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Abstract

The Relativistic Heavy Ion Collider (RHIC) has two in-
teraction regions whereβ∗=1-2m, with large detectors
PHENIX and STAR. The transverse and longitudinal emit-
tances are expected to double in size between one to two
hours due to intra-beam scattering which may lead to trans-
verse beam loss. Primary betatron collimators are posi-
tioned in the ring to allow efficient removal of particles
with large betatron amplitudes. We have investigated distri-
butions and losses coming from the out-scattered particles
from the primary collimators, as well as the best positions
for the secondary momentum and betatron collimators.

1 INTRODUCTION

A primary goal of the Relativistic Heavy Ion Collider
(RHIC) is to provide collisions of heavy-ions at six interac-
tion regions (IR). Two IR are designed to be at aβ∗=1-2 m
to allow for luminosities of the order ofL=1027cm−2s−1.
Two large detectors, STAR and PHENIX, are located at the
high luminosity regions. The strong focusing quadrupoles
at opposite sides of these two IP-s are the limiting apertures
due to the large betatron amplitude functions of the order
of β ∼ 1500 m. There will be collisions between different
ion species as well as between polarized protons. The six
dimensional emittance of the heavy ion beams is expected
to double in size due to intra-beam scattering between one
to two hours. Particle amplitudes can also grow due to
other effects like beam gas interaction, beam diffusion due
to the nonlinear beam dynamics etc. This results in beam
loss at limiting apertures at the triplet magnets close to the
large detectors. This beam loss created hadronic showers
which leads to larger than desirable backgrounds in detec-
tors. To reduce this background it is necessary to scrape
the unwanted beam. The primary betatron collimator has
to be able to remove particles with large amplitudes. This
report studied the distribution of scattered particles from
the primary collimators and their propagation throughout
the RHIC accelerators. The optimum location for the sec-
ondary betatron and momentum collimator are reported.

2 PRIMARY COLLIMATORS

Positions of the primary collimators in the two (blue and
yellow) rings are downstream of the large PHENIX detec-
tor at locations with highβ value. The efficiency of the
betatron collimator depends on the value of the betatron
amplitude function. The best possible location is imme-
diately downstream end of the high focusing quadrupoles
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whereβ ∼1000 m. Interaction of the gold ion and proton
beams with the collimator target has been performed by us-
ing a computer code written by Van Ginneken [1]- [2]. The
out-scattered particles were obtained in two steps:
-The betatron amplitude of particles in the ring is increased
by a diffusion process based on measurements at the SPS-
CERN [3]. The amplitude grows continuously if it reaches
amplitudes larger than 4σ.
The upstream edge of the collimator is set at 5.5σ with
a slope which corresponds to the betatron function slope.
The emittance of the heavy-ions (gold) is assumed to be 40
π mm mrad, and 20π mm mrad for the proton beam. The
particles’ orbit is tracked through the 0.45 m long collima-
tor. Any orbit which emerges from the collimator without
having inelastically interacted creates an initial particle dis-
tribution for further studies. Figure 1 represents the initial
horizontal phase space of the gold ions orbits at nominal
energy of 100 GeV/nucleon scattered from the primary col-
limator. The angle of the scattered ions is very narrow (as
shown in 1).

0.03085 0.03090 0.03095 0.03100
x (m)

-0.00100

-0.00090

-0.00080

-0.00070

-0.00060

x’

Gold Ions Scattered from the Collimator
   

Figure 1: Initial distribution of gold ions scattered from the
primary collimator

The momentum distribution of the scattered particles from
the collimator shows (see Figure 2) that a large number
of particles have momentum offsets much larger than the
projected RHIC bucket size at storageσp ± 0.2%.

3 PHASE SPACE DISTRIBUTION OF THE
SCATTERED PARTICLES

This initial particle distribution was then used as input for
the tracking program TEAPOT [4]. The tracking was per-
formed with the systematic and random multipoles within
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Figure 2: Initial momentum distribution of gold ions scat-
tered from the primary collimator versus horizontal posi-
tion.

the quadrupoles and dipoles obtained from the measure-
ment data, at the top energy of 100 GeV/nucleon for gold or
250 GeV for protons and for 256 turns. The misalignment
and roll errors were estimated from the surveying data. The
rms values for misalignment used for the arc quadrupoles
were∆x,y=0.5 mm∆θ=0.5 mrad, while from the measure-
ments of the triplet quadrupoles the roll and misalignment
errors for the rms values were∆θ=0.5 mrad and∆x,y=0.5
mm.

3.1 Longitudinal Phase Space

During tracking the RF voltage was included and the lon-
gitudinal motion of the surviving particles was monitored.
Particles with momentum offsets within the bucket size
limit executed synchrotron oscillations. Particles projec-
tions in the longitudinal phase space show in Figure 3 that
only particles within the bucket survive. Only few parti-
cles, which survived all 256 turns, finished almost one syn-
chrotron oscillation. The phase space, shown in 3, is at the
location downstream of the primary collimator.

3.2 Transverse Phase Space Distribution

The transverse positions of the scattered particles on the
first turn show that most of the particles with large momen-
tum offsets, are lost around the first bending elements. The
particle distributions at different locations are presented in
the normalized phase space:

ξ =
x√
β

and χ = x′√β +
xα

√
(β)

(1)

Locations with the betatron phase differences of∼
30o, 165o with respect to the position of the primary col-
limator, have been shown to be preferable [5] positions

-1.0 -0.5 0.0 0.5 1.0
ct

-0.02

-0.01

0.00

∆p
/p

 Longitudinal Phase Space - Gold Ions
  

Particles lost on
the second turn

Particles lost on
the first turn

Bucket size +-0.2%

Particles lost on
the third turn

Figure 3: Longitudinal tracking

for the secondary scraper. One of the suitable positions
(Q9-D9 in th RHIC lattice) for the secondary collimator is
shown in Figure 4. The phase difference is165o.
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Figure 4: Possible position of the secondary collimator

3.3 Particles’momenta at the secondary scraper

Figure 5 represents projections of the particles positions at
the possible secondary collimator but in a different space.
The horizontal axis represents particles’ momenta, while
the vertical axis is chosen for their horizontal positions.
This plot shows another advantage of having the secondary
scraper at this location. When the secondary scraper is set
to a horizontal offset larger than7σ, particles out of the
bucket are eliminated. It should be noted that the disper-
sion function has a large value at this location.
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Figure 5: Horizontal positions of gold ions scattered from
primary collimator at the secondary collimator with respect
to their momenta.

4 BEAM LOSS LOCATIONS IN THE RING

The primary betatron collimators will reduce the back-
ground at the RHIC detectors, eliminating particles with
the large betatron amplitudes. On the other hand the scat-
tered particles from the primary collimator could influence
the background if they get lost upstream of the detectors.
At the large detectors withβ∗ = 1m the strong focusing
quadrupoles have their effective apertures reduced, due to
the large values of theβ functions. The losses of the scat-
tered particles from the primary collimator occur at these
quadrupoles, as shown in Figure 6. The lost particles are
presented on a logarithmic scale. Figure 6 also shows
losses at a set of magnets downstream of the primary col-
limator which are mostly due to the large momentum off-
set particles. The largest number of lost particles is at the
strong focusing quadrupoles.

5 CONCLUSIONS

The primary collimators in RHIC are important for many
reasons:

• To remove the beam halo and reduce the background
noise for the detectors.

• As a very good tool for beam diagnostics [5]: accep-
tance measurements, transverse particle distribution
of the beam, frequency analysis of the beam loss rate,
etc.

A combination of the primary and secondary betatron col-
limators can be used to remove not only the scattered par-
ticles from the primary collimator but also to remove parti-
cles out of the buckets. The secondary betatron collimators
are effective only if the betatron phase difference between
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Figure 6: Losses around the ring from the primary collima-
tor

the two scraping stages is correctly chosen. Efficient mo-
mentum collimation [6] had already been reported at the
same location, as it is the optimum position of the sec-
ondary betatron collimator (found in this study). It would
be possible to createmacro bucketswith the use of the
RHIC 28 MHz cavities to trap the particles outside of the
buckets and scrape them [6]. The secondary collimator po-
sition determined in this study removes particles with large
momentum offsets scattered from the primary collimator.
It should be noted that losses from the primary collimators
will still be the same in the region between primary and
secondary collimators. The spray at the triplets with the
high values ofβ functions exists although it is significantly
reduced.
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