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Preface to the Series

The RIKEN BNIL Research Center (RBRC) was established in April 1997
at Brookhaven National Laboratory. It is funded by the "Rikagaku
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of
Japan. The Center is dedicated to the study of strong interactions, including
spin physics, lattice QCD, and RHIC physics through the nurturing of a new
generation of young physicists.

During the first year, the Center had only a Theory Group. In the second
year, an Experimental Group was also established at the Center. At present,
there are seven Fellows and seven Research Associates in these two groups.
During the third year, we started a new Tenure Track Strong Interaction
Theory RHIC Physics Fellow Program, with six positions in the first academic
year, 1999-2000. This program had increased to include ten theorists and one
experimentalist in academic year, 2001-2002. With recent graduations, the
program presently has eight theorists and two experimentalists. Beginning last
year a new RIKEN Spin Program (RSP) category was implemented at RBRC,
presently comprising four RSP Researchers and five RSP Research Associates.
In addition, RBRC has four RBRC Young Researchers. '

The Center also has an active workshop program on strong interaction
physics with each workshop focused on a specific physics problem. Each
workshop speaker is encouraged to select a few of the most important
transparencies from his or her presentation, accompanied by a page of
explanation. This maierial is collected at the end of the workshop by the
organizer to form proceedings, which can therefore be available within a short
time. To date there are forty-nine proceeding volumes available.

The construction of a 0.6 teraflops parallel processor, dedicated to lattice
QCD, begun at the Center on February 19, 1998, was completed on August 28,
1998. A 10 teraflops QCDOC computer in under development and expected to
be completed in JFY 2003.

T.D. Lee
November 22, 2002

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886.
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SUMMARY

B. Fox, RBRC
September 16, 2002

for
RHIC Spin Collaboration Meeting XII
RIKEN BNL Research Center



Since its inception, the RHIC Spin Collaboration (RSC) has held semi-regular meetings
each year to discuss the physics possibilities and the operational details of the program. Having
collected our first data sample of polarized proton-proton collisions in Run02 of RHIC, we are
now in the process of examining the performance of both the accelerator and the experiments.
During the PAC meeting on August 29, 2002, the beam use proposal with a four week,
polarized proton physics run was approved as part of the plan for Run-03. So, we meet at
BNL on September 16, 2002 to discuss the concrete plans for this proton-proton run.

To open the meeting, Thomas Roser presented the machine plans for Run-03. The run
will begin with deuteron-gold beams. During this time, work will be done between fills to
understand and improve upon the polarization of the protons in the AGS. It is hoped that,
with the addition of the new CNI polarimeter in the AGS, improved tune feed-back in RHIC,
and the use of the Siemens instead of Westinghouse power supply in the AGS, that it will be
possible to achieve a polarization of 50%, maybe a bit more. The luminosity for proton-proton
collisions at the interaction regions should be an order of magnitude larger than it was last year
because the number of bunches will be doubled, the focussing at the IPs reduced to f*=1 m,
losses of ions during ramping should be reduced with the tune-lock (PLL) system operating,
and finally the storage rf should reduce the vertex region to ~ £40 cm. Later, Leif Ahrens
presented a timeline for the startup of the machine. Specifically, in October, the AGS should
see the first beam, probably deuterons and gold. In early November, the cool-down of RHIC
should start so that RHIC is ready for beam in the first week of December. Most of the month
of December will be spent tuning up RHIC for deuteron-gold collisions. Once that has been
accomplished, the dA physics program will commence and the polarization commissioning
work for the AGS will be underway. By this time, it is hoped that the new CNI polarimeter
will have been commissioned using deuterons. :

Between Leif’s and Thomas’s talk, Anatoli gave an update on the status of the polarized
proton source. Proceeding to tackle the molecular component problem!, he reports that he
now sees proton polarization of >80% in both the Lamb shift polarimeter and the 200 MeV
polarimeter — it should be noted that this is an increase from ~ 70% during Run-02 — with
~5x 10" ions per pulse. :

To close out the morning session, Jeff Wood gave an update on the progress of the new CNI
polarimeter. At this time, the main technical concern is noise pickup from the passing bunches
in the AGS. Tests have been done by running a pulse of appropriate shape and magnitude
down a wire which was placed down the center of the polarimeter pipe and the measuring
the pick-up on the silicon detectors. In this arrangement, they saw ~ 60 mV (peak-to-peak)
noise. This noise was reduced to ~10 mV by shielding the preamplier box. Thoughts are now
focusing on how to do a noise subtraction. Presently, they are planning to install the device
in the AGS by mid-October and this work seems to be on schedule. After installation, there
is then a significant amount of commissioning work which needs to done. There is some hope
that this work can be done when deuterium beams are in the AGS starting in early December.

To open the afternoon session, we discussed the feasibility of frequently recogging the beams
during a fill. This recogging will reduce the systematic error in the relative luminosity by
averaging out bunch-to-bunch differences which are not understood. To start this discussion,
Mike Brennan informed us that the recogging was technically possible as long as the common

1For a detailed discussion of this matter, see Anatoli’s take in April, 2002 proceedings.



rf was not operating. Further, it is expected that the common rf is not needed to squeeze the
longitudinal size of bunches. Wolfram Fischer then talked about the effects, perhaps adverse,
of such recogging on the beam. To begin with, he told us that, when the beams are recogged,
the tunes change. So, we will need to define acceptable operating ranges so that the beam
is not lost. How this effects the polarization would also need to be considered. Second, the
recogging might increase the longitudinal and transverse emittance of the beam, resulting in
a loss of luminosity at the experiments. Of particular concern with respect to polarization
issues, there is an increased likelihood for debunching some of the beam. And, finally, we
can expect that recogging will impact the lifetime. So, we decided that, for the time being,
recogging would be investigated during commissioning but not used during the physics run.

Takehiro Kawabata talked about the present results of the relative luminosity analysis
for PHENIX. At PHENIX, there are several luminosity detectors and thus we can compare
the response of one againsf the others to evaluate each of their performance as a monitor
for the relative luminosity. First, he showed that, within a fill, all of the detectors indicated
that the specific luminosity varied from bunch to bunch by about 2 to 5%. Then, he looked
at the ratios of relative luminosity measurement for the different detectors. By randomizing
the polarization assignment; for the bunches, he determined that the spread in the relative
luminosity between different detectors had an error which, in a good fill, was ~ 0.3% larger
than it would be if the fluctuations in the luminosity measurements were only statistical in
nature. In other fills, it was seen that this systematic error could be significantly worse. By
averaging the data from all of the fills, he reported that the systematic error of the relative
luminosity measurement at PHENIX was ~0.2% in the Run-02 dataset. He then made some
effort to identify the source of this non-statistical behavior by correlating the fluctations in the
relative luminosity measurements to beam parameters. He then showed that there is perhaps
a slight time-dependence within a fill. In addition, he found that there was a slight correlation
between the non-statistical fluctuations and the width of the vertex distribution; the latter
was determined from the width of the vertex distribution for ZDC trigger events since, in
PHENIX, this is the only source of events for which there was no vertex cut applied by the
trigger.

To finish the meeting, we had an open discussion of the experiment needs for Run-03.

B. Fox
16 September 2002
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RHIC Machine Status and Plans

Brief summary of RHIC RUN2001/2

Plans and goals for RUN2003 / RUN2004

oo Thomas Roser
BROOKHRVEN ;
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days into the run

RHIC R&D Challenges and Developments

Intensity limitation for gold due to vacuum break-down (HI)
Single- and multi-bunch instabilities (HI & PP)

« Tune feedback (PLL) (HI & PP)

« “Flat” orbits to avoid depolarization (PP)

Intra-Beam Scattering (IBS) (FHI)

= Determines RHIC

Au performance

= Eventually will need electron cooling (see below)

BROOKHEVEN

NATIONAL LABORATORY




Vacuum break-down |

* Only in warm sections that didn’t have bake-out; worse with 110 bunches/ring

«Jon desorption, electron desorption, electron multi-pacting, electron cloud?

«Installed electron detectors in IP12 and IP2 and solenoids for electron suppression in IP12.
« Vacuum bake-out of most warm sections; plan for “scrubbing” with beam
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Transverse instabilities in RHIC

- Fast transverse instability (~ GHz) Intereity

- High sensitivity around transition

- Effect of broadband impedance,
electron cloud (?)

- Cures: beam-beam tune spread,
octupoles, transverse dampers, ...

Tomographic reconstruction of

2D bunch density
Intonsity
0.002 . o -
ocots After instability with
) ~ 10 ms growth rate
0.001
0.0005
o
BROOKHRAVEN Ll ey
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“Typical Proton Store” # 2304
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HERA and LEP luminosity evolutions
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RUN2003 Goals (~ 3-4 weeks into run)

« Prepare for four modes; all with:
Energy/beam: 100 GeV/nucl., diamond length: 6 = 20 cm, L, (week)/L,, (store) = 40 %

Mode | #bunches | Ions/bunch B* | Emittance | L | Lys(store) | Ly (week)
X109 [m] [ropm] [em2s] | [em?st] [week]
Au-Au 36 1 1 15-40 14x10%6 | 3x10%6 70 (ub)?
oeTpT* 112 100 i 25 16x10% | 10x10%° | 2.8(pb)"
d-Au 56 80(d), 1(Au) 2 20 4x10%8 | 1.6x10%8 4 (nby?
Si-Si 56 7 1 20 5%x10%8 2x10%8 5 (nb)!

* Beam polarization = 50 %; Acceleration test to 250 GeV

o New hardware installed and to be commissioned:
« All eight spin rotators for PHENIX and STAR

BROOKHEVN

NATIONAL LABORATORY
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RUN2003 Integrated Luminosity Estimate

Estimate for integrated luminosity for 29 week FY2003 run (starting October 1, 2002):

« 4 weeks cool down, 1 week warm-up, 2 weeks setup (for each mode),
3 weeks ramp up (for each mode): —

29 weeks of cryo ops.: d-Au: 11 weeks at “final” luminosity
pp: 3 weeks at “final” luminosity
o Minimum: performance at end of FY2001/02 run
o Maximum: luminosities from previous slide

L,.(week) | Int.Lumi. [L_,(week) Int. Lumi.
Mode [week] [week™]
oToT | 0.3(pb)! 0.9(pb)! 2.8(pb) R.4(pb)?
d-Au 2 ? 4 (nby' 44 (nb)!
BROOKHEVEN

NATIONAL LABORATORY

RUN2004 Tentative Runplan

For 29 week FY2004 run:

« 2 weeks cool down, 1 week warm-up, 2 weeks setup (for each mode),
3 weeks ramp up (for each mode): —

29 weeks of cryo ops.: Au- Aw: 12(11) weeks at “final” lumninosity
pP-D: 4(3) weeks at “final” luminosity

ROOKHE
NATIONAL LABORATORY
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POLARIZATION OPTIMIZATION STUDIES IN THE RHIC
OPTICALLY-PUMPED POLARIZED ION SOURCE.

A Zelenski', J. Ales31 , B.Briscoe’ VKlenov S Kokhanovslq2 AKponou
V. LoDestro’, D Raparia', ’J Ritter’, E. Steffenson , V.Zubets®

(1) Brookhaven National Laboratory, Upton, New York 11973
(2) Institute of Nuclear Research, Moscow, Russia
(3) Indiana University Cyclotron Facility, Bloomington, Indiana

ABSTRACT

The performance of the RHIC Optically-Pumped Polarized H™ Ton Source (OPPIS) in
the 2000-2002 runs for AGS and RHIC is reviewed. The OPPIS met the RHIC
requirements for the beam intensity with the reliable delivery of about 500 pA polarized
H- ion current in 400 ps pulse duration (current can be increased to over 1.0 mA, if
necessary) The beam intensity after the linac at 200 MeV was (5-6)-10"! H/pulse, which
is sufficient to obtain the required 2-10"' polarized protons per bunch in RHIC. A Lamb-
shift type polarimeter was used for polarization measurements and optimization at a
source energy of 2.6-3.0 keV (extraction voltage turned off). A proton polarization of

80% was measured in the Lamb-shift polarimeter, after OPPIS-parameter optimization.
At that time the presence of a half-energy beam component coming from dissociation of
H," molecular-ions was observed. The molecular ions are produced in the ECR (Electron
Cyclotron Resonance) primary proton source. This component can be as high as 20%,
and the polarization is significantly lower than polarization of the main beam. At the 35
keV extraction energy, this component has 33.5 keV, and is matched into the RFQ and
accelerated along with the full energy ions, reducing the beam polarization. The
molecular-ions can be reduced to about 5% by the ECR source-operation optimization.
They can be suppressed further by optimization of the extraction optics and by use of a
decelerating einzel lens in 35 keV LEBT line. As a result, the proton polarization of the
accelerated beam was increased to over 80%, as measured in a 200 MeV proton-
deuterium polarimeter. The polarimeter upgrade will be also discussed, which includes
the high-current polarization measurements and continuous polarization monitoring (by
interleaving beam pulses injected to Booster with the pulses transported to the
polarimeter).

RHIC SPIN COLLABORATION MEETING

September 16, 2002

13



POLARIZED SOURCE LAYOUT AT THE LINAC INJECTOR

o
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BNL OPPIS

Allows interleaving of TmA polarized H— beam and 100 mA unpolarized
beam on pulse—to—pulse basis. |
Longitudinal polarization out of the source converted to vertical

polarization at the-linac entrance.




RHIC OPTICALLY PUMPED POLARIZED H— SOURCE
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H- current pulse in 35 keV LEBT FC
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A

J. Alessi
Linac 2002

*Na ionizer cell at high voltage - avoided the
need to have the entire source sit on a high
voltage platform

*Low Na loss, despite the large aperture

*Reservoir is loaded with 150 g of sodium
metal

«Reservoir and jet nozzle are operated at a
température of 530 C.

*Sodium vapor density is ~1017 atoms/cm?3,
resulting in a vapor jet with an effective
thickness of ~5 x 1014 atoms/cm?, sufficient for
saturation of the H- yield.

Although the entire 150 g circulates in ~3
hours, the cell provides continuous, stable
operation for 1-2 months.

*The Na loss has proven to be much less than
with the previous oven-type cell.

BROOKHELUEN

NATIONAL LABORATORY
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Polarization,%

Current and polarization vs

extractor voltage
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Polarization, %

Current and polarization at 200 MeV

vs extractor acceleration voltage
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POLARIZATION DILUTION DUE TO MOLECULAR

H,” IONS FROM THE ECR SOURCE.

ECR Rb-cell
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H- current, uA

H- ion current vs acceleration
voltage
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time dif L (down)

PAW-ESS0: "[24]17>

PAW-E9S50: "[241°> vec/create out(6)
*xx VECTOR/CREATE OUT(6): existing vector OUT(6) replaced

PAW-ESS0: "[25]1">

PAW-E9S0: "[251°> for/call asym,f(327.798.844,321)
poelarization -0,8558564 +—  0,3714243E-01

PAW-E950: "[2617>
APW 0.507+ 0.002.
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Polarization at 200 MeV in p-D

polarimeter

100 +

- 9% ‘uoneziie|od

30 -

20

10

160

150

140

130

120

Run number
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Z| 200 MeV POLARIMETER(12 degree—accidental) - Ll

STATUS:
A peir &, 0L
— PROCESSING
START [ STOP [ SAVE | EXIT l
FREADING
PULSE LEFT RIGHT CLK=+ CLK- POL. ACCL  ACCR
196 2.0 22.0 0.0 1336.0 0.0 0.0 g
197 17.0 1.0 1336.0 0.0 ~0.9833 0.0 00
198 50 28.0 0.0 1336.0 0.0 0.0
198 27.0 12.0 1336.0 0.0 -0.904 0.0 0.0
200 12.0 24.0 0.0 1336.0 0.0 0.0
201 240 8.0 1336.0 0.0 06777 0.0 0.0
202 10.0 130 0.0 1335.0 0.0 0.0
203 24.0 10.0 1336.0 0.0 -0.5839 0.0 0.0
204 20 290 0.0 1335.0 0.0 0.0
205 33.0 7.0 1336.0 0.0 114z 00 0.0
206 5.0 25.0 0.0 1336.0 0.0 0.0
207 210 7.0 1336.0 0.0 -0.8509 0.0 0.0
208 3.0 240 0.0 13360 . 0.0 0.0
209 21.0 30 1336.0 0.0 1007 0.0 0.0
210 7.0 240 00 1335.0 0.0 0.0
211 270 3.0 1336.0 0.0 -0.8463 0.0 0.0
212 120 200 0.0 1336.0 0.0 0.0
213 320 7.0 1336.0 0.0 10,7551 0.0 00
214 8.0 250 0.0 1336.0 0.0 0.0
215 28.0 7.0 1336.0 0.0 203017 0.0 0.0
216 30 29.0 0.0 1336.0 ” 0.0 0.0
217 16.0 6.0 1336.0 0.0 -0.828 0.0 0.0
218 3.0 27.0 0.0 13350 0.0 0.0
219 29.0 3.0 1336.0 00 ~1.108 00 0.0
220 6.0 23.0 0.0 1336.0 0.0 0.0
221 730 7.0 1336.0 0.0 -0.9038 0.0 0.0
222 70 300 0.0 1336.0 0.0 0.0
223 26.0 12.0 1336.0 0.0 205158 00 0.0
-
Left anm events (+,-): 2651.0 790.0
Right arm events(+,-: 974.0 2875.0
/ -83.5=x .6
POLARIZATION (P,dP): -0.8352 0.01622
RESET
Sat Apr 06 22:30:23 EST 2002
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POLARIZATION

Pulsed ECR operation

Lower ECR beam energy

LEBT optics optimization
for E/2-beam component
suppression

Polarization direction
alignment

OPPIS optimization
(superconducting solenoid,
lasers, Sona transition)

Polarimeters. Systematic
errors.

ap  Apoet

3-5% +
2-3%
3-5% t
1-2 %
3-5% %
3-5%

+ 16

GOAL : Stable operation, P >80 % for 2002-03 run.

30
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CONCLUSIONS

The RHIC OPPIS status:

The ECR proton source has been optimized for high (up to 1.6
mA) current production. Molecular ion H," admixture was reduced
to about 5%.

The Na-jet ionizer cell operation is very stable. The cell worked
continuously trouble-free for two months in the last run. A spare

cell is near completion.

The 35 LEBT optics was optimized to suppress molecular ion
polarization dilution.

A 200 MeV p-Carbon plarimeter was upgraded for high current
operation and continuous polarization monitoring. A new p-D

polarimeter has been built for p-Carbon polarimeter calibration.

Proton polarization in excess of 80% was measured at 200 MeV
after reduction of molecular ion admixture.

Source repetition rate was increased to 6 2/3 Hz.

Problems:

Stable long-term source operation at 75-80% has to be
demonstrated. Some polarization losses are expected at high
repetition rate.

Higher > 85 % polarization is feasible in the optically-pumped
sources and still has to be achieved in the RHIC OPPIS.

The high repetition rate of a 6 2/3 Hz might be required only

during AGS polarization optimization and switch between 1 Hz
and 6 2/3 Hz has to be developed. |
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CONCLUSIONS

The new BNL polarized source now produces about 3
times our design goal for intensity meeting RHIC

- requirements. It easily produces > 1 mA of H- with
polarization in excess of 75%. 50% of the source output
is transported to 200 MeV. The source produces very flat
beam pulses, and is very stable. It has been able to
operate for 2 weeks between scheduled maintenance
periods, and maintenance can sometimes be “transparent”
to the RHIC spin program when done during an 8 hour
period of stored beam.

I. Alessi BROOKHEUEN

Linac 2002 NATIONAL LABORATORY



AGS Commissioning Plans for Run03

L. Ahrens, BNL
September 16, 2002

for
RHIC Spin Collaboration Meeting XII
RIKEN BNL Research Center

33



Transparancies:

1: Schedule

2: Source/Linac

3: Booster

4: AGS

5: Observations Plans

6: Haixin’s polarization plot

34



Schedule: 7 Oct 02

15 Oct 02

4 Nov 02
21Nov 02

1 Dec 02

gold beam in Booster (Booster recommish)

gold/ deuterium beam in AGS with Siemens
Motor/Generator

(how long AGS available — not clear, maybe not long — a
week?) BAF (Booster Accelerator Facility)
commissioning will compete making AGS beam harder
to come by.

Iron in AGS (NASA biology run)
Injectors setup for RHIC injection

RHIC Blue cold, deuterium into Blue. fill, fill, fill or fill
and ramp, fill and ramp. no resting spaces.(but deuterium
always in the AGS, and most of that beam doesn’t go
into RHIC. Probably could be available as another User —
if Operations has any space in their head.

Yellow — gold into Yellow. probably no deuterium for a
while. Then working on collisions.

comments: Injectors very busy just trying to deliver to RHIC (Au and d) —
optimizing injector performance; little time for messing, but deuterium
accelerating in AGS some fraction of the time - more if we have trouble d, less if
deuterium a piece of cake relative to gold, in which case we will be working on

gold behind RHIC.

January 03

mid Dec 02 Polarized protons in Linac, into HEBT to the 200 MeV

polarimeter.

RHIC into physics runs (d,Au), injectors “mode switch”
to polarized protons during stores. Plan for 3 (is there a
constraint?) weeks of running in this pattern. This is the
pre-run run. '
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Issues:
Linac:
200 MeV operation:
access into HEBT competes with Au/d operation (?)

measure 200 MeV polarization with 7Hz source pulse rate vs historic slow
(1 Hz) pulsing.
(Anatoli Zelinsky +) Need the fast repetition rate if want to fill AGS
with 6 bunches — for the internal polarimeter.

“commission” the 750 KeV chopper with beam from the polarized source.
(Zelinski, Alessi, Brennan, Brisco, Zeno)

(issue: longitudinal emittance — last year ran Booster at h=2, two bunches
accelerated, equally populated with beam and used only one of these, just to geta
smaller beam in longitudinal phase space (.7 eVsec/n). The chopper which ‘chops
the beam in time as it enters the Linac was ineffective for beam coming from the
polarized source. This was (is) not understood. If the beam can be chopped, we
have better control over the longitudinal phase space. Go back to h=1 operation.
But also need smaller momentum spread out of Linac. Alessi has a program to
attack this — at least gaining better understanding of the situation — diagnostics

commissioning etc.

b
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Booster:

Booster 15 the “easy” measurer of the longitudinal quality of the Linac
. beam. Can we inject into Booster before January?

Some serious orbit distortions possible due to the BAF construction.
Reopens the pogsibility of losing polarization in Booster. (Equilibrium orbit
measuring system being commissioned.)

The test will be polarization at AGS injection (1.5 GeV kinetic or
slightly higher). Polarization should equal 200 MeV measurement. Old
polarimeter.

Booster tune control, tune measurements all required for BAF
commissioning so should already be there. Standard drill to optimize — or
show degradation if move (4th 5th orbit harmonics, vertical betatron tune)
away from optimal.
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AGS:

changes:

1)  back to the higher acceleration rate of the Siemens motor-generator

set.
2)  new magnet hardware for the (ac dipole/tune meter) both vertical and

horizontal.
3)  CNI Polarimeter

any immediate acceleration strategy changes?
nope. Set up as in last Siemens (higher acceleration rate) run (2000) —
well nearly (betatron tune space).

comments:

unpolarized work:

satisfactory calibration of the (magnetic field measuring system / AGS
average orbit measurement) last run. This cal should be redone during the
RHIC setup period, and we should set the ac dipole intervals with the best
confidence yet — not that we won’t try to check with timing scans.
Equilibrium orbit correction — nothing new, but simplify if possible.

where should we live in tune space?

Two remotely-switchable frequencies now possible for the vertical ac
dipole (~ betatron tune of 8.8) — choice fixes the vertical tune to be just
above or just below the tune associated with this frequency, and horizontal
tune on the other side. (Limited head room 8.5 — 9 or less)

Where can we go in tune space (without beam loss ... without

emittance growth) (skew sextupole resonance line Qy+2Qx=267)
Understanding this is valuable prework for later polarization optimization.
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observations and plans:

1) The presence of quality polarization (asymmetry) measurements will make a
huge difference.

2) If in addition we can make these measurements while we are ramping (without
having to introduce magnet porches) that will make another huge difference. It will
remove the gnawing suspicion that something “else” has changes upstream in the
acceleration process, and hence that the effect you see isn’t really associated with
the change you just made.

therefore : once we reestablish polarization in AGS (if not before) give
commissioning of the CNI polarimeter highest priority.

Then get into systematic studies to tune polarization.

tune space locations (at each intrinsic resonance) — affects emittances and
hence polarization loss at intrinsic resonances

intensity dependence of final polarization
? associated with emittance growth?

Snake strength during acceleration cycle— is there any optimization to be
done?

Mei’s explorations with quad pulsing and octupole pulsing on the plate —
when we have good polarization measurements.

relevant experience from last run?

More convenient/automatic logging (hopefully) to help us keep track
of what we have done.
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Update on the AGS CNI Polarimeter

J. Wood, UCLA
September 16, 2002

for
RHIC Spin Collaboration Meeting XII
RIKEN BNL Research Center
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Update on the AGS
CNI Polarimeter

e Overview of CNI polarimeter
— Kinematics
— Set up
— Features
* AGS noise study update
* Schedule for installation and operation

Jeff Wood, UCLA
for the
AGS Polarimeter Group

RSC meeting 9/16/02
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RHIC Spin Layout

RHIC pC Polarimeters ~

.'i—-Absqfnte Polarimeter (F Jjet)

L. =2%10"s"em™
T4 Polarization

ofs =50...500 GeV

AC Dipole

Stherian Snakes

2 % 101 Pol. Protons / Bunch
£ =20 1K mm mmad

Partial Siberian Snake
LINAC

IKHETER

Pol. Proteon Source

500 A, 300 s
200 MeV Polarimefer AGS Internal Polarimeter
“*R:fDY[hhas\ |
| | > New AGS pC CNI Polarimeter

RSC meeting 9/16/02
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Kinematics of pC CNI Polarimeter

pC elastic scattering in the Coulomb-
Nuclear Interference (CNI) region

S
Ay x ]m( Dnon—flip X “ﬂw)

Measure recoil Carbons at ~90 deg.

Calculate left-right asymmetry

Kinematic range: t=(p-q)?
= 0.003 <-t(GeV/c)*<0.03
" 0.1<T, ;. MeV)<1.1
= 60 <tof (ns) <170

Recoil Carbon

- —)

Polarized proton

Carbon ribbon target
RSC meeting 9/16/02 -3
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Experimental Setup
AGS: | RHIC:

/"'\ Ultra-thin :
| . Carbon target Y r\

5 ug/cm?

beam

direction

Si strip detectors

Py p - Ihl > _
= = beam
12 vertical strips =i ——
10mm l| beam | =l
| .
| 450 Si detectors
>

12 horizontal strips

24mm

* thin carbon target is moved into the beam for measurements
* AGS target width: 600 um RHIC: 5 um

RSC meeting 9/16/02 4
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AGS Performance in 02

O+v, 24—vy 12+v, 36—\;y 24+vy 48—vy 36+v,

ool b

Red line: Simulation with 2002 | 100 e 0
. o . ] === Simulation for fast ramp r
) ] "
runnlng COHdlthﬂS’ 70 A) as 1nPUt frorn % ] ~—— Simulation with emittance growth 3+5% snake " %
LINAC. Emittance taken as measured. % ®  Measured Polarization 0

70 - - 70

v,=8.70, v, =8.80 for most resonance
except 36+ v, with v, =8.68, v, =8.90
and ac dipole not fired.

Blue line: Simulation with fast ramp 30'2 } { ;"30

rate and more tune separation at 20 - . =
36+ v, and good betatron tunes for :

48-v, /7‘f

G Y[RHIC Transfer Energy Range]

| Vertical Polarization |

RSC meeting 9/16/02 5



New AGS CNI Polarimeter will help

» Fast feedback for machine tuning
— No dead time

— ~1M events/s (with 6 bunches in AGS)
 Ability to measure during the ramp

— Can measure 2 ms bins with several ramps

» Detector acceptance throughout AGS momentum
" range (2.27 < Pbeam (GeV/c) < 24.32)

I e
|2 ?atplzzgg £=0.03)

|
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Update on AGS Noise Study

« Reflection signal from passing bunches seen in
RHIC and AGS Tek Run: 2.50GS/s  Sample ; ‘ 0

F A 34.4mY
J@: -31.6mV

e Pulsed wire tests

— Current pulse sent SR B
throughchamber Eﬁ

— Signal induced on
detector

Y :
'*\w.vﬁ/-“'w“\«w‘\-vm\a\\v‘"\hm«a/?\ JJ] ‘i I\/J kil
~60mV | e T s

Chi— 1.00VQ WY 20.0mV<a M 20.0ms Chi F  420mV 1 jul 2002
- 13:50:56

RSC meeting 9/16/02 7
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Shielding Box

Addition of shield box
reduces signal size

Tek Run: 2.50GS/s Sample

i .1 1 H
H L J H
T T T T T
2-rf
TSI AT | : i oo s sl b oo asbedoe bbb
Prorsped ) ) 3 , B i I St St S St S Mt i S B S )

; . f’ ' o ; ) o o Eff:
- ect on m I
ARG, ﬁW%W \/\ casurement

e A is minor
“Lfdﬁﬁ;‘ﬁ“"f”}}‘“ﬁ“f"‘Q""Q“ } — signal persists for

peak topeak = ¢ i o i1 ~60 ns
WX S00mva TR 0. 0mva M 20 0Re “CRT A 330mv 1 Jul 2002
10:55:2
RSC meeting 9/16/02 8
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Noise Subtraction

| Gam ad_) f:

| Finvert

coherent
noise

signal —

 Build a new module based on experience from
E950
Or |
« Use WFD — if possible

Noise difference between left and right
may cause problems

RSC meeting 9/16/02
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Installation Schedule

First beam in AGS scheduled for 10/15

 Installation of chamber must be complete
— Chamber itself — motor tests complete 9/15
— Detectors — ready
— Preamps — arriving end of Sept.
— Cables — pulled first week in Oct.
— Targets — delivered from IUCF by end of Sept.

RSC meeting 9/16/02 ‘ . 10
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Commission/Operation Schedule

e Setup DAQ
— New WFD modules — arrive mid-Nov.
— Program WFDs — Nov./Dec.
— Shapers, Bias Volt. Supply, etc. — in hand

* May try dC scattering during RHIC
commissioning in Dec.

e First pol. pin AGS — Jan.

RSC meeting 9/16/02 11



139

Summary

for machml;s tuning
— Minimize polarization loss
* Noise studies look promising
* Installation by 10/15

» Polarized p beam in Jan.

RSC meeting 9/16/02 ' 12
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Recogging: Technical Details

Please see summary

M. Brennan, BNL
September 16, 2002

for
RHIC Spin Collaboration Meeting XII
RIKEN BNL Research Center
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Frequent Recogging: Effects on the Beam

W. Fischer, BNL
September 16, 2002

for
RHIC Spin Collaboration Meeting XII
RIKEN BNL Research Center
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FREQUENT RECOGGING:
EFFECTS ON THE BEAM

Wolfram Fischer

BROCKHAVEN

NATIONAL LABORATORY

RHIC Spin Collaboration Meeting

19 September 2002
Contents
1. Introduction
2. Run 2001 lifetimes
3. Cogging effects
4. Effects on integrated luminosity Ldt
— Time lost

— Longitudinal — debunching
— Transverse — luminosity lifetime reduction

5. Summary

e

' BROGHHAL
Wolfram Fischer NATIONAL LABORATORY 2
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Introduction

» Assumptions:
— Proton beams at y = 260, 56(112) bunches
— N, =101, g¢=20um — &, ... peam = 0.0037 / TP
— Store length of 7 hours
— Recogging (worst case)
» Every 2 min
* By 6(3) buckets
» Expect adverse effects on:
— Integrated luminosity Ldt
—> try to estimate ALdt = (Ldt),,copgimg / (LAD)
— Polarization (— A. Luccio, V. Ptitsyn, V. Ranjbar)

T

) . KHAVEN
Wolfram Fischer \:E‘!«‘)’«’—g LARORATORY 3

90
g0 4 - e Luminosity (x14)

. | ¥ Biue bunchedbeam | |
07" .. Yellow bunched beam :

80 :Z-w_: ................................. i
50 4 -- |

40 4 -t
30 -
20
10 1

Number of occurencs

N

¢ 2 4 6 8 10121416182

Lifetime [h]

Py, Zedjes, V. Fischer

= Age= %1 hour)
Wolfram Fischer S I'm'S ; 57%.
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Run 2001 lifetimes — Au

20 Gold, §*=2(1)m stores, last month 2001
0
M Luminosity (x6)
8 250 - -"""————h;t-lﬁaa—ys— ————— - - B Blue bunched beam
5 ("no improvement" & Yellow bunched beam
5 200 +---- - - - - polisy-in effecty —— - - JRE- — - - — o
3
e
w 150 1 ) Aty got ~GHERE - "
= i Ha
2100 - e -
g 100 i :
s
Z 50 +--a ki ddEaE i tesd it I iR - - -
0 -
6 2 4 6 8 10 12 14 16 18 20
J. v. Zeijts, W. Fischer Lifetime [0} . 1|
= Agfe = 21% (1 hour)
Wolfram Fischer - ms=13% Co

Cogging effects

» Cogging moves the collision points longitudinally
» Beyond DX magnets and with crossing angles
(intentional or unintentional) transverse beam

separation changes
— Transverse tunes change (beam-beam interaction)

Beam-beam OFF Beam-beam ON Beam-beam OFF

r

Moving crossing

o DX P pointsifars0 DX -
s IS SR 7,
ZZg— = _

=g BPM v=5Sm-Af, BPM -l

*y) *y)

BROOKHRVEN
Wolfram Fischer mﬁoNR LABORATORY ©
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Cogging effects — tune change

Yo S 28 2001 PLL Blue horizontal,
02310 Au after 3h store
0,2309:
o.20] Cogged 3 buckets (fully separated longitudinally)
02307 Cogged 2 buckets
10,2306
0.23%5 Cogged 1 bucket
0.2304:
0,235
::: AQ,,.,=0.0007 Beams colliding
y - £,=22um
08,2300 (A ""‘M"'Lh_, )},‘\;vt%-f-
0.2299. W *
0.2298:
0.2297- Sign of crossing angles
0.22% (no tune change if all zero)
0.22%:- P. Cameron

11704215 1:04:25 11:04:35 11:04:45 12:04:55 2235305

Wolfram Fischer NEE)?&IL“A"BORHE)“RY 7

Cogging effects — working point

Sth 4th
Tune diagram ‘

025
0.245
0.24 b
0.235 =
0.23 =

fcal tune Qy

Veri

Out of collision 4222

In collision™ e
 coliision 0.008

0.2 L
0.2 0.205 0.21 0.215 0.22 0.225 0.23 0.235 0.2¢ 0.245 0.25
Horizomtal une Qx

Frequent recogging requires 2 stable working points

BROOKHRVEN
Wolfram Fischer NATIONAL LABORATORY 8
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Ldt reduction — time lost

» Cogging time:
— Frequency ramp Af/At= 10Hz/8s (Af,,, = 10Hz)
— 4.4 s/ 6 buckets
— Overhead = 5s (ev-lumi-off, ev-lumi-on, etc.)
- > (ALdt); = - 8%
» Experiment’s dead times:
" — Are certain detector components switched
off during cogging? — (ALdt), reduction
« Fatalities
— Aborted stores,
— Completely debunched beams,
— Lost beam synch clock, ...
— = (ALdt); = - 15% (educated guess)

Wolfram Fischer xﬁﬁgglgln‘_oigsg’w 9

Longitudinal — debunching

« Every cogging step is somewhat non-adiabatic
—> longitudinal emittance growth
— ultimately debunching
e Run 2001:
— 28 MHz system, 300kV
— Ao,/ 06,=1%/hr (1% hour), almost no debunching
e Run 2003:
— 197 MHz system, 3MV
— Ao,/ 6, =7??, debunching ??
e Difficult to estimate debunching effect
— (ALdt), = —5% (educated guess)

Wolfram Fischer NATIO?:E_ unogso.gv 10
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Transverse — luminosity lifetime

* Run 2001:
— Small tune changes (of order ~£) could
result in dramatic changes in beam lifetime
with B*=2(1)m lattice (Yellow)
» Run 2003:
— Expect beam lifetime improvements for Run 2002
with nonlinear IR correction
— Assume 30% beam lifetime reduction in uncogged state
I(t) = I, exp(T/t)exp(T,/1,) ... = (ALdt); = -10%
— Emittance growth from recogging,
difficult to estimate — (ALdt)s = —5% (educated guess)

-

Wolfram Fisther ngﬁgglg';‘o‘gﬂ’w 11
Summary I
Effect (ALdt)
Cogging time - 8%
Fatalities - 15%
Debunching - 5%
Beam lifetime -10%
Emittance growth - 5%
Total - 65%

(ALdt), = I1 [1 - (ALdt)]

Not considered:
- Additional experiments dead time for cogging
- Loss in polarization

e

BROOKHAVEN
Wolfram Fischer NATIONAL LABORATORY 12
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Summary II

» Frequent recogging may reduce the
integrated luminosity by = 50%

» Risk of total beam loss is increased,
but should be acceptable

 Book keeping for colliding spin patterns
is not trivial but manageable

«- Effect on polarization may need to be studied

« Practical detector operation may be affected

Wolfram Fischer . \.gﬁ\ya LABOS\EOHRY 13
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Relative Luminosity Analysis
from PHENIX

RIKEN BNL Research Center
KAWABATA TAKAHIRO
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Instruments
GL1P scaler
- crossing-by-crossing scalers
for 120 crossings
(60 crossings in run 2)
- live time only
- consists of 4 channels

M.B. (BBCLL1®NTCwide )
NTC / BBCLL1 / ZDC (N&S)

narrow /

i ‘ [ l 66014 00 %_'cﬁr_al M_i‘)‘g:;tﬁlv; -
‘ } ’ N ‘;".V m£

ZDC South el
~Mu : & do cH 5 )
|1|l| South Sid  View

Luminosity monitors N——
BBCLLL (Z]<75em) | | " | T |
NTCarrow (1Z] <40 cm) - o

ZDC 0 S
NTCS NTCN 'BBCN

wide

© 600.0
1200.0
1400.0
1750.0
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Relative luminosity

no critical item for 4, measurement in run-2
;1 \/W —\.W
important for 4,, measurement in run-3

— 10 level precision required for sub-% level asymmetry
measurement

1 N, /L —-N_/L,_

A =
“ PP N,/L,+N, /L,_

normalization in the cross section measurement
stability of each luminosity monitor ?

— which is the best ?
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Scaler Counts

f—
S
(2

5
10

Scaler Counts

Fill 2304 (Run40645-40655)

- M.B.

0 g [P PPy ISR oy I e

L T sy

§ s BBC

e e e
NTCn

o)y | .

2 %M ﬂ%]_@g_fgl

MITLlr"II'I|IIIII|I"II'I

0 10 20 30 20 50 p

Crossing Number

GL1P counts vs Crossing number
- #10 and #30 ... large emittance
- #15-19 ... abort gap (Yellow)
- #55-59 ... abort gap (Blue)

Only NTC counts beam-gas events.

ZDC has low statistics.
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Specific Luminosity

Fill 2277 (Run40288-40301)

10F-
ol | E
6F
N eSnecific T iminacity
4 - ” L et .l_lvl..lJ.LL.l.J.UL)LIrJ
- F i o number of counts
| 25 |Ll an (specific luminosity) = ( - : )
o A073 60 08509 095 ], o L05TT TS (Beam intensity)
e . .
= 7F *Normalized and plotted as
{ BBC . .
R T g a function of crossing number
4f : o
3L *Specific luminosity fluctuates by 2-5%.
. 2-
Lm—r‘ oo PJIJ]HH » *NTCn is less stable.
“oribpeam ¥ % Yhilesam T M - only NTC counts beam-gas events.
9F
8L ZDC o e
I e 7t *ZDC has low statistics.
sE
i
3L
& af
.......... 1 :_ n 1 n I ﬂ i 1. 1 1. 2
60 085 09 095 1 1.05 1.1 1.15

20 30 40 30
GLI1P/Beam GL1P/Beam
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Systematic Error on Relative Luminosity

1.02

ZDC/BBC

M .
1.01 lt’ Ratio between GL1P channels must be one.
o [
@
% t RXY — Li(+/ Lf—
a 1 i LIJ:+/ LY—
o L"; (X,Y = M.B., BBC, NIC,, ZDC)
0.997% - Shown with the statistical errors
i | by solid circles and lines.
L ot e e eI S L I

2260 2270 2280 2290 2300 Evaluate R, for random classification.

1.02

?% BBC/NTCn - All bunches were randomly sorted
meon into Group A and B.
; 0 ¥ - Repeat the calculation 400 times.
&) . | } L it :
= A
§ Ae ‘ ;ﬁ 4 - Shown by shaded area.
L B g F o
m Y i .
S I ' .| Systematic error has fill dependence.
o N : - ~0.3% for good fill.
B ﬂ - Improve by adding all fills up to ~0.2%.
0987260 2270 2280 2290 2300

Fill Number
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Time Dependence

1.02_ .; T EBCNTCQM
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Correlation between Specific Luminosities
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2304 (Good)

Dependence on Z-vertex width
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e Dependence on Z-vertex
width is not clear.

 Bunch selection by Z-vertex
width did not work well.
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Bunch Selection
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Several bunches with the bad spe. lumi.

are excluded
- shaded region .... before the selection

_ -black line .... after the selection

- red line ... statistical error
- solid circle ... RXY

Bunch sel. slightly improves bad fills,
but not good fills.

Results on RXY are ....

-NTCtw/M.B. ... 1.0005 -+/— 0.10%
-BBC/M.B. ... 0.9974 +/— 0.36%
-ZDC/M.B. ... 0.9981 +/—0.37%
-BBC/NTCn ... 0.9969 +/—0.41%
-ZDC/NTCan ... 0.9975 +/— 0.44%
-ZDC/BBC ... 1.0007 +/—0.15%

by summing up Run40117-40655.



Summary

* GLI1P data from PHENIX were analyzed for
relative luminosity study.

* Systematic error has a fill dependence.
- ~0.3% for good fill,
0.15% for Run40117-40655
- Small dependence on Z-vertex width
- Slightly improved by bunch selection

* Procedure for fill diagnosis should be established.



RHIC Spin Collaboration Meeting XII
September 16, 2002

RIKEN BNL Research Center

LIST OF REGISTERED PARTICIPANTS

Physics, Bldg. 510A
Upton, N.Y. 11973-5000

"NAME "AFFILIATION AND ADDRESS . E-MAIL ADDRESS ~

Leif Ahrens BNL ahrens@bnl.gov
Bldg. 911B
Upton, N.Y. 11973-5000

Mei Bai BNL mbai@bnl.gov
C-A, Bldg. 911B
Upton, N.Y. 11973-5000

Sergey Belikov BNL/ISU belikov@bnl.gov
Bidg. 510 - PHENIX
Upton, N.Y. 11973-5000

Les Bland BNL bland@bnl.gov

Alessandro Bravar

BNL
Physics, Bldg. 510
Upton, N.Y. 11973-5000

bravar@bnl.gov

Mike Brennan BNL brennanl@bnl.gov
Bldg. 911B
Upton, N.Y. 11973-5000

David S. Brown New Mexico State University brownds@rcf2.rhic.bnl.gov
BNL ~P.0. Box 754
Upton, N.Y. 11973-5000

Gerry Bunce RBRC/BNL bunce@bnl.gov
Physics, Bldg. 510A
Upton, N.Y. 11973-5000

Nigel Buttimore University of Dublin nhb@maths ted.ie
Dublin 2, Ireland

Robert Cadman Agronne National Laboratory ve@anl.gov
Bldg. 362 HEP
9700 S. Cass Ave. ~

- Argonne, IL. 60439
Bill Christie BNL christie@bnl.gov

Physics, Bldg. 510A
Upton, N.Y. 11973-5600

Abhay L. Deshpande

RBRC
Physics, Bldg. 5S10A
Upton, N.Y. 11973-5000

abhay@bnl.gov

Satish Dhawan Yale University Satish. Dhawan@yale.edu
Physics Department
P.O. Box 208121
New Haven, CT 06520-8121
Angelika Drees BNL drees@bnl.gov
Bldg. 911B
Upton, N.Y. 11973-5000
Wolfram Fischer BNL . wiischer@bnl.gov
CAD - Bldg. 911B
Upton, N.Y. 11973-5000
Brendan Fox RBRC deni@bnl.gov
Bldg. 510A
Upton, N.Y. 11973-5000
Yoshinori Fukao Kyoto University / RIKEN fukao@nh scphys.kyotot-u.ac.ip
" Physics, Bldg. 510A
Upton, N.Y. 11973-5000
list of participants 9/17/2002

76



RHIC Spin Collaboration Méeting XII
September 16, 2002

RIKEN BNL Research Center

LIST OF REGISTERED PARTICIPANTS

2401 Milo B Sampson Ln.
Bloomington, IN 47408

_NAME " 0 o AFFILTATION AND ADDRESS © - E-MAIL ADDRESS .-

Yuji Goto RBRC /RIKEN goto@bnl.gov
Bldg. 510A
Upton, N.Y. 11973-5000

Haixin Huang BNL huanghai@bnl.gov
Bldg. 911B
Upton, N.Y. 11973-5000

Osamu Jinnouchi RBRC / RIKEN josamu@bnl.gov
Physics, Bldg. 510A
Upton, N.Y. 11973-5000

Takahiro Kawabata RBRC /RIKEN kawabata@bnl.gov
Physics, Bldg. 510A
Upton, N.Y. 11973-5000

Joanna Kiryluk BNL / UCLA joanna@physics.ucla.edu
Bldg. 902
Upton, N.Y. 11973-5000

Kokhanovsky, S. BNL —~ CAD
Bldg. 930
Upton, N.Y. 11973-5000

Waldo Mackay IBNL - CAD waldo@bnl.gov
Bldg. 911B
Upton, N.Y. 11973-5000

Federica Messer RBRC federica@bnl.gov
Bldg. 510A
Upton, N.Y. 11973-5000

Akio Ogawa RBRC /BNL akio@bnl.gov
Physics Bldg. 510 c/o STAR '

: Upton, N.Y. 11973-5000
Greg Rakness Indiana University Cyclotron Facility rakness@jucfindiana.edu

Thomas Roser BNL roser@bnl.gov
Bldg. 911B
1Jpton, N.Y. 11973-5000 .
Thomas Wise University of Wisconsin wise@uwnuc0.physics.wisc.edu
Physics Dept. ~ 1525 Sterling Hall
475 N. Charter St.
IMadison, WI. 53706
Jeff Wood BNL wood@physics.ucla.edu
13ldg. 902B, room 16
Upton, N.Y. 11973-5000
Anatoli Zelenski BNL zelenski@bnl.gov
Bldg. 930 :

Upton, N.Y. 11973-5000

list of participants

77

9/17/2002



RHIC Spin Collaboration Meeting XII
September 16, 2002
RIKEN BNL Research Center

Not in attendance but will be sent proceedings:

CNAME - . . . . "AFFILIATION AND ADDRESS © - E-MAIL ADDRESS - o
Christine Aidala BNL caidala@bnl.gov

Physics, Bldg. 510C
Upton, N.Y. 11973-5000

Alexander Bazilevsky RBRC shura@bnl.gov
Bldg. 510A
Upton, N.Y. 11973-5000

Stephen Biiltmamn BNL bueltmann@bnl.gov

Physics, Bldg. 510A
Upton, N.Y. 11973-5000

Geary Eppley Rice University epplev@physics.rice.edu
MS 315
6100 Main St.
Houston, TX 77005

Wlodek Guryn BNL . guryn@bnl.gov

Physics, Bldg. 510C
Upton, N.Y. 11973-5000

Matthias Grosse Perdekamp RBRC matthias@bnl.gov
Bldg. 510A
Upton, N.Y. 11973-5000
Takuma Horaguchi RBRC Horaguchi@nucl.phys.titech.ac.ip
Bldg. 510A
Upton, N.Y. 11973-5000
George Igo BNL /UCLA igo@physics.ucla.edu

Bldg. 902B ~ STAR .
Upton, N.Y. 11973-5000

Nobuyuki Kamihara RIKEN /RBRC kamihara@bnl.gov
Physics, Bldg. 510A
Upton, N.Y. 11973-5000

Yousef Makdisi BNL makdisi@bnl.gov
Bidg. 911B
Upton, N.Y. 11973-5000

Kensuke Okada RIKEN BNL Research Center okada@bnl.gov

Bildg. 510A — Physics Dept.
Upton, N.Y. 11973-5000

Naohito Saito Kyoto University / RBRC / RIKEN saito@bnl.gov
Physics Department saito@ny.scphys.kyoto-u.ac.ip

Kitashirakawa-Oiwakecho, Sakyo-ku
Kyoto, 606-8502, Japan

Atsushi Taketani RIKEN /RBRC. taketani@bnl.gov
Bldg. 510A
Upton, N.Y. 11973-5000 SN
David Underwood Argonne National Laboratory deu@hep.anl.gov
Bldg. 362 ~ HEP
Argonne, IL 60439
Yiqun Wang University of Texas at Austin yqwang@rcfrhic.bnl.gov

Physics Dept. Theory Group
Austin, TX., 78712

list of participants 78 9/17/2002



RIKEN BNL Research Center

RHIC Spin Collaboration Meeting XII
September 16, 2002
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*****AGENDA*****
Morning Session
09:00 - 09:45 Machine Plans for Run03............ooiiimiiiiiiinini... T. Roser
09:45 - 10:30 Update on the SOUICe.........cvvviiiniiiiiiiiieieaeinannnn, A. Zelenski
10:30 — 10:45 Coffee Break
10:45 - 11:30 AGS Commissioning Plans for Run03......................... L. Ahrens
11:30 - 12:15 Update on the AGS Polarimeter.................ccoivnnen.ne. J. Wood
12:15 Lunch
Afternoon Session
13:00 — 13:45 Recogging: Technical Details........c.coevviiiiiinnin.n M. Brennan
13:45 - 14:30 Recogging: Effectonthe Beam................ccoooiiiiiel W. Fischer
14:30 — 14:45 Coffee Break
14:45 — 15:30 Relative Luminosity Analysis from PHENIX................ T. Kawabata

15:30 — 16:15 General Discussion about Experiment Needs for Run03... All

~ are time shift possible?

~ do we have a plan for controlling the beam backgrounds?
~ 200 MHz rF, will it be operational?

~ special runs to cross check the AGS & RHIC polarimeters?
~ other questions?

Next Meeting ~ Tuesday, October 22, 2002 BNL Physics Bldg. 510, Small Seminar
Room
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22 October 2002

A Summary of the RHIC Spin Collaboration Workshop '

October 22, 2002

G. Bunce

This workshop, a monthly one day meeting to discuss the spin program,
covered the ongoing analysis and presentations of data from the 2001/2 spin run,
and preparations for the 2003 spin run.

For the ongoing analysis, many studies of the systematic errors in the
polarimeter data hava now been made, and we are close to deciding on a
“standard” systematic error, to be used by experiments in articles on their results.
Osamu Jinnouchi presented these studies. An important issue for the
presentation of our results is the fact that the analyzing power of our RHIC
polarmeter is not known at 100 GeV. The “standard” to use for absolute
polarization at 100 GeV was discussed. It will be important to report cross
sections as well as spin asymmetries. Cross sections require an absolute
luminosity from vernier scans of one beam across the other. The status of
analyzing these scans was given by Angelika Drees, and PHENIX studies for the
cross section were presented by Sergei Belikov.

A major issue for the 2001/2 run was the low AGS polarization. We are
preparing an AGS run to try to increase the polarization, and this is scheduled for
January 2003. The RHIC spin run is scheduled for April-May 2003. Leif Ahrens
discussed preparations for the AGS. A major difficulty last year was a slow ramp
rate in the AGS, from using the backup power supply while the normal supply,
from Siemens, was being repaired. The Siemens supply was tested and then
connected to the AGS just after this meeting, so we expect we will have the
faster ramp rate for the 2003 run. Also, a new CNI polarimeter is being installed
for the AGS, which will allow fast and precise polarization measurements to give
quick feedback to the polarization studies. There will be a workshop in Ann
Arbor on the AGS po'arization November 7-9.

Osamu Jinnouchi described improvements for the RHIC polarimeters for
2003, based on the studies of the 2001/2 data. An important addition is to be
able to calibrate the energy response of the silicon detectors automatically. Last
year, 2Y'Am alpha sources were installed and used, but only weekly because
attenuators had to be inserted by hand for the calibration. The RHIC polarimeter
data acquisition is based on a novel wave form digitizer (WFD) which is based on
ADC chips used for laptop screens. The wave forms from the silicon strips are
digitized every 2.4 ns and sent to an onboard FPGA Xilinx chip, the pulse height
and time relative to the RHIC rf clock is obtained, a selection is made for carbon
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recoils, and the data is collected into histograms for each silicon strip and for
each proton bunch. Satish Dhawan described the WFDs, which will be used also
for the AGS polarimeter and for the polarized hydrogen jet experiment being
prepared for 2004.

For the 2003 run, both STAR and PHENIX will run with longitudinal
polarization, obtaining the first data sensitive to the gluon polarization in protons.
These measurements will be from asymmetries corresponding to whether the
helicities of the two beams are parallel or anti-parallel. To measure this
asymmetry, we must normalize our data to the parallel and anti-parallel
luminosities. These luminosities can be different for each crossing due to
differences in the bunches—emittance and/or intensity. Mei Bai described plans
for a spin-flipper which can reverse the polarization of one ring. This is very
important for the experiments, since it flips the relationship between parallel and
anti-parallel helicities for each crossing. We expect that the spin flipper should
greatly reduce systematic errors in the measurements. We discussed the
procedure—notifying the experiments, and changing the spin pattern broadcast
by RHIC to the experiments. Polarimeter measurements will be taken before and
after using the spin flipper. The steps involve detuning the Siberian Snakes in
the ring we are flipping, applying the rf dipole at IP4 (the spin flipper), and then
retuning the Snakes. The Snakes are slow devices, so that the time required will
be minutes. We discussed leaving the Snakes detuned, and flipping only one
ring. Although this would then take just seconds, we decided that it will be
important to have all combinations of spin states for each crossing. We need to
decide on the notification procedure.

Werner Vogelsang described new results from next to leading order .
calculations for our proposed measurements of gluon polarization, using jets and
pions. A new paper has just been completed,

http://arxiv.org/abs/hep-ph/0211007

They find that the NLO spin results have very littie dependence on the theoretical
factorization scale, giving a more robust prediction from QCD.

There will be a review of the polarized jet experiment to measure the

absolute polarization for RHIC, November 18-19. The next RHIC Spin Workshop
will be in early December, but needs to be scheduled.
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Status Report on the AGS Preparation

L. Ahrens, BNL
October 22, 2002

for
RHIC Spin Collaboration Meeting XIII
RIKEN BNL Research Center

83



220ct02 RSC meeting

L. Ahrens

Revisit my transparencies from last RSC meeting (additions: bold italics)

Schedule: 7 Oct02

gold beam in Booster (Booster recommish)

DONE, Worked very well

15 Oct 02

gold/ deuterium beam in AGS with Siemens
Motor/Generator

In Process. Started with Westinghouse, but Siemens to come this week. Au
in AGS, d in Booster. Plan: d in AGS starting this Saturday, 260ct for a

Sfew days.
4 Nov 02
21Nov 02

1 Dec 02

Iron in AGS (NASA biology run)
Injectors setup for RHIC injection

RHIC Blue cold, deuterium into Blue. fill, fill, fill or fill
and ramp, fill and ramp. no resting spaces.(but deuterium

" always in the AGS, and most of that beam doesn’t go

into RHIC. Probably could be available as another User —
if Operations has any space in their head.

Yellow — gold into Yellow. probably no deuterium for a
while. Then working on collisions.

mid Dec 02 Polarized protons in Linac, into HEBT to the 200 MeV

January 03

polarimeter.

RHIC into physics runs (d,Au), injectors “mode switch”
to polarized protons during stores. Plan for 3 (is there a
constraint?) weeks of running in this pattern. This is the
pre-run run.
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Issues:
Linac:
200 MeV operation:
access into HEBT competes with Au/d operation (?)

a proposal to redefine boundaries to Radiation Areas is being presented to the
RSC (that’s the radiation safety committee) which would make this access more
convenient. So work in progress.

measure 200 MeV polarization with 7Hz source pulse rate vs historic slow
(1 Hz) pulsing.
(Anatoli Zelinsky +) Need the fast repetition rate if want to fill AGS
with 6 bunches — for the internal polarimeter.

“commission” the 750 KeV chopper with beam from the polarized source.
(Zelinski, Alessi, Brennan, Brisco, Zeno)

(issue: longitudinal emittance — last year ran Booster at h=2, two bunches
accelerated, equally populated with beam and used only one of these, just to get a
smaller beam in longitudinal phase space (.7 eVsec/n). The chopper which ‘chops
the beam in time as it enters the Linac was ineffective for beam coming from the
polarized source. This was (is) not understood. If the beam can be chopped, we
have better control over the longitudinal phase space. Go back to h=1 operation.
But also need smaller momentum spread out of Linac. Alessi has a program to
attack this — at least gaining better understanding of the situation — diagnostics
commissioning etc.

2
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Booster:

Booster is the “easy” measurer of the longitudinal quality of the Linac
beam. Can we inject into Booster before January?

Some serious orbit distortions possible due to the BAF construction.
Reopens the possibility of losing polarization in Booster. (Equilibrium orbit
measuring system being commissioned.)

Equilibrium Orbit measuring system still being put together. This is
an ‘unessential’ diagnostic system, so struggles for priority.

The test will be polarization at AGS injection (1.5 GeV kinetic or
slightly higher). Polarization should equal 200 MeV measurement. Old
polarimeter.

Booster tune control, tune measurements all required for BAF
commissioning so should already be there. Standard drill to optimize — or
show degradation if move (4th 5th orbit harmonics, vertical betatron tune)
away from optimal.
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AGS:

changes:

1)  back to the higher acceleration rate of the Siemens motor-generator
set.

2)  new magnet hardware for the (ac dipole/tune meter) both vertical and
horizontal.

Tune Meter/ ac Dipole installed (pic), not yet powered. AC dipole has two
remotely switchable frequency choices. (Mei)

3)  CNI Polarimeter

CNI polarimeter installed in AGS (pics). System about ready to comment
on the issue of beam noise. (Haixin)

any immediate acceleration strategy changes?
~ nope. Set up as in last Siemens (higher acceleration rate) run (2000) —
well nearly (betatron tune space).

comments:

unpolarized work:

.satisfactory calibration of the (magnetic field measuring system / AGS

average orbit measurement) last run. This cal should be redone during the
RHIC setup period, and we should set the ac dipole intervals with the best
confidence yet — not that we won’t try to check with timing scans.
Equilibrium orbit correction — nothing new, but simplify if possible.

where should we live in tune space?

Where can we go in tune space (without beam loss ... without
emittance growth) (skew sextupole resonance line Qy+2Qx=267)

- Understanding this is valuable prework for later polarization optimization.

(Not attaclied yet)

Workshop: AGS Polarization Upgrades in early November: stay tuned
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Update on the Run-02 RHIC Polarimeter
Analysis

O. Jinnouchi, RBRC
October 22, 2002

for
RHIC Spin Collaboration Meeting XIII
RIKEN BNL Research Center
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Update on the Run-02 RHIC
polarimeter analysis

Systematic Error Estimation for the CNI polarimeter

Outline:
. »Subdividing into Categories
* Run by run fluctuations of false asymmetries
» Effect of noise correction

RHIC Co||abora‘iion Meeting 10/22/2002
-~ Osamu Jinnouchi

Systematic errors for CNI polarimeter

O There were discussions (meetings) to estimate the possible
systematic errors for CNI polarimeter

O Roughly there are two categories of errors

B Hardware oriented intrinsic errors (like those J.Tojo estimated for
the E950 data) > constant type
O Page3
O Need some time _

m  Systematic errors which can be estimated from false asymmetry
distributions = point by point type
O Pagebs
B Several kinds of distributions, supposed to be strongly correlated

= take into account only the biggest contribution

10/22/2002 RSC Meeting (0. Jinnouchi)
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Systematic error sources common to E950

O Raw asymmetry errors
® Cut dependence (banana cut quality) = will take time
W Background from alpha particles, etc. -> maybe negligible
B Acceptance/Luminosity asymmetry propagation - maybe
negligible- :
[1 -t definition errors-
® -fis defirned only by energy
O Relative contribution is known from data-2000 (page 4)
- B Energy scale/loss corrections
> Estimated in asymmetry distribution section
O Error propagation from E950

W large but scaling effect - neglect for the current purpose

>1;0/22/2002 . RSC Meeting (0. Jinnouchi)

Relative contribution for mass resolution

w Detecror i xotzon for | nvpsaznd BRI N 1551561 s Deraaor ReGHULen D S22 gy RIN 249367

© Bunch length:=5.1ns Bunch length=2.8ns
T, dM/M
- e———2dT/T
.. «—dEE

4 s
A e ., a0 e

® Nuts rasokricn MM
% Tima ratelwion 20T
A Ensng roiolunon SEE

0 b e e o e e e e 0 = weae . e e e ..
& 61 g2 63 €& 0S5 66 T 06 09 1t ] a1 w2 63 64 06 0E 2T s A 1
Edap 2\ Bdap Ve

O The data is from RHIC polarimeter commissioning-2000

O To be exact -t must be the weighted mean of -t defined by
Energy and Time of the recoil carbons

O With the bunch length ~ 5ns, -t can be determined only by
energy information

10/22/2002 RSC Meeting (0. Jinnouchi)
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Systematic errors assessable with distributions

PR
Known origin
m Effect of energy scale/loss correction
O 0.7%(Blue), 0.4%(Yellow) in absolute polarization scale
m Effect of the bunch selection
O 1.5% in absolute polarization scale in maximum
O - Unknown origin
® False asymmetries
. O (X90-X45)/c,,, > plots .
3 Y-components = plots
O Cross asymmetry ->piots
- 0O Forced un-polarized artificial spin bit pattern - plots
B From y2/ndf distributions = plots

10/22/2002 o RSC Meeting (0. Jinnouchi)

False asymmetry distributions

(data Dec.22th-End, no energy correction, bunch selection level-2 (tight cut))

(X90-X45) JEIr =2 5% =2 7%
«Mean 0.25(B) / -0.02¢vy | B oY orelh

Y45/Enr
*Mean 0.16(B) / -0.30(Y)

Cross/Em
*Mean -0.17(B) / -0.32(Y)

2 2
O-xysxematic - '\/7 observed O-sratiszics

G Oy - statistical errors

«Sigma 1.11(B)/ 1.10(Y) +—+B:0.47c5/Y:0.450y
+Sigma 1.11(B)/ 1.43(Y) ~——B:0.4765/Y:1.0lcy

«Sigma 1.30(B)/ 1.26(Y) ~ ——-B: 0.8305/ Y: 0.76Gy

The size of systematic error is estimated with
this relation, assuming leftover after
subtracting the statistical contribution
can be attributed to systematic errors.

10/22/2002 RSC Meeting (0. Jinnouchi)
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Randomiz_ed spin bit patterns
Y

P

i X90

Fitting sigm:

a disfributions
160
o -
120 0

Y

3

o

O Basic idea is to see the distribution of
physics asymmetries with forced un-
polarized spin bit pattern

[T Random combinations of un-

polarized spin bit patterns are

o P X45 iteratively tried for each CNI run
“i o O Left plots shows the Gaussian sigma
A - distribution from the fittings to each
— blt:sigma ’ ’ s xasax:; sigma ; ) measurement
Yellow
w - w o Blue
o = X90 > 0.45¢
- X90 = X45 X45 > 0.51c
o @ Yellow
»i o X90 = 0.560
e R I X45 > 0.39c
10/22/2002
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Scaled y2/ndf distributions

I Sin function fit to the detector

Buncites

ratio (phi asymmetry fit)
yields fit y2/ndf

O ¥2/ndf-is scaled with
assumed systematic error
level

O “f looks to be 0.4-0.6, this is

x?Indf Function(ndf=.
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L3
4) BLUE {0.04

——k comparable with the other
et systematic errors
Zl _ Z (xi_*’_ci)z
detector 0'32,,,,+0fys

__ 1 x-%)
'(1+f2>da§m{ Ol J

1
L. . 2 : LI
« Distributions are normalized

YELLOW (0.0}

with the maximum contents

]
10
Lmat
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Credibility of the noise correction

L TS Abort gap YELL Abort gap
1 Noisy strips are observed towards o
the end of the run, due to the energy ==}
~ scale change of Si detectors oo |
0 The size of noise is estimated from  wn |
~ the number of events in abort gap ¥ s BID w510
O There is a concern that the de- B
' bunched beam might make same \
effect at abort gap g E : T .
~ NI
= F ] TR SR PRSP o mmmmennn
'O From next page, it is known the de- : "E A
‘bunch effect and the noise effect can - P
be clearly separated L R S
F ﬁrStrong correlation |
LU -
EL[u.I_]__l_Ll.l.\.HJ_J__l_LI.LI.\LL__.L.L-LLLLLLI
10 102 'l!]3 1l)4
AVERAGE OF ABORT GAP
'10/22/200_2_ RSC Meeting (O. Jinnouchi) 9

1

notsefsignal @)

noisefslgnat {33y

Effect of de-bunched & noise

All the detectors (strips) are counting at abort gap
‘They are corresponding to STAR de-bunched

The ratios (5abort/55normal)*55/5%100
are plotted as the detector average

Some strips became largely noisy
while the other rest remain silent,

beam monitor DB / \ Because of real noise effect
-/ 8 [ sm
N ~ ¥ sis - s
6 - o ghke oo oses
£ . - L
¢ - Fd R r
r : Lz
o ’ R r
g . ¥ . —~ - DTy el o =
o F mhmers .&.%..F.f.‘.‘?ﬁ?,#.‘, sl mem i Guelemali0 R s e gpes st cmetis of e m
0 1 2 3 4 5 [ 7 ] 8 10 11 12 13 14 15 16 17 18 19 20 pal b3 <3 24
dnys trom 1.1.2002 days from 1.1.2002
BLUE RING oo dnmbem .
10 -
YELLOW 3 : o The un bu1.1ched component
s | N Sz A and the noise effects are clearly
I a ¥ Se 8
oL N s oo e separated '
b H
s« F = = = v v
F ; i’ ¥
| ' A - g W P
L . o
. LIl ] - C S o e
o B oyl g 3 oaf P By et oo roe wpr s emmpony e | om0 BEY Sofo o amcho g
0 1 2 3 4 5 6 7 8 k] 10 1" 12 13 14 15 16 17 13 1% o Fal 2 n 24
days from 1,12002 [ days trom 1.1.2602
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Summary & outlook

O Ffom the false asymmetry distributions, most of the
variables consistently indicate the size of systematic
error as 0.5-1.0 ¢ (o : statistical error) for both rings

‘0O Time dependent variation of these values should be

~ examined :

) 10722/2002 _ RSC Meeting (O. Jinnouchi) 11
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Discussion on Beam Polarization for Run 2
Papers

O. Jinnouchi (RBRC), L. Bland (BNL), and

G. Bunce (RBRC/BNL)
October 22, 2002

for
RHIC Spin Collaboration Meeting XI1II
RIKEN BNL Research Center
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22 Oct. 2002

Discussion on Beam Polarization for Run 2 Papers

- 0. Jinnouchi, L. Bland, G. Bunce

There are expected to be several papers from the first RHIC
spin run, including observed asymmetries (forward n° at STAR, very
forward neutrons at IP12) and some null results for asymmetries
(very forward 7’s at IP12, charged hadrons at mid rapidity at STAR).
PHENIX mid rapidity n° asymmetries are still being analyzed. To
present these results as physics asymmetries, we need to decide on
what to use for the beam polarization. We would like to use one
approach for all RHIC results.

We have two issues to resolve: what do we use for the absolute
beam polarization at 100 GeV, and what systematic error should we
assign to the polarimeter measurements?

For the absolute beam polarization, we do not have a
measured analyzing power for proton-carbon elastics in the CNI
region at 100 GeV. From AGS experiments E950 (J. Tojo et al., PRL
89, 052302 (2002)), and E925 (C.E. Allgower et al., PR D65, 092008
(2002)), we have the analyzing power for a 22 GeV polarized proton
beam, for the proton-carbon CNI polarimeter. For the —t range used
in the RHIC polarimeters, this is Ay = 0.013 +/- 0.0015. Jungi Tojo
will write a RHIC Spin Note that we will use (after reaching an
understanding on the approach and error) on the extraction of Ay
from the E950 data. (Note that he presented his extraction of the
analyzing power for the RHIC polarimeters at two of our RHIC Spin
Collaboration meetings in January 2002.)

We discussed presenting asymmetries measured by the
experiments with 2 vertical axes. The left axis would give the raw
asymmetlry, and the right axis Ay, where we use the analyzing power
for the polarimeters at 100 GeV = analyzing power at 24 GeV. We
state in the paper that the analyzing power has not yet been
measured at 100 GeV, and refer to the O. Jinnouchi et al. Spin2002
paper on the RHIC polarimetry.
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For the systematic errors for the polarimetry, Osamu has
presented several approaches to estimate/measure them. Looking at
comparisons between the measurements with the 90° and 45°
polarimeter detectors, from various false asymmetry studies, and
from a sin ¢ fit to the data from the 6 polarimeter detectors, he finds a
systematic error between (0.5 to 1) X Gsassticar fOr €ach measurement.
The measurement statistical error is Ae=2 x 10 for 20 M events. (e
is the raw asymmetry, e=P x Ay) For Ay=.013, the range of
systematic error is AP = (0.8 to 1.6) x 10 per measurement. We
propose to use the larger estimate, or Osystematic = 1 X Gstatisiical fOr €ach
measurement. This systematic error adds in quadrature to the
statistical error for each measurement. This implies that, after many
measurements, the combined statistical and systematic error on the
average polarization is greatly reduced. We need to discuss what
evidence we have that this systematic error is indeed random, and
how we should quote an overall systematic error for the beam
polarization, from the measurements. This systematic error is for
false asymmetry in the polarimeter measurement, and does not
include the systernatic error from Ay.

A number of other issues were raised. These included possible
pile up or other intensity dependence of the measurement, and
whether fill-dependence of false asymmetries is observed. There
were 5 fills which showed significant debunching which would affect
the time of flight measurement of the polarimeter. Luminosity
asymmetries being different for different detectors was mentioned,
but this issue may have been addressed with the y test done for the
luminosity of the six detectors for each bunch. This test resulted in
identifying several bad bunches which were removed from the
analysis. Also a few silicon strips were noisy, and the noise was
subtracted based on a measurement in the abort gap. (This also led
to the identification of the fills with significant debunching.) Finally,
the bunches identified as anomalous have been shown to have
anomalous specific luminosity at STAR (see studies by Johanna
Kiryluk, Spin 2002 and RHIC Spin Collaboration meetings) and
PHENIX (see RSC presentation by Takahiro Kawabata).

We also decided that the Spin2002 polarimeter article (O.
Jinnouchi et al.) will present the systematic errors to be used by the
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experiments for presentation of their results from the 2002 polarized
proton run.
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Plans for the Run-03 RHIC Polarimeter

O. Jinnouchi, RBRC
October 22, 2002

for
RHIC Spin Collaboration Meeting XIII
RIKEN BNL Research Center

105



Plans for the Run-03 RHIC
polarimeter

Outline:

» Plans for hardware improvements
 WFD and Data Format issues

* Proposal for Special dedicated run

RHIC Collaboration Meeting 10/22/2002

Osamu Jinnouchi

Experiences from the run-02

-0 As a polarization monitor, the most important feature required for
RHIC polarimeter is its operational stability
O The energy scale change was the worst thing! We observed
significant gain drop towards the end of the run-02
[0 The possible solutions for this issue are,
m - Regularly monitor the energy scale by frequent calibration
B > Suppress the scale drop with the hardware improvement

O The upgrades of WFD programming and the improvements of the
data format will extend the physics availability
Polarimeter dedicated time slots were very useful to understand
the systematic of the detector and the beam properties

10/22/2002 RSC Meeting (0. Jinnouchi)
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“Monitoring of the energy scale

‘Problem of the last run:
- Calibration with 25'Am source (5 5MeV) needs S|gnal
reduction by a factor of 1/10
» Putting in/out attenuators for 48 channels (required 4hours
job)-limited the frequency of the measurement — once per
week

Creating a New patch panel
Requirements.
 multiplexer and attenuator :
» Blue(48ch) €= Yellow (48ch) switch reqwred
» remote controllable attenuatnon is desirable for a long term

operation :
» variable attenuation 1/2, 1/5 are also useful for large —¢
measurements :

10/22/2002 RSC Meeting (O. Jinnouchi) 3

New patch panel (plan )

3 B0 R I S A T

O The patch parel which satisfies such a condition will be made

O One board contains 24ch 3 boards will be used for RHIC
polarimeter

O Bench test will soon be done with the evaluatlon boards

10/22/2002 RSC Meeting (O. Jinnouchi) 4
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In order to suppress the Si gain drop

Major reason for the gain drop was the leakage current of Si
(worst case 8uA; normally << 1pA)

O

Direct current measurements showed the large currents are

® Partially from Radiation Damage of Si (~1pA)

oo oo

B Rests are from electronics origin (unknown)
‘Radiation damage came from target (next page)
. No need to concern about dA run, as we learned from AuAu run

Replacement of all the Si to new ones—> now 10/21,10/23
Change the bias register 10Mohm->1Mohm to reduce the bias

- drop and keep the effective bias voltage at default vaiue (100V)

110/22/2002  RSC Meting (O. Jinnouchi) 5

Direct leakage current measurements

| \

45 degree

(Honzontal Si strips)
Ultra thin Carbon ribbon
Target (3.5ug/cm?)

5

90 degree Si
(Vertical Si strips)

#a #3

O Direct measurement with actual

LEAK CURREHT nA STRID
s 8 8 § 8§ ¢

COUNTS RUN

-8 888§ 83

detectors in RHIC was carried out

recently

90degree detector

/
45degree detector
i
’:!:?"”M Hil!
MEELIRN! Wdﬂw

mn NUNBER

Leakage Current Dlstnbutlon

STRP NINBER

Counts Distribution

Strip # 1>12

10/22/2002 RSC Meeting (O. Jinnouchi) 6
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Data Format (at previous run)

[0 Data set obtained at previous run was not sufficient
for an offline analysis

0 Data set for normal measurement
B Bunch histograms (60bin x 72ch)
B Spin sorted Energy histograms (64bin x 3 patx 72ch)
B Look up table boundary ..
B 2D-mode (AT-mode) (8x32matr|x X 720h)

B 1 file size 170kB <> was easy to handle
Q Problems g

i uu

B Bunch and Energy information was independent ‘"’" ;f .
B 2D-mode was not spin sorted '

10/2_2/2002 : RSC Meeting (O. Jinnouchi) : 7

Data format for run-03

[0 Data format and size are depending on the WFD programming
(or vice versa)
O Tentative plan is to store both
B usual scaler histograms
® Event by event AT-mode data
[0 6 bytes per event (Energy,Integral, TOF,Bunch,Channel,Status)
0O 120MB/run for 20M events - feasible 192MB/48ch with WFD SDRAM
OO0 Need to get the large RAID disks for storage
0O Data readout is performed at once after the measurement
Good features
B Store also the events outside of Look Up Table
‘W Store the outlier events with wider — range

10/22/2002 RSC Meeting (0. Jinnouchi) 8
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Proposal for the special dedicated run

0 During dA run period |
B dC-dC elastic process, almost same kinematics as proton is
expected

‘m Timing adjustment, new daq system test, online monltor
' development are possible

B RF,Clock,V124, dummy bit patterns are avatlable

0 Dunng.polarlzed pprun -
' Energy calibration runs — each fill or each day
‘m  High statistic measurement — several times
I Beam proﬁle scan with carbon target

10/22/2002 - - RSC Meeting (O. Jinnouchi) 9

Summary

O Calibration runs will become more easy
O Effort to suppress the leakage current
- better data quality is expected

[0 Data format will be larger and a new offline
analysis approach will be possible

O The special runs are strongly required

10/22/2002 RSC Meeting (O. Jinnouchi) o 10
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CNI Waveform Digitizer

S. Dhawan, Yale
October 22, 2002

for .
RHIC Spin Collaboration Meeting XIII
RIKEN BNL Research Center
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- §R ; CamCTiL Froat Panel
"“Fk ')u“d . . gresens Severssannnsteraaay
i pit  Signal Names pcBlLine Pinf
0 Osc_Enb Pirin1 140MHzXTL Pin3 < Model 358D
1 Cik_Enb o LA osassnenseasas ?qg gl)?l\m
2 Cik:Ext_ktcmal. Int =0 Read CIK - XMHZ § 172-SPCLK2- 11 oL [
3 Disable Ram Addr Iner ADCRuUA _ 17) _SpCLK3 - 12 —>\ ADC Clock Out i '
4 Wait for Ext Trig v ] &wmxmm:z Clkc Out ¢ TTL
5 DONE SRa.ar 170 - spcLis - 13 <—+Stop Trigger ARMLQUL St i TInorOut
Lattice 6 AA3 RunOverFlow Input 79 - MCCLKEN- 40 — P © CLK ENB T _ARMI Qﬂ_a Stop | NI
7 . AB3 Run OverFlow Input SR8.ay EXT INT W NIM-TTL 4® \NMVD NIM
8 Write Port WEA:SPVO  SPVO 92 169~ SPCLKS - 14 == - 10H125 ® NIMC
9 Write Post ENAISPVI  SPVI 91 —» Tl =3 n‘é B Inputs Only
0 Wit Port RSTA:SPV2 SPVZ 90 168 - SPCLKS - 15 Extemal 140iMHZ T DS 50 Ohm
11 Read Port WEB:SPV3  SPV3 89 éCh 1 Input
12 Read Port ENB:SPV4 -5PV4 93 :
13 Road Port RSTB:SPVS SPVS 96 g2 ﬂ?Ch 2 Input
1 F9AVSLH Sys_Rst SPV6 97 st Peints 7 . @ Ch 3 Input
15 AC3 RunOverFlow _Inpu! spv7 98 R } 187 - CamCLK- 10 <_ i .
| ADC_Muc CF 78 17 . "~ Select DC
. 16 AD3 Run OverFlow Input - : Y::\I*OE —— 193-1CamCIK-9 & ADC Encode * RS Yes Reference
7 o ] An i}f X 2 lock Fanont +-0.3 Vpp ‘ NO
?a S TE %ZE 5 Prog @ Ch 4 Input
6 Done
FR’O M a‘, o5 L 7" Gud . ) To GCKO of Virtex Chips
@ DC [nput Offset Adjust
— Clockwise AMore Positive
ll:)‘ ) Comuments
51 1mo B6 67 '
52 HD1 B7 68 NotUsed '
Fo 2 138 70 NotUsed ~
F2 HD3 B9 7
F16 1D4 140 72
F17 HDS 11 73 Not Used
BAl 6 42 74
BA2 7 W3 78

8 - GCKO-92 Vistex
Load HL) Register

S . DHA WA




€11

Analog Input L — .

0 15 - 300 MV helay =0 > > 16x 1024 DP SRAM |
S ; _' Triple :

LOMBetAdust | Delay = 1/3 q 1\1/;:1[2 b 16 x 1024 DP SRAM 1

VA . .

Delay = 2/3 ADC - 7

clay = .

. > > 16x 1024 DP SRAM

_ Only for Testing @ Yale ——V EB.
Run Overflow FF — WAR: 10‘Bit Write Address Pointer | Z‘fz ,6’11(34 | S
>| 10 Bit"Adder |
F2540 P RAR: 10 Bit Write Address Pointer < 21:1591:1[; "
| e—r16—x0 R

24Bit HD Test Register

A=3,711,15

1024 - # Of Steps Back (1 to 1024)

“iXiling Block

WEFD Model 358D _PST Yale University 19 Sept 2002 5AM
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25-Sep-02| Model 358D_ PSI o train Pormat Yale University
10:00 AM T
B ' Sampling Time : S2 ) S1
Byte : D2 D1
| N Y I A I
Function Code _ i . e
Write  |Read |Subaddr T rr ol
R R s RS TR SUPTIR RIS A AR B S S A EI
F16 |FO  |4%(Ch#--1)+1 [ [t it It IMemory Read Address
F16 FO 4*(Ch#- -1)+2 il | | | | ! | ] I~ |1 |Memory Write Address
F16 _|FO ACh#--1)+3 {1 b b JF ot bl 1| P o | ] 1 |l |24 Bit HD Test Register
F2 gt A+ L e oo e e qe e e e ol e i [t |Blue Detay=0
F2 4*(Ch#--1)+2 - Green Delay = 1/3 Cycle .
F2 |4*(Ch#- -1)4+3 ' : . ) Red Delay = 2/3 Cycle |
18 Bit Status Register| 17| 16| 15 14 .13 p'é R ISR B 5 71 6 5. 4 3 2
- L 7| 6] 5| 4 3| 2 osc_enb B
Run [Run o
OVF {OVF
Chit |Chi#t
oD |C o clk_enb
F7. _[FM A b cENA o felk et .
A4 . . _RSTA: Disable Ram addr Incr.
Jrow 07 Write DP RAM Wait for Ext Trig |
B ‘Read DP'RAM
- 1 11 11 B
- 1176 31|84 2|1 21163 | 18421 W
3(5|2}6|1|o|lojoj1]|s5]|2]|4]2 e
1|ls5|7!3|9|9o|4|2|2]6]S i
o|s3j(6|(8|2|6]|8]4 g
716|814 h
2 t
- 0lolofolol4fjo]o 2 ocjojolojoi{o}l2]1 4
: 0 15 8
9 2|6 6
6 7

911
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17-Sep-02
5:00 PM

Command

Read db0-db23
Winte db0-db23

Read doutO-dout15
Read dout0-dout1s
Read dout0-dout15

Read dout0-dout15
Read doutO-dout1s
Read dout0-dout15

Read dout0-dout15
Read dout0-dout15
Read doutO-dout15

Read doutO-dout15
Read doutO-dout15
Read doutl-dout15

Read dout0-dout10
Read doutC-dout10
Read db0-db23

Read doutQ-dout10

Read dout0-dout10

Read db0-db23

" Read dout0-dout10, .
Read doutO-dout10

1

1
1

a N A

Read ab0-db23
Read doutD-dout10
Read dout0-dout10
Read db0-0b23

Write doutG-dout10
Write doutQ-dout10
Write db0-db23

Write doutO-dout10
Write doutO-dout10
Write db0-db23

Write doutO-dout10
Write doutO-dout10
Wrile db0-db23

Write doutO-dout10

Write dout0-dout10 -

Write db0-db23

Read db0-db23
Write db0-db23

+sys_rst
+5ys_rst

Model 358_ PSt

Pin# Pin# Name of
U47  Virtex Signat
Data OF
Wrt_Enb
161 100 AAD
124 188
161 100
120 188 ABD
161 100
114 188
161 100 ACO
107 188
ADO
AAt
srQ
sr
s2
sr3
54
srS
s
si7
92 138 s18
91 139 58
90 140 sr10
89 141 11
a3 184 sr12
96 185 sr3
97 186 sr14
98 187 sr15
sri6
sri7
sr18
193 213 XMHZ
160 101 cik6
103 adc_ping
97 185 spvB
86 ]

CamCTL
CAMAC Commands

Function

Read 24 bits
Write 24 bits

Read ADC Blue 16 bits (ABD): Channel B iner Adar
Read ADC Green 16 bits (ABO): Channel B
Read ADC Red 16 bits (ABO): Channel B

Read ADC Blue 16 bits (ACO): Channel C iner Add
Read ADC Green 16 bits (ACO): Channel C
Read ADC Red 16 bits (ACO): Channel C

Read ADC Blue 16 bits (ADO): Channel D sner Adar
Read ADC Green 16 bits (ADQ): Channel D
Read ADC Red 16 bits (ADD): Channel D

Read Mernory RAR 10 bits: Channel A

Read Memory WAR 10 bits: Channe! A

Read HD Test Register/Counter 24 bits: Channe! A
Read Memory RAR 10 bits: Channel B

Read Memory WAR 10 bits: Channel B

Read HD Test Register/Counter 24 bits: Channel B
Read Memory RAR 10 bits: Channel C

Read Memory WAR 10 bits: Channel C

Read HD Test Register/Counter 24 bits: Channel C
Read Memory RAR 10 bits: Channel D

Read Memory WAR 10 bits: Channel D

Read HD Test Register/Counter 24 bits' Channet D

Wirite Memory RAR 10 bits: Channe! A
Wiite Memory WAR 10 bits: Channel A
Write HD Test Register/Counter 24 bits: Channel A
Write Memory RAR 10 bits: Channel B
Wiite Memory WAR 10 bits: Channe! B
Write HD Test Register/Counter 24 bits: Channel B
Write Memory RAR 10 bits; Channel C
White Memory WAR 10 bits: Channel C
Write HD Test Register/Counter 24 bits. Channel C
Write Memory RAR 10 bits: Channel D
Write Memory WAR 10 bits: Channel D

Write HD Test Register/Counter 24 bits: Channel D

Read db Test Register
Write db Address Register

Read Status Register

Wrze Status Regster

osc_Enb

clk_enb

ck_ext_irt:int 20 ext e 1

Drsable Ram addr Incr.

Wait for £t Trig

Recording Time OverFlow Channel B
Recording Time OverFlow Channel C
Recording Time OverFlow Chanrel D
spvQ’ Cleared by Lemo_STP

spvi

spv2

spv3

spv4

spv5

spvé

Recording Time Overflow Channel A

Add to Read Clik: XMHZ
Load Resdd Address from Write Address

demux_clr of all ADC's
Clear Virtex Test counters & Read Pointers

sys_rst

Test LAM Q=1 if Request present
Clear LAM Source FF

Clear ED FF to disable LAM Mask

Set ED FF to enable LAM Mask
Test LAM Source Q=1 if LAM Source=1
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24
10
10
24
10
10
24
10

24

CLKS, CLK6 is Mux Select
Pass Dataway A1 & A2

AB3

AC3
AD3

1 WEA

1

ENA

0 WCLK
WEA

0
-1

.0

-R

ENA
CLK

AA3

Read Only
Read Only
Read Only

Wree DP RAM

Wrte OP RAM

Wite DP RAM
Read DP RAM
Read DP RAM
Read DP RAM

Read Only

10/22/2002 4:41 AM



811

10/212002 Parks Link MISHET

2:00 PM : Qty For -
Qty/ . Unit Cost Per 21 Extended
# PCB Description Manf. " Part# Order # Price Board Boards  Inventory Needed Order gty Price
1 5 FPGA Xilinx XCV200E- 6 PQ240C INS 072301 $ 7655 $§ 38275 05 . 0 105 110 $ 8,420.50
2 2 jtagPROM . Xilinx XC18V04VQ44C  INS 072301 $ 2660 $ 53 42 10 32 36 $ 957.60
3 4 ADC ADI AD9483KS-140 FAl 092702 $ 27.00 $ 108 84 - 11 73 80 $ 2,160.00
4 12 Diff Amp ADI ADB131AR FAl 092702 $ 269 % 32 252 . 30 222 250 $ 67250
5 4 Driver Amp T THS6022CPWP  INS 072301 $ 331 § 13 84 . 16 68 60 $ 198.60
6 1 DRAM Micron MT48LC16M16A2TG-75 AV 072201 $ 715 $ 7 21 0 21 25 $§ 17875
7 1 CamCTL Lattice ,M_4'A3.-2'56/ 160-10Y AV 072301 $ 2090 $ 21 21 . 6 15 24 $ 501.60
8 5 Dataway Drv Lattice M4AS5.-64/32-10VC AV 072301 $ 365 § 18 105 45 60 100 $ 22500
9 1 Clock Driver Lattice M4A3,—32/32—5VC AV 072301 $§ 225 $ 2 21 . 2 19 25 $. 56.25
" 10 1 Oscillator 140 MHz ~ Fox JITO-2-PC3AE-140 Quick Order $ 454 % 5 21 12 9 25 $ 113.50
11 1 MM74H423AM Fairchid/Phii  PHISN74HC123D FA/ $ 019 $ 0 21 100 79 0 $ -
12 1 74 LCX 2447 STIFairchid  FSCSN74 LCX 244 FA/052201 $ 022 § 0 21 100 79 0 $ -
13 1 MECL-TTL Motorola ~ MC10H125FN FAL092702 , $ 249 ¢ 2 21 . 9 12 i $ 49.80
14 2 Fuse 3Amps LF251003 FAlI 051401 $ 018 § 0 42 T 60 18 0 $ -
16 2 1.8 VRegulator1.5A ST LD1086V18 $ 200 § 4 42 135 93 0 $ -
16 1 3.3V Regulator15a ST LD1086V33 $ 200 % 0 21 - 20 1 25 $ 5.75
17 2 5V Regulator3.0A  Micrel MIC29300-5.0BT FAlL 092702 $ 249 § 5 42 40 2 50 $ 12450
18 1 .-5VRegulator 1.0A NSC LM29307-5.0 $ 200 $ 2 21 32 11 0 $ -
19 1 2N5195 PNP 2N5195 FAl 061401 $ 040 $ 0 21 100 79 0 $ 40.00
20 12 LEMO Right Angle LemoUSA $ 6.00 $ 72 252 . 46 206 300
21 1 JTAG Lattice Connector ' Digikey:MHD10K- $ 1.00 $ 1 21 8 13 16
22 1 JTAG Xilinx Connector Newark $§ 100 § 1 21 46 25
23 1 Offset Connector $ 050 $ 1 21 6 18 20
24 6 LED FAl 051401 $ 013 % 1 126 . 54 72 100 $ 12.50
25 1 PC Board $100.00 $ 100 21 -0 21 0 $ -
26 1 Assembly $200.00 $ 200 21 21 4 $ 800.00
27 1 Front Panel $ 3000 § 30 21 0 21 5 $ 150.00
28 2 Rails Techni Fab P3208 $ 426 ¢ 9 42 ' . 42 50 $ 212,50
29 2 Ferrite SMT 1806 6A 60 Ohms  HI 1806 T600R DKO7 2301 $ 026 $ 0.510 42 - 200 158 250 $ 63.75
30 8 Diodes Case 134 592-RLS4154 or RLS92 MS072301 $ 0046 - § 0.368 168 50 118
31 220 .1 uF 1206 Xicom N Mouser; 140-CC502Z104M $ 0.026 § 5720 4620 0 4620
32 20 15uF 10V : : ' $ 022 ¢ 4.400 420
33 1 10Turn 50K Pot 3006P Bourns 3006P-503-ND DKO72301 $ 158 § 1.575 29 -0 0
34 1 1Turn 500 Pot3328P Bourns ’ $ 1.00 $ 1.000 21
35 1 TPStrip -7 Female Berg $ 040 $ 0400 21
36 1 Misc SMD Components $ 2500 $ 25.000 21
$ 14,943

M358D Inventory.xls Parts 102102 , 10/21/2002 3:12 PM
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21-Oct-02
1:30 PM

Advanced Circlits
Electro Pac Inc.

Pronto Circuits

Argos Trans Data

Interplex Technologies Corp.

Tooling

$474
$595.00

$480.00

Model 358D WFD

Price Cattradooss

_ Quantity = - .25, -

PC Boards

Test Total Tooling 25Piece Price Total $
$:%89.56 $863.56 $1v06.54 $3,527.08
$1,827.09 $2,422.09 $72.00  $4,222.00
.§800.00  $1,280.00 | $72.00  $3,080.00
Assembly

$1,147.00° $161.49  $5184.25

POs.xls Stock Discrete

10/21/2002 3:16 PM
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Status Report and Run-03 Plans for the Spin
Flipper

M. Bai, BNL
October 22, 2002

for
RHIC Spin Collaboration Meeting XIII
RIKEN BNL Research Center
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RHIC polarized proton setup
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Report on the Absolute Luminosity Analysis
in Run-02 and Plans for Run-03

A. Drees, BNL
October 22, 2002

for
RHIC Spin Collaboration Meeting XIII
RIKEN BNL Research Center
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Results from Vernier Scans in RHIC from

2001/02 Au—-Au and pp Operation

Angelika Drees, BNL C-AD, Zhangbu Xu, BNL STAR, Haibin Zhang, Yale University

#* What are Vernier Scans?

# The Method

#* Data and Analysis

* Results from Au—Au (2001)
* Results from pp (2001/2002)

* Summary

Angelika Drees

DNP Meeting, Lansing, Oct. 9-12, 2002



What are Vernier Scans?

Van-der—Meer Scans or Vernier Scans are done by stepwise
sweeping one beam across the other while measuring collision

rates as a function of beam displacement. This is done in both
planes.

Needed basic instrumentation: the ZDCs or other collision
monitors (BBC ...) at the various IRs, corrector magnet control
to apply 4-bump at IR, DX Beam Position Monitors (BPM) and
beam current measurements from Wall Current Monitor
(WCM).

671

A Gauss function is fitted to the result yielding the maximum
rates (Rx‘""“, Rv'“‘"‘) the location of the maximums (xm ) and

ax’ ymax

the effective beam widths (o'(, (ry) in both planes.
DNP 2002 Fall Meeting _ : Angclika Drees




The Method

A S L N e e e R S s e e e £ s R R Y

o Sr EEEY i L

1 _ Fitted vaiue.of pgrn]r._Mea'nt 1 _ tvsxi_1

- T Neont = 72
. Eo.64 1238038 S ;

B R D [Mean = 56.34

82f - RMS = 28.2}

x 0.8 - o o v ul o . # :

§o.ss R S 1 - B E P ] .
- Y N . I - % Sweeping blue or
© .58 3 P T ' )

yatlow beam

% Stepsize: 100-500 pm

STAR Tracking Vertex |

. ’ 0‘5 B
048l ~ RHIC Beam Position Monitor 1 * approx. 2 min./point
e et o e L - % good agreement with
— 10 2. % 40 s . 60 70 8 81 100
3 : T © T Time (minuts) STAR data

STAR reconstructed vertex during a horizontal scan in
2000 (arbitrary offset added to adjust both data sets).

DNP 2002 Fall Meeting Angelika Drees



Method: IR bumps

X orbit

10
el L o
£ : : -
- 0 e codee e < [T T PR
E opew cio 70
S | ' DX BPMs fo
«“B“e:;:=) " Lattice: Blue ] o T ' )
: | !

Eg R
1 T
. H c .
600 )
] hsteer vstoer o hbpms l [ vbpms

' Triplet with '
Heorr skew quads Heorr

New in 2001-02: skew quads in triplets!
Different optics (b*) required different corrector settings.

1€l

DNP 2002 Fall Meeting Angelika Drees




Available Data from Scans

— . - - PO n iz

Fill number IR2 date B comment
1056 STAR g/21/01 5m
1090 PHENIX 9/25/01 5m problem with gh8 bpr
1153 PHENIX 10/1/01 5m probiem with gh8 bpr
1413 STAR 10/22/01 2m

Au—-Au 146 PHENIX 11/6/01 1m problem with gh8 bpr
1717 STAR 11/11/01 2m no bpm
1717 PHENIX 11/11/01 1m no bpm
1763 STAR 11/15/01 2m
1766 PHENIX 11/16/01 1m problem with gh8 bpr
2119 STAR 12/30/01 3m horiz. only, no ZDC
2136 PHENIX 1/3/02 3 m no ZDC
2161 STAR i/e/o2 3 m
2161 PHENIX 1/6/02 3m

PP 2193 STAR 1/10/02 3m no bpm

2193 IR2 1/11/02 3m one side bpm
2233 IR2 1/15/02 3 m one side bpm

— 2277 STAR 1/20/02 3m"

B 2277 PHENIX 1/20/02 3m

Angelika Drees

DNP 2002 Fall Meeting



[ SerSanziei) ]

L naedEs
: §‘o.oozz -

6(Au+Aﬂ)

G, O, horz./vert. profiles
k.~ :number of bunches
f_, :revolution frequency

£el

T A 2 1 N
[EENECINS STP $7218:06 X 56050.07
Rmax pi 0002008 + 14939805
v p2 2606 10006921 | | .
pe 03439 £0008 11 # do both planes (varying
' order)
- 7 approx. 30 min. / scan
| # fit Gauss function to data
_ % reasonable x2/ndf
- # get fit parameters to calcu—
late luminosity and cross
- T section ‘
... Moas, Displacamont (mm) . -
| '-.Ph'enb:Scanza?i(meaaured) 3 I 1 A — T T )
- B 1 et e i PO 6549807 £ 1036807
cgE CORmax D 00011831 5525606
— max B - . 184 1 0.003165
= R 27!;(5‘x(5‘.vkb/f]rev %"f“f‘:‘ e 0538140002058 |
2 gporl- ' o
oo
u.oons;»-
 oowzf-
' 0: i & i,
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Correction: Fill Pattern

2 BRAHMS % Total beam current has
to be corrected for
actual colliding pairs of
bunches at the IRs.

]
[ ]

o
§0cooae
se0*

0®% g
geevtoeey

o
PHENIX ° %% F
*e %0 PR Y
*e le, e*® e? s
CoedPRsos T gap
8 STAR

T Crossings per Turn: 2150 4155 -6:50 8:50..10;55.12i50

# With 55 bunches (and 60 bunch pattern) this is 9% (5 out of 55)
at all IPs except IR8 and IR2 (Au—Au) or IR4 and IR10 (pp).
Correction varies from fill to fill slightly.

Angelika Drees

DNP 2002 Fall Meeting
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Coupllng and Model Corrections at STAR

& model correction (meas dlsplacement vs. set value)
> Au-Au: (H +H )2 = 6%, (V +V )2 = -4% (§* 2m)

> pp: (H+H )2 =2%, (V +V )2 = ~3% (B* 3m)

% coupling (scan 1nduces chdnges in the other planc)
(ST SO 2110 YVRGS Ve VY e FHSEE VETYRREY

LOrale

Y " (XYL LTS | R ”» . .
A ':‘%0:’ A o o ais s g}at’ T st eesenassoretss :
ges N ] 1 2nd hat ]
. eal : . e 1
Cyar K T
A R 1zaf oo :
800 um! el S I - ,
R RV AR , } .
i .,0_'__ . E } l I - 4««.«“. S S
N " 120
I N l I 18t half
o - B . el :
SRPCE ISR VPRI TR (S ) § AL A o
Y AR R S s S TS a
B s e '"« (m'l‘) [FUEIVE S PR U v‘ﬂ.».; e s Hf(p:tl‘}) P &

» shows non-linearities and hysteresis effects (corrector magnets)
> varies by one order of magnitude from fill to fill:

at z=0: from 2 pm/mm to 70 pm/mm!
> depends on corrector magnets and skew quad settings —> check

DNP 2002 Fall Meeting Angelika Drees
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Couplmg at PHEN IX

w model correction (mcas dlsplacement vs. sct value)
» Au-Au: H, +H J2= 18%, (V FV 2 <2% ( (B* 1m) (only 1 fill)
> pp: (H+H)/12<2%, (V +V )2<1% (B* 3m)

# coupling (scan induces changes in the other plane):

I FﬁenmscmW[ 77 S~y 727y Y ML I L L EAR T )l
fjﬁ;.g - N W 2e0ee 080758 -z . . " s sosaien |1
‘E'gja» - U et s eaug gw» C - R P R T Y I

SE Ny B -

276}:'

pral-

Frok
ayel-
27}~

2,55‘;4 ¥ / .

R NI o AP % Lekcnned i L X.. i
st e o iy
> shows non-linearities and hysteresis effects
> smaller fill to fill variations (pp):
at z=0: from -5 pm/mm to 3 um/mm!.
DNP 2002 Fall Mesting Angelika Drees
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Au~Au: Results from run 2001:

Only STAR data (red circles) used. PHENIX data (open circles) not included.

- 13

2 | et 9.833 + 02218
§ 12 |

g ¢

= < l
-% wf %ﬁ + ? 4
] 9 - I
@ FE
g st .
g JF 1@. preliminary
. E:'n.|4L|||‘||.I-|-|l|||.lnc-xl....l----

1000 1100 1200 1300 1400

1500

1600 1700 1800

fill number

Preliminary total cross
sections from the 2001 Au-
Au data (200 GeV),
corrected for fill pattern,
statistical error bars shown

preliminary:

Total cross section @ 200 GeV: ©, . =938 +/— 0.2 (stat.) barn +/- 1.2 (sys.) barn

compare to:

Total cross section @ 130 GeV: O, ,, = 8.9 +/- 0.3 (stat.) +/- 0.6 (syst.) barn

DNP 2002 Fali Meeting
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AU~AU: Results from previous run (2000)

§ uf e i
§ o2 : :
§ 4LE | Final total cross sections
g 9 = : ,'{ ! + ; } in the year 2000 (130 GeV)
7E after correction (statistical
4 ST T NIV TN TN errors shown).
0 L 2 3 4 5 6 7 8 9
cross section as function of scan id in run 2000 scantd
Total cross section @ 130 GeV:
wern = 8.9 +/- 0.3 (stat.) +/- 0.6 (syst.) barn
DNP 2002 Fall Meeting Angelika Drees
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pp: Preliminary Results from Run 2002

30
28
26
24
22
20
18
i®

STAR

corrected for
14 ) et bunch length

12 ) variation
10:|..l||||...I.u-l...l.--l...l.:.I..-I-..

2100 2120 2140 2160 2180 2200 2220 2240 2260 2280 2300

BIBC croes section (barn)

IR AL RLRT U AR LR L

- PHENIX

Preliminary: 11l number
BBC: different detectors at IR6 and IRS:
S 12.6 +/- 0.1 (stat) +/— 1.0 (syst) and

'$) = 24.4 +/- 0.2 barn (stat)

BBC.STAR
ZDC: consistent results from PHENIX and STAR scans:
cross—section for pp @ 200 GeV: ¢ .= 0.28 +/-0.01 (stat) barn

DNP 2002 Fall Meeting Angelika Drees
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Summary

01

@ Vernier Scans are a powerful tool for both, EP and AP.
@ Situation in 2001-02 was more difficult due to b—

squeezing and the use of skew quads, probably corrector
saturation.

@ Preliminary results for cross sections:
» ZDC (Au—Au): 9.8 +/- 0.2 (stat.) +/— 1.2 (sys.) barn
» PHENIX-BBC (pp): 12.6 +/- 0.1 (stat) +/~ 1.0 (syst) barn
» STAR-BBC (pp): 24.4 +/- 0.2 (stat) barn
» ZDC (pp): 0.28 +/—- 0.01 (stat) barn

» More corrections need to be done and numbers might
change slightly.

» Systematic errors need some more work and analysis.



Report on the PHENIX Trigger Efficiency
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Absolute Luminosity
Measurement in PP RUN 2002 at
PHENIX

Sergey Belikov, Iowa State University,
for PHENIX collaboration

10/22/2002 S. Belikov, SC Meeting 1

Content

Introduction

Simulation results and accuracy
BBCLLI efficiency -

Results

Wb

10/22/2002 S. Belikov, SC Meeting 2
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Introduction

e  Determine total inelastic cross section in. PP

interactions at V$=200 GeV.

During van der Meer scan PHENIX supplied signals from 3 independent
detectors:

1. Zero Degree Calorimeter (~ 1-2% efficiency, too low statistic for
analysis).

2.  Normalization Trigger Counters (ioo sensitive to a background).

3.  Beam Beam Counters with Local Level 1 trigger subsystem
(effectively cuts background, efficiency ~ 50%).

In this analysis only BBC LL1 trigger was used.

10/22/2002 S. Belikov, SC Meeting 3

Beam — Beam Counters

e Two zzms at % 1.5 m from the PHENIX center.

* 64 PMTs in each arm.

e PMT lhas 3 cm thick quartz window — detects Cherenkov light.

» Flash ADCs convert signals to digits on each beam crossing.

» Timing data are processed by the BBC Local Level 1 Trigger System.

10/22/2002 S. Belikov, SC Meeting 4

143




Converts input bits into
channel time values

Masks off bad channels
Checks time range for each
channel

Determines number of hits ir
eacharm

Calculates average arm time
For each arm checks if
number of hits is in range
Checks if Vertex is in range
Result of the last two checks
and FEM Unreliable signal
are used as an input into
4->2 Look Up Table that
creates 2 output bits for GL1

10/22/2002

L
[<to>=TT/Np mn<Bn<mex 1o GI,1
<wiVixdman
BBEC South <towTTNs mizai¥scimn
] W
. HE
: B B
. £
T
S. Belikov, SC Meeting 5

BBC Efficiency calculation

In principle it is possible to simulate both BBC and
LL1, but we decided to split the task:

1. Simulate BBC and find out their efficiency to all
PP inelastic processes.

2. Determine BBC LL1 efficiency directly from
data accumulated during van der Meer/vernier
scan. This permits to avoid systematic error
introduced by pedestals drift, etc.

10/22/2002

S. Belikov, SC Meeting 6
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Efficiency dependence on Vertex position

PYTHIA + PIS A simulation shows dependence of BBC efficiency on
vertex position. But within = 30 cm (PHENIX analysis region) the dependence

is negligible In this range BBC “sees” 51% of min bias triggers. For vernier

scan = 75 ¢m cut of vertex position was applied.

BBC stficiency vs Vertsx position. Simulation with beam RMS:&chi ot
Nent =82
0.7 Ch2 Inver=20.08 120
N .| »0 =05182£0.002%2
§ Pt mOTR06 2 2574006

d

OSh O mQ
AR ER]

5 TIF un‘uu TITTTITE |m!nu T ||n‘mT]TITT‘TﬂT[IanTT
R A e S

Ttiod by: F(x)mp0-+ plox+ pZxi2

T

f=]

BEC efficien

035
0.3
0.25
02
015
0.1

0.05
Fasucd Soundiaadieuniinon

300 -250 -200 -150 100 60 O S0 100 150 200 250 300
Vertex position, cm

opsualin 4

10/22/2002 §. Belikov, SC Meeting 7

BBC efficiency to different processes

BBC efficiency beh:ves differently for different processes. (QCD - qq,qg, g.... processes)

[BBC efficiency to different processeq

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

A
300

» Slngle D|ffra9t|ve +

++++

1 . =t

-1 00 0 100 200 300
Vertex position, cm

10/22/2002 S. Belikov, SC Meeting 8
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BBC efficiency dependence on bunch width

BAC efficiency [Relative efficiency change vs beam width |
4 r
3 A N r
0.65 e s ' 1.02.
0.6E . C
0.55F 1 e |
0.6 N
0.45E 0.98f- :
0.4F L
035F 0851
0.3g N
E t — 5 I ’
0.25¢ 004 ‘.
0.2E N l
0-15¢ 092
0.1F o - - C
0.05F F
pBras Lty byl L I T TN I TN A Y
&5 60 65 70 7% 80 85 5 60 65 Q 75 B0 85
Beam width(RMS}, cm Beam width(RMS), cm
10/22/2002 S. Belikov, SC Meeting 9
Comparison with experimental data
> In PHENIX by selecting events triggered by [EEEm
ZDC we can measure BBC efficiency and BBC eficencylo events figgered by Z0C
can compare it with our simulation, As you E s
can see we have good enough agreement in 045 {, Simulation
+/- 150 cm region, but our simulation b i/
definitely exaggerates BBC efficiency E il .
outside this region. Integral (+/- 300 cm 0B i Lot +
range) BBC efficiency extracted from the osf |l ! i :f’ﬁ AR !
data is 5% lower then that obtained from A :' 4 .5': Ht
simulation. BBE B 1. He o
Reason: inaccuracy in the simulation of the 02 éll i ] 5 i
Cherenkov light propagation when charged Ell i ;‘}T RS }?‘?#;I i
pasticle hit PMT from back. e B T
w11 HE '
> Would be better to use narrower vectices 0.05 §_ T' ¥~ Daa ]l
range, = 140 cm. Advantages: less sensitive E "k P T .
to background. Disadvantage: more 300 250 200 50 400 £0 O 50 400 150 200 250 300
sensitive to the bunch length. Vactex Poskion, em
> Integral BBC efficiency in the £ 140 cm is
BBCeff=0.437
10/22/2002 S. Belikov, SC Meeting 10
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Dependence on Parton Distribution Function model
Five functions were used to estimate systematic error. PDF variation

introduces 2% systematic error.

BBC efficiency ] © CSTQID « Pythia Defautt

- GRVESLO * MRSTESNLL
~ MRST98LO

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

. =L
% !

bt 4

p i b ubinra eyl Eore o

-?400 -250 -200 -150 100 -50 0 50 100 150 200 250 300
Vertex position, cm
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LL1 efficiency

¢ To dztermine BBC LL1 efficiency two triggers were used:

1. Clock trigger — distributed randomly in time (not biased,
but low statistic) :

2.BBC LL1 without vertex cut (high statistic, but biased)

To estimate BBCLL1 trigger background we sorted all events triggered
by BBCLLI into 4 groups according to beams fill patterns:

1. Yellow empty, Blue empty

2. Yellow empty, Blue filled

3. Yellow filled, Blue empty

4. Yellow filled, Blue filled.

First 3 groups were used for background estimation. It is worth to mention
that the background to BBCLL1 triggered events in most runs is ~ 0.1%

10/22/2002 S. Belikov, SC Meeting 12
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BBCLLI efficiency

The BBCLLI efficiency to events with "BBC off-line reconstructed Vertex™ depend on beam width, and we had two beam
conditions

[BBC vs beam width, Comrected. Trigger: noveut

beffwc_ b
Nemt=63
Mean x= §5.65
Meany= 07722
- RMS x = 113

. RMSy =0.08171

03

08

LIRS BN BN BB UL
o
ag

o7 °° ghgo

06 . .

05 -
S ST SUR SUTRATEET TS B PN BT VAT IS ST S RS
2 50

80 80
Beam width, em
“Corrected” means that background (non PP interaction events) was subtrasted from BBC LL1 events statistic. Two beam settings

are definitely seen.
‘Two our vernier scans were done with beam width > 70 (77 cm during the first scan and 82 cm during the second scan).

10/22/2002 S. Belikov, SC Meeting 13

Clock and BBC_no_Vcut trlggers

3 We used two types of triggers to estimate BBCLL1 efficiency: Clock Trigger and BBC_no_Veut Trigger Clock
trigger is unbiesed, but had too low statistic. BBC_noVeut trigger had many times higher statistics, but is biased - it
depend on BBC acceptance. To estimate what is the level of BBC_noVeut biasing I plotted the ratio of BBC
efficiencies obtained from znalysis of events triggered by those triggers.

Ratio vs ™ [ ClockBBCnoVcut officiency ratio | 160
2 {Nant=199 Nent= 189

5 r Meaa =0.9314

1.8 RMS =0.1323
E 0
S
g1l ®
s F
@2 20)

RS 15|

@

TV TN T T VU T VT[T IT O[T TeT

i
L Ll Fid .lﬂnf[ln!.lllJi‘"ﬂ.n“m iy I [ PR U

FOPE P PUTTY UTEY FEVEY PRERY RENTY PP FORTE PREH 0
% 0z 04 06 08 1 12 14 16 48 2
40 45 50 55 80 65 70 V5 80 85 90 k

Vertex Wicth ClockEN/BBCnoVoESN

)

If you compare the previous plot with these two, youll se that on the above figures there are no two peaks that would correspond to
two beamn width settings. It means that ratio does not depend on the beam width. So effect of BBC_no_Veut biasing can be in
average estimated as: Eff}y o /E e oveo™0-91320.603. During vernier scan we may say that BBCLLI efficiency was 0.720 %
0.003 if we use BBC_no_Vcut trigger, and, after correction of this trigger biasing: BBCLLlefficiency = 0.72*0.913+0.018 =
0.66 = 0.018. So the total cross section reconstructed from BBCLL1 may be estimated as: 12.6mb/egy ./ yn ey =12.6/0.44/0.66 =
43.4 £ 4.4 mb (assuming 10% error in the luminosity measurement) . Compare it with 42 mb predicted by PYTHIA.

10/22/2002 S. Belikov, SC Meeting 14
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Conclusions

Total inelastic cross section of PP interaction at
VS= 200 GeV, measured with PHENIX Beam
Beam Counters, is equal to 43.4 = 4.4 mb

What to do next:

1. Tune BBC response in PISA simulation.

2. Tune ZDC response and compare BBC/ZDC
efficiencies calculated from PISA and from real
data.

3. Estimate PYTHIA simulation accuracy.

10/22/2002 S. Belikov, SC Meeting 15
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RSC meeting, 10/22/02

Werner Vogelsang (RBRC/BNL)

collaboration with :
Barbara Jager (Regensburg)

Marco Stratmann (Regensburg)

e Accessing Ag at RHIC
e NLO QCD Corrections to A{f,_

e Results
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major goal of RHIC spin program: measure Ag(z)

key advantages of RHIC:

e Ag can be probed in various processes

— can verify universality of pol. pdfs for the 15t time

I

foundation for predictive power of pQCD

candidates with a dominant gluon contribution in LO:

jets/hadrons

G X s,

prompt photons : heavy quarks

e large c.m.s. energy /S — high pr accessible

— pQCD should be applicable
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scale dependence <+ measure for reliability of pQCD:

a(uo/R)/ (o)

HERMES

(hadron pairs) + ratio of x-secs for

two choices of u
should be ~ 1

MMPASS

(hadron pairs)

/ E708 (dir. ¥)

— RHIC (dir. 7)

£

eRHIC (1-jet) cvé (dir. )

IlllI ] [} Lllllll L 1 { RS B N |

D 1 5 10 50 100
p*® (GeV)

T
X v
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general framework for inclusive-pion production:

starting point: factorization theorem
Libby, Sterman; Ellis et al.; Collins et al.; ...

requiremeht: a hard scale, e.g., pions with high-pr

2

| long-distance
from exp.; p~-dep.: do/du = 0 (pPQCD)

short-distance
PpQCD: power series in a;

- scale u ~ pr: separatés long- and short-dist. physics
- formula valid for polarized case as well :

f(z,pg) > Af(z,pp) and  do/dpr —dAc/dpr
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experimentally relevant: double-spin asymmetry

2 e i
helicities of colliding protons
LO prediction for AT, (p%) at +/S = 200 GeV:

very moderate luminosity!

\
0.06

L L=7/pb
A‘IIZL [ /e

T v T T r T T v T T T

0.05 L T GRSV~-max - .

-
—
-
-

0.04F - _ .
0.03F / GRSV-std .
0.02 : .

- g

0.000 — — L —
0 10 20 30

pr / GeV

_ s : ~ Loy 1
estimate of statistical errors: 0A =~ 55 X —=—

[with P, = P, = 0.5 (beam pol.) and eesr = 1 (detection efficiency)]

sensitivity to Ag (with £L=7/pb !) — very promising
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breakdown into contributions from differen't subprocesses:

do™ /dpr (v/S = 200 GeV)

1-0L — T T T T
Q@ e
0.6 e -
0.4 R ~ - .

02

0.0 — e
0 10 20 30

pr / GeV

[unpol. NLO: Aversa et al.; pdfs: CTEQ5M,; frag-fcts: Kretzer]

— gluon-induced processes relevant up to large pr

polarized: gq/qg/gg ratio depends strongly on Ag
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NLO pQCD hard scattering works well at colliders —

in general, NLO QCD corrections are a must :

d

.- however, # 0 in truncated preturbation theory

. dependence on unphysical scale u strong in LO
— sizable theoretical uncertainties

- QCD corrections often important,
in particular for polarized cross section

- more reliable angular / pp distributions, jet def., ...
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Example : High-pr jets at the Tevatron :

10 100
0.1 DO Jet 11 CDF jet
T cross section 3 cross section
3
S~
0.001 | e 001}
&
T
5
00001 | 0.0001
Lx1w0¢r | )
® 100 200 300 400 500 100 200 300 400 500
pr [GeV] ' pr [GeV]

S,/
/>
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Example : High-pr photons at the Tevatron :

>/
/™

pb/(GeV/c)

d*c/dP:dn

10

|
—

10

T IIlIIIlI T Illlllll T IIIIIIII T llllllll T ]I[IIlI[ T IlIIIIII

T 1 Illllll

10

A CDF 1800 GeV Preliminary Data
® CDF 630 GeV Preliminary Data

— NLO QCD (Vogelsang et al.), CTEQ5M, u=P;

40 60 80
Photon P;  (GeV/c¢)
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AND :

pp — 7 X by
- PHENIX

(+£30% normalization unc.)

091

o )
o o

E*d>c/dp (mb/GeV?)
| IIIIml ] Illll'ﬂ] IIHIml IIIIIHTI ] IllHlT| | lllmq T 1T

- N
0O

Sys. Err.(%)

I Illlml “I’IIIIIITI L

O PHENIX 200GeV p+p 7%+X
PRELIMINARY

— NLO pQCD

F. Aversa et.al. NPB327(1989)105
CTEQ5M pdf/PKK frag

Scales: =p;/2, pr, 2Py

_

p; dependent systematic error

2

4 6 8 10 12_ 1
pT(GeV?c)




NLO QCD corrections to AfL - outline:

at O(a?) one has:

al LO2—2 | parton-parton scattering processes

unpol.: 4 processes q¢' — qq4', 9¢ = qq, 9@ — 99, 99 — gg
all other processes related by crossing

(however, need gg — gg etc.)

at O(a?) one has:

(1) 1-loop (virtual) corrections to all LO processes

A

‘box’ ‘vertex’ ‘selfenergy’

(2) all 2—+3 |— parton-parton scattering processes

99’ — qd’'9, 9@ —+ 999, g9 — ggg, €tc.

all contributions separately singular
= choose d = 4 — 2¢ dimensions
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Two strategies for NLO calculations :

(1) ‘Monte-Carlo approach’

v’ different observables, exp. cuts
v’ “smaller amount of work”

x delicate numerics

x relatively slow in evaluation

— D. de Florian

(/ 92 e Fz) — %F(O))

d
= F(0) ln5+/ 2 Pa) I = / Y [F(z) — F(O)]
0 <
“slicing method” “subtraction method”

(previous application : pp — jetsX de Florian,Frixione,Signer,WV)

(2) ‘analytical method’

x ‘only’ single-incl. cross section
v, numerically stable
v’ fast — useful for global fits

— Oour approach
(previous application : pp — X  Gordon,WV; Contogouris et al.)
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technical details (I) - 1-loop virtual corrections:

O(a2): only interference of 1-loop and Born amplitudes
contributes:

{ Y 3 e T

IR4UV divergencies — work in 4—2¢ dimensions

can extensively make use of available results

we use two different methods:

(1) renormalized propagators and vertices

Nowak, Praszalowicz, Slominski

Y ¢> UV-divergent — tabulated in NPS

UV-finite — calculate from scratch

(2) one-loop renormalized helicity amplitudes
Kunszt, Signer, Trocsanyi

some ‘gymnastics’ required to obtain desired results

[e.g., ‘color-linked matrix elements’ Kunszt, Soper]

v’ results for methods (1) and (2) fully agree

v unpolarized results agree with Ellis, Sexton
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technical details (II) - 2 — 3 contributions:

aim: calculation of single-inclusive pion cross section:

e.d. g9 =+ q (q9)
/" N

fragments: ¢ - 7X  integrated out

phase space integration performed in rest frame of the
two unobserved partons

N\, (parametrized by two angles 6; 2)

dAGoy3 ~ ... / d01d6> sin'=2¢ 91 sin~% 6, | A Mo_,3|?

calculation requires extensive partial fractioning to get

dé, sint=26 91 df, sin—% 6,

7R —
(1 + cos1)*(1 + Acosf; + Bsinfycosbr)

which can be done analytically

subtlety in polarized calculation: «s5 in 4—2¢ dimensions

- Y5 (and eupo) Are genuine 4-dim. — use HVBM prescription :
{v*,v5} =0 (n=0,1,2,3) [v*,v5] = O otherwise

v all 2 - 3 matrix elements co'mputed .
(agreement unpol. case with Ellis, Sexton)

v’ ...and integrated
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some typical NLO 2 — 3 Feynman diagrams:

&

st
>
>
o
N

R

different flavors ' identical flavors
9Fq 9=4q
aq — qd'g
99 — 479
a9 — ¢¢'q7

)

S LR RN XX A

fn'm M

&
Z@%ZE&*M

99 — 999

QQQQ
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technical details (III) - cancellation of divergencies:

final step: adding up all real and virtual contributions
before taking the limit ¢ — 0 all poles have to cancel:

UV 1/e-singularities
removed by renormalization of o

introduce arbitrary renormalization scale p.

IR singularities (1/&2, 1/¢)

cancel in sum of 1-loop and 2 — 3 contributions

collinear 1/e-singularities

have to be removed by factorization

rgG‘
e.g.: % LT ~ L [ Az AP (2) Adggorq

1 |
1 <9 i

-t

L--J

introduce two arbitrary factorization scales uf and p}

initial- /final-state singularities

Ve p
Af(muu'f) D}‘r(zal'l'f')

Final answer finite ! — good check of results
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final results (I) - O(a3) parton-parton processes:

16 different inclusive cross sections contribute:

fragmenting parton

aq

a9

g9

R A e A A A A

{

g+ X
g+ X
g+ X
g+ X
g+ X
g+ X
g+ X
g+ X
g+ X
qd+ X
g+X
g+ X
g+ X
g+ X
g+ X
g+ X

\/: all done & unpol. results agree with Aversa et al.

= full NLO results available
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final results (II) - importance of NLO corrections:

V'S = 200 GeV

l v T T T T l T T T T | T T T T ! T T T v ] T T T T I

do/dpy (pb/GeV) —— NLO

10° L

3.0 —
2.5F
2.0 F
1.5F
1.0F

O.OE""I""J""I'

0.0 2.5 5.0 7.5 10.0 12.5 15.0

pr (GeV)

lower part: K-factor: oN-O/otC, AgNEC/AGHC

pdfs: CTEQ 5M (unpol.), GRSV std. (pol.)
frag. fcts: KKP
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final results (III) - Af; in NLO:

very moderate luminosity!

1 V'S = 200 GeV
A7£.L L e T T
0.08 L=7/pb -
——  NLO
.06 ———— GRSV-max -
0.04F -
0.02 - _ 7@\7—%@ -
' - | | '
0.00 - ﬂzﬁ;/{: N T N PR SR B
0.0 2.5 5.0 7.5 10.0 12.5 15.0
py / GeV

pdfs: CTEQ 5M (unpol.), GRSV std. (pol.)
frag. fcts: KKP

, - i o 1 1
estimate of statistical errors: A ~ PE X T

[with P = P» = 0.4 {beam pol.) and e = 1 (detection efficiency))
good sensitivity to Ag even with £ =7/pb !
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final results (IV) - scale dependence:

VS = 200 GeV

106 —mm—m——mr————m 777
dAc/dpy (pb/GeV)

104 + .

102 |- .

100 .

o ] N D T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
pr (GeV)

variation of scales: uy = ps = pr = pr...2pr

pdfs: GRSV std.; frag. fcts: Kretzer

U

NLO results much more reliable
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comparison with other calculations :

also very recently:

NLO QCD MC-code for hadron production at RHIC
D. de Florian

RHIC—~PHENIX (200 GeV) 4 10~°
DS2+/Kretzer

10~% Ac[ub/bin]

NLO

10~4 L0 (x 0.1) - 10—4

10-6 10-6

8 Hg= 2 Pr 5
10~ 10~
-=--ug=1/2 pr
NP T B

1072 10-2

10~4 1074

10-6 10~6

T Mm= 2 Py — M= R Pr

1078 10-8
—==-um= 1/2 pr == pp= 1/2 pr
PRSP WIS R YRPREr SRS R e b by e L
5 10 15 20 25 5 10 15 20 25
pr (GeV) pr (GeV)

[from de Florian’s talk at “Current and future directions at RHIC"]

so far:

gross features of both calculations look very similar

e detailed comparisons are under way

e more guantitative results will be available soon
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dependence of gpiT and AT, on fragmentation functions:

dO.KKP/dO.Kretzer

3.0 ———————————— S ——

25 . ]

1.5 -

1.0 -

Pr / GeV

™ (pr) (dashed: KKP; solid: Kretzer)

0.06 y

T T —
0.05F .
0.04f
0.03 —
0.02 "

0.01

0.00

pr / GeV
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Volume 47 — RHIC Spin Collaboration Meetings XII, XIII - BNL-

Volume 46 — Large-Scale Computations in Nuclear Physics using the QCDOC — BNL-52678

Volume 45 — Summer Program: Current and Future Directions at RHIC — BNL-71035

Volume 44 — RHIC Spin Collaboration Meetings VIII, IX, X, XI— BNL-

Volume 43 — RIKEN Winter School — Quark-Gluon Structure of the Nucleon and QCD — BNL-52672

Volume 42 — Baryon Dynamics at RHIC — BNL-52669

Volume 41 — Hadron Structure from Lattice QCD — BNL-52674

Volume 40 — Theory Studies for RHIC-Spin — BNL-52662

Volume 39 — RHIC Spin Collaboration Meeting VII - BNL-52659

Volume 38 — RBRC Scientific Review Committee Meeting - BNL-52649

Volume 37 — RHIC Spin Collaboration Meeting VI (Part 2) — BNL-52660

Volume 36 — RHIC Spin Collaboration Meeting VI — BNL-52642

Volume 35 — RIKEN Winter School — Quarks, Hadrons and Nuclei — QCD Hard Processes and the
Nucleon Spin — BNL-52643

Volume 34 — High Energy QCD: Beyond the Pomeron — BNL-52641

Volume 33 — Spin Physics at RHIC in Year-1 and Beyond — BNL-52635

Volume 32 — RHIC Spin Physics V - BNL-52628

Volume 31 — RHIC Spin Physics III & IV Polarized Partons at High Q"2 Region — BNL-52617

Volume 30 — RBRC Scientific Review Committee Meeting — BNL-52603

Volume 29 — Future Transversity Measurements — BNL-52612

Volume 28 — Equilibrium & Non-Equilibrium Aspects of Hot, Dense QCD — BNL-52613

Volume 27 — Predictions and Uncertainties for RHIC Spin Physics & Event Generator for RHIC
Spin Physics III — Towards Precision Spin Physics at RHIC — BNL-52596

Volume 26 — Circum-Pan-Pacific RIKEN Symposium on High Energy Spin Physics — BNL-52588

Volume 25 — RHIC Spin - BNL-52581

Volume 24 — Physics Society of Japan Biannual Meeting Symposium on QCD Physics at RIKEN
BNL Research Center — BNL-52578

Volume 23 — Coulomb and Pion-Asymmetry Polarimetry and Hadronic Spin Dependence at RHIC
Energies — BNL-52589

Volume 22 — OSCAR II: Predictions for RHIC — BNL-52591

Volume 21 — RBRC Scientific Review Committee Meeting — BNL-52568

Volume 20 — Gauge-Invariant Variables in Gauge Theories — BNL-52590

Volume 19 — Numerical Algorithms at Non-Zero Chemical Potential - BNL-52573

Volume 18 — Event Generator for RHIC Spin Physics — BNL-52571
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Additional RIKEN BNL Research Center Proceedings:

Volume 17 — Hard Parton Physics in High-Energy Nuclear Collisions — BNL-52574
Volume 16 — RIKEN Winter School - Structure of Hadrons - Introduction to QCD Hard Processes —

BNL-52569

Volume 15 — QCD Phase Transitions — BNL-52561
Volume 14 — Quantum Fields In and Out of Equilibrium — BNL-52560
Volume 13 — Physics of the 1 Teraflop RIKEN-BNL-Columbia QCD Project First Anniversary

Celebration — BNL-66299

Volume 12 — Quarkonium Production in Relativistic Nuclear Collisions — BNL-52559
Volume 11 — Event Generator for RHIC Spin Physics — BNL-66116
Volume 10 — Physics of Polarimetry at RHIC — BNL-65926

Volume
Volume
Volume
Volume
Volume

Volume

Volume

Volume
Volume

9 — High Density Matter in AGS, SPS and RHIC Collisions — BNL-65762

8 — Fermion Frontiers in Vector Lattice Gauge Theories — BNL-65634

7 — RHIC Spin Physics — BNL-65615

6 — Quarks and Gluons in the Nucleon — BNL-65234

5 — Color Superconductivity, Instantons and Parity (Non?)-Conservation at High Baryon
Density — BNL-65105

4 — Inauguration Ceremony, September 22 and Non -Equilibrium Many Body Dynamics —
BNL-64912

3 — Hadron Spin-Flip at RHIC Energies — BNL-64724

2 — Perturbative QCD as a Probe of Hadron Structure — BNL-64723

1 — Open Standards for Cascade Models for RHIC — BNL-64722
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