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Abstract

A fast transverse instability with beam loss has been
observed in the 800 MeV Los Alamas Proton Storage
Ring (PSR) when the "ajecred beam intensity reaches 2 -
4x10" protons per pulse. Previous observations indicate
that the instability is most likely driven by electrons
trapped within the proton beam. Theoretical study has
shown that beam leakage into the inter-bunch gap leads
to electron trapping. Recent experiments were carried out
by using the newly implemented “pinger” and by varying
the machine transition gamma to explore further the “e.
p” instability and the na are of the instability. This paper
summarizes sotne of these recent experiimental results and
theoretical studies.

I INTRODUCTION

The PSR is a fast eycling high-current storage ring
designed o accunulate beam over 1 macropulse of the
LAMPF linac (~ 1 ms) by multiturn injection through a
stripper foil, and compress that beam into a short single-
turn extracted pulse (~ 0.25 ps), which diives a newtron
source.  Key PSR parameters inelude: Kinetic energy
797 MeV, circumiference 801 m, revoluhion frequency
/(2x) . 287H Mz, hetatron tunes 1,0 = 3.17,2.13,
and present operating intensity N = 235 x 16" particles
The design imtensity 15 100 gA on target at 12 Hz, which
imphes 5.2 x 10" protons/pulse. Average and  peak
intensities have heen somewhat less (8O gA ot 20 Hy, and
4 % 10" maximunm pulse size). ‘Uhe nverage current has
been hnated by slow heam losses, and mdividunl pulse
ntensities are hunted by a fast istalndity [1] and [2]

The iestability appears when more than ~ 2 % 10"
protons are stored i bunched mode (ef on), and when more
than ~ 5 10" are stored i unbuneched wods Transverne
oscillations at <100 M2 are seen, and grow exponentianlly
al e scades of 1O 10 s, eausng, bean lores Turtally,
mpedance conphings were suspected (o he the cause of
the wistabibity - Searchen for o possable nmpedi noe sonree
were gqusncecessful, winde some obscrvations were fonnd to
sipport the hypothean that the mstalahty may be caused
by the coupled onedlatien between the proton bear and
the e p™ wstalality wlieh hias
been previonsly abeeved iy soe other proton facihities

the tiapped electrons
Supporting, obrervations melnde degradine the vacunm

mahes the heam hecome more anstable, heany, the ol
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to a voltage sufficient to clear electrons in the vieinity
increases the stahility threshold, and moving in the halo
scrapers to produce more secondary electrons decreases the
threshold. Supporting calculations have also shown that
the conditicns for “e-p” instability may occur in the PSR.
While there are no clearing electrodes to remove charges,
it has been generally observed that varying the conditions
that may change the electron production does vary the
threshold of the heam instability. However, a dominant
electron source is not yet identified. The stripping foil
may be a good source.

[t was conjectured that electrons have to be
stably trapped within the space-charge potential of the
circulating beam for more than a revolution period of
protons to cause the “e-p” instability. For an ideally
bunched beam ia the PSR with a beam-free interbunch
gap of ~100ns passing through the electrons every turn,
trapping enough electrons for instability seems to be
diflicult.  However, calculatiens and sitnulations based
on the PSR parameter values and injection process have
shown that a small amount of beun may leak into the
gap to form a smooth overall density distribution and
an electric: potential suflicient for elertron trappmg [
Observations did show that the instability s associated
with bunch leakage:  with bhunched beam (of on), it
has been genernlly observed that instability ocenrs when
the aterhbunch pgap has filled in Measurenwnts under
various conditions mdicate that gap filling oceurs before or
stmultancously with the begmning, of growing, oseilations
Also, exprriments were performed to lower the threshold
and to create the instability by deliberately ijecting n
Other
expernmental evidence supporting the hypothesis of gap
fillimg, duced mstability anelude
by kicking the leakage out of the mterboneh gap durning,

stnall mimount of beam into the intechuneli gap.
the bewm stabihzation

stotage, aml the storage of a mmch more stable beam by
mjeching, proton pulses with shorter wadth deeper ainto the
confinmg, of hucket to make leakage diflicult
Understanding, of thiee mstabality and methods of
contrallmp it have Gaken on new unportance ns the neatron
seattermy, commty conaders the next generation of
accelerator doven spallation nention sourees, which eall
for peak proton wmtematies of approxvunately 2 2 10"
per pulwe o gl Heceut expernnental studies of
beam stabihty i the PSR owere carned out by vang the
“pinger” and by varviog the macliune traanston gama
to understand Bnther the nature of the mstability as well
an the pelation Hetwern the pap leakage and the mstalality
Theoretical study vascconcentrated oo acamiple sinulation



«fthe “ep” wmstabihty  This paper reports some of the

progress made in these recent studies.

11 EXPERIMENTAL ()HSI'ZHV:\’[_}“)I\'H
A. Erperiments Using The 'imyer

These are the experiments using the newly installed
“pinger”, a paic of 4 m long 7.5 cm wide electrodes, to keep
the gap clean and to “shake” the electrons away from the
proton beam Since the details are reported i a separate
paper i this conference [4], only the results of the stability
study will be sutumanzed at heree

We adjusted the fractional part of the vertical tune
vear 1/6. A pulsed voltage of a few KV, ~100 us long
in time and synchronized with the gap, was then apphed
to the pinger once per six turns.  More than 10% of
increase in the mstability threshold current was possible by
resonantly kKieking out the protons thit leaked into the gap.
In another experument, we tried ta shake electrons from
the procon heam by applying to the pinger a continnous
oscillating voltage (a few kV) of frequencies close 1o
nS/(2x) t 1y (nonteger). We also found about 10%
of merease in the threshold current These results are
cansistent with the e p™ assuwaption and are silar to
those obtined previously by usig dilferent anstroments

2)
B Tow Transttion Gumma rpeviments |H]

further
study the role of gap leahage o the PSR nstalaluy

The purpose of this experunent wis to
Theoreteally, lowerimg the tiachime transiton gamma ()
in the PSR owill decrease the longitadinal mobiliy of
particles ‘Therefore, at lower 5010 the beam s allowed to
debunch freely, more tine s needed for particles to move
mmto the gap I the stabnhty as dae to the pap leakage,
then after switchimg off the ff dunng starage, the time
penod for the beam to remon stable should e Jonger
lower 4,
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Vipme 1 Lhe gy dependence ot the threshiold charpge per
b b aned the stalsde torage tone after the ol as ol

In thes expermnent, ) wan vaned brom 321 to 4
For each ¢, the stabulity thie-hiold wan foest exanmuned by

vary g the amount of injected charges  Then, duning the
storage of a a marginally stable beam, the ff was turned
off and the tune duration between the of ofl and the onset
of the instability was mieasre:].

Figure 1 summarizes che observed threshold charges
anJ the stable storage ume afier the bunching rf was
switched off. The results indicate that stable storage time
without rf increases when 9¢ 1s decreased. This result
fits well with the theory of gap-leakage induced “e-p”
mstability. Sinee the 5, of PSR cannot he varied without
altering the tunes. high current can not be stor g at all

vilues of 7,0 The long storage times at 49, = 2129 and
2578 correspond to the low currents at Lhese points At
e = 2129 only a sioall amount of beam can be stored

becanse of momentuns spread is nnch greater than the
momentum aperture (04 - 05 %), At 4, = 2293 and
2HTR, the small working areas in the tune space it the
nwaminn bearn currents that can be stored

O Freguency Spectru Qbservations

Previous frequency spectrum studies of the bean
using an HP
RO6R1 spectrum analyzer and the Fast Fourer Transforms

oscillanions were based on measurements
of digiized  position montor - data [2] Reeent studies
have employed the antocorrelation method for the power
This nethod enliances the signal to noise rahio
allows a better

spectra
m the frequency domin, and hepce
exanmination of the mamn peaks of the relatively broad band
spectrim Simlar to the previons observations, spectia of
broad bandwidihs (10 50 M1z) with peaks near 100 Mlizy
were obtnned when mstability oceurs. 'The peak location
can vary hetween 40 to 200 MHz, depeading on bewn

condions These observed vanations i peak location

and width are consistent wath the hypothess of e p
mstabnlity

HETHEORETICAL STUHDIES

We conspder 4 proton bunch with a round eross
section of rvdins o propagating mside a peefect conducting
pape of tachius b Phe traneverse focusimg, force s esomied
toovary heatly with the vadial distanee We also assie
that m the equbbounm <tate, all the trapped electrons
are oscillating ansade of the proton heam, and partickes
the

Accordiply, the tapped electtons expenience a liear

are vnilonmily distnibated n transverse direction

tranve rae foonang foree slue 1o the net charge i the

beam Hoth the hine denaties of protons, A and electrone,

A, ey vy Dean the biead o the ol v,vl' the o A
Cavte gan coordmate sovdem e chosea sach that the = aae
veon the svnmety anecof the proton heam, el the yoave
v perpendicnlar to the plane of the ning, Neplectug i the
roaed e and the - moton of clestrons and ad-hing the
darnpng eflect the fallowainy equations can be formlbated
fon the mmotionn of the centerordsn ol protons “,.] an-|

clectione (V)
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where ¢ s the time, vois the propagation speed of the
protons, C'g and Cg are the danping constants, g -
1 - (afb)* is the gevmetne factor, 3 (1 ¥ ey M
e is the speed of light, vy and vooare the clissical rindin of
A (=)/A2)

is the fraction of neutralization, &, is gaven by

a proton and an electron, respectively, (o) -

2 gty thand v L (2) :
'y o “ lv + "-., N .I“ b . (l‘)
and w, (cfa){2re N[0 - A CGa/BYEEYE s the bouncing

frequeary of electrons i the proton bean Qur theoretical

study of the “e p”
solutions of Fqs. (1) and (2)

stability 1+ based on the nimmeriea)

Fapure 20 (o) “The combated sipnal of e vertoal bean
cvallation by veang, Fags (D aned )b The ovpenmne ntal
data of the vegtal beam oeaillanem

Only one evanple of the e neal <tidy will be
More detule of the thieoretioal ctady
tesalt wall be o duded mcanother report 6] In D ypaie 2,

poen here At
acanmmbated ape spnal of the vertieal beovn ceallann,
(a), b topethoer wath woeeal o vore ntal data (b,
tor compatraen T Qo care e spiiate puba waithoa
sl cometant deneaty i the g woe aesimed e A, andd

A, Fhe campatation swas patated wath restig, elec oo

and a 1yo MU perturbation i the proton beam  Oune
prreent of neatrahzation wis assumed  Note that o both
Igs
with the proton hine density, ve

2a and 21, the oscillation frequencies are correlated
higher at the center of
more evidence that the
mstabihty s not caused bty the machine impedance,
While this study s sull ain progress, prelimmnary
investigations have yielded a few notable results. (1)
Using the PSR paraineter values and reasonably chosen

the unch and lower in the tails -

valites for the unknown quantities, e.g. Cgp, C'ge and .
estimated growth times are close to that observed i some
experim nts. (2) When we studied the effect of locahzed
nentralization, 1e¢ a highly uneven electron distnibution
arouidd the ring, we found the resolts are close 1o these
(3) Gap-filling may no
be a nevessary condition for the “e p™ instability.  The
instabulity may still ¢oour with a elean gap if the bheam

with evenly spread electrons

is sufhiciently (i few pereent) neutralized by the fresh
electrons created i each turn. The mstability threshold
ih the case of a clean gap may be somewhat higher than
that in the gap filled cise,

IVOSUMMARY AND CONCLUSIONS

Resaldts fromn our recent experiaental and theoretical
studies further support the hypothesis that the observed
Recem
oheervations are also comastent with the assumption tha

instability an the PSR an e p” stalality

the mstabddity s indueed Ly the leakage of protons into the
pajr. although the theary predicts that gap leakage
not be iy necessary comdition for mstabulity A numeneal
tel based ona sinple model hias been established and
is bemg used forwmstababity study  Uoderstandimg of this
mstabithty and methods of controlling 1t have fundamentad
tmportance an both the future opetation of the PSR and
the design of the next generation of accelerator driven
spallation neutron sourees

One of cur fature neun actvities will be to idennfy
demmnant electrom sonrees and to clear the elections i
the fortheonnny, experunent we are plannmg to anstall
cleanmg clectindes near the mgection stnpper finl where the
beam loses are telatively Lirge We expeet the thearetical
studiee and the experment wang, pimeer to contine ito
the e fature
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