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Preface

The Minisymposium on Photoelectron and Ion Instabilities was
organized as a satellite meeting of the 1997 Particle Accelerator
Conference by J. Rogers, Y.H. Chin, and J. Byrd.  We had two purposes in
organizing this minisymposium.  First, in recent months there has been
exciting and encouraging progress in observing and understanding the fast
ion and photoelectron instabilities of electron and positron storage rings.
The Vancouver PAC was an opportunity to bring together many of the
researchers in these fields to discuss these recent developments.  Second,
the minisymposium served as an organizational meeting for the
International Workshop on Multibunch Instabilities in Future Electron and
Positron Colliders, to be held July 15-18, 1997 at KEK.

The speakers at the minisymposium were Y. Funakoshi (KEK),
Y.H. Chin (KEK), G. Stupakov (SLAC), H. Fukuma (KEK),
M. Kwon (PAL), J. Byrd (LBNL), M. Furman (LBNL),
Z.Y. Guo (BEPC), and P. Krejcik (SLAC).  The speakers very kindly
supplied copies of their transparencies, which form the report you see
here.  This is an experiment in electronic publishing:  this report is
intended to be entirely electronic, available in PDF format on the World
Wide Web at http://www.lns.cornell.edu/~jtr/minisymposium.html.  We
hope that we have set a speed record for distributing the proceedings of a
meeting.

We wish to thank the participants of the minisymposium for
providing copies of their transparencies, M. Craddock and E. Driessen of
TRIUMF for making the meeting possible, and M. Roman and R. Helmke
of Cornell for computer support.

J. Rogers
E. Camdzic
Laboratory of Nuclear Studies
Cornell University
May 26, 1997
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Overview of the

International Workshop on Multibunch Instabilities
in Future Electron and Positron Accelerators

KEK, Tsukuba, Japan  15 - 18 July, 1997

Y. Funakoshi, KEK

Goal:

The goal of the workshop is to review the results of the theoretical
and experimental studies on the multibunch instabilities in future
electron and positron accelerators. We also plan to  discuss about
further studies and effective counter-measures such as fast feedback
systems. Although an emphasis will be placed on the fast ion and
photo electron instabilities, discussions on other multibunch
instabilities in the workshop will also be encouraged.

The Program Advisory Committee:

S. Kurokawa (KEK, chair), A. Chao (SLAC),
J. Rogers (Cornell Univ.), J. Byrd (LBL), F. Zimmermann (SLAC),
R. J. Macek (LANL), N. Dikansky (INP), S. H. Wang (IHEP),
M. Kwon (PAL), F. Ruggiero (CERN), T.Yamazaki (ETL),
H. Fukuma (KEK), M. Isawa (KEK), Y. H. Chin (KEK) and
Y. Funakoshi (KEK)



Schedule:

Date: 15 - 18 July, 1997 ➜ fixed
Place: KEK, Tsukuba, Japan ➜ fixed
Program ➜ tentative

9:00 am-12:30 pm 2:00 pm-5:30 pm evening
Mon., 14 July Registration get together party
Tues., 15 July Session Session Reception
Wed., 16 July Session Excursion
Thu., 17 July Session Session
Fri., 18 July Session Concluding plenary

Please discuss about the program. We will pay a close attention
to the results of the discussion in this symposium.

We are looking forward to seeing you in Tsukuba in July!



Announcement:

If you know anyone that should be included in the mailing list for
the future correspondence, please let me know.

I brought some copies of the poster for the workshop. If you need
them, please ask me.
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Experimental Observations of the Fast Beam-Ion
Instability at the Advanced Light Source

John Byrd, John Thomson
Lawrence Berkeley National Laboratory

Alex Chao, Sam Heifets, Michiko Minty, Tor Raubenheimer, John
Seeman, Gennady Stupakov,  Frank Zimmerman

Stanford Linear Accelerator Center

Abstract
We present results of experimental observation of the fast beam-ion
instability (FII). Results suggest that we observe the instability with ~80
ntorr of He added to the vacuum.

(see www-als.lbl.gov/~jbyrd for more information)
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Introduction

¥"classic" ion trapping occurs when the motion of ions is stable in the beam's potential well over many beam
passages. The ion motion becomes unstable for large enough gap in the filling pattern (i.e. clearing gap). This is
the typical "passive" solution for curing ion problems.

¥For high currents and low emittances, transient interactions between the beam and ions can cause significant
beam oscillations. Predicted to be important for flavor factories (PEP-II, KEKB, DAFNE), NLC linac and
damping rings, next generation light sources.  Similar effect predicted for positively charged bunch and atomic
electrons.
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Advanced Light Source (ALS)
"3rd Generation Light Source"

A 1.5 GeV electron storage ring optimized for producing high brightness synchrotron radiation.

Energy 1.5 GeV Circumference 196.8 m
Frf 500 MHz σδ 7e-4
Ibunch 1-2 mA σl 5 mm
h 328 Qs 0.0075
εx,y 4.1,0.12  nm-rad <σx,y> 160,30 µm
α 1.5e-3

ALS is currently operating for users at design current. 5 ID's installed and 12 operational beamlines.

Under normal multibunch conditions, FB systems are used to control longitudinal and transverse coupled
bunch instabilities driven by cavity HOMs and resistive wall impedance.

Experimental Procedure
¥setup conditions where the FBII is expected with growth rates at least an order of magnitude
above growth rates from cavity HOMs and resistive wall impedance and ion trapping of helium
not expected. Add helium gas to vacuum to get large growth rates but minimize effects of
Coulomb scattering. Helium also poorly pumped by passive titanium sublimation pumps.
¥turn off all active pumping except for pumps on either side of RF cavities; add Helium to storage
ring on either side of RF cavities and let it equilibrate in ring. Raise pressure to ~80 nTorr He.
¥record transverse beam profile and beam spectrum for a variety of fill patterns at nominal and
elevated storage ring vacuum pressure.
¥Longitudinal, horizontal, and vertical coupled bunch FB systems are on for all measurements.
Vertical damping rate ~(400 µsec)-1/mA.
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SYSTEM

Receiver 1

System Features:
¥100 kHz->250 (220) MHz BW
¥high gain/low noise receivers (3 GHz heterodyne detection), current dependent gain
¥2 PUs w/quadrature processing, βx1,2,k=12 m, βy1,2,k=6 m, ∆θx1,2/2¹=0.18, ∆θy1,2/2¹=0.68,
∆θx2,k/2¹=0.95, ∆θx2,k/2¹=0.92, +/- variable attenuators (mixers in PIN diode mode)
¥150 W amplifiers driving stripline kickers (single plate only), maximum kick of ~1 kV
¥2-tap analog notch filter for removing DC orbit offsets
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Experimental Results
Nominal Pressure
¥longitudinal, horizontal, and vertical CB FB systems operational
¥nominal vacuum pressure ~0.25 ntorr.
¥320/328 bunches filled (normal filling pattern for users)
¥sideband signals disappear for 240/328 and 164/328 fill patterns.
¥~2-3% vertical beam size increase. Probably due to ion trapping of CO/N2.
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Initial Measurements (cont.)

¥near the betatron coupling resonance (σy=2*σy0), the frequency reduces as expected.
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Elevated Pressure Results
Vertical beam blowup
¥dedicated diagnostic photon beam line measures average transverse beam cross section.
¥βx=0.35 m, βy=22 m, ηx=0.01 m
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Each image is ~80 mA total beam current in 160 consecutive bunches (out of 328 possible)
The left is at nominal pressure and the right is with 80 ntorr He.
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Synchrotron Light Images (cont.)
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¥We see between a factor 2-3 increase in average vertical beam size. Horizontal size is
unaffected. Single bunch images show no increase with higher gas pressure.
¥simulations show a similar saturation effect.
¥variation of vertical FB gain has no effect on beam size or sidebands.
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Observation of Instability Threshold
¥at a given pressure, we can vary the instability growth rate by varying the length of the bunch
train (using a fixed current/bunch)
¥for the experimental conditions, the theory predicts a growth rate of ~1/msec at about 8
bunches. Our FB damping rate for 0.5 mA/bunch is ~1.2 msec.
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Vertical beam spectrum
¥record the amplitudes of all vert betatron sidebands over 250 MHz range
¥plot the linear difference of lower-upper sideband amplitude
¥peak frequency of sideband pattern agrees with calculated coherent ion frequency
¥coherent oscillations not always observed (decoherence? 4-pole mode?)
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Frequency of sideband spectrum
The frequency of the peak of the sideband spectrum shown previously shows fair agreement with
the calculated ion frequency. However, detailed agreement requires precise knowledge of the
vertical beam size which is difficult to determine when the beam is unstable. Also note that a
coherent signal is not always visible on the spectrum analyzer, even though the beam is clearly
unstable in the vertical direction.
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Variation along bunch train
To measure the variation in vertical oscillation amplitude and/or vertical beam size along the
bunch train, we measured the bunch intensity as the vertical aperture was reduced using a beam
scraper.

The tail of the train is scraped more than the head, indicating that the tail is oscillating at larger
amplitudes, as predicted by the theory. When the expt. is repeated at nominal pressure, the beam
is scraped uniformly.
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Summary and Conclusions
¥FBII probably not observed at nominal pressure.
¥Vertical blowup observed when 80 ntorr helium is added in a regime
where trapping not expected. Growth from gas scattering does not explain
effect.
¥Instability threshold at fixed pressure close to expected value.
¥Frequency of coherent oscillations agrees with ion frequencies.
¥Coherent oscillations increase along bunch train, demonstrating the
transient nature of the effect.
¥Growth saturates at 2-3*σv.
¥Probably FBII but more studies necessary to extrapolate results to
different regimes.

Future Plans
¥next run planned for June 1997.
¥vary gas pressure measure instability threshold.
¥study effect of noise in TFB system
¥measure tune and amplitude along bunch train.
¥test potential damping mechanisms (i.e. fill with series of short trains)

Thanks to Alan Jackson and the ALS operations group
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The Electron-Cloud Effect in the
PEP-II Positron Ring: An Update*

M. Furman (+G. Lambertson)
Lawrence Berkeley National Laboratory

PAC97, Vancouver, May 12–16 1997

*this poster, as well as paper 2V015, can be found in http://www.lbl.gov/~miguel/

*Work supported by the U.S. Department of Energy under Contract no. DE-AC03-76SF00098.
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Mechanism for the beam-induced electron cloud.

e+ e+e+e+
e+

e+

PEP-II LER

e−

γ

e−

e−

e−

b

— ~99% of the photons escape

~1% have low energy and large angle: these photons strike the wall and provide a

supply of photoelectrons.

— ionization of residual gas is a negligible source of electrons compared to

photoelectrons
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PEP-II parameters:
— N=5.6 X 1010 particles/bunch

sB=1.26 m

σz=1 cm

no. of bunches=1746 (max)

Ibeam=2.17 A

— (see paper 7P37 for more details)
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• The electron cloud couples the transverse motion of the bunches.

— Fast coupled-bunch instability

— Unlike its cousin “beam-induced multipactoring effect,” the electron-cloud effect is

not in principle resonant in nature (although some subtle resonant effects can

arise in the presence of a B-field)

— M. Izawa, Y. Sato and T. Toyomasu, Phys. Rev. Lett. 74, 5044 (1995): experimental

evidence at the Photon Factory (KEK) when operated with positrons.

♦ a beam gap does not reduce or eliminate the instability (but a large SB does)

— K. Ohmi, Phys. Rev. Lett. 75, 1526 (1995): simulation of the electron cloud for the

Photon Factory.

♦ fast growth rate

— Z. Y. Guo et al.: experiment carried out at BEPC (IHEP-KEK collaboration,

EPAC96): similar characteristics as observed at the PF.

— S. Heifets (SLAC) analytic approach to the problem for PEP-II.

— F. Zimmermann (SLAC): recent preliminary simulations for the LHC.

— a related instability at CESR: J. Rogers and T. Holmquist (J. Rogers talk 7'C2)
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Summary*

• PEP-II LER (positron beam)

• features of the simulation

• SEY data

• results for the pumping straight sections

• results for the bending magnets

• comments and conclusions

* this is a progress report; answers are not yet final!
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PEP-II LER: plan view of a section of arc
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• study the electron cloud separately in the pumping sections (PS’s) and in the
dipole bending magnets (B’s)
— this is legitimate because the longitudinal motion (drift) of the cloud is very slow

— compute separately the contributions to W1(z), then add them up; this is legitimate

because range of W1(z) is much smaller than the betatron wavelength



PAC97 Vancouver, May 1997. M. Furman and G. Lambertson, poster 2V015 and ion-photoelectron minisymposium talk.     p. 7

PEP-II simulations

• simulation code features:
— 3-dimensional

— elliptical vacuum chamber geometry (image charges included)

— photoelectron emission is a very simplified model; this is a primary input

— secondary electron yield (SEY) model included in detail (assume a low-emission

coating such as TiN)

— space-charge effects included

— ionization of residual gas included (but not secondary ionization)

• basic strategy of the simulation is:
— simulate the development of the cloud in one section (dipole magnet, or pumping

section) due to passage of a train of e+ bunches

— when the cloud is established, displace one bunch by ∆y (or ∆x) and observe the

resultant force on successive bunches

— extract the dipole wake function W1(z)

— compute multibunch mode spectrum from W1(z) and read off growth rate

• basic result:
— growth rate ~1 ms–1 dominated by the pumping sections

— secondary emission is under control thanks to TiN coating
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Secondary electron emission

• main quantity of interest is the secondary emission yield (SEY) δ:
— δ=average number of ejected electrons per incident electron

♦ function of: incident energy E0, incident angle θ0 and surface material

♦ code uses semi-empirical model (H. Seiler, J. Appl. Phys. 54(11), p. R1, 1983)

— recent measurements by R. Kirby (SLAC) for TiN-coated extrusion sample at

normal incidence also included

• for the PEP-II LER the photon reflectivity R and quantum efficiency Y are also
important, but not as much as the SEY
— non-smooth behavior in δ but not in R or Y
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SEY measurements of Al extrusions at SLAC
• TiN-coated, normal incidence (see paper 8C9)
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Baking and TiN-coating of vacuum chambers (paper 8C9)
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Pumping section: cloud build-up for R=0
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Pumping section: equilibrium distribution for R=0
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Pumping section: equilibrium distribution for R~1
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Average (effective) emission yield:

δ = dE0 d(cosθ0 )ρ(E0 ,cosθ0 )δ (E0 ,cosθ0 )∫∫
• find that δ < 1 in the pumping straight sections

— walls act as a net absorber of electrons; an equilibrium is reached
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Effect of space-charge forces in a 
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• at saturation, average electron density is ~4.7x105 e/cc
— ~1/27 of beam neutralization level

— can safely neglect space-charge (big computational savings!)
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Pumping straight section: wake function and multibunch spectrum.
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>0: unstable modes

<0: stable modes

• contribution from the PS’s to the growth rate estimate:  τ–1≈ 1100 s–1 for R~1

******************

• if R=0, then τ–1≈ 1400 s–1; equilibrium density ~6x105 e/cc ~1/21 of beam
neutralization level
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Dipole bending magnets.

• calculation is more complicated due to B-field
— B=0.75 T, L=0.45 m

— electrons travel in tight vertical helices:

ν =
eB

2π mc
= 21 GHz, ρ =

p⊥

eB
= 0.004 − 0.4 mm

— bunch length effects are important!

♦ σ t=bunch length=33 ps

♦ the fact that νσ t > 1 has important consequences

♦ impulse approximation yields overly pessimistic results

♦ cyclotron-phase averaging of the beam-cloud interaction suppresses ∆px

by a factor ~ exp −(2πνσt )2 2( ) = 5.9 ×10–5 relative to the impulse approximation
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Electron cloud distribution in a dipole bend (R~1)
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• δ < 1 in the dipole bending magnets
— equilibrium reached at an average density ~3.1x105 e/cc

— ~1/40 of beam neutralization level

— can safely neglect space-charge

• contribution from the bends to the growth rate estimate:  τ–1 ~ 38 s–1

• If R=0, τ–1 ~ 1.5 s–1, even for residual gas at pressures ~150x nominal

— negligible because electrons trapped in a narrow region far way from the beam
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Photon spectrum
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Photon geometry

1.0

0.8

0.6

0.4

0.2

0.0

x1
0-2

 

9876543210

distance from entrance to B1, x [m]

B1 PS1 B2 PS2

dN/dx [photons/m]
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hit the vacuum chamber wall vs. 
point where photons hit (x)
from a single positron traversing a single bend (B1)

chamber: a=4.5 cm, b=2.5 cm
antechamber slot: h=1.5 cm
photon energy cutoff: ω ̆  5 eV
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Conclusions and comments

• present indications: growth rate ~1 ms–1

— will be controlled by the feedback system

— growth rate dominated by the pumping sections (much longer than dipoles)

— secondary emission is under control thanks to TiN coating

• if chambers are uncoated, then:
— δmax~2; there is a chain reaction

— electron density grows until the beam is approximately neutralized on average (av.

density ~1.3x107 e/cc)

— electron cloud is space-charge limited; detailed calculations much more

computationally-expensive

— rough estimates: growth rates ~20-40 times larger than those above for TiN-coated

surface

• remaining issues: lots...
— what is the actual photon reflectivity? (so far assumed R ~1 or R=0)

— what is the actual photoelectric yield? (so far assumed Y= 1 (yield per penetrated

photon, not per incident photon))

— measure (and incorporate in the simulation) the angular dependence of the SEY

— if Ibeam is high enough (higher than nominal), there is also a chain reaction; where

is the edge?
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— evaluate contribution from other magnets (quads, ...) and other regions of the ring

(IR, ...)

— if coated chambers are accidentally exposed to air, the SEY becomes larger; how

big a problem is it?

— study further numerical convergence issues (no. of macroparticles, space-charge

grid size, time step,...)

— are higher-order modes excited?

— calibrate simulation against controlled experiment!


























































