rl|1|||H'|||L111||l||||'|||||l||||:|||lxn||||||:‘

45 845 1645 2445 3245 4045

Frequency (MHz)

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

0 -

-500

AR R AN AR R R RN RN ERREE RN

ITYTI VST IRTTI STV (EVTUITOTI FOTSINTTSI EOTRUINININN:

SSENI RETNI RAASI FRRYE FRRNE KRNT 1 FERRI SRTNE SRS ARET S

45 845 1645 2445 3245 4045

Frequency (MHz) TIP-05650

Transverse Measurement Results for Cold Length of Joint (wire spacing 10 mm). The
data in (a) and (b) represent the real and imaginary parts of the impedance for the
centered beam, and the data in (c¢) and (d) are for the offset pipes, with the offset split
between the two sides. The data in (e) and (f) are repeated (hardware reassembled)



5.0 CONCLUSIONS

For the longitudinal impedance, the measurements indicate a very good design with impedances
below the optimistic budget. I believe this design may need further investigation for the low-
frequency transverse impedance in the offset condition since the measurements consistently
indicate an impedance 2-3 times higher than the budget for the offset condition, and within budget
for the centered wire. The effect of this impedance (if it is real) is probably reduced by the fact
that only a few of the joints would be offset to this maximum allowed specification, with most
joints closer to being centered on the beamline.
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