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OUTLINE FéSNS‘

» Motivation -
» Mechanism of multipacting

» Important factorsrelated to Multipacting

» Multipacting in Dipole, Quadrupole magnets

» E-cloud clearing with solenoids & electrodes

» Summary

L. Wang 4/20/2004 2 BNL



Motivation F’g/zSNS

SPALLATION NESTROM SOBRLI
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» What isthe mechanism of trailing edge multipacting?
» Which factor s affect e-cloud multipacting? And How?
» How to Clear electron cloud?

L. Wang 4/20/2004 3 BNL



Classification of eectron multipacting ‘QSNS

|f an electron can oscillate many times under the beam forcé
during the passage of one bunch, then the bunch iscalled

long bunch

\

AN

pbc

>> 1

Long bunch (Single bunch multipacting): PSR, SNS,JPAC,

|SIS, ESS...

Short bunch (Multibunch multipacting): B-factories, PF,

NLC damping ring, SPS, LHC, RHIC,.....

L. Wang 4/20/2004
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Soweeofelewons K

Primary electrons

>

>

Photon-electrons
(electron machine & LHC)

Beam loss at the
chamber surface (PSR,
SNS, ISIS, ESS, JPARC)

Residual gas ionization
Stripped electrons

L. Wang 4/20/2004

Parameter
E (GeV)
C (m)

N

a,3, (mm)
t, (ns)
b (cm)
P

Y
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Parameters for the SNS Accumulator Rl ng

Description SNS
Beam energy 19
Circumference 248
Beam intensity 2.05 10+
Transverse beam size 28, 28
Bunch length 700
Beam pipe radius 10
Proton loss rate/turn 1.1 10%
Asssumed proton- 100
electron yield
5 BNL |



Secondary electrons ﬂéSNS
ittt et
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Secondary emission yield Beam driven multipacti ng
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Key parameters for Multipacting (Strong energy and SEY dependence)

» SEY depend on the material property of the chamber surface ( peak SEY
and energy at peak SEY)

»Beam-electron interaction dependence (beam pattern, bunch current, bunch shape,
bunch length, chamber size...)

L. Wang 4/20/2004 6 BNL



Nonlinear Oscillation Period and Adiabatic invariant IﬁSNS

SPALEATION ‘H_I_ilﬂ{l?l SOERLE

Nonlinear Oscillation Frequency e =
801 \\ —-—= ,(A)rrr?;;tlitude /ﬁ 1160
T=4089 —4on O z ] PFT\ el ] o
= £ N o Pha S T
Oum Om < I [ | e
S 20
I famp 0 %_ i —100§
! 4-01/pf—°m9x/§aarcsin . oLi 5 _23_ b ‘ 1,8
1= e g J+2In(r,,./a) IN(Fp /T) 5 s i i u §
I 2peom T I JJI ‘\ 160
P Te (anp £:2) :Zl've ranges 20~140MHz \V\ 140
Ad|abat|C |nvar|ant 199 100 200 300 400 500 600 \70%0

1 dV\t/e <<1 (if t>20ns and t<680ns for SNS)

wl

J =¢pdg
3 2
e [ (1<
ia | 2e
=i 5
.:-4a mel &x1’2+1+ ctg—+£ 5 fin Zame g = (ramp a)
LY 2pe, § 2 2 J2x a roz

X =1n(rym, /@)

L. Wang 4/20/2004

Drifting Time [ns]
Oscillation amplitude and frequency

LANL PSR

beam spectrum
[ 50~150MHz

courtesy

4 Robert J. Macek
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Oscillation amplitude from adiabatic invariant ‘%SNS
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Contour plot from adiabatic invariant 100
can clearly descript the electron |
orbit

All electron emitted (including gas
ionization) before the bunch center
or survived from last bunch gap can 70
be trapped (inside beam for the
survived electrons) during the bunch
passage and are released at the
bunch tail. The trapped electrons,
most of them are the survived
electrons from the last bunch gap,
contribute to beam dynamics
(instabilities) 20}
All electrons which emitted from the 10}
wall after bunch center will directly

drift to the opposite of wall surface. 0 . - - - - - )
The straight crI)rF:fting electrons ° 00200 3°T‘}me[n“§° 00 000 700
contribute to multipacting due to

their short drifting time &high

energy when they hit the wall Contour plot of the oscillation amplitude
surface. resulting from adiabatic invariant for SNS
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Particle motion vs. instability & multipacting WY
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Typical orbits of 100
various electrons
trapped by SNS 80
beam, bold solid line 60k
shows the
longitudinal  beam 40+ '
profile shape and r M ( I ~||| H.H “’ m N
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lines show the beam E 0 i \ S\ H | Holen HH
size =

Electrons by
lonization

(beam
Instabilities)

‘“H l ki n il “. H

Primary electr

S Te”"a’ry electro

~ |
o
o

10(\ 200 300 400 500

\ YV Y
Electrons emitted before
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and lost after bunch
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Energy Gain of multipacting electron &
Mechanism of trailing edge multipacting (SNS/BNL Note 132) - @:SNS
Electron energy when a multipacting electron hit the wall SR

me " dr 1 1+2In(r/a) 1
DE—-— / bega(2z - 1 +a.[2] +w/22 g
Céa( )arcgnf V3 In(b/r I In(b/ 1) ,Z,ﬂz J

b O Also see other expressions
pe,m& . 1 - |
Dt =2.0 Cy2aarcsin by M. Blaskiewicz, J. Wei et.
le § \/1+2In(b/a) ,/In(b/r) 5 | @
400 — 5 - I I T T 2.2
a: beam size, b, chamber radius, | is — Eﬁi‘?;yp;%.'nebyanawsis method
. . 350H —— Energy gain by numerical method
beam line density z =1+ 2In(b/a) - SEY

300

Longitudinal beam profile factor

0
Factor, ;. = E

» Good agreement with numerical
method

» Calculated SEY can be used to
predict the multipacting directly

» Adiabatic motion and Energy gain
can explain the mechanism of . TV
“trailing edge multipactor” %0 400 450 500 550 600 650 700
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L. Wang 4/20/2004 el
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Sample|: Multipacting = trapped electron SNS
t. :350ns SPALLATICN METRON SOBRCY
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E-cloud in drift region ﬂéSNS
3

» Single bunch multipacting & Trailing Edge Multipacting

» All surviving electron from the last gap are trapped insde beam durlng
the bunch passage (Contributing to beam instabilities)

» Bunch gap isimportant for beam dynamics
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Snapshot for one turn !£SNS
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Ecloud in PSR
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Comparison with experiment:

Electron energy at the wall 0~200eV
(experiment 0~300eV)

Wall current 0.7mA/cm?

(experiment 0.4mA/cm?)

ED42Y Signals for various repeller voltages

L. Wang

4/20/2004
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| mportant parameters related to multipacting ‘QSNS

Parameters Effects mechanlsm
[ chamber (Multipacting) | 1 peam (Stabilities)
L ongitudinal beam sensitive sensitive profilefactor
profile
Beam intensity very sensitive very sensitive multipacting frequency
(no saturation) (saturates) & energy gain
Beam transverse Insensitive Insensitive space charge doesn’ t
profile sensitive to transver se profile
Flat beam effective effective Electron orbit polarization
Peak SEY Effective (~linearly) Effective SEY
(~saturates)
Energy at peak Effective (~linearly) Effective energy gain closeto energy
SEY (~linearly) at peak SEY
Electrons by insensitive insensitive adiabatic motion (trapping)
ionization
Bunch gap insensitive effective single bunch multipacting
/decay & trapping

L. Wang 4/20/2004 15 BNL



Energy [eV] & Beam profile [nC/m]

Important Factors Related to Electron multipacting(1)
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Longitudinal beam profile effects FZSNS
#
EIeCtron S'gnals VS bunCh Shape S .un:numu-mlmun

(LANL PSR experiment, courtesy Robert J. Macek, ecloud’02)

Effect of rf Buncher phase variations ED42Y signals for rf phase changes
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Beam intensity effects (I) ﬂéSNS
ey

SPALEATIN ‘H_l_ilﬂml SOERLE
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» High beam intensity causes high electron energy gain DEp vI

» High beam intensity increases multipacting frequency fmultipacﬂng M \/r

» Space charge slows the growth of electron density inside chamber when
strong multipacting case happens | yuree [NC/M] =78- 112" 1.0 N +39" 1.0 ®N?
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Beam intensity effects (Il) péSNS
oeamenshy ey oo o
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» Space charge makes the electron density inside beam saturated when strong
multipacting case happens

10 T T T 2
—e— Eelectron Wall Current /0\ c(é\ 12.2 10

=@ Line density inside beam P - Fixed buncher voltage and accumulation time

10/7/2001, Log Book 98, p132-3

10 f

® Prompt
E ® Swept
[4)
ERTS
£
€
< 7.0° 10°5Q674 °

Eelectron Wall Current (A/cmz)

10} 3.2°108qQ1027 |
10° : : e
T 1 2 3 4 5 6 7 8 910
N( 10 Q [nC]
SNS, simulation LANL PSR, Experiment, R. Macek
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Influence of transverse beam profile
(LANL PSR, Experiment, R. Macek) - ﬂéSNS

spot size estimates: s, =11 mm, s, =5mm

No Notch beam 11/18/99, 8.83 nC/pulse

Vertical e-cloud
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Electron motion in dipole magnets ”4SNS
‘|Fﬁ1t.!i.t[tl Hll‘lﬂ'ﬂm![l

> Dipole magnetic field B=(0,By,0) o

, 1 dE 1 amES

C = COoswt
wB dt wBé dt g
1 ‘d’E 1 . “d%E. .
- coswt(y——~ coswtdt - smvvto—xsmwtdt
wB o dt? wB o dt?
E | 1 ‘" dE 1. 'dE, .
u --—X-—cosvvto—‘ Xcoswtdt+—smvvt0—‘ X gnwtdt
’ B| B o dt B gl
> In strong dipole magnet(B~1T for SNS) 1 dE, <1
wE, dt

» Electron motion @gyration motion + translation (cross-field drifting) +
movement along B-field lines

» The kinetic energy of gyration motion and cross-field drifting is smaller
comparing with the kinetic energy in B-field direction.

L. Wang 4/20/2004 22 BNL



Electron energy gain in strong dipole magnet

wéSNS

ﬁ
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DE(X) = - cb S aG & an dy™
T 0 e :
a“- X y '0 4]
1/2
1 / M 177X 2é e x2  p2 y2al
+—cb —-dngl- —+In—+=x3 d
2 2pe, Tz I OO azgl ? a’ a a2% y
+Lep | me 1 1 bz_‘ng- X—2+|nX2+y29e_é|nae o gjl/Zdy
2 2pe, Tz /I 2_OX2 a’ a’ B X2+y2% (IX|<a)
€2 Vb*-x° 2 U2 0%-X2 \y2 | \,2 o U2y
DE(X)=-c |Te T 1 gb° é? Do gy XY gfn D2y
e, Tz I gX* X?+y? 5 2 & X X*+y*'5
( 2 __-1/2l:I
G= arcsmc a?[ b g u (|X|>a)
g a g X2+a2g g

L. Wang 4/20/2004 23 BNL



Electron energy gain in strong dipole magnet /SNS
e ey
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Energy gain at the wall surface for different X-coordinates. Left plot shows the
electron energy gain as a function of horizontal coordinate. It is normalized by
the peak energy gain at the chamber center X=0. Right plot shows the energy
gain of direct drifting electrons in SNS dipole magnets with By=7935 Gauss.
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Multipacting in Dipole magnets (By=0.79T) "QSNS

SPALEATION NERTROM SORRLE
= ¥l T

Eelectron Line Density (nC/m)

L. Wang 4/20/2004

@ Multipacting happen at the horizontal chamber
center (1 strip, agree with estimation)

@ E-cloud density is about 2 times smaller than
the drift region
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Bunch current effects on Multipacting in dipole

for short bunch---strip position and lost charge density MSNS
ﬁ

A N=3. 3e10

El:ac:rrm density

:'e”:ll}

Electron density

8.6x1010 p/b

Electron density
L)

Effect of a dipole field: 2 strips at
different bunch intensities, CERN SPS
experimental results, J. M.Jimenez,
KEKB LER,simulation ECloud’02, CERN, 2002

L. Wang 4/20/2004 26 BNL



E-cloud in Quadrupole and Sextupole magnets

SPALEATION NERTROM SORRLE
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Ecloud in quadrupole Ecloud in sextupole
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» Multipacting happensonly near the middle of the pole surface
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Trapping mechanism-- bunch length effect (PRE,66

ATION NERTROM SORRLE
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Peak SEY and Energy at Peak SEY f’lSNS
Biebiien] flakotmbit) ek ibioied ol

SPALEATION NERTROM SORRLE

» E-cloud density inside chamber isa linear function of peak SEY and enelygy at
peak SEY.

» E-cloud density inside chamber ( and hence Instability growth rate) increases
linear with peak SEY and finally saturatesat somelevel.

» E-cloud density inside chamber (\and hence I nstability growth rate) decr eases with
theenergy at peak SEY.
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Uniform Solenoid effects ‘QSNS

SPALEATION NERTROM SORRLE

» 30G Solenoid field can reduce the e-cloud density with a factor 2000
» Zerodensity within beam
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Electrode clearing effect vs. Clearing voltage (PRSTAB, Vol7:034401,2004) éSNS

SPALEATION NERTROM SORRLE
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e-cloud dendity vs. clearing fields

» Weak fiedld(~200V) isvery hepful
» Strong multipacting at 2kV, which could be stronger than zero field case
» Cooperation with LANL PSR

L. Wang 4/20/2004 31 BNL



E-cloud distribution at different time for 2000V clearing field ﬂlSNS
—\-E\‘ —_

SPALEATION NERTROM SORRLE
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t=630ns

ran density
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Elect
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&
: L 2r00ns > Clearing field can cause the particle
ey W polarized toward the clearing field
- o direction. As a result, It causes
strong multipacting near the positive
electrode.
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Mechanism of strong multipacting due to clearing field ﬂlSNS
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Summary 1; N
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Mechanism of trailing edge multipacting is clearly explalned by
Adiabatic invariant, Nonlinear oscillation frequency, electron

energy gain.

» Many factors related to the multipacting has Dbeen
investigated one by one wusing 3D code. The results
qualitatively agree with the our analysis and experiment
studies. Beam intensity, Longitudinal beam profile, transverse
beam size, beam in gap are important.

» Strong multipacting at horizontal chamber center of dipole
magnet.

YV VvV

Clearing electrode is complicated. Electrode is helpful for the
clearing of trapped electrons and hence instability
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Thank you for attention!
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Eelectron Line Density (nC/m)

Electron by ionization qZSNS
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Assuming the same yield as the yield due to proton loss
Electrons due to direct ionization can be neglected for long
‘bunch due to the long term trapping and low energy gain
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Longitudinal Profile effect, simulation !éSNS

The longitudinal beam profile’s effect was demonstrated by simulatioh
( M.T. F. Pivi and M. A. Furman PRSTAB Vol. 6, 034201 (2003) )
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PSR(PSR-94-03,M. Plum, etc.)
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Snapshot of first 70 ns '4SNS
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Transverse Beam Size Effects FéSNS
e 5

> A smaller beam size contributes
to stronger space charge field | chambe[NC/M] = 21- O.27a[mm]
and hencelarger electron energy
gain and stronger multipacting. [nC/cm®] = 4.9¢ °+™

> Instabilities Is sendgtive to a.
Small a, strong instability
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