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Abstract 
Beam induced pressure rise in RHIC warm sections is 

one of the machine luminosity limits. The RHIC electron 
cloud and the beam transition pressure rise are discussed. 
Countermeasures and studies for RHIC pressure rise and 
RHIC upgrade are reported. 

INTRODUCTION 
Over several years of operation, the RHIC vacuum 

situation has been improved. An example is shown in 
Fig.1. For the same bunch spacing and comparable bunch 
intensities, in 2002, injection of -30 bunches induced 6e-7 
Torr pressure rise in 3 single beam straight sections, and 
in 2005, with injection of 110 bunches, the pressure rises 
were 2e-9 Torr at same locations. Baking, NEG coating, 
beam conditioning, and solenoids have contributed to the 
improvement [l]. 
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Fig.1. For Fill 2237 in 2002, -30 bunches injected in 
11 0-bunch mode, pressure rose to 6e-7 Torr. For Fill 
6639 in 2005, 110 bunches with comparable bunch 
intensity injected. There was no pressure rise at Boll, 
where NEG pipes are installed, and Bil and Bo3 reached 
only 2e-9 Torr, due to baking and beam conditioning. 

The beam intensity limit due to pressure rise at RHIC, 
nevertheless, is mainly at interaction regions, where the 
improvement is more difficult. Therefore, the beam 
induced pressure rise remains a limit for high intensity 
heavy ion and proton operations [2,3]. 

Electron cloud is the main cause for most operation- 
limit related pressure rise at RHIC. In RHIC beam 
operations, bunch patterns (hence bunch spacing) have 
been adjusted to maximize the luminosity while keeping 
the pressure rise acceptable [4]. Among other 
countermeasures, the NEG coating has the most effect on 
the electron cloud threshold and on ion desorption. 

*Work performed under Contract No. DE-ACO2-98CH1-886 
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RHIC warm section electron cloud occurs for long 
bunch spacings, and shows a non-dorm distribution in 
the ring. Discussion of the mechanism leads to a study of 
a new countermeasure, which is the anti-grazing ridges 
installed in straight section beam pipes to reduce halo- 
induced desorption and secondary electron emission. 

Electron multipacting has been detected at the beam 
transition pressure rise, in beam study with 110 bunch 
mode and high bunch intensities. Different slope of 
transition pressure rise versus total beam intensity has 
been observed for d-Au, Au-Au, and Cu-Cu runs. The 
possible mechanism is discussed. 

The pressure rise limit of the 2005 Cu-Cu run was not 
as serious as for Au-Au and d-Au runs and is discussed. 

For RHIC upgrade, two main studies are underway. 
One is the electron cloud in cold (cryogenic) regions. 
Another one is the transition beam instability related to 
the electron cloud. Plans and some results are reported. 

COUNTERMEASURES TO ELECTRON 
CLOUD 

Given the electron cloud related machine limit, the 
bunch pattern in RHIC has been routinely adjusted in 
operations to maximize the luminosity, according to 
injector conditions and pressure rise in RHIC. For d-Au 
run, a 56-bunch mode was used. For Au-Au run, a 45- 
bunch was used. It would be desirable to use even fewer 
bunches in Au-Au runs if the injector could provide 
higher bunch intensity. This was the case in Cu-Cu run, 
where the injector provided more than 6e9 copper ions 
per bunch and a 37-bunch mode was used. 

Among countermeasures to raise the threshold of 
electron cloud, a total 250 m NEG coated beam pipes 
have been installed in RHIC, and more is planned. Only a 
few meters of NEG pipes are installed at interaction 
regions, due to the complexities there. The NEG pipes 
were activated by baking at 250 degrees C for 1 hour, on- 
site analysis indicates that it is sufficient. 

The effective ion desorption rate of NEG coated pipe 
has been measured by dumping of 10 GeVlu copper ions 
at the incidence angles of 0.7 to 3.3 mrad, the rate is low 
[l]. Suppression of electron cloud induced pressure rise of 
NEG coated pipes has been observed at all locations 
without exception [5]. 

An electron cloud induced pressure rise at a location 
with NEG pipes was reported in [3] as a question for the 
effect of NEG pipes. This pressure rise has been observed 
at all 6 straight sections with NEG pipes M y  (3 1 m) and 
largely (21 m) installed, in both blue and yellow rings. 



Moreover, striking similarities in pressure rise 
patterns have been observed at these locations. In Fig.2, 
electron cloud induced pressure rise at pw3.1, at the end of 
single beam straight sections close to interaction regions 
(IR), pw3.2, middle of straights, and pw3.3, other ends, 
are shown for Big, Boll, with 31 m, and Bo7 with 21 m 
of NEG pipes. The mechanism is under investigation. 
(Incidently, all 6 such straight sections are with the, beam 
toward, not away from IR.) 

It is noticed that the pressure rise at pw3.2, middIe of 
the straight sections, that was usually the highest, now 
became the lowest with NEG pipes. 
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Fig.2. Striking similarities of pressure rise in fully and 
largely NEG covered single beam straight sections. 
pw3.1 is at the end of straight sections close to IRs, 
pw3.3 at the other end, and pw3.2 is in the middle. 

WARM SECTION ELECTRON CLOUD 
The' RHIC warm section electron cloud occurs at 

longer bunch spacing compared with other machines. In 
Fig.3aY a comparison of electron cloud threshold in terms 
of bunch intensity versus bunch spacing is shown for SPS 
RHIC. The SPS case is more representative than the RHIC 
warm sections for all other machines with electron cloud 
[6,7], it also agrees with the measured secondary 
electron's lifetime of 170 11s at PSR [SI. 

In Fig.Sb, the electron cloud induced pressure rise in 
12 single beam straight sections in RHIC yellow ring is 
shown, the distribution is non-uniform. 
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Fig.3a: Electron cloud threshold of bunch intensity vs. 
bunch spacing for SPS at arc and RHIC warm sections. 
The magenta dot is for a RHIC beam study, where the 
pressure rise at cold regions was observed. b: Non- 
uniform distribution of pressure rise in 12 single-beam 

' straight sections of the yellow ring, for Fill 3667,2003. 

In addition to variations of surface and geometry 
properties, a possible mechanism is that positive ions 
exist and help to extend the lifetime of the electrons in 
bunch gaps. These ions may come from beam-gas 
ionization andor beam halo scraping. If the beam-gas 
ionization is dominant, one would expect a correlation 
between the electron cloud threshold and the static 
pressure, but it is not always there. For possible beam 
halo scraping, anti-grazing ridges were proposed and 
installed in two straight sections to study the effect on the 
threshold of electron cloud [9]. These ridges are designed 
to prevent shallow angle beam scraping on chamber wall, 
and hence to limit ion production. The beam study is 
underway. In Fig.4, the chamber, beam size, and the 
ridges at Bi5 and Yo5 are illustrated. Study has shown 
that the machine aperture has been limited at Ridge 1 in 
Fig.4, so some modification may be needed. Also during 
the copper run, haIo-type scraping has been observed at 
Ridge 1 at the beam transitions. 
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Fig.4. Anti-grazing ridges, chamber and beam sizes, red 
for horizontal and blue for vertical, are shown. All ridges 
have a height of 1 cm, except for Ridge 1 which is 0.7 cm. 

TRANSITION PRESSURE RISE 
At the beam transition, shorter bunches with higher 

peak current can cause the electron multipacting. This 
was observed in beam studies during the copper run. In 
Fig.5, the pressure rise and electron signal are shown for 
the Fill 5919, where 40 bunches in the 110-bunch mode, 
with 4e9 copper ions (1.16ell charges) per bunch, were 
accelerated passing transition. 
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Fig.5. Transition pressure rise, electron signal, at Bil, pw 
3.1, and beam intensity of Fill 5919 in Cu run beam 
study. 40 bunches in 110-bunch mode with 4e9 Cu ions 
per bunch were ramped. Electron signal was observed at 
the transition. 

For operations, usually the bunch intensity is lower, 
and the situation is less clear. With the operations of d-Au 
2003, Au-Au 2004, and Cu-Cu 2005, the different slopes 
of transition pressure rise versus total beam intensities 
have been observed, as shown in Fig.6. 
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Figd. Transition pressure rise at IRlO and IR12 in d-Au 
run 2003, Au-Au run 2004, and Cu-Cu run 2005, versus 
total beam intensity in a charge unit equal to le9 gold 
ions. The slope of the pressure rise versus intensity is 
different for these runs with different species. 

The transition pressure rise directly caused the 
experimental background problem in the d-Au run. In the 
Au-Au run, the beam rebucketing pressure rise was a main 
concern. However, at high beam intensity, > 100e9 Au 
ions, the transition pressure rise became also relevant. In 
the Cu-Cu run, the pressure rise induced background is not 
a limit of beam intensity, but the margin is not large. 

Note that the typical total intensity was 95e9 Au ions 
for Au-Au, 110e9 Au ions equivalent for d-Au, and 125e9 
Au ions equivalent for Cu-Cu runs. At IR10, beams with 
these intensities are all producing pressure rise of about 
le-8 Torr. 

Among other factors, it is noticed that the pressure 
rise slope vs. intensity might be related to Z of the ion 
species, which is 79 for Au-Au, average 40 for d-Au, and 
29 for Cu-Cu. If this effect is confirmed, one would expect 
that the heavier ions run, such as Uranium, will probably 
be harder than gold. 

COPPER RUN 2005 
For the 2005 Cu-Cu run, 28 bunch mode was initially 

proposed. It was based on the following considerations. 1. 
The injector can provide 6e9 Cu ions per bunch, which is 
more than 2e9 Au ions charge equivalent. 2. Rebucketing 
pressure rise causing experimental background would be 
the most serious concern. Since this is caused by electron 
cloud, larger bunch spacing would help to raise the 
threshold. In addition, the total beam intensity at constant 
luminosity is less for fewer bunches. 

Since the mechanism of the beam-gas induced 
experimental singles, i.e. background, is not well 
understood, acceptable pressure rise at IRs for the copper 
run could only be estimated once the operation started. It 
was found that the beam-gas induced background is about 
1/3 of that in Au-Au run, given the same pressure rise. 
Moreover, the beam-beam collision created singles in the 
Cu-Cu run, according to single Coulomb dissociation, are 
also about 1/3 of that in the Au-Au run. The tolerable 
pressure rise at IR for the copper run, therefore, is higher 
than that for the gold run. This is illustrated in Fig.7. The 
operation, hence, used 37-bunch to 42-bunch modes. The 
experience in the Cu-Cu run also reminds us that the 

pressure rise limit for gold runs remains, unless 
significant improvements are made. 
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Fig.7. Comparison of pressure rise and the background 
/coincidence ratio at PHOBOS. The beam-gas created 
background can be clearly identified. Acceptable 
pressure rise of the Cu-Cu run is higher than for the Au- 
Au NJl. 

STUDJES FOR RHIC UPGRADE 
The RHIC upgrade plan calls for both gold ion and 

proton operations with 110 or more bunches, with gold 
bunch intensity of le9 or higher, and proton bunch 
intensity of 2ell. The current beam studies toward this 
goal are mainly the pressure rise at cold regions, and the 
beam instability at transition. 

Beam induced gas density increase at some cryogenic 
sections has been observed in proton beam studies of Fill 
3812, in 2003, and Fill 5350, in 2004. Both had 110 
bunches with 2ell protons per bunch injected. In terms of 
electron cloud threshold, this beam is a little below the 
electron cloud threshold of SPS, but clearly different fiom 
the RHIC warm section electron cloud (see Fig. 3a). For 
further study, two locations were pre-pumped before cool- 
down to le-3 Torr to reduce the monolayers to 1 or less, 
also faster logging of temperature and vacuum gauge 
readings are made available. 

With 110-bunch and high bunch intensities, strong 
electron multipacting is expected at the beam transition 
for heavy ion operations. Combined with other 
mechanism, passing transition will be more difficult. In 
beam studies, about 40 bunches with 5e9 Cu ions per 
bunch were accelerated. Octupoles and RF voltages were 
adjusted, but beam loss was always present. Beam 
transverse motion above the transition was observed at the 
bunch tails, indicating possible electron cloud induced 
single bunch instability [lo]. 
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