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Abstract. In the Relativistic Heavy Ion Collider (RHIC) the abort kicker magnets are the limiting aperture. Continuous losses :
at this location could deteriorate the kicker performance. In addition, losses especially in the triplet area cause backgrounds in --.
the experimental detectors. The RHIC one-stage collimation system was used to reduce these backgrounds as well as losses at .
the abort kickers. Collimation performance and results from various runs with even and uneven species (Au-Au, pp and d-Au) .
are presented and compared. Upgrades of the system for the upcoming high luminosity runs are outlined.:::-. .

INTRODUCTION? :

Beam halo, large beam-profiles and beam losses- induce :
high experimental backgrounds throughout the stores as

well as contribute to the reduction of-the lifetime of .. -
accelerator. components.. In . superconducting machines -

quenches due to uncontrolled beam losses during beam
steering, .the acceleration ramp or. fault conditions are :
likely. Collimators used as the limiting aperture can help

TABLE 1. . List of RHIC runs 1999-2003.-~

year run Energy B*

1999 .. pilotau =~ 10 GeV 10 mall s .

2000 rhic_au_00::: 70 GeV 3m,8m. .

2001 rhic_au_01 100GeV. . 2m, I m~

2002 rhic_pp.02"- 100GeV- 3mall

2003 . rhic_dan_03..<100 GeV  2m, 3 m,4m ...
rhic pp.03+- 100GeV. 1m,2m, 10m:...

prevent damage. Figure 1 sketches the geometry of RHIC: - -

with the collimators and the five RHIC experiments.’
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FIGURE 1. . Location of the collimators and experiments in
the RHIC rings...

Table ‘1 lists:all RHIC runs to date. The: operation -

-nally from 10m to:1m (at PHENIX only). There were no
squeezes during the proton run, instead:f* = 3 'm was.
used for:injection as well as’storage for-all IRs, In the .
year:2003, the pp run was preceded by a run with un- -

;" even species (d and ‘Au). In both runs B* was squeezed - -

~to several different values at the IRs.. The many config-
urations introduced an increased demand for colhmatlon .
in the FYO03 runs.

LAYOUT =

“"The RHIC -collimation system [1] layout is shown:in -.

‘figure 2.”
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FIGURE 2. The RHIC collimation system

period in the year 2001/2002 consisted of a heavy ion - -

run followed by 8 weeks:of a polarized proton-run..
Both runs-had different needs for.collimation. During:- -

the Au-run several ramps were introduced implementing - .- TDg rL - <t
- which control the horizontal and vertical .positions and .

B*-squeezes from 10m to 5m, from .10m to:2m and. fi-
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It consists of two 450 mm long L-shaped copper scrap-

ring..Each collimator is moved by three stepper motors,
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rotate the collimator about the vertical axis. The step size -
is approximately 0.5 um. Fully retracted the vertical jaws - -
are about 56 mm and the horizontal jaws about-52.mm -

from the center of the beam:pipe. In addition the yellow
(counter-clockwise) ring has a 5 mm long, O-shaped sil-

icon crystal.-The crystal is bent 0.44 mrad. More details -

can be found in [1]. Because of the negligible dispersion
at the location of the collimators [2],.the scrapers cannot

be used for momentum collimation. Since RHIC so far --

lacks any other collimators;-a combination of fast kick-
ers and the scrapers-was used to excite and remove off-

momentum beam particles during the last run [3]. A ded-. -
icated- gap cleaning system including additional kickers . -

is currently-being installed during the FY03 shutdown.

HEAVY:ION OPERATION:

During the 2001 au_01 and the later dau_03 run the ions .
were:accelerated: up-to ¥ & 107. During the accelera-.

tion ramp various processes, such as orbit variations and . PHENIX rates. Apparently, the:scrapers had no signifi-

_cant effect on the experimental backgrounds at any time. -
~ during the au_01 run. This leads to the conclusion that.-:
" the background in the:experiments was mainly due to.-

radial shifts, are potentially leading to beam losses. It
turned out that the abort system kickers acted as limiting
aperture (see [2] for more details). In the run au_01 the
collimators were moved in to a predefined position dur-

ing all ramps squeezing to * < 2 m, starting Oct. 26, 01. .
However, they were not used routinely for the-ramps:in -

the 2003 dau 03 run. . -

Scraper Inserted
i

- % U = = A

FIGURE 3. Background as a function.of scraper. position,

during Au operation. B* = 2m at all IRs. . .

The scrapers were also used-in an attempt to prevent. ..
experimental background during storage. Figure 3 shows

thé ‘yellow scraper position and the experimental back-

The yellow collimator was-moved in by about 20 mm
horizontally after orienting it-such that it was parallel
to the direction of the beam. There is no'visible effect
on the background signal except a small decrease in the
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TABLE. 2. List - of run- configurations during the
rhic_dau_03 run. a=1IR 6 &8, b'=IR2, ¢ =RI10. “chg.”
refers to ’changing’, i.e. the cavity status changed rapidly . .

" during this period. . .
date - fill | B*(m) n.o.b.- RF -
albfec B |"Y"
bef. 01/11-;] - 21212 557 na. | na.
01/11- 27151212 | 2] 110 | na. | na..
01/17- | 2758 [ 2|22 | 110 on on "
01/21-23..| 2799 (.2 | 2.[-2 | 110. | chg..| chg. ...
01/24: 2812-1 2212 110 on off =
01/30: 284312122 110 |- off off. .
02/02. | 2883 [ 2|2 |2 110 + | on on
02/09. [ 2952{ 2|24 110 *{- on~| on -
02/24. | 3056 212 |4 110 «|<off | on .
02/27 | 3070 [ 2 | 2.| 4 | 55" | off-| on
03/05 | 3108:] 2 |3 |3 55 off | on
03/11 31547121313 55+ ] om on..
03/18.+-[ 32211 2|13 ['3 55+ 1 off | on
03/19 [ 32352 |3 |3 ([ 55| on on:

local: causes such as beam-gas.interactions or.colliding -

“beams. Attempts to use the crystal for further experimen- -

tal background reduction durmg the au_01 and dau_03.
run were unsuccessful..

B0 JLOS ISR A0 NS08 NS0 11500 10040 - 129540 13:00:08
i of b3, Aar 6203

FIGURE 4.. STAR ZDC background signal (line) and yellow- -
vertical collimator position (stars) during the dAu store 3094....

~ Table 2 gives an overview of the different running con--
figurations during the dau_03 run. The usage of the stor- -
age cavities (RF B and Y) would mainly cause higher de--
bunching rates, increasing the necessity. of gap cleaning.

. The different §* values as well as the number of bunches ..
ground rates based on ZDC [4] signals during:fill 1759." -

(n.0.b.) likely lead to losses and background problems es-
pecially during the ramp development phase. In general;

s background conditions relaxed when §* was increased. .
- at IR10 and later at IR2. However, experimental back-:.
- ground conditions did require collimation for-the,most -

hRYY

August 8,2003 2



part of the run. Figure 4 shows a background signal from
the STAR "detector associated- with background caused
by the yellow. (i.e. Au) beam: When the yellow vertical
scraper is moved in (i.e. towards higher number of steps),

the background signal drops by some 30 %.: Collimation : "
clearly helped to:reduce the background. Therefore ef- - -

fects local to the individual.IR can be excluded as a sole..

cause for high background conditions. Collimators were :

used for background reduction more or less during ev-
ery fill but the colllmatlon efﬁ01ency did not appear to be- .
sufficient.

POLARIZED PROTON OPERATION

During both polarized proton runs beam was: ramped to

¥~ 107. pp_02 used B* = 3-m at all IRs while pp.03 -

used several settings. They -are-listed-in table 3 below.

In FYO02 there was no need.to use the scrapers-during: -

the ramp and neither scraper nor. crystal were used rou-
tinely at any time duringthe pp_02 run. Figure 5 shows

the effect-of both, crystal and scraper, on experimental .
backgrounds in STAR (top) and BRAHMS (center). The:::.:
experimental background rates are normalized to the col- -
lision rate. While-the crystal has no obvious effect on the - -..
background signal in either IR, the retracted scraper in- -

creases the signal at TR6 (STAR) by 6% while decreas-.

ing it slightly at IR2. (BRAHMS). Background signals-: :

were derived:from the- experimental. luminosity: moni-
tors (ZDC);: which are situated close to the beam pipe.

However, when looking at other signals from STAR [5] - areet: 5 A
- many ramp commissioning periods. The various schemes.

" are listed in table 3. The include changes in 8%, as well as
- various statcs of the:snake magnets (nceded to maintain.=

!

5 [N,

FIGURE 5. Background signals as a function of. collimator
position during fill 2185 in run pp-02.

coming from a detector some 2m away -from the beam:: -

pipe, background is increased when the scraper is moved .
in..The results from the crystal are inconclusive since it
increases as well as decreases the background compared

to the scraper. being in alone. In either case, the rates are ...
higher than with both devices out by several 10%. The:
crystal experiment was repeated in the following yearin . -

the dau-03 run and is reported in [6]. It confirmed that a
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TABLE 3. - List of configurations during the pp_03 run with
55 bunches. “-” refers to “off” or-“no collisions”. A -snake
value of 1.88 refers to a full snake in one.ring plus 88 % in
the other.a=IR6 & 8, b=IR2 & 10, (*) IR2 only

date~ .| fill B* (m) | suok..|.rotrs.: RE. .
a| b @) |B|Y
04/08: | 34272 2| full-: - - -
04/12 .. | 3459 1 31 full- - - -
04/14-15 | 3480 1 37| full- - | on | on-
04/16- -] 3496°) 1 3 - - - -
04/19 3502 1 3 1.88 - - -
04/25. | 3541+|:1 3 1.88: 8 - -
04/30- .1 3591 1 3| 1.8°. 8 on | on.
05/15-° | 3720 |+1 3118 {8&6.| on | on-
05/18 | 3735-{-1 3°]118.|'8&6 | on| - -
05/19- 21 3744 |5~ | 10* | 188 | -~ [ on | -
05/21: | 3757 | 1 3 1.88°|:8&6 | on | -
05/23 ~+| 3767 | 1 -- 1188 |i8&6 | on | on

itored during a dedicated.end-of-fill. background ‘study.

_collimation system including the crystal as primary col- -

-limator at its current location cannot reduce experimen- ..
- tal backgrounds.. During a special experiment in:2002, -
. several detector signals from PHENIX[7] were;mon-

‘When the scrapers are moved in aggressively, the MUID & .
(PHENIX:muon identification chambers, extending to::-
meters away from the pipe) rate drops by-a factor of 8
while others, BBCLL1 and-NTC:(both collision 'éignals .
from detector components close to the beam pipe) remain. -

constant. More details can be found in [2]. .
The FYO03-polarized: proton run again consisted: of

transverse polarization during the RHIC ramp) and ro--:

. tator magnets around PHENIX and STAR (needed to lo-
- cally cha.nge transverse polarization into longitudinal po- -

.....

were quite different from pp. 02. Collimation was essen-

- proach was changed. Instead of squeezmg dunng the en-.
-ergy ramp, a dedicated squeeze-ramp was performed at -
- flattop energy. In short, the conditions during run pp_03 *

tial during most parts:of the run. Background conditions -
were bad enough to prevent expenments from turning on

“some of their detectors. -

Figure.6 shows background ‘signals -from.PHENIX" ..
during the period when beams collided in IR6 and IR8 . -

. only. The scintillators were installed on either side close
-to the Q3 magnets, some 40 meters upstream of the IR, .
- It turned out that their signal represented the background . .

conditions for the MUID detector fairly well, mdlcatmg .
that background was caused by:beam scraping in.the .
“ triplet area. The signals are'shown in percent of the value. .

before collimation starts:- When the horizontal jaw -is
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FIGURE 6. . PHENIX scintillator and ZDC signals as a func- ....

tion of the collimator.jaw position during fill-3780.

moved (top two figures), the slope of the linear fits differs ..
by approximately a factor of 100 between the ZDC and . .
scintillator signal.-This difference is reduced to a factor -

10 when the vertical ;jaw is-moved closer to the beam.

The horizontal jaw was moved first.- Also, in this plane - -

the drop of the scintillator signals begins later (by.about
4 mm) than the:decrease in the:ZDC. signal. However,

while:the the ZDC signal is reduced by about 16% only, :
the other:signal drops to about 5% of its original value . -
At this point the MUID detectors could:be turned on.:

This difference is due to the low sensitivity of the ZDC. -

detector to beam background in general.

UPGRADE PLANS

Anticipating higher beam-currents;. higher.  luminosity:: - -
and- therefore higher. backgrounds; the crystal - will-be:. .

Vel Baamicouiy citckwiy)

Bluz Beam {clockwiss}

. FIGURE 7." : Sketch of the planned conventional 2 stage col- -
limation system

i i
allowing a feedback system based on the loss rate‘ at the
individual jaw. *

In‘addition to the secondary collimators; stamless steel

_ shielding [9] is being installed in the tunnel around the
PHENIX IR. Thus, a significant reduction of the-back- -
ground rates is expected in particular.in the PHENIX:: -

" Muon Identification chambers (MUID) for the next run. ...

CONCLUSION:

-Background . conditions were particularly challenging .
during the past two runs, dau_03 and pp__03, most likely ...
-due.to' the-horizontal crossing -angles: (dAu), the ramp-
~ing and squeezing scheme (pp) and-in general the high -
‘number of running configurations during both runs. Al -
- though background could be reduced at various locations:
.with the primary collimators alone it remained difficult,
-if not impossible, to reduce. background rates.to a tol-.

erable level at all experiments at the same-time for the -

» most part of the last two runs. The existing crystal colli-
-.mator at its location could not enhance the overall colli- -
* mation efficiency. Therefore, additional secondary colli- -

mators are being installed while the crystal collimator is
dismounted. The new, mainly horizontal system, will be
operational for the next run.-
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