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Abstract 40 ~& current [mA] (-) 29-Aug-1993 lifetime [h] (. 20.0

The electron beam lifetime in the HERA storage ring isnotonly 4, e 150
uniformly lower than the positron beam lifetime, but the electron o bl . By
beam lifetime curves display complicated structures not present 20 3 " * R ER P i Api 100
in the smoothly behaved positron beam lifetime curves. Sum- 0 ; N Nk e 50
maries of characterising quantities are presented for large num- ~— —~—__ [ T '
bers of runs in 1993 and 1994, enabling the identification of o i | 0.0
trends in the beam lifetime behaviour. e S

The lifetime reduction seems to be due to many discrete life- ,; e current [mA] () 28-Aug-1994 lfetime [n] () 5
time reduction events. The lifetime achieved at given current de- HERA e+
pends in a complicated (and stochastic) manner on the filled cur- 30 15.0
rent, energy and integrated ion getter pump voltage. The proper- [J P
ties of the lifetime problem are overwhelmingly consistent with 20 9 ’] -~ 100
the capture of material by the electron beam (most likely dust o L. — ll . S = 50
particles of size 0.141m) which — being then highly positively : { f [ 1
charged — scatters beam electrons. The source of this material, °; 3 p ° 2 15 18 a1 2%
or the mechanism of its liberation from the chamber or pump
walls, is not entirely understood. Figure 1. The current in mA (left scale) and and lifetime in

Moves towards curing the electron beam lifetime problem a@urs (right scale) for a typical HERA ande*runs is shown.
discussed. Itis clear that the beam lifetime behaviour for electrons departs

from that expected due to residual gas alone.

l. INTRODUCTION shown at various beam currents. The positron runs were very
The lifetimer of a particle beam of currertat any instantis smooth, and the lifetimes achieved from one run to another were
given by the local exponentiakeday lawdi/d¢ = —i/7. The veryreproducible; variations in the positron lifetimes are almost
lifetime of leptons in the storage ring HERA is expected to bentirely due to variation in chamber pressure during a vacuum
limited by bremsstrahlung from residual gas, and is expectedpiomp assessment programme. The electron lifetimes, however,
increase smoothly with reduced current, i.e.with reduced syare much poorer, and vary greatly both witeach run and from
chrotron radiation induced gas desorption. run to run. A satisfactory explanation of the phenomenon must
In August 1994 positron operation was introduced at HERApt only explain these data, but must also explain properties of
with a notable improvement in the beam lifetime. Similarly, fothe beamlifetime curvesthat recur, and it must be consistent
the DORIS storage ring the switch from electron to positron opdth experimental observations of the effect of varying the ion
eration in March 1994 yielded a significant improvement in thgump voltages, the energy, and the filling current.
operation. In Fig.1 we see examples of electron and positron
runs from HERA. Unexpected jumps and variations can e Properties of lifetime curves

clearly seen in all electron lifetime curves, whereas the smoothrye captured dust particle hypothesis in its simplest form pre-
lifetime behaviour for positrons is determined by residual gagictg abrupt changes in the beam lifetime as particles are cap-
This limitation of the electron lifetime is known as tekectron ;a4 by (or lost from) the beam. Sudden increase and decreases
beam lifetime problemand is believed to occur in certain otheh e seen, however examination of the lifetime curves reveals

electron machines in a similar manner. complicated structures not present under positron operation, in-

We present here a brief summary of the major symptoms aqdging oscillations, increases, and decreases with timescales
properties of the problem in HERA, and discuss moves towarglsm minutes to hours. In general, the electron beam lifetime

its cure. For an extensive investigation and interpretation gfn-viour in HERA is difficult to quantify. Some of the more
HERA lifetime curve data see [1], [2]. For a discussion of sims,rious observations are presented:

ulations of the dynamic and thermal stability of dust particles The electron beam lifetime often drops towards or at the end

of various composition trapped in the HERA electron beam sggip o ramp from 12GeV to 27GeV. In Fig. 3 we see an exam-
31, [4]. ple of the lifetime variations during the ramp from 12GeV to

27GeV. Synchrotron radiation may play a role in the electron
[I. CHARACTERISTICS OF THE PROBLEM lifetime problem.

In Fig.2 the run-by-run sequence of HERA electron and InFig.4 we see a gradual decrease in the lifetime over the first
positron beam lifetimes from March 1994 to August 1994 amne or two hours of the run (after the rapid ramp from 12GeV
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Many experimental observations are consistent with the cap-

Figure 3. An example of the HERA electron beam lifetime ' . .
re of a micro particle of siz& 1um or of a small number of

development during the ramp from energy 12GeV to 27GeV {3 el ith valent total i
electrons. The current, lifetime and energy are shown against icles with equivalent total mass.

time in hours. The electron beam lifetime tends to peak durirﬂg he Iif:timet;?{roblerg is in:jeﬁenderét O.f the tlggb"syé and. th
the ramp and then drop, e incoherent tunes do not change during sudden drops in the

lifetime; Electron loss monitors show that sudden drops in the
lifetime are accompanied by strong local loss-rate increases (see
to 27GeV has been performed). This effect can be seen in opgj. 6, [5]); Spikes briefer than a few milliseconds and events of
50% of the electron beam lifetime curves in 1994 and frequenﬁyfew seconds duration — which may be due to the brief Capture
in 1993. Similarly, graduaincreasesin the lifetime are often of dynamically unstable dust particles — are often seen in the
observed at low current values. bremsstrahlung detectors at the experiments H1, ZEUS and at
There is a strong correlation between the filled current and tte HERA polarimeter during electron runs.

degree to which the lifetime is limited later in a run (Fig.5). As The integrated ion pumps of HERA are strongly implicated
argued in [2], the statistical distribution is consistent with a diga the HERA electron beam lifetime problem, which is known
crete many-event model, whereby the probability of a particular be more severe at high integrated ion pump voltages. In-
lifetime reduction event occurring increases with filled currerdged irreversible electron beam lifetime reductions have been
and up to 10 lifetime reduction events occur for high curreimiduced in both PETRA and DORIS by momentary increases of
fillings. At very low current fillings lifetime reduction eventsthe pump voltages. A significant improvement in the lifetime
are unlikely, so that positron beam lifetimes are often obtainedas achieved in 1992 by the removal of a single culprit pump.
The behaviour seen in Fig.1 is typical of smaller current fillArcing in the ion pumps has been observed at high voltages and
ings, and is perhaps due to the capture and escape of one orisggromoted by the presence of strong synchrotron radiation. It
dust particles, whereas for higher current fillings such as Fighds been proposed that such arcing could throw dust particles
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Figure 6. Lifetime reduction events correlate well with lossdggure 7. A simulation of the expulsion of a trappgadn dust
seen in the HERA electron loss monitors. In the above exampiarticle from the HERA electron beam by sweeping a transverse
from 11 Oct 1994 the brief disruption of the lifetime and currerfteam kick through kHz frequencies.

at time 21:55is seen in loss monitor SL191, and the irreversible

disruption at 23:05 is seen in monitor WR239. NEG pumps.

into the vacuum chamber. The details of how the beam, syn- References
chrotron radiation, and the pumps interact in the complicatg] D. R. C. Kelly, “Characterisation of lepton beam lifetime
physical environment of the vacuum chamber to cast material behaviour in HERA,” Tech. Rep. DESY HERA 95-01,

into the beam are not understood. Deutsches Elektronen Synchrotron, Jan. 1995.
[2] D. R. C. Kelly, “Many-event lifetime disruption in HERA
1. TOWARDS A CURE and DORIS,” Tech. Rep. HERA exp. 95-02, Deutsches

Elektronen Synchrotron, Feb. 1995.

[3] F. Zimmerman, “Trapped dust in HERA and DORIS,’

It has been observed that transverse beam oscillations at var-Tech. Rep. DESY HERA 93-08, Deutsches Elektronen-
ious frequencies can beneficially affect the reduced electron Synchrotron, July 1993.
beam lifetime in HERA. A computer simulation of Bum [4] F. Zimmerman, “Trapped dust in HERA and prospects for
trapped dust particle indicates that the lifetime can be signifi- PEP-II,” Tech. Rep. PEP-Il AP Note No.: 8-94, Stanford
cantly improved by targetted transverse excitation of the beam Linear Accelerator Centet,994.
(see Fig. 7). A dust particle trapped in the non-linear potent{a] W. Bialowons, F. Ridoutt, and K. Wittenburg, “Electron
due to a Gaussian beam electron profile will have a well-defined beam loss monitors for HERA,” ifrourth European Par-
oscillation frequency only for oscillation amplitudes small com- ticle Accelerator Conference (EPAC94)ol. 2, p. 1628,
pared with the beam width. To obtain effective increase of the World Scientific, 1994.
simulated dust particle's oscillation amplitude the beam exci-
tation frequency must be swept from above the dust particle's
“linear-region' oscillation frequency in the kHz range. Trials
of this method are to be performed in June 1995 by controlled
sweeping of a transverse feedback kicker, to see whether irre-
versible improvement of the lifetime can be obtained.

A. Beam excitation

B. NEG pumps

Although the lifetime problem appears worse for high ion
pump operation voltages, the reduction of the pump voltage
from the usual 5kV to very low values is not a satisfactory so-
lution, since measurements during positron operation showed
that the chamber pressure obtained under 3kV pump voltage it-
self delivers unsatisfactory beam lifetime. The trial installation
and assessment of “zero-voltage' non-evaporative getter (NEG)
pumps has been planned for the 1995/1996 winter shutdown.
The HERA electron loss monitors permit measurement of the
removal of lifetime reduction events in a region installed with
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