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Abstract MICROWAVES AND BEAMPIPE

In the past few years, electron cloud density has been The original technique was to transmit microwaves from
measured by means of its effect on TE waves propagatede BPM to another, using the beampipe as a waveguide,
through the accelerator vacuum chamber. This techniq@ad observing the output signal on a spectrum analyzer.
has been used in several laboratories around the worldhe electron cloud produced by the beam would give phase
(CERN, SLAC, FNAL, Cornell, INFN-LNF). Recent mea- shifts in the transmitted signal and phase modulation side-
surements at €&RrTA and DAFNE show that in a major- bands on the spectrum analyzer [1, 2].
ity of practical cases, the theoretical model that reldtes t Waveguide has a cutoff frequengy that is determined
cloud density to the phase shiftinduced on a TE wave propy its transverse dimensions. Belofy there is no trans-
agating in beam pipe may not be the correct one. Insteaujssion; above, the microwaves should propagate freely.
the measurement results have to be analyzed consideringmeasuring the transmission through the beampipe at
the effect of the electron cloud on a standing wave excite@esrTA, a quite different response was observed. For ex-
between the input and output couplers - typically Bearample, microwaves were coupled into the beampipe at the
Position Monitors (BPMs). This standing wave pattern i8PM at OE and the beampipe response measured at various
not confined to the portion of beampipe between the BPMietectors including at OE itself (propagation length zero)
and must be understood in order to correctly interpret thBata taken in 2008 is shown in Fig. 1 where a number of
measurement. In this paper we present evidence that ttesonances are seen in the response.
transmission function near cutoff between two BPMs is the
result of coupling to standing waves trapped in the vac- 10 Nov. 2008

uum chamber. This evidence includes measurements at g -10 —0E
DAFNE, CesrTA, a test waveguide, computer EM simu- S —
lations, and analytical calculations. 5 j‘f\\f \ —
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Electron clouds consist of relatively low energy electrons
in accelerators that are a by-product of the beam. They
can be initiated by synchrotron radiation and photoemis-
sion from the beampipe inner wall or by ionization of the I
residual gas. An electron cloud density &f'! m=2 or

higher can result in significant beam instabilities and emitFigure 1: TE Wave response when exciting at OE and re-

tance growth among other effects. Qne of the go_a_ls O_f tr’l‘,'f'eiving at other detectors in the region. The wide trace is
CesrTA program is to study the effectiveness of mitigatiory, o response when both driving and receiving at OE.
techniques as well as the validation of simulation codes of

the evolution of electron clouds. The TE Wave technique

) ; . The wide trace of Fig. 1 is the response when both driv-
can provide a relative measure of electron cloud density, as L
. T : g and receiving at OE. The response observed at other
in the conditioning of vacuum chambers over time, as we .
. etectors generally follows this same envelope, although
as an absolute measurement of cloud density for compai-

son with simulation. The measurements are relatively ea?h(e relative amplitudes change with frequency. For exam-

Drive: 1.75 to 1.78 GHz |

. ; e, both the detector at 2E and OE show a resonance at
to make with a signal generator, BPM and spectrum ang- : . .
o 9 . .758 GHz, but their amplitudes are different by 40 dB or
lyzer - the difficulty is in interpreting the measurements. :
s0. The lower frequency resonances tend to be confined to

the region near the drive point, and the higher frequency
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DE-EC02-08ER41538. the various BPMs behave like coupling ports on the same
tjps13@cornell.edu cavity. The resonances are presumed to be made by reflec-




tions that produce standing waves - the result of changeslower EC density. Atthe moment this is not understood, ex-
beampipe dimension, longitudinal slots that connect vacept to say that it could be explained by the non-uniformity
uum pumps to the chamber, etc. of the EC density in that region.

Testing the idea that the beampipe was behaving more
like a cavity than a waveguide, aya burst of rf was cou-
pled in/out of the beampipe at one of its resonant frequen- / 1
cies. The response observed on a scope was a typical cavity
response having a rise and exponential decay with a time 36-8em =
constant of about 500 ns - a Q of about 3000. So, treating 171 5cm
the beampipe and its reflections as a cavity rather than a

Gate Valve

waveguide seems appropriate. g | 23 5

The frequency of a cavity can be changed by the pres- g 40 /A\ /"\ ;"\ I | N
ence of a plasma. The change in resonant frequenisy 2 60 NN NEFAY
proportional to the integral of the EC density over the ) vV o VIV N

-80
cavity volumeV weighted by the electric field squared as I e Freq:e:iy <zomiij/3dw) e 7
shown in Eqg. (1) . When the beampipe is driven at one '
of these resonances, a train of bunches will produce a time

periodic EC density and phase modulation sidebands [3, igure 2: The physical layout of 15E, showing the_(gray)
arbon coated chamber on the right half of the section.
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sidebands since the integral is equahto But then. will § 30Em2 e LSEL 2
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generally not be a constant. AEERTA there are variations Q soee y / LOEHT O
in the amount of synchrotron radiation, beampipe geome- = /‘//f/ P
try and there are several short test chambers for the study — ~ & SOEH0 &
of mitigation techniques with coatings of carbon or TiN. 0.0E400 0.0E+00
So it is important to know the electric field pattern in the R
beampipe cavity in order to understand where the EC den- 20 Bunch Total Current (mA)

sity measurement is being made.
Figure 3: Data from 15E with 20 bunches of positrons,
SIMPLER GEOMETRIES 14 ns spacing at 5.3 GeV. The first five major resonances

of Fig. 2 are used to calculate the EC density. Also plotted

The beampipe_response in the regi.on around QO (Fig. i@data from the L3 Chicane using the righthand scale.
was not easy to interpret. A much simpler geometry was

found at 43E in €srTA where there is a BPM between two
ion pumps with longitudinal slots. Driving and receiving at
this single BPM, the response is what would be expected DATA FROM DAFNE

of a rectangular cavity with the series of resonances fol- pata was taken at DAFENE where TE wave resonances
lowing f? = f2 + (3—2)2 with a cavity lengthl, havinga have been observed [6]. The storage ring was filled with
cutoff frequencyf. andn half-wavelengths in the distance 100 positron bunches and a gap of 20. In this case, the
L between the pumps [5]. combination of long cloud duration, high EC density and
A chamber near 15E in€3RTA also has simple geom- relatively low TE wave resonance frequency made it possi-
etry, except that there is a gate valve near the center ble to observe the shift of the resonance directly - as shown
the region between the two ion pumps as shown in Fig. 21 Fig. 4 - rather than as phase modulation sidebands. A
The TE wave resonances at 15E do not match those ofckearing electrodes in the vacuum chamber were toggled off
rectangular cavity quite as well. In particular, the lowesand on, recording the response of the TE wave resonances
resonance is shifted downward considerably. This may be each case. The change in EC density based on the maxi-
due to the gate valve body having a somewhat larger crogsum frequency shift of about 200kHz and using Eq. (1) is
section that the surrounding beampipe. aboutl.5 x 102 m~3. Not all of the resonances showed
Some of the data from 15E is plotted in Fig. 3. The EGhe same frequency shift and some showed no frequency
density was calculated using the first five major resonancshift at all. Further analysis would include a detailed un-
of Fig. 2. The data from the first three resonances are cloderstanding of the electric field pattern, electrode |@cei
to each other, but resonances four and five give a mueimd an estimate or simulation of the EC distribution.



70 There is a similar configuration of smooth and grooved

50 beampipe in one of the Chicane magnets of therRTA
storage ring. Data was taken there in November 2011, and
g % is shown in Fig. 3 along with the data from 15E. The bead-
e 100 /\m 7\ pull measurement suggests that the EC density measure-
% M ment in L3 is dominated by the grooved beampipe.
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There are other situations where it is important to haVEi ure 5: Bead pull with a section arooved beampipe be-
detailed knowledge of the distribution of electric fields in g ) b 9 PP

the beampipe cavity. The data shown in Fig. 3 is an exarﬁgsg:awfezr;?é)::ho(gﬁsgg)tg't?]eesé:;Z?/g’(\;oplggeﬁ frequency
ple. At 15E, about half of the region includes a chamber ‘
with a carbon coating for EC mitigation. Also included

in that plot is data from the Chicane region of L3 where CONCLUSIONS

there are four chambers in dipole fields. Each of the cham- The f fthe b . il .
bers has a different type of mitigation applied to it: all the e frequency response of the beampipe will determine

combinations of bare aluminum and TiN coating as well ayhether it should be weated as a waveguide or as a cav-
chambers with or without grooved surfaces. ity. TE wave resonances can be used to measure the EC

Bead pull measurements are a standard technique %Er’\nS'ty' but since this density is generally not umfor_ne, th
measuring the electric fields of resonant cavities. A smal a:jtetrn Of. starr:dmgt;hwaves needs totpebur_]dersto((j)d in order
dielectric bead is supported by a thin monofilament line and determinevheretn€ measurementis being made.
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