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Abstract
When RHIC is filled with bunches of intense ion beams a
pressure rise is observed. The pressure rise exceeds the acceptable limit for operation with the design intensities. Observations of events leading to a pressure rise are summarized. Relevant parameters include ion species, charge per
bunch, bunch spacing, and the location in the ring. Effects
that contribute to a pressure rise are discussed, including
beam gas ionization and ion desorption, loss-induced gas
desorption, and electron desorption from electron clouds.

1

INTRODUCTION

During the RHIC 2001 gold run first attempts were made
to double the bunch number from 55 to 110 by reducing
the bunch spacing from 214 ns to 107 ns. In these attempts pressure bumps were observed with pressures high
enough to prevent operation. Fig. 1 shows two fills with
110 bunches per ring. The first one is aborted by the vacuum system before the second ring is filled completely. The
beam permit is pulled at pressures above 10 −7 Torr. The
second pressure elevation, about 20 min later, is from a fill
with intensities reduced by 10%. In this case the beam is
not aborted by the vacuum system but from beam losses
near the end of the ramp.
A total of 15 cases occurred [1–3], where the vacuum
system aborted the beam due to pressures exceeding the set
limit. Although the data are limited, the observations can
be summarized with respect to certain parameters:
Ion species – Only gold beam was aborted by the vacuum system. However, for proton beams the abort threshold was raised from 10 −7 to 10−6 Torr in the warm interaction regions, and pressures higher than 10 −7 Torr were
seen in some instances. Gold beam pressures at times exceeded 10−4 Torr and even a raised threshold would not
have prevented a beam abort. Some gold cases look like a
vacuum instability, other cases; gold and protons, show the
pressure saturating.
Charge per bunch and bunch spacing – The pressure
rise is clearly intensity-dependent. A single beam with
214 ns bunch spacing was never aborted. With two beams
stored, the same total intensity threshold was found with 55
and 110 bunches per ring, suggesting a total intensity limit.
However, in one case a single beam with 107 ns bunch
spacing was aborted with a total intensity below what could
be stored with 214 ns spacing shortly thereafter.
Location in the ring – Large pressure bumps were only
observed in the warm interaction regions. There, the pressure without beam is about 10 −9 Torr. Parts of the warm
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Figure 1: Beam intensities (upper part) and pressure in an
interaction region (lower part). Shown are two attempt to
fill both rings with 110 bunches.
interaction regions were not baked and may therefore have
large coefficients for ion or electron desorption. The average beam pipe diameter in the warm regions is 12 cm, while
it is 7 cm in the cold arcs. Beam aborts that happened when
two beams were stored were usually triggered by vacuum
readings from regions that are shared by both beams.
In the following we investigate if ion desorption, beam
losses, or beam induced electron clouds could be essential
in raising the pressure.

2

ION DESORPTION

Ions created from the interaction of the beam with the
rest gas in the beam pipe can travel to the pipe walls and
desorb molecules, which in turn can be ionized by the
beam. The process can run away if the product of the number of circulating particles with the desorption coefficient
η (the number of molecules released for an ion hitting the
wall) exceeds a threshold.
The ionization cross section σ j for a beam particle of
charge Ze hitting a molecule j can be written as [4, 5]
Z2
(1)
σj = 1.874 · 10−24 m2 2 (Mj2 x + Cj )
β
where Mj2 and Cj are coefficients specific to the molecule
and x = 2 ln(βγ) − β 2 is a function of the relativistic beam
parameters β and γ. For a given number of circulating particles Na Nb (see Tab. 1) one can compute a critical desorption coefficient ηcrit as [6]
π2
c
1
ηcrit =
(2)
4 Na Nb frev σL2
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where r is the beam pipe and σ r the rms beam radius.
Lsep is the bunch separation. For beams with parameters
like in Tab. 1, Eion is not larger than 25 eV. Eq. (3) can
overestimate the energy with small beam pipes. With such
small energies and unbaked stainless steel, η H2 = 1.0 and
ηCO = 0.5 may be reasonable values [6].
From these calculations, an ion desorption instability
seems only possible with gold beams and a CO-like rest
gas component. Since molecules like CO are only a small
fraction of the rest gas without beam, injection losses may
be needed to create a large enough population in the pipe.
Table 1: Beam parameters and computed maximum allowable desorption coefficients η crit for H2 and CO in the
common warm sections for both gold and proton beams.
parameter
unit
Au +79
p+
atomic number Z
...
79
1
mass number A
...
197
1
relativistic γ
...
10.52
25.94
Hz
7.8 · 104
revolution freq. f rev
2
−19
cross section σH2
m
1.3 · 10
2.2 · 10−23
2
−19
cross section σCO
m
5.8 · 10
1.0 · 10−22
pressure p0
Torr
1.0 · 10−9
temperature T
K
300
109
1011
particles per bunch N a ...
bunches Nb
...
110
tube conductance c H2 m4 s−1
0.75
0.25
tube conductance c CO m4 s−1
0.94
pumping speed S H2 m3 s−1
pumping speed S CO m3 s−1
0.31
space betw. pumps 2L m
14
35
1959
desorp. coeff. ηcrit,H2 ...
2.5
140
desorp. coeff. ηcrit,CO ...

1.4E-09

Equilibrium pressure [Torr]

where frev is the revolution frequency, c is the beam tube
conductance and 2L the distance between vacuum pumps.
If the actual desorption coefficient is larger than this number, a vacuum instability results and the pressure can rise
without bounds.
We consider two molecules, H 2 and CO. Measurements
show that H2 is the dominant rest gas in the warm section
of RHIC, but heavier molecules can be desorbed from the
wall through beam losses. CO is a good representative for
those heavier molecules. In Tab. 1 the ionization cross sections are shown using the coefficients from Ref. [7]. The
table also shows the computed critical desorption coefficients ηcrit for the two molecules for both gold and proton
beams. The smallest desorption coefficient is obtained for
gold beams with CO rest gas. Not considered here is the
case of ionization and desorption of different rest gas ions.
This case is treated, for example, in Ref. [8].
To get an estimate for actual desorption coefficients, we
compute the energy E ion of an ion with a single electron
charge moving in the beam potential to the wall [9]:
 
r
e2 Na
Eion =
ln
(3)
2π0 Lsep
σr

1.3E-09
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Figure 2: Equilibrium pressure as a function of the bunch
train length N b for the rest gases H2 and CO with gold
beams. Note the linear pressure scale.
The equilibrium pressure can be approximated by [10]

−1
σηNa Nb frev
p = p0 1 −
(4)
cλ2
where λ is the smallest root of the transcendental equation
λ tan(λL) = S/c, and S the pumping speed. In Fig. 2 the
equilibrium pressures are shown as a function of the bunch
number N b for gold beams with 10 9 ions per bunch. In
both cases only an insignificant pressure rise is expected.

3 LOSS INDUCED DESORPTION
The immediate pressure rise due to losses is
kT dN
ηl ,
(5)
∆p =
2πr2 dl
where k is the Boltzmann constant, r the beam pipe radius,
dN/dl the particle loss per unit length, and η l the desorption coefficient for lost beam particles. If we would assume
ηl = 3 · 105 , and a 5% loss of all bunches within 10 meters
in the warm regions, the pressure would rise by 2 · 10 −7
and exceed the abort threshold. Large uncertainties exist in
the knowledge of η l and the assumed beam loss, although
possible, is unusually high. We also neglected that the injection of 110 gold bunches takes about 2 min during which
time the pumps will counteract the immediate pressure rise.
The losses may create a population of heavier molecules
in the beam pipe, which can accelerate an ion desorption
instability. It has also been suggested that positive ions
created from losses can extend the lifetime of an electron
cloud, which in turn can raise the pressure [1].
Beam losses from inelastic rest gas scattering could, in
principle, lead to a vacuum instability if they deteriorate
the vacuum so much that more beam losses are created.
The beam losses due to inelastic scattering are
p
1 dN
=−
frev σie
(6)
Na Nb dt dl
kT
where σie is the cross section for inelastic scattering, for which we take as an approximate value
σie = 2 · 10−28 m2 [11]. With this we obtain a beam loss
dN/Na Nb of less than 1% in one hour, for the whole ring,
and for pressures of 10 −7 Torr. This effect is small compared to other beam loss effects.
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be sufficient to exceed the vacuum abort threshold. It is also
possible that electron clouds caused the pressure rises. All
our estimates have large errors and more experimental data
are needed for a better understanding.
Baking, currently under way, may be an effective cure. It
should lower the desorption coefficients for ions, lost beam
particles and electrons. A number of electron detectors
are installed in the warm regions along with solenoids in
one interaction region to further investigate electron clouds.
The installation of more pumping speed will also improve
the situation.
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Figure 3: Average kinetic energy of electrons and current
into the beam pipe wall from an electron cloud simulation.
The passage of three bunches is shown after the cloud density reached saturation.
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ELECTRON DESORPTION
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A pressure rise could also be caused by an electron
cloud. The electrons in a cloud bombard the wall and could
thus desorb molecules. To study the electron cloud experimentally, the coherent tune change along a bunch train was
measured [12]. From the measured tune shift the cloud
density can be estimated.
In simulations the estimated cloud density could be obtained with somewhat higher bunch charges and the average beam pipe radius [12]. However, the cloud density with
the warm region beam pipe radius was found to be an order
of magnitude lower. Fig. 3 shows the average kinetic energy of electrons and the electron current into the wall for
a simulation that approximately reproduces the estimated
electron cloud density. In saturation, we have an average
kinetic electron energy E e of about 50 eV, and an average
line current into the wall dI e /dl of about 15 mA/m. This
is only a very crude estimate. Electron cloud simulation
results can be very sensitive to small changes in a number
of input parameters [12]. For electrons of 50 eV energy we
assume a desorption coefficient of η e = 0.05 [1, 13].
The gas load due to the electron desorption Q e , created
between two pumps, and the resulting equilibrium pressure
p, if dominated by the electron desorbed gas, can be approximated by
2L kT dIe
Qe
=
ηe
(7)
p=
S
S e dl
Using the pumping speed for CO, we obtain
p = 3 · 10−6 Torr, above the threshold for an beam
abort. Dynamic effects are neglected here.
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SUMMARY

Ion desorption, losses and electron desorption could contribute to the pressure rises observed in RHIC. An ion desorption instability seems only possible with gold beams after CO like molecules were released from the wall due to
beam losses. The pressure rise from beam losses alone may
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