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Abstract growth of the the gold ™ A«'°7 and proton ion beams was
estimated by a diffusion process based on measurements at

The Relativistic Heavy lon Collider (RHIC) will experi- the SPS-CERN [3]. The energy and phase distributions of
ence increasing longitudinal and transverse heavy ion em{E— )

. ; e out-scattered ions from the primary collimators were
tances, mostly due to intra-beam scattering (IBS). The Xptained by using the “ELSHIM” Van Ginneken code [5]
periments in RHIC are expected to not only have reduc '

N hich simulated transport of the 100 GeV gdi& Au!*7
luminosities due to IBS but also background caused %n beam through the primary collimator jaws. The previ-

?en?]mvhilr?. IP:lmar)r/nbﬁ:a;cjron c?tlillrlnator_f_alwll ?ne iuied t us study [2] had shown that for the best collimation of the
cmove fhe farge amplitude particies. € etliciency 9old ions the alignment of the primary collimators’ jaws

the primary collimator in RHIC strongly depends on th as to be within about 1prad. This is a report where a

all_gnment_ of the jaws Wh'Ch needs to be within about 8 ulation of the bent crystal deflection for the RHIC beam
micro-radians for the optimum conditions. As proposed onIIimation of the heavy ion beam is described

V. Biryukov [1] bent crystals could be used to improve the
efficiency of an existing collimation system by installing : .

them upstream of the collimator jaws. Bent crystals hav%'1 Bent Single Crystal Deflection

been successfully used in SPS, Protvino and Fermilab fdhe protons and heavy ion (like fully stripped lead
extraction of the beam particles channeled through therff® Pb%2* ions) bent single crystal extraction has been
This study examines possible improvements of the pridemonstrated and continually used at many laboratories
mary collimator system for heavy ions at RHIC by usdike (SPS, Fermilab, IHEP, etc.) and previously reported
of bent crystals. Bent crystals will reduce the collimatoin many articles [6], [7] etc. The high energy relativistic
jaws alignment requirement and will increase collimatoparticles are channeled within the bent crystal planes and
efficiency thereby reducing detector background. bent away from the center of the beam.

1 INTRODUCTION

The Relativistic Heavy lon Collider (RHIC) has two large Burker oo ro27
angle acceptance detectors PHENIX and STAR placed a :
the interaction regions (IR-'s) where the heavy ion beams o= |
(like fully striped gold+™ A7 ions) from the two paral-

lel rings will be focussed t¢* = 1 — 2m. The intra-beam
scattering of the heavy ions like gofd® Au'*7 ions is ex-
pected to be a dominant cause of emittance growth with
a fast loss of luminosity. The transverse and longitudinal
emittances are expected to double in size between one t
two hours due to intra-beam scattering which may lead ta
transverse beam loss. Particle amplitudes also grow du
to other effects like beam gas interaction, beam diffusion

due to the nonlinear beam dynamics etc. This results ir = —7s EE
beam loss at limiting apertures at the triplet magnets close

to the large detectors which in turn creates hadronic showWigure 1: Distribution ik vs. dp/p phase space at the crys-
ers leading to larger than desirable backgrounds in detetad end.

tors. To reduce this background it is necessary to scrape the ) o ]

unwanted beam. The primary betatron collimator has to be The theoretical pred|ct|0ns and_ experimental results of
able to remove particles with large amplitudes. The RHIEhe crystal extraction and deflection are very well under-
collimator studies previously reported [2], had shown thattood. The_ crystal extraction efficiency is defined as the
a combination of the primary with the secondary collimahumber of ions extrgcted by the crystal with respect to the
tors reduced the background around the large detectoféimber of lost particles due to the crystal. The theoret-
The studies have shown that losses of the out-scatterlé@! Predictions of the crystal extraction F are obtained by
ions from the primary collimators were, as expected, localracking the particles through the potential of the bent crys-

ized at the high beta focusing quadrupoles. The amplitud@! lattice taking into account the multiple and catastrophic
scattering, nuclear and electronic collisions with the crys-

1work performed under the auspices of the U.S. Department of Enerd@l discontinuities, surface effects and dislocations [7]. The
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heavy ions (like" ™ Au!°7) interact with the crystal matter of the crystal, where on the x-coordinate is shown as dp/p
differently than protons due to their large mass and higtlependent. There are large number of particles with mo-
charge state. The critical angli., one of the most im- menta larger than the bucket size. If these particles are not
portant parameters for the channeling acceptance [4] scalesnoved by the primary collimators they will be lost due to
with the mass and charge @s ~ \/Z their large momentum offsets. The crystal length. together
P with its bending angle, can be further reduced to affect the
momentum loss distribution which will be addressed in our

2 BENT CRYSTAL COLLIMATION future simulations.
SIMULATION IN RHIC o
2.1 Transverse Phase Space Distribution at the
The crystal collimation is clearly a multi turn process. The Crystal End

multi turn efficiency for the TEVATRON is estimated well . . ) )
above 99 at the peak according to our simulation. InThe position of the primary collimator is 7.68 m down-

this report, instead of a proper simulation of the multi tur§tréa@m of the single crystal. Each tracking run was per-

deflection a simulation a single pass of the diffused golfPrmed with a different position of the primary collimator
ions is performed. The initial horizontal and vertical phas€€lected to a distance from center of the beam, starting with

space distributions of 19528 gold® Au'%7 ions in front @ Position completely away from the beam. Fig. 2 repre-
of the crystal were obtained by selecting ions which ha8€Nts gold ion distributions in the honzontal_ phase space at
their amplitudes grown aboves5 horizontally by diffu- _the downs?ream edge of the _crystal. A particle d|str|bgt|(_)n
sion process. The diffusion was described by the publishdd the vertical phase space is not shown has very similar
experimental and theoretical results from the SPS (CERNatures as the input distribution.

[3]. All particles in the initial horizontal phase space distri- - ‘

Q005

bution have the horizontal distance larger thar0.04290 Front Edge o
m which representsdg, of beam with thet0 7 mmmrad e o
emittance. The betatron functions at this position of the 00000 - |

crystal aref,=1223 m,3,=366 mD,=-1 m. Before the .,OOJ

gold ions were transported through the 1 mrad bent silicon_ mred
single crystal, with the Si(110) aligned to the beam, a value &
for the crystal length was selected tolb& cm long along

the beam direction. This length provides large enough de-

flection efficiency and is still practical for the experimen- 00010 | mad
tal use. The gold ™ Au'°7 ions, with an input energy of
~+=108.4, are transported through the lattice of the bent sil-
icon crystal by the Monte Carlo program “CATCH” [9]. oot
The total number of the gold ions which passed the crystal 0042680
was 18296. The number of particles which interacted with

the crystal nuclei was%. The simulation of the bent crys- Figure 2: Gold ions distribution in the horizontal phase
tal collimation is continued by using the ions obtained fronspace at the end of the crystal.

the output at the crystal edge. Four coordinates of each ion

(X, X', v, ¥, dp/p) were used as an input into the tracking There are several important features to point out:
program TEAPOT [8]. All measured systematic as well asThe channeled particles are contained in the upper part
the random multipole errors in the magnetic field for eacbf the x andx’ plot with a slope ofz’, ~0.073 mrad.
magnet were introduced into the lattice as well as the med@he slope of the gold ions, used for the input into the
sured magnet misalignment errors. The bent single crystaént crystal as presented is within the range of -1.080
is placed in the lattice at the position downstream of thewradk z7, ,,, <-1.058 mrad. A difference between the
high focusing quadrupoles at the IR where the PHENDéverage slopes of;, — j,,,, ~1 mrad, shows that the
detector is located. The tracking was performed at the taghanneled particles are bent fef. mrad.

energy of 100 GeV/nucleon for gold for 256 turns. TheParticles from the initial distribution with values of
rms values for misalignment of the arc quadrupoles wene~0.04289 m and with the slope gf>-1.15 mrad are not
Ax,y=0.5 mmA#=0.5 mrad, while from the measurementshanneled. The slope of the horizontal amplitatid.15

of the triplet quadrupoles the roll and misalignment errormrad reaches negative values larger than the end within the
for the rms values werA#=0.5 mrad andAx,y=0.5 mm. initial distribution (-1.108 mrad).

During tracking the RF voltage was included and the lonParticles with the slope of the horizontal amplitude be-
gitudinal motion of the surviving particles could be mon+tween the channeled ones and the edge clearly interacted
itored. Particles which survived, with momentum offsetsvith the crystal lattice. When the primary collimator was
within the bucket size limit, executed synchrotron oscillacompletely away from the beam, the particles from the
tions. Fig. 1 shows phase space of the gold ions at the endystal are lost mostly at the first quadrupole downstream
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of it and some of the particles are unfortunately lost at thiémators and at the second part of it shows the losses from
high focusing quadrupoles around the IR's wheredhel the particles deflected by the crystal. Two extreme cases
m. The gold ion distribution in the horizontal phase spaceare presented when the primary collimator downstream of
at the 7.68 m downstream of the crystal at the position dhe crystal is wide open and when it is set tg.5the same

the primary collimator, is presented in fig. 3.  Particlesorizontal distance as a front edge of the crystal.

0.0020

4 CONCLUSIONS

We presented a simulation study where the bent single crys-
tals are used in the RHIC collimation system. The prelim-
inary results are very encouraging. The 100 GeV/nucleon
047 gold ions were transported through the bent single crys-
" tal Si(110) and the gold ions from the crystal were tracked
through the RHIC storage lattice. A comparison to the pre-
vious results with a standard two stage collimator system
shows lower losses around the ring from the outscattered
particles. This would possibly reduced background at the
17 two large detectors due to smaller losses at the high focus-
' ing limited apperture quadrupoles located around the de-
tectors. The study of the crystal collimation in RHIC will
be continued by the multiturn crystal deflection simulation
Figure 3: Gold ion distribution in the horizontal phaseand with a shorter length and smaller bending angle single
space at the primary collimator. crystal. We expect improvement in the momentum distri-
which reached the primary collimator in the first pass argution of the ions passed through the crystal and a reduc-
presented within a very narrow region between values &N of lost particles around the ring.
the slope of the horizontal amplitude -1.17 myad<-0.47
mrad. Particles within th ellipse survived many turns and
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