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Abstract ductive grease. With no current in the accelerator, known

Trapped modes in the sliding joints in CESR were in_(:urrents could be passed through the resistor at a known

vestigated as a possible source of instabilities. To dete\é?ltage'

these modes, experiments were performed where pairs ofThe data from the two bunch tests did not appear to rep-
bunches of positrons were run through at various spacing&sent a single mode in the joints, but there was insufficient
It was hoped that constructive and destructive interferenékata to fit two modes to the small number of data points. In
of wake fields would produce varying amounts of heating'_)rder to fit this data, an attempt was made to measure the
Data taking was time consuming, and insufficient numbef§equency of any trapped modes by making bench tests.

of data points could be taken to fit to the wake fields. To
help solve this, the frequency of the mode was measured
on the bench. A single trapped mode and its profile were
observed. The trapped mode has a frequency of 3.59 GHz,
just below the TM cutoff of the beampipe. Measurements
of the mode were used to predict a shunt impedance bf previous experiments[4], two apparently trapfetly;

4.9 ohms. The corresponding loss factor is slightly highdype modes were observed. A Slater perturbation
than the total loss factor found in previous time domaimethod[5] was used to determine the field profiles of the
measurements[6]. The program ZAP[8] was used to prenodes. The results suggested that these peaks were actu-

3 BENCHTESTS

dict an instability threshold of about 2.1 A. ally the first and second order cavity modes produced by
end plates used to terminate the ends of the sliding joint.
1 INTRODUCTION The problem of differentiating cavity and trapped modes

. . . . was then addressed. It was important to be able to separate
A section of waveguide, like a beampipe, has a cutoff fre- . ) o

: out the cavity modes, while also terminating the ends of
guency below which modes cannot propagate down tt}

) : . ' Re cavity to clean up the measurement. Sliding electrical
guide. If there is an enlargement in part of the guide
. ) . “shorts were constructed that could be moved freely along
a mode can exist there that is unable to propagate in

ther direction down the waveguide. This “rapped” mothe inside of the beampipe. Indium was used between the

will have a frequency just below the cutoff frequency OfsI|d|ng joint and the beampipe sections in order to improve

the guide if the perturbation is small. The frequencies otpe conduction at the joints.

trapped modes have been estimated analytically[1, 2]. In The length of the cavity could now be quickly and easily
this paper, the clear observation of a trapped mode in@hanged. Changing the length caused the cavity modes to
CESR sliding joint is described and the consequences fove, but any trapped mode would maintain the same fre-

the machine investigated. guency. By using this method, an unshifting peak was spot-
ted at 3.5977 GHZ, just below the TM cut-off frequency. In
2 TWO BUNCH TESTS order to establish if this was a trapped mode, the profile was

measured using a Slater perturbation method[5] identical to

In order to search for trapped modes in the sliding jointshe one used above. The profile observed, shown in Fig. 2,
a single beam, two-bunch test was undertaken[3]. The firstd the characteristic shape of a trapped mode located near
bunch would excite any trapped modes. The second woulde center of the sliding joint. The Q value for the mea-
pass through the fields six to twenty-eight nanosecondsire mode was at least 1800, and rose close to 2000 when
later. This would create varying amounts of heating dethe contact between the beampipe sections was particularly
pending on the phase of the trapped mode when the secayebd. Because the actual extensions of the sliding joints
bunch passed. Because the time constant for the heatingwthe accelerator varies appreciably, the frequency of the
the sliding joints was around ten minutes, waiting for thenode was measured as a function of the separation of the
temperature to stabilize was time consuming, and only lsellows plates. The original data was taken with a separa-
limited number of data points could be taken. tion between the bellows plates of 0.83 inches. It can be

Because the bunch measurements were made in tergeen in Fig. 3 that the frequency changes over an approx-
of temperature, a calibration was made to relate the energgately 50 MHz range. Notice that the full width at half
lost in the sliding joints to the temperature differences obmaximum of an individual peak is about 1.8 MHz, so the
served. A resistor was lowered into an unused cooling pipeparations must be fairly close for the modes in the differ-
hole on the sliding joint and surrounded by thermally conent sliding joints to interact.
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Figure 1. The diagram above shows the brass end plate used in the early bench measurements along with the beampipe
section and sliding short used in the later measurements. They are shown together for space and comparison reasons: the
sliding short was never used with the brass end plate.
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Figure 2: The plot above shows the relative electric field Separation of Bellows Plates (inches)
strength of the mode as a function of position.

Figure 3: The frequency of the trapped mode changed as
4 CALCULATION AND COMPARISON a function of the extension of the sliding joint. This is im-

Attempts were made to use the frequency measured ab rtant since the extension of the joints vary greatly around
the accelerator.

and make a fit to the two bunch test data. The calibra-
tion done above had already indicated that the tempera-
ture variations expected would be on the order of a degregroximate total loss factor for the sliding joint of 3.9x10
Attempts to fit to individual joints seemed dominated by(V//pC') at a bunch length of 1.8 cm. The loss factor due
noise, so an average was taken over all of the joints in the the trapped mode should depend on bunch length in a
machine. There seemed to be a consistent change in te@aussian fashion as shown in Fig. 4. Information about
perature between data points. Unfortunately, the fits cleartjte trapped mode was used to determine its contribution
indicated a very non-physical result for the heating. Wheto the total loss factor of the sliding joint. The field con-
the fits were extrapolated to zero bunch spacing, the heatifiguration in the sliding joint was estimated by using the
was not a maximum, in fact, it appeared to be near a minransverse dependence of the calculated fields of the lowest
imum, which is clearly nonsensical. It seemed clear fromarder TM mode[7] and the longitudinal profile measured
the pattern of the points, and the non-physical nature @fbove. This field configuration was used to calculate the
the fits that could be made, that current variation probabltored energy in the mode and, thus, the shunt impedance
dominated any temperature effect that could be measuredf the mode. This calculation gave a shunt impedance
Knowledge of the relative field profile and the frequency 2/Q) of 4.9 ohms. This impedance relates to a loss fac-
of the mode allowed the calculation of the transit time factor of 4.2x10°2 (V/pC) for the trapped mode in the slid-
tor for the mode. The value for this factor was 0.787. ing joint at a bunch length of 1.8 cm. Note that this value
Previous bench measurements[6] had determined an ap-higher than the measured value for the total loss factor,
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value. Using the measurement discussed above, the exten-
B sion was translated into a frequency for the trapped mode.
4x10 © —

5 CONCLUSION

Trapped modes in the sliding joints were studied to see if
they might eventually place a limit on the beam current.
2+ Machine studies generated interesting data, but data collec-
tion was too time consuming for the number of unknowns
1 involved. Attempts to measure the frequencies using a net-
work analyzer shed doubt on earlier measurements of the
mode frequencies, but indicated a trapped mode in the slid-
I I | ing joint at about 3.60 GHz with a Q factor of about 2000.
0 ° . hLlo ) 15 20 The mode observed predicted a loss factor of 4.2¥10
teh Length (em) (V/pC) due to the trapped mode. The loss factor is slightly
higher than expected from earlier measurements, but in-
Figure 4: The loss factor due to the trapped mode shoulficates the importance of the trapped mode in the overall
depend on bunch length in a Gaussian fashion, as shownpedance of the structure.
above.
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