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Abstract

A fast transverseinstability has been observed intheLos Alamos
Proton Storage Ring (PSR) when the injected beam intensity
reaches morethan 2 x 102 protonsper pulse. Understandingthe
cause and control of thisinstability hastaken on new importance
as the neutron-scattering community considers the next genera
tion of accel erator-driven spallation-neutron sources, which call
for peak proton intensities of 10* per pulse or higher. Previ-
ousobservationsand theoretical studiesindicatethat theinstabil-
ity in the PSR is most likely driven by electrons trapped within
the proton beam. Recent studiesusing an experimental el ectron-
clearing system and voltage-biased pinger-electrodes for elec-
tron clearing and collection support this hypothesis. Experi-
ments have also been performed to study the instability thresh-
old when varying the electron production rate. Theoretical stud-
ies include a computer simulation of a simplified model for the
e — p ingtability and the investigation of possible el ectron con-
finement in the ring-element magnetic fields. This paper reports
some recent results from these studies.

I. INTRODUCTION

The PSR is a fast-cycling high-current storage ring designed
to accumul ate beam over a macropul se of the LAMPF linac (~1
ms) by multi-turninjection through a stripper foil and compress
that beam into a short single-turn extracted pulse (~0.25 us),
which drives aneutron source. Key PSR parameters includeki-
netic energy of 797 MeV, circumference of 90.1 m, revolution
frequency of 2.875 MHz, betatron tunes v,, and v, ~ 3.17 and
2.13, respectively, and present operation with N ~ 2.35 x 103
stored particles. The design intensity is 100 A on target at 12
Hz, which implies 5.2 x 10! protons/pulse. Average and peak
intensitieshave been somewhat less (80 A at 20Hzand 4 x 1013
maximum pulse size). The average current is limited by slow
beam losses, and individual pulseintensitiesare limited by afast
instability [1-3].

Theinstability occurs when morethan ~ 2 x 102 protonsare
stored in bunched mode (rf on), and when morethan ~ 5 x 10*2
are stored in unbunched mode. Transverse oscillationsat ~100
MHz are seen, and grow exponentialy at time scales of 10-100
1S, causing beam losses. Searches for a possible impedance
source were unsuccessful. Much evidence has been observed
which supports the theory that the instability is caused by the
coupled oscillation between the proton beam and trapped elec-
trons — the “e-p” ingtability that has been previousy observed
in some other proton facilities [4-6]. Supporting observations
include the following: degrading the vacuum makes the beam
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become more unstable, biasing the foil to a voltage sufficient
to clear eectrons in the vicinity increases the stability thresh-
old; and moving halo scrapers into the beam pipe to produce
more secondary electrons decreases the threshold. Theoretical
calculations have aso shown that the conditionsfor an e-p in-
stability may occur in the PSR. However, a dominant electron
source has not yet been identified. Understanding of thisinstabil-
ity and methods of controllingit have taken on new importance
as the neutron scattering community considers the next genera
tion of accel erator-driven spallation-neutron sources, which call
for peak protonintensitiesof ~ 2 x 10'* per pulse or higher.

A theory proposed in the early nineties conjectured that a
small amount of the beam in the PSR may leak into the gap to
form a smooth, overall density distribution and an electric po-
tential sufficient for electron trapping to cause instability [1,7].
A later computer simulation indicated that neither the multi-turn
trapping of electrons nor the gap-filling is necessary for the e-
p instability to develop if there are sufficient electrons trapped
in the proton bunch, but the instability threshold can be lowered
by having electrons trapped for more than one turn [3,8]. Ob-
servations did show that the instability is associated with bunch
leakage; with bunched beam (rf on), we observed that instabil-
ity occurs when the inter-bunch gap hasfilled in. Measurements
taken under various conditionsindicatethat gap filling occurs ei -
ther before or simultaneoudly with the beginning of growing os-
cillations.

In the recent years, experiments were performed by using the
“pinger” to sweep the leakage out of the inter-bunch gap during
storage and by lowering the machine transition gamma to pre-
vent protonsto make leakage difficult [3]. In therelatively low-
intensity regime, resultsfrom these experiments seem to confirm
the conjecture that the gap leakage does induce the instability in
the PSR. Yet a high beam intensity, neither the gap sweeping nor
the low transition gamma was able to stabilize the beam. One
possible explanation is that keeping the gap absolutely clean at
high beam intensity isdifficult. However, theresults of these ex-
periments can not exclude other mechanisms to drivethe insta:
bility; whether the beam in PSR will be stablewith aclean gap at
theintensity of 5.2 x 10'3 protons/pul seremains to be resolved,
and identifying the source of electrons still needs further study.

Recently experimental studies of beam stability in the PSR
were carried out by using anewly installed el ectron clearing sys-
tem and by bumpingthebeam closetothewall to create el ectrons
that may inducetheinstability. Our recent theoretica study cov-
ers asimple simulation of the e-p instability, a study of possible
electron trapping in the magnetic field of the focusing € ements,
and an estimation of the secondary emission of eectrons from
protonslost in the ring. This paper reports some of the progress
made in these recent studies.



1. EXPERIMENTAL OBSERVATIONS
A. Electron Clearing

Since a charge-change injection method with foil strippingis
used in the PSR, we believed that the injection section should
have more electrons than other part of thering. Recently an ex-
perimental clearing system, including two pairs of electrodes,
two bending magnetsfor directing the convoy eectronsfromthe
stripping process, and an injection foil biasing capability, was
implemented in this section to study the effect of electron clear-
ing on thebeam stability. The system setup and the experimental
details are reported in a separate paper [9].

Theresultsof applyingthisclearing system to the beam appar-
ently depends on the machine and beam conditions. In the most
effective case, we have observed a more than 20% increase of
the instability threshold current of a continuous coasting beam.
In this case, we only applied moderate biasing voltages on the
foil and clearing electrodes. For bunched beams, we have tried
higher voltages on thefoil and the clearing el ectrodes; we found
no significant effect on the instability threshold, except that the
growth rate of the instability was lowered. A lack of sufficient
machine devel opment time did not allow more thorough studies
on thebunched beam. Nonethel ess, the resultsof thisexperiment
do provide strong support to the e-p assumption.

B. Electron Collection

We performed the experiments of el ectron collection by using
the plates of the clearing electrodes in the injection Section and
the pinger in Section 3 as el ectron collectors. Synchronized sig-
nalsfromthe collectorsand thewall current monitor or the BPM
were recorded and studied.

In the coasting-beam experiments, we observed a large cur-
rent collected by the pinger e ectrodes during the later stage of
the storage. When the stored beam went unstable, we observed
that the loss of beam current was preceded by a sudden risein
the pinger current. In the bunched mode, when the stored beam
was marginaly stable, we found the collected currents from the
pinger and from the clearing e ectrodesincreased withtheampli-
tude of the vertical oscillation. For unstable bunched beams, we
observed that theloss of beam current isaways accompanied by
afast increase in the current collected on the pinger el ectrodes.

C. Beam Bump Experiment

The purpose of thisexperiment wasto provethat an excessive
amount of the secondary el ectrons generated by the protonslost
to the wall can induce the e-p instability. A similar experiment
was carried out some years ago by moving a beam scraper close
to the core of the beam to generate secondary electronsto induce
the instability.

We created a horizontal beam bump in Section 3 of the ring
where a pinger was used as an ion chamber to collect the sec-
ondary electrons. A fast instability was observed when the or-
bit was bumped to more than a half centimeter toward the ring
center. When we bumped the orbit away from the ring center,
the stored beam remained stable up to more than one centimeter
of bump. The pinger collected a substantial amount of current
when the beam was stable, and a large amount of current when

the beam was unstable. The stability property of the beam ob-
served in this experiment is consistent with results of the beam
scraping experiment before.

1. THEORETICAL STUDY
A. Instability Smulation

A simple computer simulation of the e-p instability in along
proton bunch has been performed by numerically solving the
equations of motion for the centroid of the proton beam and
the centroid of the trapped electrons. A preliminary result has
been reported earlier. Recent studiesinclude using refined line-
density models, investigating the effects of the AG focusing and
noise, and a study of the BPM signal. Details are documented in
a separate paper [8] and in an interna report [10].

B. Electron Trapping Study [11]

The partia success in stahilizing the beam by gap sweep-
ing with the pinger motivated the search for other mechanisms
besides gap-filling, for multi-turn trapping of eectrons in the
PSR. A recent study investigated the possibility that electrons
could be trapped in the field of lattice quadrupoles. Computer
tracking of the electron motion in the combined quadrupole and
beam fields indicates that a fraction of the electrons generated
in the quadrupole region, including the gas ionization and sec-
ondary emission, can be trapped in the quadrupole field over
severa turns. The total amount of electrons trapped in all the
quadrupoles can possibly reach afew percent of the amount of
the protons stored, enough to trigger the e-p instability in the
PSR.

C. Study on Possible Electron Source [12]

We have studied the possibility of secondary e ectrons gener-
ated by the protonslost to walls as an el ectron source inthe PSR.
In this estimate, we applied Sternglass’ theory [13] on theyield
of secondary emission. Wefoundthat theyield for the secondary
emission in the PSR, due to a proton lost to the beam pipe, is
about 200. Using the experimenta data of beam lossinthe PSR,
and the theoretically estimated yield, we inferred that the elec-
trons generated in one accumulation cyclein atypical PSR pro-
duction conditionisabout 230 nC. The charge collected by using
the pinger as an ion chamber, ranges from 90 to 550 nC. Thus,
the estimated el ectron productionisin therange of the measured
data. Thisimplies that the secondary emission due to the lost
proton can be a significant e ectron source in the PSR.

V. SUMMARY AND CONCLUSIONS

Our recent experiments included electron clearing in the in-
jection section, eectron collection, and beam bumping for in-
ducing the instability. Our recent theoretical study coversinsta
bility simulation, a study of multi-turn electron trapping in the
quadrupol efiled, and astudy of secondary emissionasapossible
electron source. Resultsfrom our recent experimental and theo-
retical studiesfurther confirm that the observed instability in the
PSR isan e-p instability. Based on these observationsand there-
sults from other experiments as well as theoretical estimations,
wetend to conclude that secondary emission could be one of the
major el ectron sourcesinthe PSR. If thisistrue, ahypothesisfor



creating the large amount of electrons collected in the PSR can
be conjectured: Initially, any small perturbation can start a rel-
ative oscillation between the injected protons and the el ectrons
created dueto injection, gasionization, and secondary e ectrons
produced by lost protons. This oscillation together with the in-
creasing beam emittance due to the repetitive scattering by the
injection foil cause proton loss and the production of more sec-
ondary electrons around the ring. These secondary electrons, in
turn can increase the beam oscillation to cause more proton loss.
Thus, the beam oscillation and the secondary emission of elec-
trons due to the lost protons mutually enhance each other to in-
crease the amount of electronsin the ring above the threshold of
the e-p instability.

We plan to upgrade the beam injection section of the PSR to
improve the quality of theinjected proton beam for reducing the
proton loss and machine activation. This upgrade may change
the characteristics of the beam stability in the PSR and lead to
a better understanding of the instability. Understanding thisin-
stability and methods of controlling it have fundamental impor-
tancein both thefutureoperation of the PSR and thedesign of the
next generation of accel erator-driven spall ation-neutron sources.
Study of the PSR instability will be continued in the future.
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