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Abstract emission. The secondary yield and its possible reduction
In connection with electron-cloud induced heating of th&Y @ magnetic field can be inferred from the multipact-

LHC beam screen, multipacting tests with a resonant coald level reached under suitable conditions in a resonant

ial cavity have been successfully performed in presence SQ?g:aslir?witI:%Gnior?g\iggg zé%egTg:‘tilsgi?l,ts’aﬁggaggm'
a solenoid and a dipole magnetic field. We have develop 4} P y

a simple and reliable technique, based on amplitude mod?" the numerical predictions concerning heat load on the
ltHC beam screen.

lation of the input signal, to detect electronically the onse . :
Pt 819 y Here we report about successful multipacting tests per-

of multipacting and to monitor the field and power level in i . -
the resonator. Several multipacting patterns have been Sf%[med at CERN [2] using a wide-band power amplifier

tematically investigated under the effect of a variable DC: gfeif:?gal ?23nztr?:z)r?gﬁzgr;]m?g:tiitegpii rtlr:]etgg rc;onlqd
bias applied to the inner conductor of the coaxial setu& ' P . g mag .
ap of a warm magnet, with an additional solenoid.

The results at room temperature are qualitatively similar 8
those obtained during cold tests (below 20 K in a cryostat)
with a dipole magnetic field up to 7.5 T. A weak solenoid 2 EXPERIMENTAL SETUP AND
field of about 50 Gauss is usually sufficient to stop the mul- MULTIPACTING DETECTION
tipacting, but the same longitudinal field is ineffective inT
presence of a strong vertical dipole field (upto 1.5 T). We, _. ; . :
T : . Stainless steel tubes, an outer one with 39 mm inner di-
have also measured the rise time of the multipacting versus . .
. : e . ameter, and an inner one of outer diameter 4.5 mm. Both
the intensity of the solenoid field. Moreover, a substanti : . _
: : ) ubes are copper coated with pfh thickness. The inner
decrease of the multipacting threshold is observed when t .
. o . . ube is held by three teflon supports, placed at the nodes
dipole magnetic field has an intensity such that the electro S . . )
. of the E-field in third harmonic standing-wave operation.
cyclotron frequency is equal to the resonant frequency ; . "
) . he inner tube is capacitively coupled to two ports at both
the coaxial cavity. o g .
ends, one of which is operated close to critical coupling.
The experimental setup is schematically shown in Fig. 1.
1 INTRODUCTION The advantage of the resonant setup is that we can reach

A high secondary electron yield of the LHC beam screefigh electric fieldg and_ RF—voItag_es. between the inner and
surface may lead to the build-up of an electron cloud witQuier conductor, in spite of the limited power of the am-
potential implications for beam stability and heat load oflifier: for a@ of 1000 and a characteristic impedance of
the cryogenic system [1]. In presence of a strong magnef@0ut 1002, a power of 100 W corresponds to a peak volt-
field with orientation different from the normal to the sur-29€ 0fv1I00 W x 100 Q2 x 1000 x 2 ~ 4.5 kV. Accord-
face, one may conjecture a significant reduction of the selld 0 simulations, the minimum voltage required to reach
ondary yield due to a lengthening of the electron trajectd® Significant multipacting level is around 1.5 kV: Fig. 2

ries in the metal or to an immediate reabsorption after thefOWS the power deposition on the outer conductor due to

he 1 m long coaxial structure consists of two circular
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Figure 1: Experimental setup for multipacting tests.
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1000

@ 10 W. This ‘memory’ effect, presently not fully understood,

S 80 seems to indicate that the inner conductor acquires an elec-

-~ tric charge during multipacting: after removing this charge,

5 600 it is more difficult to start multipacting again.

= A related observation is that during multipacting with-

Eg’ 400 out magnetic field the low-frequency resistor probe signal

= is negative, as in the lower trace of Fig. 3b. It becomes

2 200 positive with a strong dipole magnetic field, as shown in

g Fig. 3c. Therefore the electric potential of the inner con-
0 0 1000 2000 3000 ductor tends to become negative (without magnetic field)

RF-Voltage [Vol{] or positive (with magnetic field) relative to the outer tube;
we have measured typical differences betweed® and
Figure 2: Simulation results for multipacting tests in a5 V. Simulations can only account for a negative potential
coaxial structure: power deposition (arbitrary units) versugue to the effect of image charges. A DC-voltage applied
peak RF voltage for a fixed RF frequency of 500 MHz.  to the inner conductor shifts the onset of multipacting and
the threshold for higher multipacting levels, sometimes ob-
multipacting electrons as a function of the RF voltage, foserved. This is in qualitative agreement with simulations.
a fixed RF frequency of 500 MHz. One nicely recognises The multipacting levels at room temperature are very
the resonance behaviour of the multipacting. The largesimilar to those measured during cold tests, with a dipole
peak on the right corresponds to electrons moving from theagnetic field up to about 7.5 T. This seems to exclude any
outer conductor towards the inner and back again to thegnificant reduction of the secondary electron yield by a
outer conductor during one RF period. The two smallestrong magnetic field over most of the outer tube surface,
peaks correspond to resonances where the electrons osicdl:, away from the region where the field is parallel to the
late more than once between the inner and outer conducteretal surface.
Resonant electrons never touch the inner conductor.
We have developed a simple and reliable techniqueﬂ TESTS IN A WARM DIPOLE MAGNET
based on amplitude modulation of the input signal, to de-
tect electronically the onset of multipacting and to monitor WITH SOLENOID FIELD
the field level in the resonator. An example of multipactyve have performed further warm multipacting tests in pres-
ing signature is shown in Fig. 3a: no reflected signal (Upence of a solenoid and a dipole magnetic field, the latter
per trace) is present until the amplitude modulated inpyeing either in the vertical direction or tilted by an angle
signal reaches a threshold value. Meanwhile the transmif up to 1.2°. The results show that a solenoid field of
ted signal (lower trace) increases and then becomes flatdBout 50 Gauss is usually sufficient to stop the multipact-
the multipacting range, corresponding to a constant valiygg, but that the same longitudinal field is ineffective in
of the peak electric field inside the resonant setup. Thisresence of a strong dipole field (up to about 1.5 T). When
is often accompanied by a low-frequency signal superinthe dipole field is tilted from the vertical direction by an an-
posed on the transmitted or on the ‘resistor probe’ signgle of up to1.2°, corresponding to a longitudinal compo-
from the inner conductor (see lower traces in Fig. 3b-Chent of more than 300 Gauss, we observe no suppression of
when measured with a 1 ¥termination on the scope. The the multipacting. For a total magnetic field intensity below
high termination impedance enhances the measurable o960 Gauss, the maximum tilt angle still compatible with
frequency voltage and avoids fast discharge; we estimateg@ppression of the multipacting is ab&af from the lon-
capacitance of about 30 pF for the coaxial structure, corrgitudinal direction.
sponding to a time constant around 36 for the resistor e have also measured the rise time of the resistor probe
probe signal. signal at the onset of multipacting as a function of the
For a direct measurement of the power deposited iolenoid field intensity, from 0 to about 60 Gauss, both
the cavity we use two diode rectifiers, operating in thgithout dipole field and with several dipole field intensi-
parabolic region of their characteristic curve, and a DC difties. The resistor probe is connected to an external 520 M
ferential amplifier to obtain a signal proportional to the dif-resistor, the signal is amplified 10 times with an additional
ference between forward and reflected power. 1 MQ load and a 1 MHz bandwidth amplifier. The fill-
ing time of the cavity in the absence of multipacting is
3 COLD TESTS WITH STRONG FIELD estimated to a fe\{ws. . Wit.h a dipple magnetic field of
5000 Gauss, the rise time is practically independent of the
Typically multipacting starts for the first time at an RFsolenoid field and equal to 2@s. With a (residual) dipole
power level around 10 W. Then, after switching off thefield of 20 Gauss the rise time is around;3§ although the
power, the minimum level required to start multipactingshape of the resistor probe signal is rather irregular. The
again is about 1 W. However, if we short the inner andise time measured without dipole field is shown in Fig. 4.
outer conductors, the minimum required power is again Moreover, as shown in Fig. 5, we have observed a sub-
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a) 100 V, W = —28.2 dBm

b) 0 kA, W = —21.2 dBm

\Vi°P: 0.1-0.2 V/div H: 5 ms/div, Vi°?: 0.2-5 V/div H: 5 ms/div, V.°": 0.5-1 V/div

H: O ms/i, o ot A
Figure 3: Multipacting tests in a resonant coaxial setup: with 100 V DC-bias and no magnetic field (a), in a cryostat at
1.8 K without magnetic field (b) and with a dipole field of 7.3 T (c). The generator signal, with frequency around 480 MHz
and powerlV, is amplitude modulated at 3 Hz (a) or at 30 Hz (b)-(c) and amplified at maximum gaét @B). The
upper trace is the reflected signal attenuated by 40 dB and measured with &, the lower trace is the transmitted

signal (a) or the ‘resistor probe’ signal (b)-(c) measured with af1lbad.

stantial decrease of the multipacting threshold when tr 160
dipole magnetic field has an intensity (170 Gauss) suc 140 1
that the electron cyclotron frequency is equal to the resc 120 1

nant frequency of the coaxial cavity (480 MHz), thus con: 100 1 /
firming that our multipacting tests involve electrons, rathe ] /
than ions, and that there can be a ‘magnetron effect’ und 22 ] /
] /

[s 1owi asty

special resonance conditions, though unlikely for the LHC

The dip visible in Fig. 5 is caused by the cavity impedanc 40 7 —

mismatch, related to the refraction index of the electrol 20 $——+—

plasma, leading to a large reflected signal. The sign ir o+t
version of the low frequency resistor probe signal happer 0 10 20 30 40
for a dipole field around 340 Gauss, i.e. at about twice th Solenoidal Field [Gauss]

resonant intensity.
Figure 4: Measured risetime of the resistor probe signal

at the onset of multipacting vs solenoid magnetic field in-

5 CONCLUSIONS tensity: RF frequency 480 MHz, RF forward power 50 W,
Multipacting tests indicate no significant reduction of thel Hz square wave AM modulation with 10% duty cycle.
secondary electron yield over most of the beam screen siihe rise time measured by the oscilloscope, independent
face in the LHC dipole magnets, with or without solenoicbf a possible signal overshoot sometime observed, is de-
field. However a 50 Gauss solenoid field can be effectivelfined as the delay required to pass from 10 to 90% of the
used to lower the secondary yield in the drift spaces. Fusaturation level.
ther analysis of our multipacting rise time measurements
versus solenoid field intensity may provide direct informa g gzoor 2 1o soon §0.00s  5.00s, [ SnglSE STOP
tion on the secondary electron yield and possibly on tr 5 5 5 5 : 5 5 5 5
energy distribution of secondary electrons.
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