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Measurement technique outline.

*Practical considerations/Results
Interpretation.

Measurement results (June, Nov. 2008).

Future Plans.
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Induced phase modulation in the propagation of EM waves through the beampipe
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Experimental apparatus

modulation frequency (1st sideband). Higher order
components depend on the transient ecloud time
evolution during the gap passage.
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Practical Difficulties N
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* Low phase shift values (few mrad). Can we increase it ?

— Frequency closer to beampipe cut-off < higher attenuation
— Longer propagation distance < higher attenuation

* Noisy environment: direct beam signals !

* BPM not optimized for TE-wave transmission/reception.
— Typical Tx/Rx losses > -60 dB
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The periodic clearing of the electron cloud by the gap, when it passes between our
Tx and Rx BPM’s phase modulates the transmitted signal:

S(t) = Acod w_,t + Ap(t)]

» What happens if the gap is not long enough to completely clear the electrons ?
» What happens if the gap is shorter than the distance between Tx and Rx ?

Amplitude modulation ? (Caspers) _
At very low modulation depth AM If Ap(t)=A@,., IN(@, L)

and PM are undistinguishable.

B=A@/2 is valid only for sinusoidal AQ_
modulation. We have calculated Drmod o L
correction factors for more realistic < > dnl nr—=rEn | /n
modulating signals (rectangular — , | oo--C Ly k LringJ
, sawtooth,...) I I
a)car f
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What are we really measuring ? eecend] B
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ECD

Much larger electron cloud density, but same modulation depth. The gap is
not long enough to completely clear the low energy electrons in the -----
case and the signal observed is about the same for two very different
densities. Gap length studies, if possible, can help correct for this effect.

Standing waves Reflections
SSYAVAVASS We measure not only the average
- - longitudinal distribution of the

ECD...

Ideal propagation

Propagation in a real accelerator environment is not simple.
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...but also an average transverse distribution, as seen by the TE wave

@ @

no magnetic field strong vertical magnetic field

Different transverse distribution of the ECD. Formulas assume a uniform
value, but dipole fields can concentrate low energy electrons in the centre of
the pipe (M. Furman).

TE wave E-field

Furthermore, the ECD distribution is “sampled” by the TE field which is not
uniform over the pipe transverse section: Conditions in the pipe centre
count more towards the overall phase delay.
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5-bunch train Energy =2 - 5.2 GeV
Gap length=210ns - 2.4 us
Revolution frequency = 390 kHz
Bunch spacing = 14 ns

45-bunch train
9x5-bunch trains

A great flexibility in the fill pattern
choice is available on Cesr-TA

Can fill less than 9 trains

meesssssssssssssm L. AWRENCE BERKELEY NATIONAL LABORATORY IS



Location of Jun. 2008 Measurements /\| 0

SC Wiggler Replacement

G . = [
e

B12W Dipole
Replacement Chamber
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Transmitter/Receiver Positions oeeend]
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We had 3 BPM available for the measurement, to be used either as transmitting
or receiving port.

By trying all the possible combination, we were able to test the effects of
different vacuum chambers, different propagation lengths, and different
propagation direction between e* or e beam and TE wave.

The measurements were taken at both 2.0 and 5.2 GeV, with a variety of fill
patterns. -
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Beampipe Transfer Function N
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0 Beampipe cutoff 1.8/1.9 GHz

-40

Choice of measurement region:
* Close to cutoff

» Low attenuation 50 W

« Reasonably “flat” - L

Attenu‘ation (dBm)
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Frequency (GHz)

N 26, 2008
JARIE) A 2 NKR 1.929438 GHz
REF -26.0 dBa AT 10 48 -24,77 dBa

Search for origin of reflections and/or
resonances in the beampipe did not
turn out conclusive results (gate
valves, pumping holes, RF cavity)

SPAN 5.000 NHz
WP 1.67 sec

929088 6Hz
CE"TE=E% BN 8.0 khz VBN 8 kHz
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Measurements at CesrTA e
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« Compare positron and electron beam
— Build-up of low-energy electrons has also been observed with an
electron beam.

« Compare measurements with TE wave propagating in the same and
In the opposite direction of the beam.

* Dependence on gap length and beam/bunch current

» Effects of different vacuum chamber shapes
— Arc and wiggler replacement pipes.

e Nanandanrcra nn haamM anarnv
prbllubllbb Vil MUQUI 1 bllblyy

— More photoelectrons generated in the dipole at 5.2 GeV
» Cyclotron resonance
— Dipole field is 792 G at 2 GeV, f_,.,=2.22 GHz

cycl™
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Electron vs. Positron Beam I ’\l A
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5.2 GeV - 12W-14W region - single train 1 mA bunches
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Electron vs. Positron Beam NG A
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2 GeV - Dipole region (Q12W-Q13W) 10 bunches x 1 mA ] -59.9 dB 1 """""" Electron beam

Difference in the relative sideband
amplitude between electron and
positron beam, in otherwise

identical machine conditions.

The low-energy electron density 7 U MJ
in the presence of a positron 1°°wawwzwwigwwww%
beam has a ~3 times higher value ' ' x0° | |

than with an electron beam. w4  -50.6dB ¢+ | Positron beam
This effect is due to the 40

multiplication of secondary 50 -

electrons caused by resonant 40

interaction of beam and e-cloud.

Systematic comparison of the .
dependance of ECD on beam WWWWWVJ WIL‘JWAWWWWW
current between e* and e- beams. e e me e

x10°
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2 Gev vs. 5.2 Gev Measurements cece B
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Ex-Wiggler region (Q13W-Q14W) 10 bunches x 1 mA o 44.9 dB o 5.2 GeV
Difference in the relative sideband
amplitude between two different |
beam energies (positron beam). '
At higher beam energy the ] j LM
enhanced production of WWMMUULMUU . .@LWU.JW
photoelectrons increase the low- S
energy electron density by a 519dB . 2 GeV
factor greater than 2.
Validate dependance on beam
energy in theoretical models of 70 1
the e-cloud. 0 -

-WMWWMme¢MWWWW
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E-Cloud Rise/Fall Times "\l A

Ex-Wiggler region (Q14W-Q13W) 45 bunches x 1 mA

“Macro-trains” of variable length i
were used to detect saturation in |

the ECD growth. Flat top in the ., _| | ;1

ECD translates into constant I 1

depth of modulation. wl (.

More experimental data is | g
needed. JL// WL

T T T T
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Frequency (GHz)
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9 x 5 Bunch Fill Pattern "\l )
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Ex-Wiggler region (Q14W-Q13W) 45 bunches x 1 mA

P
Effects of the train periodicity are N 9xf,,
evident (enhancement of the ninth o I S
revolution harmonic #). 7
Although total current is higher

(45 vs. 10 mA). The much shorter
gap (210 ns) induces a much
smaller modulation depth. The
ninth sideband is also enhanced.

-100

40 — -50
g 45 — 19 -60
[} - -
El oottt <
E- -50 — 70 -
<
e}
=
3
3 55 7 -80
s
(9]
= 7
L 60 H /
& 8 90 . i
betatron tune lines
-65 -
I I I I I I I I -100 —
200 400 600 800 1000 1200 1400 1600 T T T T
Gap Length (ns) 1.9324 1.9325 91.9326 1.9327 1.9328
x10

I L. AWRENCE

BERKELEY NATIONAL L ABORATOR Y I



ceee) §

BERKELEY LA R

Each RF cable is connected to a set of 4 BRM’s. Total distance 17.4 m
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Improved Electronics (Nov 2008 ceceeer] i
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TE Wave Beampipe Response Measurement

ZLH-5W-2G+
VBFZ-2000+
L
-13dB -
Bandpass
5 Watt 1730 — 2270NMHz
Amplifier
Drive
Spectrum Analyzer
HP 8593
Input
VBFZ-2000+
L
==
Bandpass
1730 — 2270MHz
November 2008
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Nov. 2008 Measurements (preliminar ceceeer]
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-35 —
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40 — - - - &' 20-bunch train
—— e Variable train length

-45 -
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Difference between positron/electron beam reduced from June measurements.

Cu new vacuum chamber in CLEO straight not fully conditioned (higher primary
photoelectrons ?).
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CLEO Region Measurements N\ A
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Positron Sideband Amplitude Electron Sideband Amplitude
{corrected for response envelope) {corrected for response envelope)
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Interpretation of Measurements eecend] B
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 Reduced modulation depth due to short gap.
— Experiments with variable gap lengths

 Effects of train length on modulation spectrum.
— Can be estimated theoretically, requires careful measurements of higher
order sidebands.
 Effects of beampipe attenuation function.
— Can be measured and equalized.

 Non-uniform transverse density of low energy electrons.

.
Arv At At~ "
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s can offer guidance.

» Reflections/Standing Waves.
—Uncertainty in the measurement region. Remedies: measurements of the
vacuum chamber, directional couplers
» Use of electron beam for normalization.

— Needs some care: different synchrotron radiation functions for the two
beams.
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« How to improve the measurements ?

— Better, more stable signal generator/spectrum analyzer.
— From BPM'’s to dedicated couplers optimized for TE mode ?

e More beamtime

— CesrTA (multiple sidebands observation, time domain
measurements)

— Comparisons with studies on other machines (SPS, MI)

* Better understanding of cyclotron resonances
— More analytical work and modelling

* Development of a dedicated receiver
— Full demodulation of received signal (software, hardware)
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Alternative fill patterns for future experiments ’\l A

. ________________________________________________________________________________________________________________WBcrccLev Lac RNl

These patterns allow to study different train/gap lengths at constant
Additionally, the electron beam signal can be used for normalization.
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