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Absiract Table 1: RHIC Parameters during Run-9

During the second half of Run-9, the Relativisitc Heavy Beam energy [GeV] 100

lon Collider (RHIC) provided polarized proton collisions a No. of bunches/beam 109
two interaction points. The spin orientation of both beams No. of protons/bunchip!'] 15
at these collision points was controlled by helical spin ro- No. of collision points 2
tators, and physics data were taken with different orienta- emittance fum] 15
tions of the beam polarization. Recent developments and 5% [m] 0.7
improvements will be presented, as well as luminosity and Lpeak [10% em™2sec™1] 50
polarization performance achieved during Run-9. Latore ave, [10%° cm~2sec™1] 28

Spin orientation at PHENIX  longitudinal

INTRODUCTION Spin orientation at STAR longitudinal

The polarized proton run at 100 GeV beam energy

in FY09 lasted from April 15 to June 30. After the Mmodifications of the low energy beam transport (LEBT)
250 GeV polarized proton run ended on April 13, RHIGine between the polarized proton source and the
was prepared for the lower energy during two maintenanggac resulted in a transverse emittance reduction from
days. Since the injection configuration was inherited fromoz mm mrad to 157 mm mrad [3].

the 250 GeV run, ramp development started immediatelgs both STAR and PHENIX had requested longitudinally
Thanks largely to the now well-established tune feedbagiolarized beams, the spin rotators around these two detec-
system [1], both beams reached top energy after only 38rs were used to manipulate the spin direction accordingly

hours of machine development, and the start of the physiggple 1 lists the RHIC parameters during the run.
data taking run was declared five days after the beginning

of the 100 GeV development. PERFORMANCE
MACHINE CONFIGURATION AND With the g-functions reduced t@* = 0.7m at both
SET-UP PHENIX and STAR, the peak luminosity reachéd -

10%% cm~2sec™!, vs. 35-103Y ecm~2sec™! with 5* = 1.0m

To increase the luminosity compared to previous year#) Run-8. However, since the luminosity lifetime reached
the beams were focused 6 = 0.7 m at the two collider only abouts h instead ofl0 h, Figures 1 and 2, the average
experiments PHENIX and STAR, v8* = 1.0m in Run-8 store luminosity increased only marginally.
[2]. Proton bunch intensities remained at the same levels To investigate the root cause of this phenomenon, a num-
as in Run-8, around.5 - 10'! protons/bunch. The peak ber of parasitic studies were performed:
luminosity was therefore expected to increase by roughly )
50 percent compared to Run-8. However, the smaiter ~ ® lowering the number of bunches from 109 to 84 only
resulted in a significant hourglass effect, which reduced ~improved the ramp efficiency but not the luminosity
the luminosity as the bunch length grew during stores. To  lifetime;
counteractthis, the RF voltage was slowly increased during

. . turning off the slow RF voltage ramp at store resulted
stores in an attempt to slow down the bunch lengthening. ¢ 9 g P

in the same poor luminosity lifetime due to fast bunch

*Work performed under Contract Number DE-AC02-98CH10886 wi lengthening;
the auspices of the US Department of Energy. ) ) )
 montag@bnl.gov e low intensity stores with .0 - 10!! protons/bunch and
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Figure 3: Integrated luminosity delivered to PHENIX and
STAR during the course of the run.

Figure 1: Luminosity evolution during two typical stores in

Run-8 (top) and Run-9 (bottom). was a result of the tighte¥-squeeze, and not of some sort

Gl TR it of new, unknown noise source.

R R ——— s 2505 As Figure 3 indicates, the integrated luminosity grew al-
S O s B CRS L < most linearly during the entire run, because RHIC reached
; 16 [Egomgtoe O°_0° © 19 & its peak performance from the beginning. Due to the afore-
s f e '__ ° 5 i - '5 mer.ltio_neq efforts t_o dgterminethe cause of the poor lumi-
25 N nosity lifetime, luminosity performance suffered sometwha
5§ R TT _for a couple of weeks during the mldd_le of th(_—:- run. After
L L ‘:l_-'_' oy it had become clear that the poor luminosity lifetime is an
£ S A inherent feature of thé* = 0.7 m optics, efforts focused
£° - ‘ " ‘ , on maximizing the integrated luminosity under these cir-
Ll L0650 — 10750 Py cumstances. However, due to the reduced luminosity life-
Fill number time the resulting integrated luminosity did not exceed the

minimum projected performance, which is based on per-
) S ) ~ formance levels achieved in previous runs.
Figure 2: Luminosity lifetime vs. fill number during  The property to maximize in polarized proton collisions
Run-9, as obtained from double-exponential fits =  \yith Jongitudinal spin direction of both beams is the figure-
Ly exp(—t/t1) + Ly exp(—t/t2). of-merit L - P3,.. - P3.10w> Where L, Paiue, and Pyeliow
are the luminosity, and the polarization of the “Blue” and
the “Yellow” beam, respectively.
The intensity-dependent polarizatidigs at AGS ex-
traction has been found as
¢ slowing down the RF voltage ramp for regular inten- 1
sity stores to 200 kV/cavity in 9 h improved the lumi- Pags[percent] =75 —8 - Iags[107], @)
nosity lifetime to 9 h, but only for about 80 percent of
the total luminosity;

an RF voltage ramp to 200 kV/cavity in 3 h still re-
sulted in only 6 h luminosity lifetime;

where Ipgs is the proton bunch intensity. Inserting this
relation into the expression for the figure-of-merit yie&ds
« reducing the RF voltage ramp to 150kV/cavity inMaXimum atan AGS bunch intensity 8fas = 3 - 10',
9 hours resulted in 7 — 8 h luminosity lifetime, for 75Which is well beyond targeted bunch intensities in RHIC.
— 90 percent of the total luminosity. However, several effects occuring in RHIC also have to
be taken into account in this optimization process. Espe-

When all these changes did not improve the luminositgially in the “Yellow” ring, the ramp efficiency depends
lifetime, the machine lattice itself was suspected to be th&rongly on the bunch intensity, resulting in intensityses
culprit. Because the only major change since Run-8 hdmetween 10 and 15 percent during the ramp for bunch in-
been the smallef*-value, the focusing at the two colli- tensities around.5 - 10!, as shown in Figure 4.
sion points was relaxed in two steps. First, the existing Since RHIC is operating near the beam-beam limit, the
lattice was modified to result in a largét-value of0.8 m.  luminosity L. does not necessarily scale with the bunch in-
When no significant luminosity lifetime improvement wastensities agp)u. - [vellow, DUt May rather begin to saturate at
observed, the Run-8 lattice was re-loaded. After somigigh intensities. As a result the optimum intensity to max-
machine tuning, the luminosity lifetime improved signifi-imize the figure-of-merit is reduced. Figure 5 shows the
cantly, to similar values as in Run-8. This was therefore theeasured figure-of-merit at the beginnig of each physics
final proof that the poor luminosity lifetime performancestore, when the machine was handed over to the experi-
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Figure 4: Ramp efficiency in the “Yellow” ring as function Figure 6: Integrated figure-of-metit- P2, - P2 de-
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of injected bunch intensity. livered to PHENIX and STAR during the course of the run.
Be+08
SUMMARY
Te+0s | I E
. éei08 i ] During the 100GeV polarized proton run in FY09,
E B RHIC performed at its present limit. After an extremely
K aeon | fast start-up phase peak luminosity and polarization perfo
El mance was reached almost immediately. However, in spite
=" I ] of a 50 percent higher peak luminosity the integrated lumi-
= 20408 ! nosity fell short of expectations due to a reduced lumiryosit
1408 ] lifetime. A considerable amount of time was spent during
& : : the run to study the root cause of this reduction, until it was
@ wE R ;f_., = 2B 9 finally determined that this is an inherent feature of the new
- £* = 0.7 m lattice in conjunction with the beam-beam in-
teraction.

Figure 5: Measured figure-of-merit at the beginning ofl© increase the integrated luminosity in future runs, relax

each physics store, as function of the bunch intensity pro#d the lows3 focusing tos* = 0.85 m while increasing the
beam emittance and intensity is expected to be beneficial.

With a new fast orbit feedback system currently being im-
plemented, a near-integer working point could be feasible,
ments after steering and collimation. expected to provide larger dynamic aperture than the cur-

The resulting integrated figure-of-merit is depicted iffentone [4]. Inthe long term, installation of electron less

Figure 6. Due to an average polarization level of 56 perceff! head-on beam-beam compensation will allow for larger
over the entire course of the run, the minimum projectioR®a@m-beam parameters and therefore higher luminosities

was clearly exceeded despite the poor luminosity lifetimel°!:
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