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1 Abstract

Activated non evaporable getter (NEG) coating has shown excellent surface
properties, such as low secondary electron yield and low electron impact
desorption rate, etc. Since usually the activation is difficult or sometimes
not possible at interaction regions, the activated then saturated NEG coat-
ing could be used there, which does not require in-situ activation while still
keeps many attractive surface properties. In this article, the experimental
background problem at RHIC and the surface property of NEG coating are
reviewed. The issues relevant to the application of saturated NEG at inter-
action regions are discussed.

2 Introduction

The non evaporable getter coating was developed primarily for the linear
pumping [1], however, it was found that the activated NEG surface can also
suppress the gas desorption induced by photon and electron bombardments
[2]. Furthermore, the NEG surface has shown the reduced secondary electron
yield (SEY) [3], and also the reduced desorption rate by ion impact [4]. The
surface property of NEG coating (at least SEY) is probably only slightly
changed after the saturation [3], which means that the low SEY is kept at
the saturation.

The surface property of beam chamber at interaction regions is an impor-
tant aspect in improving experimental background. Since the NEG activation
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at interaction regions is often limited in temperature or even not possible at
all, the use of saturated NEG is of interest.

To this end, some questions need to be answered.

1. What surface property is relevant in the reduction of experimental
background? These properties include SEY, electron and ion desorp-
tions, and beam halo scrapping effects.

2. What do we know about these surface property for NEG coating and
the saturated NEG coating?

3. How to improve the relevant surface properties in terms of coating and
saturation methods and conditions? How to measure it?

4. Other questions such as the aging and lifetime of saturated NEG, and
the installation and maintenance as well.

In this article, the RHIC experimental background problem in heavy ion
and polarized proton operations is reviewed and several concerned surface
properties of beam chamber at interaction region are discussed. This is fol-
lowed by a review of NEG coating properties according to the bench test and
machine studies performed at various laboratories. The issues that are not
sufficiently understood are then discussed for further development.

3 Experimental background

3.1 RHIC experience

Luminosities of RHIC heavy ion operations are affected by the experimental
background problem in past several years, including collisions of Au-Au, d-
Au, and Cu-Cu.

Since the bunch intensity has a quadratic relation to the luminosity,
beams with highest possible bunch intensity are used as far as the beam-
beam and inter-beam scattering limits are not reached, which is the case for
past and the current RHIC operations. The number of bunches then can be
increased to raise luminosity. In 2003 d-Au run, however, the bunch number
had to be reduced from 110 to 55 [5]. In 2004 Au-Au run, most times 45
bunches was used [6]. In 2005 Cu-Cu run, only 37 to 40 bunches were used
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[7]. Beyond these limits, the experiments could not take data due to high
background.

The RHIC polarized proton run currently is not limited by the back-
ground problem, but the problem is not irrelevant [8].

In the following, two cases are shown to illustrate the RHIC experimental
background problem in heavy ion and proton operations.

In Figure 1, a typical case in Au-Au run 2004 is shown. With 45 bunches
(average bunch spacing of 267 ns within the bunch train) and average bunch
intensity of 1.07×109 fully stripped gold ions in Fill 4832, the pressure at the
experiment PHOBOS beam pipes increased to above 2×10−10 Torr from the
static pressure of 3×10−11 Torr. After a period of about 1 hour, the pressure
suddenly dropped to below 10−10 Torr, perhaps due to the elimination of
electron multipacting conditions. During this high pressure rise period, the
ratio of the background (singles) and the ZDC (Zero Degree Calorimeter
coincident rate) was higher than 20, PHOBOS could not take data. After
this period, this ratio was reduced to below 15, PHOBOS could start to take
data, although the ideal condition is the ratio below 10.

The machine operation condition had to be compromised with this back-
ground problem. For bunch number higher than 45, the PHOBOS would
suffer much more, and for less bunches other experiments would take a larger
reduction of the luminosity.

Fill 7621 in 2006 polarized proton run is used to illustrate the background
problem for the experiment STAR. With 110 bunches (average bunch spacing
of 108 ns) and average bunch intensity 0.82× 1011 protons, the background
at STAR was not a problem after collimations. STAR normally takes data
with its central magnet on, which provides a uniform solenoid field of about
4.8 kGauss at ±4 meters from the collision point. This strong solenoid field
effectively suppresses the electron multipacting at STAR beam pipe, and
hence the beam induced pressure rise is normally below 10−9 Torr. Note
that the beam-gas cross section of proton is much smaller than the gold,
therefore, this pressure rise is tolerable.

The STAR, however, is also interested in taking data with zero-field. In
Figure 2, the pressure rise, the background and ZDC are shown for a case
with STAR magnets off. The pressure rises from below 2 × 10−11 Torr to
above 5 × 10−8 Torr. The peak background rate was higher than 1.7 MHz.
The contaminated ZDC rate reached 250 kHz, which was not real coincidents.
The trustful coincident rate at this intensity with usual beam emittance of 17
πµm should be about 5 kHz. This is shown after the STAR magnets ramped
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Figure 1: Pressure rise and background of PHOBOS for Au-Au run, Fill
4832. The background/ZDC ratio was larger than 20 when the pressure at
the interaction region was higher than 2 × 10−10 Torr. During this period
(about 1 hour in this case) the PHOBOS could not take data. After the
pressure reduced to less than 10−11 Torr, the background was reduced, and
PHOBOS could start to take data.
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up and after some beam steering and collimations.
It is clear that if STAR needs to take zero-field data, the bunch intensity

and/or bunch number need to be reduced drastically, which means significant
luminosity reduction.

3.2 Background reduction

The experimental background comes from several sources [5].

1. Beam-beam. Background would rise when the bunches were cogged and
the beam put in collision, due to single Coulomb dissociation. Since
this background is somewhat inherent, one has to live with it.

2. Beam-chamber interaction. The resulted neutrons and other secondary
particles from the beam-chamber interactions would cause background
problem. For the interactions taken place at a distance from the inter-
action point, collimation and shielding could help. For the ones taken
place close to the interaction point, collimation could help to reduce the
halo, but better chamber surface is also relevant. The better surface
here implies less secondary production of electrons, ions, and neutral
particles. The incident type is the beam scraping, which are with very
shallow incident angles.

3. Beam-gas. The background produced by beam-gas interaction depends
on the density of the gas and the intensity of the beam. The latter, of
course, is also associated with luminosity. To reduce the gas density
is therefore the target of the mitigation. Usually the minimum static
pressure at interaction regions is a matter of machine design. Therefore
the target is the gas generated by the beam induced electron and ion
impacts on the wall, which has multipacting effects. These are normal
incidents with perpendicular impact angles. The surface of the chamber
is crucial in reducing the effect of these impacts.

One may consider therefore the following aspects to reduce the back-
ground through the chamber surface improvement.

1. To reduce SEY, which might be the most important factor in the cur-
rent RHIC experimental background reduction. It is the normal inci-
dent and the projectile and secondary product are both electrons.
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Figure 2: Beam intensity (bottom), STAR pressure rise (middle), STAR
background and ZDC (upper) for Fill 7621 in proton run. The pressure rise
from 20 to 40 minutes are due to the beam acceleration. The STAR magnets
ramped down and up again during 55 to 90 minutes. The STAR background
rises at the pressure higher than 10−9 Torr. Between 90 to 105 minutes, the
background was not due to beam-gas, but due to beam steering. At the end
(110 minutes), the ZDC was 4.7 kHz, which is about right.
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2. To reduce electron desorption rate, which might be the second most
important aspect in RHIC problem. It is the normal incident and the
secondary products are neutral particles and ions.

3. To reduce ion desorption rate. It is the normal incident and the sec-
ondary products are neutral particles and ions. The primary ions in
the chamber come from beam-gas interaction, electron impact on the
wall, and also from the beam-chamber interactions. These ions would
be pushed to wall in a much slower rate than electrons, say in a few
µs, and hitting the wall with the energy between a few eV s to a few
hundreds eV s, depending on the ions, chambers, and beam intensities
and emittances.

4. To reduce secondary effects of beam halo scraping on the wall. These
are incidents with angles much smaller than 1 mrad, perhaps in µrads.
The secondary products include electrons, ions, and neutral particles.

4 Surface property of NEG coating

Some of the NEG coating surface property relevant to experimental back-
ground reduction have been studied, and understandings with different de-
grees have been reached. In this section, these results will be reviewed.

4.1 SEY

For TiZrV thin film coated on copper with 1 µm thickness, after 2 hours of
activation at 200◦ C, the peak SEY has reduced from 2.0 to 1.1. Saturating
the NEG coating with CO increased SEY by just 0.1 [3]. These results are
confirmed at least in some degrees by the beam test at SPS and RHIC.
At SPS, the usual electron multipacting disappeared at the activated and
saturated NEG pipes [9]. At RHIC, the dynamic pressure rise, which is
mainly caused by the electron cloud, is drastically reduced at the straight
sections with NEG coating [10]. NEG coating at one section at RHIC was
saturated by N2, and the suppression of electron cloud is unchanged [11].

As comparison, SEY of steel surface could be reduced to 1.2 after electron
dose of 1 mC/mm2 [12], which is a rather large dose and would require very
long time in real machine operations. The SPS beam test observed that the
SEY was reduced to 1.5 after 4 days’ scrubbing [13]. The estimated electron
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dose in first 24 hours is about 0.5 mC/mm2. The beam scrubbing effect
in later 3 days is believed less than the first day, due to the reduced dose.
More effective beam scrubbing within more acceptable period of time would
require beams with higher intensity, which carries high risk of the machine
damage.

The lowest SEY of TiN coating is about 1.5 [14,15], where the coating
quality control is a critical issue. The application results of TiN coating at
PSR is mixed [16].

The bench test results of NEG coating at SLAC are in agreement in
general. For example, after 2 hours of activation with 210◦ C, peak SEY of
both TiZrV coated on steel with 2 µm thickness and TiZrV coated on Al
with 1 µm thickness had reduced to 1.2. Moreover, after 40 days of exposure
to a vacuum of 5× 10−10 Torr, the SEY was stabilized at 1.4 [15].

4.2 Electron desorption rate

In a measurement using 500 eV electrons as projectile, the gas desorption rate
of a NEG coated surface is compared with the stainless steel surface baked at
300◦ C in two hours [17]. Desorption rate of H2 is 10−2 for steel, and 2×10−4

for activated NEG coating. Desorption rate of CO is 8× 10−3 for steel, and
10−4 for activated NEG coating. In general, the electron desorption rate is
reduced by factors of 10 to 100 for NEG coating.

Comparing with the SEY, the information on electron desorption rate of
NEG is limited, especially of the saturated NEG.

4.3 Ion desorption rate

The desorption rates of steel and NEG coating have been compared in several
measurements for either normal or grazing incidents.

The ion desorption experiments of NEG coating compared with the steel
have been carried out at GSI with normal incident angle [18], and at CERN
LINAC3 with 89.2 degree grazing angles [19]. The results are mixed.

At RHIC, beam ions were steered to stainless steel beam pipes and the
nearby NEG coated pipe surface to observe the ion desorption effects [20].
The incident angles were approximately 1 mrad, and the desorbed gases were
measured by the vacuum gauges. The calibration of the desorption could not
be accurately determined, since the knowledge of the NEG pumping was not
sufficient. However, the steel and NEG surface in the experiment are close
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enough that the desorption rates of the NEG coating and steel could be
compared. The result was that the NEG coating desorption rate is lower
than the baked steel surface by a factor of 2 to 3.

In the experiment at BNL Tandem Van de Graaff [4], a NEG coated
pipe containing a steel liner is used as a target of the ion bombardment at
shallow angles. The NEG pumping factor is not excluded, but it functions
equally for the steel and NEG surface bombardment. The result is that the
NEG coating desorption rate is about 30% of the steel. By determining the
pumping speed including the ion pumps and NEG coating, the desorption
rate could be calculated.

4.4 Ion scraping effects

For the effects of the ion scraping on the chamber wall, it is of special interest
to determine the desorption rate at the very shallow incident angles. There
are two reasons [21].

1. The incident angle associated with the beam halo scraping is much
smaller than 1 mrad. The beams with 1 mrad incident angle interate
with the beam pipes more like penetrating rather than scraping [22].

2. It is very difficult to determine the desorption rate under these condi-
tions.

In [23], it has shown that for ions with the energy of 1 MeV/u or higher,
the secondary electron yield follows the line of 1/sinθ up to about 0.6 mrad,
where θ is the incident angle. Instead of to collect secondary electrons, the
bias voltage at the target was measured to determine the SEY.

The measurement of the ion desorption rate with shallow incident angles
is more difficult.

With incident angles of 75 mrad and 12 mrad, the desorption rate of Pb53+

with 4.2 MeV/u on steel and NEG surfaces were measured [24]. The shallower
angle of 12 mrad yields higher desorption with a factor of approximately 2.

The desorption rate of K1+ with 25 keV/u on steel target with incident
angles from 150 mrad to 30 mrad was reported in [25]. The desorption rate
increases when the incident angles become shallower. However, it was peaked
at 50 mrad, and after that it is reduced. The low energy of potassium ions
used in the experiment may be a factor for this less than 1/sinθ in the
scraping effect.
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Using 1 MeV/u Au15+ with incident angles from 100 mrad to 10 mrad,
the desorption rate of both steel and NEG (activated at 300◦ C) have shown
clear relation of 1/sinθ [4]. This is shown in Fig.3. Since the pumping of the
chamber is not calibrated, the ion impact induced pressure rise versus the
beam intensity is used to measure the desorption rate.

5 Discussions

In this section, we discuss several related aspects on the application of satu-
rated NEG coatings.

5.1 Mechanism of NEG surface properties

The key to improve the pumping capability of NEG coating is to grow very
rough film, and to make the surface capacity to reach that of bulk getters
[1]. The roughness is suspected to be the most important mechanism of the
NEG surface properties for at least the reduced SEY [26]. The evidences
supporting this argument include:

1. The improvement of SEY by TiN coating depends on the coating condi-
tions. Investigations reveal that the favorable coating conditions actu-
ally yield rougher surface [14]. This shows that it is the surface rough-
ness rather than the material that is important in improving SEY.

2. Significant improvement of SEY on grooved surface shows further the
importance of geometrical surface properties [27]. Simulations reveal
that with the grooves, the secondary electrons have larger chance to
hit the wall and get absorbed. The deeper the groove, the smaller the
SEY.

Some attempts to investigate the surface properties can be found in [22].
It is, however, less clear for other relevant NEG surface properties, i.e. elec-
tron desorption rate, ion desorption rate, and ion scraping effects.

5.2 Why NEG coatings?

It is of interest to compare NEG coatings with other possible chamber surface
improvements for the experimental background reductions.
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1. Beam scrubbing for reducing SEY. To achieve comparable SEY with
the saturated NEG coatings, very large electron dose is required. Both
the machine time and the high risk in possible machine damage are of
concern.

2. Beam scrubbing for reducing ion desorption. The beam scrubbing to
reduce the ion desorptions [19] is much more difficult than the beam
scrubbing in reducing SEY, since that only the part of the chamber
directly hit by the beam ions has a chance to improve. The problems
with beam scrubbing to reduce SEY also apply to the beam scrubbing
to reduce ion desorptions.

3. TiN coating. Further improvements are needed to catch up with the
NEG coatings in the SEY. Other properties relevant to experimental
background are little known for the TiN coating.

4. Grooved surface. The SEY reduction has been reported [28], but other
properties are not clear yet.

NEG coatings with the known properties that experimental background
reduction needed, therefore, are in a better position to be further investi-
gated, developed, and applied in this front.

5.3 Further development

In addition to the questions discussed above, there are also possible further
development in saturated NEG coatings for the applications at interaction
regions. These issues include:

1. Coating improvement

• Substrate material.

• Coating composition.

• Thickness.

• Coating conditions.

• Pd overlayer, pros and cons.

2. Saturatings
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• RHIC has tested nitrogen, which is not a complete coverage.

• Others include to use water, carbon monoxide, and carbon dioxide.

• Conditions and the subsequent consequences in saturating.

3. Applications

• Aging and lifetime.

• Possible damage and evaluation.

• Installation and maintenance.
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