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» Mechanism of electron clearing with solenoid
» Solenoid configuration

» Wakefield and instability

» Resonance with solenoid

SNS/BNL Ecloud’04 NAPA L.F. Wang, et.al.



Electron orbit with solenoid -short bunch case ﬂéSNS

» Electron isconfined near the chamber surface by the solenoid fields

» The energy and orbit of eectron vary due to the interaction with
beam.

» More low energy eectrons survive from the bunch gap (reflected
electronsarevery important for e-cloud in bunch gap!)
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Clearing mechanisSm—short bunch case ~ ﬂASNS
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_ Multipacting—ongtunchoase /s
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Clearing mechanism—Ilong bunch case (1) ~ né INS
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Clearing mechanlsm—long bunch case (1)~ néSNS
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Solenoid effectsfor long bunch case---SNS (sigz=700ns)_ | SNS
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» 30G Solenoid field can reduce the e-cloud density with a factor 2000 !
» Zerodensity within beam
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Beam intensity effect with solenoid B=10G QSNS
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» Required clearing solenoid field strongly depends on beam
(beam pattern, bunch current, chamber size...). Higher
beam current usually need stronger clearing field. Strong
beam force may attract the electron to the chamber center
If solenoid field isweak.

Electron density

’ _ SuperKEKB, Np=5.2' 1010
N,=3.3" 10", 8ns spacing N =8" 10'°, 4ns spacing 2ns spacing
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Solenoid---Configuration MSNS
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The effect of Solenoid configuration effect---short bunch case ﬂéSNS
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The effect of Solenoid configuration effect--- (SNS)._ 1SN§
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Distribution of E-cloud with solenoid (K EKB) nlSNS
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L ongitudinal E-cloud distribution in SNS

__ Longitudinal E-cloud distributionin SNS __/S)S
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Solenoid effect on beam sizein KEKB LER AN
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Solenoid effect ------ PSR gxpgrlmQMZSNS
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» 20G Solenoid field can reduce the e-cloud signal with a factor > 50!

» 10% of thering is covered by solenoid, but solenoid has no effect no
theinstability threshold !
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Physics model for wake of e-cloud NS
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Ref: K. Ohmi, F. Zimmermann E. Perevedentsev,

beam

Phys.Rev.E65:016502, 2002. & S Heifets, S AC-PUB- 9025 ‘
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L ong range wake of electron cloud with solenoid (KEK

Bleciron density

Wake has two Modes;

One depends on the electron
bounce frequency. The
frequency of this mode
usually decreases when

solenoid fieldsincrease. ,

Another one comes from the
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Coupled bunch instability in KEKB LER (Experiment) Z{SNS
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Resonance of e-cloud build-up né !

Strong multipacting occurswhen T/2=S /c
Thereisaresonanceat 22G and
45G for 8nsand 4ns spacing
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Y. Cai, M. Pivi, M. Furman, PRSTAB, 7:024402,2004
A. Novokhatski, J. Seeman, SLAC-PUB-9950

Thereisno such kind of resonance
for SuperB (2ns sp) if Bz<90G.
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Wake with different solenoid field -QSNS'
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Conclusion A
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» A weak solenoid field (up to 50-Gauss) can confine all electrons near
the wall surface and suppress electron multipacting by reducing the
electron’s energy at the chamber surface. It works for both long and
short bunch, but only in drift region. (Work in quadrupole? F.
Zimmer mann).

» Required clearing solenoid field strongly depends on beam (beam
pattern, bunch current, chamber size...). Higher beam current usually
need stronger solenoid fields

» Equal polarity configuration is better with zero density at chamber

center especially for long bunch case. Electrons are longitudinally

apped Inside solenoid except long bunch with equal polarity case.
Uniform solenoid field ismor e effective.

Thewake of éectron cloud hastwo modes. Oneiscyclotron mode.
Solenoid can suppress beam size blow-up, CBI for short bunch case.

The electron cloud at resonance contributes high heat-load at the wall
but it may be not a problem for beam dynamics if electrons stay close
to chamber. Thereisno resonance for SuperB if Bz<90G.
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Clearing mechanism—Ilong bunch case, né INS

SEALLATION MUETRON SOER(I
e T,

L [
5
1]
€
L&
450 500 550 600 650
Time [ns]
ﬂ V 250
14 / 200
1.2 ~ o150}
> / ~
1 \ 7 100}
08 50
450 500 550 600 650 450 500 550 600 650
Time [ns] Time [ns]

Bz=10G

SNS/BNL Ecloud’04 NAPA L.F. Wang, et.al.



The effects of Solenoid configuration (short bunch case) QSNS
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The distribution depends on the initial eectron distribution
& solenoid field direction (Bz)
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